METHODS OF | DENTI FYI NG A PAI R OF BI NDI NG PARTNERS CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application nakes reference to and cl ai ns
t he benefwb 20f1/esierity of an application for "Methods @trisdanioiobydseg A
Pair O Binding Partners” filed on July.07, 2009 with the United States
Patent and Trademark O fice, and there c}uly assi gned serial nunber

61/ 223,524. The content of said application filed on July 07, 2009 is

i ncor por at ed heMETHODS OFIDENTIFVING A PAIRPOFBINDING PARTNERSY. FIELD OF
THE 1 NVENTI ON [ 0002] The present invention relates to nethods of
identifying a pair of bindin artners, in particular of identifying

bi ndi ng” partners of %@S&Rﬂgﬁ @QBEI&EBA%W%TWEQ partners are
linked to a selected nucleic acid nolecule. The invention al so provides

kits that qeﬂoi]el"h@%@ﬁti@atﬁﬁf foik &4 FefBRNDOUS 288 dldiths! ﬁm-s%hkﬁnoﬁ?_riww of&na
kit with caonpanents that are based on the nethod of the invention.
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prot ei n-F§§qgreB(izé)%rr1aﬁnaceugi ca&s i.ncl udi ng reconbi nant anti bodies. In vitro
di spl ay ChRG ogy AOPURECS B BV EAY of pepti des and proteins relies on a
physi cal |inkage between the peptide or protein and a nucleic acid. encoding

the sane. A | arge panel of tgumipOBETAEINGENTIOND! i shed for this
purpose, with the nost conmmonly used bei ng phage/virus display, ribosone

di : ' WIS tjd asmds' . mRNA.di spl DNA
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target nplecule. It is thus also possible to display an array of peptides
or prot eP3sed oA the methpd pf Bigiigventipht |y, typical ly by way of genetic
engi eering. Thereby it is possible to screen and subsequently evol ve
proteins or peptides in terns of properties of interaction and bi ophysi cal
paraneters. lterative rouBAEKE i QF THE INVENXTIQN can beapplied on an
in vitro basis. [0005] Different nmeans of physically linking the protein or
bept i de anfoddaf ih 5L ikt B MU Elrtg ﬁﬁfl%%‘fﬁac@&ﬁ@le&hésch—%megpoﬁxé)freﬁzﬁﬁéb%' In
acell with a Cell surface nol ecule, expression

biological macromolecules has become a useful tool in for instance the research on molecular

interactions, medical imaging including diagnosis, or in the generation of protein-based

20 biopharmaceuticals including recombinant antibodies. In vitro display technology for the
selection of peptides and proteins relies on a physical linkage between the peptide or protein and
a nucleic acid encoding the same. A large panel of techniques has been established for this
purpose, with the most commonly used being phage/virus display, ribosome display, cell-surface
display, ‘peptides on plasmids’, mRNA display, DNA display, cDNA display and in vitro

25 compartmentalisation including micro-bead display (for reviews see e.g. Rothe, A., et al., FASEB
J. (2006) 20, 1599-1610; Sergeeva, A., et al., Advanced Drug Delivery Reviews (2006) 58, 1622-
1654).

[0004] Display techniques allow the generation of engineered antibodies and ligands with

high affinities for a selected target molecule. It is thus also possible to display an array of

30 peptides or proteins that differ only slightly, typically by way of genetic engineering. Thereby it
is possible to screen and subsequently evolve proteins or peptides in terms of properties of

interaction and biophysical parameters. Iterative rounds of mutation and selection can be



as a fusion polypeptide wwth a viral/phage coat protein, a stabilised in
vitro conplex of an RNA nol ecule, the ribosone and the respective

pol ypept iwe,2ocimesd2ent coupling in vitro via a puronyci npowiseolomosss Vi a

m cro-beads are exanples of ways of Iinking the protein/peptide and the
nucleic acid presently used in the art. "[0006] A further techni que of
linking a praotein or peptide and the respective nucleic acid that does not
i nvol ve EPRICHOARAIN YHOBRSIY physical |inkage relies on a water-in-oil

emul sion. T dropl et s .serve .as..co tnents in each of ich a.
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conpar t npwomyCmnpaleedle oo vieeuherp dgeds achamples ofrwayp o€ tinlong dlé protein/pepdidspl ay

techni qu hus .not anl i hdi rtpers of a selected target nol ecule can
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be identi | eic acid of this binding partner can
be recover 1ol : ] SS.t f Lane
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proteins, e.g. apii i tentially. can be screened on a | arge scale.
However , aﬁnicgw%ﬂe%fﬁﬁ&gféﬁ& o hit, Phsieal inkage. FieeR the PREAF ar praseia;andgthe
pepti de andeidadid (&RbIMPit§ prdvidedNHe hEssIHAND € rdcoVerifgf the hiifleiBlaBRiSé 0ding the

i mmobi |i sati on of one of ?he two binding partners 1s required. Thus current
di spl ay tededied guetsindehprptidm A hvsksic peid iwith paesngeldea gensl ard)aecqsrespending
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both t he res&)ective target and its binding partner and istherefore not
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[0008] Present display techniques thus provide means for e.g. target discovery, lead
discovery and lead optimisation. Vast libraries of peptides or proteins, e.g. antibodies,
potentially can be screened on a large scale. However, in order to be able to isolate a complex

25 between a protein or peptide and a target molecule and to remove low-affinity binders,
immobilisation of one of the two binding partners is required. Thus current display techniques
depend on immobilising the target molecule prior to analysis, typically on the surface a multi-
well plate used in the screening process or, in case of in vitro compartmentalisation micro-
beads.

30 [0009] Furthermore, current display techniques are one-dimensional in that they require
providing a single target molecule against which a broad spectrum of (potentially binding)
peptides or proteins can be tested. Simultaneous testing of different target molecules would

require isolating and analysing both the respective target and its binding partner and is



invitro display technol ogy. SUMVARY OF THE | NVENTI ON [0011] In a first
aspect the present invention provides a nethod of identifying a binding
partner oloabvilesrRlt one target nolecule within a plural ipty/sehommadags e

nol ecul es. The target nolecule is physigally conbined with a target

| abel ing nucleic acid nolecule. The target |abeling nucleic acid nol ecule
i ncludes .a specific nucleotide sequence that is suitable for identifying

t he t ar gEersionedOt PRGNS ned therewith. The net hod i ncl udes contacting the
target nol ecul e mﬁth,thedFLuraliLy of anal yte npl ecul es. Thereby a m xture

is formed. [9940]hscardinglyat inan owjed ehthe pigsens iprertiopeiopmiovisie # Haethed of] i ty
f | | i . a i
of ana y;d%nsggfh@%mﬁg pRRfitts 'E'i?di“eﬁﬂ nga?%l A 8 bgfﬂrﬁfnd‘blﬂied%ﬁiﬂéseanﬁ‘l}kgﬁgé‘iﬁ is

physi cal |y nbli ned With an analy Ing nuclelc acid’nol ec ach
anal yt e $alitédn. Ag indicated ebewsi shoh wethod wadd alde drastieadlycotpeoiverthe Iflesibility of

se nce, This. nucleoti sequence is suitable for identifying the analyte
m)ﬂg%ul emcvéﬁ%lﬁlﬁgté%t?fg#lg&%?h. The nmethod al so i ncludes allow ng the

formati on of a conpl ex between the target nol ecul e and the binding partner
thereof within the mxture. Further the nmethod includes subdividing the

m xture into a plurality ofSUMMARY'ONBHEANVENTBRONt each conpart nent

i ncl udes at nost about one target nol ecul e or about one conpl ex between a

target nol l.e .and. an analyte nolecul e. By subdividi t.he mi.xture i.nto

conpar t rrenﬁ@&:ﬁg% ﬁpqrg&a%’g%v%ee Rres® td?\ﬁe@floﬁ#%‘eg?sea E’ﬁg‘ogﬂ’fﬁ%ﬂt@%g Aing e i s
segr egat ptrier 0fhat Meast 6n¢ ehtgdt Melehae Svittin tahplupdlivy 8F iahyly@f mareahs. €Tl | es.
The, met hod, al so i ncludes al]owing the tar 2"2}61 | abel i ng nucl ei ¢c_aci d nol ecul e

and'Q he makeyleds phydiralhy combingd With adargst dabgling myclgie acid, praleculy, ehhepkargst

conposi t Bbaigl Mldeid G HBleeal! Rl I 5RIPAS) | Gital
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target mdpeiefying thedarget mpdedula eombined therewithwdhemethed dnqhidesi eoatacting the
o nat] . v di . o
Compar ¢ rafie, e Gl B ARG o Pl s O R RE bl Al e

conpar t nendiag tpartders isnduspecitdeto boa metnbeadofitlsoplurality ddsanabte netedqudest [Each
co site nucl el id.nmol.ecyl e. FEurther, the t hqd incl udes deterni.ni ng
ChelSeq sl s gl DF 5T s PR Sinbhaicall e Mot Splie Beline
net hod i meldidesid dpMddufey ITu@ht fiR1yE NabalagPRIdldIE ackl noluledit@ides a selected
nol ecul e. [ 0012] I n sonme_enbodi ments retr.ievi n%af;)he copposite nucleic acid
mol ecul eMYeHOtde savents: Fhisdusisptide srapginsyis swtabltdon deptityingothe apadyte melpaie a

pair of @nidih&t therddith. $8E Methddr dlBicludBealidwing (Y ofRAtidnSo CPMABE DL Re¥n L O 2
part of the sequence of the target |abeling nucleic acid nolecule. The

second pthe tasgetimolacule ayd theshinging pertnerABergofr withintthe muixwempbethes theohathed aci d
mol gul € des t'kubaﬁ)i&jﬂgsthtehﬁli{tﬁg hto gbslltﬁ‘ﬂgy Ny lcgﬁlﬁar%érgsnRL & %sglt %’Agh the

anal'yte
compartment includes at most about one target molecule or about one complex between a

target molecule and an analyte molecule. By subdividing the mixture into compartments a
complex between a target molecule and an analyte molecule is segregated from the residual
members of the plurality of analyte molecules. The method also includes allowing the target
25 labeling nucleic acid molecule and the analyte labeling nucleic acid molecule to be linked.
Thereby a composite nucleic acid molecule is formed. The composite nucleic acid molecule
may still be physically combined with the complex between the target molecule and the analyte
molecule. However, this physical combination may also be released after subdividing the
mixture into compartments. The method further includes allowing the plurality of
30 compartments to disintegrate. The method also includes retrieving the composite nucleic
acid molecule. Further, the method includes determining the sequence of the analyte labeling
nucleic acid molecule. Thereby the method includes identifying the binding partner of the

target molecule.



| abeling nucleic acid nolecule, is anplified. [0013] In sone enbodi nents
the nmethod includes providing a solution suitable for handling nucleic acid
nol ecul eswol2b1my22al so be suitable for handling pepti depcandhron/opsssei ns.
In this regard the anal yte nol ecules arg in sone enbodi nents pepti des,

i ncl udi ng pol ypeptides, and/or proteins. In such a nethod subdividing into
conpartnents the m xture, which has been forned by contacting the plurality
of pepti ded08Hd/18rsopiegmBblimgnts Tetnrying theetompasite mugleigggd imng(‘dﬁ‘é includes

subdi vi dj : | 4 ' ; m : ' | i an
anal yte lﬁr%?’é%%?’fgrygq}?ﬁégaéaér}éaﬂlagfe I ag{e [ ngﬁﬁtlfg]ipgpég?gﬁ#oﬁgg#g%doﬁﬁ?%ﬁéd
t her ewi t Wh¢ &rst prigsnts comipdernentanydo aglactafahe sequencedtiee tafget lbskingemivdeic aeidt s a

hysi cal _] i ’ t { | ecul d | yt.e | | i
ot e o MARUROTHE b brald BE M Eibnifeh & A0R R ALPRR RBR i
i nvefit i omoldcales weticleribeldd e filics tarfpet dibelingenvEsieekciéntolical: AHE ! thi Carradytd

nol ecul e, i s.rel egsed. .| n ot her, enbqdj nents the physical conbination of the
anal yte FE’E%PE‘?IQWCPC'E E’O%‘?H\%y’csémpj’%“@afng nucl ei ¢ aci d nol ecul e conbi ned

therewith i ft to remai.n i ntact. The t hod i n.sone enbodi pent.s

el ot det BT ThatRe FEPedeh S rthpf hede o LR Reloe
aci d nol gedii€ acidGRdIEuled) [EmE P aRBbeAtREBle HNRanANAS PBStided \WAMOr PRotEROhHRE
met hod of identifying a pair of a first and a second binding partner within

a pl ur al Teggrdothepaiatyte) arolegudgsoarepiosaing, smbydiments peptides,t inckidingt pjppeptides,

| deyd i t i t ) ndi . LSt ndi Iy , IS
noner  TRqr e, 18 Sn AChORQR Mubbiding, Tl cohlifrblehs g A0 BAC S
conpl ex. beehgormedlod comadtngdbe phwalitdiofi geptivkes phdioa pratginoWithelxt fadget narebude;

proteins, Eac . .of the ral.i of peptid and/.o rotei.ns s
physi cal I %ﬂ%&ﬁ%ﬁ’%\}\x lglﬁlgatﬁﬁéﬁ‘h" P ne‘ﬂ{é%ﬂ? %ﬁtqe?@’ea@?y lcﬁ'[) F%B@Pgt.lonrﬂ an
menbgr emadyﬁh éngola%mé and the anhlpel laﬁ%lh@ %uwégudeﬁ m?]nU@lbeﬁiﬂbﬁk&edh Ztﬂhenémﬁl tBEis tiil‘ﬂaéI
encodes the peptj.de or proteipn conbi therewith. The net| so i ncl udes
subdi vi dfRf ‘?‘H@%’F‘GW&F?IF?S&QF ﬁbﬁﬂ%%gt%ssr?o%‘?odﬁpﬁtt%ﬁﬁgﬁlgﬁﬁ Jink VeRodhe . As
a resul taRAab mABRAES BRNThel £alHE b elihg RSIei R ImABKIE BRREE hef 26 B HrdREh WEEN
a pair of binding partners. Alternatively a conpartnent includes at nost

about onéuriignther method (oS the dnygntiop. &t speipembrediments/ therebyrthe enemsber encoding
Accor di Nloteic BiaHBMcYICCH11ch 0. th Wil Enfo RimBRR the! By A0 BmpaBb R diSné " ©
conpartnments, a conplex between the first and the second binding partnér is
segr egat aulyte owledude arekthd andlyted phdlig saledy ackd mplestleicosmbofedttherewlithislefitty of

eptides_and/ ar_profeins. Further.  the.nmethodinclydes, allow t he nmenmer
bnbod no el ety EhemiBioartil B fom, SR LR ASiods BuePrindit B8 fod¥a R bnne:
enc2ili ngtheueleaed nepibdr eMdodiigl uctdic hdié nfdecaled bi ndi ng partner to be |inked.
Thereby a conposite nucleic acid nolecule is forned. The nethod further

i ncl udes al[00iv i atsbedndlaspett tHeyprodent iwpatidnmovided ® nidtividrdfddentifging 2 pair @€t hod

al so includes retrieying.the co ite . . : . .
a first and a secon(\{ 'blql%mg partner ?t?x}n a plurality of peptides and/or proteins. Typically in

-
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this method the identity of one of the binding partners, e.g. the first binding partner, is known.
The first and the second binding partner are capable of foﬁning a complex. The method
25 includes providing the plurality of peptides and/or proteins. Each member of the plurality of
peptides and/ or proteins is physically combined with a member encoding nucleic acid
molecule. The member encoding nucleic acid molecule includes a nucleotide sequence that
encodes the peptide or protein combined therewith. The method also includes subdividing the
plurality of peptides and/or proteins into compartments. As a result each compartment includes
30 at most about one complex formed between a pair of binding partners. Alternatively a
compartment includes at most about one member of the plurality of peptides and/ or proteins.
Accordingly, by subdividing the plurality of peptides and/or proteins into compartments, a
complex between the first and the second binding partner is segregated from the residual

peptides and/ or proteins of the plurality of peptides and/or proteins. Further, the method |



nucl eic acid nol ecule. Further, the nmethod includes determ ning the
sequence of the anplified conposite nucleic acid nol ecule. Thereby the

met hod i nebudesostenti fying the first and/ or the second pbirsdimgopess ner .
[ 0015] In sone enbodi nents the nethod a?so i ncl udes addi ng a capture probe.
The capture probe is capable of associafing to the above nentioned conpl ex

between the first and the second binding partner. Further, the nethod
i ncl udes m&fquw 108 e_c’é‘ﬁf’EPreenﬁP@B‘g npglegsaggimg e@“‘@(?l%tﬂﬁ‘eg"ébl_?%‘{h@ﬁ PARRSTEBA ¢ he
first anghethi@nis epdrily Mleidadidib@ite off telsREdnd Hix'ﬂﬁné‘?éxﬁfégtd B Thereby

retrieving the capture probe. Thereby the conplex between the first and the
second bR rrempgsianueleie acihimsleculs isi foimegd.t Ghe meetheshfarsher eineludése plowing dthe
nmol ecul e_;.L.S; ' . e | t. V.Si anbi nati on
pet ween' PRESL] S EbfiEtna SR Bl TR HABU ARD sRdS BkolERhe COTRLAE,) ¢
I n shre ndcl¢ibesdd enbloclilae Fusthéd) eherahétbold ahelodésndetettaminge tieasequ@nédh@f the

physi cal combi pation.between the first,_bindi t per. gnd. t he. nmenper
encodi ngaﬂﬂﬁﬁ@q@%me %‘%@@F@@Bf?ﬁ?lﬁeﬁg@a@?@gﬂﬂfﬁo ingludpssidentifying e first
enbodi megtGort the sémhd 8hdi diges breaki ng the physical |inkage between the
second bi nding partner and the nmenber encodi ng nucleic acid nol ecul e

conbi ned t HeeBIh NonleN emBsEnRAROHeRBIhSd LR RiEhfdes Alddm@nPidagiutd Prddet wagn
the first binding partner and the correspondi ng nenber "encodi ng nucl ei c

aci d nol eapture prabeip gapshleeofassaciating ig thecabove sentionad; complex-haiyeenybe Wit mnd he
O o | . . o b
secpy ih@déewnd)gg{dg}% gg,i@ﬁer.t 'rwﬁnﬁﬂré rt%i Mdﬂ&%@?%ﬁbﬁ@ommﬁ%gﬁe 36!

mol ecule. In the ments t ysi cal conbl nat s t eased
concur r egssdgiate Tioethebgonapex rbetwesd tha cfingdesd rth¢ eesindgbinding t pastner. fedheryethber

encodi ng_nucl.ei i.d nol les.. 1 n this,case.the neth I ncl.udes

ot e oRLo Thciud ERinEEh; Elbrpre b, FoRRE Ll Sheier BemeBt IR amache

aci d nol scohdbindingtpagng@ivhiohfis bhked to ghgpeoripusits nudleid héld taleeule,lis reridegect
the present invention provides a nethod of identifying a binding partner of
a target p¢@ai6didn osonpe adnebodimérithi the apipfsivabl dombindtiope petwdes the diwoleipr adig¢i ns.

The, t ar get pt i or protein . is.ncluded in a nepber of a.first plutality
of bt - eieBR nd $he podiogicn sfotefias BRIRRG Iibberirt BesesusRimens thspehod

i ncl udedalsd irthitRE Releasiig theSHBRNRAI Bbibidhiidry betweefthd Be% bvithg Phrtdtr YndithS -
Each nmenber of the first, and the second plurality of peptides and/_or

pr ot ei nsMPELERSPePing pycleissidaeledile rombingdthereveith §daest iitjosneenhadiments

mol ecul e HigndE Rk \S?egwﬁg% GOl 1kaBY I BbiHIeEn Ard SecORd Bty paMilHdRE 2

nucl eot i de sequence encodi ni théﬁgept i gg(agr_ prgtei n cggg(? nglglutfgn%_r eve\:nygﬁ. The

met hod i thel 1 coadrling nycleieacid molecalecconbanesietherenithy frabdme embodimenisdbe

an or i T ' | h fur I nel udes

ko o SRS Py SRS o DO SRS LR WS B

and the iichedc agidpackade i$ ter snfe asTihe phgtibaldconhtsinationclinkdgs bstwadi thelssvgnd he

m xture ‘tlaiplai(rjlgcpo glr %nr?rt]}tles corresponding member encoding nucleic acid molecule. In these
embodiments the physical combination is thus released concurrently. Thereby the method
includes releasing the two linked member encoding nucleic acid molecules. In this case the

25 method includes determining the sequence of the released linked member encoding nucleic

acid molecules of the pair of binding partners.

[0017] In a third aspect the present invention provides a method of identifying a binding
partner of a target peptide or protein within a plurality of peptides and/or proteins. The target
peptide or protein is included in a member of a first plurality of peptides and/ or proteins. The

30 binding partner is suspected to be included in a member of a second plurality of peptides and/
or proteins. Each member of the first and the second plurality of peptides and/ or proteins is -
physically combined with a member encoding nucleic acid molecule. The respective member
encoding nucleic acid molecule includes a nucleotide sequence encoding the peptide or ‘

protein combined therewith. The method includes combining the first and the second



As a result each conpartnent includes at nost about one nmenber or about one
conpl ex between nenbers of the conbined pluralities of peptides and/ or

pr ot ei ns.wbuniesz21t he net hod i ncl udes al | owi ng t he nempen/sencowergs nucl ei c
acid nolecule of the target peptide or protein and the menber encodi ng

nucl eic acid nol ecule of the binding partner of the forned conplex to be

| i nked. Thereby .t he tho I ncl udes conposite nucleic a |d

mol ecul ePlUFHEY of tpﬁ’BHg% |°ﬁd?rﬂtfé“§ i@ﬁ%@@h@%mﬁﬁg meth hod furt
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acid nol ecule. Furt t he nmet hod i ncl udes detern1n|n t he sequence of the
conposi t bindingipertaerdbereofrdhe sethod atyecinelbdest subdivisting dhe mmuueleleo Memmeylmg

t he bi nd ug,t S t vent
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reporter factor is
complementing moiety, when brought into physical proximity, complement each other. These

two moieties complement each other in such a way that a reporter factor is defined. The
25 method also includes providing each member of the two pluralities of a first and of a second
vector with one nucleic acid molecule. The nucleic acid molecule is a nucleic acid molecule
of the library of nucleic acid molecules that encode the plurality of peptides and/or proteins.
The method further includes introducing one of the members (or specimen) of the first vector
and of the members (or specimen) of the second vector into the same suitable cell. Both the
30 first and the second vector are each provided with a nucleic acid molecule. This nucleic acid
molecule encodes one of the plurality of peptides and/or proteins. The method also includes
allowing in the cell the expression of the pair of peptides and/or proteins that is encoded by
the nucleic acids with which the vectors that have been introduced into the cell have been

provided. Further, the method includes collecting, for example isolating, any cell in which the -
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25 moiety together define a reporter factor. The method also includes providing each member of
the plurality of members of the first vector with one nucleic acid molecule. This nucleic acid
molecule, provided with the respective first vector, is a nucleic acid molecule of the library of
nucleic acid molecules encoding the plurality of analyte peptides and/or proteins. The method
also includes providing each member of the plurality of molecules of the second vector with

30 one nucleic acid molecule. The nucleic acid molecule provided with the respective second
vector is a nucleic acid molecule of the at least one nucleic acid molecule, which encodes the
at least one target peptide or protein. The method of the invention includes introducing one of
the plurality of molecules of the first vector and one of the plurality of molecules of the second

vector into the same suitable cell. The method of the invention also includes allowing in the



acid that has been included in the respective vectors. Further, the nethod
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containers includes the plurality of conposite nucleic acid nolecul es. One
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[0021] The invention will be better understood with reference to the
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exanpl es how a peptide or a prote| n“(11) and a nucleic acid
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One container includes the universal primer.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [0021] The invention will be better understood with reference to the detailed description
when considered in conjunction with non-limiting examples and the accompanying drawings,
in which:

[0022] Figure 1 depicts examples how a peptide or a protein (11) and a nucleic acid
molecule encoding the peptide or a protein can be physically combined with each other in an

30 embodiment of the invention. A: virus display; B: DNA display; C: mRNA display; D
cDNA display; E: ribosome display; F: cell display; G: intracellular expression (5: linking
peptide; 32: viral vector; 33, 34, 39, 333, 334: encoding nucleic acid molecule; 35: DNA-
binding protein; 36: puromycin molecule; 37: ribosome; 38: mRNA; 79: cell; 335:



present invention, in which a pair of a first (12) and a second (13)

bi nding partner within a plurality of peptides and/or proteins ( 11, 12,

13) is ideotfiiesz2iwhi ch are physically |linked to a nenpen/sencogoergs nucl ei ¢
acid nolecule (1, 2, 3) via a linking ngiety (5). In a conpartnent (6) a
factor (7) links the nucleic acid nolecdles (2, 3) to a joined nucleic acid
nol ecul e (4), which can then be retrieved and anal yzed via a capture probe
(9). [OOQﬂPPhFGH@QVQENﬁﬁlustrates the selective anplification of binding
partners contalnlng gene of interest. [0025] Flgure 2C sketches the
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nol ecul e l??" V\/r‘h? 31 IS th ‘ ied usin PCR purl fied and anal yze
[0027] FW% &an then egﬁgwg MigrAgaPrure proks (Bbodi nent i n whi ch a

pair of t s (23, 24) within a plurality of peptides and/or
prot ei ns \é\ﬁgmg‘llﬁ&eﬁ%gﬁ?téﬁﬁﬁ éﬁ}@“éﬁ’e@mﬂﬁf’fftiﬂné’rf)b“}dé“& RAERETSICPRgINNEZNS Wi ng
in-vitrogfhepstati on each peptide and/or protein is linked to a cDNA

nol ecul e encoding it via a linker nolecule (25). In a conpartnment (Fig. 5D)
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anplified. Figure 5 depicts gel el ectrophoresis of a |library of

l'i nked nucl[em] aﬁgﬂenpld@gmse@ sEiRmiRR oSa emBodBichPdf @f mbthed QUET8RE to the
i nvention. The conposite nucleic acid nol ecul es can be probed to rdentif
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met hod of identifying a binding partner of a target peptide or protein
(12). A pl 0e27] Rigwde 4rdegiets € Artel schematicaifeana@nbbdimestcinl which 3, paibof W9 i s

screene i nt rodu cel using a n ei ¢ aci
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The nenbepgendMdAnbrayGh edentified CFJTRMWEEH! bﬁﬁztr@rt&.ﬁﬁﬁtlan Ewﬂ Pptide ehdbnpeteid he
P

res eCtlveF‘R@CFtlde/ rote| n (13, 14) and a first corrpl enenting noie (76).

Cor#&spodinked i, 2 RN A H’P&@Pleﬁé‘ﬁ?‘ih&% itofia grligkes moleevly (29). by pregpatment Fig!
5D) the binding partners are linked and after disintegration of the compartment amplified.
[0028] Figure 5 depicts gel electrophoresis of a library of linked nucleic acid molecules
formed using a method of the current invention. The composite nucleic acid molecules can be
probed to identify interactants of a certain target peptide or protein molecule by PCR using a
25 target-specific oligonucleotide and a universal primer. A representative gel is shown wherein
different composite nucleic acid molecules (encoding interactant proteins) to target protein 1
(lane 1) and target protein 2 (lane 2) are amplified by PCR.

[0029] Figure 6A illustrates a technique used in the art, the yeast two hybrid system,

suitable for incorporation into the method of the invention.

30 [0030] Figure 6B depicts a schematic of a method of identifying a binding partner of a
target peptide or protein (12). A plurality of member encoding nucleic acid molecules (3, 15,

17) is screened by introduction into in a host cell (79) using a nucleic acid molecule (2) that



as a fusion peptide/protein with a second conplenenting noiety (75). Cells
(81) can be identified in which the conplenenting noieties forma reporter
pepti de. Woebiwkizs are coll ected and distributed into pepaGat®/000258
conpartments. The nucleic acids encoding,the binding partners are |inked
and retrieved, for exanple in a manner resenbling the exanple depicted in
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enul sification the cells (and plasmds) freely interact during |inkage
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i ncorrect | > progducts (C and D). [0034] Figure 9 il|lustrates
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concentrations were used as indicated. Enulsiion |lysis was nonitore
gaugi ng Nea-eandsified efuenyscwntrophlaans 2ic famufractionnfrem emdsibotreastionf Liahe 3:

t ubes. Bys:&:; . ' ' f t LI i.on nt ainj:-n east
cells (amﬁ)imlg@5@%@@@%@%&}%P%gﬁ‘??.ft&gggagg{%&@%%% ?/fs?’l eﬁ“‘%?‘“ﬁ eeac*l? ril%\ége of
i nt er act Modequéar tweeght oiaéer. A: 2, 3: Correctly spliced 1350 bp and 1200 bp

bands arising fromcognate pairing between YC16 14 and Ycl 6 6. 1,4: (T =
top fracti dA03)dFigure 84 shows cellst camaioingetwd diffeanerBGHadAGRs (Bhite ang acthed

emul sion; M= Nol.ecyl ap. wei ght marker). B: nested secondary,PCR.n
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sel ection and threshol'd of detection (T = top fraction an
20 and incorrect linkage products (C and D).

[0034] Figure 9 illustrates schematically the emulsion optimization in a method of the
invention. A: Various mixing times and two oil phases with different surfactant
concentrations were used as indicated. Emulsion lysis was monitored by gauging the amount
of aqueous phase accumulation at the bottom of the tubes. B, C: Representative images of

25 optimized emulsions containing yeast cells (arrows).

[0035] Figure 10 illustrates the analysis of the linkage of interacting partner cDNA. A:
2,3: Correctly spliced 1350 bp and 1200 bp bands arising from cognate pairing between
YC16_14 and Ycl6_6. 1,4: (T =top fraction and B = bottom fraction of emulsion SOE-PCR,

B’ = lysed emulsion; M = Molecular weight marker). B: nested secondary PCR in emulsion.

30 [0036] Figure 11 is a further example of an analysis of the linkage of interacting partner
c¢DNA. 1: Top emulsion fraction, 2: Middle emulsion fraction, 3: Bottom emulsion fraction,
4: Lysed emulsion fraction, 5: Aqueous control, M : Molecular weight marker, 1’ to 5’:

nested secondary PCRs of lanes 1 to 5. Correctly spliced 1100 bp and 625 bp bands from



bottom fraction of enulsion SCE-PCR, B' = lysed enulsion, Ag =

non-emnul si fi ed aqueous control; M= Ml ecul ar wei ght marker). (A) Emul sion
SCE- PCR wybhosiubseguent secondary PCR of 1000, 100, 10 wicirlsGlond@8osel | s and
250,000 YA 6 library cells. (B) Enulsipn SCEPCR with subsequent secondary
PCR of 500, 300, 200, 100 and 0 YC8 cells with 250,000 YC16 Iibrary cells.
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20 ofa plurahty of analyte molecules. A method accordmg to the mventlon may be carried out as

a screening method, including a high-throughput method. Where one of the binding partners
is known the method may include providing the known partner and contacting it with a

plurality of test partners, i.e. analyte molecules.

[0040] A method according to the invention employs compartmentalization, such as in

25 vitro compartmentalization, in a technique that can be called in vitro Compartmentalized
Linkage of Interacting Partners, or iCLIP. Such a method enables genes encoding interacting
proteins to be linked in a single segment of DNA. As a result the information from for

instance diverse two-hybrid assays can stored, duplicated and interrogated with ease.

[0041] In one aspect the invention provides a method of identifying a binding partner of
30 at least one target molecule within a plurality of analyte molecules, such as two or at least
two, three or at least three, four or at least four, five or at least five, six or at least six, seven

or at least seven, or more analyte molecules. The target molecule is physically combined
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also in%iudes providing the plurality of analyte molecules. Typically the target molecule(s)
and the analyte molecules are provided in solution of a suitable solvent, such as a polar
solvent, e.g. an aqueous solution (cf. also below). In some embodiments the plurality of
25 analyte molecules is provided in a liquid suitable for handling nucleic acid molecules and for
handling the target molecule , which may — depending on the physical nature of the target

molecule — be a polar solvent, e.g. an aqueous solution.

[0044] The present method includes contacting the target molecule with the plurality of

analyte molecules. Any analyte molecule that is capable of defining a binding partner to a

30 selected target molecule may be included in the plurality of analyte molecules. The analyte
molecules may for instance include one of a peptide, a protein, a peptoid, a metabolite, a drug
molecule, a drug candidate molecule, a drug metabolite, a lipid, a carbohydrate, a vitamin, a

synthetic polymer, a cell, a microorganism, a virus or any combination thereof.
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bond, a phobdih REcITRH&UIHR, sathe may be allowed. The physical linkage between the member

encoding nucleic acid molecule and the peptide or protein encoded by the same is in some

embodiments a linkage in cis. Allowing the formation of a physical linkage between the

25 member encoding nucleic acid molecule and the member of the plurality of peptides,

polypeptides and/or proteins may in some embodiments include one of a covalent linkage to

puromycin, a complex with a ribosome and inclusion in a bacteriophage or a virus particle. In

some embodiments the specific nucleotide sequence suitable for identifying the target

molecule includes the nucleotide sequence encoding the target molecule.

30 [0047] In some embodiments each one of the plurality of member encoding nucleic acid
molecules is included in one vector, for example a plasmid. Accordingly, individual vectors

may carry each one of the member encoding nucleic acid molecules.

[0048] The physical combination between the analyte molecules, which are suspected to

be capable of forming a complex with the target molecule, and the analyte labelling nucleic



cell, a virus, a phage, a ribosone, and any conbination thereof. [0049] In
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sui t abl eembodiments each one of the plurality of analyte molecules and the second complementing
moiety are included in a fusion protein that is encoded by the analyte labeling nucleic acid

molecule.

[0051] As explained above, the target molecule may be ihcluded in a fusion protein that

25 is encoded by the target labeling nucleic acid molecule. In such an embodiment the analyte
molecule may for example be included in a fusion protein encoded by the analyte labeling
nucleic acid molecule. The fusion proteins may in such embodiments be provided by
expressing under suitable conditions a target labeling nucleic acid molecule and a plurality of
analyte labeling nucleic acid molecules in a plurality of cells. In some embodiments in the

30 present method of the invention the expression of only one pair of about one target labeling
nucleic acid molecule and about one analyte labeling nucleic acid molecule is allowed to

occur in each of the plurality of cells. The pair of about one target labeling nucleic acid
molecule and of about one analyte labeling nucleic acid molecule may for example be

expressed using a two hybrid system.



for handling nucleic acid nolecules and for handling the target nol ecul e.
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one targét molecule to such an extent intact that the formation of a complex can occur. As
noted above, in some embodiments this mixture is included in a first liquid that is suitable for
handling nucleic acid molecules and for handling the target molecule. In such an erﬁbodiment
subdividing the mixture into compartments may include adding a second liquid. Such a
25 second liquid may be immiscible with the first liquid. In some embodiments subdividing the
mixture into compartments includes allowing phase separation. In phase separation two
phases are formed. The first phase is defined by the first liquid, the second phase is defined
by the second liquid added thereto. Typically the first phase forms a plurality of

compartments within the second phase.

30 [0055] In some embodiments subdividing the mixture into compartments includes
emulsification. Subdividing the mixture into compartments may for example include forming
a water-in-oil emulsion, a water-in-ionic liquid emulsion or a water-in-water emulsion.
Subdividing the mixture into compartments is in some embodiments carried out after

allowing the formation of a complex between the target molecule and the binding partner
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molecule may be amplified. Retrieving the composite nucleic acid molecule may in some

embodiments include (additionally or alternatively) adding to the mixture a capture probe.
Such a capture probe may be capable of associating to the complex between the target
25 molecule and the binding partner thereof. Further, the capture probe may be retrieved.
Thereby the complex between the target molecule and the binding partner thereof may be

retrieved.

[0058] In some embodiments the present method further includes purifying the amplified

composite nucleic acid molecule, for instance by extracting the same.

30 [0059] In the following the method of the invention is explained and exemplified by
means of embodiments in which at least one binding partner is a peptide and/or protein. It is
understood that pluralities of pairs of binding partners can likewise be identified using the

method of the invention. For sake of clarity the applicability to pluralities of pairs of binding
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A respective method may be a method of generating (e.g. producing) a library of composite
nucleic acids. These composite nucleic acids have a sequence of an aptamer and of a

25 sequence encoding a protein that defines a binding partner of the aptamer.

[0061] Numerous other examples of interactions of nucleic acid molecules and
peptides/proteins are known. As an illustrating example, the specific interaction of the RNA-
binding protein Musashil and mRNA of the doublecortin gene has been identified using an
embodiment of the mRNA display technique (Horisawa, K., et al., FEBS Lett. (2009) 583, 14,

30 2429-2434). A similar screening can be carried out using a method according to the present
invention. Those skilled in the art will appreciate that additionally a method according to the
present invention not only allows identifying binding partners of one target molecule at a
time, but that any desired number of target molecules may be analysed for binding partners

without the need of running numerous individual screens in parallel. Due to this advantage
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Il lustrative exanple, the sanple that includes a target nolecule that is a
nucl ei ¢ &&ingt kigted 1p.ea solution or a slurry of a nucleotide, a polynucleotide, a nucleic acid, a

peptide, a polypeptide, an amino acid, a protein, a biochemical composition, an organic chemical

25 composition, an inorganic chemical composition, a synthetic polymer, a metal, a lipid, a
carbohydrate, a combinatory chemistry product, a dnig candidate molecule, a drug molecule,
a drug metabolite or of any combinations thereof. Further examples include, but are not
limited to, a suspension of a metal, a suspension of metal alloy, and a solution of a metal ion
or any combination thereof, as well as a suspension of a cell, a virus, a microorganism, a

30  pathogen, a radioactive compound or of any combinations thereof. It is understood that a
sample may furthermore include any combination of the aforementioned examples. As an
illustrative example, the sample that includes a target molecule that is a nucleic acid molecule
may be a mammal sample, for example a human or mouse sample, such as a sample of total
mRNA.



may be a manmal sanple, for exanple a human or nouse sanple, such as a
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dupl ex stabilit | n s me,_enbodi nents _bi qldl ng partners of
pl ural i t§© t}ﬁ;b a aice sthg, base, sugar, or phosphate moieties. As an 111ustrat1ve

example, a substltutlon of 2’-OH residues of siRNA with 2°F, 2°0O-Me or 2’H residues is

known to improve the in vivo stability of the respective RNA. Modifications at the base
moiety include natural and synthetic modifications of A, C, G, and T/U, different purine or
25 pyrimidine bases, such as uracil-5-yl, hypoxanthin-9-yl, and 2-aminoadenin-9-yl, as well as
non-purine or non-pyrimidine nucleotide bases. Other nucleotide analogues serve as universal
bases. Universal bases include 3-nitropyrrole and 5-nitroindole. Universal bases are able to
form a base pair with any other base. Base modifications often can be combined with for
example a sugar modification, such as for instance 2'-O-methoxyethyl, e.g. to achieve unique

30 properties such as increased duplex stability.

[0065] In some embodiments binding partners of a plurality of target molecules are
concurrently identified, i.e. without running the method several-fold in parallel. Hence, the
method may be a method of identifying a binding partner of at least two target molecules

within a plurality of analyte molecules. In embodiments where the target molecule is added to
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embodiments where the target molecule is a nucleic acid molecule the method is in some

embodiments a screening method of determining whether the nucleic acid molecule forms a

25 complex or interacts with any of a plurality of peptides and/ or proteins.

[0067] When provided or when formed, each member of the plurality of peptides and/ or
proteins is in some embodiments physically combined with a member ehcoding nucleic acid
molecule. In some embodiments a corresponding physical combination may also be formed
in the course of carrying out the method of the invention. In such embodiments the peptides

30 and/ or proteins are not yet physically combined with a member encoding nucleic acid
molecule when provided. However, in any case a physical combination of each member of
the plurality of peptides and/ or proteins and the corresponding member encoding nucleic
acid molecule exists or is established at one point of time. This poiht of time is typically

defined by allowing a paif of nucleic acid molecules to be linked. This pair of nucleic acid
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[0069] Each member of the plurality of peptides and/ or proteins may be physically
combined with the corresponding member encoding nucleic acid molecule by any desired
combination. The means of combining each of the members with the corresponding member
25 encoding nucleic acid molecule may be independently selected for each of the members. In
some embodiments all of the members are physically combined with their member encoding
nucleic acid molecule via the same means. Examples of a suitable physical combination
between a peptide and/or protein and a member encoding nucleic acid molecule include, but
are not limited to, a covalent bond, a non-covalent bond, a linking molecule, a cell, a virus, a
30 phage and a ribosome (cf. also Fig. 1). A linking molecule may be any desired molecule such
as a peptide, a low molecular weight organic compound, an oligomeric or polymeric organic
compound such as polyethyleneglycol, a nucleic acid molecule, a lipid molecule or an oligo-

or polysaccharide.

[0070] Where a cell provides the physical combination any cell may be used in the '



phage and a ribosone (cf. also Fig. 1). A linking nolecule may be any
desired nol ecul e such as a peptide, a | ow nol ecul ar wei ght organic

conpound,wenooldogaeri c or polymeric organi ¢ conpound sech/S&2010/000258
pol yet hyl enegl ycol, a nucleic acid nol le, a lipid nolecule or an oligoor
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[0071] |4 fevige spﬁpﬁw@aﬁlﬁuﬁﬁ&h aﬁ@:&ﬁkﬂﬁe@ibciv@ Ep el lindhydeQfro AR Rurality,
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wWith a neBEPOREIoR; Ml L3 dsorrreineébelgwnaamesmbegdunensi a plurality
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above detailed physical combination may also be provided in the form of a cell library,

25 which may be ready to be used in the method of the invention.

[0071] In some embodiments each member of the plurality of analyte molecules, e.g.
analyte peptides and/ or proteins, is physically combined with a member encoding nucleic
acid molecule by means of spatial combination. In such embodiments typically a confined
circumferential space with defined borders encompasses both the respective analyte molecule

30 (e.g. protein/peptide). An illustrative example of such spatial combination is a cell. Into a
suitable cell a nucleic acid molecule may be introduced and a peptide/protein encoded by a

sequence included in the nucleic acid molecule may be expressed in the cell.

{0072] As already indicated above, the peptides and/ or proteins may for example carry

the sequence encoding them on a connected nucleic acid molecule. Where in such



circunferential space with defined borders enconpasses both the respective
anal yte nolecule (e.g. protein/peptide). An illustrative exanple of such
spatial owohkonaisnn is a cell. Into a suitable cell a necirsicrommoekssol ecul e
may be introduced and a peptide/ protei nygncoded by a sequence included in
the nucleic acid nolecule my be expressed in the cell. [0072] As already
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described by Tetzlaff et al. (Tetrahedron Lett. (1998) 39, 4215-4218). By converting it to its

5’-methoxytrityl protected 3 phosphoramidite this base has one residue available for coupling

25 to a nucleic acid molecule and one residue for coupling to a peptide or protein(ibid.). A
nucleic acid molecule may also be linked to an alkyne terminated moiety and covalently
linked to a peptide or protein carrying a 4-azidoprolyl group in a [3 + 2] cycloaddition reaction
known to those skilled in the art as the ‘click-reaction’. This approach has been demonstrated
by Gogoi et al. (Nucleic Acids Research (2007) 35, 21, €139) for the coupling of a peptide to

30 a PNA molecule.

[0074] A covalent bond between a member encoding nucleic acid molecule and a peptide
and/or protein may also be obtained by using a PNA molecule as the nucleic acid molecule.
Typically a PNA molecule contains repeated N-(2-aminoethyl)glycin units. The bases are

typically attached via methylenecarbonyl linking groups. One or more of the glycin units, for -



known to those skilled in the art as the 'click-reaction'. This approach
has been denonstrated by Gogoi et al. {Nucleic Acids Research (2007) 35,

21, el 39yoforidosicoupling of a peptide to a PNA nol ecweschO00d)2s54

coval ent bond between a nenber encodi ngyqiucl ei c acid nol ecul e and a peptide
and/or protein may al so be obtained by using a PNA nol ecul e as the nucleic

acid nolecule. Typi.cally a P nol ecul e . cont ai.ns repeat ed )
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met hyl engrak&oeYd lidk QFéﬁlﬂle%(@kﬂi&n &g or nore of the glycin units,
forinstance a term nal ‘one, may be exchanged for an amno acid with a
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such as PHENGH BE DRt PRsEoh /el agenc i Papude Bty & P2A G R OE he
nenper  egyaeidkized miGlrlafd Beddind®varutlp afidhel ReiteHwALEHNPENA de or protein.
The wel | -known system of biotin and avidin or streptavidin has for exanple

been bri ef l[p076pWsenefirthyr Wdngdleka efairabf spédifitdg! intdr@iting MIRMIGY sdélB as AKe 32) -
I n one enbqodi nent a_ 5'-thiolated nenber .encodi na@nucl el c acid nol ecul e may
be coupl ¥atwtephapdingan maydemsed do paurierllyr biko sl membereenopding mugleic acid

Jour nal gbleBhietaRE O REYed %3{&% ot gﬂc)tt?ig?’iﬂh@%gll-%éwh%ggﬁﬁ%g%ﬁtﬁ.{(&engdatvg S

as an exanple). A correspo pep e or protein lotin.
Upon additregtavidin ey ptexomplerbeen bnictly ac‘edwedagb &Yilahak stinl (Irmueiod leetia 2096)
mol gcul e;@&ng~t I Qt.i | t | r i 0 n
AT SR G AR BB Bt BT TR R RS
encodi ngbeneipledcio atrieptavidirewsinge standhrd Ipeotoarls &ep @udiendl., Yeptradef Blotqhadlogn. A
bi ot nyl &Eﬁ% I%Li(,: E?i 538%hd ré erlerexgelélctlategr?l}/erein as an example). A corresponding peptide or

protein may be linked to biotin. Upon adding the streptavidin-conjugated member encoding

nucleic acid molecule and the biotin-conjugated peptide or protein a complex between biotin
25 and streptavidin forms, thereby physically linking the member encoding nucleic acid
molecule and the corresponding peptide or protein. A biotinylated nucleic acid molecule may

for example be linked to a protein or peptide that includes streptavidin.

[0077] In some embodiments a member of the plurality of peptides and/or proteins may

be physically, e.g. covalently linked to an oligonucleotide that hybridises to a terminal

30 séquence of a strand of the member encoding nucleic acid molecule, for instance as
exemplified above. Following providing a single stranded member encoding nucleic acid
molecule a corresponding peptide or protein may then be coupled thereto. In this regard other
antibiotics such as aminoglycoside antibiotics may also be provided. Examples of an

aminonucleoside antibiotic include, but are not limited to, amikacin, gentamicin, kanamycin,



for exanple be linked to a protein or peptide that includes streptavidin.
[0077] In sone enbodi nents a nenber of the plurality of peptides and/or
pr ot ei ns weyoh@opirysi cal ly, e.g. covalently |inked to amrcelsicgenwosssti de
that hybridises to a term nal sequence ff a strand of the nenber encoding
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as descri bed by Char| es and Arya (Journal of Carbohydrate Chem stry (hOOS)
24, 145- a@yotiq ¥ may by linkad tpumentidnar peteingyip shis furthes denstionsliggoemand ¢

am nonuc} 1A Qe it may be linked to a peptide or protein via
this furt e? S??ﬁnctl(Ix)lllr??ctugroup and thus serve as a |linker nol ecule. [0078]
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where th r d nucl.ei.c rml ecu ative | ow
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exanple of a suitable technique in this regard h S been
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[0079] | MuStedtRexBRgic Bt suithble teBRigus en Mis Rig@idHal bBEYdiBGodeld WySthntdguahl et
aptaner. An aptaner is a nucleic acid nolecule that can be sélected froma

random nﬂc(@céel%léf—"ds Betsareh(2809)e Aok 1051 093/nar/glip? 1) bi nd a sel ected ot her
nol ecul e. I n sone enbodi nents the peptide or protein may be linked to a

li nker peptlf@@]dn samej ¢mpadineys dhe, pemﬂ@horapmtmém%%ﬂ bt an japtegter. At ei n
may i ncl éﬁ@m@r Beaprnhgglcb&lrl{‘%otfé’cu?é]t}ﬁptcm% se@dFeP i?orh'an#aﬂﬁ ; a8l pdodker

proteln my al so i nclud be an ant rag ment t ereo or a
pr ot ei nakasedionpisrabiliy tndn@i:alselewed l@tlwnitmm@ye IImeerrfememon@ts el peptide 0ds to
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tri abodi petdin Imaadﬁslucha,pepﬁdeaboundHEB& hptiatnef. 198K Ja linker peptide or linker protein

may also include or be an antibody, a fragment thereof or a proteinaceous binding molecule

with antibody-like functions, which binds to an aptamer.

[0080] Examples of (recombinant) antibody fragments are Fab fragments, Fv fragments,

25 single-chain Fv fragments (scFv), diabodies, triabodies (Iliades, P., et al., FEBS Lett (1997)
409, 437-441), decabodies (Stone, E., et al., Journal of Immunological Methods (2007) 318,
88-94) and other domain antibodies (Holt, L.J., et al., Trends Biotechnol. (2003), 21, 11, 484-

490). Single-chain Fv fragments are for instance fusions of variable regions from one heavy

chain and one light chain of an immunoglobulin molecule. An example of a proteinaceous

30 binding molecule with antibody-like functions is a mutein based on a polypeptide of the
lipocalin family (WO 2003/029462; WO 2005/019254; WO 2005/019255; WO 2005/019256;

Beste et al., Proc. Natl. Acad. Sci. USA (199V9) 96, 1898-1903). Lipocalins, such as the bilin
binding protein, the human neutrophil gelatinase-associated lipocalin, human Apolipoprotein

D, human tear lipocalin, or glycodelin, posses natural ligand-binding sites that can be



409, 437-441), decabodies (Stone, E., et al., Journal of Imunol ogical
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25 forming a complex with a selected DNA adapter can be obtained using phage display.

[0082] In some embodiments the linker peptide or linker protein may include or be a
methyltransferase, such as M.Hae III of Haemophilus aegypticus, M.Ha I of Haemophilus
haemolyticus, M.Hpa I of Haemophilus parainfluenzae, M.Msp 1 of Moraxella species, Alu I
of Arthrobacter luteus, or a methyltransferase domain, e.g. of M.Hae III. Methyl transferases

30 are known to bind in vitro to nucleic acid molecules with high stability.

| [0083] Hae III DNA methyltransferase is for example capable of forming a covalent bond
with nucleic acid molecules that include the sequence 5°-GGCC-3’ or 5’-GGFC-3’ (F=5-
fluoro-2’-deoxycytidine). The sequence specificity of this enzyme may be altered by means

of genetic engineering and directed evolution as described by Cohen et al. (Protein
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panning random peptide-phage libraries on immobilized immunoglobulins. As an example, a

filamentous phage may be used, which replicates and assembles in a host cell such as E. coli
25 without killing the same. In some embodiments each member of the plurality of peptides and/
or proteins is expressed as a fusion protein with a phage coat protein. The member of the
plurality of peptides and/ or proteins is thus incorporated into phage particles along with the
nucleic acid molecule encoding the displayed fusion protein. In some embodiments a helper
phage may be used, for example if the member of the plurality of peptides and/ or proteins is
30 too large for the phage protein to maintain its function. The respective helper phage may
provide one or more, including all, proteins required for replication of the phage used. This

technique is therefore also known to those skilled in the art as “phage rescue”.

[0086] The corresponding physical linkage between the member encoding nucleic acid

molecule and the member of the plurality of peptides and/or proteins may also be formed via -
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[0088] The member encoding nucleic acid molecule may be or include any desired

nucleic acid (supra). It may for instance be a DNA molecule or an RNA molecule. As a few
25 examples of a suitable DNA molecule, such a molecule may be of genomic DNA, cDNA,
plasmid DNA, cosmid DNA, artificial chromosome DNA, synthetic DNA, phasemid DNA or
phagemid DNA. In some embodiments the member encoding nucleic acid molecules may
include a spacing sequence that separates the sequence encoding the member peptide or

protein from the position to which the member peptide or protein is physically linked.

30 [0089] In some embodiments a method according to the invention includes forming the
plurality of peptides and/or proteins. Typically a plurality of member encoding nucleic acid
molecules is provided, each of which has a nucleotide sequence that encodes one member of
the plurality of peptides and/or proteins to be provided. As noted above, for use in the method
of the invention each of the peptides and/or proteins needs to be physically linked to a |
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system
Y reticulocytes or wheat germ. Many suitable systems are commercially available. The mixture
of amino acids used may include synthetic amino acids if desired, to increase the possible
25 number or variety of proteins produced in the library. This can be accomplished by charging
tRNAs with artificial amino acids and using these tRNAs for the in vitro translation of the
proteins to be selected. A nucleic acid molecule, such as DNA, is said to be "capable of
expressing” a peptide/protein if it contains nucleotide sequences which contain transcriptional
and translational regulatory information and such sequences are operably linked to nucleotide
30 sequences which encode the polypeptide (see below). A suitable embodiment for expression

purposes is the use of an expression vector as further explained below.

[0091] In some embodiments a method of the invention includes providing a library of
nucleic acid molecules encoding a plurality of peptides and/or proteins. The library may for

instance be a cDNA library. The plurality of peptides and/ or proteins that is encoded by the -
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directing the expression of nucleic acids to which it is )
sequence sought to be expressed can be allowed. Thus, a regulatory sequence operably linked

to a coding sequence is capable of effecting the expression of the coding sequence, for
25 instance in an in vitro transcription/ translation system or in a cell when the vector is
introduced into the cell. A respective regulatory sequence need not be contiguous with the
coding sequence, as long as it functions to direct the expression thereof. Thus, for example,
intervening untranslated yet transcribed sequences may be present between a promoter
sequence and the coding sequence and the promoter sequence can still be considered

30 "operably linked" to the coding sequence.

[0093] The term "regulatory sequence” includes controllable transcriptional promoters,
operators, enhancers, silencers, transcriptional terminators, 5' and 3' untranslated regions
which interact with host cellular proteins to carry out transcription and translation and other

elements that may control gene expression including initiation and termination codons. The -



operably linked. An operable linkage is a |linkage in which a coding

nucl eoti de sequence of interest is linked to one or nore regul atory
sequence(wp 8ualsizhat expressi on of the nucl eoti de sequetescaowgbi2sg o be
expressed can be allowed. Thus, a regulfgory sequence operably linked to a
codi ng sequence is capable of effecting the expression of the coding
sequence, for instance in_an in yitro transcription/. translation system or

in a cel TESHIBENY PFHMCDERSIOR b fativr thomadeaeuph ppcartie fosign (haterelopaus) fa e cell
regul at oLyy/SE@LSRERAGE ﬂeﬁc&&aﬁgmsbawPM&@ Rséa?e gp&#qggﬁagyg%gm%g
. Thus, r ampl e,

long as it functions to direct the expression thereo
i nt er venngededirfor gensl seqaidngee expiressivsicmia edrs dpue 0cgaisnnyo loeganises dnit sball ueen a

pr onot er 2nGge, and. t i equence and the pro el sequenc

ST bee AT Bsiat Rl BER RIS R el aPnB S B s PO RB5 6y 50
terns"regidodd eteyinitéiofnc RNA elatisteiption)N by dllaly ehet DAS GéduehtedNahich! GMeh er s,
operators, enhancer Il encers, transcriptjonal term natgis, 5 and 3

unt r ans| 9esgre %%3“351 will jsgnal synthegis: witsasiop. Sueh gegienspy it aprmallyginglyde |

out trangpkd PlioRAlodid ddqadilka Vot idightict! SMEkeriftRAlandBYarsRASS, Yucene
expression including 1nitiation and term nation codons. Theregul atory

sequence®s &hen THEAnbeX,veappingmseaigoes) CAST sequencs, fandethgnlikheTheso| rsgulatoyy t o
the cel | egpg'{c% afehger{%pﬁisyefﬁrdi‘g& sfl?osléiae@?e% fopat cehsainuglﬁgodi;lf_llaﬁt, ROE gia%?plg' g,y e of
f ceded y fvary

the reguldtory sequences n or gene sequence expression na rom
or gHhi srmedrimirocglhriosbe ubed. Flwalskilled ayasuar ofill ibec hwale thap rpoopsr esxpresgionnnwini ch,

I n prokaryptes, cgptains both the promter. (which directs the injitiation of
RUA t r anBRRIR st 450 Vg es dhg REESEIGR O otiesome-RiR IRk SIG ARSI P RS
into Rl\lﬂsequéﬂcb-e&&gﬂﬂé samgﬁ&_esi s initiation. Such regions will normally

i ncl ude those 5'-non-codi ng sequences involved with initiation of

transcri pt i[@094aWihdre aRs bédtd108,a Hutldic asidt MelediiEA Bax .fo aRpiplg bs @8 WRhedR, a CAAT
sequence, and the |ike. These reqgul atory sequences are_genera

) ral |
i ndi vi duatipl eepaehetly single or dapblg;strapdadoRiokaetic yestor isHREvS 6&3@1%9’@ i n
celi5to BEkM9ESE vddisr el & bBSmAT bl 9881 Whdidic BRiPHBIRUINBE Ry QBRE nBXIRIERSd ON

in a prokaryotic cell also requires the presence of a ribosone-binding site
upst r eaniglecilpesuge ge fordnsianrea ¥hCod BAY . adaaieriophagkgigou¢d atificial erempsyner i s

a nucl ei i ' 3 Tﬁx'ﬁ I piARG | ‘”:?d

synt heti@%?\n%f goéé’?‘%gioﬁﬁté dsg?l}r(lgéngél brc%o%%t%fr% @éc b{ﬁa?ﬁ% Egtttra ﬁg‘{ ot

exanpl estrafsfoampd aktr gells end ecplarateaireperuleadyriof, or withia| theubdsti ellagendme.

nol ecul or .any other nucleic aci.d | ecul.e uc for, instance YAC, a

Bac. a oy RE BN PY e ol B YR B, Dt Resr SO EBL RIS &

derioved WEStB, Chalonch) ﬁlhmaﬁ{?@e)(alﬁﬁﬁés, oftB)abli pRniie@ vEdteR PBRBRe pBR319, @agi1or ned
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system gike37,$KC101, SV 40, pBluescript 11 SK +/- or KS +/-, pQE, pIH821, pGEX, pET series,

and any derivatives thereof. Three illustrative examples of Bacillus plasmids are pC194,
pC221, and pT127. A suitable Streptomyces plasmid is- p1J101, and a streptomyces
25 bacteriophages ¢C31. Examples of an eukaryotic plasmid include, but are not limited to,

BPYV, vaccinia, SV40, 2-micron circle, or their derivatives.

[0095] A circular double stranded vector can be linearised by treatment with an
appropriate restriction enzyme based on the nucleotide sequence of the vector. A nucleic acid
can be inserted into a vector by cutting the vector with a restriction enzyme and subsequently

30 ligating the fragments together. Generally, a vector can be autonomously replicated in a cell
(e.g. an episomal vector), or can be integrated into the genome of a cell, and replicated along
with the host genome (e.g. a non-episomal mammalian vector). Integrating vectors may have
at least one sequence homologous to a host, e.g. bacterial, chromosome that allows for

recombination to occur between homologous DNA in the vector and the host chromosome.



WES.tB, Charon 4, illustrative exanples of E. coli plasm d vectors pBR322,
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factor. A detectable signal may, without being limited thereto, be a colour, fluorescence,
luminescence, expression of a marker, cell viability, relief of a cell nutritional requirement,

cell growth or drug resistance.

25 [0098] As a further illustrative example, protein-fragment complementation based on the
enzyme dihydrofo late reductase may be employéd. In this protein-fragment complementation
two peptides/proteins, being potential binding partners, are fused to complementary fragments
of dihydrofolate reductase and expressed in a cell. Where the two complementing moieties
complement each other to form dihydrofolate reductase the cell survives and grows in a

30 selective medium (Pelletier, J.N., et al., Proc.Natl. Acad. Sci. USA (1998) 95, 12141-12146).
A further example is the use of complementary fragments of the catalytic domain of the enzyme
Bordetella pertussis adenylate cyclase (Karimova, G, et al., Proc.Natl. Acad. Sci. USA (1998)
95, 5752-5756). Two peptides/proteins, suspected to define a pair of binding partners, are

fused to adenylate cyclase fragments. Complementation results in cAMP synthesis, which |



expression of a protein. The protein may then in turn effect a signal

and/ or affect the phenotype of a respective host cell. In sonme enbodi nents
the firstwendidos2second conpl enenting noi eti es are twoptragremntse2sshi ch
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further has a nucleic acid sequence that encodes the first complementing moiety. The second
25 vector has a nucleic acid sequence that encodes the target peptide/protein. The second vector

further has a nucleic acid Sequence that encodes the second complementing moiety.

[0101] In some embodimeﬁts where a library of nucleic acid molecules is provided that

encode a plurality of peptides/proteins among which a pair of binding partners is suspected a

plurality of molecules of a first plasmid and a plurality of molecules of a second plasmid is

30 provided. The first plasmid encodes a first complementing moiety, and the second plasmid
encodes a second complementing moiety. When brought into close physical proximity the

expressed first and second complementing moieties together define a reporter factor (supra).

Into each plasmid molecule of the two pluralities of molecules of a first and of a second

plasmid a single nucleic acid molecule of the library of nucleic acid molecules is inserted, i.e.



that encodes one of the plurality of peptides/proteins. Accordingly the
first vector has a nucleic acid sequence that encodes the first
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ol ety Agrobacterium tumefaciens or Agrobacterium rhizogenes as a vector, with which the plant

cell is infected. A further illustrative example of introduction into a plant cell is fusion of
protoplasts with other entities, either minicells, cells, lysosomes or other fusible lipid-
25 surfaced bodies.

[0104] As noted above, in some embodiments of a method according to the invention
serves in identifying a binding partner of one or more peptides and/or proteins. The plurality
of peptides/protein linked to the nucleic acid molecules encoding the same is contacted with
the binding partner or with a sémple (supra) such as a medium suspected to contain the

30 binding partner. A mixture is thereby formed that includes both the plurality of peptides/
proteins and the binding partner/target molecule. In embodiments where the method is a
method of identifying a binding partner of at least two target molecules within a plurality of
analyte molecules (including of peptides/proteins) a mixture is formed that includes both the

plurality of peptides/ proteins and the binding partner/target molecule. Unless a respective
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transcription and/or translation sequences’ 0
nmol ecul especific reaction system. Buffers suitable for biological and/or chemical reactions are known

in the art and to a large extent commercially available.

[0108] The mixture formed, or - in embodiments where a pair of binding partners is to be

25 identified within a plurality of peptides/proteins - the plurality of peptides/proteins is divided
into compartments such as microcapsules. In typical embodiments non-membranous micro-
compartmentalization/encapsulation systems based on phase partitioning of an aqueous
environment in a colloidal system, such as an emulsion, are used. Hence, a heterogeneous
system of two immiscible liquid phases with one of the phases dispersed in the other as

30 droplets of microscopic or colloidal size may be used. Upon dividing the mixture or the
plurality of peptides/proteins into compartments exchange of nucleic acid molecules between
individual compartments is, at least essenfially, prevented. This ensures an isolation of the

compartments from other compartments in this regard. At the same time the formation and
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isobutyl 1sobutyrate, ethylene glycol diacetate, and a non-polar ionic liquid. Examples of a

non-polar ionic liquid include, but are not limited to, 1-ethyl-3-methylimidazolium bis[(tri-
25 fluoromethyl)sulfonyl]amide bis(triflyl)amide, 1-ethyl-3-methylimidazolium bis[(trifluoro-
methyl)sulfonyl]amide triﬂuoroacetate, 1-butyl-3-methylimidazolium hexafluorophosphate,
1-hexyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, 1-butyl-3-methylimidazol-
ium bis(trifluoromethylsulfonyl)imide, trihexyl(tetradecyl)phosphonium bis[oxalato(2-)]bora-
te, 1-hexyl-3-methyl imidazolium tris(pentafluoroethyl)trifluorophosphate, 1-butyl-3-methyl-
30 imidazolium hexafluorophosphate, tris(pentafluoroethyl)trifluorophosphate, trihexyl(tetrade-
cyl)phosphonium, N"-ethyl-N,N,N',N'-tetramethylguanidinium, 1-butyl-1-methyl pyrroledi-
nium tris(pentafluoroethyl) trifluorophosphate, 1-butyl-1-methyl pyrrolidinium bis(trifluoro-
methylsulfonyl) imide, 1-butyl-3-methyl imidazolium hexafluorophosphate, 1-ethyl-3-

methylimidazolium bis(trifluoromethylsulfonyl)imide and 1-n-butyl-3-methylimidazolium.



external phase, being a hydrophobic oil, generally contains none of the

bi ochem cal conponents and hence is inert. [0110] Nunerous exanpl es of

| i qui ds twet2oawesizim sci bl e with an aqueous phase are kpowsg200mbodss qui ds
are typically non-polar liquids. Exanplgs of such |liquids include, but are
not limted to mneral oil, hexane, heptane, cyclohexane, benzene, toluene,
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exanpl e an anionic surfactant to a mixture to be emulsified can ensure that reactions proceed only

after compartmentalisation.

25 [0113] Subdividing the mixture, or subdividing the plurality of peptides/proteins within
which a ‘pair of binding partners is to be identified — and thus typically subdividing the liquid
that includes the same — into compartments may include adding a further liquid. In typical
embodiments the mixture or the plurality of peptides/proteins within which a pair of binding
partners is to be identified is included in a first liquid that is suitable for handling nucleic acid

30 molecules and peptides and/or proteins. In embodiments where a mixture of a plurality of
peptides/proteins and a target molecule is formed, the plurality of peptides/proteins may
already be included in this first liquid. A second liquid may then be added, which is
immiscible with the first liquid. Phase separation may be allowed to occur. As a result two

phases may be formed with the first phase being defined by the first liquid and the second



of a suitable oil is light white mneral oil and a non-ionic surfactant
such as sorbitan nonool eate and pol yoxyet hyl enesor bi tan nonool eate. A
further ewerplmosfz1a surfactant is an ani oni c surfact anpcsischo@d®oesasli um
chol ate and sodi um taurochol ate. Sodi umggdeoxychol ate may for exanple be
used at a concentration of 0.5%w v, or below. Inclusion of such
surfactants can in, S0 cases increase..t expressi on of the .
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emul si fi2¥)i on devices. The conpartnent size will vary dependi ng upon the
preci se requirenments of any individual selection process that is to be
performed [0116] Two illustrative examples of matter that may assist, facilitate, permit and/or

enhance a process that is to be carried out are a capture probe and a ligating factor. A capture
probe may for example be or include an antibody, a fragmént thereof or a proteinaceous
25 binding molecule with antibody-like functions, which is capable of associating to a complex
formed between the two binding partners, such as the target molecule and the binding partner
thereof (see above for examples) or the two peptides/proteins defining a pair of binding

partners.

[0117] In some embodiments upon subdividing the mixture into a plurality of

30 compartments each compartment includes at most about one molecule of the plurality of
peptides and/ or proteins. In some embodiments each compartment may include at most

either about one member or molecule of the plurality of peptides and/ or proteins or at most

one complex between members/molecules of the plurality of peptides and/ or proteins. Hence,



according to the present invention. In all cases, there will be an optinal
bal ance between the nunber of peptides/proteins, the required enrichnment
and the rwgubrigdspencentrati on of conponents in the indipeirdeahio/0002ss

m crocapsules to carry out the desired gyocess (see below). [0115] Droplets
of a respective enul sion may contain various matter that nmay assist,
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cel20 hasmalecutest about one first nmenmber of the plurality of
pepti des/ protei ns and one second nenber of
[0119] As used herein the term “at most about one” in the context of analyte molecules,

target molecules, members of the plurality of peptides and/or proteins, the corresponding
labelling nucleic acid molecules, and of cells, is understood against the background of the
fact that a distribution of such molecules or cells is Gaussian. A distribution of for example
25 maximally one cell per compartment is accordingly an ideal assumption, which can however
only be put into practice in terms of statistical distributions. At most about one complex of
members of the plurality of peptides/proteins accordingly defines that the distribution of
peptides/proteins is selected in such a way that on avérage at most one complex of members
of the plurality of peptides/proteins can be found in each compartment. Nevertheless some
30 compartments will also have more than one complex of members of the plurality of
peptides/proteins. In some embodiments on average less than one complex of members of'the
plurality of peptides/proteins can be found in each compartment. At most about one cell per
compartment likewise defines that the distribution of cells is selected in such a wéy that on

average at most one cell can be found in each compartment. Nevertheless some



the plurality of peptides/proteins as well the correspondi ng nenber
encodi ng nucleic acid nol ecul es encoding the first and the second nenber of
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corresponding plurality of cells is subdivided into a plurality of
conpartments. ln so i ments each conpar i nclu t npst .one
el |t habohBtetes ST, SR JRNF G0t S ene tRTPlAkgBE TSRt adeihe cblyralty of
pept i des pepided/Boféins. 3 dob GniioBindéHtsloN Bl @aEe RSs tHaH bhlceRTah B8 Go RS B dhchhe
term"at nost about one" in the context of analyte nol ecul es, target

mol ecul eSOmpAEtREE.s of the plurality of peptides and/ or proteins, the
correspondln | abel I i ng_nucl eic acid nol ecules, and of cells, is understood
agai nst t hdVF4 dp reaeth dndiyiduplecomapartmpapimierogapsulei mnracess isfallowed tavicseulles or
cells is f.or

corpar t et RRRmAT ) Hritaks Aot @ o&r e B BBl R PumBlY

put i nt omwracapswe in¢ludesrtine asfocidtmini off a captucki pxtobe borta corspledtbetvesh aapmntof one

Gof T nee PRAPERRERG 8t penpRer=Brédmtnt TRt e the blingines® fokeltn .

way t hat sodife @wdoaieents tn@sptro@@@ isEliddse e forfRIBErS af linkage Methvédn éner
pepti des/ prqt ei ns ¢an he found jn each conpartnent. Neverthel ess sone

conpar t nEHPSIi Tuclest agd HavleCe Bettesm agte elobiprig RArtngisnibe pdditien ¢ guch a
pl ut@l i t ¥roeéssBREbE Af2é ﬂﬁﬂie?hﬂ)%essleér‘nﬁ?'ﬁ% BFRBAIBOLS ABh Y EHT AHE 1 #15'@”

one conpl ex of nenbers of e plurality of pept i des/ proteins can ound
in each @@nmplqdﬁmcrmthwgms@bout%ﬂ@rmem thecettesting songentratidr dxﬁmpbeules

aver age B bt toRbpltidhl Mipfcailicy o n S BIELFR shoteHE by ol haftoag”

soneconpthat aenvell-kndwn ab sthodeaakelleubnethefmn These dmiqadeg bud breneetblénitedto, tthe

one cel | o e o1k Ahermiepls Ao Po ?%E%Té Eheda BNEGRH A B oF

conpmr t nEdik/afiplifiostadistetitiguds) m@ﬁﬁmg Sarthipec mwlso lytBraS&Rce ap edserent s
the process allowed to occur_within each i nd| VI ual npart nment /
mi croc apgemechmauwé ashk- gelbor gukasyotgrorbactgriophagey rpeb@l%seacl@maéseon

bet ween g»dkgl roRingDERAE "GP dafih SRAEAR ﬁlsmkea&l&)% ol Bfed Al cqﬁwcul e

and the ?artner thereof. I n sone enbodi nent the proces udes
the for n@t‘{Abe igasei ohein ereaetione (b CRONAB efmélO@henghchtQGt@Iacloapfrmdeatal es

bet ween Bgllrrqal 9 égffﬂgl]l&g §19§fé/ﬁ§1 %nv\% de 18‘1?I qlllédlag&i it gﬁﬂgislml%nﬁf/l\?g? %ﬁd Wand"

mor e fur er processes nm o occur,
t r scr i qisplacenant anquibicetdort r(SDsﬂ); lipdluding tgeaome astrand. displatdneenooangplificadon

i cr ocapQUPaBATay RS Feed ERafeomen Pagtatia WYtoal Scn qgecific strand
displacement amplification (GS-MSDA). Gene amplification techniques requiring thermal
cycling such as PCR and LCR may be used if the emulsions and the in vitro transcription or
coupled transcription-translation systems are thermostable (the coupled transcription-

25 translation systems may for instance be derived or originate from a thermostable organism

such as Thermus aquaticus).

[0121] In some embodiments alldwing the linkage of the two nucleic acid molecules of
interest that are encompassed in the same compartment, i.e. the two member encoding
nucleic acid molecules or the target molecule and the corresponding binding partner, includes

30 ligation of the nucleic acid molecules. In some embodiments the respective linkage is
achieved by overlap extension polymerase chain reaction. Overlap extension PCR is a
technique that allows the formation of single polynucleotide molecules from smaller
fragments. Amplifying the two nucleic acid molecules of interest with primers that have

nucleotide sequences that are at least essentially complementary to each other yields nucleic
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exposed. Any of the aforementioned changes of the internal environment of a compartment/
microcapsule may allow a desired process to occur. A change in pH or temperature may for
instance allow for the formation of a complex between a capture probe and the complex
25 formed between two binding partners, whether between a target molecule and a member of
the plurality of peptides and/ or proteins or between two peptides/proteins of the respective

plurality, is segregated from the residual peptides and/or proteins.

[0124] In embodiments where a binding partner, which is a peptide or protein, of a

member of a plurality of peptides/proteins is identified or where a pair of binding partners

30 within a plurality of peptides/proteins is identified, both binding partners may be physically
linked to a nucleic acid molecule encoding the respective peptide/protein (see above). In such
embodiments a process that is allowed to occur in the compartments/microcapsules may
concern the two nucleic acid molecules. The two nucleic acid molecules may be allowed to

be coupled, in particular to be joined to a combined nucleic acid molecule. As indicated
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[0126] The method of the invention further includes allowing the compartments to
disintegrate. Where an emulsion has been formed, it may for example be chemically or

25 electrochemically demulsified, or by means of microwaves. During demulsification, for
example by adding an emulsion breaker such as a surfactant or a salt, the plurality of
compartments is at least largely joined to a single phase. As an illustrative example, the
chemical and electrochemical break-up of oil-in-water emulsions with hydrolysing aluminium

salts has recently been compared by Cafiizares et al. (Journal of Hazardous Materials (2008)

30 151, 44-51). The compartments such as water-in-oil droplets may also be disintegrated by
adding a phase in which the compartments are soluble. Water-in-oil droplets may for instance

be disintegrated by adding an external aqueous phase. The phase that does not contain the
plurality of peptides including any complex formed with a target molecule/binding partner,

which may for example be an oil phase, may have become redundant. Where desired, this
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partner. Retrieving the composite nucleic acid molecule may also include retrieving the

capture probe. Thereby the complex between the first and the second binding partner,
combined with the composite nucleic acid molecule, is retrieved. Typically the capture probe
25 will be retrieved after it has been allowed to associate to the complex between the first and

the second binding partnef.

[0129] After the plurality of compartments has disintegrated a mixture is formed that
includes the former content of the plurality of compartments in a single phase together with
any matter that may have been added, such as an inhibitor. In some embodiments the former

30 content of the plurality of compartments may be deprived of a selected factor, such as a
ligating factor or an unbound capture probe, i.e. a capture probe that has not formed a complex
with a target molecule such as a complex between binding partners (supra). Removal of such a
selected factor may be carried out simultaneously with allowing disintegration of the plurality

of compartments, for example in order to prevent any undesired reaction of a respective
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molecules may be bound to the complex to which the capture probe is associated.

[0131] In some embodiments nucleic acid molecules linked to a complex between

25 members of the plurality of peptides/proteins or between a member of the plurality of
peptides/proteins and a further peptide/protein that is a binding partner have been allowed to

be linked to form a composite nucleic acid molecule. This composite nucleic acid molecule is

then retrieved, e.g. collected for identification purposes. Retrieving the composite nucleic

acid molecule may include carrying out a primer based nucleic acid.ampliﬁcation. A primer

30 based nucleic acid amplification may be carried out using a primer that is complementary to a
part of the sequence of the target labeling nucleic acid molecule. Thereby the composite

nucleic acid molecule is amplified.

[0132] Retrieving the composite nucleic acid molecule may also include adding a capture

probe to the mixture (supra). The capture probe is capable of associating to the complex
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also be purified using an electrophoresis technique such as gel electrophoresis. Where desired

the purified nucleic acid molecule may be concentrated by a conventional precipitation, using

a solvent such as ethanol.

25 [0135] The nucleic acid sequence of the binding partner to be identified, for instance the
nucleic acid sequence of the peptide/ protein that is a binding partner of the target molecule is
determined. In embodiments where both binding partners are linked to a nucleic acid
molecule and these nucleic acid molecules have been linked, typically the nucleic acid
sequence of both binding partners is identified. If one of the binding partners has already

30 been known, for example where only one known target peptide/protein is used, only the
sequence of the other binding partner, which is accordingly to be identified, needs to be
determined. In embodiments where more than one pair of binding partners is to be identified
simultaneously it is however generally required to determine the nucleic acid sequence of the

entire composite nucleic acid molecule. In this way both binding partners of the binding pair
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Wher e dedlegeiyoelly plentify gie nesprdive biafmgnpirtnenl o weycihé éoptadhedaledudly a

co nt i OR&lq; 1AL tal] | 259)ve u ef:

nutrzﬁl\tgi c acl éi H{s]élggetﬂ%: ea@%#’@'? ﬁ%lgﬁétg)%ls ﬁlglglge gdéér/et ﬁ%‘?&t gﬁbgﬁl?’d{g%‘f‘%’cgé{e Q%gr ‘lt-rll-%?ance

t he nuclmicteiaadidl nedapulerateackxid tolike Eepictise bindingt peirtmert dvees nbsermot thelisage.p&y t ner

of the target, molecule.is determned. ,ln enmbodinments where bath. bindin

par t ner < PR ec AT, o EPR-Eavarhiy SE e oot e, Bfth

mol ecul eaohdveeqigres nayrbeadlected foeitd/Ahyirtuse imalfettiod arcdrdingad teiaeertion Dk
tners is i tified. If one of the binding partners h r eady

bi ndi ng pa e as. a
been kndtitieis é?ldé?%lﬁﬁﬁ%@)/\ﬁ%%”éavﬁrﬂ DR SRISHAS PRAGSEAPrERE gl%l@?t_sml@f healoge
useds, ONtsythbi QisS erhéShctei® bl NBolRElgor Bl RECRA M&hb&aest a tmﬁ-é?lﬁy o? ndeR il Y
to be identified, needs to be determned. |In enbodi nents where nore than
one pai rmelecHenhmiay thepheratiaeked;te ataraskpentidaprateiadofsyineh ¢ hindeqiaytner is fasbe
however I | ' L. ej ' -t he
ent 1o caanaiel ROIEFRY Jrafabf AEIALT RS ] RUE of] Ssfiich SARUBACE sRlaHLR
of the hpanuiengf péirgetrmoledadntsith esla dangetcpeptide/padttios aing dedskee fto mclgicacphi r

f bi ndi t . Th th ' f bi,ndi b
i sti naUlIBaeT 1B SeRErPaatIes "BrRer B st RS Thatt By B asapte
[ 01R6] Aseptilésimopeinsncebdieacid bwleculd ey betéleded THebequunes eNéachmyueleid il al so

enconpasses enhod| nents wher e  bi ndi ng tners, e.g. peptjdes/proteins are
used whiBplegyle %lreis{;{y%fw&} Py 1§ rteEmed, Casth Selisted 3u°é%ﬁ@ﬂﬁ*eal0bﬁcmlsa{ en

nucl ei ¢ jafKed t§Rh& SélbRed Peptﬁieﬂﬁstemiﬁmﬁh@y wgeﬁzidl@sibﬂgeiﬁ@mliaqa&ue@ ~viith

pepti des/ proteins) are linked to a nucleic "acid nol ecul e, however this

nucleic acid molecules suitable for identifying the peptides/proteins may then be used in the
method of the invention. In some embodiments in compartments formed of a mixture with a
25 target peptide/protein, nucleic acid molecules may be linked, e.g. by means of a ligating
factor. The plurality of compartments may be disintegrated as described above. Following
PCR using a primer specific for the nucleic acid sequence attached to a target peptide/protein
the combined nucleic acid molecule may be amplified and sequenced. Thereby the sequence
of the nucleic acid molecule attached to the binding partner is identified and accordingly the

30 respective binding partner identified.

[0137] In the same manner binding partners within a mixture of peptides/proteins may be
identified. As an illustrative example each member of a plurality of peptides/proteins may be
linked to selected nucleic acid molecule. The peptides/proteins thus labelled with nucleic acid

molecules suitable for identifying the peptides/proteins are combined and the formation of
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embodiments isolation refers to purification of an entity at least essentially to homogeneity.

25 [0141] Those skilled in the art will appreciate that the present invention provides the
option to allow for embodiments, in which both binding partners, e.g. a protein/peptide and a
target molecule, are displayed. This can be carried out in the form of a physical connection of
a nucleic acid and binding partner, e.g. protein/ peptide. Such an option may be of particular

interest for cases where the target molecule is itself a protein or peptide.

30 [0142] The preceding explanations on a method of identifying binding partners that are a
peptide or a protein apply to any of the related embodiments of a method of the invention as
summarized above. Such methods may be a method of identifying a pair of a first and a

second binding partner within a plurality of peptides and/or proteins, a method of identifying



conpartments as defined above and by ligating nucleic acid nolecules in
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sone enbodj od accordi to the invention is for instance a
iecu f t%e bln ing partner o tgg formed compriex to be linked. Thereby the method

includes forming a composite nucleic acid molecule. The method also includes allowing the

compartments to disintegrate.

25 [0145] The present embodiment also includes retrieving the composite nucleic acid
molecule. Retrieving the composite nucleic acid molecule may include carrying out a primer
based nucleic acid amplification. The primer based nucleic acid amplification is in some
embodiments carried out using a primer that is complementary to a part of the sequence of
the member encoding nucleic acid molecule that encodes the target peptide or protein.

30 Thereby the composite nucleic acid molecule is amplified. A capture probe may be added to
the mixture. This capture probe may be capable of associating to the complex between the
target peptide or protein and the binding partner thereof. In such an embodiment the capture
probe may be retrieved. Thereby the complex between the target peptide or protein and the

binding partner thereof may be retrieved.
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be one of E. coli and B. subtilis.

[0149] The invention also provides a kit of parts for identifying a binding partner of at
least one target peptide or protein within a plurality of analyte peptides and/ or proteins. The
kit includes one or more containers filled with one or more of the above described molecules

25 or components that can be used in a method according to the invention. Associated with such
container(s) there is in some embodiments provided a notice in the form of instructions on
how to use the kit to carry out a method according to the present invention. Accordingly, the

kit is typically a kit for carrying out one or more methods as detailed above.

[0150] The kit includes a nucleic acid molecule that encodes the target peptide or protein,

30 a first primer and a second primer. The first primer is complementary to a part of the
sequence of the nucleic acid molecule that encodes the target peptide or protein. The second
primer is a universal primer. The nucleic acid molecule that encodes the target peptide or

protein is in some embodiments included in a vector. The vector may have a nucleic acid



pair of a first and a second priner. The first prinmer is conplenentary to a
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or at least 1013 nucleic acid molecules.

[0152] The kit can be used to carry out a primer based nucleic acid amplification such as

PCR (supra). For this purpose the kit includes a universal primer. A second primer, which is

25 not included in the kit, can be selected according to the target peptide or protein of interest.
This second primer will need to be at least essentially complementary to a part of the
sequence encoding the target peptide or protein. Upon carrying out nucleic acid amplification

a composite nucleic acid molecule is amplified that encodes a binding partner of the target
peptide or protein of interest. In this regard the kit may include a notice in the form of

30 instructions on how to use the kit to carry out nucleic acid amplification, possibly including
recommendations regarding the selection of the second primer that has a sequence matching a

part of the sequence of the target peptide or protein (supra). Typically the plurality of
composite nucleic acid molecules and the universal primer are included in separate containers

within the kit.



conpl ementing each other they together define a reporter factor. The kit
may further include a second vector. The second vector has a nucleic acid
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by way o OW ng non- es.” It 'i's’undérstood t
nod20 i ca68a8n 180-1881 &lalvinpedC,bet aiad@t\met @002) HEH 86BN A ¥-14Tn Krogan, NJ, et al,,

Nature (2006) 440, 7084, 637-643). Among the techniques commonly used to study protein

interactions on a genomic level, two-hybrid systems are particularly well suited to high-
throughput applications. Typically, arrays or pooled libraries of ORFs fused to an activation
domain are mated to cells containing ORFs fused to a DNA-binding domain. In the array
25 method, individual bait proteins are mated in parallel to every member of a pre-defined
activation domain-ORF fusion array (Uetz et al., 2000, supra). Interactions are then identified
simply by noting the location of the positive diploids. This method is quite laborious
however, as it involves mating each bait protein to the activation domain-ORF fusion array

one at a time.

30 [0155] In the library based approach, pooled activation domain-ORF fusions are mated to
DNA binding domain-ORF fusions, with interacting diploids chosen by growth on selective
plates. The identity of the interacting partners is then determined by PCR amplification and

sequencing. The reproducibility of the potential interactions identified in the first round is '
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bi ndi ng domai n- f usi ons, i nteracting diploids chosen by growth on
sel ect i vRupmstadies Th intefaptionsy dewpite H8 Qverlep 2Eaboiy PROtRTetedns;ia thejk Hbraries

det er m nachaPy 0GR SRLA B2 DH0S ARty TVe o BBIeAMHE, Bidibittidiles o

potentia |nteract|ons |dent| Irst O I SQ Ulte varil a
rangi ng €2008) 24.95.f@5- @%a?be taas@Gtoa s b wugbt to bebtrauffmen@ Rawdrags: ofahll
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of poss1ble genes in the human genome), a limit being set on the number of positive diploids
that were sequenced due to cost considerations in one case (Uetz et al., 2000, supra),
contaminating false positives as well as false negatives that are known to occur with the yeast
two-hybrid technique (Huang, H, et al., PLoS Comput Biol (2007) 3, 11, e214). The solutions

25 to these problems is to undertake more extensive screens, particularly for larger genomes
(such as the human genome), including multiple copies of each gene, possibly split into
individual domains, and increasing the number of positive diploids that are sequenced. Such

an effort is likely to place great strain on the resources of an individual laboratory.

[0158] Another consequence of the rapid increase in the amount of genomic data

30 available is the absence of suitable analytical reagents such as antibodies to investigate the
predicted proteome. This is due to the low throughput of conventional antibody development
protocols. Many groups have developed novel technologies to address this situation,
involving Protein Fragment Complementation Assays (PCAs), selectively infective phage

and combinatorial yeast-phage display (Bartel et al.,1996, supra; Rual et al., 2005, supra;
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[0161] Figure 1 depicts exemplary embodiments of physically combining with each

25 other a peptide or a protein and a nucleic acid molecule encoding the peptide or a protein.
Typically a nucleic acid molecule is provided that codes for the peptide or protein. The nucleic

acid is introduced into a cell. There it is being expressed, i.e. translated into amino acids and

the peptide or protein formed. A simple way of providing physical combination is thus
expression (G) of a nucleic acid molecule (39) in a suitable cell (79) to form the encoded

30 peptide or a protein (11) within the cell. A further example is expression of the peptide or a
protein (11) encoded by a nucleic acid molecule (39) on the cell surface of the suitable cell

(79) (F), whereby the formation of a complex with a potential binding partner can occur outside

the respective cell. If a viral vector (32) is used (for instance a bacterial phage or a phagemid),

in which the nucleic acid molecule is included, it can easily be isolated. Where a protein ofa
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peptide @) a protein. Typically a nucleic acid nol ecul e | s provided that
codes for the peptide or protein. The nucleic acid is introduced into a
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(79) to ffudp }Isllafen?sngoﬁeﬂhmptmﬁep1efah@ BE ?E idbs (&a)orvrwrsﬂame %*}ﬁoxﬁ dd, -wiie

further exanple is expression of e or a tern ? énco ed by
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i ns2nc eseaotrhbindinigaparmen ¢13) ovillainpghsgake d)nn a romdplexhwith ehenfirst bmdmgcpaitner

JEERHICH SN REENG N R e L T
i nst ancelinked t@ al thétbdi®ncoding nucleic acid molecule (1, 2, 3) via a linking moiety (5). These
nucleic acid molecules (e.g. (2) and (3)) have a nucleotide sequence that encodes the
corresponding peptide (e.g. (12) and (13), respectively), to which they are linked. A factor (7)
25 that is able to link nucleic acid molecules is added to the plurality of peptides and/ or proteins
under conditions were this factor is inactive, for example at a temperature that is below the
temperature range at which the factor is active (III). The plurality of peptides and/or proteins
is subdivided into compartments, such that each compartment (6) comprises at most about
one complex formed between a pair of binding partners (IV). Upon a change of one or more
30 conditions, such as a change of temperature or the addition of a further factor, the factor (7) is
allowed to gain activity. The member encoding nucleic acid molecule (2) of the first binding
partner (12) and the member encoding nucleic acid molecule (3) of the second binding
partner (13) are thereby allowed to be linked (V). As a result a joined nucleic acid molecule
(4) is formed (depicted in the next step). The compartments are allowed to disintegrate (VI).



peptide (5) a physical link is formed (A). In covalent DNA display (B) a
coval ent bond is forned between encoded peptide or protein ( 11) and

encodi ng wocehaiwmsaei d nol ecul e (33), for exanpl e using wroe/sSDXFomOIREs Ng
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acid nol ec
procedure. I: A few cycles of asymmetric PCR are carried out with an excess of outer

oligonucleotides. II: Annealing and extension of overlapping 3’ ends is performed. III: The

final SOE product is obtained.

25 [0166] Figﬁre 3 depicts another schematic of an embodiment of the present invention. In

this method a plurality of fusion peptides and/or proteins (111, 112, 113) is provided (I).

Each member of the plurality of fusion peptides and/ or proteins includes a linking peptide or

protein (5) (such as Haelll methylase) and a further peptide or protein (11, 12, 13). The linkihg

peptide or protein (5) of each member of the plurality of fusion peptides and/ or proteins is

30 physically linked to a member encoding nucleic acid molecule (1, 2, 3). Each of the member

encoding nucleic acid molecules includes a nucleotide sequence that encodes the fusion

. peptide or protein (111, 112, 113) linked thereto. One of the further peptides or proteins
included in the plurality of fusion peptides and/ or proteins is the target peptide or protein
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of the composite nucleic acid molecule is determined by means of an automated sequencer

(50) (VIIL, IX).

25 [0167] Figure 4 depicts a further schematic of an embodiment of the present invention. A
variably-tagged cDNA library is provided (I). The tagged nucleotide sequences are denoted
with reference numerals 97, 98 and 99. The proteins and/ or peptides encoded by the cDNA
molecules are formed by in-vitro translation (II). Thereby each formed protein/peptide is
allowed to bind back only to the cDNA with the encoding gene. Each protein/peptide formed

30 is linked to the corresponding ¢cDNA molecule via a linker molecule (25). Within the
plurality of peptides and/or proteins (22, 23, 24) the formation of a complex between a first
(23) and a second (24) binding partner is allowed (III). The plurality of peptides and/or
proteins is subdivided into compartments (6) (IV). Each of the formed compartments includes

-not more than one member of the plurality of peptides and/or proteins (22) or one complex -



included in the plurality of fusion peptides and/ or proteins is the target
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(1), The ura es an
ﬁrst blndlng partner, for example alternatively. Further, in some embodiments at least two

target molecules may be used in a method according to the invention. Each target molecule

25 may form a complex with one or more binding partners. In order to separate these complexes
gel electrophoresis may be used (bands are symbolized for a plurality of known marker
nucleic acids (M) and two lanes (1) and (2)).

[0169] Figure 6A illustrates the use of the yeast two hybrid system, which may be included

into or combined with the method of the invention. A first peptide or protein, termed the bait

30 (indicated with “X”), is linked to a DNA-binding domain (DBD) of a transcription factor. The
transcription factor is capable of binding to an upstream activating sequence (UAS), such as a
promoter, of a reporter gene. A second peptide or protein, termed the prey (indicated with

“Y™), is linked to an activating domain (AD) of the same transcription factor. If the bait and

the prey form a complex, physical contact between the DNA-binding domain and the activating
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sequence (UAS), 'such as a
different target peptides (or proteins) may be used. In such embodiments only one target

peptide encoding nucleic acid molecule is introduced into -each cell. Each of the member
25 encoding nucleic acid molecules further include a sequence encoding a first complementing
moiety (cf. the description for details). The nucleic acid molecule that includes a sequence for
the target peptide or protein further includes a sequence that encodes a second
complementing moiety. The first and the second complementing moiety together form a
functionally active factor that provides a signal, for example by modulating the expression of
30 a reporter gene of the host cell (79). The cells express the peptides. In a cell where the target
peptide/protein and the corresponding binding partner thereof are expressed together, a
complex of the two interacting binding partners forms. In such a cell the first and the second
complementing moiety together form a functionally active factor. Host cells in which

interaction between the complementing moieties has occurred (81) can be distinguished from -



pronoter, of a reporter gene. A second peptide or protein, terned the prey
(indicated with "Y"), is linked to an activating domain (AD) of the sane
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nmodul ati ggpidae expression of a reporter gene of the host cell (79). The
cells express the peptides. In a cell where the target

[0172] As can be seen, emulsification (notably the top and middle fractions, lanes 2 and

3) results in the predominant isolation of the correctly linked plasmid inserts (A and B),
25 indicating segregation of single bacterial cells into individual emulsion compartments. In the
absence of emulsification all four possible linkage combinations are seen, with no clear

enrichment of the desired products A and B (Lane 1).

[0173] Figure 8A illustrates schematically cells (79) containing two different plasmids

(white and hatched donuts), each of which carries a different insert (black, striped, stippled,

30 diamond). The cells are emulsified in reaction mixture. Emulsification ensures segregation of
cells into individual compartments and correct (clonal) linkage of the plasmid inserts
(products A and B). As Figure 8B illustrates, without the formation of compartments the

cells (and plasmids) are allowed to randomly interact during linkage procedure. Thereby both

correct linkage products (A and B) and incorrect linkage products (C and D) are formed.



pepti de/protein and the correspondi ng bi nding partner thereof are expressed
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containing . two different plasmds (white and hatched donuts), each of which
carri es @urdigithe e@plsiqnRER prqsssack, striped, stippl ed,

[0176] Figure 12 shows the retrieval of a desired SOE sequence from a mixture using
emulsion SOE, also illustrating model selection and illustrates determining the threshold of
detection. Lane T indicates the top fraction of emulsion SOE-PCR, lane B denotes the bottom

25 fraction while lane B’ indicates lysed emulsion. Lane Aq refers to non-emulsified aqueous
control; M refers to the DNA ladder. The correct sized band is highlighted. Note that a
product is also seen in the lysed emulsion lane (lane 3). This is likely due to the fact that lysis
may happen after splicing of pGBK and pACT2 inserts, as well as carry-over of genuine
splicéd YC8 DNA from the bottom fraction. (A) 1000, 100, 10 and 0 YCS8 cells, as indicated,

30 were mixed with 250,000 YC16 library cells and subjected to emulsion SOE-PCR. After
completion of SOE-PCR, the emulsion was lysed and 1 pl of the extract was used as a
template for secondary PCR using nested oligos A and p53rev3 which amplify the correctly
spliced YC8 SOE product. The results were run on the above agarose gel. (B) Further
refinement of the threshold of detection was undertaken by mixing 500, 300, 200, 100 and 0



di anond). The cells are enulsified in reaction m xture. Enulsification
ensures segregation of cells into individual conpartnents and correct
(clonal) wonkagesnfi the plasmid inserts (products A andpBlisGAsiofehesse 8B
illustrates, without the formation of conpartnents the cells (and pl asm ds)
are allowed to randomy interact durin 1Iinkage procedure. Thereby both
correct |inkage products (A and B) and incorrect |inkage products (C and D)
are f or nedlls| Gspetivelygas shown; [Withs 268,088 Yol tlibcargnedllsi dhe fsamenpriogedusarasbe

optim ze : T ndi €St f. i.one of  enul si - PCR ne B
denot es ??1%%%‘%??)&* Fdaagt% ?I%ira\eh |t1 Eﬁ? gg%c%{élﬁ}r% (():% S flsltZSI% g%‘f‘%flgﬁ mLtglge M
ref ers tordehef BOAcElEdier50,000r Thistik yuisghle GachppBEfiohmahy tddhyubpo Baadswo
arising §b§fﬁ YC16 14 ]grnd Ycl 6 6n§re nunbered 2 and 3 respectively.

| ncorrec fitraryyvs: BYgY ¢X9e888™5p and 1560 bp bands nunbered 4 and 1

respgctivel e faint |ower ban are. unspliced individual _.anplicons from
va 5 1" el iR eh et Bhaiet fesPine i M BR roRenEE AR S ARG |
| ane B' 6D emiliciis 39 emnPloyed. Wikhatéach GRivl 6P _aghvm@a@mg € PR $rom a
fainter. B: Tenplates froml|lanes T and B were diluted 100 told, and 1 m of

this wassipglegel dorcallcphngs pair fip thesease af xeast-plorze dispau(Bavday esalng0Adsupk)

| ul t it i i_stentl:
e anpl Py e | BE PHSHE LY, O1én8b XEheibh PR PASEWEIS, DRERIBAIEbAK, o0
af f ect i ngnkedens ragsinegtlé vegnemrpbBINA.chey falirSpodiedyamplifitd,dbpemimsmtel tbuhe véder

example of carrying.oqut a hod according to the ipvention.by formng an
ol ontor ety R ateedulilon PefeiRt uP i aetfr oh R ol sPeiife
enul si onpritat i on; Lane 3 the Bottom enulsion fraction; Lane 4 the Lysed
enul sion fraction; Lane 5 the Agueous control, and Lane Mrefers to the DNA
Ibadg er g Coqorase A bxrmlsalgeergéstafﬂicea@@& ste ilinnggetcsfpoasm'& ikseit§ précéht lie i bﬁ:térll’al 1100
p ban . Cognate Iin 2 plasmd inserts present in results in
625bp baéf‘él) 1("@)9.159 Mateat E‘ttﬁg ?@ﬁ’%réﬁ]é)wqr? ﬁwagéfge&ranswa%%ﬁ%?diaﬁ “from YC9
and YC3 results in bands corresponding to 1150bp (C) and 575bp (D). As can
be taken fromthe figure, the desireMatedalscts A and B are strongly
enriched in enulsion relative to mspaired bands C and D, inplying that
nos}S cel P8 phaseai n i sol at ed during the enul sion PCR process. [0176] Figure
12 shows the retrieval of a desired SOE seguence froma m xture usi}glg

H ni ng

enul si on SEH7941Span 80| (Ségravidrachip fweens 80 dSignem Addrich) apd; Jiriten &s1Qfb¢
the thr egbl fagd 1§ pRCHRRa JifPGerhal AHER! &5l Soh@Rub@RIIS Al 08K la5d ON
SCE- PCR, Fl‘aéne B de_ngt es t ae dt-)lo§$§maf rgcltalﬁoﬁ 1\:‘/#1%1%8 fklaﬁ%rfgﬁ(%ﬁ qfﬁﬂ?%épg‘?la@ised
emul si on0.05%rrespigtively.csnaily the pereperiesisf werd mijed usisg @aonagnetic stifreredndrssored t he
DNA | adder,.The carnect sized band,is highlighted. Note that a product is
al so see%éll n ’Eﬁlgo )Pshg(cs:levél%.llllsglg(‘)”ﬁ a%é‘.'e(era '3 atﬁ'lnl's is likely due to the
facky that hylos TR DARDE Ll fbnd B hSdiRs Hlin@ P 308 RACTR: R YWdiR RS
wel T™ as carry-over of ‘genuine

9% CSR mix) was prepared by doubling the surfactant concentrations used by Ghadessy et

al. (Proc Natl Acad Sci U.S.A. (2001) 98, 8, 4552-4557) thereby containing 9% v/v SPAN 80

(Sigma), 0.8% v/v TWEEN 80 (Sigma), and 0.1% TRITON X-100 (BDH) in light mineral oil

(Sigma). The 9% CSR mix was stored at 4 °C and was thoroughly mixed just prior to usage.

25 Aqueous Phase:

[0181] PCR reagents were from Bioline.

E.coli Strains:

[0182] XL-1 Blue (Stratagene) cells were transformed with both the pet22b and DsRed

vectors. This strain is named BC 166. BC 165 is an XL-1 Blue strain carrying the same

30 vectors except that the pet22b vector contains a 550 bp Leukaemia inhibitory factor (Lif)
insert, while the DsRed vector has a 150bp A-fos insert. Log-phase BC165 and BC166 cells



spliced YC8 DNA fromthe bottomfraction. (A 1000, 100, 10 and 0O YC8
cells, as indicated, were m xed with 250,000 YO 6 library cells and

subj ect edwboames®ion SOE- PCR. After conpl etion of SOE- BERSGR®/08623% Si on
was |ysed and 1 m of the extract was used as a tenplate for secondary PCR
usi ng nested oligos A and p53rev3d whichanplify the correctly spliced YC8
SCE product. The results were run on the above agarose gel. (B) Further

r ef i nenemterovashed 3ithpesswith § P Bfepréiqitto ¥pe-was undert aken by ni xi ng 500, 300,
200, 100 and Ocells respectively, as shown, with 250,000 YO 6 library
cells. T procedure as described in (A) was carried out. The
detectionTimt of the current enbodinment is in the order of 500 cells in

250, 000. This j itabl e for application of this technique to yeast two
obr 011 br ar JORRaT e BPliting ps b atrre vSRoroq At WOCBE AP YSElab S RE Ay o
herein, in wOH)QngeRaAdINPTR! | zation of cells in waterin- oil enulsions is
enpl oyed. Wthin each enmul sion droplet, an interacting gene pair froma

si ngbe c@kF2(:0r- CATIC@GAYRA JHOT COG Cha\ Tad'e(SEQ NS -Iphage di spl ay (Bow ey
et al., 2009, .s ' ' eI o Il o) VAo\Y, ) ,ext ensi on PCR
CSon. porf ohan 3 WA B B AR Al PR R L e TN 2B one ' of DR,

t hey canpb@2RSOHEN’ - GGt idCE@TCATSEHARTAG OTA G6&™ a6y CAGWITG GRTaOTC
interrogated for interactions involving genes of interest using gene

f
speci fi cASFY HePs(SHQIPYO:A)er oss-over test of the cognate |inkage of
pl asm d ijIRE FEOR: 8SEET Al (F’CTWQF@@@@M@ cesd béid GFA ﬁ}éG' trustdateacitcAhe
followng. Cells were enul sified and processed as follows: Materials G
phade: [ GABCTEpan (R IBINPe)Al drich), Tween 80 (Sigma Aldrich) and Triton

X-100 (B e4,e t i i id ~(9 i.ch) to final
concentrgﬁlkb%\'lg5r bF@i@@? @“h&?@ﬁaé@g@ﬁ@%&ﬁ @eﬁ%/.ﬁ%%rsdugs&l y the conponents
wer e m xB$Rusdsn P’ aCTegREAI GGEICAT GGRIH-33 (SEQADAN046)0C. The oil phase was
used within 2 weeks of preparation. [0180] In subsequent experinents a

nodi fied mneral oil and surfactant m x (called the 9% CSR m x) was
prepared by doubling the surfactant concentrations used by Ghadessy et al.
{Proc Natl Acad Sci U S. A (2001) 98, 8, 4552-4557) thereby containing 9%
v/v SPAN 80 (Sigma), 0.8%v/v TWEEN 80 (Sigma), and 0.1% TRI TON X- 100 ( BDH)
in light mneral oil (Sigm). The 9% CSR m x was stored at 4 0C and was

t horoughly m xed just prior to usage. Aqueous Phase: [0181] PCR reagents
wergsfromBioline. E coli Strains: ethods

Emulsion preparation:

[0184] 250 ul of 1X SOE PCR aqueous phase mix comprised MgCly (1.5mM), dNTPs
(200 uM), PetF2 (500 nM), Pet22-RSOE (20nM), DsRed-FSOE (20nM.) p-DSR (500 nM.),
Taq Polymerase (10 units), BC165 cells (1 x 107), BC166 cells (1 x 107), BSA (100 pg/ml).

20 [0185] 200 pl of the above aqueous phase was added to 400 pl of the oil phase in a
NUNC Cryotube vial. The vial was securely fastened using adhesive tape to an IKA MS2
minishaker. The tube was then agitated at 2350 rpm for 6 min 30 sec. Thereafter, 35 ul of the
emulsion was aliquoted into multiple 200 pl PCR strips and subjected to PCR. The remaining

50 pL aqueous phase was used as non-emulsified PCR control.

25 [0186] When the 9% CSR mix was used, during emulsification, 400 pl of the 9% CSR
mix was placed in a CryoTube (Nunc) along with a small magnetic 8 mm x 3 mm pivoted
stirbar on a magnetic stirrer (Corning PC-620D) at ~550 rpm. 200 pl ice-cold aqueous PCR
mix was then added to the above at the rate of 1 drop per 5 seconds, totaling about 70
seconds. The mixture was allowed to stir for a further 120 seconds, and then removed from

30 the magnetic stirrer. 35 pl emulsion was aliquoted into 15 tubes from two 8-tube strips, with



[0182] XL-1 Blue (Stratagene) cells were transfornmed with both the pet22b
and DsRed vectors. This strain is naned BC 166. BC 165 is an XL-1 Bl ue
strai n cavoypongosize same vectors except that the pet22bpeesicasiomnomssi ns a
550 bp Leukaem a inhibitory factor (Li fé3 insert, while the DsRed vector has
a 150bp D-fos insert. Log-phase BO 65 and Bd 66 cel | swere washed 3 tines
with 1 m_ PBS prior to use. Pripgers:. [0183] The followi ng prinmers were used

to carrythsdest é‘th OnHNIRE B ENsitiebBE R aix A8 2(cqnfryl The stsps Siesthen plared eee 2
5' - CAT BERb &q{fggﬁleggg%%ér 3! (SEQ IDNO 1), PetF3: 5 - ATA GGC GCC
AGCAACCGCACCTGS EQTD NO Pet 22- RSCE: 5'- GGC GCG CCA TGG GAA

TAG CTA GGT TAG CAG cce GAT CTC AGT G -3' (SEQ ID NO 3), DsRed-FSOE: 5'-

CTA GCT EmmlgoCFrI@ic®a@oaGC CTA GOG CTA CCG GAC TCA GAT CTC -3' (SEQ ID NO
4), pDS-R 5'- CAC CTT GAA GOG CAT GAA CTC C -3' (SEQ ID NO 5), DSR-nest:
5' - CTC GGAVBI IaAgnea), & sngll ¢8EQ of hieod) wmm&mmstmanamp@rfahe on:

01 2 [ X .S ase n x co NTPs
E 2oo§1 ]mv) égb‘%ﬁf%%ﬁ‘b‘“%ﬁ“%@?@g%ﬂ?% Eghysen W%&k%ﬁ% 500
nM ), Tacprﬁexhtyatbhaﬁfem(;d@eoﬂ i fused, gdBieh (ﬁfsc@@ialté béndt) ¥ud & }he ﬁﬂm@ﬁf ﬁ@lﬂth;ﬂe( 1
x 107), BSA @185 200 of the above aqueous phase was added
to 400 rﬁe“lﬂl isfq%z? siog fractionds tﬁ%@éﬂw careful pipgitingfegm gach twbe gpd| y

fastened abaque%d hﬁ)sgu\/@f drfioh & @ﬂhaﬂé&yn'\ﬁ%n%@b&hﬁﬁ%m &Q:ﬁ thbo8t #es. tupen
agitat ed at 2350 rpmfor 30 sec. Thereafter, of the emul sion
was al i qifopeandi pecdednilhis pﬁra-;ctlgnos refepER: tot g phe hﬂ@omu@qcélone@dt tepRGEts The
re ni n e d i

[O188] ViRLE e ficiaBgl GBieR 1ARCHETo (R jorhe ANORI 1B e S blson, o

9% CSR ntalledise fopdcaetion s theCpyoléd laad @rllLﬁ'acblomd arn gxmad;téd as &emdxlbedrmag)mt"ﬂns 8 mm
x 3 mm pivoted stirbar netic stirrer (Cor PC-620D) at -550 rpm
200 m Q8¢ %Séwggqﬁlsfobé&%ngwgnﬁaﬁlé’?\g 4808 eF’BPSECH’g above at the rate of
1 drop per 5 seconds, totaling about 70 seconds. The m xture was allowed to
stir forEﬁmﬁmﬁngm&a&,;seconds, and then renoved fromthe magnetic stirrer.
35 m emulsion was aliquoted into 15 tubes fromtwo 8-tube strips, wththe

| ast tube ¢OIgspiAtienghe PCRPebtsLIlived cBﬁaBlen Xh@fubas wefdld18kwed T Cendifi uPSgHRE €

t hep placed on a PCR bl ock for thernal cling
{1 P room temperature E)r a further 1-2 hours to a low large aqueous droplets to settle to the

bottom of the tube. Thereafter, 10 pl was removed from the bottom of each tube. This part of
the emulsion was pooled and labeled the bottom fraction. The remaining emulsion was
pooled in another tube and called the top fraction. Both tubes were spun at 800 x g for 2
minutes on a benchtop centrifuge (Eppendorf). This causes the bigger aqueous droplets,
20 which are likely a product of the merger of multiple droplets, to settle at the bottom of the
tube. This aqueous fraction was carefully removed from both top and bottom fractions and
pooled in a separate tube, labeled the lysed emulsion fraction. 900 pl diethyl ether was then
added to the remaining emulsion from the top and bottom tﬁbes, the contents vortexed and
spun down at 16100 x g for 2 minutes on a benchtop centrifuge. This causes emulsion lysis
25 and sepaiation of the aqueous and hydrophobic phases, with the aqueous phase at the bottom
of the tube. The hydrophobic phase was carefully removed with a pipette. Another 900 pl
diethyl ether was added to the aqueous phase and the above procedure was repeated to yield

the product of the emulsion PCR.

PCR:

30 [0189] Unless otherwise indicated, the following thermal cycling protocol was used for

emulsions:



Enmul sion Fractionation: [0187] In general, a small amount of aqueous phase
is found at the bottom of the enul sion after conpletion of SCE-PCR This

r epr esentworergesh2dr opl et s and cont ai ns a hi gh concent r tirsc20fo/obisrrect |y
fused genes (m scognate bands) due to tge mxing of nultiple tenplates.
This lysed emul sion fraction is renoved by careful pipetting fromeach tube

Cube of . ¢ ndOb . S 3 Bnioh il &3 oA SPRACIDIC AT dsceariby T e o

bottomfsmhds;tbtalr&d)dyemsesents the relatively larger droplets that tend to
sink to the bottom The remainder of the emulsion, called the top fraction
is then pooled and all fractions are extracted as descri bed below. This

pr ocedur aegot Pgbg%d for aII t he tubes containing a given enul sion.
Enmul si on Extractiaon: After the PCR_protocol was conplete, the tubes

vere al | owd®191d Yndgssi %hWﬂﬁedﬂflh%thartB% ﬁﬁcpemrl’ﬁ&mctmcoanmﬁd He! extracted ur s
to afl ow, ! 0

Ther af t G R A 1 GRS GO0, Jeth P(PoBn. PSR 0o,

t he emul %Tmlmmaw(lamm) incehBiad dolume &f30ubm fraction. The remai ni ng

enul si on was %ol ed in another tube and called the top fraction. Both tubes
were spun d01¥30he RFR@I‘OtQCQhWR&taé@]@W% Hehefor Spmomtasy 94 g dor Kpsesontdsy 63 .

Thi s causesg,, Ijt?)l P‘k‘gﬁf?pf’(g?‘ﬁ%seg‘gn a§8{§\$ulﬁ}gcrf%are | i kely a product of the

merger of nu to sett Yottom of the tube. This
aqueous fraction was carefully renoved fromboth top and bottom fractions
and pool 8plicing by Oealapt Extendion (SQBRPER phecedyseshdoligohuokofidact i on. 900 ni
di et hyl ether was then added to the renmi ning enulsion fromthe top and
bot 1®@m t ubq8193] iypixah tmnisionvSOE BERI renotlomsphave daratal abluﬂxﬁlcﬁ@SIO 1d ahdrcoRtain:

m nutes on_a_benc trifu S S san separation
of the aguéogéo‘%ﬁ%g&%dﬁﬁﬁ %&"qﬁ’r‘?& 298 %ﬁj g?lﬁgﬂf utig %‘é"“ﬁ eop& gttom
of the tAlAQ‘AJCDRCW)A@I mh@mmgm 3NSEQ HD N@M)yzooexﬂu\teﬁlaryu dipoAudlehffelrs-

Anot her 900 d| et ﬁﬁ ther was added to the a Iﬁueous phase and the above

procedur © ek GO NFECECHARr BASEQ &P NRe Sneids 26 mMbereh pEROE
[0189] U@lﬁﬁﬁﬁcl@&t}ﬁfé’w se ipgigat ed, §5he f ol &%@@Gﬁﬁ%ﬁ@#c@)&@dd@c ?19?

was used for emulsions:[0190] 94 C for 5 mnutes 10 secon
0C 1br 46GIEEMASATHCACAGITIID s8CondSEQL ot 3WO¢cycPes. aBecoH3HGE PR’

[ 0191] Uf}t%SfoéE%’d’&fﬁGU%%ééb‘EdAéﬁéC&%@&f‘é&f&%é&%ﬁ\d&&Aﬁ%' sgd:

extract
SEQ ID NO: 10). Lyticase from Arthrobacter Luteus (Sigma) was added at a final

concentration of ~350 units/ml. 10 units of Immolase DNA polymerase (Bioline) was used.
Yeast cells were suspended in 1ml PBS, washed 5 x and then counted using a hemocytometer
20 (Brightline). Typically, 250,000 cells were then suspended in 5 ul PBS and added to the ice-
cold PCR mix, just before the emulsification procedure. Thermal cycling was carried out on a
PTC-200 (MJ Research) instrument. The protocol for emulsion SOE-PCR was as follows: 37
°C for 1 hour (lyticase digestion), 95 °C for 10 minutes (activation of Immolase), followed by
35 cycles 0f 95 °C for 10 seconds, 57 °C for 30 seconds and 72 °C for 2 minutes. A final 72

25 °C, 5 minute extension step was included.

Rescue PCR oligonucleotides and procedure:

[0194] For secondary PCR, the typical volume of the final reaction is 30 pl, containing 1

X BioTaq NH4 buffer, 200 nM oligonucleotide A 5
CTATTCGATGATGAAGATACCCCACCAA ACC 3°, SEQ ID NO: 11) and 200 nM of

30 oligonucleotide p53rev4 (5° GGAACTGTTACA CATGTAGTTGTAG 3’, SEQ ID NO: 12).

Generally 1 pl of primary extracted PCR product was used as the template. One unit of



emul sion PCR tenplate, MyC (1.5mM), dNTPs (20QuM, PetF3 (200OnM, DSR-nest
(200 nM, Taq polynerase (limt) in a final volume of 30nm.. [0192] The PCR
prot ocol weoawobnhl ows: 94 OC for 5 mnutes, 94 C for ?0TSE200®802595 C for
20 seconds, 72 0OC for 90 seconds, tot aI6 f 25 cycles. Splicing by Overlap
Ext ensi on (SCE) - PCR procedure and ol igorucl eotides: [0193] Typi cal enul sion
SCE- PCR reactigns have a total volune of 250 ml and contai n: x Biotag NH4

buf fer (BilianPNA spsdymsnass vwasFusedr wehied thermalo syelingo pragedyrs; um&meéﬁmﬁe

AATGGAT “Jgj(p 4o, I o
W?@E%%ég%c 37 %f%ng"’%g Z‘%ﬂﬁ{vgﬁﬂz%g M}ggé,g%gogefg&é Seconds,
ol i gonucﬁ%&@if@emﬁm&nmnmmCCACCGCCAAGAT GGTGCACGATGCACAGT TG
3', SEQID NG 9) and H2HC2 (5' GGCGGTGGTGGETAGCGECGGE

AGT GCGACOTigam@plgatidies aad proioedl Gsed foEba¢terinkzmaBion SQEIRGBe from
Arthrobacter Luteus (Sigm) was added at a final concentration of ~350
uni t&/ m . 10198 petF 2o (SHQMDI MOe 1 Dad PsRyés’a€ ACHITERAASCGRAT G TCGast,

eyt oNEaD RER P et bekd s G35 rlffE] hucdedi SR phPl RPARSPEISERENENG: |
5 m gErSB)amgli_i EdE@(dEE(SE@H) |N\Axgc4>)| d‘hE’@E%:cmdm:y fesate PER ailig ohllitﬂe(ﬁidgé waefe p&Fs on
ot umetHEQ Tee: Dr AR il A GRA BRRCARO G ) PRRID NG E5X pe 1

hour ('Wh!ﬁﬁﬁ&: 1 f0tO) i a9r§ Qafl%t §it Hf9§°é%81t5‘{xﬁh'f8'ﬂ ®bd b | S8R .
f ol | owed 3 35}’311%'25 of is Xi -air%ecorpnds 57 for 30 gecongzmac%d 72 0C

forl® m% L f%110|5|694|607’§ '@r4ésm¢mltb? Ux fos99isen step was incl uded. Rescue

PCR ol i gonucl eoti des and procedure: [0194] For secondary PCR, the typical
volume of the final reaction is 30 mRe&@3taining 1 x BioTaq NH4 buffer,
200 nM ol i gonucl eotide A (5 CTATTCGATGATGAAGATACCCCACCAA ACC 3', SEQ ID
NO 11) and 200 nM of ol i gonudfaat SdRmtol@yéation: CGAACTGIT ACA
CATGTAGITGTAG 3', SEQ ID NO 12). Cenerally 1 m of primary extracted PCR

pr oduct WaS[OL%?(EaaB ctll&névei R @n€ain NG irteYatti)f Gined Rch leP¥Sites) FNFORYE pitfein
used. The therna] cling procedure, unless _gbherwl se nmentioned is as .

fol | ows: m@ﬁsacéwp&atas WeiETe Shis IipimRaion ingotegsily aqcessible. Tesregtify shis problemoifds,

57 {5 forwdOopsies aids ?é%@nﬂxﬁvéﬁtﬁ)ﬁrto Enﬂﬁbl&%%ntegchﬁ Hﬁésﬁ%'dil@%eg’}ﬂélt Bf PiNge O
used for bacteri al erru si on SCE- PCR: !0195%) pet and DsRev

(5' CACCIHT Sl yealap dixtensionsRCR |( (Kenten, E&l&deta@ (Mﬁtb@ spEnzygos .
I nt er nal (1%6]35) @l’li7’n§|’7§_9t51r£ Wﬁgﬁ Iéig.EQd, Q)Vﬁial can then be isolated, amplified and
interrogated using common DNA manipulation techniques. To accomplish this
simultaneously with a large number of cells without linking non-cognate genes from different

20 cells, a rrﬁxture of cells was emulsified to isolate them from each other (Tawfik & Griffiths,
1998, supra; Griffiths, AD, & Tawfik, DS, Trends Biotechnol (2006) 24, 9, 395-402). In

addition, lyticase was added to digest the yeast cell wall, rendering the interacting genes

accessible to PCR reagents.

[0197] The outer primers for the SOE procedure used are GAL4ADF, which is

25 complementary to the GAL4 Activation Domain in plasmid pACT2, and D, which is
complementary to the pGBKT7 vector after the Multi-Cloning Site (MCS). Internal primers

are H2HB2 and H2HC2, which have complementary 5’ halves, and 3’ ends complementary

to the pACT2 and pGBKT7 vectors respectively. Hotstart DNA polymerase Immolase
(Bioline) is used to prevent primer dimerization from occurring during the lyticase digestion

30 step. After the SOE-PCR mix is constituted, an appropriate number of cells is added,
followed immediately by emulsification (see‘materials and methods). The number of cells is
chosen such that each aqueous droplet in emulsion is very unlikely to contain more than one

cell. The emulsion is then placed on a PCR block. The first step is an one hour incubation at



3) and DsFSCE (SEQ ID NO 4). The secondary rescue PCR ol igonucl eoti des
were petF3 (SEQ ID NGO 2) and DsR-rev (5 CTCGGAGGAGGCCATGGTG 3', SEQ ID
NO 13). wbeotiwsmml cycling protocol is an initial hearcngci®ponss 95 C
for 5 mn, followed by 30 cycles of 95 for 10 sec, 60 C for 45 sec and 72
C for 90 sec. Results Basic Schene of eration: [0196] Each cell known to
contain two interacting genes is a repository of protein-protein

i nt er act 3bCdathich pldawey élre Ixticase tnfligestathieoselli Waﬂoghealgkﬂ stepde as £} imiguteso
rectify thl I i p. e t wo
interacti ﬁlél?aélg)ne glgﬁd ‘%hﬁ‘véﬁgcét?’rr%cﬁg ate? ﬂ%kﬁmg?/ﬁ%p?lﬁzé)l nggg(t;l/ %/aes%féﬂp? ﬂllésntnﬁ?

Ext ensi ofterdGRe (y#{dasePEyted biedlst SnbseEMnt atepalare, tybkiahofl SOEFRPORWhee(rd&O33ls 2dd,
270-9) as é‘agwn in Fig. 2C, which can then be isolated, anplified and

i nterr og®f si ng common DNA mani pul ati on techni ques. To acconplish this

sinmul t aneo f. | i t hout |1 nki
Genck fr omiBio i e SOEPCR I pltion s cBmPletgolbe RSP S dvied PO gt o
t hem fr o RAcH MUK likKkeAWehks Folddatll bdihsre 1dR98red 3HP pasledXd forintdnSnteNking
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determine the optimum conditions, two d1fferent oil phase compositions were tested, the CSR

mix (Ghadessy et al., Proc Natl Acad Sci U S A (2001) 98, 8, 4552-4557) used for a similar

20 situation and a composition that contains twice the concentration of surfactants as the CSR

mix (called 2 x CSR mix). 400 pl of these compositions were placed in a NUNC Cryotube
along with a small magnetic stirbar and 200 pl of aqueous phase was added. The two phases
were mixed by stirring at ~550 rpm on a Corning PC-620D magnetic stirrer for 30, 60 and
120 seconds. Higher stirring is undesirable due to the formation of aqueous droplets that are
25 of a very small size. The respective emulsions were aliquoted in 8 well strip tubes and
subjected to PCR thermal cycling. The results are shown in Fig. 9A. It is clear that the 2 x
CSR miix, stirred at 550 rpm for about 120 seconds is optimal for the current application, as it
is resistant to thermal lysis, and provides a sufficiently large droplet size (Fig. 9B, Fig. 9C).
Nevertheless, a small amount of emulsion lysis does occur; this is countered by fractionating

30 the emulsion as described above.

Proof-of-Concept Experiment



gene library. This library can then be propagated by sinple PCR
anplification. Subsequently, one can interrogate this library for

i nt er act iwoo0ofoose2gene of interest by designing a genespegisGzeiopoener, and
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this second PCR demonstrate that interactome libraries obtained by this method can be

amplified without diminishing the percentage representation of larger SOE-linked products
(Fig. 10B).

Threshold of Detection/Model selection:

25 [0202] It is likely that a minimum number of cells representing each interaction will need
to be present to reliably detect that interaction in subsequent secondary PCRs. This is owing
to multiple causes, such as mis-priming on more abundant templates, a failure of some cells
to be digested by lyticase, and presence of two cells in the same droplets. To detect what this
threshold is, the following experiment was conducted: 1000, 100, 10 and O cells from a well

30 characterized strain, YCS8, carrying the human p53 gene on the pACT2 vector and the keratin
5 gene on a pGBK vector were mixed with 250,000 cells, each carrying both pACT2 and
pGBK vectors containing random inserts, called the YC16 library, (to simulate a library of .



YC16_14 pACT2 insert with the YC16_6 pGBKT7 insert gives a product of
1570bp (Fig. 8B). [0201] If the pACT2 and pGBKT7 inserts from YCl6_6 and
YC16_14 awe 2imksmii n a cognate manner due to enul sifi ceCirse2010/00269r r ect
1210bp and 1350bp bands shoul d predom ngj e over the incorrect 990bp and
1570bp bands. The result of the proof-of=concept experinent (Fig. 10A) is
consistent with this prediction. Wiile enulsified | anes have nostly the
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in a background of 250,000 library cells is_the ‘det ect i on_threshol d (ﬂFI gure
12B) . 2243 To test whether F.coli two-hybrid is amenable to emulsion SOE-PCR, a simplifie

20 proof-of-concept experiment with two bacterial strains, BC165 and BC166 was carried out.

Both strains contain two vectors, pet22b and pDsRed. BC165 contains a 600bp Leukemia
inhibitory factor (Lif) insert in the pet22b vector and a 180 bp c-fos fragment in the pDSRed
vector. BC166 carries the vectors only, without any insert. petF2 and DsRev were used as the
outer primers, while petRSOE and DsFSOE were the internal primers with complementary 5’
25 ends. As with the yeast two-hybrid experiment, cognate SOE-PCR gave rise to 1150bp and
480 bp bands from BC165 and BC166 respectively. Non-cognate SOE between the pet22b
and DsRed amplicons of the two strains results in 1000bp and 650bp bands (see Fig. 7). 106
cells of each strain were added to a SOE-PCR mix and immediately emulsified and subjected
to SOE-PCR as described above. The emulsion was fractionated into top, middle, bottom and
30 lysed fractions and extracted using ether. A small amount of the extract was used as a
template for PCR using nested oligonucleotides petF3 and DsR-rev. The secondary PCRs
were run on an agarose gel (Fig. 7). The results clearly show that emulsion SOE-PCR

preserves cognate pairing, resulting in a predominance of the correctly spliced products,



Application to Bacterial Two-Hybrid system [0203] Apart fromthe popul ar
yeast two-hybrid system two hybrid technologies exist in E. coli (Karinova,
G et al .woRonmodat! Acad Sci U S A (1998) 95, 10, 5752¢b6Ts6GRommdoseinmal i an
systens (Lee, JW & Lee, SK, Methods M), Biol (2004) 261, 327-336; Fu, L, &
Li ang, JJ, J Biol Chem (2002) 277, 6, 5-4260; Luo, Y., et al.,

Bi ot echni ques (1997) 22, 2, 350-352). Sone groups have undertaken smal |
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al ., J Bbaadteridl olvo-h¥bdysiis ashbell.5123-5133; Karinova, G et al., J
Bacteriol (2005) 187, 7, 2233- 2243). To test whether E.coli two-hybrid is
anenabl e to enul sion SOE-PCR, a sinplified proof-of-concept experinment with
two bacterial strains, BC 65 and BSiSCAfssSyN carried out. Both strains
contain two vectors, pet22b and pDsRed. BC 65 contains a 600bp Leukem a

i nhibitory factor (Li f.? insert in the pet22b vector and a 180 bp c-fos
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functionally annotated and do not have reagents |ike antibodies directed
agai nst SHeHtngshpecteapsneetpgs &yt pkedngegns t AQvRIHbE amewnt 9§ sequepgng
library @}}“ jbrary yeast two hybrid, conbinatorial PCAs or yeast-phage

di spl ay e been devel oped. However, the information that these techni ques

generat e i 0205 tHRv&RE M QB8R Equires modification of existing strains, vectors and
20 libraries and would be inapplicable to some high throughput methods like combinatorial
yeast-phage display wherein the interacting pairs are not in the same cell (Bowley et al,,

2009, supra). The iCLIP method we describe is completely in vitro and should be compatible

with most current high throughput interaction detection techniques. Using this method we.
demonstrate the ability to link genes encoding interacting proteins. The interactome library

25 size for current genome wide yeast two-hybrid ranges from ~1000 to about 4500 for yeast,
and about 3000 for human interactome screens (Rual et al., 2005, supra; Stelzl et al, 2005,

supra; Ito et al., 2001, supra; Uetz, et al., 2000, supra). It is thought that the total size of the
-interactome ranges from about 37000-75000 for yeast to almost 300,000 for humans (Rual et

al., 2005, supra; Grigoriev, A, Nucleic Acids Res (2003) 31, 14, 4157-4161; Hart, GT, et al,,

30 Genome Biol (2006) 7, 11, 120). Based on the inventors’ results, it can presently be assumed
that each interaction should be represented by about 500 cells to ensure detectability (Figure

3) — albeit further optimization may reveal a lower threshold value. For the total theoretical



pairs of genes in cells or conplenentary yeast cells and phage. This
information is not easily stored, replicated or dissem nated. Al so,
sequenci ngolargesnunbers of individual clones to transfecmsicGro®rnaessson
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same lines. Similarly, a library of small molecules tagged with unique oligonucleotide
“barcodes” could be allowed to interact with mRNA or bacterial surface displayed proteins.

25 Emulsification and SOE of these interacting pairs would allow the protein-small molecule

interactome to be deciphered, forming a valuable resource for drug discovery.

[0207] The listing or discussion of a previously published document in this specification
should not necessarily be taken as an acknowledgement that the document is part of the state

of the art or is common general knowledge.

30 [0208] The inventions illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed

herein. Thus, for example, the terms “comprising”, “including,” containing”, etc. shall be

read expansively and without limitation. Additionally, the terms and expressions employed -



using bio-informatics tools to carefully design rescue priner sequences and
nodi fi ed high specificity oligos (Mreau, V, et al, Nucleic Acids Res
(2009) 3AvOoLO11/052230) are contenplated. [0206] It is inperssbingoiss

specul ate about novel technol ogies that, i ght be enabled by our nethod. For
i nstance, ribosone display is unrival lelt in terns of i brary size and cycle
time (Schaffitzel, C, et al., J Imunol Methods (1999) 231, 1-2, 119-135).
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or i m t BegatKe %E‘O%Efé‘éq‘?’i‘g:%ﬁﬁi}‘ %H}ag%ﬁlo‘ﬁ‘é e Benusrgardlesypl w eat ¥ nothe

terns " CoRRiktiSéd Material 18 GpatHidilly reGRAMRIM.NY", etc. shall be read _
expansively and without Timtation. Addltlonally, the ternms and expressions

enpl oyedhe r[@l é 10] ' R%E RRSIAIMERSE arSwiSh TRe AloWSSCEIhRES, BNadiMebr) QheRf features or
limtation, there is no intention in the use of such terns and

exptessi @mctépf tednyenting aeadeserdhedvn terms 9T darkesh grewvnsy those shlbethinghejart will
descri be

modi 11 oot CORuPElHal R%nbolfloR pied therply UckBASRNCER oL B iNbRid i Tember op
it shoul sibgeouprmdeneatrosiof thaMakudhaggrgip.t he present invention has been
specifically disclosed by exenplary enbodi nents and optional features,

nodi fication and variation of the inventions enbodied therein herein

di scl osed may be resorted to by those skilled in the art, and that such
nodi fications and variations are considered to be within the scope of this
i nvention. [0209] The invention has been described broadly and generically
herein. Each of the narrower species and subgeneric groupings falling
within the generic disclosure also form



part of the invention. This includes the generic description of the
invention with a proviso or negative limtation renoving any subject matter
from t he woenusyoos2gar dl ess of whet her or not the exci se¢cnhBcaiioAbIlss
specifically recited herein. [0210] O hgr enbodinments are within the
following clains. In addition, where features or aspects of the invention
are descpihgd in terns of Markush groups, those skilled in the art wll
recogni ze that the invention is also thereby described in terns of any

i ndi vi dual nmenber or subgroup of nenbers of the Markush group. d ai ns Wat

i s clai mthat is:.clamedisipt hod of identifying a binding partner of at |east one
target nolecule wthin a plurality of analyte nol ecul es, wherein the target

nol ecul eqi s I Lhed.wi t .| | i i cl. &
ol coul o 1 Ho HERSE O aGRERRRS LMD BurlE R o JBAF uBafE BILuR bl ¢,
nucl eot i de ghurabtyaef andlytadnbechies, witkesihithe/tanget hivdeduds g physicdIBcisntbigeintbithed
therewith, the met{;gdl.corrpri sing:; contact ierrlg t he taﬁr,get nol ecule with the
plurdlity oft Hgftylaaeling spelpicsacid mapleyles Henagetalaheling, pucleignasiei molesie

bi ndi ng par tceﬂfpri'sﬁlgsélﬁf%ﬁicel%(ﬁ&tﬁ@ sg?xfé'ﬁ@@ﬁi]té%fle F&%%t%f&%%;tflé/ té?&et%ﬁ@lle&/ 1€

nol ecul es, and wherel ach nmenber the plurality o yte nol ecules is
physi cal | y conmbineddherewithahe artliodt eenipaiselgi ng nucl ei ¢ aci d nol ecul e, each
anal yte | abeling nucleig acid, nolecul e.coppri,si a.selected nucl eoti de
sequence sui t RbFRNAEHNG Msntergeyimye W%a%t%‘“‘?‘?@?yeeﬁlagalmn‘ﬂi’lﬁ% % HAPIERY t h;
al l owi ng the forsaihea nktude,cONpl ex between the target nolecule and the

bi ndi ng partner thereof within the m xture; subdividing the mxture into a

pl ut@l ity of conywreinthebyndiog phrtadras suspediedoriysss memher Afdheplusdity of analyte
about one nenber_qof the group consisting of:. (i) one. target | ecul .and
(0) one comt o iddic s Wi GBTEeE mdthd ' of blelnbfint SFaRnMCERRERS i8] Ch,
segregating a cohpielyb@mmenl withahaeilyfelabélitgemanic adld adédile ehd Salte

fromthe residual nenbers of the plurality of analyte nolecules; allowng
the target | abeldbsing gusleicacimelegye sempesing@ selestedmclppdds spgpencgguiiaile ei ¢

acid nol ecul e tqogger%tkgﬁgﬁ}lﬁ Wg%gg&g[miﬁem%%&t e nucleic acid

nol ecule; allown conpartnents to disintegrate,;
15 e allowing the formation of a complex between the target molecule and the binding

partner thereof within the mixture;
e subdividing the mixture into a plurality of compartments, such that each
compartment comprises at most about one member of the group consisting of:
(1) one target molecule, and
20 | (ii) one complex between a target molecule and an analyte molecule;
thereby segregating a complex between a target molecule and an analyte molecule
from the residual members of the plurality of analyte molecules;
e allowing the target labeling nucleic acid molecule and the analyte labeling nucleic
acid molecule to be linked,
25 | thereby forming a composite nucleic acid molecule;
e allowing the plurality of compartments to disintegrate;
e retrieving the composite nucleic acid molecule; and
e determining the sequence of the analyte labeling nucleic acid molecule, thereby

identifying the binding partner of the target molecule.

30 2. The method of claim 1, wherein retrieving the composite nucleic acid molecule

comprises at least one of:



retrieving the conposite nucleic acid nolecule; and determ ning the
sequence of the analyte |abeling nucleic acid nolecule, thereby identifying
t he bi ndiwg 2pardosen of the target nolecule. 2. The met hedrsG2eloabesd,
wherein retrieving the conposite nucleiﬁhacid nol ecul e conprises at | east
one of: (i) carrying out a priner based cleic acid anplification using at

| east one priper IS .C | 0 . .t he .sequ e of
target | abeli Elg cr%@ﬁ} & %aaacﬁﬁﬂﬁg%ﬂﬁﬁe{&ei%aecﬁ%%g{prggg%tﬁnw Srlfgg ?%%ngé)rrr% é‘%ﬂEEZ
nucl ei ¢ aci d nol thatuik @omplechentdry to a @it v tHedsetjiehcliof the target dpling guddiobeid t he

capture probe being capable of associating to the conplex between the
target mol ecul e BAKECHIBe binding partner thereof, and retrieving the

capture probe, t . 1 eV IR EXe; . target nol ecul e
and t he bi nding tggeﬁﬁé?bﬁﬁ@%ggglwﬁwe mt(ﬁ%ﬁg‘b@ﬁ%m or 2, wherein
subdbvi di ng t (i® = additrgeto tHeomixtpleus aptuye pfobep theacdptmet gobes beiag rdapable wif
such that each conpartnent conprises at nost about one nenber .of the group
consi sting of: (i)3BAcakngigdhe nyrricybeiween the tarest mlesule.ant thehinding Pariicget
nol ecul e and an anﬁ}eygo? 4xgl ecule, and (iii) one analyte nolecule. 4. The
met hod of any one of cllaims 1 - 3, wherein the physical conbination between
t he anal yt e nol eeukEryingubpeartent frobd) ¢herelpyaletrevolg the complpxdetosepl the tangdt h
the target nol ecule,, and t nal.yte | abelling nucleic acid nol ecul es

conbi ned t her evvith“@l?ﬁﬁgiaggzh%é‘égpénﬁ?fsgﬁ’r@f bond, a non-coval ent bond, a
i nkhng nol ecule, a cell, a virus, a phage and a ribosone. 5. The nethod of
any one of clains 1 - 4, further conprising: after subdividing the m xture
into compartnents rel easing the physical conbi nati on between the anal yte

mol ecul e3defThsi mgthadeohicldmnl qsalt Waeregt subfividipgghe miitarguingo anplurahisy of
Pote | abeling. . . . r
et ensi ng ¢ ROl SRl bu SuSF Haf ST YERAACHE SRy of M:E Yoy one

i denti fyi ng rembérrofake grolip cotsisting o second binding partner within a
plurality of peptides and/or proteins, wherein the first and the second
bi ndi ng partner afidOB&FASAEY$HSr ni ng a conpl ex, the method conprising:

15 (i1) one complex between a target molecule and an analyte molecule, and

(iii) one analyte molecule.

4. The method of any one of claims 1 - 3, wherein the physical combination between the
analyte molecules, suspected to be capable of forming a complex with the target
molecule, and the analyte labelling nucleic acid molecules combined therewith

20 comprises one of a covalent bond, a non-covalent bond, a linking molecule, a cell, a

virus, a phage and a ribosome.

5. The method of any one of claims 1 - 4, further comprising;:
after subdividing the mixture into compartments releasing the physical combination
between the analyte molecule defining the binding partner of the target molecule and
25 the analyte labeling nucleic acid molecule combined therewith, thereby releasing the

analyte labeling nucleic acid molecule.

6. A method of identifying a pair of a first and a second binding partner within a plurality
of peptides and/or proteins, wherein the first and the second binding partner are capable
of forming a complex, the method comprising:

30 e providing a plurality of peptides and/or proteins, wherein each member of the

plurality of peptides and/ or proteins is physically combined with a member



providing a plurality of peptides and/or proteins, wherein each nenber of
the plurality of peptides and/ or proteins is physically conbined with a
menber enowdi2ogosnhei ¢ aci d nol ecul e, the nenber encodi PgTHGROWI06023¢i d

nol ecul e conprising a nucl eoti de sequengce encoding the peptide or protein

conbi ned therewith; subdividing the pl % al i ty of peptides and/or proteins

i nto conpart ment c a rises . ne
menber or about e%ﬁoe(ﬁﬂc% %pu%ie%?(ct 6@? m@g%glrlrrﬁgh%ljieer S (%[fb%? @c%ﬁﬁﬁ é’lﬁlg]teglpgéld éﬁ%@%‘&gs
and/ or protei nsoniphieingby meBoEIE sed@nde CRoFdifX thetpapade o prbiefns to@bined he
second binding partner fromthe residual peptides and/ or proteins;

all owi ng the nerthaewEhc odi ng nucleic acid nolecule of the first binding
partner and tQe g i i i | 0, i adin
partner to behl isﬁggg@hﬁrg%%ggtgwnﬁﬁ hgesgagl%g)(g |{)t§ﬁﬁuc g‘l‘fog&)glg{ng&%bﬁr&g%ﬁég )
al | o3 ng t he corgpel compirsmém @ingridése gy abst; aboue ohe endnitgr toeaboames tdraplex

nucl eic acid nolecule; and determ njng the sequence of the conposite

he.
nucl ei ¢ aci d molbstvges membsraplthe phisality pf Reptidss and/ T Proff@%or t he second
bi ndi ng partner. : bBiwRe | LEW MG site
nucleic acid mltg%ﬁ?%g%é%%ﬁlﬁggsgm@g?ryl ngn\gﬁflﬁggt glrn ??r%ér g{%gg%ﬁg{% giﬁf:m:gci d
anpl i fication udromythe rpsidwad peptindes and/ awgmptemsent ary to a part of the

sequence of the nber .encodi ng nucl ei c .aci d. pol ecu] e, . t her lifyin
he. conposi t eonAPBAE LE T Soapane giclehacitb PR o she i PGPt | he
prip@r based nughgitke AifePBRbUGRICIERNadid nW16cud o AtHRALIIHR RS ENE PaXtkEr to

reaction (PCR) and isothermal anplification. 9. The nmethod of clTaim 8,
wherein the isothedinked, anplification is one of strand displacenment

anplification (SPA elicase based amplification and rolling circle
anpl i fication. i@?&bﬁh}é’““ 1! %@%‘?O%FQF%’&“%%?%P#T he PCRis carried out
using a pair of afloWingthe atlpatmeaotsldipihicghite; Wherein the first prinmer is

conplenmentary to a part of the sequence of the target |abeling nucleic acid

nol ecul e, and®t FeiTigwRs He ompnesite pacleic agidvaeleeple;wfder . 11. The nethod of any

one;of cl ains6 L [ plarcal i . i.0e n r I i's

for%r%d by cont.agie%e%mf%%?r%ﬁﬁ%?ﬁdéﬁéﬁépg% %hﬁgélte\?\ﬂa%feg %F@r g-fo?{ci}f%b]?th glleegfi des
identifying the first and/or the second binding partner.

7. The method of claim 6, wherein retrieving the composite nucleic -acid molecule
comprises:
e carrying out a primer based nucleic acid amplification using a primer that is
20 - complementary to a part of the sequence of the member encoding nucleic acid
molecule,

thereby amplifying the composite nucleic acid molecule.

8. The method of claim 7, wherein the primer based nucleic acid amplification is one of a

polymerase chain reaction (PCR) and isothermal amplification.

25 9. The method of claim 8, wherein the isothermal amplification is one of strand
displacement amplification (SDA), helicase based amplification and rolling circle

amplification.

10. The method of claim 8, wherein the PCR is carried out using a pair of a first and a
second primer, wherein the first primer is complementary to a part of the sequence of

30 the target labeling nucleic acid molecule, and the second primer is a universal primer.



and/ or proteins suspected to conprise the second binding partner. 12. The
nmet hod of claimb55, wherein the first binding partner is a nenber of a

first pluwelniiyosf21pepti des and/ or proteins and the seceuqd/Soo@diongspart ner
is suspected to be a nenber of a seconol7 lurality of peptides and/or
proteins, the first plurality of peptid and/ or proteins being conbined

wth the,;se d r.al 4 pti.des. ang{ or, Rrot i her ] sai d
pl ural i t}/f'o?ﬂ%eg}%#}%gsé)g%c{ﬁ (%e g)r?o léellg%sé 137 %%eﬁeﬁﬁ&gmgglgaﬂg%#eﬁégn ?:I% Qi B
6 - 12, whergoteidshie foongioby bentactidgeihe firel Bindlgasner Mithreplubality of ipaadge of
t he nenber encoding nucleic acid nolecule of the first binding partner and
the nenber edEdPRfcHE suPreteditq eprapsisedhg ecord bAINGPABAC- bi ndi ng partner is
physi cally conmbined with the conpl ex between the conpl ex between the first

and the sgcofyl HeRfblangr BRI " -w geinTt]ﬁ@ st BORiR paer A0S HenfleflofS Brst 13,

further conprising: after subdividing the mxture into conpartnents

rel easi ng t hdugahtyse foseptidesndndratprateind ehdwiensectiad bindingrpaetneidisugpectad keebeaaci d
nol ecul es and the hindin rtners. 15 The nethad of an ne.of .clai 6 -
14, wher ei o e s‘ﬁ?&?r?‘%g IR eF Brtiles ABYAT %ﬁ%ﬁ%&%ﬁl@ﬁwﬁpmﬁty
of peptides Aaf ProtdR HRiMEScMintd ¢/ itNEND REcHACAGNG SRk Rides 3rd/6r pREGRYI es
conpri ses one of "a coval ent bond, a non-coval ent bond,” a |inking nol ecul e,
a cell, a vithersby orpirpsaidipliraity b Hpeptides ardéor prbkeinset hod of cl ai m 15,
wherein the physical conbination is a cell and wherein each nmenber of the

plurality,ofpeptides.and/or proteips {,5 _covalent|ly |inked. .t.0 one of

First ania HEBRIOESIEME ol PRI a7, wiRiePL I coftworts yolsii 4o ndieadls ng
conpd ement i MgrmiEd B ¥ linkde o fahe u@iber Bh& At/ Mictet adit aud18EdlY of teTREtesIRdIhg €ach
ot her, thereby together defining a reporter factor. 17. The method of claim
16, wher ei n haHaer @ddhe plenbse erpoding nycieicacid mojreple of thessepndbigding partpefis ng

cor 1 - 16 VRSO PRIE) Qi 48 CoRRR RPREARIBPI vl B8 1h8 liShe

conpl enment i rgcondi tahding pertdeno fragnents of the protein.19. The method of
claim 18, wherein the two fragnents define two domains of the protein. 20.

The meth cl aj 6 to 19,  wherei he first. and the second

conp! ookt rgpeBRbeg oLy ResT6iangs id FEPes i 1 the cell. 21. The
met fod of Cl e sahdivitiiey fienBaGR HRIRBMpRtmbRS reletdid ithe/ pRfsii® RbhBAtiand/
or proteins and the conplenenting noiety are conprised in a fusion protein

encoded by thetwersrtbe meatbedanqeginguniclsicacid melevples @nd the binding partners.
15. The method of any one of claims 6 - 14, wherein the physical combination between the
members of the plurality of peptides and/or proteins and the member encoding nucleic
acid molecules comprises one of a covalent bond, a non-covalent bond, a linking

20 molecule, a cell, a virus, a phage and a ribosome.

16. The method of claim 15, wherein the physical combination is a cell and wherein each
member of the plurality of peptides and/or proteins is covalently linked to one of a first
and a second complementing moiety, |
wherein the first and the second complementing moiety, when brought into physical

25 proximity, complement each other, thereby together defining a reporter factor.

17. The method of claim 16, wherein the reporter factor is a factor that is capable of

activating the expression of a protein affecting the phenotype of a suitable host cell.

18. The method of claim 17, wherein the first and the second complementing moiety are

two fragments of the protein.



22. The nethod of claim 21, wherein the plurality of peptides and/ or
proteins is provided by expressing under suitable conditions a plurality of

menber engodongosizel ei ¢ acid nolecules in a plurality ocesiGheio0wdpssei n
each nmenber encoding nucleic acid nnlﬁ%ﬁie encodes a single fusion protein,
each fusion protein conprising one ne of the plurality of peptides and/

The' mot nbil_ oreandr Soebmfia{idel s M rRGSaRC SRERE TR BR R o o

of a first and a second nmember encodi ng nucleic acid nolecules in each of
t he pl ur2g.i tTheahettied bSclaitiier@ionl 9, Rehetdin e frdchml Be 3€dodd raseﬁﬁre\nieﬁatiﬁg\ aRdes a
t

fusion protein havi 2& the first conplenenting noiety and e second nucleic
aci d nol eculae eapable«d bging exprsssedriBtled ¢ellhavi ng t he second conpl enenti ng
noi ety. 24. The nethod of claim 23, wherein the plurality of peptides and/

o1 PO S 1 SR 0O WReloND chPElchoBy S OB pRBin/1ye EBtdAduRY oany

one of claims 6 - , furt conprising purifying a conposite
nucl®i ¢ aci ¢proteineantl éahe 26mplEhenteg hadetgfare camprsed in 2msiontppoteimerichded by

plurality of peptides and/ or proteins is provided in a liquid suitable for
handl i ng nuéhgmemaem%ams@w@gwﬂfgnﬁ%ﬁ?ﬁdes and/or proteins. 27. The
nmet hod of any one of clains 6 - 26, wherein the nenber encodi ng nucleic

aci d ol gLuleGhethb® of blafth 201 RAlRSh BRIJINANHAOCpdpided Rl BF Eﬁﬂ@iﬁﬂ isSoPided ei ¢

aci d nolecul'e of the second binding are all'oned to be linked after the
mxture is diyvéxpeessingtunden mpitablereonditions. a phealitytafgderobercéngpding nuclgieercid n

t he nmenber enoglodiln . nucll eiliiya ieglsm):hercul e fmt erf inrs. bi ncq(ia.gﬁ 11ganrltlnéar1 and
the menber &N 8‘81?1%’“%%%’1 acta S nd"EEH B OGN SEEUHEE BY7d 6 pa??nue? are
al | myed to hcddes ke inple! fisidnaproimadachEfsioR Prateine o prisingd dhy intiniter tdfahe

m xture into _conpartnents. 29. The nethod of any one of clains 6 -28,

wher ei n al | elrakitytafeenddasandeorcerataiys andomeiod tl&cﬁr@t sl tbe gecoad complementipg d
conpri ses | I’ﬂ‘ﬁg on of the nucleic acid nolecules or overlap extension

pol ynerase chairn reaction. 30. The nethod of any one clainms 6 - 29, further
conprising: allowng the formati on of a conplex between the first and the
second b2hdiThg methodef clainy BR nedrysrigingialidwing tied expegssioded.onBlonefpaies frotirso f

| dentifying a%d tz)il sggénrzlgmgr%{)grngr{cogfnganutcﬁelicgaectid Pn% éclu ees'\ it reaﬁlrgft tﬁle glu\%ﬁtg Io? cglls,
15 wherein the first nucleic acid molecule encodes a fusion protein having the first
complementing moiety and the second nucleic acid molecule encodes a fusion protein

having the second complementing moiety.

24. The method of claim 23, wherein the plurality of peptides and/ or proteins is expressed

using a two hybrid system.

20 25. The method of any one of claims 6 - 24, further comprising purifying the amplified

composite nucleic acid molecule.

26. The method of claims 6 - 25, wherein the plurality of peptides and/ or proteins is
provided in a liquid suitable for handling nucleic acid molecules and peptides and/or

proteins.

25 27. The method of any one of claims 6 - 26, wherein the member encoding nucleic acid
molecule of the first binding partner and the member encoding nucleic acid molecule of
the second binding are allowed to be linked after the mixture is divided into

compartments.



plurality of peptides and/or proteins, wherein the target peptide or
protein is conprised in a nenber of a first plurality of peptides and/ or
pr ot ei ns WOQRt®52Indi Nng partner i s suspected to be conpCIrsediono@ssrenber
of a second plurality of peptides and/ ol proteins, wherein each nmenber of
the first and the second plurality of peptides and/ or proteins is

physi cal by Oﬂ@hﬁ%fivﬂft&aiﬂl gﬁ@ﬁ&eﬁ%@%é}ﬂbé?%&?diﬁg AL idic PP fdieuld §fthe
menber encodi ng nucl el c acid’nol ecul e conprising a nucleotlde sequence
encodi ng t hefipepindigy partree @hdithe arsniben ashcdbdiag awclelt, adidh anslediio @ faherpédond ng:
conbining the first and the second plurality of peptides and/ or praqteins,

t her eby f or iAEIng PAFtRGT e allowed tohelinked wvithin AwpmpattEentObEYAL B SWWIIABE t he
t ar get peptitﬂ@nﬁhu{:ﬁﬂ&ﬁwfﬁ&%&l 2 binding partner; subdividing the mxture
into conpartnents, such that each conpartnent conprises at nost about one
menber or about one conpl ex between menbers of the conbined pluralities of
pept § des2%ndlheomethpdoéamsone eff dlaimisréy 28hwheremoa lovang tei membareheddingsualeic

nol ecul e of thge target . de or protein.an he menber, encodi ng nuc] ei c
hot 0 ot eulteRbro e B e mise fefind tohh au B0 A RO Ot 5O PVREER,
t hereby f or rdxihsRnGRIEAShdchAlCleSdtfonaci d nol ecule; allowing the
conpartnents to disintegrate; retrieving the conposite nucleic acid

nol ecul e; and determ ning the .seguence of the conposite nucleic acid
mol ecul e30.t hBieaBsthpdiehanyt gnerrdaimsd Hi% dirHgr genprsng: 32. The nethod of claim

31, wherein retriewing the coppasit ucl ei c.ac l.ecul e TpJ.i Ses. one
oft (1" car B e Brisfort PP SR e bty R s A1) F Mol SRS R?
pripgr that wihia@Replarainy of peptide part of the sequence of the nmenber

encodi ng nucl eic acid nol ecul e encoding the target peptide or protein,
thereby anplifying the composite nucleic acid nolecule; and (ii) adding to
the m xt&ke 4 method af Gﬁﬁﬂng%ngt woiRding PaEngy; gha 1BEIch PePUdMBr PIYFMWEBEY At i ng
to the conpl . pLide: LN, b nding.:

part ner therfg%rta ?Sltan'g‘ Epzel%?&g&{rﬁg&teﬁg’ %g%t%ﬁj?%le g%&@éﬁp e?gg}&??lgltﬁrﬁlgge }lsged t he
conpl ex bet vieanmeinbert aff g itst plurality of peptides and/ or proteins and the binding partner is

suspected to be comprised in a member of a second plurality of peptides and/ or
15 proteins, wherein each member of the first and the second plurality of peptides and/ or
proteins is physically combined with a member encoding nucleic acid molecule, the
member encoding nucleic acid molecule comprising a nucleotide sequence encoding the
peptide or protein combined therewith,
the method comprising:
20 e combining the first and the second plurality of peptides and/ or proteins, thereby
forming a mixture;

e allowing the formation of a complex between the target peptide or protein and the
binding partner;

e subdividing the mixture into compartments, such that each compartment comprises

25 at most about one member or about one complex between members of the
combined pluralities of peptides and/ or proteins;

e allowing the member encoding nucleic acid molecule of the target peptide or
protein and the member encoding nucleic acid molecule of the binding partner of
the formed complex to be linked,

30 thereby forming a composite nucleic acid molecule;

e allowing the compartments to disintegrate;

® retrieving the composite nucleic acid molecule; and



peptide or protein and the binding partner thereof. 33. The nethod of claim
32, wherein the prinmer based nucleic acid anplification is one of a

pol yner aswoebaidsneacti on (PCR) and i sot hermal anplifi cetirsgodbooFhe

met hod of claim 33, wherein the isotheryml anplification is one of strand
di spl acenent anplification (SDA), helicdse based anplification and rolling
circle anplificatjon. .35. o] cl.ai m.:33, rej j
carried out ugi Er%l%e{eg&ﬁlalg %%-h%q I rcgtggg%e acogié’(%ﬁed n#’?ﬁ:efa?ﬁvmﬁxgoﬁ%ﬁl%i f%%re]b Vrst
primer is first igntifang tik Wiadipg pakmirary to a part of the sequence of the
menber encodi ng nucl eic acid nol ecul e encoding the target peptide or
protein, _and the second priner is a universal priner. 36. The nmethod of any
one of cPhi nEhezmethod3ef clajmy flor WheHEH) retrigyng (the roprmmpgsits duelgis) aqid ggolecule
conposi te nygl.eis g(?x{edo. | ecule. 37. The nethod of claim 36, wherein
purifying the npfl I ed conposite nucleic acid nol ecul e conprises

ext racti ng t h@) sanmping3@ut a peimeetbasel aficlacyacid engflifcht@omesiBg la pridiéy thdtes ei n
t he physical conbination between the nenbers of the fjrst ur al i’té’ of,
pepti des and/ or CBF‘IB‘?“@PWMB 4 Rt OF Mo PEARRG R R URFTEPY SePginggiug ﬁ%%céd

conprises one ofnAeGAYAIBAIng RO throd pRANICARIEAL bond, a |inking nolecule,
a cell, a virus, a phage ang a ri%osome. 39. Thé method of any one of

clains 3 1 - 38, thewbley snplifying théypeinpeditequnisiorrid woldseleswwn t he nenbers of
the second plurality. of peptides and/aor proteips and the .nmenber encodi ng
nucl ei ¢ acid I'ecqﬁlﬁ‘é:‘% t(‘:’oﬁgr’f'g‘g eo%gargpregp@%\e,,aﬁxgngapggﬁ&mbf Wf&@%ﬁ%ﬁ?
bongh a |inking moisesdidtmg B €8 compleXi Betweer? thth BLet Aptptide [drbHSRINE and Ghe The
met hod of claim 39, wherein the physical conbinatron between the nmenbers of
the first and of thiedisgpavieershereef, pad,) of peptides and/or proteins is a cell
and wherein each ; fi | i f I gﬁg[ I i ns
is covalently Ii?\Egtg:g‘?%ggﬁ %a:ﬂg%re (I;)(?rf%l’ glﬁgé;??irlﬁg%‘r@ etp§g%ﬂrqgﬁg£c ﬁg%eg{raf’%e? t he

second plurality ofepfiépos plotcimant the bixidiigparter theesvfal ently linked to a
second conpl enenting noiety, wherein the first and the second conpl enenti ng

noi ety, when _brought jnto ysi cal proximty, conplenent each.other,
t her eby %gglilmletg%é P aﬂgl §£r‘*é%?1{1é e Prge?rol?a.%e%&v q&ﬁégﬁ@frﬁcmow SPePhD.

whefgin the Oﬁoﬁaﬁérs&rchsﬁ%%ﬁom@w) ahd RbtHeRRA dnfp1FRRAM. € of activating the
expression of "a protein affecting the phenotype of a suitable host cell.

42. The method of clains 40 or 41, wherein the first and the second

conpl enedd-i nhenpiethod af elaimo 38s aghersin sthef isethernpal oaraplification is one of strand

displacement amplification (SDA), helicase based amplification and rolling circle

amplification.

35. The method of claim 33, wherein the PCR is carried out using a pair of a first and a
20 second primer, wherein the first primer is first primer is complementary to a part of the
sequence of the member encoding nucleic acid molecule encoding the target peptide or

protein, and the second primer is a universal primer.

36. The method of any one of claims 31 - 35, further comprising purifying the amplified

composite nucleic acid molecule.

25 37. The method of claim 36, wherein purifying the amplified composite nucleic acid

molecule comprises extracting the same.

38. The method of any one of claims 31 - 37, wherein the physical combination between the

members of the first plurality of peptides and/or proteins and the member encoding



43. The nethod of claim42, wherein the two fragnents are two domai ns of
the protein. 44. The nmethod of clains 40 to 43, wherein the first and the
second cowplenmnsi2ng noi ety are capabl e of bei ng expressged/scaoioweose! | . 45.
The met hod of cl aim 44, wherein each er of the first plurality of

pepti des and/or proteins and the first conplenenting noiety are conprised
in a fusion -2l N e b ] cl.ej I ulLe of
t he nenber o cﬁ%‘g & 1|dr g{(&?é%ﬁg—:rs a%ﬁ%ﬂ;ggﬁgggo[fi %%g{?%%lﬁ%dr}ﬂb raotléei} g(gda?efgm Oﬁﬁ’eh

met hod of cl laikimg fhéleonleddcellMaatimas,m stagh andk ab®osoafe.t he second plurality of
pepti des and/or proteins and the second conplenmenting noiety are conprised
in a fusion protein.encoded hy the_nenber encodi ng nucleic acid nol ecul e of
the membed: of ha mehod 8oy et glamy 36r§1§e {l?ra@stﬂaa S fﬁ%‘?l@ﬁﬁl@. weerge
met hod of cl @Lb4s of heERbM ?%ﬁ%g%??gﬁti&fs ahﬁ/%_rgyhftéihs Bhd'fiR] dbvib &' erk6ihp des
and/ or proteins and the first conplenenting noiety are conprised in a

fusi dn pr ot eiuclean @cidetolpguleh compmises opaeddd wgvalers| ind, achah-ewlabantilbendf at he
menber of tne first egl ur al i1 é of peptides agglor q?lrot ei ns, and each nenber
of the secondkygmal ?§’%?e% [o{aus: B85 2 PPe% s and the second

conpl ementing noiety are conprised in a fusion protein encoded by the

nmenber eng.odTHOmEHUEd BF Elaih BY, WRereia4h€ pRysidall GoiBiRESn BdtwkaFths SeditrPdtthal ity
of peptides and/or proteins, wherein said fusion proteins are provided by

expressi ng uifdleindsed thgseeondaranalityopdspeptides prd/px protsinsmis ibeal] andcwberaiy eagk| ei ¢
aci d nol ecul fd. LS . |ty i el

ol ural ity oftioppesest e s iRty G biptidll 4REB! bisfnSRLUMEMEIRLRROA A, |
of peptides cngplaneingt Molesy add eadhmemitiched thé sedoad pldralityc ofrpeptiies Gind/or

al l owi ng the expression of only one pair of about one nenber encodi ng

nucl ei ¢ aci PrREMEaFvalmtly hgked tosy segpng eamplgmgptingmeieles and/ or pr ot ei ns
and about o : cQehi i j . C arality
of peptides n‘glrll %Pt%% rf%%} e%ﬁfsﬁllgnggg@(?ﬁ&og}l& 1('.6\ ﬁgn%?@ﬁtf’y‘gfﬁ& E@Iuggt. 815% Pﬂ%ﬁr?gt hod
of identifyiprgximity, oomplemenpedch sthet, therkby Rigetherdefirserargbohiemiictog par t ner
within a plurality of peptides and/or proteins, wherein the first and the

second bi ndi artner.are capahle.of formn conpl ex, the mnetho
conprtsi 4. 11t Bferr Sa BBh Mpefaic e PRLD RS & Atk tehdodnmps of
pluiality ofacRoRldgdRS eafeds®in FFaQir6lelSaft: fHephemypd o Auithile BbstRent i des
and/ or proteins i's suspected to conprise the one or nore pairs of a first

and a second bindin art ner, rovi di.ngha plurality of menbers of a first
vector af¥ alhs rgqatapq? P c]gqmsn"g}ﬂefls vdterein the first and the second complementing moiety

are two fragments of the protein.

43. The method of claim 42, wherein the two fragments are two domains of the protein.

44. The method of claims 40 to 43, wherein the first and the second complementing moiety

20 are capable of being expressed in the cell.

45. The method of claim 44, wherein each member of the first plurality of peptides and/or
proteins and the first complementing moiety are comprised in a fusion protein encoded
by the member encoding nucleic acid molecule of the member of the first plurality of

peptides and/or proteins.

25 46. The method of claims 44 or 45, wherein each member of the second plurality of
peptides and/or proteins and the second complementing moiety are comprised in a
fusion protein encoded by the member encoding nucleic acid molecule of the member

of the second plurality of peptides and/or proteins.



second vector, the first vector having a nucleic acid sequence encoding a
first conplenenting noiety, the second vector having a nucleic acid

sequence woeodigoge2a second conpl enenti ng noi ety, wherei rcttse26i0r086258nd t he
second conpl enenting noi ety, when brou i nto physical proximty,
conpl ement each other, thereby together defining a reporter factor,

rovi di ngy e HEFBEY : | L I I
\F;ect or V\ng‘{'hagﬁr.lée nucﬁgfgfaélﬂéi ’ %ﬁ%"%?&e&o‘?&?ﬁ% (ﬁftgé‘g% Pz‘%’ aﬁtﬁ%fﬁegﬁ%eé%@@%‘ij
nmol ecul es erpowinmsgntl ke fitst cainpleyneafing eptiéty @ase comiprized [in atfesiors protéinenadiedi ng

one of the ers of the first vector and one of the nenbers of the second
vector into yﬂzgle%%beglﬁngg%p% nl’}%lﬂc, ac\;d{’]g}ogqq.}?eo%ﬁ[ eﬂlfén%ﬁr Pgit%heaﬁ{ft Phgality of
secondvect or,8aeh VG RBRIRY GhE ebctPiefbEPb £ Y é?:c&ﬁ??ﬁﬁhﬁﬂy RMPe fiddsMd/or

plurality of peptides and/or proteins, allowing in the cell e expression
of the pair métepsparddte sevdnd rcompderaenimgemotatie dird)cotripeisetlia @i fusini protein

provided with t vectors collecting, any.cell i .ch the f tion,of
the report erenf’%‘gesol?yf ‘B@P‘é"c&%‘&?‘?m% d"b‘g%e%ﬁ %ﬁl‘ﬁyqlﬁﬁpﬁ%’l\g{?ﬁlmﬁe}r@ﬁt SR s i n
whi ch t he fqﬂmﬁﬂycgfﬁe?ﬁaég%a,@pgf&ghs,f actor is detected into conpartnents,
such that each conpartnment conprises at nost about one cell, allowing in

t he conpart mehdreintdagd fiesidne progeivo dienpronidel diye exquessingoiumsten seitatfle tchedifipnssa

bi ndi ng partner..and.t he nmenber.. encodi.ng .nucl ei ¢ acj | ecul e. of .the. second
b1 ndi g par (GAIBGOLBSRPREFo P RTEIE e nPEe det Shilerres NG PG PR IS

ol ggul e;  alni@M fsteliakP ARsifaBNbS h@nbr Séitb@Bg ahRleic 28" MBlEchls toFahe
conposite nucleic acid nolecule; and determ ning the sequence of the

conposi t e nuef@idplaielity ofimeptid¢scandfaieratbinsi dentifying the first and/or the
second binding partner. 50. The nethod of claim49, wherein the first

vector igea ' | I ng)ﬂ; | | e
pl urali tf}s'ofﬂﬁeqﬁngggggg? Bﬁiﬁggfl rs?lflévlﬁe%%%&l tg p u%%F)P{H;{ ogﬁy%%%?ggooo t he
first plasmaheanembéresrebdingrmyeieid agidemclecute dfahe dirstt plarality sf pegaies randior h

one nucleic acid nolecule is inserting one nucleic acid | ecul e, i nt Q. each
member of t MECHSING 2Af b onsmerper hrding nuelyic aﬂ%ﬁﬁﬂ&&ﬁ%ﬁ segqnd nﬂéﬁ%t hod

of pdaim 4%kodls dIBF lofeits AERBPMhe YRERRY dese. Pl asri d encoding the

second conpl enenting noiety, wherein the plufality of nenbers of the second

vector is
49. A method of identifying one or more pairs of a first and a second binding partner within

a plurality of peptides and/or proteins, wherein the first and the second binding partner
are capable of forming a complex, the method comprising:

e providing a library of nucleic acid molecules encoding a plurality of peptides

20 and/or proteins, wherein the plurality of peptides and/ or proteins is suspected to
comprise the one or more pairs of a first and a second binding partner;

e providing a plurality of members of a first vector and a plurality of members of a
second vector, the first vector having a nucleic acid sequence encoding a first
complementing moiety, the second vector having a nucleic acid sequence

25 encoding a second complementing moiety, wherein the first and the second
complementing moiety, when brought into physical proximity, complement each
other, thereby together defining a reporter factor, |

e providing each member of the two pluralities of a first and of a second vector with
one nucleic acid molecule of the library of nucleic acid molecules encoding the

30 plurality of peptides and/or proteins,
e introducing one of the members of the first vector and one of the members of the

second vector into the same suitable cell, wherein both the first and the second



a plurality of nolecules of the second plasm d and wherein providing each
menber of the second vector with one nucleic acid nolecule is inserting one
nucl ei ¢ awpaonglod2ul e i nt o each nenber of the pluraliti @TSG20M0l00258 es of
the second plasm d. 52. The net hod of gpc/ one of clains 49 - 51, wherein
the reporter factor is a factor that i apabl e of activating the
expression of a I ect | e e f Lhe sul e L. 53
The net hod of clvglét%} }3& %&Iéer él;l%lq}glﬁieepcf P&gtﬁg%é&? hée%w(s)zél(t;:l nt ec%ﬁp e lﬁﬁatlﬂl%éﬁ

nmoi ety are two fpepgdesring/oebrdtéiis,pr ot ei n. 54. The net hod of claim 53, wherein
the two fragnents are two domai ns of the Prot ein., 55. The nmethod of any one
of clains 49 ® sHowigdndhe celbtheexpieagon REthe i neptidiscand(os pxeipias le
conprises at | e%?rtthé)ﬂn?d&f: éci(ig%) og?d’eﬁw/iﬂgthgl%ctgrspri mer based nucleic acid
anplification usrng a priner Rat or's conplenentary to a part of the
sequence of t e cotedimp aapceltlinnghioh checformatvind fivkd epotter fdtoit wdefettedf bi ndi ng
partner, thereby anplifying.the conposite nucleic acid nolecule; and (ii)

adding to the®nisWedyiding indiyidpabogliestsd, cellnin whishihelopmation efdhe ieperpRibFer of
associating to the ol & bShyaaRer nesufc%rtﬁét aifl &nﬁﬁﬁﬂﬁﬂt barggaggg Pahddper
and retrieving the capture pr%‘ge, t Rereby retrieving the conplex between
the first and aabedtamd ckll,ndi ng partner. 56. The net hod of claim55, wherein
the prinmer based,nucleic,acid anplification is one of a polynmerase chain
Feact] on (PORF  HAMREGE{BE FePars Hetiraher ShrSding dunic i B EhE 38 86,
whergi n the isotmgr Hﬁhin?_n'ﬁirlrfef GRAH! BB MmEmPEE elodiily’ Acleid! R AAERIM of the
anplification (SDA), helicase based anplification and rolling circle
anplification. Secontihnding pastheofo be biked56, wherein the PCR is carried out
using a pair of ﬁegir t _and a Sec nd @rljcrrelrd, V\fgere_in the first prinmer is
conpl enment ary té étf}'af’{m% %%én%gﬁﬁ@ﬁ gCaF 4R ?’get | abel ing nucleic acid
nol ecul e, andet hHowazaRe chnparirheritstordisiftegeitgal primer. 59. A nmethod of
identifying a binding partner of at |east one target peptide or protein

wi thin a pl ur®l iretjieyng ghegonesisepudleie gcid maplesulgsrapdei ns, wherein the target
pepi4 de or protg Walel e e . cap f ,Nng a
Cor ex, 1 ho. oeCFag e 1 teliead Sl SomblfteS Bhoflel R0 ARIER, hlfeB)

nol ecul es encodidemtifiirg fHedirst| antljor die seoaldyindipg paitikes and/ or pr ot ei ns,
wherein the plurality of peptides and/ or proteins is suspected to conprise

a bindi ng().palrhtenr%reth%]zi ct)th glala}rtl 419?av%'lt1ergigethteaé1%te tvegtgp tié %epl%mid encoding the first

complementing moiety, wherein the plurality of members of the first vector is a

-

plurality of molecules of the first plasmid and wherein providing each member of the
20 first vector with one nucleic acid molecule is inserting one nucleic acid molecule into

each member of the pluralities of molecules of the first plasmid.

51. The method of claims 49 or 50, wherein the second vector is a plasmid encoding the
second complenienting moiety, wherein the plurality of members of the second vector is

a plurality of molecules of the second plasmid and wherein providing each member of

25 the second vector with one nucleic acid molecule is inserting one nucleic acid molecule

into each member of the pluralities of molecules of the second plasmid.

52. The method of any one of claims 49 - 51, wherein the reporter factor is a factor that is
capable of activating the expression of a protein affecting the phenotype of the suitable

cell.

30 53. The method of claim 49, wherein the first and the second complementing moiety are

two fragments of the protein.



protein; providing at |east one nucleic acid nol ecul e encoding the at
| east one target peptide or protein; providing a plurality of nenbers of a

first veoworoamidsaipl urality of menbers of a second vectwromrsceim/obizsst
vect or having a nucl eic acid sequence gggoding a firstconpl enenting noiety,
t he second vector having a nucleic aci equence encodi ng a second

conpl enegyi I } - {4 I i
o ety ahentis edp of Sh 3 bt tht S ARHnbRE 258 U RRRR LA
t hereby together defining a reporter factor, providing each nenber of the
pl ural i t $5.0f Tixembihnd oftiny bee 6f ¢lsims\asct $4, whietdin osifieving thei oniposite ndlecutid of
the library of_ nucleic acid nolecules encoding the plurality of analyte
pepti des andPglecile sowpHses at laghangiafy each nenber of the plurality of

mol ecul es of gib‘_ec ”Qur% ?g%—{ij’:lier"%ds@d gﬂ‘élef&uﬁéi&ia?nlflﬁic%w 'u?ﬁg;ére gﬂin& Nfiat®

| east one nucleic acid e encoding the at Teast one et peptide or
prot®in, introdwopkemenaydbd a pat wfithessuencd bfthiei membereertcodingnuiickieacd t he
menbers of the second vegt i.ntao the sane suitable cell, allowing in the
cell the expresdPfc ?ofﬁQQ%gﬂpn g ¥ des and/ or proteins encoded by the

hucl ei ¢ aci ds priguetiesmplifying the c¥RPOQfehuclei@idi®floldidleaiyd cel | in which the
formation of the reporter factor is detected, subdividing individual

col | ected cel (i® ¢ raddingcte theemixtunena icapturs probe, thepeaptwe ffrabg being scapgaileofed
into conpartnments, such.that, each .coppart ngnt. conprises at. nmpst about .one
col 1, *alTowi ng | respan a8 e RERe € PRY HE R SRR R ingiBE padpifynd
mol ggul e of the 5'1’éﬁrfevfﬁ§!’tﬁé REptRAY proBE, tﬁ&@b%h&ri_ﬁﬁﬂ@%e EsYEpIEk etwaes It ErsacCi d
nol ecul e of the second bindi ng partner to be |linked, thereby formng a

conmposi te nucl ei ¢ & aiserpndebiplivg pagnetowi ng t he conpartments to
disintegrate; retrieving the conposite nucleic acid nolecule; and

det erm nsgg ﬁ%:mgtﬁgal SPGIEin?ES,t\pﬁerg@rI?(ﬁg}h%gr DHAEh ﬁ{léi%i?gkﬁ ARG istogg _%??Ke

identifying t I ndi ng partner target pep e or proteln.

met hod of clpolymé&8se chiagr reactidnh(@ OR9 pod tsethetmal amplificatiod.act or that is capable
of activating the expression of a protein affecting the phenotype of the
sui tabl e5‘£e|+he method of claim 56, wherein the isothermal amplification is one of strand
15 displacement amplification (SDA), helicase based amplification and rolling circle

amplification.

58. The method of claim 56, wherein the PCR is carried out using a pair of a first and a
second primer, wherein the first primer is complementary to a part of the sequence of

the target labeling nucleic acid molecule, and the second primer is a universal primer.

20 59. A method of identifying a binding partner of at least one target peptide or protein within
a plurality of analyte peptides and/or proteins, wherein the target peptide or protein and
the binding partner thereof are capable of forming a complex, the method comprising:

e providing a library of nucleic acid molecules encoding the plurality of analyte
peptides and/or proteins, wherein the plurality of peptides and/ or proteins is

25 suspected to comprise a binding partner of the at least one target peptide or

protein;

e providing at least one nucleic acid molecule encoding the at least one target
peptide or protein;

e providing a plurality of members of a first vector and a plurality of members of a

30 second vector, the first vector having a nucleic acid sequence encoding a first



61. The nethod of clainms 59 or 60, wherein the first vector is a plasmd
encodi ng the first conplenenting noiety, wherein the plurality of nmenbers
of the fiwetzoomaosnn is a plurality of nolecul es of the pcrscaploasess and
wherei n providing each nmenber of thefir vector with one nucleic acid

nmol ecul e is inserting one nucleic acid | ecul e into each nmenber of the
pluralities of | - Qf figst ] . Th d e of
clainms 59 or 61%\%%?‘% héﬁ ots}% ’Ol’tl fg%@fmfé{ogq%lvggmgdﬂgﬁggd?ﬁé ?eﬁéergcgcond
conpl enent i ng nodnebying Whee&ind &dieplpmeritidd myoietl, Mehehd sheffirkthend ekoRecondct or
is a plurality of | ecul es of the second plasm d and wherein providin

each member of tINTIREGHWE/ERElH Whep [ProHbt Mie IRbyHCH qrePBIYe EpnBlement cac
inserting one n i i i nber of the pluralities of
nol ecul es of th;msl%églﬁ Bﬁ%@%ggjﬁe&%ﬁ%ﬁe&gﬁ%ﬁbf one of clainms 59 - 62,
wher 8i n retri eviprgviling eaxohpasnties ofuhd plucalag iof mevhisas bé tleofipst veaer avithlomast

one of: (i) carryi out, a primer _based nucleic_gcid, l.ification using a
priner that is c%‘ﬁ%?“eﬁ@‘ﬂt maiew{}?afﬂaersg@m%n%%e% r’T’g’fle“i“hFé erefwecthsci d
mol ecul e encodi rtgmtahﬁléiaaﬁlg?eﬁﬁhésdﬁd%rﬂ%@ﬁ@i n, thereby anplifying the

' 'écul e; and (11

conposite nuclei'c aci"d no (1i") adding to the nmixture a capture
probe, the capt wprevigingleaclhmiemyeraithe blurality af soddcates nfjthesecdnd veotop wath one

bet ween the target, pept.i,de .or -pratei nd t he bjndin rtner theregf, and
Petreving the Jusiel Bt rhelgtuP RE G BaR cubvglsts nd b entatiiscReiate
target peptide QqeasPbRd gkt pBstidelte prdtall Ng partner thereof. 64. The nethod
of clainb3, wherein the priner based nucleic acid anplification is one of a

pol ynerase chai rintredusingome(Hehy memberssefithe finstiveetop g presef tha mepghersTokthe

met hod of claimg4 I e i.sot hernmal,, anplification is one of strand
di spl acenent anp ?ql}d\é\%?{ogﬁrﬂ?g%@afneﬁ{el}t?bé% eeu’based anplification and rolling
circle anplifecafllooing inGhe Téletheaixpadsioh of il pBiltdf, peptieéseind/drieoteoR ehdoded
carried out using a pair of a first and a second priner, wherein the first
primer is conpl &idhe Bugleic gcids prgvidegrwithhbeyeelgnece of the nucl eic acid

mol ggul e encogi t : ' t & rimer is a
uni sgr sal pri m%ll%@ﬁgfﬁ%%ﬁl%{;ﬂggfcg?ﬁe aﬁf}“ %?1031 (gf:‘tﬂ% egpﬁ%rt@goﬁﬁgg&@ egi ng a

met hod of i demt ishbdinglireg individuad cpliectadarello in which eébes fortnatiort aff the repuntiee factoe s
within a plurali.ty, of analyte peptides apd/orproteins, wherein.providing at
enot "one nuct eiit SaEHFBIL COPBRBHEGS: BN . Gieh] QSEraa comprites 2 mos

about one cell,

e allowing in the compartments the member encoding nucleic acid molecule of the
20 first binding partner and the member encoding nucleic acid molecule of the
~ second binding partner to be linked,
thereby forming a composite nucleic acid molecule;
e allowing the compartments to disintegrate;
e retrieving the composite nucleic acid molecule; and
25 e determining the sequence of the composite nucleic acid molecule, thereby

identifying the binding partner of the target peptide or protein.

60. The method of claim 59, wherein the reporter factor is a factor that is capable of

activating the expression of a protein affecting the phenotype of the suitable cell.

61. The method of claims 59 or 60, wherein the first vector is a plasmid encoding the first
30 complementing moiety, wherein the plurality of members of the first vector is a

plurality of molecules of the first plasmid and wherein providing each member of the



target peptide or protein is carried out by providing at |east two nucleic
acid nol ecul es, each nucleic acid nol ecul e encodi ng one of the at |east two

t arget pewbiagosrziproteins. 68. A kit of parts for idemrtirfsg2o@/oadss ndi ng
partner of a target peptide or protei ng he kit conprising: a plurality of
conposite nucleic acid nol ecul es, wherein each conposite nucleic acid

mol ecul e CONfsd $&Sorl Wieh SREUBAERSacRI nB1R81e is Yhsetidg St mAc AciAGAGIRELIPSRE! de
and/or protein, the first and the second peptide and/or protein defining

bi ndi ng par taach sieotenof the plurdldiesiof gnodecutasif ehe fivist plamaidh ot her a uni ver sal
prinmer. 69. The kit of clains 68, wherein the plurality of conposite

nucl ei c i dnol ecul.es.is a |iprar at_least .1 of at |east 104, .of at
east 1085or Tt e sty e PR 80 Shorariraghe sgondiyeeRl e amiemifivs
68 or 69, whicedifg thesdeord abinplen®nti6® Hsiety! ¥hekeel BHeCplatlity SPhRAMBEARSOS the
obt ai nabl e by carrying out the nethod of any one of clains 1, 48, 80, 101
and 3111, second vector 1s a plurality of molecules of the second plasmid and wherein providing
each member of the second vector with one nucleic acid molecule is inserting one
nucleic acid molecule into each member of the pluralities of molecules of the second

plasmid.

63. The method of one of claims 59 - 62, wherein retrieving the composite nucleic acid
10 molecule comprises at least one of:

(1) carrying out a primer based nucleic acid amplification using a primer that is
complementary to a part of the sequence of the nucleic acid molecule encoding
the target peptide or protein,
thereby amplifying the composite nucleic acid molecule; and

15 (i) e adding to the mixture a capture probe, the capture probe being capable of
associating to the complex between the target peptide or protein and the
binding partner thereof, and

e retrieving the capture probe, thereby retrieving the complex between the target

peptide or protein and the binding partner thereof.

20 64. The method of claim63, wherein the primer based nucleic acid amplification is one of a

polymerase chain reaction (PCR) and isothermal amplification.

65. The method of claim 64, wherein the isothermal amplification is one of strand
displacement amplification (SDA), helicase based amplification and rolling circle

amplification.

25 66. The method of claim 64, wherein the PCR is carried out using a pair of a first and a
second primer, wherein the first primer is complementary to a part of the sequence of
the nucleic acid molecule encoding the target peptide or protein, and the second primer

is a universal primer.

67. The method of any one of claims 59 - 66, being a method of identifying a binding

30 partner of at least two target molecules within a plurality of analyte peptides and/or -
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68.

69.

70.

85

proteins, wherein providing at least one nucleic acid molecule encoding the at least one
target peptide or protein is carried out by providing at least two nucleic acid molecules,

each nucleic acid molecule encoding one of the at least two target peptides or proteins.

A kit of parts for identifying a binding partner of a target peptide or protein, the kit

comprising:

e a plurality of composite nucleic acid molecules, wherein each composite nucleic
acid molecule comprises the sequences of a pair of a first and a second peptide
and/or protein, the first and the second peptide and/or protein defining binding
partners capable of forming a complex with each other

® auniversal primer.

The kit of claims 68, wherein the plurality of composite nucleic acid molecules is a
library of at least 103, of at least 104, of at least 105 or of at least 106 nucleic acid

molecules.

The kit of claims 68 or 69, wherein the plurality of composite nucleic acid molecules is

obtainable by carrying out the method of any one of claims 1, 48, 80, 101 and 111.



