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35  Experiments have demonstrated that changes 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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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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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,

35  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 of the invention, there is provided a method of screening for a soluble
candidate protein within a plurality of variant candidate proteins wherein each candidate protein is
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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
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(S) 35 1p rf‘t?s)é!i OHS ayf lq%?lﬁ)lie ?)gr%er \NQEJPJIGHP pH(')Sspgdrylatlon of the peptide does not occur.
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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myri st offERJRE BIPTSFioR 68 o avtibintic rEstanss gest allowing Felehipn oyithi aatibiodssfoy theof
t he peptuicdesfslisdidatt.er atthetecheaxgesdiond aeteroyyptchearka geiey buth a& gyRnEigd
activat greb QusKRERSHHEM & bl MsRhR! b&mithR 2 HANGEI I B meRt Jn&%cpgl%ch s
sel %ti an g/l fp antibiotics for the. s ’ctce f aﬂs,gl date, or activate The
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net hod fuch s FACS (bf l,.uor escent .({l-lct ivated cell sorting). Preferably, the
peptide’s %3&?&@«3’6?3‘ BB N [heapeRtide, sHoSTHRS, A i 1R SQRE VG, Alteh e @HY‘fYaB{@et ypes
of nodi $ubstaté wadifiing prifeincfoeewample, byhastiskasl d wefagtaddethe edzgmativ radction, vadh thg
enbodi nM@etactiviff@f BRRUbEHELe THRATYIHAbRIPY cititr RME oMBW el bRelichas AGLdut iof theOf
t he 2oz Suuied o BE ol S5k s WA E R 1o P B e Sl i ng.
pr ot ei nPardcukaricpll that gpcodedl Bt qapdidate olsple infay bl isojatedsom the dhasis of BE atitidty or
sol ubi | inkgtivity of the salesalie Giederying Piotdin) forleRarhple ShertBMPRMenthdont dT@n GABMNedRktEnt
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candi dat e” nol ecul e may on th asis o € activity or

i nac(’; i vint the odse tolfl ehegidferiradyteptided dorfugé MOacBdr@dned With KRS inMASH ltlﬁlt) hidQubstrates for d
conp} engatiak, i , nt - , . protein bearin pept i de
Char o oyt BESI Raa?lhe cBAIY RoMHLAG uEIEHIE i MoPhALEh Jp@BR0e el T o
pepti dem éraér fos the ieRzyaia€io MbAMR IOM tb ikt Picé, INEREIAR oftdnahzyieEis SoHpRtd ahes for

o1 ot i ny P EeEaFerk AESRd UG BTk o REhcr, TS s Be b RRRRR e et 1 on
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sepay at &dn¥rith@vely &press 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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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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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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(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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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.e. between S and 10, 1 and 5, 1 and 3, 1 and 2 or just 1 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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the first round of screening to parent a next generation of candidates allows the process to be repeated,;

35 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

40  the manipulation and screening steps is performed, more preferably three, still more preferably four or
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conjugated to a peroxidase or alkaline phosphatase, the detection can be by chemiluminescence or

a

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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that mcluc(i)es ATG in its recognition site (e.g. Ndel). Following expression- testmg 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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sol ubl ypiexRI&58p&htiadld t hus experiences nodification of the peptide
substrate by the substrate nodifying protein. In the enbodi ment of the
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protein . : . : .
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
35  permit fabrication of a N-terminal truncation series of the protein.
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and 4CkDa predicted size). Figure 8: Structure of the NF-kB protein
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constructlon 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-kB 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 1- 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 pHAR1111 were grown in LB. Cells were lysed, fractionated
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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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mul tidomain 30 kDa fragnment of the protein expressed frompHAR 111 is
obt ai ned wbt2eds/2usg50n of the truncated gene to naltose picmdiBgogosiiei n to
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pr ocessa) PTHR of theriandiddte gamast ruct was used in the anal ysis of the candidate
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inter esthetb)indﬂid’t@@éne vk [ &d Eyemla% reﬂ&ustﬂlb@mﬁﬁmtawgathé ep resliifg ﬁzfﬁ?e f or

anot hery, nstruct dat e e-con onst.ru

descri bed fe%ft‘l‘%%s Wgrqbglentoﬁm?dom o] uq(ﬁeearc | (\’/nétuis’g% Pacneel e ase it ge) AP r&"ég f'the ®
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candi danellgemsidenprimas amptifidly thP@htidlraplieonp pretticed Sy Priating df aengk niliges {the
open rq%hﬂgefﬁcﬁ%ofﬂ%gcg%tl ons were performed in 50 ul reactions using
PWO pol ynmerase (Roche) according to the instructions provided. The PCR
construgct :l\gﬁ%rsed 4 ol igonucleotides primers in a strategy whereby small
out si de pri s anplified the initial anplicon produced by primng of the

Iarge ol i to increase efficienc 60 nMforl [5
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of the reactlon :
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revI
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GATCCT |.Fse ev2 [5'

- GAT a‘EQné&%an 25
cycl es lbﬁlrg\!iz [@@@@@MGG@WCBKX&@]?Z 0C, 2 nin. The PCR was

el ectrophoresed on 1% TBE agarose, the bands exci sed and DNA products

puri f i elCRISIndgions KArABXIQ, 2kohih afdIagEyciTOofBITEY 3¢ &ci439€ 30 or72etoningg, 1 ug
of the PCR product was digested to conpletion with Nde\ and Fsel and the

2230 bpﬂ@%ﬁ r@&@é@&roﬁﬂ%ﬁ‘é@ecﬂ& 1R Q)s? Xh e@x‘@(&mse(}? )ancpﬁﬂlat @H&I&soﬂjb?tzd a

i | %%Pa
vector cont encodi n u{’l atlon peptl
restri c"tsl"él‘?a@%g(glf %?gﬁﬁ'&gg frate ér}iﬁ‘a?odé{gé‘“ CRIF B drchtC EBHO@HCF Yahtigsskdt? des
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b) Construction of a vector containing DNA encoding the biotinylation peptide and suitable restriction
sites for cloning the candidate PCR product

25 Anoligonucleotides 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 HindIII 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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AGCTTGCTTGGT GECGGT CTGAACGACATCTTCGAGGCT CAGAAAATCGAATGGCACGAA TAATGAG 3' ]
and biot-1 _rev [5'-

AGCTCTCATWORaBRBEEAT TCGATTTTCTGAGCCT CGAAGAT GT CGT TCAGACEBT A2 063A06GA- 3' | .
This was ligated into the Hndlll site of pMAL-c2g [ New Engl and Bi ol abs]
forming the internediate plasnm d pMM103 whi ch was then digested with and
Fse . ToeClabadoftvkeskCppiotiud: iragareRtcof; bxpeesviettlor backbone) was gel purifi ed as
above and dephosphoryl ated with Shrinp Al kal i ne Phosphat ase (Amersham.
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%?fﬂﬁﬂﬂ&%ﬁq{ gest j?Fégéiﬁl%%%fﬁ&%ﬁﬁ&(tcﬂ%&%@@ ]derl Ve%lt]ed in

a f or meenkpretin blgenaih whichitheriginakstarchotet liad me@fremmdeth@Hlprmowacﬂlga}ted he
gene (VRER 061 pidARe] a;migal%uglu foeve&br bdclabo'ﬁbl BN by OB afdl PRI eM%‘f%ﬁA@d‘f‘ﬁr e

d
or oo} oty T e e A GhlsEld iy AR Shppdi N Rafima PR eh e BERE Ty ¢ ne

transcr"t‘ﬁ?‘?eérl?yf'&(ﬂ%er(vmr%b’f%1 Fégur?r?c)t ein of known structure that could be
used for validation purposes. d) Construction of vectors allow ng anal ysis
of C-t elnnsunahary,r twic ainilanseabrs pvat giroBicgin pathittnd 5’ tdektibm dibrdried t@ ereemade:

inter eSﬁHAlIhlq | UGikind @5\@5&&@ Ln]@,epsé;gedtml&&cgéﬁé phwimfiz éoném@&lme el foPng €CONd

construct en Her e

candi dat&sG& nl%" G e Eﬂ’r‘f%gﬁ]f%f’m el'“eﬂt:gS{“P?Wé‘sStWref ﬁ‘égfﬂéﬁqg |“ﬁe CVFII idatign st ar t
codén (Wﬂ@)ﬂeﬁi s present in an Ndel site (CATATG and where the stop codon is

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 HindIll 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 (pHAR307) 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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st r dhdebPiSUEY ang left after the exonucl ease digest, the 50 mcrolitres of
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reactio ne p.USkn cl.eanup _spj.n.col ums el uted i
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( News Englhmt th @i oicaiigys ofiIEBh 2. 5 nM dNTPs and 1 unit of T4 DNA pol ynerase in

a final volune of 100 mcrolitres. The reaction was incubated at 12 0OC for

ggdm'h gaﬁﬁ%ﬁshgﬁb?éélug%ﬁhg%cﬁ% pﬁ]s'ﬂlbtn' aran,ngs Acﬂt;)iﬂégnr&sﬁ?fltﬁ)e m/!ir}gﬁg&e aagzri:ﬁaﬁ&% &6&&;00/ n
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TBE agal bl B R bl TN ihend BiciBaCp Doom AN TR Gioh et By T4 A" Dua
in the Belymerpgrige figpl ohumerafd 0 midgolBrek The beastéan) wasdecubated stdd °Crfond G mim apdl |
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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 QIAEXII 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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The size-selected DNA corresponding to |inearised vector containing
truncated gene fragnents was the recircularised by ligation with T4 DNA
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room t eWBRPaPEcRIo8eY munegialty, dysiss and; detechrhaf theo Hlle ravn Wish swiibedoypeainss e NaCl
for 10 hiotisylation pepide eethisepiat igads to Tk detastivh oficiers:s awhech tekygress peuin Glitharesdiubliet h

gx f5f M Nod iAsdIYIel MHigurd ¥, MeRiHands weke clbRAGH: ABG 4 BB RC fited RN idddciay agapC
u er.

Th rane then bl ocked overni ght w th Superbl ock (Prerce).
br | a2 HiaclE AR A0S ph) Rl SR R BN B W e o ST Tee S sl o
of &%pr essBlprnepeisprkedintbid NaQbin dEMMa! fernimiavitregn wmpebowy Ticwmenbryes was
d: | ut ﬁdarﬂ: then 9e@ralisedAithdx 5 afin RBEV Tria M1, gaes 1150V INae | ARIiNnaoe] 5 r’ﬂinﬁn Bsalsrbr%r
Bl ot hyprddi ' . ] e rature. The nenbrane
was the@fﬁsﬁgh‘le\?\n{g traﬁggg%&gﬁgg‘g@%?%&&%%%&?%@8{%%@%@ & n each. An anti nouse
peroxi dﬂgberidisation 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 ml 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 ml 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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conjugate was diluted 1:25,000 in 40 m of PBS-T and added to the nenbrane
in a Roller Blot hybridisation oven (Techne) for 1 h at room tenperature.
The nmenbrwoeov@r4d7ien washed with 3 changes of PBS-T bubtercH0es/dsdsirn each.
Det ecti on of proteins was using chem | um nescent substratesfor horseradi sh
per oxi dase (Amersham ECL reagent) ardd aut oradi ogr aphy (Figure 4). Signals
ver e qudat idrieeish e Idaset (mmishym EBiLf te@gvnf)gm@fautaﬁma afggé;kémﬂls BhalGiefe
rem)ved Xmﬁ-g&:h&b&t}] ert‘Jge menbrane in stripping bu fer S; 2% SDS w v;
100 nM Beta rrercap 'oe nol) for 30 min at roomtenperature. The menbr ane
was t hen washﬁ? for 30 mn in PBS-T and then bl ocked w th Superbl ock.

Det ect i O FBI"SS BETHPrat ed protei ns Excess bl ocki ng reagent was renoved by
washing in PBS-T for 5 mn. Streptavidin-horseradi sh peroxi dase was dil uted
1: 25, 00@\nitihodi® wdre ofmdPBEbIT ilan‘@htiagldednetnd)ranhén steigping hefférr(PRS;Rh ISBXS Blvot 00
hybrisdi sg¥iven el to@fﬁ@&ﬁ‘ﬂ%) 36 Biin & rborﬁt&en{p%mré GTFB &cflbn€ wad fHen WL HE3Nas

t hen vvashed uffer for 5 mn each. Detection of
pr ot ei ng' vvasﬁgst?a"dt% "Eﬁg ﬁcrinwhﬂegg%e’ﬁg z(ubstrat es for horseradi sh peroxi dase

(Amer sham ECL reagent) and aut or adi ography. Figure 5 shows the results of
the Strdstealahioer@eqrroginssol ubl e protein. Results obtained from
duplicate arrays uni nduced and i nduced with I PTG prior to cell lysis

(Fi gur e E3eesahtbchbbg regpecyisviemyyedasye washomgnin EBS-Tec e win. SRIfEvidluaederpdict ei n

expr essiaRxRar \Dé% cﬁeee 102“5 doben s6Ganst ﬁﬁ%ﬂi@ AR Gdded ) the e dﬁt&&r el 'R\éﬁer dﬁm{ e

quan t e tion uses fluorescence an rese

addi %)I oﬁ % de%aﬁ% 8Y‘f’8rﬁ {Qégéh?t TRUT ABYPeHEBY el he TR R ireesi tB‘?“aW?zs 8‘4 “?thé
candi datcbangesrd REAsT brf@p&rédma@acéanpqﬂay ofosinoves esirg dhbs Hurbinescént yhtatraes

pr ot ei nSordpteabgll peisiidde 8AhbMAHESCE F&geﬁk)%@é&&a&fbg@ﬂ{yawgdﬂers sﬁ@m e AdsBlts

( Nbl ecmof’uihepgtlgptgﬁ)im sIann %‘?%PQQ g cS)Yvans l{esuefts o?f %Q&l ?ro ‘T%a’ arlgy%) %? ﬁga ech)
( F| gur e "%ye d witht %E’Tﬂh%ﬂ%? selléiyghéﬁ'@r? ?fb?ﬁdtibere@@q‘vtaylymeéhwarﬁtwdm@wf BOTG-
densist oriretuced protein ekpession wer e seairtoekk seand expibeas(son | evel using inage

anal ysis software (5c) and prioritised for further study. O the 27000

cl ones madlt\éﬁﬁﬁhe ﬁl@fyﬂuaﬁgglv%{eﬁlog %r%%e%nflﬁés ﬁdé'}és&%:e %‘% ¥§Ee§1te§'1£‘9 éltx Lo

data in ression.of so ein. Unsel ect e

Sl oot oip BRI TERAGRa ARuRd RSl TPl ThRr fuhh Pt eithe HRoRErEeCEs
candi dateayanabeyk appiARen bistinylgiede prowins edefegieh tusing e’dﬂasesewpr/’éwﬁ%ﬁgst@tauldlre
stabl e pogugtMdl@nai P@b&N. MTAY méAbandWRELhé0Rne dding/a ByphbarhRgerf(ARRIhiE)

frozgn Qw&eﬂﬁﬁgﬂaﬁ%@d L%%‘%?ﬁé@g/éﬂg ltdéep@ Ot%gj)sfg tpee1 i cker-gridder robot.

I nsert size was screene screen of Bhes W|th f I anki ng
prinmers and agarose gel el ectrophoresis. The sane analysis was al so

per f or Mm% F andom sel ection of clones fromthe library for conparison
in order to determne the quality of the library. The PCR results to the
randomnl yigokle e tbe eneswerr quaiitifipd by dahsitameRiy god elodds. wete gmbgaihfos bxpréssign fdvel
anal ysi ssiff uﬁdgb anklER sdtvard ScpirasRidtiedd b ﬂﬁhméarsa:d;%ﬁfhd 27boc@bnel anaher ved

that t h?i{)c%h v@l& L&y nﬂe?gl%ysw%!n%{e tﬁ”?&ta‘iﬂ%ﬁ Nac&ecfs)}p%elsm(l)'ll;[ cl)fosoluﬁ:c tortlfnCat lon

| engt hs pr oduc wer e usin 0 conf Start
Froriei e ekiee é@e&%@%ﬂ%? rdl ”Sies'sﬂﬁ%' .f 'ne‘F’. Gure 17 and Tt EXE[ car t hat

the Clones from the library of the previously unexpressed candidate gene of pHARI1111 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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distribution of truncation sizes is no |longer random but clusters around a
simlar size.Protein expression of the first 96 best expressers (sane

| i brary bwb 2heeprug7ee earlier chem | uni nescent det ecti onpaetdB20)s/00387
verified by western blot and it was,gonfirnmed that the proteins were
soluble by filtration-based fractiofati on of expression |ysates (Figure 13)
and matUREH %ﬁ@swﬁl&fg& %W&W@&g@.(sagsﬂﬁmblé)&?f*b@s eHferhendumigsscen o
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occw s - . i1 f e =fold.
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furt hersog‘\% STPEFLBInAR(Figgredd - S8 1R K JUaUT WAy BEhPigices BREPUDhF he
mentdr aneprateinall ilkisdatofetbe posiiions wtasprethie vheredtran bovruisatsd predopraduice pelulile protegnx pr ess
wel | b)MsRbRGIdnBGart hiesfict Aad thade@a® befulth& trivdi@ed 6P MSeRttidg\Rosaaigivaghidh ar e

i denti f!i%‘%l' ?\gltfhte%él}go?&déoapra? g{u{'k/%ster;l— rﬂ%tg gﬁsetn rotieﬁ vt s%% t@ﬂhﬁlgﬁ ?%s ngeﬂ% S are

to be us rys ogr aphy, _conpact hioro elrns wt rdere
t er m ni selsstipg these ghay e smpliesvheg canssetive praigp pgids Ha ideptifisd@s Huancghiempoiphdhtied,
di sor delaed ipspidvarage Whies cloasakdtboibe nsalffot Xfrar apddllopraplyy, antompaagsetbihewdhie t o

the,oves3aoPlel R MualN&yENRK' hove RbriciRAN AR DRI CwidY afpdfiell AbbriddOpghRUt
nat ur e he screenin %r ee of .order

f.t nmet hod. As can be seen, there is a de

evi dent Tt gSFPlSEo PLUMGTEGG SR BESBR L8 KT Preagplivhal Yit PRTnGY e
ranked ressbledy thy high thrheghpeiqutsrecd thsfscreprangmesbeli ng gene. Sinmilar |evel s of
solubilijty e evident in constrycts. with consecutive truncatjons e
strai ght'S PR SegP-ai® dh SEYR° HaPREreVsnhiray podmying fhesdeersee B@#“g eé’s‘?%
cor r espandus donee ginkgtsacodrdipg trstbe srquense pethe enreding gersobivelat leestpdsseldbilinker s.
I N gont dvidehs indBRSrueE vARon§eRhilRithihdaYioR! @eeeMiaBBNtinek IdpW it thEER fafker PARGHar i es
that fall, gt bin sl eieldned regions, i cbhe. protelh. (ses Ledion marked, as
"bi ndi G dERRITONNH gur_g_Sprf. POt RO H s s AL PRV R PRSI L Y pe of
anal ysi @napst.ceeps ahpex salubilipy e gridpy drosm hncatien beingdasicp ithay faf withip rrgetagd
vari antggiohs ia therpddtein (set eglbin ok ab rHilingedoman” aNFipiretiel. N structure, such as
domai n boundaries, and the degree of sol vent exposure of residues in the
pri mar ylt ¢t ypethesised dereinnibatghis thyieref amysss gllowpran axlaustivh @palysspefcthe grflubilify of
\% esent tr&r{dk‘t@dﬂldrﬁfl’ts of% pbf&irno kxarge sifbaation e soin\sGudrhrgbuth &S @al bbandakiess

stern t . £] o M8
yeed ot 05 AAPR X SbReRlo Pt o EidenR T, HURMD iR Bo Rt AR |,
| evel i Qrthsfiagpeptofl theiPreeRigemtiof) ust ers of 10k Da, 20 kDa and 30 kDa can be

distingl_io§elr}l ;Qg&r O%naksg.%eparent in the soluble expression map (Figure
11) . I#kr+é#g%%eng?%—p¥o%e$n—is 86 kDa and absence of l|arger constructs is
EFEQUQ ht Fi%\?rte b@lsﬁov&-‘sg\ﬁMNFB@Eﬂmesits Eh?osﬂfv@ Rich&CHw € uPtn LB cHPEMEditH] Biedtadl g€t .
is resul. so._denpnstrat es rotein expression, a asured in

col i el o R SETRERCGhe AR o OF Risea PRI gR 3 gt iRt Eliriefhos

f or mat . 105d4. @0 kba ad 38 Iddacqan bedistingyishesktha aee alsgrapprsent @htie selelde paesPigh M@Re of
the gen@lduee CONThy AtitiBngticl protdil ise8b KROWR! &SereX of €Sk ROnsPructh s thought af B A was
subcl ongglsdoibile Bt b drlitteddfle! oAl YRG! faod MRYARRN aldoFdHih SrakPhndk Potein

i rovin rotelrn expression t u Se ..
P ex%regsmn as measurePc{ in colonies correlatesg wellIJWIth gnat 5’} 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
pTriEX 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-

SUBSTITUTE SHEET (RULE 26)



stronger T7-based pronoter and for aiding purification via addition of a
N-term nal hexahistidine tag that can be renoved by cleavage with TEV

pr ot ease.wbxrpscarss7?on of this particular construct was gecw/Gahoeppsaxi mat el y
40 mg per liter and lead to easily purifiable material. This is
denonstrated by SDSPAGE anal ysis of2the purification fractions (Figure 18).
The purPAGEdngyses &ithe phidiwationdractiona $Fifure tl B)e The paifad pertdis adbwindferd wisdding s s
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SR ShoeNs 2 PGl sman iR whaap add! Sebpimiol Ehd SNBSS aEHel o
from a gnepcanmise hfgldadasolubtassd globelar dowaindrqur @proteih hatdheeswtiiicky oedxpressed t hus
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pr ot ei nﬁsg(?{ioﬁ%@ljafth%arﬁgréftgﬁgi been produced using the information fromthe

sol ubl eAgxiidaRE 120Rcd BRark@ WA BR FAieftdePRasWee hBARRd LEihgWe8nibihatBR D
o pe g P a PR ety b R PR R GO R R 4 1 P B B o~ |
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det ai | )_Cﬁaﬁﬁs%f ofaNp-.rkgﬁlgls‘Jiry additior Qlcéx‘?irtﬁ o[%l’ % %v@ntlsolnné:n? ) lcl) tins roqgl CR . DOWN
eXpr ess 9] T TP O O WOT K. FIOWEVE Wa o v O getreo
necess atsretiies farvalidation purgoses, e process on a protein of known structure in
ord tg val t met hod. further. The protein NE-kappa B was chosen
Si ngstra i eh’?éd %a\b@fel Jﬁg‘évf‘ia%%v& laodrj‘%%ﬁllnwasst ¥ P rﬁ{r%gl.lstlyl'\'/%ra iRl QF({%eé% S{figy & was no
const r REbe typtssyihpmetepior torthinpvorky Hpyieser it wanwlsa donsidqred rpgessarg jo penfgrm
pMAS106hé Eingugrecesy) orf Dproeint FkAdbwiabtrictuttnig @tde® t. valille thie bd’e&foidgﬁﬁﬂ&ﬁ e protein
constr X ) ! . ept.i t hat pMAS10 S
i gost oy wEA B 022%5 SO Rss ARNTinth b S RAERYAB UGN RNBTIEATE
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fluorescent nmethod with Al exa488-streptavidin conjugate as descri bed above.
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cl ones apal%sed b%( PC@. The r gfgél ts { Fleﬁgorde 7% eve%@% stze cluysters of
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kDa2s Thieswibpd abitvet Eep Bdsitvs clovey whmtieolatgnl fromi th malmelitoraising She dotmypiekiog
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cul tur : ates [ [epar ed. al yS1 S ern
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screen THeifgstr4® cfines Wre egirkssél ia LA quiscultres askqtie anedlbdyias weeaprepdréll M N
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struct U¥&° 8>t E)F BTN T REYRHR] §12F SVBEPe §CBrerethie @5 & Adrsothls i ns
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conpactsefuened @éul@Gh a OB RxiréssiBH hip T)NF-BRbS Bl (PRulD). deERbAaif Qtrlidte 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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and one domain 25 kDa constructs have been previously characterised in the
scientific literature as being functional for DNA binding. Thus the donains
i denti f i eslokyogiaes7screeni ng for sol ubl e expressi on of tireTrcdeoy417
truncated NF-kappa B gene are both soluble and functional.CLAIMS 1) A

met hod of screening for a soluble céhdidate protein within a plurality of
variant~ca 'date proteins wherein each candidate protein is fused to a
pepti de su rate such that a sol uble candidate protein is identified by

the detgcti om n@efthoarbf@aéeﬁlff?gtﬂoﬁa gmwlé !:eﬁnahht@ rard&fm tvh}ﬁm&e@&ﬂa oBYASKT 8lnfidatd) A
nmet hod accor di

) rafe dified
by enzymati cP 36[% s aiheli n eac cfmd\,\c/ﬁ% prgt)emAls f‘?é&}tgﬁg%aé’g%tbdlé&” gt Subkf ﬁv‘ﬂ?f"‘a ®claim
2, wherein t%dlﬂéﬁﬂ?rcﬂ@‘ w@%ftﬂlﬁa‘i by thsedstenionn ofi agraneymatisthadifirationipfthe ipeptide
physs cal chaguaata®y i stics of the candidate protein to which it is fused. 4)
A nmet hod according to claim3, wherein the peptide substrate does not
si gni fidant | 4 npghod aedordikgeto sinubi whetgin the peptide sdstehitalzcemerroddifisd Hyenmmath i t
is fused. 5)aidonehéipdidrcording to any one of the preceding clains, wherein
t he peptide substrate is between 5 and 20 amino acids in length. 6) A
met hod Hccor dimeghot ecandingmelaogh 1 ohdaipr ks edehieimghacpeatidessubstfaerdobnndt kignifieqtly de
substrate i SpufthspHyafl ch@hicidis@dsion iR cfafiaft prét&lasLwhidl it f fiRkhod accordi ng
to claim®6, wherein peptide substrate is the 15 amno acid peptide mmnc
of BGCP Havi ng mdiedsecuding & BuilDl, baId BY\HEptid8 pubhirare dbeschoa signifidindg pegurbny

one of the pgpecad; ngopih@hmdam?&guwm iPRRiskdle substrate is fused to each
candi date protein by a peptide 9) A nethod according to any one of

the prefedi ng méthddnEcordigrieiany bheopmptprdedlﬁybﬁnﬂsameﬂeﬁa fhel peptidatsubdb@teciar boxy

term nus of gé&geeg%m/ﬂgg@grginghaﬁsq 0) A nethod according to any one of the
preceding clains ereint peptrde substrate is fused at the amno

ternm nug of Ahgetkandistaing tPrBt Qierdf tHelpreAdINE tchfs, aﬁﬁﬁhﬂihggeﬁtﬁle%ﬂb’su@ﬂaﬂs ef the
precedi ng Cl%ﬁﬁte%@ﬁ&‘ﬁiﬂo&ﬂqlﬁﬁ%ural ity of variant candidate proteins are

expressed fromvectors contai within a library of host cells. 12) A
met hod Accor finghddAc&hdihdioblaim 6hRRLEIA p@ﬁx@@sdb@tﬁdte B@hd 151 dMihd1Rid pdptidd Mimic

expresses a ?tlg)cfsé 1 fyi capabl e of nodifying the
pepti de substra l{l%%gg %S%4eﬁgﬁ§:%orél ng to claim1l, wherein said host
cells age E. A%Itﬂodcaedomng téémy A«xermﬂa%c@cﬁ@goagm@gvﬁeﬁéupdhahegnaésub\mﬁé Rifikegai d
E. coli cells e ot e c!gase 15) A method according to any

one of the ptroé%e (ﬁga“fpmﬁ%’% 5?tder? O%ai d pl ural ity of variant candi date

projgei ng) connrnae%a a@cowlﬁg%a a{z of e, ?ercydus)gfclam@anmeﬂa&@ pBfab @db@traté]-@)fus%d
met hod accor% to cl] ai.m ﬂgcemg%:tn sai d brary is generated
i

exonucl ease l&e%fbo’@hteﬂ?'mr‘m Rt E'Hcodl ng the protein. 17) met hod

according t OAQrQaYth Q@co%nét@%n;%rﬁ:%?%e'ﬁgec&‘dn@g Jlﬁms WRESH fhe DAItHe Bt [sti¥se@f
vari ant cand | te rot ei ns ﬂ\j @%Fene for solubility using col ony

arrays. 18) A té'é’?,‘?)‘fs e ofFE 7, wher ei n candi date proteins
expr essﬁq bYAQ{?étH’JH &:%oxldﬁ‘lg tg'%ny one of the preceding claims, wherein the plurality of variant

25 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.

30 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
35 candidate proteins are screened for solubility using colony arrays.
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arrays are screened for solubility by detection of nodified peptide
substrate using an antibody or other detection reagent (e.g. streptavidin)
sel ect i vewbanodihes7sodi fi ed peptide. 19) A nethod accor dirog/dgroesnpsane of
the clains 15 to 17, further conprising the step of correlating information
regarding the solubility of a plurality of candidate proteins within the

|'i braryl8M t hAtiehddr acneding oo cloom N7, wherdih eaplidateeprteBie grgased bR @plodesrat thed f or
obt ai ni ng lnirpdwﬁkl QBenb @R bAINGIity By RERLHoH Bf HbAHES Ppfide §um§ra?§§shgdm%9%g; sing

d o,fn 2 the Cl ains

perform ng a net screenin ccording . to any on ) to
17, further Y&HSF ﬁﬁ?cﬁ‘ﬁn feﬂ%engéépgf‘}?ta&‘éw‘? %ﬂl‘%{‘Y“err h fnﬁﬁ‘%ﬁgp‘i?ﬁd"r-egar ding the
sol ubi ljgy o | f i } i £ hi Jibrary. wth the
tr uncatil%n p%\)i[ﬁ?tg(lldnlngct%h@%rtgtaen??]&geogﬁdéﬁég.{n%% QOZI_‘I% W%p&%}ﬁ)@ﬁ{n?ft@? ‘ﬁtﬁp sogl ubl e
variants of $PUektes wirwatnndessrding thpgolghitity of aphiraivhef cangidae prtgisadtinthe

vect or for ekipargsstholre tamcat@n paintin denditelateuarcet eins in a host cell; wherein
said vector contains a restriction site to allow insertion of -a gene of

i nt er est®encoddisibod fs obipidied famation wlaling (@ Rrofgin strictyegiie messhasneamirisige a

bi oti nyl at i operfoaping demethod uf edecgiigedctaraing Vo taBy tohe of @ieeciainsi ISt &r ERtfurtiy a
positive con L t £ 8S t Hi Nl Ot e .

geneti cal | y%olij ,Irlcsiﬁ{ggﬁétjlgtgé Q?ccogél?&&%e%g%g?@n %%%d‘gF ggél E@F@[‘?oﬁﬂ %é’b‘??’&%;"fc) a
negdtive con 5at?/ef€fea}sva iy the ffjrargy it i tecatiqR Pefalda thy PrOtERENEIE: i n t he

bi ot i ny} gt i 0 \ReRL AR ENCOHbRY,SEAUINEE Rk LSiTBh A5G BOHLNg Protein is
;an a ﬁ

not biotinylate urther negative control vector ¥hat expresses
an i nsodyubl eanpdxpieSiidh Vebiof FRRRpr¥dsiol of RAiaRi @hitiaxk Biotedy iRARIOETRIL; wherein said
vector contains a restriction site to allow insertion of a gene of interest encoding the candidate
protein such that a sequence encoding a biotinylation peptide is fused genetically to the gene
15 of interest;

b) a positive control vector that expresses maltose binding protein genetically-fused to 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

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