WO 2006/024875 PCTIGB2 0051003417 1 METHOD FOR DETERMINING PROTEIN
SOLUBILITY The present invention relates to methods of screening for expression of a soluble
candidate protein V\glthln an expression library of candidate proteins. The F&L&% |615volve§ fusing each
candidate pro\tv?n RO library to a peptide substrate and identifying cells express soluble
candidate protein by detecting enzymatic modification of the peptide substrate. All publications,

patents and patent appltg%t t !*3153 gﬂgﬁ@ﬁé {}3 Cge(b[%&eé Background to the
invention Structural gen lfg?aﬂs%%g?oﬁﬂ reasing inte %?ﬁ# g@%ﬁe elucidation of protein
structures 10 is important to enhance the understanding of protein function and thereby facilitate
pharmaceutlcal ru development Protein expression and purification are key processes in such

studies, and&r& HENHER 1597 ABTRE fo° brOAERBES SEPRr T eR] reCBIbirRaAL roREIT "The
preparauon%thmatétt%eﬁéwgﬁlhm@i SR dHsREaSa Thednpaiedusivrlves duping Prshicargditas Frteibb)
expressionigybeehbrisyoltentapiiripsvbeirigy thé isnfiyinatol diinsalssicihivioalididatprotesin Aggregates
(inclusion bixtiad)g degratdatiodiByapsoof gsegsppieladistateexpression. E. colt is a common expression

host that omi nﬁt‘kes misfolded ﬁ:oteln W en OblIgteg to over roduce non(ﬂ]m} ene products. This

ve
catlo? Hatents atent ications hergin ar neor: ora ed in gxﬁ rence
severely limitshthe UseftnREss o 8in in areas sUCh as struc analysis by crystallography

and NMR apgtityritadhedtavevalkisticcess rate of current structural genomics 20 projects. Conventional
approaches to problem of insoluble exgressed roteins include low-temperature expression, the use
of promoterditR U $FEPEHE PR A IRE ! r\/éﬁ’f@tﬂ%"é TSR SRR B “ﬂfg%?? Pz§§§°t’fl33§tﬁﬁ°§?rﬁs8 &
WaughDS i ERRMERIEH £TBHCH R JREehTHas ﬁfd’(@fﬁ"?sfﬂ}‘f%‘?n?ﬂ‘bFh?r%ﬁeféﬁ\}é“étp‘ﬁfﬁﬁféﬁ?f@‘the
solubility ofdsegyisepieeeanto which it is fused'. Protein Sci. 1999 Aug;8(8):1668-74) and modified
growth mediaMAIASS R anHRIRAIES 196 e iRURALI MR S HRIGSHIAR QRAPTRRAR vy Syescherichia
cols’. MlcrOt‘)ql R% rogu e Fﬁp t‘éﬂ % recomgbman ﬁ(\)@m'o‘ﬂpt %%?PP&Q% rQ ererV()r I3 {Qf thlg difficulty
e

is through s ructure ? I ggn no agifl. seguen Pro ein o gterest nformation
such as hoMor 'On n”Fnls Ats $8E6N arqys ture pr@?scsﬁ%“ns?é? 3?0'3" et the ﬁosnlon of

stable 1§o|ut9réﬂ B Bt A B PR RSO (inelpsiep drstieth PN B AIRIRFA then
expressed 4l eEgraEsFiRIsolubility. Despite continuous 30 progress, the purely “rational' design of
proteins with desired BHORSILGS . SHahas SlRBHILY .95:(%9ME@ld@éBP@éﬂ%eﬁo%@%%%rﬂﬂ%cQOt

generally feaS|bIalv N inthePresenge lve shrHc |_mect areustl cnfgg natio itis
difficult to plrlgquet% t gegﬁre%cqstg%tp ﬁiﬁ(ﬁ?g)tﬁﬁig%gﬁ r%lglilffy 6j’Lth}éIzlgrep: still Titde |Ln mat%o%l as to how

;
amino acid secfﬁesn YA r aSpect of protelh Suuctire. from it Poy CY Stfocf)e? pressed in a
heterof8goRE¥Esy feoﬂ‘ée'éﬂ? aPé"l%ﬁH‘Tﬁtﬂ@ﬁ"'ﬂ%{ﬂ\?«g’8??\/‘??6%%%%“3‘50%&5é?ﬁl?t%‘?t‘&whtﬁ\?@eﬂaé‘fﬁonstrated |
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adjustmentéKnnasiyREF &hitrveir &8isistesehisr b palistebinties sigisificanncdisrmbestigithin 2he protein
molecule arpebivicinfoimatietprogra nesy peesides ke vihych itais | Brtal prédiets accupRteugrBidh GasAtations or
mutations vtk RerEASE dpsate ineatd Wilikyid S\ 3B SShiddd EEfSHEETi{RhigHE 26) expression of genes in

25 Escherichia coli’. Microbiol Rev. 1996 Sep;60(3):512-38. Review).

Another approach for overcoming this difficulty is through structure prediction from the amino acid
sequence of the protein of interest. Information such as homology alignments and secondary structure
prediction is used to predict the position of stable, soluble domains. A truncation or mutation of the
target protein is first constructed and then expressed and tested for solubility. Despite continuous

30  progress, the purely ‘rational’ design of proteins with desired properties, such as stability or soluble
expression, is, at least to date, not generally feasible. Even in the presence of extensive structural and
mechanistic information, it is difficult to predict the necessary sequence truncation required. There is
stiff little information as to how amino acid sequence affects every aspect of protein structure, from its
ability to be expressed in a heterologous host to its ability to fold in non-native environments.

35  Experiments have demonstrated that ehanges in protein properties are brought about by the cumulative
effects of many small adjustments, many of which are distributed or propagated over significant
distances within the protein molecule and bioinformatic programs are currently unable to predict
accurately which truncations or mutations will increase protein solubility.
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WO 2006/024875 PCTtGB20051003417 2 In normal structural projects, several tens of clones may
be constructed and tested for soluble protein expression. With such projects, the possible diversity is

greatly undersampled and often solutions are not found. Additionally, with manéprotelns redicted
from genome W&#85{88There are no known homologues and this limits Ffer&HRRAIRANHALS o
bioinformatics approaches. High throughput scregning 5 strategies can prove effective for dlscoverlng

soluble Conﬁfu&&ﬁaw&%%@ 9&%&1@%@1&1@&%&%&%&@9 AGGLRieARalsIsAfaroe
numbers of e rE#)rsels():?‘lo\[;\lhchonqqs og%gnglf%/ Solélsltg‘bLﬁ tructs or (}ructure de'g—;rm3 ng;q nonlsf grile whole
a

proteln does ress or CI’ stallise next ?%} generate tI’UPIC&tIO%S or randgm mutations

and retest. AthBgh fdtieret: n%vé%ﬂ‘dﬁ’(o‘ﬁf’é‘grﬁé’f SO AW A g e B PreliS braries;
and (ii) the 1onelogpeaq/ibie &mﬁ%é‘%y%&ﬁ%ﬁ?ﬁ%&}&ﬁf@fﬁ?&@ﬁ%&?@*ﬁé‘wfhf?ﬁ%‘%‘f-&é“'mﬁ@ library,
the practicabtiiteiissiraposed ¢ipeiine den digspyorinsrelbbr copptbritnyhex pradaibppimashesrésthess this
practice. ThexquitintetecairoimkperihBriemsmibo oisiptesoqpresssacsohbfe oitaviestaMisatitddorm of a
protein of inkeraskigetorsiathasismall pessibien\vacioniseofrastargespioiei mansseseandbenrrder soluble

expression. GlenRs SRR NG walbRienpreigin can be used directly, or can be used to seed the next
round of library t5 construction and selection. Such experiments would yield a massive number of

clones, whichiiengi(isemenapetiglosier eermu o Fatton s ress B Pasong thrissptttdii. Keveral
system#havbdessritdesdibbar ehretenavodbiametoniisrapydolimbiizs afittibrs Smeimrsital protein
of interest (ganeratpdsby vardoentnpiagenresis srdmingatiprisitim filsioiss eponterthircprstss. leandidate
protein and aifieRerian ROiLBMshan ersikisdeiesiabie fealitie or biateiianleabtivitf arerd@respressed
as a genetic;fusions trigrmalieabeuiiboaialping stateghihe RrateiRGaRREE 5IVEE &k@resdon.
screenable gqgele QAS@%B\{IBYJ%M% ém&iug@@me%@}ﬂm B GUIINEEPREELMEIROSs Hamally
involve fusion, of 8 mxtner sefe % SO'“Q}L' r%‘&ff eﬂFagmgsr ‘?\%” HHQIeSCENELIAARIR {RI):

0!‘ t

Chloramphenlcotf acetyl transte actosidase. In the GFP fusion reporter method,
the fluoresceMF\IRYE" éﬁfﬁeﬁrowdes n 6r?rsf3 ioh a% GERE FOIdiRG state 25 of its fusion partner. Cells
expressing GRRriusaetie Bapobsby ldatththal ible feciieirnflidendfoeg|edsblbriglithys thibntindgiate
expressing GRRifusemdRes \weHefaldesl sahdble RioiRins hPrnrals theutaldirgoyield aidhe dest
protein, which j;stb3RAUEDHY SYISRIGHNINOM ReGRPAGLNAIEINGE S Golgls sragnsand
dhrected voLIRNLIALP fote' Bf?&g%'“t hioreifcP R GRIMBI RO R SFueREYIEM 230 The

mventor(iwas pFeV| &m .a fysign esjo%rter Sysiem based on the use of biotin carboxyl carrier

protein (BCCPJ44 aef)’ro ein- a?'ker £ystem. the biotinylation domain of BCCP from E.

coil is fused rasiotasp@ratelthdthaspeliyestyvofadch sécOrndaripdpartertiasiusiiyotpreial (his aiemain is
recognised hy.erseaenows tosPsedinaiippiaieindigasawhiek ioimyateathaisessase. host cells
expressing cggiealiniqidertantReatein ARABGGRIdemain wilirstRosiivenfihe.presnpcads of the
biotin grup QWQ(P@JQ%%% RIQIe . Eﬁﬁegsfa rapﬁm&%@%MW@MWG@QM@MJ@ ificreasing
SOIUbIIIty an d t%'{fxmlrﬁlfo' n ssslta% # use %earb\;[gr}:qcﬁi %E‘, ro cif. é?ﬁl%to qov%lqpxeﬂ?§§% ystems,
S

which limit thelﬁa tonomous

ng.r I
beta-gal or By ﬁw%?Fﬁ roécﬂn wl'iuch 1S su sequently ex TESSe Vgthglp e&PIEOtEE( Gg; Clx:;hgxc
screens and dxrected evolution for protein solubility’. Cwrr Opin Chem Biol. 2003 Feb;7(1):33-8.
Review).

30 * The inventor has previously developed a fusion reporter system based on the use of biotin carboxyl
carrier protein (BCCP) as a protein-folding marker. In this system, the biotinylation domain of BCCP
from E. coli is fused to a test protein. The correctly folded secondary and tertiary structure of this
domain is recognised by endogenous host cell biotin protein ligase which biotinylates the domain.
Host cells expressing correctly folded test protein and BCCP domain will test positive for the presence

35 of the biotin group (WO03/064656 ‘Protein tag comprising a biotinylation domain and method for
increasing solubility and determining folding state’).

However, there are problems associated with these systems, which limit their applicability.

The use of autonomously folding reporter proteins (e.g. GFP, CAT, beta-gal or BCCP domain) can
generate problematic false positive rates due to their large and soluble nature. This can generate
40  overwhelming false positive rates because the reporter can tolerate fusion of otherwise insoluble
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generate problematic false positive rates due to their large and soluble nature. This can generate 40
overwhelming false positive rates because the reporter can tolerate fusion of otherwise insoluble
SUBSTITUTE SHEET (RULE 26) 3 protein X fragments or full-length proteins without itself becoming
insoluble. This may not be a problem when the tag can be left in place e.g. when immobilising
proteins via the tag or performing biochemical analyses on the purified protein, but many applications
e.g. proteinpesystati dgrapay, orefjititenggnmovahotitietagey pramage cidaviagéhir genetic idedetion;
much time grgiaxpesseisdeshibye RIPGESRIG.Elones MAbBULALgreniyagotegate pifleghade upon
tag removaj;angd are thefelare upsahic| }étals%m&@%;fmcﬁa@nﬁusIgnpﬁmrﬁl&stszaln@gsi@gyaded by

proteolysis SHINASXRITRPIR0N W KRnillCLinaVe? g%&%@*&%@tx@H%%%ﬁ‘%‘%@%iﬁf&@@%%&' ythat

11
generates af% OSItI e results. ese e ects are ver %Inmon observed with fus negrotelns such

as those coMBSTRg ANSsBiNtRig ArbteirEgh tat?uon transterase, GEP . thioredoxin and is
presumably’%t“@’@ﬁe hlséfﬁécﬁosﬁ‘ﬁiﬁéofﬁg& %Fé?é?’i?:té"bf" %%%Wé%ﬁ%ﬁ 6‘&%5?%8%‘@‘3& a
solubility reperterthighderyly pertemsditresseastuBmEFord) tﬂi‘ét Rioed'ts fRtfrieifrore iso5kst the fusion
proteins disdiesedrinving @riorahe dasgeep rotdirfisidmarreixampld, fdior GhGRRZmatasdwthvg size of the
protein by appeeyimatedyo i/ skidasitrxpreSERmhokdargie tugidnpproteibly mdensedllefeoprdblambdic, with a
practical limjtadian Qfrabeihh QOKRASIFHYation sitisies, whaiTembied \witbngyppsimentsaand
sequence/s;g%wﬁoqw%gf@sg@%ses can help delineate major evolutionary factors responsible for
shaping proteins. However, the potential of such studies has not as yet been fully explored.
AccordinglyFatikaniri snextisfiha ypiomtmeteiasidittesel i FdhetpdotEG eSOt BoRfatbeRf&tsielpid, high
throughput andikliablesschesning ttthetex byessadipaithias dx dauressop oS sittlefinicherotrénall process
from cloningstg. swuaawebdetarmtmacaimwmwbe slsstidPidbsoluble expressed proteins. Suitable
methods should allow the h| hroughput screening of a large number of(?w olecules contalnlng

different vartaRt St ARSI MIB PBFETEEE AT e S S FaRRH AN Sh blecules
with |mprovéﬁ%@‘?ﬁ'&ﬁﬁ@“ﬂ%%ﬁﬂ%ﬁéﬁﬁ@%ff’éﬂoasﬁﬁlétﬁbéhf{ﬁ“fﬁé’rﬁfﬁﬁst B‘ﬁ‘aﬁbdkfea?fﬁwgf’é gt an
expression libraspdeskaiaptssotiheivitilarpistedns, especially when used in combination with a

mutation or gruncatian B!QS%%% &U@*ﬁ%@@mpé%mr@@rammm h%@dﬁé&%r% salyhie variants

of insoluble rotelns wou ptflrge sation o

eyel ex XPressl r rotein

more afforda Pegaﬁg féssﬁa%oer%ﬁcgnf&é |t|on )I resﬁ ?n&eh d eﬁio ﬁ)% SOQ“ i &er%f%rﬁc%ﬁ
pertubatory SHB AL GrHR T RIS h S SRR SR 5u178 Sr%fﬁtllr%“é’e ev)\(/%mfs o AR StEhS YadUired for
structural arfBfsId sted §’Y§1‘n@9§l i fh@?é&?@a i%f@enﬁ‘r%t‘éqr?s Ues F‘(B‘ﬂ’t?ﬁél?/fdf’g?&%fée‘iﬂ’wm‘?mall
peptide tags!Beranresiaas soienerainvitsibhsclStivnparsso pIREINs RS MREIBEanpE MREEHEhisms by
which solubleitairigrts=ofsalnbificollideeprotbiibnTdysise setetrdoioiththbse thrivehamiariysineicoding
region of andnsedtibleliproteil eainlie shanipidetepkoteanskapedatinovexpressédad tombietepminighvehether a
particular manipidatienpradicasadtehibie yatiaaticterdinglyathefaciotaithairabiest thgants
solubilizationof theRsebdle REieintambegdentifiadbyiseavansingsbitsrancedingnusieisacid
molecule. The meghanisms.thus.alsg e mansaRknsighisdue the.praein feajures:that impact on

pertubatory effects of any fusion partner and ii) should minimise the downstream steps required for

structural analysis such as removal of the fused tag; proteins are routinely crystallised with small

peptide tags but rarely as bidomain fusions.

Summary of the invention

Disclosed are mechanisms by which soluble variants of an insoluble protein may be selected. In these
mechanisms the coding region of an insoluble protein can be manipulated, translated and expressed to
determine whether a particular manipulation produces a soluble variant. Accordingly, the factors that affect
the solubilization of the insoluble protein can be identified by sequencing of its encoding nucleic acid
molecule. The mechanisms thus also give important insights into the protein features that impact on

solubility.

According to one aspect, there is provided a method of screening for a soluble candidate protein within a

plurality of variant candidate proteins wherein each candidate protein is



solubility. According to one aspect, there is provided a method of screening for a soluble candidate
protein within a plurality of variant candidate proteins wherein each candidate protein is 4 fused to a
peptide substrate of 50 amino acids in length or smaller, such that a soluble candidate protein is
identified by the detection of an enzymatic modification of the peptide substrate. This novel method
does not rely on the peptide substrate itself exhibiting some kind of testable activity, such as inherent
fluorescencgdn thepepse abhGEPOsenzymatic tutagdertimtie case bt chibkmphiehicotddeiyl

transferaseqhg-updadying priocipleRehinditaeiuserf sughpadjeeptide:as a solubility reporter is that
only soluble molecules are efficient substrates for enzymes, Therefore, only if the%peéntide is fused to a
&l

soluble canBhdateystorshotren erit Y oriieceatiderate et Hre bR AN hERESS 18 ¥8fding of the
peptide itsedttiithoweves, itligdusBebtesencingolhbleassr ol PERSTHEYRAS FURAFHR Peéptide $hodifying
enzyme actiypsitplisrserarelyl ieskietad e steiidyimel mifkigiobdiire akows frdchegligitife enzymatic
modification yjll;agcupsasulting ihe Regaiivelcunemadifitttiphanttypes fhdditionallhdtieptdds are
expressed ifp ér?é’}%{lf?& i Eo00ls: {Aaoneuidinappeniil iusathaut eliframeaaa aene okgeneiagment)
they are geniclaliy insiapic. piolealysed apdinsirinie remaved ipmdis eeloaqainiiesiliing in a

. 0

default negafivé phenotypé. The is.amenable’to the hi oughput, apalysis,qf Ap,expression
library, for e‘%&ﬁf&e‘,’% S8y TR BERsIAS Ygr?%iﬁsgverreg erierﬁgl%l&c%gﬁgtn strateg%ege%[ayo e a large
e

‘number of \ariaPfel gl saaE At TSR IR dh R Procedlite thid Greaty increase ances of
successfullyidtEntifgiygibpsesidesiare srieraerehin 1oighty BpHeds, ppd i Pord el itde
substrate issgaadanehinfrtany thesadomsserdly sieibicapropelires and epiearcarsrd dendbeeelbf the
candidate prgh@inésulnhich it isfusedednithipteasetheliermethet sigmifivait ot dnaintrieresf, in.
relation to ag, aljgsadiom QkaRhysicakehdsasieripic wheansed varantehbeiteqroteln 50%66piess of
the physical gharacterislic, foreXammig 4AR% a6 !858: thud¥uan leshigt braabirQriasg:ily 300/lo or
less, +1- 25% 0L 58yt 1 8056 §rI058t LREAAIES ind A Al Shidhy L0 Slesangnsmaller.

alter

Preferably, tﬁ%rpeptig]g gﬁafgstrate 0es no e physical characteristics of the candidate protein to
which it is fu¥8§"such physical characteristics include solubility, size, charge, folding and assembly
mechanism of,$hepeancigaiaisciein.aid partiau dnadvantagisitatthies tiubiliticd ctheceritittate
protein is nejfhgt PEIGHResneh & WRERds fikis imils the deauitencesihifdse’ pasitiventeduttsf.that are
common in t!}.exﬂéﬁiﬁmqg%oegé&'ﬁtﬁﬁmBﬁiﬂ_rcﬁr&}ﬁ%téﬁ&i@%ﬂ;ﬁﬁi&tegiwéé $heetiaenofape ofaldedt, soluble
reporter molgeucewhichallLiolerale sign of athetwiss, nsalbulle: RIGlalD fEagimaits..A funfigr
advantage is that e pefhodologioplions 2 uaniialiye, analysisotdie vishapchsolubli .
candidate prot&ins to bemSdc as wellas a’cgaeltatlve gnalgﬁégér'l'@s §]Iow a user 10 select clones

encoding parrEarRy SEIaME‘E SRS BrotdiAsTor s n rotein

' ins’for a 3'I§}§|s anaf(frn ulrc%l Oerkéié:as ofm I‘NPU| tion and
screening. ThiieBriis dassehiGate ProTEH BEGEBd FefsHIn R B YNy Br St of paltide, Syithdtic or
naturally- ocowiingsinciliting2poasnpfeigim rratisdRfpatas fﬁﬁhﬁ?ﬁ}éeriiobpﬂf&ﬁé,%c%ﬁ%nt
proteins, fusieneand hyibricpproteinsoaetibugibdhiriis br oreaereing Wtreshivermlsa Feitide

substrate' incljgasmanyshashagianeobpeptide eomgrisingsasaind wibits joirrdduteschablvbtivkblsy peptide

bonds or mo@g&%ﬁ%gﬁg@e@%@ﬁwﬁﬂ-t@%ﬁﬁ@@sﬂ&@&ﬁﬁﬂ%ﬁﬁbiﬁs’t&ﬁ% protein fragments.

A further advantage is that the methodology allows a quantitative analysis of the yield and solubility of
candidate proteins to be made as well as a qualitative analysis. This allows a user to select clones encoding

particularly soluble candidate proteins for analysis and/or further steps of manipulation and screening.

The term ‘candidate protein’ as used herein may be any protein or peptide, synthetic or naturally-
occurring, including protein fragments, polypeptides, multimeric proteins, recombinant proteins,

fusion and hybrid proteins, antibodies, and so on.

According to the invention a ‘peptide substrate’ includes any short region of peptide comprising amino
acids joined to each other by peptide bonds or modified peptide bonds, i.e. peptide isosteres. This term
refers both to short peptide chains of between 5 and 20 amino acids, as well as longer oligopeptide
chains, of between 20 and 50 amino acids. Such peptides can be fused to a candidate protein and must



refers both to short peptide chains of between 5 and 20 amino acids, as well as longer oiigopeptide
chains, of between 20 and 50 amino acids. Such peptides can be fused to a candidate protein and
must WO 20061024875 PCVGBZOOS/OO3417 5 be capable of functlonlngpas a substrate for an
enzyme, such YR peptlde substrate becomes modified by enzymatic SCHSRAREY EHuble.
Preferably, the peptide substrate is small in relation to the candidate protein to which it is fused. For

example, inthe,gage &f iMaRAANAIIAGRINIEIRS &3 BRLAR IMRATAR INAheSkERlhepaRtide 5
substrate b%gdmga@ %%{n%lﬂ qgmgjll gitlgilonger pepﬂd’e substrates may be tolerated without

perturbing the structur e candidate protein and thus leading to false positive results. In contrast,
in the case be&mbly.chndidade ploteinss shelpaptdt eubskatendhioe| dritksally vadcastsmtateasFpossible.
Preferably, éhemgiagth ht theepeflide sulibiadieaaes Nkt rxcoahpOmolhanke sathoofitbe saadidate
protein;smokguateie Rbi ihdnssyohaxcardsi s ablie: Isgath alithe.cangligate DrIGIN W¥eR more to
preferably, itslags, q;eem%% bk chibadenalh gl mﬁ@wgmtg%om;@gbsmg SR RS plgferably, it
< less hanSior R RidhESpRSIda's, Prolel Elsisiebly s Rspife subs agtgp's Sfort. being

50 amino a%ld?r e t q#‘) 3 d ess gess Y853, 25 or
less, 20 or l€Ss. 1 y(‘) esesfl orie §p ags® o?es?rﬂgllexce Perait I\eé‘%iéﬁ é’é" SatsidiSe is linear

and possesggéewoff@f?a?ff;fgfﬁwﬁaw%y‘?hms%é%t%ﬁfm@gﬁs sEsB RS RSE D 6V h e
structuted, fieEEblmieAese el %ﬁ?ﬁﬁ@%@fr&l@fegé@dﬁd%ﬁyag%@mp@mw@ epaeqtepr fiepbidlit
substrates irdhssidansitidtbettrasthof the suididateterfon biotin proteln ligase. One example of such a

peptide SUbﬁg@;@b e daninaaed &e@?{f ge,g C%@C&%lgs%x pRt daRdand Bﬁckz%“ gtat

(1999) [Sch of pe raries strat ICIt o?a pe fitle- modlfylng
enzyme: a f}? ‘tesid ugs?ior%s?ér%fis%{géte Je’3b s Sylg ' éf&%ﬁﬁcﬁa"%ﬁszﬂ Bt&&hnology,

ionin’
11 138-1148;eReathettint pept(d0883tAteriinimat peplidesubsiratedy hiatnrhdoamnzymeant that the

synthetase-gaialy e oty kationRiatedn, Seleasr-fR34-228kHbR seLsss Qhifiisaratide is
GLNDIFEAQKIEWHE and several close variants also exist. When fused to a soluble protein, the

peptide actd HEEd BFEHG S IBBIG N Yot PYas Ehah A s RS TRt fios TR PXOBtSHiHeateI Qe from
biotin-AMP t&hRlayéifrstrasentideorbsieisdy thericeming reid maetitn cbrrantprisad inf§skase O9fiderito an 25
insoluble pa#nakstt ittisla (EPH)inedrsielt 61458 rble. Fhenide bfpaptiderspbstvstas tpatificeysebstrates for
biotin proteipefiggseailying protedns 16 bederesneddoppalichiityify detRetibnnviitEstepiayidin
conjugates. figeaxaip|a, a Wesie/Biype QLotdbnt mighthepipast inwhiehsteptavidiapaioxidase
conjugates saimbescleiesied with:SnemHIUmingseenRse: of Jirreiy)using H@@%@QHQVQ&J@@H%@
streptav'dm@mmlﬁmﬂ@wgraﬁarugo&gst 8ede %&M%?@@% TXPRA: S SRBROYALS, %at are 30
capable of binding, to glsoa:ugug:fraltle ﬁn”x%%‘&ﬁxa"r'o 0, Ayidin ¢ a” monam aisie V'd”%mu%en‘?o'}n} cuig?gtl €
substrates Is wbcil\%je pe } a act)c Bs trates 1 coexpresse&S Kina uch
example, casein kinase Tf) BT ST Sak e eFec%ﬁlﬁte's 0 87H"ﬁijna\1’g]ée‘fo‘h“ﬁ'ﬁ ﬁ 8&?5?90'&?“%”5
When Fused‘l‘?)"lé{bé%ﬂﬁ‘ﬁf‘érp?dfeﬁﬁ e%é‘ﬁgfiﬁ&‘es ?@atﬁﬁkﬁﬁﬁlﬁ@ﬁﬁ‘ﬁ) RbiEals DA FHtrtE a6t e kinase
and becomé&¥PhEEHABrRREE R B % SPEEfit fe it erqmyd Ay privbdiipudetestisadvilhereintisied, 35 or
fused to an ¢asbkdse PartnenpistficNptphagsorgation oiztdpepstide dods srettaddirpePhRugsghorylated
peptide substraigseareadebeotedctsingith spesificartighosphohntipdyinBindigrefcthey labelled

streptavidin and a fluorimager instrument e.g. an Amersham Typhoon. Other compounds that are

30 capable of binding to biotin include neutravidin, avidin and monomeric avidin.

Preferred peptide substrates also include peptides that act as substrates for a coexpressed kinase such
as, for example, casein kinase Il, a ubiquitous serine/threonine protein kinase found in eukaryotic
cells. When fused to a soluble protein, the peptide (e.g. RRRDDDSDDD) acts as a substrate for the
kinase and becomes phosphorylated at a specific residue (S). As previously described, when unfused,

35 or fused to an insoluble partner, efficient phosphorylation of the peptide does not ocour.
Phosphorylated peptide substrates are detected using a specific antiphosphoantibody. Binding of the
antiphosphoantibody to the phosphopeptide may be detected directly e.g. using a fluroscently labelled
antiphosphoantibody conjugate.

As the skilled reader will appreciate, there are a number of ways in which the peptide substrate may be
40 fused to the candidate protein. For example, the peptide substrate may be fused to the candidate
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antiphosphoantibody to the phosphopeptide may be detected directly e.g. using a fluroscently labelled
antiphosphoantibody conjugate. As the skilled reader will appreciate, there are a number of ways in
which the peptide substrate may be 40 fused to the candidate protein. For example, the peptide
substrate mayst2M068%#¢&°the candidate SUBSTITUTE SHEET (RULE 2@%68;%@%%875

PCT/_GBZOOSlO_03427 6 protei_n by non-coval_enté_bon_ds. The peptide substrate may be fused to the

candidate protein RostsansIaH WAy 1% Rydateinbiglods, etatably die.pgrtide substiate may be

fused 10 the LRIy B0 IE L YRR angR, ol AR oM A ERAT & BaG iR 9"
refera gfy tide' s raté Is expresysed as a genetic fusion

W

chemical linkage d 20 8n P & t}Le ef‘éég. ! as ¢ ,
forming a re‘%f8?ﬂBi PRI ROP S &R e’tﬁ'é RRIBYEY br?ﬁgiﬁh’?ﬂ@a‘g‘gg“ﬁ‘f{él?&ﬁgﬁ_é’?fbﬂ’c“fhsions, the
attachment BrefRaYse thrre sl SHRRER S e PIEsted T Rises i Steinn-domits ot mhipah Feserarncive
achievedl ustrith theceohdpineivtcND ceeristt sieahterietic Aetrnssthh etaphinentadithseagtiensbstthandusion
protein, withitheaBiMAtsamondingribepephadersubstiztes dchthedsaning 7 eadinignfraDis Aasotiheuihét encoding
the candidatadoretaif. shtitopeftidguseiasifalie sy [eside, eihehabine autifQhcpRs)sdawaini of the

candidate piRigH LRk i dR3Y-Re RitkpaNG theprpie.deiaxrla, as a loop out of the candidate
protein structure. Preferably, the peptide substrate is fused at the amino or carboxy terminus of the

candidate proteRtPAdeCHIRtiFicBMEfeTitshtdhe amiaticr Fubrredarinimt tasardifpirmsestization of the
peptide SsubBepake wWhieH edheireottatdeicdanpleessipsie Y ahbdimiidatoraiyimatiistuor. Ribletatlye addition
or deletion tlaahideidatmoiefystrorntihenpeptiderta:changs:obftlchendidak gtatérsuch as
phosphorylation, 15 methylation, .acetylation, ubiguitination, sumoylation, myristoylation or .
glycosylatior‘%‘.cffgg?}ig%gg% e, *Wﬁ?j'%n % r?%{?écd'gc%%lc% fhe'h%u&*?%ea?ut%%‘rjgéénﬁ?e %%é’ﬁ ee’fﬁ%osed by
the modifyin¥ EHEFE &R GRT % |?/t§%g“§1e°’é%%%§i % BF §W§H ith A PRKTE ANERe Y e 2AiRifAG
selection witfFsfitibRebsBical oy Soss iy reptidfaatdaere sEmaanital B3prudsisPRosRP oMoty pic
marker!§enanaipdpigs, 4geEion dbHBnagrae rMIBitisae My Protditor Betbicgalatessiraseappianitting a
physical enrictinrepropnieth debign ot ths 129tA BB tisotesdengedotivatd diceit sodifyglg Profecabiyd the
peptide subsatiatesheieliprylaiaddianenzipiontieaation. dibelisuiableltypasatimedifieatiager will be clear
to the skilledyesasies dmmanaallernative-arekasimantotioneniige sUasH e may iR spmenaYigifect the
activity of the,.shRRIEAIR MAFRUAGL PRSI AL GXR %/‘?mhﬂn@cg”})gﬁéa? GRIIAGIAN [RLEDe SRFYMatic

reaction, sueh Il ihg.aGhY e AlIbe stbStAG Mering PIRteILIRE RLIgISed Bripueiadspecifically
Ele candidate molecule

as a result of the 25 solubility of the candidate ein. In this manner, If t
expressed is %ng%fg,a Kén’ggr‘ﬁf:ﬂ a‘?"ge:?(%ﬁ%? &%ggc{fgao g“(]:bgnggel eff)et{’rﬁ% éceulrgan%y be isolated on the
basis of the bctivightenaihactivitydohdine bulsiiide siotifying piioteimdorexafaplethetompliementation
of an inactivessewanhoaiizyee dia prefaimphesying g pepiidpdbatalpviaionihe-eliast ehdhemutation.
In the case gfdhaipiolariripapidesion seinAccudrRNGRWI iR inveRisR. thal Araaubsiiates for
30 biotif) profainligasemhaRRE¥MANCM AL AARS HbBNRIR e RIRKBYIANQY RialRql tie peptide.
In order for {heengymatismadiicalen leae.Plase, s Rrcsense ' anenarme s eduligd hat i
capable of cArmyin ogtg e ()eguwed o&ﬂlcatlon geactlonr e enzyme may be ad ed separately to
the reaction Tixtures of it hay e St '(35&50[5% d ShEFRREIBH QARIEMCYED DA A 182 B85 G Hturally

enzyme by a protein bearing a pepfide that alleviates the effect of the mutation.

In the case of the preferred peptides for use in accordance with the invention, that are substrates for

30  biotin protein ligase, the enzymatic modification is a change in the biotinylation state of the peptide.

In order for the enzymatic modification to take place, the presence of an enzyme is required that is
capable of carrying out the required modification reaction. The enzyme may be added separately to the
reaction mixture, or it may be endogenous to the reaction system, for example, being naturally
expressed in a host cell in which the screening method is being carried out. For example, the cell may

35  constitutively express the protein with activity as a substrate modifyingsubstrate-modifying enzyme.
In an alternative embodiment, the host cell may be transformed with an extrachromosomal element
such as a plasmid, episome, artificial chromosome or the like, containing the polynucleotide sequence
encoding the peptide substrate modifying enzyme.

According to the invention ‘detection’ refers to any suitable method that allows the identification of
40  enzymatic modification of the peptide substrate has taken place. Once altered by an enzyme, the
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expressed in a host cell in which the screening method is being carried out. For example, the cell may
35 constitutively express the protein with activity as a substrate modifyingsubstrate-modifying enzyme.
In an alternative embodiment, the host cell may be transformed with an extrachromosomal element
such as a plaglrﬂlﬁﬁ gﬁ?‘é’ﬁﬁ\e artificial chromosome or the like, containing fi S&W%%&?de sequence
encoding the peptide substrate modifying enzyrfie. According to the invention “detection’ refers to any
suitable metptidethgihallovitdhie idaaiitpatian How Bsalityimatitomaoki cadiereOpdhaipapisigesibstrate has
taken placeni©rianaitesacblRy ARdeR%EY Mewihe caUB SildlidfiseaHpR i RlbiE el 2RRMO24875
PCTIGB209R{003fdfods m%@&@wuﬁmﬂ% '&msjsm@a&ﬁ%@élwtﬁ%qgwmin%'a@ from

unaltered pep tloga SSRGS {ﬁkamggﬁ% ol saRdAle. RIS, Gan D flslinguished from

msoluble candi f e r tlgalansér wta r‘rgtmte S 1or }tere eg céloguos mo ||c%e %e t(ete ebstrate will be
clear t6 thoZ& of <Kill |n thé'ar P Eoure geREn a8 foperty ofthe MEaHYThg tnzyme

that is be|n@%ﬁ%éﬁﬁ?&%&foﬂ%@ﬁé’ﬁ%ﬁﬁ#%ﬁr gﬂfeFéﬂ"ﬁEpt'iﬂ §L%%fﬁ'é?§ eS‘rbﬂ‘H&ﬁ%‘réa &ptide
substrate. Prefieibiiat ditiseriopepside %%mﬁ?e“@%b%ﬁﬁéﬁ‘%lfé%@dsﬁéﬁiﬁﬁéﬁi%%ﬁ@ Edetekiample, in
the preferretiaagabodirm@viatbtheainvedtioaytivatietilibediatpbptive stibsty atchivirdseybividny leidon state is
altered, seleeiimvitdiasobedat, thisliehdageion biabinyialief thédiigh dhdingayfaipldititheihdgly banding affinity
exhibited by midinanthha eRiadaiieabiptnidda almeidgieaiiannan thalbasis.elibe highdaigding

affinity of this;RindindRairwie ﬁlgq;g@ggﬂ,\égly,ems%s;p&g];{mgy ,gm@;wlde a method of detection of
tag modification by monitoring a change in mass. With this detection method, no binding partner is

required ThE'seseamig bherfardidatnasisiprotdiniumine muebrierrisksrve kPTG R <GTBRIC using for
example axcedliffiee trasistiationstystienyivchviic broddate ndidieapr s ek andmrserived vaithduranslated
without beirgnexpressddniretiells.this thésasvetharonthérsau shbastvedinkaggisenipbamgemotype and
phenotype ibis0 dakioe chianie tanidbiepeannidate pratesnsoaliawsdbai sonnasitastinclacken of the
encoding nygleignRGbwshis alesdng.desanyalkionRekihe methodelemysathalbratdvaniageous
sequence faalyrgs, Eﬂé‘&l@&&ﬁoﬂ‘§f@59§!>%09%9fc§9'tkéb&?s&EQ&e%ﬁm he Aseessedomtiipflepethods

o oot SRS SET el et o
appllcatlon 6 rep OI'tS t e use o ICrocapsules creat e USI water-in-oil emylsions to

compartmehef)é’ﬁtse AL xﬁrﬁc‘aspc‘?}’a‘fe Bra OB RS 5P PAHLRE SR s(%/ns‘f%rrtﬁ’e?} ferad‘glgnisne
candiddte ﬁFSi@ﬁfge&%“@M%%tWHﬁ%‘T’t%’ﬁ@mAs the skilled reader will appreciate, any host cell
system in Wwhigh-dhe, eandidalaepreteinsrraasriassaskvvillibe suitaklgednalud ing Rppkaotiay
expression Wé@?%ﬁﬂﬁh@éﬁéﬁ%&%‘ﬂﬁﬁaé@@@%@&@%QFréfsseﬁoxUzlﬁ%%QﬁQW%@#ﬂQ Ragilidgsubtilis
cells, and eLgQlE SYBIEMSAUS A5 YEAS) @92% HBBRIC S, SETIShAl anﬁ LAl slle). insect

25 cells, plan ce g d mammalian C% culture coli IS? E)re err t cell.jor Uﬂ%ln accordance

with the inventon, in zrfﬁ’tf)c cause it sgad'an encf’ogenourgvl.!)sllé)lf3 and gI'| uzisce al"thiis allows

2%
mod|f|5§1t|or‘fe(51|5’p°é?5ﬁ8‘é”§ﬁ'ﬁjs‘ﬂ%{f‘é’éahﬁg t%“g‘éfﬁﬁ%eff’é BRHET AN ?ﬂgf?fo@f’ i &R advantage
of this mech#ni8KiTothaf thRtrBeRaHesd iTkPEENT et GErRSRAIS BiRtpPIatsBtyisasts HihittsindeMbithin each
cell and so thrdifirativs @ urstins abaltass rahte PN Ne guesevihitdhelivsite rsetiridntadrisbe soluble.
30 Other hostteelisthatidointeetpresstbidtit: proteindigaseccompatitieavitnthisipartigblargbptide can

cell and so the method aliows analysis of the DNA sequence of candidate proteins found to be soluble.

30 Other host cells that do not express biotin protein ligase compatible with this particular peptide can
also be used, however, by introduction of the coding sequence for the enzyme into the cells before
screening.

For expression in host cells, nucleic acid sequences encoding candidate proteins, optionally as fusion
proteins with the peptide substrate, should be cloned into a suitable vector or vectors. The host cells
35  may be transformed, transfected or transduced with such vectors to effect expression of the candidate
proteins to be screened. Suitable expression methods are well known to those of skill in the art and
many are described in detail by Sambrook et al. (supra) and Fernandez & Hoeffier (1998, eds. "Gene
expression systems. Using nature for the art of expression”". Academic Press, San Diego, London,
Boston, New York, Sydney, Tokyo, Toronto). Generally, the encoding gene is placed under the
40  control of a control element such as a promoter, ribosome binding site (for bacterial expression) and,
optionally, an operator, so that the DNA sequence encoding the desired polypeptide is transcribed into
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also be used, however, by introduction of the coding sequence for the enzyme into the cells before
screening. For expression in host cells, nucleic acid sequences encoding candidate proteins,
optionally as fusion proteins with the peptide substrate, should be cloned into a suitable vector or
vectors. The H&61298#82435may be transformed, transfected or transducedRkEAYIERGrs to effect
expression of the candidate proteins to be scree@ed Suitable expression methods are well known to

Hootiior (1oBMATE B a6 Eaty Rl S0 2 il Al a%rybr%%cu% /SRR 2dibgipandez &

Gene expression systems. ugg e for the art ssion". {Acfa emic
Press, San ﬂé‘ijié“q_ao?fﬁ’gﬁ S§’8§T8?15 %\7\’}/ NGl e L? 70 “TOF8Tt I %s“egréﬁ AP &ncoding
gene is plac%eﬁrﬁﬁ'ﬂ‘}ePftHEe4Ha(’i‘6‘ﬁt%IRﬁyé%ﬁtr&telétﬁe'ﬁﬁﬁc‘ﬁ Abe eﬁf‘@ﬁ‘f’ﬁ’t’é‘F FFBB%JB%e"b‘ﬁtdli’ﬁg site (for
bacteria] expresiiony sprbe opiin Al cxifresPeleatery st thbersngradglian e exeernivns teeiesired
polypeptide i®lnmpsdeibethintoaSheBSFiNedTiE SHEE TRty 560 RB}AMEN 20061024 BMbthe bacterial
PCT/GB200540034 bdst-ardndlicmthedéansforrmeetdadst tell cakikienondisis Busteienadid troleerle may
include a segyRNERNEPHINY:R 0N QLERAALARNGEMIChamR. Sonalaemidaol leadansasugnce, as
desired, for @gfe lﬁmfgtotéﬁ%el&matbsrtta%lateﬁ Q@ly&emtqieutttte@a@otwmeshgme@mmsmIc
reticulum, infQ {f amQ@rrP Ctﬁ%mtgnttt SHACElaLeIRRenlThess Sonalamay be

endogenous to the e or etero ous ue es n be
remo?/eo? by tﬁ%%'acster?af’ 0S °r r%%s%tt’fx ans?}ll oA Sf)'roélc%sa tfgé’geral_fe tﬁé"z‘g"'ﬂ Idate proefeln is
present in thee compartment of the cell as the substrate-modifying enzyme. For example, biotin
protein ligaseis anSMiRp|RsIC RIS Iac-anskeanddatepraigine mivcanR e palantiais ubaladesfor this
enzyme should, ihis, e refaingdWn thasitoplass tm@stttmnst@pm@t@l&mgﬁrae%famayagg
desirable to add &?ﬁt@ﬁﬁ é%ae%qg%r SR AU t?&t@@tttgt%n S SXRISRoRAI e Paly peptide

relative to the rowt T e ci:an id ero ellrg can ber ered gurl | rom
(1 creq. pr Otelfl Fa in CCIt 6&0 € an
recomblnant celrEandres' or ana SIS, or exam eusm well-know ds's c rg]onlum

sulphate or SiFRRo By %‘cf&e eﬂpé‘t?ffoﬁr%ﬁﬁ ﬁ%ﬁ%‘gf?)s@f’gp’ﬂv ov?i%e\?e?n Wey §od must
be used to aRSATRRiee A A CRERSIdmE s e By S tB fAmMEI5E Babe Aok Bem Hstatro i fink
between phevodidste arnteipandeyived totains thimropysar dite Hetirean skeiatine ad mhitd el p Rsrctiariie
expressed mayhietiysedsarfdhaiaiysed fiot smedificatipressithef paptid easdibstrateteBy indoordstigy the
history af tharzoleaydneruydngheosojsdllen cansicdaie-@iaiin iseitriediretains thameirssarpfink
between gengtypaaRdRheRARLYRE . KALAXARIPIR i ambodisaitOfthednmenipndtataeern for
expression of 5olblg. candidals. RN IR oststgls, 20 the host cells can simply be lysed in situ on

nitro-cellulose membrane and tested for modification of the peptide substrate, for example, by blotting
using antibodiessiabiseptesiirroitueersdateelio e nsedyimfctifate rerdigpisa PhaTREG peptiredstbstrate.
Specialised yeotog somstractorsinmypalntypetidseditthfaoittienparificadioniéf pmtemsnasdiasired, by
joining sequektespencodbngithehaolypeplidéstef poafloventiofl teathuglentice Seguekcedtnesting a 25
polypeptide gamrinshatonilhfagiliatepunticational saliie preirins skxammespimiehtags and
purification-faciitating, fepains daakdr.metl shelaling BRRASS RehRabsaRisidnmiagsand

allow purification on immobilised immunoglobulin, and the domain utilised in the FLAGS

extension/affinity purification system (Immunex Corp., Seattle, WA). The inclusion of cleavable

30 linker sequences such as those specific for Factor XA or enterokinase (Invitrogen, San Diego, CA)

between the purification domain and the candidate protein may be used to facilitate purification. The

biotinylated protein produced by biotin protein ligase may also be purified using avidin-derivatised

agarose.

The vector can also include a functional selection marker. The functional selection marker can be, for

35  example, a resistance gene such as kanamycin, ampicillin, blasticidin, carbenicillin, tetracycline, or
chloramphenicol. The vector further can include a dysfunctional selection marker that lacks a critical
element, and wherein the critical element is supplied by a nucleic acid element upon successful
transformation of the cell with that element. The dysfunctional selection marker can be, for example, a
resistance gene or a reporter gene, such as the lacZ gene, and the like.
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histidine-tryptophan modules that allow purification on immobilised metals, protein A domains that
allow purification on immobilised immunoglobulin, and the domain utilised in the FLAGS
extenS|on/aff| %QBE&L}?” system (Immunex Corp., Seattle, WA). The i in ?,P%gn (%f/cleavable 30

linker sequences such as those specific for Factor XA or enterokinase (Invitrogen, 003ﬂlego CA)
between the purification domain and the candidate protein may be used to facilitate purification. The
biotinylatedTpeséqins gbaciiaagkRynbiaiin, protrindliganexsaay altedie perifieshipsing:avdindaivatised
agarose. ThesMaCtal Catprisiinrmdene funchionat selechianimarkar. hhe tocignalselggtiogmarker
can be, for 3p.examplend é@ﬁlé@@&% g%eeﬁgglg,e‘}g@@gmycm ampicillin, blasticidin, carbenicillin,

tetracycline, or chloramphenicol. The vector further can include a dysfunctional selection marker that
lacks a critibmprétemdmprarsitheisbredes tieseritisditiblsarstinisiyugshitdel daydidate olefeimdle efestimnt upon
successful sysersfeironBtignichbxedoedavitbnditaine kb entsultigedps tba etivnglos ele phipiiasasker«can be, for
example, a esSiaNsRERNEPEATBROK Bl-JARSwRME A& R dac ABRaR s kg Plediti gt TUTE
SHEET (RULE 20:WQ2R0R/GRARERR GHIGBEONRA0D 3L cshdiiGRERASRIRIE ALraRIRME s may, of
course, be mixed,3e.hal %%%Rtmﬁbgetrt@mﬁgtﬂgmnrﬁaegtpe@seﬁyﬁtemsatar%ﬂf&ﬁ?@dﬂl fign the

e on S sl e R R S R SRSl e

ances ccessfu or Soltible canétldate

expressron vector ro

protein, the?@gfﬁ?ﬁ g"é té mﬁ Y}/(?’ Be}?ﬂrgﬁ%gt%ratﬂﬂd lrsé’St’t&ﬁf’Sshéhﬁﬁ%tS}é‘t‘gdsB?tﬁm%F‘tﬂﬁ activity of
the peptide %’ﬁ“ﬁ‘é‘tr’ﬁfé@ﬁﬁ%tﬁﬁﬁ@“ﬁ?ﬂ?@ﬂ%}%ﬁ grainpirealmirkinesste aloarexaisseirp gE e sebstaRstrate
modifying pRaEifxing aeieis ondtieaetitig sraelitim it sasbiaronéh sukpH sasta be dariveibfremiitions
suitable for ¢hleiaetfvity of the added protein In cases where substrate-modifying protein is expressed

in a host ce that e screenl e t cells shauld he grown
conditions sJxl |ta'EF rt err g&: Sﬁtce“ r"Jﬂn% ?(J)rgtlge&gc vity ém f ’3“33 rdgsge(? & rsgteﬁbtm fh such
cases, ltineré ?‘ %5 Bradealts |nt gc &é%"ﬂﬁ‘é%{ £ Yraéﬂgér %I?Sr?&re‘é’?fg tPa'ﬁgi’gﬁot‘i’él
machinery W%Yf%%%?oﬁ%f‘tﬁe"%ﬁ’ﬁré‘té‘eﬁﬁ%|T9/|H‘§fﬂl‘6té'irf’¥f’6hﬁt‘l“f§ o dRigiyena sy This
machinery WiBsrPhist ehsessible waiAve affacisrtipriaroutitiisclf Pidieinm sttve dhallosihedhieasansblify of a
plurality of daghditatetprst@ysariants. Indeed, one strength of 15 the method is that it allows a very

large numb% %1; Oqgf%retrgg vae {amsmtqlg)gn cree e? rm (parallehfor ar_ctl\g;t( o te'ﬁ@a@%ﬂs Ethat it |s pOSSIb|e
if deswed to é)erf anotralg(tmaC %t%/ ﬁelcre ahfor§| d%rsz%tvne{% S ng% I}h% er? posstl%fe %F%?{;
particular protein or proteins, e metho amenable ig Bu pfir %hglﬁy thods for
the creation” ES?%P&?F ﬁt’é"well 'l?r%?/t}t?‘?ﬁ ‘Mé%?f“&b?‘@%ﬂ@%t%ﬁéé truncated 20 genes can be
constructedray dxxapucleanati digasiion (RSt Sl uptreiNB.CreatioveR bl Yo foydyigiprotein

libraries”, in,Migthods inMeiscUay Biolagy yelZ3tohl 4Ry 18 hhif a5 Sxammle G identify A particular
soluble varigni for.3ARleiR (NALRRSRIRHED SVfich] tt%@;ﬁmtt i & URRARY & s dseliangmay be made,

Such a library may contain, for example, progressive single or multiple amino acid truncations at
either éf both ﬁt@“?ﬁbwﬁmnmcbm@caﬂem?ﬁ*dt dmoenigfnthel proséin are made and tested. In order to be

reasonably confident that an exhaustive screen has been performed, it will be necessary to over-sample
each truncation by at least 3-fold, preferably at least 5-fold, more preferably 10-fold.

Truncation libraries may be incremental truncation libraries in which one end of the candidate protein

is fixed and the other end varies. For example, the C terminus may be fixed and the N terminus varied,
30 or the N terminus fixed and the C terminus varied. As an example of such a strategy, for a 770 amino

acid protein, there are 670 truncations that leave a protein of greater than 100 amino acids in length

(the approximate practical lower size limit for proteins expressed and screened in E. coli). At the DNA

level, this corresponds to 2010 nucleotides. An over-sample of 10-fold will necessitate the

construction and screening of 20,100 clones. One third of these clones will be in frame whilst two
35  thirds will contain a frameshift and therefore not express a useful peptide-tagged protein.

Truncation libraries may be internal fragment libraries in which the candidate proteins have been
truncated at both ends. This circumvents the scenario in which a particular fixed terminus causes some
unexpected and unpredictable problem, for example, an expression problem, which thus leads to
biased or useless results e.g. susceptibility to cellular proteolysis or toxic interaction with the cell. For
40 a particular protein of “N” residues, approximately N%/2 fragments will exist. To ensure that the
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25 In a preferred embodiment, all possible truncations of a protein are made and tested. In order to be
reasonably confident that an exhaustive screen has been performed, it will be necessary to
over-sample each truncation by at least 3-fold, preferably at least 5-fold, mare preferably 10-fold.
Truncation libraHESWHBRIH2 incremental truncation libraries in which one eﬁ%%?%%gﬁ%/g?? idate protein
is fixed and the other end varies. For example, tlge C terminus may be fixed and the N terminus varied,
30 or the N gpyiginatitiy@ehadieethaCGe shiRbSYRhtator hmé h R aleath 4ah Rqpuiraieayi i@ 770
amino ?fr']d 9&8@%&&%{%{&?@%&9{3@@9@@?&;%it}éeamg AsBIURIRCL A Bteh a0, 108 gr};ﬁng@cg)s "
eng ea xjmate practica size limit fo ress e in obi).
th DNA |ee%%%%g§sﬁ?a§s§a°§§ A e AR T G S
constructior atid 8creening of 20,100 clones. One third of these clones will be in frame whilst two 35
thirds wall comsaisda feamaeshidnand tberefore notimgpressidliusetn peptive-tagged protain fsencation
libraries mayniagatiey Belnicagrant liReakes nou n1bR wanakiaiePepiems hawnba s runeated at
both ends. THI3 QEGURY SRS RERRAIGIHRICR 3 RAHIFUIEE SN QA JETMINUE L ASEIHROMBS od
unexpected 3 Il iab R RQDIP M JR1E ARER LERISTOIOLRIE. WHIGh s lsar's 1o
biased or useless res it e.g. su§ce£tlé)|ltlt Lo cellular )prote%ley%s or tOg?IC |§1ter ctlpglwnh the cell. For
40 a particutdPprotélly o ﬁl\(g(?g‘écl 0SS aaﬁg%sxﬁneacﬂavﬁ/ N9 F R e At il ST SRS eIk the

SUBSHTUTESI LR aetiEcle P I &y U6 162%i8 TP THSIHORTTFANS HPEIER Bt
sequence ischnttaBed oFreatanienmHnasatl detrimobrusinn wilds refapbscantisdonithdhe mshpling.
Taking the exsrispte chavgedishondiny as0darinonacidristoteimzmssyiatds 2itellien possible ligation
products; a d@deltboyer-saimpbeehusimedmnrs thatcavkliraryedb 26 migidlvdloBe suningtatomsaitpled. 5
Methods forstreneadies wilk bedknpwedethosr/ef skilldnthesashzihessianlesbmiay te effegd tancations
of this type i,I4IRE PISHALIAHR HElRQWEE, ours Qhgesticienginesripa e deletpprelactively the
encoding nugleic, acid, SEaMEnEa.Al BlNGF-0LRAM #RdR. 3N BEmIRREILINGIRsiERditarlipy seauence
into the Voot ol oifs EEIEIa A IARIONRLING SN ARICRINGID AUE RISAIES iRINGa} and/or s
exonuclease sfra?egl.es Selectively 1o erode t e"g analor &' ends of the. encodin Sr%ceielc %cid,
respectivelyfa@??é“p‘?"é‘ﬂ?f?e‘i?‘leéh‘f‘%é. Ul 7S eﬁgr%?i%ﬁe’btf (FHRERHLA 1RSFArELSiERANIEE" Ohtrolled or
random exoR&rdeBsBGR-brtrd st e (o skl de Olst Ty SESh BIPRIEF Hth IR s €5 #rBstfction
enzymeodigdsaains. Hiss. Seamplel loerk3f9 redtactidn Bty rumdentacdinss inrdrde R0E se! digsttitings (e.g.
Nsil). Othersaitatibsitespistsidaresbentaonangs (e.g, Notl). By cutting at one of the other of these

sites, and USINALEINGF 3 ANGIOL 3. SXOINE'ARR SOAYNIES, AN ARG ERHoR Udipontrolled
periods of time, a?’e?.ectlve d%éﬁete arildsictiér i({;élc?%o é%glgtlo% can be achiev %ag‘xa]gggl}e% o eswtable
vector constfUGSREtht Bre Suitabie o use with thefmethod oﬁhe preser? INVention are oFescribed in

the ExampleQ¥8htanBerhsfeiiil Aftelfatlel)d PERSEMSIHREBE B T4PGRPgR He iRl 5 dom
primer&tan 'PEaFsBitotbfaie Pt ERan A MastE R SREPAE KBtMedB ResIFas AR BeLt e B4ndom
PCR-based ¥enzenirigoforBollishageateins Lsifd Frocrribmatasial sessebteimmtiBrickiefBlgiog Biophys.
Res. Comm 199011k 260 1HnBER844) cOthevetuivajentimetitotdstine mdeBNds Fod igestione?
sonication and«p0iRipsRkitag MeRadieon. for in vitro recombination, see Giver and Arnold, 1998 (Current
Opinion in Chemical Biology, 2(3): 335-338). For example, a particular amino acid or acids might be
30  selectively mutated from the wild type sequence to other amino acids. Such mutants may include
variant candidate proteins in which one or more of the amino acid residues are substituted with a
conserved or non-conserved amino acid residue (preferably a conserved amino acid residue). For
example, residues of high conformational flexibility such as Arg or Lys might be exchanged for those
of low entropy such as Ala with the aim of improving the homogeneity of crystallisation in order to
35  achieve better quality protein crystals for X-ray analysis. Such substituted amino acid residue may or
may not be one encoded by the genetic code. Typical such substitutions are among Ala, Val, Leu and
Ile; among Ser and Thr; among the acidic residues Asp and Glu; among Asn and Gln; among the basic
residues Lys and Arg, or among the aromatic residues Phe and Tyr. Particularly preferred are variants
in which several, i.c. between S and 10, 1 and 5, 1 and 3, 1 and 2 or just | amino acids are substituted,
40  deleted or added in any combination. Especially preferred are substitutions, additions and deletions
which do not alter the functional properties or activities of the protein. Also especially preferred in this
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A library of variants may be made in which mutations have been made. Mutagenesis may be random
mutagenesis, or may be rational, site-directed mutagenesis. Suitable methods of manipulation will be
known to those of skill in the art and include point mutagenesis (error-prone PCR, chemical 25
mutagenesis, the use of specific mutator host strains), recursive ensemble mutagenesis (Delagrave
and Youvan (1993) Bio-Technology, 11: 1548-1652), combinatorial cassette mutagenesis (Black et
al., 1996), RHA shubline 4Siembatneinat Sukd Sdaors bisgccocdode substitutionimtalemesismorarfa review of
recent imprgMemants:NRIace satm ok ndeiegembination, see Giver and Arnold, 1998 (Current
Opinion in Chemical Biology, 2(3); 335-338). For example, a particular amino acid or acids might be 30
selectively AUEESHOR EAT RN ARd B U CRsET TR BFa PR e <o S HMsTEARS freBPifciude
variant candittateopnoteinrsing slfisleionaroefirmine sidhecamifieaeRpYe stdoes ardelsgsdaratadiivith a
conserved eormightepnseinydthamiadyafidyésidile (preferably areondededdaansihanaaidntesidbe). For
example, resiibms, of highwanteoprational Hexibility such as Arg or Lys might be exchanged for those
of low entropy such as Ala with the aim of improving the homogeneity of crystallisation in order to 35
achieve bet%‘reﬁu‘éklf?ﬁir8§éﬁ?@Fﬁ&&l@?&?s)@f?atﬁ}eéﬁﬁf/@%q ﬂ(t:}ﬁeSDL?BhsCﬁﬁ?fev&ré%moﬁﬁ%ﬁd?‘@gigﬁe may or
may not be grecgsagediByibiEthenetic code. Typical such substitutions are among Ala, Val, Len and
lie; among S, and Thri:ameng He.Assle FRRidues ASRAnd Al AMengAsh Aok Cin.ameng the
basic residies Lys,and fgd: of,among.the aromati ssides fhe and L1y PasliularhiRigfegred are
variants in Which several, I.e. g)e ween and iO,.l d5,1and 3 r just |. amino acids are

an 1 an
. ably & o é .
substituted, A0S BF AdHET ARy CSMRbiRAtoh EShecialy Braferred are stibstitutions. additions

and deletionts Ry fERGE RBEAIt the Pﬁﬁ%‘ﬁﬁ‘?&‘fjp‘?‘ifﬁ‘égﬁi@% TP BPHHE BHOEEHT ATEEE8ecially
preferred indREY SUBST FTUTFESHE EFEREUMEST {0 he gl LorsErstive daBstriitisHs such
mutants alseséAttidie eoipeptidastifiyieifataree bihnipreibieataaniinb AR eSS AT dEseh
substituent giaupsitidibriryofvapaimsnimalelvenfiand mandoich ihaedtiohs¢eatee brselh brodedto the
sequence, for example, of one or more amino acids, or a run of amino acids so as, for example, to

form or delete a loop in the candidate protein. Particularly if hydrophilic amino acids are included, an
enhancemenit Bbe oS sleRsiff RrEsh A AL Br St e Slts FRES P AnBE b PEAT e Ate
proteins are dEsrecradided Feitaine St lipary STdstEPietYStRIREe § ReeRai ) SO € dubility.
Also discloséitrisyafimiabjeobcandidiate promirsriapedienh moreThatien O3 birdrwstosiormydemore than
10 different gdanesdmacradhanrd Ol fiesentdipoes praone: taantB6tclones, iepestirdrin B&hcldhes, more
than 10" clopesorpaenrmaiefReetrepbkithedibrasycasiaiiscthnes @xprersingievenuposaible
truncation ang variantQhihe capdidaierolein. Fhigis Advantageaus-hecausetheraationiand testing
of al posﬁb'%&n&gﬁg ions . Jreatrncteasesheichances At suscessandalious forhe apalusis of

moi

large amounggi %E%if\:/\f\r;lcicpng&’g}) ﬁe B eqntgalé @guéleﬁqégl e@x%eﬁ]gz?%l:lﬂ.bmty to featuresj of the protein
sequence. Furthermore, a compre ehsive screen of al positions allows an experiment to be

confidently abandpneeishiectidnontimegathee freswis pietholitatntion pariidrthey sofigtone sfreégrattmprise a
plurality of tranpsfanaechrals ceaahscathofghichieXpressecandiiffiesent banditidtarpegteirriSuch a library
can be creatgd by dransiarmingd.a BreRaRiNR0f 68/ soniR salikarpefisuitahle.\weeiaes fidndes the
appropriate QMIWOJE‘?W@@%%M i?@r%“?@u%ﬁ@%&%i@@s. However, in order to optimise the
solubility of a candidate protein that has been identified as soluble by the method of the invention, it
may be necessary or desirable to perform reiterative steps of sequence alteration and screening. For
example, the screening of an initial library may select a number of candidates with increased
solubility, although this library will be predominantly contaminated with clones expressing insoluble
or non stably-expressed protein, However, reiterative cycling, using soluble candidates selected after
the first round of screening to parent a next generation of candidates allows the process to be repeated;
it may be possible to evolve these soluble candidates further toward solubility by performing
additional steps of sequence alteration and screening. The content of the pool will increasingly become
populated by more soluble (“fitter”) candidates. After a series of reiterative cycles, the pool of
successful candidates can be taken and manipulated to create a new library that is used to start a new
series of reiterative cycling under a more stringent selection criterion. Preferably, only one iteration of
the manipulation and screening steps is performed, more preferably three, still more preferably four or



performed so as to ensure that substantially only one type of candidate protein is expressed in each
cell of the library. This confines the proteins that are expressed from that nucleic acid within the same
cell and facilitates the selection of nucleic acids encoding molecules of interest; were each cell to
include multipf@ pefst8d&aEid molecules, then upon isolation of the cell it WRSCR(EReABEBdAr which
nucleic acid molecule had encoded the protein that caused the desired effect. The improved selection
- techniques gﬂhat fﬂgm Sasr{)ig tg L’}VSngt;i&” erar?it t he %imgtl%} use of rgeitg{?%tivgh gnsotlzgce%!glr} ey ution
cycles so tHax Tar eegqo]s of po ential candrates can be carrlé/ofnt?'nrocgg HPSerBs ot rep%tl Ions.
Preferably, %O%Rfr?go «PrS& S highly soluble candidate protein will be obtained from the library of
clones withgubiie feed tae aRnddeibgy sharipulrlionsehiRweyel IOpERAE apimigetiicgapubility of a
candidate prgieimhat heeRegnddertiisdarsalllir by theumeaitiosh ofthe iBMaRIaRa wiRLbE
necessary QL 9gpURNIGIR PRIRID Seistallg leRs s AeaF R AliGIANOR AN ST sBINg. gl
example, the ;creenlng fag I !ﬁ [T rary may s | c(; a ber of candid h increased
ﬁmﬁuﬂﬁ tg»ts ou Fﬁuse 10, con rtra 2 2

e et transformants mto, an rgéree% Yﬁ% and screen
solubility, aftho sﬁl rary will’be predomina Fy cpnaf‘aml‘pa ed Wltﬁ clones exp%ssm INsoluble or
non stabIy-é‘)?ﬁ’f‘e?g’ég?f‘ﬂfﬁt%‘ﬂf"ﬁ%m, PRSI CHURG" LG SolIBISEAmRaMa i8S §8Tg‘8f@8 after the
first round oFdtideala tB'purept baedss GankrHth e capiraritedhs iifre e Brotrlkattd vathpeated; it
may be posiibiectoiwyBiviratbs che shatsiine andl lertion it helpnisw rabtsolaibiliys by Ydetceamriosidditional
steps ab segumbizedaltéhationt aindpsdieghrad.aldehedirte38ovibie paes will mctleasinéytbacsnie
populated byligagig selekiadniities Yecardidatesinpiias asnrghreitprativaeyilking the: poabaf
successful ¢gpgidaies,cansRasiakrniard manipulated to create a new library that is used to start a new
series of reiterative cycling under a more stringent selection criterion. Preferably, only one iteration of

the manipul&tisnPerieree rastiptpsepdors s rihe dostisfe Préterimrpinte Bt ifferore pPerrably four or
WO 2006/024875RETABBPE0%/ 80 34difa aponigrscitiespusmsisiig ob enkBreesionswiing dllevemie use of
many more @ysle@Bperhaps:bieeeindit 00idsFRarl 00024f Mede3san). IExprdapi@itse tingeins
methodology nfithed cisreniipéehiisftagd s dwtpoteatiatingahighdhrougipuhceieienirteroethndology, it
is necessanthaliihe: srseRn rRRfUnsianmcssale-comansEaleiyibdthaid sizagtthe brary. To
fully exploit ghe patential of this. YR QleaR pRIeaN NG BRe\baLRIANYPIRKSEARS 25 BE, iRbot
should be uged 1o sen\elLplgled.rensiamnis Mo rdere Ihraw and srieen.Jfigss IRgpositve
colonies. Ideaﬁ{/, each_c Fon@. IS qiven an "address” th Fc.orrr%sgo ddtoa artlcu?ar Weliin %plate.
The us® of SERESULS YarlonsSitt B THL” BRtoRa S’/?}%gg}fg}’gsry (?aﬁ%'eesr‘t’edl?caefienaﬁ Sxacty t6rsecurity.
Preferably, the SgRleh i acel S BECOIBARS ISt t5hEstRl, tiRnly! ol 6 e o1t ombined
with a 96 pidgsreRRIgMaereRtiha eI IaMH PrEsEn larie rartebiin leckds ByligmiMhg more
colonies to lves séreaed alysirigitvisciedonse ko pe ankadfroxiprateipidkipiprdieiofitEsO 0 hedrsties per hour
is easily achibwededsy appraferpegavsathoflblegyunbputifrystiyerrirthod ohthetimkartioneis déffect, a
library of transtesmantsacs angmyedias. batineniogilwaetibipsefmanbrangsdover LB agar, resulting
in colony 5 arrays (Buessow etall) 1998 mucleic Acig{s Research Vol 26,,%p5007-50,0 ). Expression of

the proteins b NGUERY YorSWeH 87087 LR R B TR PE R Ysth e oHEafitRSg TR &Kd biotin
and growingnemeTeRtaitsr Zréirnact Roliryatlaragitan mambrssraithcoPHes 18 U HREFIN situ. A

large-scale denked pad. The proteins can be detected by an antibody against the tag which is insensitive to the post
translational modification (e.g. biotinylation) and this permits assessment of protein yield although

30  does not indicate the solubility status of the protein. More importantly, the protein can be detected
using a detection method that is sensitive to the solubility status of the clone e.g. in the case of post-
translational biotinylation of the protein indicating solubility, streptavidin binding provides a readout

on whether the tag has been modified. Additionally, useful information on expression conditions can

be achieved by comparison of the antibody and streptavidin signals, e.g. in an XY scatter graph,

35  thereby permitting an estimation of the fraction of total protein that is soluble. If the streptavidin is
conjugated to a peroxidase or alkaline phosphatase, the detection can be by chemiluminescence or
conjugated to a fluorescent dye, visualisation can be by fluorescence imaging. Clones identified as
biotin positive can then be isolated from the library and tested in conventional ways to verify soluble
expression. Thus a clone exhibiting a biotin positive phenotype can be grown in liquid culture, protein

40  expression induced by addition of IPTG and the solubility status confirmed by lysis and subsequent
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blot analysis can then be performed for protein and/or DNA content. In this way, 60,000 clones can be
arrayed and tested per 22 x 22cm membrane. Using such an assay format has advantages over 20
expression of clones in microtiter plates since the colonies themselves act as expression vessels and
the logistics of &IE&H& and testing so many clones are greatly simplifié& R I8H#M a readily
deconvolutable geometric array, quantitation of gxpression levels and solubility levels is facilitated by
use of array-anRlysisSHMARRaEIMRE HLABIDG JARS S RrEMRIBSS IO _@&@Jﬂﬂgﬁ&{%ﬁ%&? method
aliows casyhBRIAELAIRABoSIAG L AR PUIBREL GLRses) RANR BY.IRIE TdckING of assay data

25 back to the physical original clone. Such processing is preferably software-controlled. In this type of

methodologly ceaibatiseppbrenhicafearpntbranas rayerd vitfomitibodyedbpositediothtigemembradetaffer in situ

cell lysis bytjsaoinglitysntembs ansonithvadionias tomaited ks ingdspdsied soadtedppasckd]upleoteins can

be detectedbbsaamibletibanly againstipesas whickis iosensidepothtpashdiansiational qragdification

(e.9. biotinylation)A04 dhisnermite aseessmen ehrmRiminyielkalthouah3R-Aarzant indigale the

solubility st%ua,%fmm%%{ siaweraalby DRGSR PRISICE RS, HNg A daicEen method
1

that is sens'kt;\c/ertsoag:égms]ol ro# est%y&sogf the clone e.g. in the caSe of post- t ationa |%J'3nylation of
the protein mdtl%atlng SOfbI ﬁy, éflpreptavidin binding provides a readout on whether the tag has been
modified. Adiditionaliilusiefis nfdresadiencahteidenessiba cenditons come benaghinved byieaiparison of
the antibodyuansbsireatagtinsignalg, :g. daaRIdetsSeatier giank- 85ytBarrby.Rarmitling & gstimation
of the fractign.afdetataralain dhatie SaldRitult e -SRRIAMIFIR {5 CONNYAIE AR ANIARSE-OF
alkaline phaspbalat. HEAeIRGHANLAN DK AISMILMINERCSIRERL soudaied (o, orpscent dye,
visualisation, cap, be by, [orescetice I, Clonce dgntied ds biotn positye can hep be isolated
from the librar %ncllste§i &d in conventiong| wa t%ver%y o) ,d%fe expression. f’hus a cTorlle exhibiting a
biotin positi\r/%n\é%e?%?f{ eSS TSNS A MFUTB°CEREESBrotEmHea et R SSihiRatTE Sy B Stdition of
IPTG dfid tt‘f@%ﬂj’fﬁ|1¥§f‘sfa‘tﬁF§‘68ﬁﬁ?Wfé8°ﬁ§/(ﬁ?§i§fézﬁb‘ dinprcdigtin Hirosgh BaeT ePPES B ETSERIGLE 26)
WO 2006/028&7 5 pCpIGHBn0E/GeRAs F cossteabviorealdors of wiachtsatmiert dinkens] b kordrst, sihsble
preparationsfergorhspiebitsifagatiaiano fifthr atimrati®r bteinkrgantthchlbeithalysechah deghasdsterised, such
as by SDS-PAGIE @ndaestenrkblok Aictingpansin af Fplicale Mempuaresanaban wiathhantigody and
streptavidindhasipasmits.a dieatautiof £he sobrilitoriaiug afraRaricvlaimasiangdn kncaten, as
being g¥pressaeh oA Sas sesbniolWlR .8 RHNSULRER, this WavaRQHRIASHONMaR. gan be
generated RRRing MepsMIRMEN o herliasls PRHNGRICR. A dIe. AN Bl crlulion. This is

the type of ipaymajion i steial Rolamiers eguiie when deaiailng consliicis uf proton

. ein st{;u fire, n
expression and may lea egper under an@n Of TACtors affecting protein exXpression.in more

detail, cloneS TR 5 SEqlMh ST ki3 k! 5(%“8%‘1%‘??&9%10{%"%%83?%ﬁ‘?céwadt@)bfa'éniﬁ‘f/ 10
junctions arfPTERHE&ELCTRIRG trectingats, OUANEY Qfrepd sPRTHSRH Y B Shasaion RN #rifsize to
from th¥ infEFRiETGrALBIEafEdr i %I%i’é’@ﬁb?@§§mﬁ}m8®’ (FrRyoféeyiatiosnekiits inedisrbility of
the construds agairist disetdrasclatisrexmtntion ther dncpldifisegbnecsdijiternéshAscosmiiegenn fiom Figure
6, there is atdegréen gfedrdier bvicdentfrorepostiaying thevdagree el Jokibilityiafthe vasiosclones
ranked accotgings tofthenseaienesiakineienapdmgngeoroBimilasje velsef selvbilitareevigent in

regions are identified as structured regions in the protein sequence. Inflexion points between the

30 solvent-exposed residues and the structured regions are identified as domain boundaries within the
protein sequence.

Prior to expression testing in the array format above, the quality of the gene truncation libraries should
be measured by analysis of the distribution of sizes of gene fragments. Such characterisation will
typically involve a PCR screen with primers that flank the insert. This gives an idea of the size of the

35  insert. The start codon can then be confirmed by digesting the PCR product using a restriction enzyme
that includes ATG in its recognition site (e.g. Ndel). Following expression-testing in the array format
and isolation of positives from the library, clones can be sequenced to identify the exact identity of the
truncations.

In conjunction with the methodology described above, suitable controls should preferably be used to
40  ensure that false positive and false negative results are taken into account. For example, a positive
control should use a protein that is known to be soluble under the conditions used for the screening.
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15 constructs with consecutive truncations (see straight lines drawn through marker points), and these
are believed to correspond to regions of consecutive residues in solvent-exposed linkers. In contrast,
gaps of poor solubility are evident from truncation boundaries that fall within structured regions in the
protein (see region marked as "binding domain” in Figure 11). It is hypothesised herein that this type
of analysis allows an exhaustive analysis of the kﬂ)lubility‘of‘truncatgd variants of a protein to divulge
20 informatiém ereppiteif sresivrecostiehreigh dimaalisebiaditfe 8745 (N Bk i dhish Btvesptidkposure of
residues in thespadp i stunireondithe phaibirxTiusd mdtiorthreriopeonafi@drirarmiche protildes a
method for Qhtaiataa.ynfieynaatienrelsdingnto PoRINLstmckurbndinenmnethbel tompoisitigr peitfesming a
method of 5_%;8%@3@&%%8&@&“&&9 anwoumehihe smbadimenis otdheinisniiaresaihadaiove, and
correlating informat Qé%ﬂgfﬂl{‘q the, selubility. of eash.GoRssEL Wilhdhefiuneafine aakakingthe 25
protein sequence, F}refera ?’y, t?1e data obtained fromht ARy on .of the ambadiments of the invention
is used to crBARS B ERE SRHEEN Riap by piotting t e.sollﬁ)' ity of the con tr%gc%a ainst the
truncation p&iREFFFEhEYE ALLEE t@é‘rféﬂg@ﬁlﬁ’é?%‘é:é_ﬁﬁ%ﬁ??g%ﬁ ggegﬁtl’ﬁ AP Egm n%’“ae%"éafge“ﬁ%f’ﬁféa as
regions of consegiutive reghderseds i iatghiifle AFIEB RIESTRES W &688%3%8?%%8?@83‘1}4&6
regions are idéhiified asastfictenodbssgiofis ihetwesprstalnddsiiaermidn-inflexion points between the 30
solvent-exposed residues and the _%tlructuredip‘%gkgsm@rl%gq@wggggnges‘g%%irgnggwgg)a;iggwmn the

protein sequ[é‘hcé){a.Hlﬁg’rii(c))ra ghé:g(f)s .eséloﬁrq[éssﬁrr?v n th arra for abodv ,tthe tgualitycc()){;tq% Jgene
truncation liGRgied SKEtE b LSS ]‘Sflnéﬁgl%%uof e distribution of sizes of genéo fragments.
Such charactgrisatigrpithsitypieatlyrinvaivesiarRCRrsoreenliwitpprimensahet fidhiktheinmsertcThis gives
an idea of thg size ofthe: 3D dnsastalhe startsoston Gan shembe eanfinpest RydigestingetherPER
product using.a restriction enzyme.,{haL AR desATRnits reaagaitionsitedeig MeheRolowing
expression-testing in the atray format and sqlation of posiiyes fiam, e Ihiabi.slones.cande
sequenced to |8enfiﬁ/ the exact | entity of the truncations. In conjunction with the methodology
described ab#&>'suitable controls should preferably be used to 40 ensure that false positive and false
negative resylts are, takeninig AFCRUNL R EHRERIRRROSINA: GRMILShaKIG LS. praleindhat is
known to be soéuegg&{rgdgg g@&gg&%ition%&sed for the screening. SUBSTITUTE SHEET (RULE 26) 14
An example ofa posﬂn%e controfmlg {Be maltose-binding protein (MBP) to which the peptide
substrate is feised. Thigpictedntis! settilss éxpydssedicntidhtes eXperantds theddimieskiber obptidepeptide
substrate by the &ubsitatacavedifying aeoiriting pittehemiso tiniayited; the invention that utilises a
biotinylation peptide fused to the candideilte protet'n{c,, a ogggiva% 9%”%%{5'9&%‘5"%' rgrplgswt&g MBP fused
to the biotinyftion Felide. AHEY AT CONT Mmight BE, Tor example, a clone containing a frameshift
in the peptidé’iéﬁ‘ééﬂlﬁ‘g%é‘éﬁfence such that the peptide is either not expressed or is expressed but
not fused to ggojuhiePIRteimAnAlernaive: andepiionalirampiementan.nagative - cantiatclone
might encode, ap.inselubleprofeinin. frameuith s ReRtrS Rainainseiikie. lirdaptidepyiinot act

as an efficient ! ba trate for the substrate modifying protein. According to another aspect, there is
provided kits for use in accordance with the methodology described above. For example, a suitable kit
for identifyingvaelublesyaricnis aftadbandivet o mteint iaghdemypligew be described in more detail by

way of example. It will be appreciated that modification of detail may be made without departing from

the scope of the invention.

Brief description of the Fioures

Figure 1: Plasmid pHARI111 encoding a candidate gene fused in frame at the 3’ end to DNA
encoding a biotinylation peptide and with restriction sites at the 5° end of the gene designed to permit

fabrication of a N-terminal truncation series of the protein.

Figure 2: Plasmid pHAR1112 encoding the human NF-kappaB gene fused in frame at the 3° end to
DNA encoding a biotinylation peptide and with restriction sites at the 5’ end of the gene designed to

permit fabrication of a N-terminal truncation series of the protein.



a) an expression vector for expression of variant candidate proteins in a host cell; wherein said vector
contains restriction sites to allow insertion of a gene of interest encoding the candidate protein and a
sequence encoding a biotinviated peptide of 50 amino acids in length or smaller such that the
sequence en®RUHEANRTinylation peptide of 50 amino acids in length or BrTAHEFISAISAH genetically
to the gene of interest; b) a positive control veciar that expresses maltose binding protein
genetically-fisad o masiriopracid rnsesing thehiptinvalianoLsniide ihankenalive cantighysetor as in

b) but which,jachides 2.0 amestilt éncﬁaﬁ,gg%s@a(m%@a& 2t SREOARY SEWIARNES RO aiose
binding prot§|n3|,s n tft{h tlnxe%téasd amé’j 2 glt)ﬁ%tpegga contr vector that exnresses. an insoluble
e

S ¢
protein in frame with the. |ot|n Hon ptide dt may g@én%o%%l?ﬁssﬁﬁegtlons for§ generatlng

truncation “Prgnsa cﬂxg%gs&%ng%;n%&eamdgﬁm ﬂwﬂ}ﬁm?t ieiashang sioning s, irygations so

that they ar nce subs rat Various aspects an mbodiments of

el prcksion (Rot
£
the present nﬁ/en 6‘?1“\1/3 X ste %exlp b Sc'iolnn(gﬁtgsr%u etal ess‘o 'Sa R arample It will be appreciated

that modification Qf detail may de Wlt arting from the cope af the in |on Brief
descrlptlong Y ELi)rreefc,mlED 3’ Sis fm% eqﬁ%ﬁpﬁ)ﬂgﬂ{“gf F?S g{%gﬁgl g P ne Tu gd in frame at
the 3' end td'D %’ é)gﬁéé‘d' OWBlo"tl IZ’[% hitdie gnaﬁ%ﬁ?ﬂ’?&?ﬁ&tlsd‘ﬁ &ftas @f‘g platss: ‘éeﬁcf Bthe gene
designed to'5&fit a?%lﬁﬁ&‘éfgf‘dlﬁ‘%‘?% indking; ﬁgd‘ fitfpearitivrostredish maimsteReswiyWree2biiaghid
p13AR1112fEHeEug enar s razindneEdiddiop AB gl ieifudiain Tehand Bdused 3vighiPiS Oligaresbbding a
biotinyl&tionHyaisticke dnd Withdestriptidpinsitageatithecs! éndeef the fernecdesigradrioe. pBlideit fabrication
of a N-terminalifsehoationBeygsScphihe profeina YWes20064Q2 4876 RCTPC BR2LHI003417 15 Figure 3:
Plasmid pMAS106 encoding the human NF-kappa B gene in frame at the 5' end adjacent, but notin
frame with DigArehcadingrbiotindéfich peptdé atdircb 3PERdapdswitndestsistidsushemat the 3' end of
the gene designed to permit fabrication of a C-terminal truncation series of the protein.. Figure 4:
Expression Bigatysis DPistiranisntheived thePfell e thy protretdnitesmidandito dynidntheligeptithetidetag after
immediate lysisefotabexpressiing (vbibdotuinkatekpie sppa B pappaantbd-tgeinesed wpreskiaasanalysis
showing identficatiosr ehdbintinydatehpraieinsindisasingsajulsility, Lnsiield-elitef k)is shown in the
Figures 5a and fib and comprises a 5x5 array (24 plates per field). Proteins are identified through
binding of a&meptavkineher sErhedisiF-gBnpugeite indiesinfsSthvetiecobitaiiaatle fanmntreploattn asrayim
uninduced prigfdensahbisiGrdaiginom &) @drimeduced with IPTG (Figure Sb). 10 Evidence of
IPTG-induced protein expression can be seen on the second membrane. Slides are analysed
guantitativelyi¢me) U Sing ineagesdnatysion o0 thwa BebEMistydEsiig NBRE dintebh WEigHTei&: Biziag of
truncated NokBdittacadettinse ey PERdevedlana (amslo(8)sizedistih ianeidalguiR Ainp o
fragmegys sizectddr63q0f, e expressiondlasmids Heine.laaing Lhanmyciratide dprimers iClones

expressing 3B RRRR1EA NFKRRAR BRRIRIGARES: REgaRised into 2 Clusters

Figure 10: Definition of exact truncation termini by alignment of the last 18 base pairs of DNA
sequencing data at the truncated 3° end with the full-length gene sequence.

Figure 11: Soluble expression map of the gene encoding a previously unexpressed protein correlating

25 solubility with genetic truncation point. The positions of new start codons generated during
construction of a N-terminal truncation library are aligned against the full-length gene sequence. Of
the 2400 positions, 61 are indicative of soluble protein expression. The figure demonstrates a binary
output (expression above a threshold limit vs non-expression) however some clones express much
better than others (examples of low and high expressing clones are indicated).

30 Figure 12: Alignment of solubly expressing NF-xB constructs identified by random screening with the
predetermined, full-length protein structure. High-resolution definition of domain boundaries is
apparent from the clones marked with a dot. These are the most compact forms of the I- and 2-domain
constructs.

Figure 13: Protein expression as identified using Western blot analysis. 96 positive clones from the
35 truncation library of the gene in plasmid pHARI111 were grown in LB. Cells were lysed, fractionated
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15 indicative of one and two domain constructs (approximately 25kDa and 40kDa predicted size).
Figure 8: Structure of the NF-xB protein indicating the size of the one and two domain protein
fragments when truncated from the C-terminus. Figure 9: Protein expression screen of the 48 best
expressing NFRBWRINEEHy Western blot. There is no significant differenBEHEREN B Total (T) and
soluble (S) fractions for each clone indicating thg; 20 clones identified by the screen are soluble. Faint

expression gfitoenoieGRILARIQARNHAR BE GPWRLQLRIbIS: ARCSHSING 06 LR RN RIS LRIotinylated
protein in i cel gl Reiilenolesas! funcatande ity Alonmenk aeihe st 4 base
pairs of DNA Sgtiencing oelef he tuneated 2 end i the (uliengih genc Sequefice, Houre 1.
Soluble expréssu,)na aéf’pa_ fRe g%’ﬁe enco m&xﬁrprewougly u xpreSse(f pro?éln corresla‘flng 5
solubility with-gBrittietRiEaton point. The positions of new start codons generated during

construction of a N-terminal truncation library are aligned against the fuII-Ie,ngthfh?ne sequence. Of

the 2400 pdafiBhs! eiza ATtV SreeBfBTE B FEiR B RELSH. T hEFURR B LB AEES% binary
output (expréassishdigsevl i aRRRSHbIRRT it ISTHBIRE BRI PIRERRR\AS PETPRCH I BFE SEEHESE much
better than Btleersnéxeliptbs whived atidribigieresheensifiegnion sizer edreiitatety e Eiglirandgn
Alignment afsohiiohs efipeesgmgehtfodéB stanstructs identified by random screening with the
predetermined, full-length protein structure. High-resolution definition of domain boundaries is
apparent fréiigutrel &l BaadtnefikEdavaittsiacd ot hdaehatmittatedrrsst Gomplenid miid B thieshoatrt 2-domain
constructs. Figuiieriatibirofeiseappradstion ashddntficcfsingldéstecredaliog.analysis. 96 positive clones
from the 35 truncation library of the gene in plasmid pHARI | | 1 were grown in LB. Cells were lysed,
fractionatedFiguBS THbuHiEySktEch 3f (RitilE @6y R006021SY 5uRGTIGCBREY 5106341 the énand
soluble fractippiaswirrpresralysediky Méasiarmvhlpiosdthniitr AR P8S amvecpapr eagninty csetpnerliare
shown. RecginipipantRrelsinsdiiom YWesiermanalyses ahisie | Aaeaidiny todsiznrangesdapprox 10,

20, 30 kDa) a5 apnaretfram.the salubigexRigssion map in Figure 11. The endogenous host protein
BCCP is also indicated. 5 Figure 14: Size distribution of the gene inserts from plasmid pHARI I1 | (see

Figure [L) aspigyealekviblrsmichaligentod is aRRaRLiRakNR AWk leasa HuneafianRieiggol as
performed hgre geneigies 2 dlarkans: iplatiiely 4pRidsrd isioBigign of gene fragment sizes

permitting screening of random truncations of the target gene of all sizes. Figure 15: Results of PCR

analysis of tﬁ@lr@nféomlxﬁsmpé‘%@xggﬁﬁsmm plasig.pRARdehlifehawinge JAusine distdbutien of a
At

sample of clonesin e [RranReiors SOIBIIRE SESR SRINGs G IR A8 RO R SEraRR-RlRERISINS
expressed th the ra[}gom tr lpagau%g} I|brq clones of the gene in plasmid pHARI 111. Here the array

was probed WAt f&féxatﬁ%r uo?%rb ogruéeonj igated streptavidin and the image captured via a Typhoon

fluoresgencg seaNIeh (MAISEARH. GieReS XY BRSIE SUPIRRAIRD S A shiedAdlizate
pattern for a5 e'—ulSOF e %7'rer{sexan S'lcg\PCx'cl;:\t) asg%l aS\!eS.?%fl'preat{%tri]ggem | g%‘&% %dﬁ%eﬁn-?e;f*{nqglplasmld
pHARI 111 SHow) g theTon- and%m size c?lstrl ution of truncations expressing soluble protein.

end of the construct to permit affinity purification.

Figure 20: A multidomain 30 kDa fragment of the protein expressed from pHAR1111 is obtained after
fusion of the truncated gene to maltose binding protein to aid expression and purification.

25 Figure 21: Results of an HQSC NMR spectrum analysis of ’N labelled protein which confirm that the
purified domain identified from the screening of the random library is well-folded in addition to being
highly soluble.

Results & Methods

Examples ~ Proof of Concept of Methodology Applied to a 1) a Candidate Gene encoding a
30  previously unexpressed protein and 2) the Human NF-kappa B gene encoding a protein of known
structure for validation purposes

Construction of vectors allowing analysis of N-terminal truncations of proteins encoded by the

inserted gene of interested.
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Figure 18: Purification profile of a soluble protein fragment identified using the solubility screen. The
gene fragment was first subcloned into an E. coli expression vector to add a N-terminal hexahistidine
tag to facilitat(\av @urﬁi(f)i(sc/gzt‘i‘%%(Figure 19). 20 Figure 19: A derivative of the pTriEX v%%tsorOgNovagen) that
was used to sUbCIOne gene fragments for scale-up of protein expression.l,’&:]i‘(ﬁ{;/zpré?eég% cleavable
hexabhistidine tag is added to the N-terminal engyof the construct to permit affinity purification. Figure
20: A multidopiainidGKRAHAGRIBN PINRIRIQISIBmEPHRs SR {Ip bR AR b hdsin pRigined Bifter fusion
of the truncgiad:aeng IRAMGRELNAIRGLATQIRINdR IR RXRESIINRIARRUHISAIA s Ba.LIoHIE 21:
Results of an I;I%Z? VIR assgsee%trihjrtgeaangﬁsslésopg e5cl:\5|1 I%taaetge% Igr%tglg Whlctnecsonflmg fIhlat ntqbff OE)UI‘Ierd
domain idenlt|?|e rom the scree Jn{? of Ef:)’e rané’o,m:E rarly%s wa‘ﬁgf&’é’é In aau&ﬁ?on t B highly
soluble. ReSaNe & MG UE B AMPAE" Brdgrbr B ERESTRBISO A SHY ABp fed 8 SayeafE andidate
Gene ehco®RUE: B5 prasiBian efibsqmsidatappiotarriane sonte s infer Red felpyed Bygb#iefencoding a
protein of kAVRIvSEORTE: FoPipaTiREtiOR e eveliciusae dbtitPRAB/ectors allowing analysis of
N-terminal truncations of proteins encoded by the inserted gene of interested SUBSTITUTE SHEET
(RULE 26) WE-3008roudisogem9GB2005/003417 17 A plasmid for general usage in solubility
screening was initially constructed by assembling a vector containing a gene of interest together with
relevant featht&&diaBIgrg e imedsT hRoteasa praviounrizrtd retigiing & greuradine amaysis of the
candidate g&feradiarsyas wdsmetde of plagiienforsiefoRiNg aplyrotes Genkebideretiostbihelirect,
simpleifeplasstmrémsofrtvéted ridiel ReRr eerdingtivamedfdr dignothetiddhpricensinuctiotegf Weregndidate
gene-contaiming ecsistrpdiisdesplibeddol ininadchhylifiat pbaudde riyapivaisg RStiCteantaiginga different,
unrelated gppRaNEfkanRaBs A} Redionf: the candidate gene The candidate gene was cloned by PCR
from a previous plasmid containing the open reading frame. PCR reactions were performed in 50 ul
reactions usihgMP/O polymerase (Roche) according to the 10 instructions provided. The PCR
construction used 4 oligonucleotides primers in a strategy whereby small outside primers amplified the
initial ampliCB G pFedies By pilithard DhETIGRE CIgEGEC dG ORGSR EXICBaCnOi X peackan): 60
nMforl 1§5' GATCCOAGE A TIAHer AR Antilohtet 1 Eofafidriehife{tale (oW e Cahfidhd XX Xt ol Ktk X XXX 15

XXXXXXXXpe RlrorReressadndioetan aogmptementely, 0asa 1 Ae\gaitdisate gen® sRakienee omitting
the ATG start codon, 600 nM for2 [5'- GATCCTAGCATATGAAATGCATGG-B'], 60 nM Fsel revs [5'-

GATCCTAGEGEIGEBCEEEERNORAAK OO BAR% 33 kv 600 nMa Feselrav

[5-GATCCRAGGSE CETEEXRBEEESTGEERsandiipns were 94 C, 2 min and then 25 cycles of 94 C,
30 see; 45 C, 30 sec; 72 C; 2 min. 20 The PCR was electrophoresed on 1% TBE agarose, the bands

excised andERNAIIGEHIGISrPUIPED min and then 25 cycles of 94 °C, 30 sec; 45 °C, 30 sec; 72 °C; 2 min.

20 The PCR was electrophoresed on 1% TBE agarose, the bands excised and DNA products purified
using a QIAEXII kit (Qiagen) To generate insert for cloning, 1 ug of the PCR product was digested to
completion with Ndel and Fsel and the 2230 bp DNA fragment then gel purified by QIAEXIIL.

b) Construction of a vector containing DNA encoding the biotinylation peptide and suitable restriction
sites for cloning the candidate PCR product

25 An oligonucleotides cassette was generated by annealing two oligos biot-1_for

[5°-
AGCTTGCTTGGTGGCGGTCTGAACGACATCTTCGAGGCTCAGAAAATCGAATGGCACGAA
TAATGAG-3] and biot-1_rev

[5°-

30 AGCTCTCATTATTCGTGCCATTCGATTTTCTGAGCCTCGAAGATGTCGTTCAGACCGCCAC
CAAGCA-3’]. This was ligated into the Hindlll site of pMAL-c2g [New England Biolabs] forming
the intermediate plasmid pMAS103 which was then digested with Ndel and Fsel. The 5521 base pair
fragment (the vector backbone) was gel purified as above and dephosphorylated with Shrimp Alkaline
Phosphatase (Amersham).
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using a QIAEXII kit (Qiagen) To generate insert for cloning, 1 ug of the PCR product was digested to
completion with Ndel and Fsel and the 2230 bp DNA fragment then gel purified by QIAEXII. b)
Construction of a vector containing DNA encoding the biotinylation peptide striction
sites for cIonlﬁ@Otﬁ%O@%&?aate PCR product 25 An oligonucleotides casseﬁg’rv@%é%&egﬁé% Zd by
annealing two oligos blot-1_for [5' 18

AGCTTGCT) a3 Ho LR préaus Naibodh B dxpleSsinhiato CAGAAAATCGAATGGCACGAA
TAATGAG-3'J and biot-1_rev [5'- 35

AGCTCTCAT 2080 Gésd falc CAdid gk Tilst £ Wz Aksh ighted5A A e ATDG biséspal GAB AL GefifeAC
CAAGCA-3i,khisovas faassd iniasheapindihaiieial RVMMy-sRaiNewRaadsRiolans] douming the
}?;Z%“ﬁndt'?Eﬁe"ée%i%%ﬁ%&wg*%‘“@@'ﬁhm“W‘ﬁ“"f’*‘*‘ﬁgﬁ'ﬁ%‘?ﬁo?'@%‘d&g?% A kaline
Phosphatase % mer% ar%py\% f g@l—hﬁ% (cg géqﬁﬁéﬁ) %Q?'gr &%ﬂb(ﬂ%lOOMl?
18 ¢) Clonim§of B BE R rBatd SRebBA% E‘&?‘@?ﬁ?ggs‘gﬂ‘ VEREH é°27é’3686%35 )[3 EHEtlate gene
insert was tieltgten 6V sYorp I Welf Pt e JemdirtisadisshendvithF £19%Rcgdee (Rapid
Ligation Kit cRéemehepnirepiacse atthe saraadighsadbR htly (esBiest: Using a PCR Quick column and
eluted in 35 ul of 10 mM Tris Cl pH 8.0. The E. coil strain DHSalpha 5 was transformed by
electroporafitAs it RHAE b Ul yriessd Med Srgatisprrbesmsimseb{ra b rodidakeems. ISwsealetitthn and
plated th LBsagdartiupptelardmadalyih efrotbieititnetd MO eagdivdteRiensmiaisenpised g plastdlifdigesimveral
colonies aneitheNethadatidriad clizynatistrigtion iskgest anizRNA seguehiciagniatisio nfirinatliersdrrectness

of the constgletiantqidAR by IPLESae dighaiend poRfsmidpitAR ke damamaiseg dgestetsugeation
experiment fothescandidate gene. It was also used 10 as a starting vector for analysis of other
genes: the candidate gene was excised by plasmid digestion with Notd and Fsel and alternative

genes inserted {ydigating igene siwitpsompatible iNeilipndiseto sitasiy nikedtice dhdind? B, sat.
equivalgnt Q@SIQ%S rg{@,;lvea;gpmgdstagtjangc:ﬁop\dior@,g;,{%gﬂgg reagling framed&er epample, the
human NF-legp HpEally RUIRRRR SRR 1HEEII NS Site. 15 It yas then

amplified by, th ollgonu
ATCCGCG 8%%%%#&%@ CAngé%;EéggA Aé@%%iﬂﬁ%%%@& e W%Fg% v1
[6-GGGATEEHEER BEEACET &F S REB FFTClP S CEAETPET T3 Bso ﬁréjwfﬁdég e in which
the original ¥4HYBLHH Fad Hedissiseaecttidaskornp sttt Wdodigutad digset Itlsel and
ligated 2 to Teusthe BETkironB garives gspentsd mrdTeciomppsibtcorHARIMIE! ddetonef themeikappaB
gene was gemerittoyithagtortyotmpadBle WRitRigdrtddminal deletion of the protein encoded by the gene
(vector pHARI 112; Figure 2). In summary, two similar vectors were produced permitting 5' deletion
libraries to e rrmipanp HAR sintilc opaiahs etiere predisedyum s eSsdeetan didierées énebep iR 1112
contained thg«l@@‘]é Iforditained a previously unexpressed candidate gene; pHAR1112 contained the gene for the
transcription factor NF-kappa B, a protein of known structure that could be used for validation

25  purposes.

d) Construction of vectors allowing analysis of C-terminal truncations of proteins encoded by the
inserted gene of interest.

The vector pMAS103 (described above) formed the basis of a second construct enabling digestion at
the 3’ end of the gene of interest. Here candidate genes were cloned full-length as DNA fragments in

30  which the start codon (ATG) is present in an Ndel site (CATATG) and where the stop codon is
followed by any form of end compatible with the BamHI, Xbal, Sall or Hindlll sites of the pMAS103
vector (either as compatible overhang or by blunt-end ligation).

To exemplify this, the Human NF-kappaB gene was excised by Ndel and BamHI digest from another
plasmid (pHAR3(7) that contained the gene fused to DNA encoding a C-terminal hexahistidine tag

35 (the tag has no significance in this experiment), This fragment was ligated to pMAS103 vector
backbone prepared by digestion with Ndel and BamHI.
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transcription factor NF-kappa B, a protein of known structure that could be used for validation 25
purposes. d) Construction of vectors allowing analysis of C-terminal truncations of proteins encoded by
the inserted gene of interest. The vector pMAS103 (described above) formed the basis of a second
construct ena%] é‘&f‘n%n at the 3' end of the gene of interest. Here caﬁﬁﬁﬁf?%’é’ﬂ%‘%ere cloned
full-length as DNA fragments in 30 which the stggt codon (ATG) is present in an Ndel S|te (CATATG)

d wh [, X I
o bt e Bt jgﬁzﬁg;bwawgm% gl

exemplify thi e Human N ene was [ and Bam Sa?aespfrom another
plasmid (pl—ﬁlgf[ 507\RhA won :ﬁ’lenedp{ﬁl?ee gé‘n"‘é° §€d§%%ﬁf}& B eGP hinal hexahistidine tag 35

(the tag hasrncg,gdkgglfl a cell th's agme twas |ated to p MA8103 vector
backbone prepare y gest = 0
2006/0548 51003417 19 In summary, the plasmld pPMAS106 (Figure 3) contains the

NF-kappaf ipsert in a form compatible. with C- ter |nal el f the roteln encoded by this gene.
This was sﬁe%?zf z%ﬁ( B8 VPE% aﬂcdfafrl%el3 accor %lnceﬁﬁa‘gﬁ‘f’e&?ﬁ St YPiiendsha B is

well-charact&is r?tt‘%&ém?fﬁ %M&‘BP?&&M@&% ol RekioPSunes M. cbifaifingehZdbne for a
previously @&We%}e&tﬁﬁﬁdﬁéﬁfrﬁé%ﬁa}% PR Blosens péiftsrased Gmisoraismstof HetiTiCHY
method (seabpHe! CreatioherFeHyconpintidnPrishafiet] sbrdidls 4mMethousoipMidies lileaBial ogyoby
Ostermeier b &hitetdy S buiit 23 Nevp Brie2dlHib)atSyiflynnderdiatiadanioymaticailyiswaceieatide gene of
interest, 10 imicfiegrarmmebplasmigopHARhdddwas Wigestaedowamnpletianvith N ag.anddsi. 4
microgramspef pafiegiafine asined yectonsto was.ditted iabihHios LiNswEnaang Eimn@,ogo mM
NaCl (in adgitigndie.thatiindhesuiien andaing fm?écx%t{m&v@f 168 mf&fqm%f tmﬁg

microlitres We%t{oelrg,gye% eté)a 049 Bgrolltre%{yf“ PB u ff r Qia en fo (?Hggm htres (gcpg To the

g Smgje uenc
remalnlng 90 micr tres at cféase lﬁ Wgs a mixe %econd

interval3, O%Hmlcro res ofct‘n tm"e Vol ?%’{A%s‘?é%%\féﬂ AndeatraRie o shigi®*Guenching
tube” compﬁgm Fcff‘mﬁ‘%@go @‘b’lﬁfff@?ﬁ%”ﬁﬁ%@e This Wasorsrltidetrropisptaddedta hslintil 90
microlitres dtigieliteacfiBR buffenAbeienreagiostdtre. tFhi rodthintivp3D waiedtires YpnsiegPER t = | h
control and sArasvalseiracidieeho(@BEenhivrotired of 0 B suffiors, THentlorelitrre actiGNsnftrolBet of [HB and the
library) weréwfeamesctipeidingcR@RolceanapspinmblshasgtQiage ) amad-ehiigehia Bl mictaliires, 30
microlitves awesb&microlitres of EB buffer respectively). The control samples were analysed on gel to
verify the exonuclease reaction (data 20 not shown) In order to remove the single stranded overhang
left after thdrexdaucl ease digesigkherbtiadicralitiesdt ahibr aryaminwasdilgiagitie b Midrgikean
Nuclease (MEdY biiffen( dewEnglandi3intah sluansa Mpits REMBN.G BRYER @@tﬂaﬁ)i&a fipgtvolume of
approximately\zBNTUsER asecing FeRRIGRINGS dhepbringHRAIeSsah R E0r AR MiRSod DRsRRGtON was
cleaned up Mélﬂ%ﬁ‘%&?'%a%‘@émﬁ qm&%taﬁ%as cleaned up using PCR cleanup spin columns and

25 etuted in 65 microlitres of EB.

To polish the ends of the vector prior to ligation, 48 microlitres of the library DNA was diluted in 1x
T4 DNA polymerase buffer (New England Biolabs) with 2.5 mM dNTPs and 1 unit of T4 DNA
polymerase in a final volume of 100 microlitres. The reaction was incubated at 12 °C for 20 min and
then quenched by addition of EDTA to 10 mM final concentration and heating to 75 °C for 20 min.

30 The reaction mix was loaded onto a 0.5% TBE agarose gel and electrophoresed to separate DNA
fragments by size. DNA in the size range of interest (>5.5 kilobases) was excised from the gel,
purified using QIAEXI resin (Qiagen) and eluted in 60 microlitres of EB.

The size-selected DNA corresponding to linearised vector containing truncated gene fragments was
the recircularised by ligation with T4 DNA ligase by incubating 8 microlitres of DNA solution from
35 the QIAEXII purification with reagents from the Roche Applied Science Ligation Kit according to the
manufacturer’s instructions. The ligation mix was desalted using a PCR cleanup spin column and 2
microlitres was used to transform E. coli DH5alpha competent cells by electroporation. After recovery
of the transformation mix in SOC media, the library was plated out on 22 cm square agar plates
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25 eluted in 65 microlitres of EB. To polish the ends of the vector prior to ligation, 48 microlitres of the
library DNA was diluted in Ix T4 DNA polymerase buffer (New England Biolabs) with 2.5 mm dNTPs
and I unit of T4 DNA polymerase in a final volume of 100 microlitres. Th cubated at
12 C for 20 miCR% ?Eer{quenched by addition of EDTA to 10 mM final i%lif?l?e&%?r@tgll}c@?“aﬁd heating to
75 C for 20 min. 30 The reaction mix was loadeghonto a 0.5% TBE agarose gel and electrophoresed to
separate DiAn&RgmMENtEiY sizmiddiNAointhe 312, rapasinhiae asve sdokitohasesiripas fsised from
the gel, pumeea%%lsws@%ﬁ%u Pesin-QiaaRa L ApsRIwsH InbAingRlitesf Ry 1 htnsizg-pelected
DNA corre mgﬁas ,n%% Y GERER %of;!mym@aﬁe& EARITBERTE. 0ale A2 BRUGY 'ﬁmsed

by Ilgatlon ase incu atln mlcr0| res of DNA solution ér%’St he

purification w‘ﬁw r queﬂht% ﬁ’e" ¥ mf P e TGt on Rit A accor o ?he%nanufacturers
instructions ST # ‘B?PFFIX‘(‘WMMEW%@ S LSRR RN Y5 column and 2 microlitres was
used to transform E. ¢coli DH5alpha competent cells by electroporation. After recovery of the
transformat f > the library was plated out on 22 cm square agar plates
SUBSTITUTE,SHEET (RULE 26) WO 2006/024875 PCT/GB2005/003417 20 (Genetix, UK). After
overnight o'W &SP, approximately 24, 000 colonies were scraped from the agar, resuspended in
PBS and pl ed fropl.a small aliquot of cells a min k L3 lasmid
was used tﬁran %rrinno aﬁ %Irot%h“ U?(rfz)sg%rs%?on cgt‘r(81 q lijos % wasgl(r)%%nﬁt§r(p§ Q‘?&PQ ‘{ar%tagsene) The
even size dREHIAISH aé‘f%ﬁﬁ d?é a8'¢ot h??ned b leélfo de’ﬁ@’ﬁfgpgmmmat%\‘%g QAL ith
fIanklngopr|rﬁ%’r&lﬁﬁ&r%i’ﬁ‘a?b%‘é°§e?(é¥§8ﬁ?}ﬁﬁﬁsr@’§f§ r??BB??l‘ilé Ao R G b ] i A s 16 @Fbi’éﬂiﬁg The
BL2I Codonr®tsimeL3 $havieforatesciltidh e 78 Imisridran kiR EN piedeem ot well f2emseied#itB agar
plates (ampiciinilfi® md/thiohioemsiodnicol@Cyitgks ) vetra slemsity ohiaiprosdiratiely 4 FOdolenies 10
per plate grenGraihdk:Gnadb880@alameSowasasyobotically picked, using a Kbiosystems gridder-picker
robot, into 384 well plates filled with 70 microlitres LB-HBFM medium per well (supplemented with
ampicillin ang-chiegamphenbeotksLiquid cultures were grown overnight to saturation at 30 C in a HiGro
shaker incubator (Genomic Solutions). Gridding onto membranes t5 Squares of nitrocellulose
membrane Ferershiritiowinosmenerieid/oretihendp ot o a1t bl eghe ormes32 (subBlegtigniieg with
ampicillin anehppitonanp rethicapictisingdaidoiddhenpio) tdbirerkthidiagnayig! Pob dts ayieglches were
printed on tophe Rl bigh tensip-migtesigedentierrinsubaietavanbghl atemlpiE antil
colonies wers jas¥isiBlente theNakeds Yo e maenhranesans dileddomdheaome agd akaid over
fresh LB aggy, (P'@L%fs &%gmg”;gguqﬁaw;ﬂas Q}f;ém@daathmmmahmem%mwﬁasxﬁ&s&umalemented

wilh IP153 248 08 GoRSaRIiAHo atame% Nl Onwﬁmmmé@&%% XPression withip the
colonied, Imm%) |ate yss and ete tlon oL arrq% W%tlgha a(r}/ gst Ody|ot|n>(l [gm peptide
e|n
U

at this point TURS PR 0d’eet ‘l%%eo}acelo 385 \3v express p ther so u fe: Figure

4). Membraﬁ’é‘g‘W&t@i’rﬁ?@B‘?ﬁé‘Hﬂf&p&‘? ff?ff’fébﬁt‘fdﬁﬁ%t&’ﬁ?}?ﬁ ?lﬁﬁﬁ%ﬁg é{ Fotem (ither 3o

or insoluble; Figure 4). Membranes were incubated for 4.5 h at 30 °C, i rom the inducing agar
and placed at minus 80 °C. Prior to analysis, the membranes are warmed to room temperature and laid

25  over filter paper soaked in 0.5M NaQOH, 1.5M NaCl for 10 mins at room temperature. The membranes
are then neutralised with 2x5 min in IM Tris HCl, pH7.5; 1.5 M NaCl and then for 15 min in 2x SSC
buffer. The membrane was then blocked overnight with Superblock (Pierce).

Hybridisation with Streptavidin and Antibody against peptide tag

Detection of expressed proteins

30 A mouse monoclonal anti-avitag antibody (Avidity) was diluted 1:7,500 in 40 m} of PBS-T and added
to the membrane in a Roller Blot hybridisation oven (Techne) for 2 h at room temperature. The
membrane was then washed with 3 changes of PBS-T buffer for 5 min each. An antimouse peroxidase
conjugate was diluted 1:25,000 in 40 m! of PBS-T and added to the membrane in a Roller Blot
hybridisation oven (Techne) for 1 h at room temperature. The membrane was then washed with 3

35 changes of PBS-T buffer for 5 min each. Detection of proteins was using chemiluminescent substrates
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and placed at minus 80 C. Prior to analysis, the membranes are warmed to room temperature and laid
25 over filter paper soaked in 0.5M NaOH, I.SM NacCl for 10 mins at room temperature. The
membranes are then neutralised with 2x5 min in IM Tris HCI, pH7.5; 1.5 M NaCl and then for 15 min
in 2x SSC bulePHHE R Embrane was then blocked overnight with Supersﬁ'g?}fﬁ%fijggz)‘”l-tybnd|sat|on
with Strepttavidin and Antibody ainst peptide tagjDetection of expressed proteins 30 A mouse
monoclonal gptioryitaginpiierryséAxidinanascdilwiagd b 2RORis A JR) T8 @nd%ﬂt’sege&o the
membrane %Bﬁ“%ﬁﬁéﬂg W{}lsatlon oven (Techne) for 2 h at room temperature. The membrane
was then Washed with 3 changes of PBS-T buffer for 5 min each. An antimouse peroxidase conjugate
was diluted Q%Weg,@rgyeof PBS-T and added to the membrane in a Roller Blot hybridisation
oven (Techne) tor | h at room temperature. The membrane was then washed with 3 35 changes of

PBS-T buffeArf%o'ésmiw&a%@e&%gttqa%agqt@i%mayar%%ﬁ@'tluﬂ%’ CRLSYBSIANES 00
SUBSTITUTRSIE RL{RLRA8 W@@QQ@P@&%@PQJ&% ORA3E (g nlr ha%ﬁsgtad;%h i by

perOX|dase Amgg&aﬁn & (} % ra |ography (Figure 4). Slgnals Were guantifie
densitometry. rétrlpplngag?qrr%%nm rgﬁe%\nt gdles were removed by incubating the membrane in

stripping butfgr (PBS:-29 {?zn§}g§d¥/‘¥: .40 5 MM beta mercaptoethanol) for 30 min at room temperature.
The membrane was {tten washed for 30 min in PBS-T and then blocked with Superblock Detection of

biotinylated f
s't?e'gtyai.an%%m%%%%%%&wfﬁﬁﬁ%m% A/%@Wéﬁ?%mst’?évg el gl stthe
e

membrane |F| Ro er Blot Isation oven

was then wa E“dsat'ﬂ't] i i e ekl gg&ﬁ“"lﬂ‘@f@’&ldﬁscﬂ“ﬁ‘rd‘@ﬁ@ WiB dsing
chemilumin&Best %ﬁ%%%r&t&%f?%%éfg@raa&ts PHETitnaacecnBrs NsRs EherihEriprsaty atbstrates
autoradiogrdpHiPriiatisk prsmidass thesebtnS s wiecsraptavienediserenty. foewe ublevsriteirsuiesults
obtained froph deStienteyidinagreemipriisded: arateindosdd vhithingd Tenpdapliatealidysisidguedeabd and 5b
respectivelyinduecg hativiib Bviglémce @l BHEGFikbréntiusdd preipitiexpyassinoneaBvieaeait mrthe second
membrane (BicoBpraftarsveionaneyd vanbindivectoathashipndgtagtion uses fluorescence and is
presented in addition to the chemiluminescent method above: The same library of the candidate gene
was preparethadteumtiae aypasqaboieendthenfhidtieylatedprineinssleieated pisisgea flugraseent
Alexad88-stte piavidiniGanidaataddholeadar Probam. ibhe,Bembiangasdianssrnaed ssing a
Typhoon imaggy {Amershamnad AashiiedmagaRNANSES Ls gaSQSM@t%VmQAE%%@&%P%%'Otech)
(Figure 16). ) @Mﬁ&ﬁt&ﬂ@é& frem ttse%rtﬁevvyt?t%%mt LY SRRRIOMEI AN ages were
ranked Jipr expression é%\éaeg ‘ﬁ%‘ ea ;s}ﬁé ?o{é}?; %P gxp |t|se r further study Of the
27000 clones analysgd about 306 were selected' urt er an) IS smce the data indicated
expression g{aeépw}gsgrotem. 25 Analysis of Unselected and Selected Clones

e me; rane in O
c ne Po at room mtem erature. efhe membrane

Signals from the array were quantified by densitometry and clones were ranked for expression level
using image analysis software (5¢) and prioritised for further study. Of the 27000 clones analysed,
about 300 were selected for further analysis since the data indicated expression of soluble protein.

25 Analysis of Unselected and Selected Clones

Clones from the library of the previously unexpressed candidate gene of pHARI111 which were
identified as expressing soluble, stable protein from the array data were robotically extracted from the
frozen bank using the rearraying functionality of the picker-gridder robot. Insert size was screened
using PCR screen of 96 clones with flanking primers and agarose gel electrophoresis. The same

30 analysis was also performed on a random selection of clones from the library for comparison in order
to determine the quality of the library. The PCR results to the randomly picked clones are displayed in
Figure 15. A graph showing the analysis of this PCR data is presented in Figure 14 and it can be
observed that there is a linear and relatively unbiased distribution of truncation lengths. The PCR
products were digested using Ndel to confirm the start codon. The PCR analysis of clones identified as

35  best soluble expressers from the fluorescence analysis is shown in Figure 17 and it is clear that the
distribution of truncation sizes is no longer random, but clusters around a similar size.
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Clones from the library of the previously unexpressed candidate gene of pl-IAR1111 which were
identified as expressing soluble, stable protein from the array data were robotically extracted from the
frozen bank using the rearraying functionality of the picker-gridder robot. Insert size was screened
using PCR scY&@ 208§/888fones with flanking primers and agarose gel elecfopfB&LHE same 30
analysis was also performed on a random sele@ton of clones from the library for comparison in order
to determing-éhan Guplityiaf thendilirargs Bdacekitdssengsiisc Gittiaey fan dom thgpéeked dienbsranescigplayed in
Figure 15. A-gkaih mbaving.theranalypisatihigdosmR idata isnprasankeckia frigune ideandiilcnn be
observed that fhsre.is.a AgarABeliva s ybiasad dist#) uiomal iy acasiondengias: shie PCR

products were digested using Ndel to confirm the start colon. The PCR analysis of clones identified as
35 best sol§blebbxpersssing dlenss HidhArsrEcsdy cacapreryelraUHBERNS IRIEIFReR PepRISETSUE&r that the
distribusion ektounpadiinpsines isitiostanges raniipnactost Slestercatdopmd to ddenidy Stk ISUBSTITUTE
SHEET (RUldmtidbpAMP 2806102 4546 T BA00HA0344r (B2 dRuetelnnexpressionred theltiyist 96 best
expressers ¢samerlibrang it fro s dhe.carliveehe milinpRrpeesTtd gioion meiheall) e Riifed by
western blog and;if was,confimicchiahihia BIRISEiE.s UhlIRbN. lfiatianmaae diagtionation of
expression yegies [Eigute 1) end matcheg NepiedGiRd JPel R vsq Wk cxpiRsRig clpnes o

the previously unexpresse ate gene were then sequenced ysing 5 vector ific primers with
sequeiite r8REFY ab/b8TTHR %ﬁj LT gearl%rcf%ﬂf}dgﬁ?fﬁ/"b%[hg %u%%%eéta% é’rrlct’d[%c(e) %ﬁeg%raﬁ)%énion
boundaries Mt PE iR dac R R0 WAY PECOUSTAEY AL te‘f’%iFh’esg)%Vﬁi?te' occurs
because, ofieRRIgEe drerPHaSAIEN atdREsrediAtAReroRtRig S eSO ithde SRS, B &timentally
determined slertig thevetiatigrreuhaliysi ndettrorfeetidreotnige pddsexse iderjifirbassornprdoa poiessidh map
(Figure 11).iStchs annadpniagdnitieiecines haswbyesethdarkprydured prepioustycdopdd prqiemietrithit
illustrates thgderuitigRsinAAPIRIRINRE ol G kety UncapedeandvROgiperi s vistedprateiptidvultiple
clones are iggntifieslanf (AGSEFARRSSEHhesRIRG ARG OB SelaainEdhasedhabgiven high signal
on the membrane auray AR WESIRIN RIRES whenaahegdwihstreptavidin i.e. express well b) selecting

those that are smallest when consecutive amino acids are identified as truncation points. The latter is
an advantage witebeclemetherreite Beewsed fofex svigeeryfamiipytaying, the dipatspibiini<iitn 15
ordered termanbustialys cayistaliserdngre 6ffictamthed hfithpeateding witls. SppdardedisdiSergeiity peptide.
This resplutigneftinfeemation iatp Ry POSEID Luaktieide the:aueigamiplingohthecsyperkenpenie
possible by fhe fighiRrouginub batessor! the-sereentngethe thshises ansbRHeethohenmiea tegree of
order evident from Rarayipg.thedaares of SalMoiin: AfiRe v oM AIeN s akasAceREing o the

sequence of the encodin gene. Similar levels af. solubility ate. 20 evident in constructs with
consecutiver%ﬁi%rga{ﬁgﬁsp r(gsteg gﬁ%ﬁ%ﬁ%ﬁﬁé&ﬁ%%n‘th‘rgéugh ?narxl?er %ointg, and these are believed to

correspond toisegisnissfcdonsactitvehiesisueanissivalimeaosdaliiteersalnis cdnbeastiugiivs Bf poor
solubility arereviglentirastsan pationtb divagaries-tinaibiathwitiein struccicredelr egionrimbhiaderstein (see
region markegh ag. "Npding dameaiRxiBsIrigu e:didded tisuhypaihssisadiierd méhabiis Typefaanalysis
allows an exhalistive.anaiysis:QbihavalidRility of 25 truncated variants of a protein to divulge
information on protein structure, such as domain boundaries, and the degree of solvent exposure of
residues in thetpidanesiencugtenprihdidibtein. This forms a

Figure 13 shows Western blot analysis of positive clones grown up in LB culture medium, lysed and

30 fractionated into soluble fractions. A wide range of expression level is evident, aithough 3 clusters of
10k Da, 20 kDa and 30 kDa can be distinguished that are also apparent in the soluble expression map
(Figure 11). The full-length protein is 86 kDa and absence of larger constructs is thought to be a
consequence of the architecture of this particular target. This result also demonstrates that protein
expression as measured in colonies correlates well with that of the more standard liquid culture format.

35 Scale-up of Protein Expression and Further Characterisation

One of the genetic constructs identified above as expressing purified protein was subcloned into a
pTHEX derivative vector (Novagen) (Figure 19) for improving protein expression through use of a
stronger T7-based promoter and for aiding purification via addition of a N-terminal hexahistidine tag
that can be removed by cleavage with TEV protease. Expression of this particular construct was good
40  at approximately 40 mg per liter and lead to easily purifiable material. This is demonstrated by SDS-
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further aspect of the present invention, Protein E ression Colony vs Liquid Figure 13 shows Western
blot analysis of positive clones grown up in LB culture medium, lysed and 30 fractionated into soluble
fractions. A wide range of expression level is evident, although 3 clusters of 10k Da, 20 kDa and 30
kDa can be d%?n%&% F.‘?é‘&stha? are also apparent in the solub?e expressionpéggB@?aﬁ?gﬂ). The
full-length protein is 86 kDa and absence of larg&r constructs is thought to be a consequence of the
architectureAsbEhisapaitictiar paifjettidihisrési{fajse: dSmORSHatfai thate kel BypreSSTOANRS
measured in£QiRAiLS BerRlairswekyithithat ehdreroEs.shandsns owidicultureiformatwsa Scale-up
of Protein ExpressionapdfibrehaaciaiisationQngohhe.censlic copsivRtsidanified above as
expressingBuligd eleihuas URslenaBIIe & RTHEX derivalive.vecier (Npvaden) (higuie 19) for
u&a a}ron e[ T7-f)ase romaofer and for aiding purification

improving protel ression through use o ran

via adcfitior?uézfeas%-grﬁr{al ‘é%(ga_r?éiatfﬁté" §° HEIE SN BE FERBVEYE Y e G @ Vi ?Ec\/gf)?‘btease.
Expressior S pARIEREFB1Huct was good 40 at approximately 40 mg per liter and lead to easily
purifiable matesisdafhis dsaemenstatechhy 2R s HiiBeddt THkTeR HEREELRILE 26) W 4006/024875

PCTIGB20RB{054d 23 HAGE a@akxsfmftmw{mgaﬁaanma@i éﬂrzimo;ln il \fiified protein
shown herg g iiineheo0lacietipechlopioldedagss UG MMBARY (0 LSt shectium, of N15
labelled material is.shown in Figure 21 FStricture

i This particular protein has proceeded 16 a fu
solutioh by SShdifvﬁlr&tﬁﬁavt"alfg%a%%v%%x Fff‘sg eé%&&éﬁ?_‘s%ﬁfﬁ@%fﬁ)ﬁy BT FolmaiA i & protein
that has neRM8PbeEH S RrEiERdEy AasRERAdHs b ATGAS X RHE bl BrREEsS R P TRiF) T8fitRe current
invention. THé kst HASHD BREAR2Used for crystallisation studies. Additionally, a second larger 30
kDa protein, pfithis targelihias heen Rigrbaad-using the dnformatian . fromthe splgble sxpression map to
guide the sglection of clanes QE%&Q(E 11) and comprises the smaller domain from above plus another
20 kDa of material. Tt I1s expected that this comprises at least two 10 domains. This protein was
effectiviely éhprirsserhirpmsboth theveTinEXaystemf(Figumioddy ancadse arquiAdinvedtoradNexw England
Biolabs) thabprgducesgrasn dasiypupifiaiiainaltosabinding peataid fosiapredhicksis-showrrdare in
Figure 20. hpalusipetdokammeR anadditianalexanpeoting.d entianamiguing:a pratein of
known strugiyrgforvalidafion BUERRSES du. R4S SXAMPLERARWRAPRYS R detailyas of#
previously [niiaciable Rioteln s s nalopOsaible ko Gipissediis iolein piat o this ork.
Howeyer it e, ls6 congiaered necesealy fo heriolm the Sqi bracess Bi 3 broler SrkAGun
structdre in ofder 1o validate the method further. The Protein -Eké%ﬁ F BXRECHOEEY 4R it has a
well-defined HOPBEITtisrEe PG BrSH S b &re Ualratr st esiHE pHAR 1112 for N-terminal
truncation (figytel?) anglaMed a6 dhigiie Ipfay GIarprinalae tneatiord therliRrarias ware
constructed-as- {0k theexammie.rhg\wrimdth the,excartine thakoMARIIP was.digesiedwith Jrsel and
Xbal prior tg,fhe.expnucleaseitriuncation ateR..Jhne Aualily %ﬁh%%gg@gmgpﬁg!ﬁt%&%a%%u'g%réfxsfrom
PMASL06 wasiieauied iy PR &' 59508 IRdnPRLINee Rt el KOG PR SIS-S5iae e and the
results are fsﬁngt\i,gg Io thlg g{&erigrid«%ra{gggt ?md the most intense 96 clones analysed by PCR. The results

(Figure 7) reveal 2 size clusters of DNA that are predicted to encode proteins of approximatety 25 kDa

and 40 kDa. These predicted sizes correlate well with the domain structure of NF-kappa B (Figure 8).

The first 48 clones were expressed in LB liquid cultures and total and soluble lysates were prepared.

30 Analysis by westem blot (Figure 9) indicates that all proteins are totally soluble and that the protein
sizes observed closely match the predicted sizes from the PCR screen (Figure 7). All soluble clones
were sequenced and the new C-termini generated by truncation were aligned against the protein
sequence resulting in a soluble expression map for NF-kappa B (Figure 10). The domain structure of
the protein is clearly revealed and the edges of the domains mapped at single amino acid resolution by

35 selecting the smallest, most compact form of each domain (Figure 12). Both the two domain 40 kDa
and one domain 25 kDa constructs have been previously characterised in the scientific literature as
being functional for DNA binding. Thus the domains identified by the screening for soluble
expression of the randomly truncated NF-kappa B gene are both soluble and functional.
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colonies was analysed using the fluorescent method with Alexa488-streptavidin conjugate as 25
described above. The positive clones were isolatedfrom the main library using the cherrypicking
function of the picker-gridder robot and the most intense 96 clones analysed by PCR. The results
(Figure 7) revddMbsize clusters of DNA that are predicted to encode proteins of approximately 25 kDa
and 40 kDa, These predicted sizes correlate well with the domain structure of NF-kappa B (Figure 8).
The first 481¢lones'werthekpriesgeching Biiguiol dittisredideid totadiandidaiubleliysitesiveréaprepared.
30 Analysis by westedrlistopiFigure/ 9y dndivatesud alatlinprivieirs fasedtotal lpepolishiebamdetivattthe protein
sizes observed closaly madentlsegredivtetsizechfioitr théuPE Rusbrearp(figure itynilied blutble clones
were sequenced adwtkthenvd\anCrermaini gedidiaten bytherrpationuhergealigned against the protein
sequence resulting in a soluble expression map for NF-kappa B (Figure 10). The domain structure of
the protein B clearly reviesl edcantinthéoedgies bf therdortainsmadppeldsiattsinglenzamimodaiid tesolution by
35 selecting the smalestiaosticohgpactfdem of each domain (Figure 12). Both the two domain 40 kDa
and one domain 25 kDa constructs have been previously characterised in the scientific literature as
being functibnal foa DNA®indngditus thedomainsidetifiedrbin thie sereekingbforsotivbien@xpression
of the randomly truingeéfiechFpkappatiz geyecalreacthesiolishlef ahd funttonakoSUWBS WALITE I SHEET
(RULE 26) 24 CLAKS 1) A method of screening for a soluble candidate protein within a plurality of
variant candidate proteins wherein each candidate protein is fused to a peptide substrate of 50 amino
acids in length or smalérdsuctvitiag asoluible3candidatehprptpinlissidantifiedoby the sdetgetidn of an
enzymatic modificatioinioflthe jpeipitid ef shibsindteat2 pratenethediccadsdingdto claim 1. wherein the peptide
substrate becomes modified by enzymatic action when soluble. 3) A method according to claim | or
claim 2, wheyein the ipeptidecsotdstsatead o esanattizigratiehmntlyl geriusndhenphy sigaldehavaeieristics of the
candidate protein tewvbéals dnis 2fugethod) Bsmeathga according to claim 3, wherein the peptide substrate
does not significantly perturb the solubility of the candidate protein to which it is fused. 5) A method
according t@yany onemefiiheapiacading siaims oMneigiRdieqeptide swisirate {sphetwesafeand 20
amino acids in lengtub6)A Rethad aeaendings any one of the preceding claims, wherein the peptide
substrate is a substrate for biotin protein ligase. 7) A method according to claim 6, wherein peptide
substrate isthe 15aminpacidpaptide cmimic 0hBEERpawingihasaguence dNRIREARINEWFIT. 8)
A method accordingitaasnpone aiihe precgding.alainsiprhereir thameptide substrate is fused to
each candidate protein by a peptide bond. 9) A method according to any one of the preceding claims,
wherein thegpeptidg sibsliatedalifissedat the samqrytamioumal e candicdaip:aeoia:40)sA method
according to any ongeefithadaresading slamssyvherrinthepeptide substrate is

9N A method according to any one of the preceding claims, wherein the peptide substrate is
fused at the carboxy terminus of the candidate protein.

10) A method according to any one of the preceding claims, wherein the peptide substrate is
fused at the amino terminus of the candidate protein.

1 A method according to any one of the preceding claims, wherein the plurality of variant
candidate proteins are expressed from vectors contained within a library of host cells.

12) A method according to claim 11, wherein each host cell in the library expresses a
substrate-modifying enzyme that is capable of modifying the peptide substrate.

13) A method according to claim 11, wherein said host cells are E. coli cells.
14) A method according to claim 13, wherein said E. coli cells express biotin protein ligase.

15) A method according to any one of the preceding claims, wherein said plurality of
variant candidate proteins comprises a truncation library of a candidate protein.

16) A method according to claim 15, wherein said library is generated by exonuclease
digestion of nucleic acids encoding the protein.

17) A method according to any one of the preceding claims, wherein said plurality of variant
candidate proteins are screened for solubility using colony arrays.



fused at the amino terminus of the candidate protein. 11) A method according to any one of the
preceding claims, wherein the plurality of variant eandidate proteins are expressed from vectors
contained within a library of host cells. 12) A method according to claim 11, wherein each host cell in
the library éXpresdesahasiisstratagimddifyilg eharymeatididas papelbiecxfrasesdifyingldniepiaphice
substrate. 13) A methodraceoseing fa claimilly, byhereiticnad hoest bellparelEsdsitaelisink4dnA method
according to claimgdowharein-saitb&oaolgels exnressRiathy freteir igasemdalid pegtiied according

to any one of the preceding clainns, wherein said plurality of variant candidate proteins comprises a
truncation library qf a can |date ein. 16 d acgQrdin t im 15 Wher n sald library is
generated tl)l%} exo%u gg%a(eja%po tt af‘r?’uc%glg?z}glds §€nco § 9 t% %uf%ﬁ%rlr?o fsAnfgn ?108 ac%gordlng to
any one of the pré€&a H&%F&W%ﬁ‘éﬁgﬁr%@ﬂbﬁ%‘ﬁwl@f Q/fa?rl%.lﬁfa]é icrlidaro R & ikeened for
solubility using colemijbaraystoBe rgycatioephod actopsiffteratsiite17, wherein candidate proteins
expressed by colonies in the arrays are screened for solubility by detection of modified peptide:
substrate uging an artidadyryveiheldetectionteagent (e @osireptaidi) selestve Janpheispodified
peptide. 19) A mefhod-aceordingde @f%%aﬁn%fmlfak@gné ten%ff@l@fa%&g)mésmg ihastep of
correlating mformatlon regg{glnsg the solu |I O&U{aht ol ate Ef‘ﬂt? W|t in {he fllbrary with

of corre e S0
r 018 ainin ation ?an}ﬁg to protein
g o

the truncation point il the protein seque ca
structure, the metRBY E8HBRLIRS Vﬁg’l‘fb R Q} %S%‘f%%’&ﬂﬂ’&t tﬁlfbsgwrgﬁe of the

claims 15 to 17, further comprising the step of correlating information regarding the solubility of a
plurality of Bandidatetgeotédnt fwithisetidelinramytsifla chedidategatismpbinkirrehwpriomin sequence. 21) A
kit for identifying soluble variants of a candidate protein, the kit comprising: a) an expression vector for
expressiongf varigntgaadidateaRteinsitaiasi callimharinaajwesion caRtAINg avrstiction site to
allow insertion of @aﬂ?%%t&f é%%ﬁl%ta%&?@!{&g Eﬂ? t&%ﬂ%@ﬁ@r@&%ﬁ% ?t e%f%ﬁ%%@&%&f‘&é’ﬂfyg a

biotinylation peptlde f 50 amino ac s in ené]t or.sma IDer su se Lﬁgnce enco(glnr([] a

biotinylation peptlﬁe olrd%‘é IRAG BEiAsS %HF Cc?r Shaifyie ?&é}é’a Eleéjrtllef: cally to the (q(agcelne of interest;
& 9 #eRic acid

b) a positive contr@w@c%ﬁ%k@éﬁﬁ?&é&@stﬁlﬁéﬁ&f@ﬁ (ARG P G gaies Weaw
encoding the biotiagikstionepetbtidemelier rysahasesdionll \pcbeozaas M biehst:which includes a frameshift
in the biotinylation peptide encoding sequence so the maltose binding protein is not biotinylated; and
d)a f(l;rtherH)egatiyepgﬁﬁ%owﬁmrvmﬁe%@tr%@a@sa@ inglubladuatedriframesvitiythacbigtinylation

peptide.

nucleic acid encoding the biotinylation peptide;

c) a negative control vector as in b) but which includes a frameshift in the biotinylation
peptide encoding sequence so the maltose binding protein is not biotinylated; and

d) a further negative control vector that expresses an insoluble protein in frame with the
biotinylation peptide.



