; ghi j e3e=d: <6TdWD 02/ 27327 METHOD PCT/ GBOLl/ 03693 The present invention
relates to novel nethods of producing proteins in which one or nore domaj
are full WEAgRMW2And correctly fol ded and which are each t RGJEeBUL03&3t h
the N or Gternmnus with one or norelmarker noieties and arrays contain
such 5 proteins, he use of such arrays in rapid screening. The
genone mappi ng prmlmm wmmmm evol utionising the therapeutic target

di scovery process it the drug di scovery process. As new

t herapeutic tar gets a? | dentl fied, |mmﬂﬂlghput screeni ng of exi sting

and combi nat %k#ﬁires%ﬁ?ﬁ'v&ﬁlon‘feﬂfe@ Jfﬁﬁ‘hese ol o??%ﬁ?bg%%n?ﬁgﬁb bgad

conmpounds whi'ch ‘are actve agal ns arge

uneconom ¢ t anérerddumimgldre fidblength apd vagctlyfolded indwhitheds tachpiigse aﬁéltHHr cal
trials; currently however no, rapid nethod exists for evaluating such |ead
corrpounds i n theNyer Qrtem@mwvth@epyra@mw rmoaﬂtliewsdawﬁﬁgmamg PeBt ei ns

in an organi #qla ow t he potenti al
t oxi col ogy pro te‘ es ‘é?éli%ﬁh?ﬁses eagﬁiﬁ%; m})%) l-{’?]lloébe assessed at an
early stage and this information would signifi cantly enhance the process of

deci di ng whi | ead conpounds to pursue and which to set asid There is a
conpl enent ary Og m%elwwﬁatéémewpﬁ?maagttwht%rap?la@ﬁﬁgﬁ 1560V ehe 20

targets of eﬁgﬁ%ﬁ ﬁgndj&/}{ﬂ% té@?f\%gﬁsc'o{)er& b’%%tnew géﬁtfﬁrtarﬁ?_ slealre In

devel opnent) ence to t hei anl sm o tion.
availability 1déntft’wdhhugh1tlnoughpubscrwnhﬂg @fraamtllng ahdcothbinatosal dhenpical tibsmieof

That. t REO T oqurltuEsSh BisRY BotealF  BEE BRSO ER g tHivE PEFRAIR PEbort
action to be pfiy @ﬁrﬁ%céﬂﬁ’fﬂé {PPG8ue diNeddbrhpRihds iHbiSeH HRE efily ﬁﬁﬁr ugs.

i nformati on woul d enabl e the design of inproved second generati©
Thi s fol | onws dincaltals hmﬂa]ydrq“teyemo mpubsethadrexms forevstuating euchdeate

effects, which rob nyr i.ndin f net abol.

Chereot o urkpuonng i e their G g iydlettes s b BrapnSin Bk R e
identified i r![famfablet Suchef hagod %uxaralrow #he pBRABNISLi¥olbeY pﬂﬂﬁésg:rf a‘Hfthé mRyoved
drugs. Currently however no sinple method éxists to generate th

i nfor mal$ on aepeundstiode assesgediab an early stage andrthnslmbnn@tmm weuld ﬁlwsﬁqaaﬂ}’ by
t he waysi de

e tar get oreEecdfc PREGEa HenrEINY ead FrbbdBied L Ry Mk RS 0T,

recogni sed asgshei ng of critical inportance in governing cellular responses
to both internal and external stresses. 5 Specific protein-protein
interactions therefore represent potential targets for drug

There is a complementary need in the pharmaceutical industry to identify all the

20 targets of existing drugs (either in the market already or still in development) and
hence to define their mechanism of action. The availability of such information will
greatly facilitate the process of gaining regulatory approval for new drugs since it is
increasingly clear that the regulatory bodies now regard a knowledge of the
mechanism of action to be of paramount importance. In addition, this type of

25 information would enable the design of improved second generation drugs. This
follows because the majority of drugs have at least minor side effects, which probably
result from binding of the drug or a metabolite thereof to undesirable targets; all of
these target proteins need to be identified in order to define the criteria necessary for
design of improved drugs. Currently however no simple method exists to generate this

30 information and a number of potential multi-million dollar drugs fall by the wayside
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medi ated intervention in infections and other disease states. Currently the
yeast twohybrid assay is the only reliable nmethod for assessi n%

prot ei n- p¥YQP¥IW2T nteractions but in vivo assays of this tVE&GRIMI3Nt be
readi |y conpatible even in a non-high?throughput format with the
identification of specific agonists or antagonists of protein 10 protein
interactions. Functional proteone expression arrays, or "proteone chips",
will enable the specificijt f.protein-profein interactions and the
specificity (§¥m%lﬁ{3°rdlﬁﬁ}§ﬂ@8%§‘8%‘lg%égﬂé%t@£ OL¥U9Bt ermined in an in vitro
format. They will therefore have enornous potential because they wll

sinply revolutionise this area of research. 15 One way in which functional
pr ot eone ar r ystemsprottihmteeripna precdeing increasinglyirehoghisgd a$ beieg ofstiead s,

urify and innobilise all proteins expressed i.n. the . specific,proteone. Here
Phough, “an | FHGPHENE TF APYFPE CEURGHRTSo1}o DOHL Bl BHE cxistty B 2e. o
the genoyre Ofs;;ea&if%r;ﬁ&&intﬁgﬁhmfermffohs ﬁﬁfbggﬁ%%&ng?@?ﬁ%??% fovdugabi ity

of sequence data for the entire genone. _ y ration of these
poi nts, a typmehitedinderuenton igaostons gnd-sihlondisease atatasaCurreniliibe yeast tvarow

e COTpl o St AT R S SR B kSRR LAY °

~40Mop, MMy, LAB 98NS BERiAYpe FAPRotd e iR YongRABIR e in 7AGERRL Current 25
estimates are that the human genone sequence will be finished around 2003,

al t hough how thupuphmwit formag withfthe identifieatian lof spreificagonistyersntagodisiseiiproteinyer y
much op to question. Clearly.it.-will be conpletely inpractical.tg expect
That ¢ h gendteETuniRigpT Aynsidna Moldor espraban s oF uAbhE i SR wr |
becone avai l Qahbl@leitl!ib spetifislty 6f g%tdiﬁ-@ﬁ)téihaﬂteracﬁﬁis dndlQhe speeifieetyufasy dne- of

functional proteom cs, nodel organisns are of only limted val ue. So,

whi | st in primedipgedeifpatie be deternyngd mragip Wieafosmat. \fheyywidtberpfqpeiasB0o1/ 03693
3 it may be p i i . i . . h of the
100, 000" gene HDRPPiok ke nel PHLEN RFoRIbIR: il ek sPREHAE", [

wi |l be both enornously expensive (the cost of priners alone would run in
to several mllions of dollars) and a hugely |aborious process, .even if the

necessaly seddrmway mawvhich Sinctigialiprofporae amays opnkt begrmsratedigde mdividually

phar maceutic - i . G ta
N1 ot be. v EBrEs Q8 Hhabisg b bRl cls LROTH Bl apadfl B Rntt
prot eonm cs sdevbaioughgeart ikgpoethhicinitial coarsgierdiop cossimnthe Bbolbte sizaif @ coul d i n
principle 10 be used.together. with non-specific i bilisatign to create an
array of prot&na@e of intergsitesether yrith opsidpratignsahopt gg%’t"?@"h‘ﬁ%"&éﬁqwcq ‘EPéafact
that non-specgf jHe enifRnbindation is usually associated with |oss of
function because the fold of the protein is disrupted. In addition, all
host celd proteins will also be immobilised which will at best markedly

reduce signalgzto-noi tios. and at worst. result .n obfuscation of

posi tive resdf¥ g’?y?haﬁ’f%%b%qsfitﬁ?e%m& 3%0%%?%}818?]1 %eﬁg ° Bt ﬁé%ﬁgﬂ@? Felli
whi ch i ndivi Mbe?h@&e%id%b@h&so&ﬁﬂ&élfyisﬁ?lewed ({50Siakipse HeRetbapier pilossl Vi a a
common notif or tag without affecting function and w thout requiring

know edge of Escheriehis eedi, gaddfsobasirrape sbgrasivHapstlgeromepredanieally huge

advance in thehi-el f CLl pr ' n 0 e now

devel oped a nB«?Mbpagrba%gg%%g\%bgﬁgAs%tl \?g%)?’%ﬁgi%arnéé?%oﬁ& éslérl égﬁzﬁ%%e by

provi di py netdaaricsgye thh thbhahbo genotecieqpéme svill betfinished ateamnd 003, dithotglgged

with a common nmarker at a defi nedwﬁg%i tion wthin the protein wthout

requi ring anydqsf rgeh Rhithi 1afnymatien thﬁaﬁ]%‘&m%ifl 1% ﬁ%’yWé’?ﬁ%FFH! ng

genes. This  didfior ¥ied)aiwiPodafisbibely iRAdica 16 QPR Mot the RAGmRPEF! 1 C1LY
anything other than representative model organisms will become available in a

realistic time frame, yet from the perspective of functional proteomics, model

30 organisms are of only limited value. So, whilst in principle within the next four years



25 immobi |l i sation and purification procedures, which in turn enables the
creation of spatially defined arrays in which nmany thousands of proteins
froma gi V&P2B7¥eone are displayed. An inportant consi derRET/GROHBIS
relates to the precise positioning of the “tag'. |f the 30 tag is inserted
in-frame in to any gene at an undefined, random position, the |ikelihood
WO 02/ 27327 PCT/ GBOL/ 03693 is that the resultant tagged protein wll be
truncated in_an undefiped nmanner and in_ the majority of cases correct

fol di ng, anditiBHckse Bessibls terflesign apd pynthgsisepsyreas to ¢loneseagh oé Her-ddha0q hat

foil-length ] ‘&ﬁ‘m nglH tiqde . ' Qi t (or both)
the N- and %t&égrsﬁ‘fl‘ﬁjl% e cglﬁljgt;ﬁgﬁé%(Igﬁ%aftﬂ%gn%)’(Erﬁlg%kt?%?}]%é?@ryﬁ%ﬁg} di ng or
“function. 5 kEnwmonsly experisive (theostdl primsers elvae evoaltyrultin O sévetat rifllivas of
extensions and_cross, a domai n boundary, folding and function of the protein
are usual |y fadarskarpgelelaborias prRacHD GBI YhRaCEF AW aN@IcE dalalisws t he tag
to be irgsertggaiiag 4 he correct reading frame either precisely at the N- or
Ctermnus o eac}fprotei n, or wwthin a region close to either term nus

which is uninportant in the folding and function of the protein, such 10
that the individual tagged proteins fold correctly apd hence retajn

fUnct | on whe Bt B8 FoRbioye PhAduBreor el TH PHOTRRIgS R e e Sowplte

mul ti.domai n Qé@%ﬁéé‘&até(%ﬂ ﬁoﬂﬁ"éddvﬁilfﬂl!@? THAERIRR B@yﬁ}ﬁ( Eﬁé{o%@oyfﬁﬁﬁtlﬁdngps’ the

met hodol ogy described here also allows insertion o tag'wthin the
overal | codi ppismnee e whbikdre thet dfedmtispdxpressidochiNA bibrands cowd irspitcipleat

t he indjvidual t ed, donmpj ns fold. correct.ly and hence 15 retain function
when ot 1 Bappg BRHBB WG Bor PR TR Jsatef o ceaich SRUOLPITRSDRE arr ay
wi Il be full yif HRADAI0HR siérﬁ'ﬁcaﬁ[l&fl’ﬁ&ﬁte@% th& it Gt M—ﬁ%@ﬁﬁ iﬁin’icﬁﬁltiéa)‘ioﬁ?s

Is:
identify the targets of drugs and other "biologically relevant nolecul es.
The spati al defallyiassosintesd withdosaiof fywtion becausd thevfoldef theproteppis difruped n

protein to be.r.el at 2 jrectly to.its genat. ta all th
AR T R AR R T R (e (e
provides a nmpédued siphMckeGioid rafnes Aid A Woest PEsiteh BB fustativhicF PosifiPe AfsulP The
domains are full length and correctly fol ded and which are each tagged at

ei t her 15he Nabidity © areaterp furctignaliprefgeme arrgy iewhigh edividpalaupisins asi d 25

met hod conpri_sing: (a) preavidin : r. nor VicRG,: open
reading fr anﬁpeé:?}gc&&l&rl%mgog Eegr ?B?Sntge(f%lﬁg?: ﬁgﬁv}\ﬁﬁ}?%&qgégﬁtgf) fffé%m?é‘
untransl at ed fiRgiofAad withbur@ghikihy kagwidie oDINA chtiteafnbms sequtace woildi t i ons

that statistically incorporate a-S-dNTPs as well as dNTPs into the daughter
DNA nol ecul egherefore represent a huge advance in the field of functional proieomics.

20 The Inventors have now developed a novel approach which solves the problems
described above by providing methodology which allows each protein in a proteome
to be tagged with a common marker at a defined position within the protein without
requiring any prior knowledge of the DNA sequence of the corresponding genes. This
‘tag’ can then be used to impart a commonality and specificity to downstream

25 immobilisation and purification procedures, which in turn enables the creation of
spatially defined arrays in which many thousands of proteins from a given proteome

are displayed.

An important consideration here relates to the precise positioning of the ‘tag’. If the

30 tag is inserted in-frame in to any gene at an undefined, random position, the likelihood



WO 02/ 27327 PCT/ GB01/ 03693 (c) specifically protecting the 5 or 3 end of
sai d DNA nol ecul es from nucl ease digestion; (d) treating said DNA nol ecul es
first wi t\MO42/8732{o 3'- or 3' to 5 -nuclease to generate aPSdCRHA/03ED3t ed

del etions followed by treating with a*single-strand nucl ease under
conditions that allow renoval of said 5 or 3' untranslated regions
including the start or stop codons of said open reading frame; (e) cloning

t he fragnents r d) ipnto. an expressign.vector containing a
codi ng sequelid atfqﬁ‘? ﬁgang}/a Erog‘“‘)’ Wﬂﬁlge trppgages inypg; undefined I(’P’)nee%‘a BE8E ng
sai d encodedpj bpeasesl&rPerc@fo@alﬁgla)ﬁdthlaﬂceaﬁﬁ&ﬁJﬂ Al beaeefoy%@en%\ﬁé@' ecul e

or nol ecules s atlstlcally incorpdrates a singlé a-S nore preferably
“ei ther a-S- dfoTiRd dhat éulBlmh,gﬁFprotEIms hame Kleort palypspyide axtebsions dtheithera(opbeth) the

sequence hi St an 1 tib e o a biotin
e or | oee & teampt pstiseb Plined BRIl RE o FBSR t ose

bi ndi ng 5pr Ot HoWeHQTHithe trﬂ_rﬁlﬁtlﬁﬁsr #68IovERAENY of ESEinhinGPektdRidPR%3hd cross a
translational 'y nodified, eg by addition of a biotin or lipid nolecule. In

a preferred MamlbnendarﬂﬂablmmmdeﬁmMImfyhmmn atessually than pompfangised. on of

"tagged" protegins Q, Th h ods,of t sent. inventi | ow t he
specific mdﬁﬁewhoﬁﬂlogyﬁle%s ﬁgere a@f’w&}b@rt@ %eetheglélﬁ rge?i 3 tl&ed‘\?&rqcﬁﬁagj i n a
nmanner whi chigeesitR@ipredbely 8tha Ny ok ToHARES oPéach @%téﬁl%ﬁ@ﬁﬁm@‘reg%ﬂ'c%s@ua'
genes. Instead, it relies on non-processive tnuication of each CDNA by a

nucl ease suctp aither tegnirs whictheis Snimpartanhia the folding aad Sinstien of thgumnteut sechich

I A i G e g Y T R e

CDNA. | f thesgegifically ifaim@bilistdin the bhgy. SRIthHe tRRAI Rehlfidcindn télhevuhefb vi dual
cDNA and i s not preceded by any in-frame stop codon, each resultant

genetical |y individyad omhp%élaeé@ fuections, themethodplogieesaibed here gl present

i nvention w

ot oty og. Sk HEerp Qe bt thN R biy B S b bR MBBp P8R

ei ther its NdomsinGoupdariesusch thatsthe arlivilod] taded doinkinsffolddetrectlypggtitbnpé ot ei ns
then allows all truncations which cross.a donmain boundary and affect the

f ol di nd3( andr%ﬂ@@qlﬁﬁé"f}l%ﬁ?e%ﬁm&]]ﬁ(émi"?ﬂ?i‘Vieééﬁﬂhe&ﬂ%’el n and all out-of frane
fusions to the tag to be discarded. 5 Since every nenber of a cDNA |ibrary
will be nodified in the sane manner, the net result will be that every

pr ot ei n encofide bychi preteirDMAhe aivayawiil be fullyrfouctivaal, #gpgerthysictinthan besteenadoi et y

at either t hglrectf\l-to %en%-ffl &%Tar@lefs of drugs and other biologically relevant molecules. The

spatial definition of the arrays will allow the phenotype of each protein to be related

20 directly to its genotype to allow the identification of ‘hits’.

Thus, in a first aspect, the present invention provides a method producing one or more

proteins in which one or more domains are full length and correctly folded and which

are each tagged at either the N- or C-terminus with one or more marker moieties, said
25 method comprising:

(@  providing one or more DNA molecules having an open reading frame encoding

said proteins together with 5’ and/or 3’ untranslated regions;

(b)  amplifying said DNA molecules under conditions that statistically incorporate

o-S-dNTPs as well as dNTPs into the daughter DNA molecules;



10 In general, the proteins expressed fromthe cDNA [ibrary will be
"tagged" and can be readily identified and isolated. Once purified they can
be attach¥@0@@7RVcroarrays, for exanple. Attachnment can bP@76BU08EI3bY
means of the tag itself, or alternatively, by nmeans of another noiety which
is first attached to the proteins. 1 S Arrays forned by the nethods

descri bed herein forma second aspect of the invention. Such arrays
conprise the "tagged” protein expression library, inmobilised, usually on a
sol i d suppor t(¢) Thespe&ificalbypiotecting the §1 orhcadselzised Pt melecuigsdram nyelsasep| e
solid supportg.ak,i N common usage in the area of arrays and any of these
"substrates” cgn lbe’ utilised in the production of arrays of the present
“invention. 20(dhs diratingseid DidAansietdles firer with prsdtes’n oaBt myS’-meleasetd to a

spatially defined arrangenen f.on r re protein mieties in a pattern
on a surface.SPFE%? s ngq;g{ ‘ﬂ)“ﬁﬁl‘%‘?%"lﬁﬁ'(eé‘t yet§‘§\%?13 withe sipglgestrand nuslqase

surface git heﬁntﬂf 5&@&&&&&&&1@%&% M'OfIﬁ? s8bt & %laﬁ:@'?e Hnd1R uﬁﬂgghé' ¢
(e.g. by physical absorption onto the surface or by formatTon of a

non- speci fi ¢ gaval sop codunsiofisdid opgn rehding fimmef er r ed enbodi ment the protein
noieties wll, be attached to the surface through the conmon marker noiety
| i nked to eacﬁ?g)proﬁlgmﬁggﬁ%@g‘?ﬂgs g@?ﬁi@?’yﬁgb@b‘% AR SKBTERSION KeChot her
enbodi ment, télﬁlta‘?ﬁiﬁ%%'ced "s@%deﬁée TRYnb 8r BFPS RAALSEKdrhGe@esy €S Cl e or 30
| i posome which is téthered to the surface. WD 02/ 27327 PCT/ GB01/ 03693
Thus, fox exafpl e,expeaskingesidtencotedprothims.pat t ern may contain one or nore
copi es ?{) a) a sanple of a single protein type {in the formof a npnoner,
di mer, imer, tetramer or higher nmultinmer); b) a sanple of a single
protein type ]!&‘éfb%jol?ﬂlcad?nﬁlﬁicﬁﬁ@&bfﬂﬂgDWA%‘dJé&le(&-leec@é@staﬁﬂicthdy, ot her
protein); c) a sanple of a single protein type bound to a synthetic

mol ecul e (e. gncoppratade, single oRF$dNIE] moonprefenably eidtherix-SrikTRioes-BHADRt ween 2
and 100 different tagged protein noieties at each position in the pattern
of the array. 15 The surface which supports the array may be

coat ed/ der i vaihsSodihy mol@yt&fbe éifhl%ﬁ& BEfide sbQentd Hsd eka-hitRIR! 188 a0

sui tabl e surfaces include glass slides, polypropyllene or polystyrene,
silica, 1§ol d atibogdy epitapepperbiotoy mmeieherandesdraecbenpiéte pfagein, or protein domain,

eg the maltose binding protein domain. The marker moiety itself can be post-
translationally modified, eg by addition of a biotin or lipid molecule. In a preferred

embodiment, the marker moiety would also allow purification of “tagged” proteins.

20 Thus, the methods of the present invention allow the specific modification, in one pot,
of every member of a cDNA library in a manner which does not rely on any
knowledge of the sequence of individual genes. Instead, it relies on non-processive
truncation of each cDNA by a nuclease such that either the 5’- or the 3’- untranslated
region of each cDNA is removed. Additional known DNA sequence encoding a

25 known marker moiety is then appended to the resultant set of nested deletions of each
cDNA. If the marker moiety is in the same reading frame as the individual cDNA and
is not preceded by any in-frame stop codon, each resultant genetically modified cDNA
produced according to the methods of the present invention will thus encode an

individual protein which now has a common moiety, eg. a polypeptide “tag” fused to



exanpl e, nitrocellul ose, PVDF, nylon or phosphocellul ose. 20 As di scussed
herein, the nethods of the present invention allow tagging of all proteins
in a gi vayopreideone specifically at either the NN or C teP@THEBLI/OW3| St
sone proteins may not tolerate N-tern®nal extensions and others m ght not
tolerate Ctermnal extensions, it is likely that the vast majority of
proteins will tolerate one or other such extensions. Existing library

cl oni ng net hods, hawever, sinply cannot address this 25 probl em since they

cl one genes &HOFEES Nsof Giterminysy il screpiion correcdlydpidad, taggedprpigingdhsnaatlows! nost
inevitably tr, I () t he

| atter, the Spg{sig]trc]?&rlr{gt 5%2&8%{%§vt G%Bglglt %I%P%?&??]%e tf&gdg}?ggaﬁgggﬁca?rget ed to
* t he sequencedumdtion) ofthesmdividuslpeotdin amd all-dusofifmale fusishshoathe g to be CDNA
products such_ that fusion to eg. a desired peptide partner does not affect
fol ding or f (ixeardst of the cDNA product. 30 Conpared to the forner, the

met hod of inmmobilising proteins in an array as described WO 02/ 27327

PCT/ GB01/ 03@&33 herein is through specific rather than non-specific

i nt er act i ons,Simrecvehyanembperesfi af AN A fibearp etill ba suali Bedainfthe samemanderf the nétag

added to the termni, of each cDNA Addit.i opal Jhe nethods .descri be
herein can béesﬁlite‘ﬁl%tb(? ‘getreéfswRIBWWI@BSG&‘?W@SF%&%W lﬁgwmit%g,geﬂg\(}g been
expressed i n NOMMACHSIdtRht Pt thei JaYr ERhiyial d mai ntenance of 5 function
t hrough correct folding and post-translational nodification, whereas

exi sting 10 15 nethods such as phage display or (err)-cDNA expression

l'i brari are restricted to bacterial hgsts.ip,.which.the majopity of
eukaryol T o piBEERdtEl: HerpisthsdXbiseise fophth sONA 4By il BF e & b m
ei ther due t QedHiR ilQItHHeA%nisoldde U6 buRRed they 3w bahianad tdMerddragt ifgp. The
met hods of the present invention have a wi de range of potential il vitro

appl i cat i ons,examplehAttachrhent sambeleffectidtydmdarisaf dhe tag élsclfirrltametively, iyese are
the study of protein-ljgand int.eraction t udy, of protein-protein

i nteracti ons,n??fﬂa Ofﬂéodé%me thBFIbltsélfrﬁt-%iW%aﬁ? iéea%%/’feblﬁss. Pr ot ei n- Li gand

I nteractions The nethods described herein will allow the rapid profiling of
the interactions between a given new chem cal entity and all proteins in a

gi ven pkdt eorfsraysHprnedipy the methads dessribpdrergin form agiscondoaspag) of Hie iayantiopr i at e
t . ' . i PO ;
Ponst der ed o oty it Akl bXIE RICARAPIGLES ihobRbe Bpilly 4F

wi || be directdo¥iddamioit. The skitied persoriaill aiderstarihthad ranhé ohpassiblesedidr i bed

bel ow. Hi gh throughput screening prograns in which |libraries of cgonpounds
are tested 25%@@%&5% I IIROR PSARR § I FFepnfiatiays and & qfdhese; sphstateg aema

which give rig ﬁ@e@inqgggfbgégtﬁﬁ%g??&%%B%:gﬁgnttig‘gentﬁ@{]get bei ng known pri or

to screeni ng. Subsequent i on o e primary target can, however,
be a ve2®) | abori ous process. The nethods of the present invention can be

SR (TR e A LA
tSﬁreeen this Yroa¥ o¥nbbe pdtin BRIEOIPLPIRA 6n h d8iTAdel Preflihbly th RoRims Wi thin
moieties will be attached to the surface either directly or indirectly. The attachment
can be non-specific (e.g. by physical absorption onto the surface or by formation of a
25 non-specific covalent interaction). In a preferred embodiment the protein moieties will
be attached to the surface through the common marker moiety linked to each protein

using the methods described herein.

In another embodiment, the protein moieties may be incorporated into a vesicle or
30 liposome which is tethered to the surface.



WO 021 27327 PCT/ GB01103693 proteone it is targeting. This massively

paral |l el approach to identifying protein-ligand interactions will greatly
speed up WR2B7#3I i fy the determ nation of prinmary target sSPGHGROAS93and
will also allowidentification of weakKer secondary interactions which may
al so be inmportant. In addition, the nethods can be applied directly to the
question of 5 species cross-reactivity, allowing a potential antifungal
compound, for_exagple, to be qui.ckly assessed in ternms of its interactions
Wi th, for exaFeot SXAMRIP Sk Resifon 1 the AP MY SORBIM Q7 o Fp oIS of
information is likely to prove very useful in any subsequent optim sation
of | ead conpounds. 10 Hi gh throughput screening nethods now allow'the rapid
“identification ef ssmiple ofid Guglk pwteihitype (i the fon af gimpanmer, dirémtridkrch has
itself previously been identified.as,a potential therapeutic target.
However, these met'RBYLSTH T IYdFBES the question of how selective any
"given ingeraction mght be yet this know edge is potentially crucial in
deci di ng whet her to pursue a given |ead conpound or not; perceived w sdom
woul d '15 ar gue bhat sanphpoiasisglohiadeintyredennd tman mntgrettzigmsolace (6.5 DNAL 0
show fewer side effrﬁgté tgften thos)e which also hit a |arge nunber of related
or unrel ated prot PHEONFREIEPINADE number of exanpl es of conpounds whi ch
have progressed successfully through third phase clinical trials yet have
failed to win regul atory approval because 20 their primary mechani sm of
action is not kabvisampleokaningleprateindyne hpungd o asymbetic molgenle {¢-gspitde and

t he Pfifdar ant i -arc%‘hritilc dru di_%rgi dap are exanples here, each representing
hundreds’ of milliong or dUIYEFS”i%vest ment for no return. The methods
described herein can potentially be applied to the resurrection of such
failed drugs since if the primary targets of such drugs can be di scovered
and subsequent | §) veRtypeef betwean % and 0 Tereptiaggedpreteimeietes atigaeh vast | y
expensi ve cl i ni calpositioalin ghetpattern ofitheartdy. i n pl ace for regul atory approval .
All existing drugs have side effects, to a greater or |esser extent, an

exanpl e_here RQeing, the ot herw se attractive antj-schj.zophreni a drug
cl ozapi K A Whigh 3PP s ayFaY 186 Reietpied dravatifedtipeoheminl be

determ ned, t{Rixfm¥RUfodirBi88d. 'BkahPldslof b@ibld figfe8SneNaoblabdiigeg generation
drugs with optimsed primary effects conmbined with m nrm sed WO 021 27327

PCT/ GB01/ 0369®ly@opylens afpolystysenepgidica gokborpnetskbswppyrt demembipangs matlbofj Soc an

be applied di erx%mCtpieY n}tpocglllllﬁgse, PVDF, nylon or phosphocellulose.

20 As discussed herein, the methods of the present invention allow tagging of all proteins
in a given proteome specifically at either the N- or C-terminus. Whilst some proteins
may not tolerate N-terminal extensions and others might not tolerate C-terminal
extensions, it is likely that the vast majority of proteins will tolerate one or other such
extensions. Existing library cloning methods, however, simply cannot address this

25 problem since they clone genes either as full-length, unmodified cDNAs or as random
and almost inevitably truncated fusions to some protein partner. Compared to the
latter, the present methods allow the position of the tag to be targeted to the sequences
at or close to the N- or C-terminal residues of the cDNA products such that fusion to
eg. a desired peptide partner does not affect folding or function of the cDNA product.

30 Compared to the former, the method of immobilising proteins in an array as described



problens since in creating a profile of the interactions between a conpound
and all proteins in a proteone, aberrant secondary interactions wll be

i denti fi eWO0PA7MRese can subsequently be assessed in ter nePATCHHOBORr t hey
are linked to known side effects. The3nethods of the present invention can
also be used to identify famlies of proteins, such as serine proteases,
t hrough screening proteone arrays with generic inhibitors. This would then
al l ow the subsequent devel opnent of biochips displaying, for 10 exanple,

al | human sehemm igtiypuglsspecidic rather thamaerespecifid intekiotigns snd itheae speoif®0 enzynes

for nore focused scr I f | CONMmo _ A p4a5Q bi.ochi-p, .f.or. exanmpl e,
woul d have u{r]ﬁ?rlg?%oqs%%;%@glgg?mgfﬁggﬁgﬁgﬁeﬁgéﬁ%wn?@g © Q}}%ﬁdAfigﬂlf’{li‘&,y to
“be metabol i s@gk REhBE deséribb@deherehb Oari Terlisall eslsdiveii phtifled] indfobifiscdlprewinshe i r st
step in this process_and is thought to be one of the primary sources of

pat i ent - t o- pathichave aeemexpressed infogrhagterialdinsherganisms i aidaaeinigranse of he goal s
of drug [desi i 0 . i are not t aboli.sed in

O o 9 e AR b SRLPEAFy SRR ML e RE ARty WRLARELISER: 1,
utility. 20 RiefiddsBudt &ighiape didhlay SELICDNA B srbaidir I¥rati&d de ré¥hRAaCHi ons and
mul tiprotein conplexes are of critical inportance in cellular biology.

Si gnal | i ng phadieral bosts e whichthe majonityeofcaviatyatiy pratéing aneddundtode siynthesisedt i on

between a cell surf.ace receptar.an n_exter.nal ligand, and this is

ol l'owed by i ¢ BORESeHA PR Hend e 37w iR or iABRRE nad e lieBrita o y
result in theygagddatighi on of 25 a specific gene. Individual protein-protein
i nteractions m ght be dependent on the presence of a specific ligand or
alternatd vel y mi ght be bl ocked by a specific |igand, whilst sone

mul ti pr ot ei nThemetheds of thel fressnt mvénsiomhave a widegange dEpaentabin vigrmner .
Thousands of new protein-protein i.nteractiaqng have. been jdentifjed using
Cwor hybr o 38PRICeHG SRR bR badiEHEEH BR PrBe e i ern THoSrtoie Skl
limtations gfpmuGhligBhdResacdds (B sthey ssReichPpAdif RlteREOSROMR s kA W th
i ndividual |abelled proteins to identify WO I8)2/ 27327 PCT/ GB01/03693 11
not only int ef protsmddNdArntekaconsut al so the rel ative strengths of individual
i nteractd ons. The nethods can al so be applied to the identification of the
conponents of nultiprotein conplexes, even where their assenbly is |igand
dependent.  Protein-Ligand Interactions

The methods described herein will allow the rapid profiling of the interactions
between a given new chemical entity and all proteins in a given proteome. This can be
achieved simply through probing the appropriate proteome array with the NCE at

20 varying stringencies in what might be considered a reverse high throughput screen.
The readout from such a screen will be directly useful in many situations, some of

which are described below.

High throughput screening programs in which libraries of compounds are tested

25 against cells or whole organisms often identifies leads, which give rise to a phenotypic
change without the target being known prior to screening. Subsequent identification of
the primary target can, however, be a very laborious process. The methods of the
present invention can be applied directly to this type of problem since it will be
possible to create a functional proteome array for the species concerned and then

30 screen this array with the lead compound to identify which proteins within the



An exanpl e of the use of the nethods in this way in defining novel
protein-protein interactions would be the identification of the signalling
part ners WO RRAB2Eyt osol i c domain of a particular cell surPETEGRESEB0r

whi ch has been inplicated in a diseas& state; identification of such
signalling partners would be directly relevant froma pharnmaceuti cal
perspective since such protein-protein interactions mght imediately 10

represent possible therapeutic targets. Protein-DNA Interactions It has
been esti nat ®HENRE ity isgsatipe.1HYs Brasavely garals!l appraash thideailyipg watsinlisade

transcriptio . : -pey: . esent
dont i 11 6d. PSR B chodt GIBd oRPARE ARl OF Oty el ST
“enhancer el eMNCEss andHvilbalso allove Keatifieation of vteakeradecaridafinteradtibna wihichragyi si t e
for the formati on.of enhanceqQsone conpl exes ich then switch on gene
expressi on. B 3’8 I@P@%M&“ﬁ& WP?"&@OM e applifd dizesthy tasthe questigniof
“principlg begé- TRYcttY GaIRWTh b Bhietid1 0N gaL

bi ndi ng of aS r%%?ﬁgolgycsna 1 rmwlﬂéégu?eﬂél?%élgﬂggﬁllggg%%@g&rfggéep rlé’gﬁgehence
bl ock t he 20 gwickladssessed masmachd itintetaetiegwitn fogexampde,adl proghis ibh homaa
protein-protein interaction.or inhihit. an enzymatic agti.vit ithin the

S gnal 11 hg o Rgiseraes 5 S iplapnguny s TS @ BFoegisry Bieein sy sbsrBienbr
spectfic protysliRidiion 8f 1eRd ebBpslindRr Ot €i n interactions within the
enhanceosone conplex. As an eXanple here, the transcription factor NF-kB is
involved in cellular processes as diverse as imune and inflammation
responsHs, | iHiph tvouighpat sypeenintg, methpds mwovs Albek thearapidridentdiedtibil of spiadpept i de
production. The nmgjority. of the intracellular signalling cascades,jn NFxB
activation am@®! ipf bind o ¢ giviem PERigReaIC BaWe@reYlewﬁ gndentifiades
targets for i | : i 3 ore
lie in eit herarﬁo%\ﬁgﬁhgﬁggft%:}% afh%to‘?%e?glg?gef 9?%?@?3%?@#@?&?%@&% ﬁfﬁti on
of specific dohaeketsoany givepineragionntighitbd wet kioknowledpe ispotentially trmaml 14

30 dif.ferent .enhancer .el.enents and .t he, ephanceosone conpl exes .t herefo
¢ epr esent R B R R R R e R RS
Howeverys del iaPﬁf%t' ahd im&ma&%@'s' IH}%@&EQ&%W& Ff’tﬂ%h@% R d ST ect
know edge of bot ﬁ?&gﬁiggnbesr of i ndi v]ingual DNA- bi ngi ng proteins i nvoelcvsed

and al so t heithanghosecwvhichplso bitra lange apwber ofrslaigd or wnaelhted pradeins. The present
met hods can be used to directly address both these questions. A proteone

array can be screened with ecific .DNA propes.to, identify novel
b1 1 ng. pr ot AHFES SAREWHIRSE PUBRYPISITE CHBPUSRE I By AP d e ¢
the transact 'tﬁhgﬁﬁlifmﬂﬁh@clﬂfiq@tﬂly% hta{,@rhmawmxpfelgmf&%p 18valdRBAsEY

ot her proteins wt ich it interacts. Cross correlation of such screens
shoul d 20 | ow thedepiiinaryomedhenismfofetiocismob keows Wie anbidenressantairvgsroiapsasine

I [ d. by .th hod h
vent on wi 1 sregtsong i e FEE R R ol B SR v 2 o

protein di splrapeskntifig hidgdrady cFysillidns off dBNAE GiveseheRiRRdloretiin, TheenesiRd®Cct ed
nol ecul es will be anti bodies or antibody-like proteins and wll be

di spl ayed on dspraihed Sereincan netanbialy be apptied to the regrrEgcliaR f sychfpided draes o t he

encodi ng MRNA;_ Tk ' ' Nz L ' to
each i mobi :\Iﬁéné%%@gtp gfr%pf%%e}gnge&%#l ?%gﬂl ﬁg%gﬁ%?#ﬁ ér1(fgj;s[ﬁ:ftinst%l ?%8%% rer;ﬂ%\ged by
washi ng25 The if eres o€ theohagsn ofiuictiohgcthe vesthyeexpensied clarichl usal dlatads alnéadytin
bacteria according to normal prqcedures. The 20 phage-infected bacteria can
t hen produce BlaceHes regplatoay ereYa es di spl ayi ng the sel ected antibodies for
further rounds of selection, or they can produce sol uble antibody fragnents

for direct us . { N i Al o i ' efer to
single chain \I/S)?;Elif—%&?gggan@%@se ngéﬁtgi é\g)i ad%rg{ﬂ% Qgﬁ%lse{)%ﬁ%gg%&c :f%ﬁ?r% agnment s,
- derived frombeinigiie other@ise aitraciizle amti-schizephenigaitug azapite. Iftha mpiadtarr ed
enbodi nent, the protejn, arr will be in mcrowell formgt such that after
the sel 8&ti orPrigibf S"Phéldﬁﬁéfgés panldibe determpiitedfBis weuld greatly Saeiitals: ths Gorat

* appropriate Rg¢leLd Arde? vRACSHHNRLE] WIRAS it cdhbincdSARirimigat ed by
t he sel ected phatgjéé gffdﬁ%*les. G owt hl medi a céalﬁl t hen Cbe andded to each well
and the infected bacteria 30 allowed to grow and express the anti body
fragnents, whilst maintaining the physical WO 02/ 27327 PCT/ GB01/ 03693 13




separation of the antibody fragnments selected to each i mobilised protein
inthe array. If so desired, new phage particles produced by the infected
bact eri a WOP2B&2Fsed i n subsequent rounds of selection. SIRHT/GBUBM¥K es are
now routine for selecting polyclonal ¥ nonoclonal antibody fragnents to a
single purified and i nmobilised protein. In effect then the original
protein arrays here will allow the generation of polyclonal or nonocl onal
anti body fragnments to thousands of correctly folded proteins in a massively

. . n
paral | el manr¥le shfirissfeain Hs Ripsatly desrgibed methadg cambe prrlisd shirertbotsuskl ect i on
met hods. 10 1SR ﬁﬁ&é’ﬁk,cr %@;ﬁoﬁl}éWfﬁ%Siﬁ r@d?ifohpgé’c%efaﬁ g%‘ﬁﬂ&ﬁldfafnﬁ@ueac“
well of the original array can thenselves be Imobilised rn"to a new
‘spatial | y defprateids ar a poteomed) abdrzdnt sévendary iiftechytidnsagitiehet identifiedaal thess ciri on

of the new array were sel ected against .the proteins i bilised in -a
Single,  def i REbFeRBRIY b pssaRSaKkia Temis it weiether gy areriiaked 1P Kpowp S efipess
sogenerafed will contain at each position either polyclonal or nonoclonal
anti body 15 fragnents, depending on the nunmber of rounds of selection

carried out ior fo,i bilisation.of th ol ubl nt I fragnent.s. Such
anti body arr g"? 'th’?dsr?me e e&ﬁﬁgF&b . %?S‘tazﬁ_?t ea‘fseﬂgoe'?e?tr‘@lc}dﬁ‘\éflﬁé Oggfﬂtﬂf’% of

i ndi vi dual prs@éiaderihé protéases, su@rickeedingl proeumielanepé ®ith @endticihRibasts! al
expression 20 nonitoring of the relevant proteone. Alternatively, the

ant i body captiiiswowd dhe alloviihgsubssguent devatenment ofbiockips displaypgntprbi ndi ng

functio In era I I i .94t . hi target
prot ei nfbso aseg Bt %%E@ag%ge?luﬁﬁ&gﬁfggﬁtalt%%{teﬁggﬁrlé}]r?gc 05%?11&%39;%}1% ght
bi nd but not nidre fdcubethstréening dffeal congRiuvds. \A p4ebibetip aopemedie, wduld Bave

clearly inpractical to assess all, nonoclonal antibodies to all 25 proteins

in a prot eomitiliftimasspssing Whether @ given leadicomppundisdiksly t9be meabodised e not,

function. A i L - i I

hovever s | RSE gt ednd ar@harhil e ooy R th il BricBe A AR,
abij! i _t)é tlo bit@_ﬁz biéilé ommﬁﬁi;]aepioufutﬂs@f pamilelrm&ﬁil putidnt vamabllmgfdntlnrgw ! csp(?}n]?gt;ai n

i ndi vi dual anti bodi es ich recognjse all post-translational nodifications
of a gilen prkdeet Ane ehihe gopls 29@@6@8&&%@%%&@%? RUFPRURs WhighorP BRI WO
02) 27327 PCTEAREPHnd fird Blcb Ky néte MR 24RBB AL Mo ARG REMh W ||

| i kel y be advantageous tor scCreening captured proteins directly tor
function. Compotentiel wtidity.he origi nal protein arrays, the antibody arrays
created by the nethods 5 described here will have the advantage that all
proteins immobilised on the array will be stable under simlar conditions.
The proteins captured fromthe crude cell or tissue |lysate will not be
reconbi#hnt Hrotejp-protein nteyagtiontat ural | y expressed. Moreover, the captured
prot ei ns can Pyeteineproteireintdragtiong and nyHipsetein epamplexsis ati efpridicel imiportandeyinaf t er

of "1 uncti on. ceborbi ey S e baEaG 4 e OBty Bufba BT, e

(i) a met hod igbtrasGéebstiveeh & 6€ll QirfaP FezepRiRad A exibmu] Bimdogidahls iafiliowiedy

whi ch conprises the step of bringing sajd one or nore conpounds into I S
contact wit h by asaseade af protedy- pretcdiomisrachions Mavch Wiimatebyresylt Hyths petivatignof t he
one or 4ire Ca%g@&ﬂ@géné. ﬂn(fi\fl}ﬂuﬁrp?(t)t@fn— oieﬂ% ﬁll?\%a&{oﬁgﬁligﬂt'ﬂe)de?eﬂ@hp&pthgf.
screening one or nofe protelns-for specific proteinprotern Interactions
whi ch conpri pesehdecofatsppeifit ligandwyi aligrmtivel yomightve biocked2y qepetificiigandg a

cell surface receptor, [ntg contact wt, rray as
wh?lst ome multlprotem comp?exes wi oﬁllr;/ i%‘nn aﬂgand—dcpendent manner.

Thousands of new protein-protein interactions have been identified using two-hybrid
30 technologies. The methods described herein overcome the limitations of such methods

and can be used to screen proteome arrays with individual labelled proteins to identify



defined herein, and nmeasuring binding of the one or nore specific proteins
with the proteins of the array; {iii) a nmethod of screening one or nore
prot ei nsW@p2/2352Ti fi c protein-nucleic 25 acid interacti onBCHMGBINOIS3pri ses
the step of bringing said one or nordlnucleic acid probes into contact with
an array as defined herein and nmeasuring binding of the probes to the
proteins in the array. (iv) the use of an array as defined herein in the

rapi d screening qf .a 30.conpound, protein or nuclejc acid, WO 02/ 27327
b CB01/ 036880 PRy igrariies TREesr buhlsg thedpialive Jermetiso oy idvel Wiesetogh: ng

for mol ecul esyphy Ghods@aR 9o B8 apAdH BRI ﬁ%ﬁhﬁ&ti%ﬂ%fﬁ%r&gago%ﬁé gfn the

nol ecul es are preferably antibodies; (vi) a nethod of nerating an
- anti body ar r ayultipriotdin cemplek ssp svdmrwingge thyircasgmmahly inligandalgperatentlef i ned her ei n,
into contact with an antibody library, such that one or nore proteins in

the protein array bind . to at ast one.antibody |n the antibody library,
r enovi ngseany ‘B{vﬁ‘ﬂl%e %"ﬁ"FH%‘P : e gisthorls 1 thipway %%‘:if’(%nﬂ?g Qﬂ‘vei H‘i??é‘{a\’ﬂt"rlﬁod%/es
bound to protgLnsisd v}r&ﬁd BE %ﬁﬁ&ltg{)cﬁﬁg% ofiie \f\%\ﬂ%l?}i}lggaﬁﬁérg'gfltﬁe%gtoé@gcp of

screening of proteln function or nce nprises th

bringi ng an aomaboofia partiaylarawlldeffaceadcdptoreiinich hasbebh imphtaied invd dikease m xt ur e
of one or nore protei.ns, T t.ho i DI ARR! nd.(vi)_ may al so

i ncl ude the §{aéf§ 1‘8‘?’t‘ﬁﬁ‘t§’cn %B&?ﬂgﬂﬂgﬁ{lé@&’gﬁsav?’%éé’aﬁﬁeﬁ@ IR anor e of
the met hods o tlleRic@ssitipdciYE ShtO8ichPPotbinorbleir MferitBhs ightda] rom
t he met hods ?escri ged hg%?r? form ado?i %?%na?pragbectsf o% thggl? nver???‘geﬁ The
ski |'l edl(er saepredent pessids thempdutidtatgets. r ange of applications are known in

the art in which nodified proteins may be enpl oyed. Thus, in further
aspects, the present invention provides: 25

Protein-DNA Interactions
It has been estimated that roughly 10% of all genes in the human genome encode
transcription factors yet only a small percentage of these are at present identified. The
15 binding of specific transcription factors to DNA enhancer elements, often in response
to external stimuli, is a prerequisite for the formation of enhanceosome complexes
which then switch on gene expression. There are various points at which.gene
expression can in principle be affected by drug administration: a drug might block the
binding of a protein or small molecule to a cell surface receptor and hence block the
20 signalling cascade at the beginning; a drug might block a protein-protein interaction or
inhibit an enzymatic activity within the signalling cascade; or altematively, a drug
might block formation of specific protein-DNA or protein-protein interactions within
the enhanceosome complex. As an example here, the transcription factor NF-kB is
involved in cellular processes as diverse as immune and inflammation responses, limb
25 development, septic shock, asthma, and HIV propeptide production. The majority of
the intracellular signalling cascades in NF-kB activation are common to all these
process so do not represent viable targets for intervention. The differences between the
responses therefore lie in either the original ligand-receptor interaction or in the
formation of specific enhanceosome complexes. NF-kB is known to bind to at least 14

30 different enhancer elements and the enhanceosome complexes therefore represent



(1) the expression of tagged proteins produced by the nethods of the

i nvention in nunmerous expression hosts i.e. bacteria, yeast, mamali an
cells (foVOdREMIe see, Wal ker EA, Clark AM Hewi son M RP{E/GB/086%Bwar t
PM Functional expression, characteri®ation, and purification of the
catal ytic 30 domain of human 11-beta -hydroxysteroid dehydrogenase type 1.
J Biol Chem WD 02/27327 PCT/ GB01/03693 16 2001 Jun 15;276(24):21343-50;
Cai J, Daoud R, Georges E, Gros P. Functional Expression of Miltidrug
Resi st ance Prhoteatial t_helianelm@ntg&tspﬁgww«frsdel@ie@meoﬁp agtipgivizipgl enhanceogome

. Wot i mot o SomeRieltia fop@d oHo o kbt O ARG arbindil prlfins 0™

“anal ysi s of dnedDNA drdralsuivein pra¢iagiorinintetactioNeWwith REeH dthér. ThopREént 10 Wi t h
hepat ocyte mitogenic activity(1l). BioclumBiophys Acta 2001 Jul 30; )
1520( 1) : 45- 53pethods)cap b usedtoghregtly addyess bethotheralussiiensc AProigomp @TAR e300k as
defi ned derei 144 : f pr } 3 .t he net hods
as defi nigd hesrgrgfélédf%%thgﬁﬁf@b:@sq%o?ﬁ%%g?actl?%{r?lé‘gelé?) mbgéﬁg}ed%sés&e&é’ protein and
ot her pr ot ei nslteshdtiviely, theyraebme \weraly vl belscssenied mithi the tragsactivaution donfairsel

nodi fied DNA nol ecul e into a yeast two-hybrid expressiaon, vector_ (for
exanpl e see, @m@&tloﬁ,faﬁeﬁﬂ?l ntify otber prgtfansyyith whicht imteragts(@pssot i ons

Syatom 3 6 o iEjaaoh bESARreRf: bRl i EnddatiERS e LBRobil RpRARE
SM Cooper JAnhireosineaconiRdexdsnt eracts directly with the serine/threonine

ki nase f. Cell 1993 Jul 16;74(1):205-14). 20 (iv) the use of a tagged

protei n"produced by, the nmethods_as defined herein for inmmobilization on an
affinity col UHRe/PERlsEy HERYE genespted PX thn racthads0f thewrkepent gayentipr wili also pljow

affinity chr I : ' . ' 3 [ DNA or
) che cal cIpuARR o pRlecul QEHE R friscihch BT Sl ep PR B oflys h 7
Expressi on angeferred Embadinent, dfie seddctedamoleadedwvilltd armiboidies of sitibodp-like om
transiently transfected m ian ce]ls. Protein Expr Purif 2001 Aug;
22(3): 462-6; prolPR A Ryl Rag]}TSELW‘ R PJTHG&TPEE@OFQT“@%M@W&WHS% lopked
Strep-tpg 11 SdisbsiR@Af I nity purification of active bHLHzi p domain of
human c- Myc. %?%tégghnl?lgues 999 Aug; 27(2):368-75, and Guliani CD, |emsa

MR, Bondioli AC, Souza DH, Ferreira LL, Amaral AC, Salvini TF, 30
s RS b S 0 Dl SR B 0,
in bacteria. ﬂ@&&pﬁa&&ﬂﬂbiﬁ@mﬁ 2R3 HicskeRBv&RDS) whihing. Mehdiefechld hafdsged
protein produced by 5 the nmethods as defined 'herein in the immobrlization
by affinity phenbd xegovesed anshused to infect bacteria according to normal procedures. The
20 phage-infected bacteria can then produce either phage particles displaying the selected
antibodies for further rounds of selection, or they can produce soluble antibody
fragments for direct use. The terms ‘antibody’ or ‘antibody fragments’ here refer to
single chain Fvs, FAB fragments, individual light or heavy chain fragments, derived
from mouse, human, camel or other organisms.
25 \
In a preferred embodiment, the protein array will be in microwell format such that
after the selection step, the phage particles can be recovered by addition of appropriate
bacterial cells to each well where they will become infected by the selected phage
particles. Growth media can then be added to each well and the infected bacteria

30 allowed to grow and express the antibody fragments, whilst maintaining the physical



I nterrogation by antibodies (ELI SA assay) as a diagnostic tool (for exanple
, see, Doellgast GJ, Triscott MX, Beard GA, Bottons JD, Cheng T, Roh BH,
Roman MG WOSR272A Brown JE. Sensitive enzyme-linked i muR6éI@sBHAB6%dssay
for detection of Costridiumbotulinut neurotoxins A, B, and E using 10
signal anplification via enzyne-linked coagul ation assay. J Cin M crobiol

| 993 Sep; 31(9):2402-9) (vi) the use of a tagged protein produced by the

b ndi ng pr ot SPRESTORT e ahor FBERERls Sterd fo droh POR el ProtpihpaTaY.
Bittner M., Weid &é@fre&%ewﬁﬁ%g%aﬁgfcg producill by the IE80kd ﬂMtéﬁ?caﬂfbeausﬁ@[}P Genet

mcroarray to anal yse gene éxpression patteérns in human cancer.
©1996 Dec; 14( 4hbstgiers ®unds of s9ledtive. Such pioceduresrye dowrottaierfopsedettingd by t he

met hods as defjned herein 20 for . elucidating the jdentity of profeips in
The " pr of eompobBpTALSu sl Ao Hagmeyd o Selsmiised sad bobied
“conponergs o r Wele : Al I 4 ds of
the i nvglt [ ofrll)r??%'r qﬁfgfﬁégltg%nytg ggnggrﬁ{}isrﬁtim{E;ﬂﬁHyg#g?r}gi&/{dl%ﬁvv@gtgﬁghg%t@fﬁgf some

coval ent and petycbmabdremonasterpll extthodl fragments xatwusands of emeactly folded proteins
desorption/ignizati.on tine-of flight el.ectrospr nass, 25 ctronetry.
Rapi d Commun lmwsgﬁg&l’ﬂgﬁe wq%«?&lﬁﬁoﬁwﬁgﬂqg %@r?&’d@ Mﬁﬁﬁ@s of each
aspect of thgeleftidithke@Bdar e applicable to each other aspect, niutatis

mutandis. 30 WD 021 27327 PCTI GB01103693 18 The present invention will now
be described with reference to the foll ow ng exanpl es, which should not in

any way,be canstrued.as,lhmtin he..sco of the inventi FI QURE 1 a:
Shows VHE conlR i Ra e i ed RnaR R aRent dom BB I00t OF T e a1 5
of the PCR anjplay Cint tei@Blvasible Rinaobilisedds ¢ 8 ne@spatidiyafefined ¥angcE e ( GST)
prior to tagging; FIGJURE |c: shows details of the specific ljigation and PCR

anpl i fi cati orantit dyofragmentginceach n@sml(agt?f t}rfp MYREITRY] Wergwslps tedragaingiibe prateins
between G ut gt il 9AE 39, %fngﬂa', 8Bt p%&ih@ﬁ i @l SREmAP TS, ah}ésa%ﬂbga’y @é@rs S0-

generated will contain at each position either polyclonal or monoclonal antibody

15 fragments, depending on the number of rounds of selection carried out prior to

immobilisation of the soluble antibody fragments.

Such antibody arrays will have a number of potential uses including capture of
individual proteins from a crude cell or tissue lysate for differential expression

20 monitoring of the relevant proteome. Alternatively, the antibody-captured proteins
might be screened directly for ligand-binding function. In general, any one
monoclonal antibody might bind to the target protein so as to block its function, but
another monoclonal antibody might bind but not block function. In a massively
parallel approach, it is clearly impractical to assess all monoclonal antibodies to all

25 proteins in a proteome individually for their ability to bind but not affect function. A
polyclonal set of antibodies to all proteins in a proteome however is likely to contain
individual antibodies which have the desired ability to bind but not affect function and
will, in addition, contain individual antibodies which recognise all post-translational

modifications of a given protein. Thus in general, polyclonal rather than monoclonal



15 Exanple 1 (a) Vector construction (seef~re la) The Inventors constructed
a vector pMM 106H derived from pUC 19 which contains a 20 strong hybrid

pr onot er "?@PF@}”?O drive the expression of genes cloned i RC3/GBPUEY3| site
i medi at el y downstream of the pronotel sequence. The Inventors inserted a
676 by nonsense DNA sequence as a stuffer fragment between the Nco | site
and a downstreamHpa | site. Hpa | is a blunt-end cutter and is positioned

to cle th h t t d | i ne,
hoxani ot | i ndn SV ESeFolEh o SRS iR Py AMBREP B PR HER of e
bl unt - end. FehhaMmdFoleliR dieetBhios dliog tag is an anber stop codon (TAQ

foll owed by the gene encoding the green fluorescent protein (GFP) of the
‘jellyfish Aequorea victoria. The construction of pMMLO6H was confirmed by

T usi one. « St SHREoydh maMusBh e pihonk arkll o Be) b AR RS s

‘created ;at tResdripad heiwifl Havé ih&@_d@inﬂf%dlﬂat ditoietnsUm@bbileved of ShefarfSPRIIL er
gene to facilitate visual screening of clones expressing the H's tag, while

al so provi di g stehle undersiniilencarditions. dbe peieing eAptirad from thaerudg selbar Bissueei n,

021 27327 ety B S8 i AT TR b Ry Bt Ve e

amount of t heaptited prewRiistan s k@tened Fdrefufictio orligabdbindiigl €28 digdctlgagen
colonies, while nost of the fusion protein will termnate . imrediately

after the H $aptute fem thaerugecelsadisses lysatpvehjcle shouldeid raintspance af fmgtiemzy me

assays.idt should be understood that a nunber of different peptides of 5

proteins, wh sol.ubl e expressi onf er.s_sone,observabl e phenotype on the
cells, coul dq‘glgs’dggﬁ'%feﬁ aﬁﬁeg{cséﬁlgﬁ)i?%e—%nall‘éenﬁ}épﬁ’@?véder%br expression and fol ding
of the tagged proteins. These include, but are not Iimted to,

chl or anpheni col aggtyl atrhétﬁéd6f@§&m61|(g3m%]§>|r?fﬁiré’&rﬂﬁ(ﬁﬁhds"f&}%ibl%gﬁalfdcﬁgﬁ?m of

(3-gal act osi dase, and proteins capable repressing transcription, such as
the ~, -Cl repressor. 10vhitlecanpmresthe stapeaf bringingesajsk owen mare compounsd ingel ow
was pGSIN. This plasmd s, constructed by fitst  .PCR-anplifyi.ng, the

Schi st o5or na j aponi ct crﬁo\é\liEell A R Broles aFF%ﬁ%?%ﬁrk?gé’efeﬂ%ﬁrgjﬁ‘g?%nPg bﬂ’ﬁf%( 2T
(Pharmaci a) under st andgg endstiforeics omﬁsrtaﬂggraﬁﬁﬁr,iﬁ@ﬁ 2' (5 -ATG CTG
CAG ACG TCA ACA GTA TCC ATG GCC CCT ATA CTA 3') and "GSTHIridlIl" (5

- GCG AGG AAG CTT GIC AAT CAG TCA CGA TGA 15 ATT CCC G 3 ' ). These priners
i ntroduce an Nco I..yestricti i.te.at t . ] t he
second resi due of ( T far%%]hécggf%géeﬁx On%qn%%?%qr@é%o&&ﬁ%@?gﬁ%]Cée mgetwggﬁ)g%?on in
the nmultiple cloning siihRradtiensofhich eorpriseyeinestépof wuingdyaidiond orrmetel |
restriction site. The PCR product was_then cloned under standard conditions
as an N&b 11Hn dll1 f PEefRE6cCS ! SYTResHesanten 0oGogHehyIth 2R ¢iTaYas v

digested with Nco 20 '!d’e‘hﬂecf'ﬁérlainf&&ﬂ@%ﬁﬂﬁ?bﬂxﬁg\&ﬂﬁé@ﬂe@ RPdifig cati on
and exonucl ease digestion o~ egnés prior- to tadgging jsee fi~ur'e The

I nventors anplified ther&@sihsgethehé pateinhef theasay;uct pGSTN using the 25
pol yneri se chain reaction with customdesi gned vector-specific priners

" STf orwar d'

(iii)  a method of screening one or more proteins for specific protein-nucleic
25 acid interactions which comprises the step of bringing said one or more
nucleic acid probes into contact with an array as defined herein and

measuring binding of the probes to the proteins in the array.

(iv)  the use of an array as defined herein in the rapid screening of a

30 compound, protein or nucleic acid;



(5'-ATG CTG ACG TCA TGA GGC CCA TGG GGC CCG GAT AAC AAT TTC ACA CAG G 3' )
and "~ STrever se' éS - GCG GAT CCT TGC GEC CGC CAG GCA AAT TCT GIT T 3

whi ch bi NHOF2{RE vector 156 by upstreamof the start and PEF/GROIPEEHst r eam
of the stop colons respectively. 30 clcles of PCR (94C Inin; 57C Inin; 72C
2mn) were WD 02| 27327 PCT/ GBOL1/ 03693 20 carried out in f our separate
100p. 1 reactions. Each PCR reaction contai ned ~20ng tenpl ate DNA, SOpnol
each priner and 2.5 units Pwo pol ynerise. Each PCR reaction was carried out
in a standard buffer (1OrM Tris. HO pHB8.8, 25mM KCI, SmM (NH4) ZSCa, 2nM
MyS04, 10% DVBO) . (Fach (g udeld? ah @My E&Rﬂneaﬁtfeepﬁl gctt% 'fepm%leea@& da
non- st andard deoxynucl eoti de tri phosphate m X, ws React 1 on

©200. M dATP, 200pM dTTPrec2goist/eatdRotenso the ai@lit?yvhmmean@dﬁﬁésameactl on 2)
200p. M dATP, 200p. M dTTP ZQ&E GIP, 150M dCTP, SO-M a-S10 dCTP;
Reaction 3) 200M dATP, P56 aae%é $00E, ~M dCTP, 150pM dTTP, SO-. M

"a- SdTTP;5 Reacti on 4) 200p. M dGIP, 200pM dTTP, 200pM dCTP, 1 SOpM dATP, SOpM
a- SdATP. 15 The anplification of the tenplate DNA in the presence of
a-S-dNTPs can of d€wir s methedef geagrabing ap gnithadymiragwihaels¢amprisea bringng ausi ng

"ok 8 3 o5 exonuciPRael ey BBk i Sy RE Y ERSRTgot

non- t her nost abl e pol mrsﬁ&ﬁﬁxatc&i&‘di*nﬁﬁe? tEMENTDBE YToEih 2€raf bintDiotahRall spOW
fragment of DNA polynerise |. The inclusion of a single a-thio

deoxynucl eoti de tri phogphbedy lnﬁhee?a%lhogpbbliafy,cemmnaﬁ&y meﬂ@ilbpdaesr?@ddom
but stafdstical incorp eC|f|c
final P]ttq? product . Theg@%o'bgﬁaﬁ%rh&ﬂﬁg ?gg&ssg(?@dn 15‘%% ?roﬁ Or
Exonucl ease 111, and aragaysed to halt the progressive rermval of

nucl eoti des by t he enzynme. The four individual PCR m xes were then pool ed,
and purified using a Q Aqui ck PCR cl eanup kit (Q agen), under standard
conditions, and di t [ Rlﬂqgﬁ

The resulting ~10(Sg®|so %&étg?(g uctegéc\}/\%?]g\édt grétgﬁ ﬂlﬁctj[%oithfoﬁeg e‘ﬂouﬂ% |on wlth
Aat Il results in a 3 mmnlmrtgeythpoﬁbmgmg%ﬁﬂioﬂ?&ﬁiyﬁ’ﬁémﬂb/e&%ﬁﬁﬁo 21

resistant to Exonucl ease |1 tivit therefore, protects the 5 end
of the &CR product froffPB@ %@5 eoaf%ne OT more proteins.

The methods (i), (ii), (iii) and (vi) may also include the step of first providing the

array according to one or more of the methods of the present invention.

20 Use of the proteins derived from the methods described herein form additional aspects
of the invention. The skilled person will understand that a range of applications are

known in the art in which modified proteins may be employed.

Thus, in further aspects, the present invention provides:
25
()] the expression of tagged proteins produced by the methods of the
invention in numerous expression hosts i.e. bacteria, yeast, mammalian cells
(for example see, Walker EA, Clark AM, Hewison M, Ride JP, Stewart PM.
Functional expression, characterization, and purification of the catalytic

30 domain of human 11-beta -hydroxysteroid dehydrogenase type 1. J Biol Chem



Al ternative nmethods for specifically protecting one end of the PCR product
from5 exonucl ease di gestion can be readily envisaged including, but not
restrict S4OPY2BAL fol lowi ng. Any restriction enzyme whi chP§E{H0AN0EI3a
3'-overhang of 4 bases or nore coul d ¥e used in place of Aat Il provi di ng
the requisite site is incorporated into the design of the PCR prinmers. Any
restriction enzynme which generates a 5'-overhang could al so be used in

pl ace of Aat 11 prOV|d|ngSt e reaU|S|te site is incorporated into the 10

desi gn of the PCR 2TR(CANEE34328% Cai dfdaandi RurGesrgesta Gros BvBimssingal

woul d be fol | owed v fai:L

the rel evant a-thio p&%ﬁ \A@ﬂé‘){‘l@gﬁ !%?%&% 1 hﬁ%bs&@ﬁcﬁﬁfcﬁaﬁ%e new
3" -end of the PCR 200adut17;468(28n83("- 14, eﬁﬂéﬁréﬂpﬁbﬁﬁmmHﬁa‘anddng@ddaW 15
10-I 5p, g of the digested PCR product was then incubated with 75 units of
Exonucl ease |11/ p, do8Mphgkat & Magimate g shiokawakcMaleqlarsipningand; fupetionghe

Tri's, HO Spie. 0, 6. BoTTELroaoueH pNA AR Rb A MR i O, .
condi ti ons ensur e whhhephtopyst mtogdmc E)tmty(II) BiashineBidpags Aota061 Umln. The
enzynme was then i(rch_ -}TVZ S%SE% heating to 75C for 20 15 m nutes. The
product of the Ex 204De%s23)on is a nested set of deletions fromthe
3'-end of the PCR product. Exonuclease IIl is a non-processive 3 - to 5'-
exonucl ease which is unable to hydrol yse a-thio-containing nucl eotides so,
in the present prdiidcoltheeseofa tagge fotzid prod@éedrtgabhb extlands as defined herein.
a-thio-ggoxynucleotide base, the progressive truncation of the recessed
3'end of¥the PCR product is halted. The net result is thus a nested set of
del etions as a conggQueieas®bs 4 Egé@ﬁt@fé‘iﬂ ?ﬁ@ﬁéd&q{ﬁhé et a8 et fd Fep P at
the earlier stage. The ratio of a-S-d 0 dNTP"used in the original PCR
anpl i fications wasfodenalysis u@uteraomm(ommzxp@ssfd@mmommmzprms withil | y

such that the envel ope, of nsted del et i,on san ed, a indaw of . si zes
ot e sppr oxi mu by SoRRGTRER i R TerRRE P B Bl tafFedtsts
product. The size g gagewath dxbrEasioh vedtsr &teda@qkmns@ﬁdlﬁ {1 Pére M1, by
alteri n?gt he ratio of a 5 -dl\ﬂ'Pbto nor mal g[\ﬂ'P his 1s i g‘?}tantﬁMen t he

met hod 18 appli ed EldedgaRdrQlson ENc mommgs@dhbr@mwxm%hﬂmmml@
| ength 3" untranslat r n he I'1ing
in the range of Zoﬁ}ggﬁugﬂ rr%o\e\f“%brqjdtgr}g H{)?{/%é&e C|1929n3cy 0 |g@§)?p{c))€atl on

of each of the fourl,an&va m&rdlleﬁb@gsm (‘Id’d)geﬁm tMmﬂﬁﬁﬁRha\/m&fradthe
pol ymerase, it is desirable to use a-S dNTP to no ios 10 whic

are optinised for @%H}’é‘flthtthesﬁfﬂlﬂth{‘?ﬁw Kinnge Rak. Cteﬂewﬁﬁﬂﬂ Lﬂﬂ”&(“%‘?ﬁ {her ase
Typically, the nolar ratio of racem c a-S-dNTP to norrmal dNTP used will lie
inthe range 1:1 to 1:3. (¢ ) Renoval of single-stranded regions and

prepar agbon for cl@v) ngtheseeof i gpel fivtdin prodheedissthe dhetladdsaf defiriedtlicosis

athanol preci pi ¢ a B AR RRU et olR ST se T Frha el e, ° Y
(SO™ sodi um acet ?]%ﬁ‘lffbHEme 3 Nﬁgmatéﬁ%@}n&oﬁ}r exmﬁledhpﬁ&rr&‘ﬁng%t%§

treated with (2units/~.Q) Unifs of nung beah nuclease in a
reaction at 20 30 ¥BNA3® qyichemissl compoungs. doe sxamplases Rhddss B, GlbmmTM

3' -overhangs to yiegel d. bl end .produc The Ctl on y the
2daitron of eota tEesing HaEERRe A idFlrdiedpe of S nE 0Bl BT RGN <
were pupsf ed usingom tﬁn@ﬁmmkaﬁ@%tmmmhnfaﬁhm e¢llsk ProtéiRdExge Msif Zhogest ed with
Nco I, and separated on a 1 % agarosel TBE gel

Aug;22(3): 462 6; Zwicker N, Adelhelm K, Thiericke R, Grabley S, Hanel F.

Strep-tag II for one-step affinity purification of active bHLHzip domain of

human c-Myc. Biotechniques 1999 Aug;27(2):368-75, and Giuliani CD,

Iemma MR, Bondioli AC, Souza DH, Ferreira LL, Amaral AC, Salvini TF,

30 Selistre-de-Araujo HS. Expression of an active recombinant lysine 49



using a 100bp DNA | adder as a standard. Products ranging in size from 800
to 1000bp 25 were extracted fromthe agarose using a Q Aqui ck gel

extract i OMORRRTRTY agen). dearly, other single-strand nucPEILEPIHHIR as S 1
nucl ease, can al so be used to renove t’he 5' -overhang fromthe nested set of
3' -del etions generated by a 3'- 5 - exonucl ease. WO 02/ 27327

PCT/ GBO1/ 03693 23 ,(d) Tlariation on the~reparati o~a of nested del etions A
nunber of other standard nol ecul ar bi ol ogy nmethods for generating a

nest ed, set , of del ehpsphelipasgrAd2knyolisin asusfusign iprateinnis bagieria dogicoy 2681
procedure. These ifnc ) e not limted to, the use of any 3'- to 5'-
exonucl ease, any 910?’5?@%%'1-9%'6 ucl ease, or any endonucl ease which
truncates progressively fromthe termni of a linear DNA fragnent. For
exanple, the initial PCR anplification can be perforned using the sane
reverse priner as(@bovdhduge Qﬂattag@dmthrmOWiegby whi ch bi nds approxi nately

"2 kb upstream of e I . . I i || . I agnent
i n whi c? the GST té}genlgétlthga# ?Sgérlﬁ(ﬁtgggggl%%@gﬁ%ee{)n %le%ﬂonebﬁlgﬂgﬁ{ﬁ éﬁq@ca&gng on
the 3' end. The lGntpiogdticadyRaRbddieg(FiNSAGaky) hen didgnstieadsidfotiekimBal 31

nucl ease, which progressively degrades linear duplex DNA fromboth the 5'-

and 3'-ends. The &g \RasliBast fdnprsrotiddXyBead A nBotiamsIIbiCheag TaBahBdh of the
DNA d d th j ~ ¥ th
base composi t1 on SOHMARRIIEHBHIIE, SindiRR SERRLIAR Bpifisbrde | 00\

GST gene in the PGEagrfocdatéction of Clwutiidiamrtidiylininbnaewkiag A, Baand Baisingn t he
5' end,_ degradation ug to.and beyond the stop codon will occur .| ong before
the stald codon i Signabanpiificafighviafazynedinked epagtlafian agsay SCly MigtoRioht s
al l ow the opti numpgactl.afo5engh.oi ons for renoval of up to 400bp fromthe
3' end of the PCR progufé’t {92 be d}et erm ned. The resulting nested set of
del etions can then be blunt-ended to renove any renai ning singl e-stranded

regions, digested wth uni gue 20 restriction.enzynme encoded at .the, 5 -end
of “the gene by + nWr i dPnie o dde e PaNEmPORES B D PeGPar SRRt ag
vector. Alternati \é§E%_??]ﬂeaf@pg@Dﬁ]’?@ﬂl’i&bﬁ?ﬁﬁocﬁéﬁtﬂ?ﬁm@@Ginhﬁlgaﬁ%ﬁﬁt(gqra nest ed

set of 5'-deletions. e preferred substrate for this enzZzyne 1s

phosphotyl at ed dowshmpkst seeddeRisiDRenlandheBromoh RO, BittoeIMA, dMeliger RS, RayaM, be
easily protected hayi ' r | t i,nus. 25 The singl e-stranded
3' overhangs of t Rﬁ'eﬂgt%gvge?m&? }ﬁg[ %%%ﬁ ae?e'?@ﬁ‘sm{fé??é?aé{}%amﬁkfe 8° 3.

exonucl ease can bexhRERYEFattinFinHirRarcafder NI GERN 9T BHTRRA): 4360 ng T4
DNA pol ynmerase or a single-stranded DNA specific nucl eases such as RNAse T

or Exonucl ease T or mung bean nucl ease. 30 (e) Coning and analysis of the

nodi fied products ee flqure l e
vect or, pMMLOG6H (36%@ \/vat{slé I goggttg etd (S’Y%?S%ré‘?‘%% b&%%%@éﬁ%%?e ?llnfg:(fl #’%{rgﬂl
enzymes2\Nco | and fbipéludidatirg the &dedfF0dfiprétainik o te ‘prougimes’ bywadss ggdctronietrfd ed.
The vector DNA and the restri ctﬁ%d products prepared as descri bed abaive wer e
then |igated togetaRakysisdexpressss arttein comarrani el sgurpedifeary og slartappteral was
used to transform . i I i r e - @&n ed
onto LB plates con aqlﬁgélgy@ggg?tgﬁ%&(%?%g%tci @%&%{eé%%?ﬁéﬁbgﬁg%re
was carried out oMtheedtigatiorsef sonie avhlehi anisnonbolent domplexbsbypmetrixeus st ep.

ver nl h leti ich exgise th n of th T
However, only t Osagsis(,jtgd (Iaatsero e%orvat}og};on?za 110?1 lIIEC-gf-BIIgﬁP an%oe gctrogpragl meassgaS

25 spectrometry. Rapid Commun Mass Spectrom 1999;13(12):1143-51).

Preferred features of each aspect of the invention are applicable to each other aspect,

mutatis mutandis.

30



10 gene and end imedi ately after an in-frame codon should be able to give
rise to in frame fusions to the hexahistidine tag and G-P after cl oning
steps vi aVOHI287Pocedure; all ot her del eti on products cl orRA/GROKI3HS manner
should only lead to out-of frane fusibhs to the hexahistidine tag and GFP
or to unfused GST proteins, due to translational termnation at the GST
stop codon. This follows because ligation of the 15 blunt end of the

del etion prodyct to the bJunt, end of the vector results in_a genetic fusion

in which the YreAEEeatngention e bedsscrbed with wicusacs tedhs fllewins oremples,
dictated by t el : i =Ta o LEST | I . | f the
del etion prod‘ﬂg%]pgeﬂr?gusm@]t ]g%ﬁ?{r?]vggr?%lcet e g%a%ﬁﬁltﬁethgg%pgggé%g%%al Oh'

“hexahi sti di ne-codi ng sequence will be out-of frame with respect to the GST
gene, whilst if t tion 20 product retajns the T stop codon, no
transl ati onal fus!ﬁﬁﬁéﬁﬁ'%‘ﬁ”ﬁ'ﬁ%cmwﬂ?‘!&Eﬁ@‘it%"g}’ ]1065Lc?cur. The only
“hexahi st1 di ne- (and_GEP- tagl(i:)ed rotei ns which can arise fromthe overall
process described H ibi: B Qvﬁgﬁﬁl&ﬁw@gmlﬂfyam @@rxpoedleass to the
pol yaspar agi ne, heligdstien pflamexampje gated &8 Tiptibr todaggingessari |y be absol utely
full-length clones, however their ability to fold correctly and retention
of 25 enzyne acti WIGUREIlk: SevacdeesRed tieaspetific lightidiLind R ER smplifisdhas med
col oni egp were vi Sqﬁdrd')cﬁﬁgtwg;r | TV light (365nm and 30 col oni es

(approxi mately 10% of the tofal) which fluoresced green were sel ected by

eye for further anglogs -1agg§a9%&8k9a§é8§b§§{e§nbmgfh?o%e%&tl.ec%q%ﬁ%, anal ysed

by col ony ~Jestern,.Bloi un andar 0 i ons using anti-H s?tag and
anti - GST anti bodi S4MT %’Zﬁﬁ??atayﬁ)%%d 5@327 PCT/ GBOL/ 03G93 25 Hi s-tag
antibodY only binds to col oni es which express a hexahi sti di ne-tagged
protein %0 the Western bl ot gives direct information about the nunber of

col oni es expr]g:,%%ilﬂg in-frame fusions to the hexahistidine-tag. The anti-GST
anti body, on the other hand, binds close to the C-term nus of the GST
protein and therefore only recogni ses colonies expressing full- or nearly

full-length GST proteins. The |Inyento identified 19 colonies (63% of the
green fl uore%@v@@éﬁ%ﬁ—’@%—é@ﬁ?—égﬂi—@“ Rpugho g prot ei n which was positively
recogni sed byriaGhferddts icotdtticled® \%_@ﬂ)rgﬂﬁ\'dl@ d@f[f'\;édqgcgh SEC1ONhilNorfi4ifg 12 of

these col onies was anplified, purified and sequenc The sequencing data
confirn2dl thetpngbymixkpowindten(Ppre) toalriveitie ¢xpasssiohudigems clanefl untb ah degtiisit&ST

and 10 10 clanes wi th short trupncations in the ene, which we still
Tt rae w t OETRO AR ARPORTEATH Sl B BTOMHIE FARGIGEnaYe SeRies BETEH A70 0P
ful'l-1ength GRhsdns®DBRA béifichdV R Mifferdhigaienebotivedn tHBINCoTRE @hd a Procedure i's
therefore approximately 17% (of the total nunber of green fluorescent

col oni es), wlomasirepsn fipad sipciipef is abluatensheuter argd ispogitionedigsieayehie. | engt h
GST cl ones, i r i VA i S i: et 15 63%
Cof the s ot al ERaRH S SORnr ONA ShoBfisialeuephigAPRIHAERIS Y 00 0

and uncj onalpeptide if thesreading fiagade of tigd fxistisasé s€the blirt-ehd dFofowinglthe DHSa
cells were transforned wi.th one of the full-| en?t h, _hexahi sti di ne-tagged
0

GST pl asmi ds hexahstidingtag is Hrambenstonsodan §5A Gy followved hyjhe gene encoding the
carbenicillin; i t 1 - | [ Fqui d
culture and {bfl{éeeglsﬂé@tég%%n n?%gl w&%%&%&%g%%gﬁ%gmg&;??%scg?%t%qu%n tB f1e
hexahi st i di nepMisijQ6H vESTtonfifhet byseoperdcidpr a further 4 hours, cells were
harvested and.l ysed by.fregeze- w|ys ne. SPAGE of the_.crude |ysate
Showed an over@iprisned i pididpHLes F%ﬁ%ﬁe@é}a@vw {%‘ktsaijl,swmoehg
represesged rl@iggé‘%(%@@% ehntiehR! coﬁ‘ébmédgl:%ﬁ%%!i@creﬁ‘t%d Wethb 78% 13ité GRtihg 25
anount of the 54 kDa GST- héxahi sti di ne- fusion, generated through anber

suppr essi on. cloningr GHR i3 ysedthere(Sa0opnorter @ops t9) faciditate Weval sereeringof ¢lones
- N ckel - NTA magneti.c_heads .(50R..1; . bi ndi. capacity | )

hesani i1 o neAPrsyER R st Pk POy RRB kAot Uk comesh fidinnef b
under a Magnehien pidtbie; siddeGER Resphaive Winn fBldse aitd et contet doafdigadenver e

* washed and then resuspended in a glutathione S



WO 02/ 27327 PCT/ GBOL/ 03@&3 26 transferase assay buffer containing 1nM each
of gl utathione and 1-chl oro-2, 4di nitrobenzene. End point assay data was
col | ect edVAP¥E12B0 mi nutes at room tenperature by neasuri RETHERIABESr bance
at 340nm this wavel ength corresponds!® o the ~, m- of the product of the
GST-cat al ysed reaction. 5 As controls, cultures of DHSa containing either
the parent vector (pMMLO6H) or a plasm d encoding an unrel ated Hi s-tagged
protein (alanine racemase) were grown, induced, harvested, |ysed and

assayed in patigangher S@BT:O)Q@I? will repulhansa smpkl amewet af dae Bl length Rsiepsprpfie frhad

been m xed wid:l t:he. cr A o | IS .10 clearly
denonstrati ng‘}l%]ﬁtzlal?ﬁ %@eﬁg%eérc\?g@%ésgﬂggb{a\%%yﬁ%ss Hél er&g%ggﬁ% I ca’i“la‘g]? to the
“i mobi | i sed HuhsnédigglgcfieShediid tapand@ue be bl fot lubspiu@heinimobilisdtioatndct i vity
ific i il ion, Af | eti f th [
g S N Y e )
‘“containigg 1 j<M ﬁgyg; BT é@Fb L t hat the
sanpl e V\ﬁi ch%ggiﬁdswgaﬁsoﬁ%%‘ act |oé|%1§ gfegés/ssoay ;H;S)su tle ohﬁgﬁﬁgﬂ?gesi ngl e
i Mmobi | i sed poetis,edonldibe nseéd ireplacd oSGFR aewpeeteidr Expregiion aidhfolimeg & the
transferase (27kDa), thus_ confirmng that the observed activity on the

beads was dud2ggediipieinse dbass nelnde, Butare gy bentsd tn, ehloramphicaicobacetylanpl e 2

(a) VMector c t i Q! I skhuct e eco ctor, pw
1D which i o DAL PRkt B iR b e S BBl P
the 676bp Ncaabhiipdf teprremg tBsdaion, suth 8¢ the O Rptesiér. Fepl aced with a
300bp Nco Il Hpa I fragnent derived fromthe Escherichia coli gdhA gene; the

Hpa | cl®ni nglls template nssglindedrogadhreousiene belosy wes pOSIN i Thieplasuihwahat t he
091 37307 e Bt s it PR it ingant S dieedBede el BufiBRE 5t e arp
gene is repl agarphseiGENG g6 Bon pBERLETPRENaHEImde RRndAdlehdifiass B

desi gned such that an insért cloned into the Snma | site nust contain 1he
first nucl eotpritmersf GETEW2B (54t 2Tq ST CAGNREG DCHBLA i GTAI TCd ARGESCRI ¢dT Bhve

hexahi stidine ta an;& @E%@g@gt[ucti on of pMM | 1 was confirned by
sequenci ng. (B ®be £ and; | or e%G% A FH APB FCeSTQ AT 118% Tire AED ISRt hen
carriedyput ULeY i (Mo i ictin EX&0m t for
t he fol Ilgwi n?%ogff%cgt ?'ogggell—??@setrf g{ﬁooﬂ%ey‘gg?%%%c&g% I ncoirli%%t%%t% éfgj&lon 10
t he origi nal JRESRMmbtafe thatdcond rasidae of &30t framn serimdieraldhine) ané ottiodnce H3top
Secondly, the final products were .clgned. i th o ].and Snp | sites of
the vector pn@dop lllﬂlgmﬂgp LRI Fie %QQPQSMFHF%B%‘@?*%%P%%&ﬁh ages over
that descri begspti&x &R ThelPCR BBl iR EloR&d Bitlel ¥tahiRA\CbRBSIAs Bl | CS
associated wth incorporation of a single a 15 thio dNTP in to the original
PCR pr oduct s. NahijFjn dipofiagméntine pVechisd tyitegen) previodslydigesisd withdcmest ed
set of 3.,-re ésecgnael et i ons ] ali nowtermnate with a 3'thym di ne base
rather ffhan f Ahy O SRS ‘nucl eoti des. C oning of these fragnments
into the Sma | site of pMM 111 will only result in an in-frane fusion to
the hexahistidine tag and GFP if the 3'-T is either that of the first
in-frame st opoe pl IO SNESTORUSTEEAS O R IZBT i e FNH SHINCHBESIATHEE
reading frane,,,as the "T' of the first in frame stop colon (this follo
because dige on with Sma | results in a gap of 2 nucleotides before the
codi ng sequerTiee Bientbs dngdified iaGE T tgenalibm, the ebtrtctf OETN s eice del et i ons

will be _created by the exonuclease hydrolysis in this nodified procedure
than i n2Exanpgldymerapgghalipreactign with gustomy(iegigned vector-specific primers ‘STforwar

(5' -ATG CTG ACG TCA TGA GGC CCA TGG GGC CCG GAT AAC AAT TTC ACA CAG

G-3’)and ‘STreverse’ (5'-GCG GAT CCT TGC GGC CGC CAG GCA AAT TCT GTT T-
3) which bind to the vector 156 bp upstream of the start and 84 bp downstream of the
stop codons respectively. 30 cycles of PCR (94°C 1min; 57°C 1min; 72°C 2min) were



25 possible stop colons contain "T' as their first base, they will all be
represented in the set of deletions and will therefore constitute a
four-fol dVRIBRERfraction of the full set of del etions. GRGEHGBHE3ICI3
probability of any given T being in?the sanme reading frane as the first
T of the stop colon, 33%of all clones resulting fromthis nodified
procedure should be in-frame fusions to the Hs tag encoded by the vector
but those WD 02/27327 PCT/ GBOL/ 03693 28 del eti ons which affect folding
(and hence f uptiedapt igifowr separate YOulreaactions BachH (R rqarten eomtainedsHg set out

in Example 1), Tl ntQr e t followng thi I+ ed .
procedure, t h%enfﬂ?%tg mﬁ’ % r%orlg; %ﬁ%ﬁﬁ&lﬁ‘ﬁ%ﬁ‘b‘i#‘ﬁ’ Bﬂlé'g‘e(/ﬁs? ﬁ@#ﬂ?’ ﬁ:fg e
“popul ation i swab gatikll oaninl d/stiridgREbuffd A0k AT BONEHB 8| DM CY, IBenmar ocedur e
in Exanple S 1. The sane argunent hold of course for start' codons since
all known st atNHeo¥enImMPdsS@xr E0%BMSQTEachaidthe fynPE&Rrreactions then alsge
"second pesiti . [ -t hi ifi re is that a
pol yA tai%I cag taﬁﬁ%é‘?ﬁ%ﬁagﬁ %ﬁ%{éh}?ﬂéﬁg %émg]ﬂr%ﬁg%gF {et'ﬁlg’ ?%@&gg’ " prinmer used
inthe initial PCR anplification (e.g. 10 Forward-A 5 - AAA AAA AAA AAA GAT
CGA TCT C AT GAC GGA TAA CAA TTIT CAC ACA GG3 ~ ). During anplification
with a dTTP: aReedippd)r 201 dATE; 200uM GIdP; %Owl\rlid)@TPpﬂé%d‘gidﬂ% 50ndhotShat  at
| east one a- Sag'ﬂ;l?’ residue will be incorporated at the end of the

conpl ementary strand, at the S end of the PCR product. These i ncorporated
nucl eot i des WRkhction 2)e200pM A TIPO 2601V WTTPAZE0 M AT 8 50, CIH] 500 M o-S-
therefore renove the 1 S requirenent for enzymatic steps in specifically
protectildg t hd€TEnd of the PCR product from degradation. Exanple 3 20 {a)
Modi fication Qf a. segco rqtejin [ e hj s..ti.dj.ne Eal | owing the
procedure as g‘@%%ﬁ“%éd%hﬁ‘@éﬁ%r %bq”h?w’ aamlmégbmq?%ﬁgﬁw‘? a

| nventors havgrgpnonstrated that the procedure is independent of the
sequence of the gene being manipul ated. 2S Thus starting with a plasmid
encodi ng hunaReastonst) r2GopM dGTRe 2OuNIEITB, PEIUM dd TPY I @iV kA B 460 Mya{She
procedure described in Exanple 1 unless otherw se specified, the Inventors
have been abl 8A{E- denonstrate the nodification of NF-xB pSO such that the
first insfranme stop codon has been excised and replaced by an in-frame
fusion 'to DNA encodi ng a pol yasparagi ne, hexahistidine tag and G-P (when

t he anmber st ofthe aMplifi2dtida3t thdeiplEROIDNISHORe pEsamdai oi-S-ddNIRsrces s EcjurseTiee
clones that fluoresced green, when excjted with f%r uv i 365 nm were

ht
further char aE¥8Ff SBLPY RIMEHYHIRESFIFIN, PENg BIaRY HFPrem AN APOLIREant i body
al | owed i dent pfchcahd ﬁn@nﬁésté’dl@?&?gﬁi‘a@é@@ﬁi‘cﬂ%cﬁl%% Stk IR GeasagdRstyPaRh L N-
ysates o e d by

The sol ubl e protern se clones were resolve
SDS- pol yacr y| Aap gelygelrase, and non-thermostable polmerases, such as T4 DNA polymerase or

20 the Kienow fragment of DNA polymerase 1.

The inclusion of a single a-thio deoxynucleotide triphosphate in each specific PCR
" mix results in a random but statistical incorporation of the relevant o-S-dNTP into the

specific final PCR product. These modified nucleotides are not substrates for

25 Exonuclease III, and are used to halt the progressive removal of nucleotides by the
enzyme. The four individual PCR mixes were then pooled, and purified using a
QIAquick PCR cleanup kit (Qiagen), under standard conditions, and digested to
completion with the restriction enzyme Aat II. The resulting ~1000bp PCR products

were then gel-purified. Restriction with Aat II results in a 3’-overhang which is



5 el ectrophoresis and probed with anti-H s tag anti body. |nmunoreactive
signals were observed at approx. 65 kDa |If,. (corresponding to

transl at ivwaapR3B827 used NF-xB p50 to the hexahistidi ne tag RCA/CHIPP3I@AD at
approx. 38 kDa M (NF-xB p50-histag).2lin addition there was a signal at
around 27 kDa M, which is probably a degradati on product corresponding to
the his tagged GFP protein. The sequencing data confirnmed 10 that several
cl ones encoded perfect in-frame fusions of full- or alnost full-length NF
xB t o the hexzdsistnt th ExonmelgaselTH agtivitygnds thexgfore, protects the§’ cund ofithe®CRer e
screened for ﬁ{ggeqﬁl uares&«?nce. A total of 38 clones (20% of the total
nunmber of clo uedraR ?ﬂ? %or esced green when excited with far uv |ight
(365 nm. Colony western blotting using anti-H s tag anti body reveal ed t hat
29 of the 38 clones expressed the 15 hexahistidine tag. Sequencing data
confirmed thafltgatve mgthods for spesificedly @rateqting|oma gnd of the P{IR produes fram |

“length, i.n-frane fusiops -xB tQ.the h histidine tag:,.7.0f these
cl ones Wéjr e a%)(soélluﬁ]té%ﬁcyd?geﬁ 1{m P%‘nbgef lﬁ“gél& %nv%sgé%flelg%aml@g%tg@ t &egh-écgédatﬂ&g? he
remai ning 11 filowing ey fdstittion Bagnswhich génsifad 4 9Nvehart 10 baséydriRoci d

residues. This exgeri ment cl earI?/ denmpnstrat es the advantage of having a
reporter systednlobe psadiinlace of dpi B pprvading Bie regisips sisds incerngraief into thige

protein. Roug S04 . n £ ced. ar re,f engt h
in-frame fusi gérl%gl}ogtgggpg%é'g%rgor %g%la%rﬁnﬁé:ég%ﬁen‘?a clﬂ§§§é}# 8% ﬁ?%fhr#(’ﬁ Cross
a domai n boung@iny alsb bs @sed in-placa i Aboll providing &@ reqiiitd sTEIPicof@tdtedint the
functional anal ysis of hexahistidine-tagged NF xB p50 25 E. coli DHSa cells
wer e trdRsf or Aestenyplithe BRE RItmerpeiry this|casee Beparationalhg 3o varhangivaiddbe NF- xB

pl asm ds crea >3ia t 2 g ; .ngl. . s
carbenicilli nioﬁggeg tbgr?tﬂgélalgo%ﬁ\?\%gé Qggl{\%%gtq%i)l lrrrffg?‘%t%g 1% hwélécgl tihﬁ reﬁ)vr%ﬁ}t ?it}cl]lﬁ’ id
culture and tANTPswen wee it pldcedftthe AINTPVSUCR Ehatltiee hevd BTEnEENhe PERGSoMictt he
hexahi sti di ne-tagged NF-xB p50. After growmh for a further 4 hours, cells
wer e har vest eif nemdprolested fiam sxpmuelspsegiigestions Wo 021 27327 PCT/ GBO1/ 03G03 30
PAGE of the crude |ysate showed an overexpressed protein at the expected
size (38kDa) which represented roughly 5% of total soluble protein. KB
motif 5'15CGT AJE5)d 6f theldigdedd ATR frouddekas Ghah inddbafed3vittS7 8 unitief Bxdbudbise ACC
CCT TAA GGG TCG CCT ATT G5 NF-x B P50 binding site A duplex

ol i gonucl eot i B¥pg of BB Anfer 30, minutesiat FBRtiniad$0pl rea¢tiond TherEso Bl diiestiprswase f or

NF- ~cB p50, | abel.l ed at,_the 3'- i th-di goxi geni ' -t er pj nal
rancterase TOVHRAGH B oaHadrd teutian onrecShnb 5 SR SR Merh: ShBhar e
usi ng the Iysgm(%%iﬁﬁ%svﬁléaaﬁﬁeﬂm?.nrn?é&ﬁmfa&ﬁe%gtfd eSitorSBY EXe PH

7.5) containing 5 3-mer capt oet hanol. 200 ~,1 of the soluble protein
| ysat e from eHEhasieashed complesiop! ThelenzynterweasitherNDActivateddyy IdatingteeTI°Cafbr and

i bat t t t f i t . At th d .ne | ti
bor 10, 2Pno. bt TURYEY el bphe ERe Thatecifon, Madsie BBCoralsidhffs 5188 02 o
Triton X-100)3tend SBYBCRl froddte unbound proteins. The wells were washed

three tinmes with DNA binding buffer ( 10 MM Tris. HO pH 7.4, 75 mM KC
containing 5 mM ~i mer capt oet hanol with a soak tinme of 1 mnute. The 3

di goxi genin | tif . Ol ) <30 : in 200 ~1
of the DNA bi ﬁ%ﬂnﬁﬁgﬂ%ﬁleg%cdgﬁtpg?ﬁgé‘ég?g SW%? 0%%?%9? %ﬁlc%‘g'? u}ril%lrlé ts%peci f c
DNA. After anp§di6lys8@-thionttnesining auidledtides sd, e tHepheseatprolddoly@serk eiffevieb Ly

washing the wells three times wth 10 M Tris. HA pH 7.4, 25 nmv KC
cont ai ni2hg 0. GacheFrantonthiocde@nynuglpotidetbiased thpprpgresdive tuncation pf the kedessed 3°-

phosphat ase conj ugat S ilustdgaﬁi 0150 .in antibod i,l.ut.ion buffer'
(1 onh 25 Tr i soRet e CR prodits tg@-Jﬁ%{l%ﬁ%@ﬁlﬁB}usg&ﬁﬁﬁ@ﬁéﬁgg‘a‘eﬁﬂﬁ#& 2%
bovi ne serum gdRbdieice Jithe SrldeinSitcAPéralOnlyf dahRGPs-ENTWeS tﬁé‘@ﬂli;&&lﬂg‘e?%&o the
- mcrowells. After 30 mnutes at roomtenperature, unbound anti body was
renoved by wastiornd ot-SeNTRtoclMIH wsediin the oaiginiabBGR atiplificationsowdsfdetermfrBxd350p1)
suppl enented with 0.02% Triton X-100. 200pl of a buffer (100mMM Tris. HCO

- pH9.5, 100nM NaCl, 50mM Myd z)



WO 02/ 27327 PCT/ GBOL/ 03693 31 contai ning 250p, M p-ni trophenyl phosphate
(pNPP), an all caline phosphatase substrate, was then added to the wells and
t he reactWOR2312%wed to proceed overni ght at room t enper atPGTeGBUIBE3 whi ch
the yell ow col ouration in each well (Zorresponding to formation of the
product, p-nitrophenol) was quantitated at 405nm The background 5 rate of
hydrol ysis of the substrate pNPP was | ow so a positive assay result was
therefore imedi ately clear fromthe appearance of yellow colour in the

wel I s. As conempirisailyisuchithatdbsenyelope of nestes delefionsispanadd 400y wirdowefude

20 ol t excesSrsreetirEmur PRI oottt B sPliah i on8h R Bioale

hexahi sti di ne-tagged NF-rcB p50 containing crude |lysates with 10 equi val ent
amounts of a crude cell |ysate from DHSa cells expressing hexahistidine
t agged GST i nThésize range oéthedrunpatising blaimgd chmbe horgrallsd dy altkFng thepdtip 61 pst

"binds to,the ed oli leotide via.the eci fi ¢ .bindi si.te. The
ot ot i n-BNA. oS Ha e e 5% ety When T Betinis eoied o Fakatyonc
hexahi st i di necHRgsHRearRE sudt dNAPhSIeSiaRable ez S raf QR SegisnsORitnaRn t he

| abel | ed 15 oligo and ot her DNA bi ndi ng Erot €l ns present in the crude

| ysat e) toget most somrmomayUTRdeugih fallingywl thethngk io§ 300-30@ bprSincehs nelativenay .

Si nce the antiody-copj ugat e recagnis the | n the oligo, not the
hexahi sti di ne-e’?i’éb%‘g °g‘|-“88’é’PFE“°3 083%%‘1%3%‘? ’té]%“bﬁgﬁb’ﬁm?’ﬁ H@“%FS%C&Q}‘%B%O%FH y be
observed if t - E-QP{% | B i I i i i[maigb' isation
of NF-xB p50 \t}% Bﬁu?hdef%%é;‘g@ I ?%?Eslgpﬁsﬁltgpgg?Pg%&ﬁsaﬁg?r{ﬁg?ﬁi?fgi ne ,'rz%dnog 20

ol i go willdl bewhastareloptimiged for enclsdf thg fair bpses and fior thopaticulahpolg@easd. | be
observed. The Inventors found that the yellow product _was only detected in
the m crowel | $ynsalbh themolapratigiof sercmig o dEP 46 narmad NG Heed NELLEB B8 cr ude
| ysate and th%ngggqxljoq@i n-1 abel | ed ol i gonucl eoti de and to which the

anti - di goxi genrm ant1 body 25 al kal i ne phosphat ase conj ugate had been added.
Thi s denonstrated that the observed col our change was due specifically to
the i mobi |l i sed NF-xB p50-ol.igonugl eoti de conpl ex and poreover that NF-xB
p50 retained &) Remayabef sipgdeistrapded regions; and prsparatiopfoy glonjng (see figure
PCT/ GBOJil503692c32 Exanple 4 (a) ldentification of one protein froma pool
of 10 genes T I nventors have applied the procedure exactly as descri bed
in Exanpl e 1 &ke apstedsetvbfdaeetsms gefidratdd by Exbaugbenst 11 fdighStiati infibe previoge step
listed in the tabl e_bel ow, The I nveptors, have erated arrays af the
resul tant spe®as Prafied byghamql apechy lgl?ﬁ%drseﬁ‘ésll?e‘? mgéd’ﬁu%@%% 6 the

array correspgifs s0md sbdihackBe P 01 30MM NACE] PnVIZAND )i TRE digbsieupiNA he

tag appended as a result of this procedure. The Inventors
was treated with (2units/pg) 30 Units of mung bean nuclease in a 100l reaction at

20 30°C for 30 minutes. This process removed the 5’- and 3’-overhangs to yield blunt-
end products. The reaction was stopped by the addition of EDTA to a final
concentration of SmM. The digested products were purified using a QLAquick PCR
purification kit (Qiagen), digested with Nco I, and separated on a 1% agarose/TBE gel,
using a 100bp DNA ladder as a standard. Products ranging in size from 800 to 1000bp

25 were extracted from the agarose using a QLAquick gel extraction kit (Qiagen).

Clearly, other single-strand nucleases such as S1 nuclease, can also be used to remove

the 5’-overhang from the nested set of 3’-deletions generated by a 3’- 5°- exonuclease.



have then screened the array by functional assay and have successfully
identified 10 individual protein conponents of the pool. Table 1. Size and
functi on WP 0RB2{ en genes in the pool GeneSizeSource and PCT/GB01/03693
Functi ongl ut at hi one S transferase950bf¥bacteri al; detoxificationNF-xB
p501165bphuman; transcription factormaltose bindi ng proteinl325bpbacteri al ;
carbohydrate transportal ani ne racenasel342bpbacterial; cell wall

bi osynt hesi snucl ear factor of activated T cells (NFAT)1087bpnuri ne;
transcri pti ofd)f Kerielic he g §pgEsa piaresvad eletigng hasel528bpbact eri al ; ami no

id bi i sph | bo; hr ani | ' 920bpb ial: am
261 4 bi ooyt RSt PEBERE AT RACLRR e S mEBRe, B ESraR iRt AR et o Tac
" bi osynt hesi sgbi¢tions tépiebéht oBliolE vaiatidRSow Mearlghyal pERkiiie. Mhedcdasiade, but

i nhi bi tor(3-1actamaselO40bpbacterial; antibiotic resist ance 15 | nitially,
all ten genegreiptimiteddo.dheuss of any 3{He Ssaanenpaleasel &y Vet 3r exanklisesee o8i nce

“anongst ot her_things this .m,mc e _situatio nt er.e | t h DNA
bt oy X The ot PhiPRcib@etuRbll ool Grolb ol RoSE Il o b BNAC)
wer e desi gnedrap@ehie Ropiexganpla) thp initig/BECK afuplifieativniah b patfoanedadsigemhes

encoded within a pTrcH sA vector 20 backbone. WO 02/27327 PCT/ GB01/ 03693
33 The pri nepamEversgariaer aaabeysdugwah adorrard pamer whichcbinds approximetely 3f

restriction gj oY . CE%%%\T C CG
GAT AAC AAT %’E}ﬁ%%%hégﬁff%Gﬁgeg%@gﬁlﬂ%J%ﬁu el ThEFCoT % he

restriction @8ygene iffanket bgr>23b orl the dh elvanis@iy 89 bpenahaBeerdl. Ofter hangs f or
exonucl ease praotection purposes. For directional cloning purposes at_ 10 the

end of the nbunfstBERIFHSE e then be eated with\Bal 31 auelsase; whichwsogresshsde t o
use Bsp H si | iASE] Iteo Wil 4 25 W t hin
2 Tibrary, | (CESAG PR AIC! BN ShbR ot s rd 3 Fias TR pEAERIERLRY N |
cl oni ng sit eptotessiee drelghe exté¢ of dgghddhfi6iHofithe D¥Ardepemdd otdhes timetandut wi t hi n

any of the 11 genes i he present pool. Cearly, .in | ncipl e any _of the
pri mer encodé@gﬁ’eé%t!l?q ‘rb]f_ttf]%FPagti“ine? E’_Sﬂlaﬁlt_ DA e ?§nﬂ)‘?rb‘§firtt]f’ i?g&f'hﬁ’tm%/ﬂ@ tag
vector cont a'ﬂ'ﬁﬁkiﬂ? Tré“gibh Mﬁg%@’-e‘ﬁh SPHAGST %&%WH@PCR%&RE ﬁs*k‘?gxﬂﬁilé’allﬂgﬁrer , St

| woul d have signifitant vantages in this regard i'n a | arger ary
f or mat Mecaushortdr thensthatron8he 5tead odpgradation sp tpuantlecysod theestdp emlonvall oofur

random occurrence .of an St |.site wthin iven ., will be much | ower (1
| n 6. 5x104) UeEEPeLprEEhs prt qodaps Feacheivn dhe gt RE ol Ui UE CEREIRS Bop i
(1 in 4,096) a6 t&\6ptiAtin ¥E4ctioh coMWiEaHo! FenitfVal P to\4DObP Hrond the 3’ EAEOf

5'-cloning site (NcqQ |I) overlaps the ATG start colon positioned downstream

of a ri bosomshePERipredust tocbe{drBEMined; Thrgesdtingonestsd satef detetignsea then be
Ho i d i bed.her.e he. | : i
The. ol oned gRhELBhaGIRIbRo RN REaEifel: 3randRiTAE 002 dikeclblinl £LliAll O"

| nst eadR0 t he réshi@ivh@nsyae Bidoded el the Gh-chd6f the @end be theadithdl vestord, and
initiating 25 transcription tqQ produce nRNA, with the requisite signals for

transl ati o_nalleP?ﬁQﬂaHYiC‘ e 1o fregpp vedda Aligmativcly) baabdaasonycleate farboes.
Thus in this u%ﬁerg%%}és%&g, W-def&ti%ﬂ?. Phd eﬁ;ﬂlledgﬁﬂétrﬁ%? tifls él%z?éﬁe col on

i medi ately p I rrespective o the presence or a nce of
a cloning si tie5'photpheryldied doutife stranded ®NA isoene eklld DihedINIA. sbbstrdte aapder eam of

the RBS in all .eleven initial clopes, sybsequent post-nodification 30
cl oni ng usi ng’ja%ﬁ’)}’r@iec‘leﬂ@y YHEA iﬁ%%ﬂé-‘zl WUARY-ctj on sites will introduce

the newsy  MheQitofeldrahdEE3Y SBBRO LSO e dedied R bf 52 WURABRS pdraidd By 185129

vector together wth their original RBS and ATG so translation initiation
wi || be ensuedxonucleasacdaielremoved by onember of differehtamzyines; andleding FAI0NS. i n

hat all full- h cDNAS will h hei 5 - i
(LLTR whi ch PRORERE o Remudeaapged ETVA St iictees b RIS gl o

that is Exonuclease T or mung bean nuclease.

30 (e) Cloning and analysis of the modified products (see figure 1c)



5 required to obtain proper translational initiation then is to clone each
nodi fi ed cDNA together with its 5 -UTRin to a eukaryotic vector which
provi des WPPBEptional initiation signals so an equi val RAT/GBINVGSBal set
of PCR priners to those used in this Bxanple could therefore be used in the
nodi fication of every menber of a cDNA library in a single pot in a
sequence-i ndependent manner. to The experinental procedure was carried out

as described _in Exanple 1 with the follow ng nodifications. An equinol ar
pool of all tldg vgelaeBMMEOGHS Euned ¥vas Higested i earepleen withthemestrgion enzymes
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were sel ected by eye for analysis by Western blot. Approximtely 2% of the
total nunber of transfornmed colonies fluoresced green. O these, 103 (42%
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“xB notif uscbsolptebniillalength clavgs.diowvever thpis ebiliteto feidgoreertly apd sptenkign of
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an array contal ning ca. of His-tagged proteins was prepared according
to the nethodlotfundar stadaadrporetitions alsingiantidisttagand adiyGEY agiiToddss. ddieiantit y

- assay showed that 8% of all proteins in the array possessed strong GST

activity. In addition, PCR analysis was carried out on a pool of the 340
encodi ng plasm d DNAs using gene-specific prinmers and this showed that each
gene was represented in the H s-tagged collection. These data therefore
provi de further WO 02/ 27327 PCT/ GB01103@33 3G confirmation that the

met hod of this exanple is sequence-independent and can be



applied to a collection of different genes. In sunmary therefore, the

| nvent ors have used the procedures described in these Exanples to create
arrays ofWPW®2@7328nal proteins in a mcrowell format and uPCTGCBHAIEO3arr ays
the Inventors have successfully ident3ied three different proteins fi oma
pool based on either specific protein-ligand interactions (GST activity
assay) or specific protein-DNA interactions {NF-~cB bi ndi ng assay). WO
02/ 27327 PCT/ GBOL1/ 03693 37 CLAIM5 1. A nethod producing one or nore
proteins in wHistag-antbedyomlybinds tredomies which express aheyahistidide-tagged protin

o YRS e s S

DNA ol ecul esinif¥ihe fusichsa @it HeRaklisiiiné-taa"EheARPEETAnEBbdY, Bh S tAE Hat@et her
with 5 and/or. 3 untranslated regions; (b) anmplifying said DNA nol ecul es
under condi ti bds glese tosthe C-ierminus pfjthe GiT; protein andutherefNFPBlyAscagmises as dNTPs
“into thecdaug pgj@np calles. 3 ! AVENo! ' . D'y Or
3' end of sai g&gﬂ,& ecu ‘s‘sensdlfc?ronrfciIA ﬁﬁ%ﬁ i?@%ﬁ‘ 3‘?‘%@@?‘}%‘# T% ﬁ}%%ﬂggﬁ lﬁgrﬁls%fid DNA
mol ecul es fir $® colohies §63% of thePreendluodescém cOlonivsrtmndning prajeineridtiewas set  of

nest ed del etions_f?I | owed by treating with 3 si.ngl e-st.rand nucl ease under
condi ti ons t hBeSIHYglpigee y byth anti-Hlisstag gnd anti ?aﬁghoétcedTh%%@m
i ncl udi ng the . S | | X )
cloning the f}%g%}tﬁ%&é@%gﬁ?ﬁ%ﬁﬂﬁf g‘%{QS; ?r?tg @%ﬁéﬁﬂéggﬁéﬁr@g&%r
containing a cadirmgdskxprestnec bHiwoopeefeot inAfioaree fisions tafullnten gk GSToangt ides; ()
wher o n 1091 6 SRR WitE SharbiroRsatia i TENAS REeBs RO gL ipatems WAk Bepor at es
a single a-S gNEP;stid; éFemy)ﬁi ' . R 3@@ et '
a-S-dNTP is ejiiit herShgl-ngﬁa [P or %q-%%? A‘?'}I;ﬁs}zagb]?lopgﬂrrlgtg g asa(k:) asittr)rggﬁ’;efr}\ﬁgsﬁy
one of cl ai nsolitained Bia thisarverall ga¢edureus theseferei appmrimatelyclyde (dflthe ial ~,
exonucl ease. 5. hod as clained in a ne.of clains .1..to 4, _wherein
oaid s ngl o sBimfET O BigsndDRRsSY SRR s o et e RelzisT o BN bean
nucl ease or TﬁnHMOieMgmr@p_eloﬁes, ﬁhmhtah@@x;ﬁét_e& ket abt]?vi@{'ié a@ﬁﬁ)x%atﬁitﬁl ns
e

1 to 5 wherein the marker noiety allows confirmati on of éxpression of said
open reddi ng 63%itef the total number of green fluorescent colonies).

(f)_Immobilisation and functional analysis of tagged proteins (see figure 1d)

E. coli DH5a cells were transformed with one of the full-length, hexahistidine-tagged
GST plasmids created via the above methodology. A single carbenicillin-resistant

20 colony was grown to mid-log phase in 10ml liquid culture and then supplemented with
100pM IPTG to induce expression of the hexahistidine-tagged GST. After growth for
a further 4 hours, cells were harvested and lysed by freeze-thaw/lysozyme. SDS-
PAGE of the crude lysate showed an overexpressed protein at the expected size
(27kDa), which represented roughly 20% of total soluble protein, as well as a small

25 amount of the 54 kDa GST-hexahistidine-GFP fusion, generated through amber
suppression. The crude lysate (500ul; 100pg) was then mixed with Nickel-NTA
magnetic beads (50pl; binding capacity 15pg hexahistidine-tagged protein) and the
beads recovered by sedimentation under a magnetic field. The supernatant was

discarded and the beads were washed and then resuspended in a glutathione S



5 7. Amethod as clained in any one of clains 1 to 5, wherein the marker
noi ety allows confirmation of folding of said open reading frane. 8. A

met hod a WPARAER7in any one of clains 1 to 7, wherein the REVGRO1/03683et y 10
encodes the green fluorescent protein2 9. A nethod as clained in any one of
clains 1 to 7 wherein the marker noiety is a peptide sequence, eg a

hexa- hi stidine tag, a conplete protein or protein domain, eg the naltose

bi nding protein domain. 15 10 A nmethod as clained in claim9 wherein the
tag al lows foransfrraseiassaybovifen ontpiainglanMicactaot grigthionpsandil-eileros2 Aay. 11. A

met hod as cl y S inserted
20 such that a%ilﬁ%g%%e?lgopﬂﬂﬁgﬁi %%ggn w]asté:gl(l:%g’ %F}gb%‘r‘% gls %%glél repl aced.
12, A nethod wmpetanirabg measxamg tha abgokbanke bt 31 0hni; thid ravéietigth Boiréspohdtoi S
inserted in-frame in a region close to the termnus of each of the proteins
whi ch is uni n{§rmarhtf theproflastaf e GRE-cpighsed wachoms 13, A nmethod as cl ai med

“in any oge of claine 1 to 10 wherein the tag is inserted in-frame within
the open'reading frame but in a region outside specific donain boundaries

whi ch is uni nagecbmfdls, fcarturfed bEDAB o tainin %Eﬂt}fbﬁ*the?&:éfﬂve&o oeﬁysi a1 med
in any one of claims 1 to 13 wherein anplification of sai 02/ 27327

PCT/ GBOL/ 0369plagnidpmecding an uhuslated Hisepgged)protsindplaning sacepmase) were mvwg

pol ymer ase, T, or t e Kl e nt of DNA JErase
OB A e it Rty Bled TRk 3o it Serlel ST ARl Rl WGP o
of said a' S Gedddd3syihich M ?@enlrﬁlxb@m(me drude Bdste Lortaikng the RS- h%@ediGST
clainmed in any one of clains to 15 wherein said 5" to 3" or 3 to 5 -

nucl easd0i s uflaplxdeneonsirating %bthaobsemsls%%aﬂe\@wém wwag@ﬁcallmome A _
met hod as cl a‘lrﬁggbﬂlgeﬁq}é-tg chfiS"f’:!n?d re%v%ﬂh&t%é"ﬁ%&iﬁ Petﬁﬁk&ia%iig)?ll ecule is
ce roma

a cDNA produ y rever se ranscription sequence A net hod
as cl ai med i nspgeificingnchilisatiahns 1 to 17 wherein said nethod is carried out
on nultiple DNA nolecules in parallel. 15
After completion of the enzymatic assay, protein was eluted from the magnetic beads
15 by addition of buffer containing 100mM imidazole and analysed by SDS-PAGE. This
showed that the sample which gave the positive activity assay result contained a single
immobilised protein of the exact size expected for glutathione S transferase (27kDa),

thus confirming that the observed activity on the beads was due to this recombinant

His-tagged protein alone.

20
Example 2
(a) Vector construction
25 The Inventors constructed a second vector, pMM111, which is essentially the same as

pMM106H (see Example 1), except that the 676bp Nco I/Hpa I nonsense DNA stuffer
fragment is replaced with a 300bp Nco I/Hpa 1 fragment derived from the Escherichia
coli gdhA gene; the Hpa 1 cloning site is replaced with a Sma I site, positioned such

that the downstream hexahistidine tag is out of frame with the gdhA gene by 2



19. A nethod as clainmed in any one of clains 1 to 18 wherein said nethod is
carried out on a population of DNA nolecules in a single pot. 20. Alibrary
of tagged¥@PeRB2hs produced by the method of any one of cIP&THEBUL/03¢P320 19.
21. A nethod for producing a protein Hrray, said method conprising: (a)
clonally separating each nenber of the library of claim20; (b) expressing
the individual tagged proteins in a spatially separated format; 25 (c)

purifying each t ogl%ed protein by nmeans aof the marker noiety; d) dep05|t| ng
each protein WFIQ §8; @Bﬁﬁh%T@ ¢qdlen oh thed§F'P gene iagenlaged Wit

D oduced by ¢ Rafile RACE) ThEo6e S Bpulactigria fh %&fﬁ#@%ﬁ%ﬁ& %&é%ﬁﬁsags
"~0 23. An arrsite msst cbatiainetiic ﬁrstuhdem&:&)fmdm at ith® mdrmpnﬁmixsfrmﬁe iith the r ay

are i mobil i sed, to a sol f ace. r clained in claim 22
or 23 wher e nh"txﬁE‘S %Pﬁgﬂ’éllég?o ?@‘SQP@‘OS ?éacﬁﬁ%ﬁ’é’ of the tag

‘nmoiety. 2S. Af] Jk‘?ﬂj%.()f screeni ng one or nore conpounds for biol ogical
activity which conprises the step of bringing said one or nore conpounds

into contact with a protein array as defined in any one of clains 22 to 24
and neasuri ng, hi pdi of the ope or, 10 re conpounds to the proteins in
the array. 26@3&(}%@{ 10g:PTOE: ﬁ??]!j]]fmiggﬁsagmre proteins for specific

pr ot ei n- pr ot efRe RERLAChEP PRIV beth 588 utSRenti A€ tothBPdRErit¥d lﬁﬁxaﬂlﬁﬁaﬂ d one

or nore proteins, eg a cell surface receptor, into contact wth anh array as

def| ned in anyxoeptefonthedbﬂowmgzﬂodlﬁca?mns i Fitsthn dnlyeaStdTTRywbs indorpgratéd inhe one

nore .specific pro eins w the proteins of the array. 27. A od of
1 e wlly, the

s c reeni 1§ oneth§© PEiRo@t“él? afiop, i gpkeastonaumbsr diip seriiondbl. Seep
interactions phy %Pocﬁfé%éx%%ﬁm%@ﬁn RGO Ned 1 Bid &gb?gltéﬁdﬂhé’o&t&r Nmflﬁl nucleic

acid probes 20 1 contact wmth an array as ined in any one of clains
22 to 24, and neasuring binding and neasuring blndlng of the probes to the

SRR T T AR LT M
aci d. These arise principally from the statistics associated with incorporation of a single a-
15 thio ANTP in to the original PCR products. Thus, upon exhaustive exonuclease ITI
digestion, the nested set of 3’-recessed deletions will all now terminate with a 3°-
thymidine base rather than with any of the four nucleotides. Cloning of these
fragments into the Sma I site of pMM111 will only result in an in-frame fusion to the
hexahistidine tag and GFP if the 3°-T is either that of the first in-frame stop codon of
20 the GST gene or precedes, and is in the same reading frame, as the ‘T’ of the first in-
frame stop codon (this follows because digestion with Sma I results in a gap of 2
nucleotides before the coding sequence of the tag).
Statistically, 4-fold fewer nested deletions will be created by the exonuclease
hydrolysis in this modified procedure than in Example 1, However, since all three
25 possible stop codons contain ‘T’ as their first base, they will all be represented in the
set of deletions and will therefore constitute a four-fold higher fraction of the full set
of deletions. Given the probability of any given ‘T’ being in the same reading frame
as the first “T” of the stop codon, 33% of all clones resulting from this modified

procedure should be in-frame fusions to the His tag encoded by the vector but those



25 29. The use of an array as defined in any one of clains 22 to 24 in
screening for nol ecul es which recogni se each protein in the array, wherein
t he nol ecWP3/2342& preferably antibodies. 30 30. A method FHCHEB&VE693ng an
anti body array which conprises bringi#y a protein WO 021 27327

PCT/ GB01/ 03693 -t 1 array as defined in any one of clains 22 to 24 into
contact with an antibody |ibrary, such that one or nore proteins in the

rotein arra ind to.at ] east.one antibody ~n_the antibody |ibrar
Pe novi ng anyyq.?_ H?l&'g!fﬁﬁf{%@i%@“% dihﬁ’?ﬁﬂff’%‘?téo&‘? B/ I5E (@ Hb@i;" @Rit)msﬁ)ép‘és
bound t0_pr Otig fssd sk Bk&hfeds M IndhtornR sl b0k sliMGiREHREN N0 O

protein function or abundance ch. conprises e step O gi ng an
"anti body ar r agodifiedipfocedute,ithe frhctiomo¥Pracisepfutidedgth clonks Withinnth tgreen’ of one or
nore proteins. I. O 32. .A.pethod.as ¢l ained i Qne_of claing 25 to 27 or
50 whi ch al sgoeblAgPr SeomiReany bt e 5F tpies RGNS e Reresteiein SrEpleas
defined 4n any PRSatie £hdhdR héR dfRorde 3 -sthRCcdihb SRc@ sl RESIQGt chddsal M
21, wherein the proteins in the array are purified and I mobilised in a

si ngl e step. (MBLTGHETGsATSf CEG) eqiaid apdoinetha speond positioby t he net hods as

defined herein. 3 5. The use of a tagged protein produced by the nethods as
defined herein for analysis of interaction between expressed protein and

ot her prot ei ng figkhed dvahfie s thi®modiffcaPpaRedireqs flaha PoRAUGHE CabVe IdsrpBRLLPAS
for immobilization on an afflnltg’ col um/ substrate, for

as, defined herein C I i n m/ st
exanpl e to alintthe heepliof the awarsprimerarsed il thy imtia ewplifibationf(e.ga)

interacting proteing, b) DNA or c) chem cal compounds. 25 37. The use of a
agged. B o e/ IR ST, APhERARHS GOk 5T | MBA e &7 TP PhetT ShC
| mobi Li zat i gRaby.af i mﬁa{% Riaplifid#tidh Wath 4 @rTRBLEATTDRAESSS DY, BB DR HighS
(ELI SA assay) as a diagnostiic tool.

probability then that at least one a-S-dTTP residue will be incorporated at the end of

the complementary strand, at the 5* end of the PCR product. These incorporated

nucleotides will be resistant to Exonuclease III digestion and will therefore remove the

15 requirement for enzymatic steps in specifically protecting that end of the PCR product

from degradation.

Example 3

20
(a) Modification of a second protein using the hexahistidine tag
Following the procedure as described in Example 1 for glutathione-S-transferase, the
Inventors have demonstrated that the procedure is independent of the sequence of the
gene being manipulate&l.

25 Thus starting with a plasmid encoding human transcription factor NF-xB p350 and
following exactly the procedure described in Example 1 unless otherwise specified,
the Inventors have been able to demonstrate the modification of NF-kB p50 such that
the first in-frame stop codon has been excised and replaced by an in-frame fusion to

DNA encoding a polyasparagine, hexahistidine tag and GFP (when the amber stop



30 38. The use of a fagged protein produced by the nmethods as defined
herein as a WO 02/ 27327 PCT/ GBOL/ 03693 . ~2 probe for a cDNA m croarray
39. The YW¥@0¥373Efined in claim38 for the identificati onPET/GRWO9di ng
proteins. 5 40. The use of a tagged pfotein produced by the nethods as
defined herein for elucidating the identity of proteins in the " proteong'
41. The use as defined in claim40 wherein nmass spectronetric anal ysis of
expressed protein conponents of source library or start material nodified
by the 10 me€erids sappressed)nJbaclongs that fuqressedgreen, when excitedwyithdyr uy lightA

A % S s o PR il

’ antibody allowed identification of clones expressing hexahistidine-tagged protein.

The soluble protein lysates of these clones were resolved by SDS-polyacrylamide gel
5 electrophoresis and probed with anti-His tag antibody. Immunoreactive signals were

observed at approx. 65 kDa A, (corresponding to translationally fused NF-kB p50 to
the hexahistidine tag and GFP) and at approx. 38 kDa M, (NF-xB p50-histag). In
addition there was a signal at around 27 kDa M,, which is probably a degradation
product corresponding to the his tagged GFP protein. The sequencing data confirmed

10 that several clones encoded perfect in-frame fusions of full- or almost full-length_ NF-
kB to the hexahistidine tag. In a single experiment, 190 colonies were screened for
green fluorescence. A total of 38 clones (20% of the total number of clones screened)
fluoresced green when excited with far uv light (365 nm). Colony western blottiﬂg
using anti-His tag antibody revealed that 29 of the 38 clones expressed the

15 hexahistidine tag. Sequencing data confirmed that 18 of these clones were full-length,
or close to full length, in-frame fusions of NF-xB p50 to the hexahistidine tag; 7 of
these clones were absolutely full length, His tagged NF-kB pS0 genes and the
remaining 11 His-tagged clones had short truncations of 4 to 1 amino acid residues.
This experiment clearly demonstrates the advantage of having a reporter system

20 indicative of expression and proper folding of the protein. Roughly 50% of the clones
that fluoresced green were full length in-frame fusions to a His tag, or had minor

‘truncations which did not cross a domain boundary, fused in-frame to a His tag,

(b) Immobilisation and functional analysis of hexahistidine-tagged NF-xB p50

25 E. coli DH5a cells were transformed with one of the full-length, hexahistidine-tagged
NF-kB plasmids created via the above methodology. A single carbenicillin-resistant
colony was grown to mid-log phase in 10ml liquid culture and then supplemented with
100uM IPTG to induce expression of the hexahistidine-tagged NF-xB p50. After
growth for a further 4 hours, cells were harvested and lysed by sonication. SDS-
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In this assay, NF-xB p50 first binds to the labelled oligonucleotide via the specific
binding site. The protein-DNA complex is then immobilised in the microwells via the
hexahistidine tag and all other proteins (including complexes between the labelled
15 oligo and other DNA binding proteins present in the crude lysate) together with any
unbound, labelled oligo, are then washed away. Since the antibody-conjugate
recognises the label on the oligo, not the hexahistidine-tagged protein, a positive signal
in the assay can only be observed if the NF-kB pS0-DNA interaction is maintained on

immobilisation of NF-xB p50 via the tag; if this interaction is not maintained, the

20 oligo will be lost during the washing steps so no colour change will be observed.

The Inventors found that the yellow product was only detected in the microwells
which had contained the hexahistidine-tagged NF-xB p50 crude lysate and the
digoxigenin-labelled oligonucleotide and to which the anti-digoxigenin antibody-

25 alkaline phosphatase conjugate had been added. This demonstrated that the observed
colour change was due specifically to the immobilised NF-xB p50-oligonucleotide

complex and moreover that NF-xB p50 retained activity on specific immobilisation.
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The Inventors have applied the procedure exactly as described in Example 1 except
5 where specified to the pool of 10 different genes listed in the table below. The
Inventors have generated arrays of the resultant specifically modified proteins such
that each position in the array corresponds to a single recombinant protein
immobilised through the tag appended as a result of this procedure. The Inventors
have then screened the array by functional assay and have successfully identified

10 individual protein components of the pool.

Table 1. Size and function of the ten genes in the pool

Gene Size Source and Function

glutathione S transferase 950bp bacterial; detoxification

NF-kB p50 1165bp human; transcription factor
maltose binding protein 1325bp bacterial; carbohydrate transport
alanine racemase 1342bp bacterial; cell wall biosynthesis

nuclear factor of activated T cells (NFAT) | 1087bp murine; transcription factor

indoleglycerolphosphate synthase 1528bp bacterial; amino acid biosynthesis
phosphoribosylanthranilate isomerase 920bp bacterial; amino acid biosynthesis
tryptophan synthase (a-subunit) 1122bp bacterial; amino acid biosynthesis
chymetrypsin inhibitor 2 389bp barley; serine preotease inhibitor
B-lactamase 1040bp bacterial; antibiotic resistance

15
Initially, all ten genes were subcloned in to the same pTrcHisA vector backbone since
amongst other things this mimics the situation encountered with a cDNA library. The
primers ‘STforward’ and ‘STreverse’ described in Example 1 were designed to bé
universal primers for the amplification of genes encoded within a pTrcHisA vector
20 backbone.
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Aat 11 Bsp HI Sfi I

Thus, either of the restriction enzymes Aat 11 or Sfi I can be used to generate 3°-
overhangs for exonuclease protection purposes. For directional cloning purposes at

10 the end of the modification procedure, in this Example the Inventors chose to use Bsp
HI since although statistically it will cut more frequently within a library, it generates
cohesive ends which are compatible with the Nco 1 cloning site in the tag vector
pMM106H used here and does not cut within any of the 11 genes in the present pool.
Clearly, in principle any of the primer encoded restriction sites could be used

15 providing that the tag vector contains an equivalent cloning site downstream of the
promoter; Sfi I would have significant advantages in this regard in a larger library
format because it has an 8bp recognition sequence so the frequency of random
occurrence of an Sfi I site within a given gene will be much lower (1 in 6.5x10%) than
that for a 6bp recognition sequence such as that of Bsp HI (1 in 4,096).

20 The tag vector pMM106H is an ‘ATG’ vector, i.e. the 5’-cloning site (Nco I) overlaps
the ATG start codon positioned downstream of a ribosome binding site (RBS) for
expression of native proteins. However, in the procedure described here the Inventors
are not reliant on the cloned genes having a common restriction site at their start
codons. Instead, the Inventors simply rely on the vector-encoded promoter initiating

25 transcription to produce mRNA, with the requisite signals for translational initiation
being provided by the cloned genes themselves. Thus in this Example, all the genes in
the original pool have a start codon immediately preceded by an RBS, irrespective of
the presence or absence of a cloning site at the ATG. Since the primer ‘STforward’
binds upstream of the RBS in all eleven initial clones, subsequent post-modification

30 cloning using any of the primer encoded restriction sites will introduce the newly
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Example could therefore be used in the modification of every member of a cDNA

library in a single pot in a sequence-independent manner.

The experimental procedure was carried out as described in Example 1 with the
following modifications. An equimolar pool of all ten genes was used as the template
for initial PCR amplification using primers ‘STforward’ and ‘STreverse’, after which
fragments were digested with Aat II to protect the 5° end. Exonuclease IIl and mung
bean nuclease-treated fragments were generated exactly as in Example 1 and were
then digested with Bsp HI, which restricts the fragments uniquely within the forward
PCR primer binding site and generates a cohesive end for cloning into the vector
pMM106H. The resulting fragments were gel purified and ligated in to the vector. -
Transformed cells were visualised under UV light (365nm) and colonies which
fluoresced green were selected by eye for analysis by Western blot. Approximately
2% of the total number of transformed colonies fluoresced green. Of these, 103 (42%)
expressed proteins which are recognised by anti-His tag antibodies. These colonies
were inoculated individually into 1.5 ml of liquid medium in 96-deep-well blocks and
grown overnight. Cells were harvested by centrifugation and lysed by freeze-
thaw/lysozyme. The individual crude lysates were then applied to individual wells of
a Nickel-NTA-coated 96-well plate and unbound proteins were removed by washing,
leaving a discrete His tagged recombinant protein immobilised in each well. The
immobilised proteins were then assayed for either GST or NF-kB activities using the

assays described in Examples 1 and 3 and wells containing positive ‘hits’ were
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5 that a11 three encoded in-frame fusions between a GST gene and the hexahistidine tag
and GFP gene; of these three, two were absolutely full-length GST and one was a
§1ight truncation which clearly did not affect activity.
In the second assay, three proteins in the array showed positive ‘kB-motif’ DNA
binding activity. Further characterisation of the positive clones, showed two of the

10 clones were in-frame fusions of the NF-xB p50 gene to the hexahistidine tag, one of
which was almost full length (truncated by one amino acid) whilst the other was more
severely truncated but contained the entire DNA binding domain of NF-kB p50.
Interestingly, since the assay is designed for binding to the cognate DNA sequence,
truncations that still have the DNA binding domain intact, folded, and functional will

15 be positive in the assay. The third clone was found to be an in-frame fusion of the
DNA binding domain of the murine transcription factor NFAT to the His tag. The 3°-
digoxigenin labelled ‘kB motif’ used in the assay contains a specific, high affinity (K4
approximately pM) binding site for NF-xB p50 but this same binding site is also
specifically recognised by the DNA binding domain of NFAT with approximately nM

20 affinity. This result therefore demonstrates that functional interrogation of arrays
generated by this procedure can identify both specific interactions and also weaker
interactions which are nonetheless specific and biologically relevant.
In a subsequent experiment, an array containing ca. 340 of His-tagged proteins was
prepared according to the method of this Example. Analysis of the array by GST

25 activity assay showed that 8% of all proteins in the array possessed strong GST
activity. In addition, PCR analysis was carried out on a pool of the 340 encoding
plasmid DNAs using gene-specific primers and this showed that each gene was

represented in the His-tagged collection. These data therefore provide further
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PhmaBM | Examples to create arrays of functional proteins in a microwell format and using these
5 arrays the Inventors have successfully identified three different proteins from a pool
based on either specific protein-ligand interactions (GST activity assay) or specific

protein-DNA interactions (NF-kB binding assay).
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1. A method producing one or more proteins in which one or more domains are
full length and correctly folded and which are each tagged at either the N- or C-
5 terminus with one or more marker moieties, said method comprising;:
(a) providing one or more DNA molecules having an open reading frame encoding
said proteins together with 5’ and/or 3’ untranslated regions;
(b)  amplifying said DNA molecules under conditions that statistically incorporate
o-S-dNTPs as well as dNTPs into the daughter DNA molecules;
10 (¢)  specifically protecting the 5’ or 3’ end of said DNA molecules from nuclease
digestion;
(d) treating said DNA molecules first with a 5’ to 3°- or 3’ to 5’-nuclease to
generate a set of nested deletions followed by treating with a single-strand nuclease
under conditions that allow removal of said 5’ or 3’ untranslated regions including the
15 start or stop codons of said open reading frame;
(e) cloning the fragments generated by step (d) into an expression vector

containing a coding sequence for one or more 5’ or 3’ marker moieties;

® expressing said encoded proteins.

20 2. A method as claimed in claim 1, wherein said amplification of said DNA

molecule statistically incorporates a single o-S-dNTP.

3. A method' as claimed in claim2, wherein the single a-S-dNTP 1is either a-S-
dTTP or a-S-dATP.

25
4. A method as claimed in any one of claims 1 to 3, wherein said nuclease is

exonuclease I or A exonuclease.

5. A method as claimed in any one of claims 1 to 4, wherein said single-strand
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6. A method as claimed in any one of claims 1 to 5, wherein the marker moiety

allows confirmation of expression of said open reading frame,

7. A method as claimed in any one of claims 1 to 5, wherein the marker moiety

allows confirmation of folding of said open reading frame.

8. A method a claimed in any one of claims 1 to 7, wherein the marker moiety

10 encodes the green fluorescent protein.

9. A method as claimed in any one of claims 1 to 7 wherein the marker moiety is
a peptide sequence, eg a hexa-histidine tag, a complete protein or protein domain, eg
the maltose binding protein domain.

15
10 A method as claimed in claim 9 wherein the tag allows for purification of the

individual proteins in the array.

11. A method as claimed in any one of claims 1 to 10 wherein the tag is inserted

20 such that the start or stop codon for each of the proteins is replaced.

12. A method as claimed in any one of claims 1 to 10 wherein the tag is inserted
in-frame in a region close to the terminus of each of the proteins which is unimportant
for folding and function.

25
13. A method as claimed in any one of claims 1 to 10 wherein the tag is inserted
in-frame within the open reading frame but in a region outside specific domain

boundaries which is unimportant for folding and function.

30 14. A method as claimed in any one of claims 1 to 13 wherein amplification of said
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15. A method as claimed in any one of claims 1 to 14 wherein the ratio of said o-
5 S-dNTPs to dNTPs is between 1:1 and 1:3

16. A method as claimed in any one of claims 1 to 15 wherein said 5’ to 3’ or 3’-

to 5°- nuclease is unable to hydrolyse a-S-phosphodiester linkages.

10 17. A method as claimed in any one of claims 1 to 16 wherein said DNA molecule

is a cDNA produced by reverse trénscription from a mRNA sequence.

18. A method as claimed in any one of claims 1 to 17 wherein said method is

carried out on multiple DNA molecules in parallel.

15
19. A method as claimed in any one of claims 1 to 18 wherein said method is
carried out on a population of DNA molecules in a single pot.
20. A library of tagged proteins produced by the method of any one of claims 1 to
20 19.

21. A method for producing a protein array, said method comprising:

(a) clonally separating each member of the library of claim 20;

(b) expressing the individual tagged proteins in a spatially separated format;
25 (c) purifying each tagged protein by means of the marker moiety;

(d) depositing each protein in to a spatially defined array.

22.  An array comprising proteins prepared by a method as defined in any one of
claims 1 to 19 or produced by the method defined in claim 21.
30
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5 immobilised by means of the tag moiety.

25. A method of screening one or more compounds for biological activity which
comprises the step of bringing said one or more compounds into contact with a protein
array as defined in any one of claims 22 to 24 and measuring binding of the one or

10 more compounds to the proteins in the array.

26. A method of screening one or more proteins for specific protein-protein

interactions which comprises the step of bringing said one or more proteins, eg a cell

surface receptor, into contact with an array as defined in any one of claims 22 to 24,
15 and measuring binding of the one or more specific proteins with the proteins of the

array.

27. A method of screening one or more proteins for specific protein-nucleic acid
interactions which comprises the step of bringing said one or more nucleic acid probes
20 into contact with an array as defined in any one of claims 22 to 24, and measuring

binding and measuring binding of the probes to the proteins in the array.

28.  The use of an array as defined in any one of claims 22 to 24 in the rapid
screening of a compound, protein or nucleic acid.

25
29.  The use of an array as defined in any one of claims 22 to 24 in screening for
molecules which recognise each protein in the array, wherein the molecules are

preferably antibodies.

30 30. A method of generating an antibody array which comprises bringing a protein
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compounds.

25
37.  The use of a tagged protein produced by the methods as defined herein in the
immobilization by affinity purification for interrogation by antibodies (ELISA assay)

as a diagnostic tool.

30 38.  The use of a tagged protein produced by the methods as defined herein as a
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~ 39.  The use as defined in claim 38 for the identification of DNA binding proteins.

5 40.  The use of a tagged protein produced by the methods as defined herein for

elucidating the identity of proteins in the ‘proteome’

41.  The use as defined in claim 40 wherein mass spectrometric analysis of
expressed protein components of source library or start material modified by the

10 methods of the invention is performed.



