1 PROCESS FOR PURI FYI NG PROTEI NS This invention relates to a process
for purifying a reconbinant protein froma gramnegative host cell sanple
or extracwvotherasdzo More particularly, the gram negati vecTEHB0s00CEb|
sanpl e or extract thereof is adjusted to a low pHto effect the
precipitation of protein disul phide isomnerase. Reconbi nant DNA

techni ques have rapidly devel oped and are useful in the production of

anti bodies, in particular therapeutic antibodies. Systens for the
expressi on of reconbi nant genes are welll known to the person skilled in the
field in question. These 10 include expression in manalian cells, insect
cells, fungal cells, bactePRQCESSFOR BURIRYINGFIRONEINGni mal s and plants. The
choi ce of expression systemis dependent on the features of the encoded
protein, for examhg iRRffont LRRSkAL pRRAS SOk G 'réeaﬁbma% B%LmCﬁ&ﬁ' derati ons
include the tine and, in particular, the cost” involved In e proc?uctlon of
the desired qHARTPEYveH sl sample Ob?"“?%éhef@&uMOECPa&!fallai'lt,yhe grave-gegativet t er

consi der at§ ONgosedel sarkfie PAEaGUheddol ¥ ddiBRd tAD lowi ISH t@reB (RApELhiRRorPbf

t herapeutic anttl b%d'le@ of the quality required for regulatory approval and
in the quanti¥Pe&sHER g‘b‘“f"be{as‘freat ment of |arge numbers of patients. A
wi dely used syst eﬁb&oﬁibmhxheDNAOlduﬁtunnh@@ rﬁmprdavdwpea afd @Eg?bs@ﬁl i tieased gn
expression in cheri.chia pr obl em encount er e

wi th the use WFUCHY gEanbbagies f"spag‘%‘“d‘g?’?fg"’%ﬁ ":";)B‘idﬁ’sp?b%ﬂf& U HPESU  of the
required qualoftrgcomhmqmgms ire @8l kealadl the cpérsdnmmaqbyn thd ﬂ’bld)ﬂl’qtutsﬁd)ﬂ arheset he tinme
and costs;4n e pr |t|v S fIC of note is the
| 0SS |ncurdre H&I:I\Y(Etﬁ(gr%&mlg la ?mgian Ui msec (FRis hg 6ﬁlr? ,,qbéfterg% Sq ?'He

anti bodi es f rtratsgenic @@Mals and plants. Theﬁdhbih@ugh);prqgsqupsystemomaibﬂ!eyldent e the
purification gQgts onh@ e?chdE ?}dté?tp B elaffiet Potsfa‘dranglgt%glalorFl oaﬂcagélst heggpeuti ¢
anti body product, the purification cost proportion w P ease further as
upst r eam pr ocmestl‘i'e{ﬂﬁ'%sos‘tl'sdebbq:@n@ar@h@apéwularr Huspostumwpl‘ved/elntbmrsducnorr efcovery

and purificatth®feséd @RbtitP O n8RriMok khe Feduir& &Iaﬂgucme&ﬂa&?%&ﬁldglrgm fair t her
irrespectiyve of t%i‘(/rreans of production (Hunmphr egs & dover, Curr. Opin.

Drug Di scblerRAriguipsl, impgpizng i th 3 production ofy therapeytio antieies ofigiscawality Frapiesdi s a need
for nethods tfbateghlitbiyQgproeal tahdTh MO QLMitida ARtded Asravdatn@nt éfﬂ&u?e hiygseapeut i

anti body pr odugtl on and, in particular, in purification or exanpl e by

i ncreasi ng pr FBUTE recovery and/or inproving the quality of the product
stream A widely used system for the production of recombinant proteins is based on

expression in Escherichia coli (E. coli). A specific problem encountered with the use of

20 E coli is the difficulty in producing material of the required quality in quantities needed

for therapy. In particular, the time and costs involved can be prohibitive. One specific

problem of note is the loss incurred in the yield of antibodies during purification of the
antibodies from E. coli.

Although, proportionally, the purification costs are a fraction of the total cost of a

25  therapeutic antibody product, the purification cost proportion will increase further as

upstream production costs become cheaper. Thus, improvements in recovery and

purification of antibodies will drive production costs down further irrespective of the

means of production (Humphreys & Glover, Curr. Opin. Drug Discovery & Development,

2001, 4:172-185). Hence, there is a need for methods that introduce time and/or cost

30  savings into therapeutic antibody production and, in particular, in purification, for example

by increasing product recovery and/or improving the quality of the product stream.



2 Low product yield is often a particular problemnoted during the
downstream purification steps. A specific problemin downstream

purifi catwonoxngsons t he separation of host cell proteipos/GBdCH)oondzoch are
rel eased upon extraction of the therapeutic antibody fromthe host cell. A
nunber of process nodifications have been tried in order to address 5this
probl em Exanples of such processes include the follow ng: The
protein of interest nmay be precipitated and then separated from ot her HCP
contam nants. However, the precipitatio? of a therapeutic antibody may
cause irreversi bl e danage to the anti body. Techniques that specifically
preci pitate the plowereduf yicldtigo8ert a ghrtieylarr mehlin noted iringethe daypmenm of t he
non- prot ei nac m\n

Separ ati on | nef capR deATA GRS bk BhERlRh R R RS IS o
away fromt heoﬂhﬁefﬂelbﬁetelnéﬂ#mh%@(ﬂwre relepeb om0 8xttietinnof the sherdpeutigdutibedyon of a
sol ution of ekhagtindian. |@E&rﬁﬂe?oftﬁocggs%dmcﬁtﬂﬂl?halwﬁgen GRalin brdQYS hdateSs
However, the use of an agent such as ethacridine |actate Iis not sultable
for the produ®isieiblegs Expplesndsich propesess dichide thefollgeisgii t has been used as an

abortion agent andnhe prateiBdf ipRrebensyf 84 prk 1£ah:@ aR@ e Sdpadaled itlord Sth&¥QiCP
conpl etely removed. The FICPs from a ell culture have been

preci pi t at ed TEPRGES-sHAYTvenbr éf?ﬁ'Piéa“aﬁﬂf"p‘PFréH}"th’PH@HY map s GEEVEEPHuri fy a

protein (Arunddapato thd\antBbdyal Ted%d&{@ﬁl@ﬁs speifibdMp pReipité the Ardteih iof intedst ONn
Pr ocesses for mankl\/b cltonal thfl bodi est Sugcgll ement. t o Bi oPharm
| nt er nat i onal >'NBreH i’b eptragBient i the BASRRQLPIBICCA CHARIPAIE f8 ﬂ?fa‘?féc‘%ﬁﬁt ri but ed

to hel pi ng0torepmrmgtyw fegaratiwrmﬁemvec anti bodi es from host cell contam nants

there is still p roved nethods t duceth antity of
HCPs from ni cr obi I;&I(?t@'ﬂ2(%)&5"?] yc{g ngrer r\?\ﬁ'?tﬁ‘ wla?'ei;r% 9net TR AN qig' t he

properties ofUSHé%tOﬁdpsaplmatthecaddmm bbdyolutmncwf dmcnﬂme faaimelto u)ameltdtajhctsher
downst r eam pr Qf&aRles. @\é‘bé?tthé wse TPinSag Eﬁ@u%&y&%%n’?ﬁ RaNE; e s nQP{Jgab‘i the

expression of certain chaperone proterns, for exa
i somerase, suhPRductiRihef ﬂﬂﬁgpet'qafeprhfem besaise lichag e l9$edlaﬁ ap ﬁmﬁgmﬁ ache | evel s

of expr ess$s 0Nmef bedBnk ARSI HE PatRht if it AHIERIpletdlEkBOed. TIRWRYR front N€HG BAPET ONE

protein is ex res ed at significant |evels and becomes a_ | arge by- product
of the proces®PRAtVeLEGRrrREarLifEasmall Dolketoid al aPJafrt'aéntéww%PUSfy
cont am nant Czaﬁ'obﬁn (mhmbkml At RE Q@ esnR INvadSot&ihl AhPwrSicdh Phdesses for

Cont am nant Qe ateh Aniich ST eEns st perait arge eBadee of

reagents or s¥fvents. When isolated DsbCis tested it is soluble at
S, S8, 20 P HONEN B PR DU, B DG bLASHO
antibodies from host cell contaminants there is still a need to provide improved methods to
reduce the quantity of HCPs from microbial host cell systems without negatively affecting
the properties of the therapeutic antibody in order to facilitate further downstream
processing.

25 What is more the inventors have found that the expression of certain chaperone
proteins, for example a disulfide isomerase, such as DsbC, by the host can be useful in
increasing the levels of expression of antibodies or fragments thereof. However, the
chaperone protein is expressed at significant levels and becomes a large by-product of the
process that requires removal..

30 Removing large amounts of contaminant can be challenging because methods such

as column chromatography find it difficult to remove large amounts of a protein



5 precipitate reconbi nant disul phide isonmerase froma gram negative
bacterial host cell and thereby facilitate further processing of a
reconbi nawD 2pratigd3n of interest, such as a therapeutic aotridedy/ootizomary of
the Invention 10l n one aspect there is provided a nethod for purifying a
reconbi nant protein froma host cell, for exanple a gramnegative bacteri al
host cell sanple expressing a reconbi nant protein and a reconbi nant

di sul phi de i sonerase or extract thereof; conprising: a.
adjusting the pH of the host cell sanpl & or extract thereof to a pH of 5 or
15l ess to precipitate the reconbi nant disul phide isonerase; and b.

separati ng pr eevasinaat dug to colymipi fowling ahidshe pded de vieslorge nmsentst oforagedie or

reconmbi nant pggigisn to provide a reconbi nant protein sanple. The
present invention also Provides the use of a step of adjusting the pH of a
gram negat i ve bact'éhgnaiolaprg Hsbe d testasiiiip saduble 24 fpf pifsraeeh asipHIS. dfoweyeprtesssi on

vector encodi B@seflt invetofsa O RURA Mgty 5 H Yal pI® hiGth &R 6f 5 bNELGRY bl QeellP1-1 Of 5
or less to _precipitate host cell reconbi nant "di sul phi de 1 sonerase, followed

by separ at P onPGfiPifaffeqombinpagsidisylobide peraerase diom argsamrmesativerbactetiabissis]l ded

i somerase fr oteiebe fd’cﬂWﬂrﬁﬁ@lﬂfaro@é’sQﬁibf‘ a BB H6e@ dFUindefelieSuch & OTDI nant
protein sanplqi | n.one %@bodlnent there is provided a nethod for purifying
a reconbi nant TBBUHENIBYNY or a binding fragnent thereof from a

gram negati ve bacterial host cell sanple or an extract of said host cell
wherein said hostggells gﬁgr SSes t he reconbi nant anti body or binding
fragment thereof aN0 3 YECOHBVRUIN® di sul phide i sonerase DsbC, wherein the
met hod corPri ses: In one aspect there is pravideddjmeshod foy purtifging Hreabmbiluat frosin @l | sanpl e

or extract theregf t0 i h ge, 3, 5t ! recipitate the
r econbi nant ng%g} ?trlllbl ﬁg}. Béggﬁgr Eét %ng'g%r%@%i Bﬁcfeg?legosr?églg ’Ppﬁ%ﬁgpr&'ﬁ& %o

provi de a sanfscenkizant @rotsimgend puresdnibednty diselplide asvmermstt iob caitracor thérecdig ment
thereof. 4 “mmﬁg§grprisingly this pH adjustnent step precipitates a
significant quantity of the host cell reconbi nant disul phide isonerase from
the sol ution and t héer edipsting bt b phahest cdsampleron extiseshergobtd 2 peebhbi nant

di sul phi dasi somer ase fle®nb bREipiACATRESBMantUiRiRIdE isBherhddl SEEST .
b. separating precipitated recombinant disulphide isomerase from the
recombinant protein to provide a recombinant protein sample.
The present invention also provides the use of a step of adjusting the pH of a gram-
negative bacterial host cell sample transformed with an expression vector encoding a
20  recombinant protein or extract thereof to a pH of 5 or less to precipitate host cell
recombinant disulphide isomerase, followed by separation of the precipitated host cell
recombinant disulphide isomerase from the recombinant protein and provide a purified
recombinant protein sample.
In one embodiment there is provided a method for purifying a recombinant
25 antibody or a binding fragment thereof from a gram-negative bacterial host cell sample or
an extract of said host cell wherein said host cells expresses the recombinant antibody or
binding fragment thereof and a recombinant disulphide isomerase DsbC; wherein the
method comprises:
a. adjusting the pH of the host cell sample or extract thereof to a pH in the
30 range 3.5 to 5 to precipitate the recombinant DsbC; and
b. separating precipitated recombinant DsbC to provide a sample containing a

purified recombinant antibody or fragment thereof.



5 This facilitates downstream processing, particularly any subsequent
chromat ography steps such as non-affinity chromatography capture, by
reduci ng wbeotrmsosoel | di sul phi de i sonerase in the sol urcocBonEeli2ng With
t he reconbi nant protein for binding sites on the chromatography col um.
Therefore, the | oad of HCPs on the chromatography colum is mnimzed and
yield of the reconbinant protein of interest is inproved when the sane size
10 and nunber of chromatography colums are used. This reduces the tinme and
cost of further downstream purifications Interestingly pure DsbC does
not precipitate at a pHin the range 3.0 to 5 (see Figure 4). However, when
present in the conplex environnment of a gramnegative cell expressing an

anti body or a bindi hEI A B adi BN SOserYrecdi I; Yo D ence of
15 part or all of @%, ﬁ_gs E%gten_t séd?) SIEﬁ{ejzté)gﬂ{%f%cte']@{gg%ﬁicﬁhtt%%ﬂ'&%hﬂﬁs
preci pi t at es. cel\ngcombinprsdisyfphifg isgmerese Femiskpobutipryand Heeenby allqwsissparpfipoethesi zed

that the COWDJh@)iosFF_@él_f rie?,‘on_ﬁﬁﬁéhtr HMPRNE lsgfnexra;lefr(}}pﬁlk r&6hbind pl%%gnr ﬁq;lteru?.er efr om

catal yzes the precipitation of the disulphide isonerase, such as DsbC in
the pH ranye BusfciliRis e nsErRmartcgssingerapiculedy 31y jsebseqyeny shramafpgraphyslepsn t he
range 3.5 to fuch RerdaRHinA) CBromABgiapSC taptukdtyORdichng! Mk tHostt 641 bkulgRdet | nues
and escal ates. 20Thus, the nethod according to the present disclosure is
suitabl e for PRUBETSHM Uf Splutiop serancting,with the pecorphinant rrotgia for bindingsitesion theomrer ci al
processi ng of chpghikdgiaphy Sdhehn. aEheRfvrd, BRAbAASHE HOPE 64 thOREGMABErhHY c6lhimh e

Drawi ngs Figure. 1 sdho .Itdhg obserl;/.edugr eci pitati.on of the g‘ost cel |

sol ution aft P {THECSE KES o5BR EEAmUInnt fetein of Btefspl inimprovpd vhenhespmesgizes
conpared 1® tdnd nombérrafl chpiamgrapghyOcolumns areFisgdir Fhi2 raluesshd tiree alr aswéfogr am of

a reverse ph -s.at Time (T) =- 0 for host cell solutions
after pH adj| ﬁﬁlﬁgﬁ%ﬁ%&g@@g%p [-14.5 or pH3 conpared to the control pH of

7. Fi gur elgerestiogly poadDsbe parsatoe prehipitateattogpH irs the frange BdvterSseeephase
HPLC anal ysi spiglre 30 Thowdled Vhed RSdentGR e iAol pEnt o
orE, phit, & ot B ¥ ofie et el ifsentGf e Sfabisk oASyflt B « Bul-AMSE BT, (D
t he separat e TRIEHTEHGEIAEY oF 2 hindiag Spgrenpharsel qupltemasivgly ysthg pregancegofs ol ut i on

conpri si ngs Dsfage oRhil 6 thddemien@df 6 tiBIs then Bd DsRf pr&dipiiief.f RhBRhottvilHngl Nt erval s
conpared to thgeﬁontrol gure 5 shows the total peak area

for DsbC frornf (@.\?g Ib§ élxegq?dglfé h;;ﬁgﬂléigﬁ Emag/g:FF I§omple:x matrix environment of the host

cell or extract therefrom catalyzes the precipitation of the disulphide isomerase, such as
DsbC, in the pH range even though normally the protein is soluble at a pH in the range 3.5
to 5. Perhaps once the precipitation is initiated it continues and escalates.

20 Thus, the method according to the present disclosure is suitable for use on large
scales and therefore is very useful in commercial processing of proteins such as
antibodies,

Brief Description of the Drawings
Figure 1 shows the observed precipitation of the host cell solution after the pH has

25  been adjusted to pH 5.0, pH 4.5 or pH 3.0 compared to the control pH of 6.9.

Figure 2 shows the chromatoegram of a reverse phase HPLC analysis at Time (T) =
0 for host cell solutions after pH adjustment to pH5, pH4.5 or pH3 compared to the control
pHof 7. '

Figure 3 shows the separate chromatograms of a reverse phase HPLC analysis at

30 T=0 for host cell solutions after pH adjustment to pH5, pH4.5 or pH3 compared to the
control pH of 7.



5at various tinme points for host cell solutions after pH adjustnent to pH5,
pH4.5 or pH3 conpared to the control pH of 7. Figure 6 shows the
total peakoaneaissn DBP from a reverse phase HPLC anal yecs/Gaovaninys time
points for host cell solutions after pH adjustnent to pH5, pH4.5 or pH3
conpared to the control pH of 7. 10Figure 7 shows the SDS-PAGE Anal ysis Cel
for host cell solutions after pH adjustnent to pH5, pH4.5 or pll3 conpared
to the control pH of 6.9. Figure 8 shows sequences SEQ ID NGs: Ito 16.
Figure 9 shows the structure of a conpodnd called CDP870 conprising a

nodi fied anti-TNF Fab' fragnment covalently linked via a C£stei ne residue to
a |ysyl - 15mal ei mifigre 4 flloes thitsemestarhometesans pbr yratspheon HPRE anajwis for esi due

has coval ent| ysat.mcdaﬁ‘ n;l ngcaaﬁsﬁtphoaé)ﬁstﬁﬁﬁ {8530y WHRIeR find) idsivaPout 420

Bri ef- Description of equences ID.NO 1 shows the amno acid
sequence of CEﬂ%‘maTCBfot@ZﬂQBWPHZ’WSEQ ID NO 2 shows the amino acid sequence

of CDRH2 of CDP87Q?;gu$QHoDs N@mta peAlOMG famsb@rﬂonpa @@érg p'ﬁ@sgm@rﬁ@eanﬁ iSCORH3 of
CDP870. SE he am no aci d_sequence of 870. SEQ

IDNO. 5 s ow§t ‘taH‘éPS 'merPB‘"E%cfPfd"Oéb‘&fUéﬂleté""éfﬂﬁ @J%?“ewpsz’% P@F}Q)mﬂﬂ 6
shows the ani amapafed%tseﬁmuﬁnffaﬁo@fl CDRL3 of CDP870. 25SEQ ID NO 7 shows t he

nucl eotide and pr %dglu(nze & scLowmhe tota pea arseae u%ﬁ%%o%fa rg\ne?se lp}\ageh IEIPI(?@ anapysxs at
various time points for host cell solutions after pH adjustment to pHS5, pH4.5 or pH3
compared to the control pH of 7.
10 Figure 7 shows the SDS-PAGE Analysis Gel for host cell solutions after pH
adjustment to pHS, pH4.5 or pH3 compared to the control pH of 6.9.
Figure 8 shows sequences SEQ ID NOs: 1 to 16.
Figure 9 shows the structure of a compound called CDP870 comprising a
modified anti-TNF Fab’ fragment covalently linked via a cysteine residue to a lysyl-
15 maleimide linker wherein each amino group on the lysyl residue has covalently attached to

it a methoxy PEG residue wherein n is about 420.

Brief Description of the Sequences
SEQ ID NO: 1 shows the amino acid sequence of CDRH1 of CDP870.
20  SEQID NO: 2 shows the amino acid sequence of CDRH2 of CDP870.
SEQ ID NO: 3 shows the amino acid sequence of CDRH3 of CDP870.
SEQ ID NO: 4 shows the amino acid sequence of CDRL1 of CDP8$70.
SEQ ID NO: 5 shows the amino acid sequence of CDRL2 of CDP$§70.
SEQ ID NO: 6 shows the amino acid sequence of CDRL3 of CDP8§70.
25  SEQ ID NO: 7 shows the nucleotide and predicted amino acid sequence of the light chain
variable region CDP870.
SEQ ID NO: 8 shows the nucleotide and predicted amino acid sequence of the heavy
chain variable region CDP870.
SEQ ID NO: 9 shows the amino acid sequence of a grafted anti-TNFa Fab CDP870 light
30 chain.
SEQ ID NO: 10 shows the amino acid sequence of a grafted anti-TNFa Fab CDP870

heavy chain.



vari abl e region CDP870. SEQ ID NO 8 shows the nucl eotide and predicted

am no aci d sequence of the heavy chain variable regi on CDP870. SEQ I D
NO 9 showe 2bfr@13930n0 aci d sequence of a grafted anti- TREa/dBeb11@DPRF0 | i ght
30chain. SEQ ID NO 10 shows the am no acid sequence of a grafted anti-TNFa
Fab CDP870 heavy chain. 6 SEQ ID NGO 11 is the nucl eotide sequence of

hi s-tagged DsbC. SEQ ID NO 12 is the am no acid sequence of his-tagged
DsbC. SEQ ID NO 13 is the sequence of the wild-type spr gene including the
signal sequence which is the first 26 afino acid residues. 5SEQ I D NO 14
is the sequence of the wild-type spr gene wi thout the signal sequence. SEQ
ID NO 15 is YHRIDDNA ddgthenusteotide sequaise aof igitagssd Dkt Tsp gene includi ng the
6 nucl eot i desspiyEA4d: 19RShE SARD Aid Lehfend Rk SEQ ED NO. 16 shows the
ol i gonucl eoti de cassette encodi ng i ntergenic.sequence 2 (1GS2) for E. coli
Fab expr essi otbEQ TONBel hisithscremsacerof the witd-tpe pheenpinshuding dhe SBrBoWAYPRISt S of t he
| nvent i on TheyH¥has@e tirst T8/ankd L0 iduks, Nnow be described in nore detail. The
terns "protein' and_ "pol ypeptide" are used interchan eabIP/ herei n, unless
the context i IPaN%s“‘d%‘ﬁ%W@&e. of thsai{drtyre spri sgne WithavidRepigna' se@rease- t o 10 or

| ess ami no aBYSID NO: 15 is the DNA sequence of a mutated knockout Tsp gene including the 6

nucleotides ATGAAT upstream of the start codon.
SEQ ID NO: 16 shows the oligonucleotide cassette encoding intergenic sequence 2 (IGS2)

for E. coli Fab expression.

10
Detailed Description of the Preferred Embodiments of the Invention
The present invention will now be described in more detail.
The terms “protein” and “polypeptide” are used interchangeably herein, unless the
context indicates otherwise. “Peptide” is intended to refer to 10 or less amino acids.
15 The terms “polynucleotide” includes DNA, cDNA, RNA and mRNA.
As used herein, the term “comprising” in context of the present specification
should be interpreted as “including”.
The expressions “cell”, “cell line”, “cell culture” and “strain” are used
interchangeably.
20 Host cell extract (extract therefrom) as employed herein is used to refer to part or
all of the host cell contents i.e.
¢ material obtained from a partial or total cell lysis to extract some or all
chemical matter from the cells, or
¢ material obtained from subjecting the cells to processing such that one or
25 more of the proteins expressed from the cells are released into the liquid

phase.

Chemical matter and material that form the contents of the host cell as employed
herein refer to liquids, proteins, lipids, sugars, lipopolysaccharides, peptidoglycans,
plasmid and chromosomal DNA’s, RNA’s, small molecules such as amino acids, metal

30 ions, redox active molecules, tRNA’s and fragments of all of the above from within the

cell.



15The terns "pol ynucl eotide" includes DNA, cDNA, RNA and nmRNA. As used
herein, the term"conprising"” in context of the present specification
shoul d bewonbeymssbed as "incl udi ng". The expressi eas/Grelldor12dcel |
line", "cell culture” and "strain" are used interchangeably. 20Host cell
extract (extract therefron) as enployed herein is used to refer to part or
all of the host cell contents i.e. material obtained froma partial or
total cell lysis to extract sone or all chemcal matter fromthe cells, or
mat eri al obtained fromsubjecting the célls to processing such that one or
25nmore of the proteins expressed fromthe cells are released into the
| i qui d phase. Methadsrior eelleasieg ensror snere pieteiny frem theheslls nglndn heptdreatmsntent s of
the host cell,@f: QERLAEGE LBY Rnllys fp%ssu&e%nh/oﬂﬁk‘e%?cheplricgfsﬁ'lcﬂﬁm ! duBbdS,
sugars, |i-popal ysacchari des, pep¥|_ og.l ycans, plasmd an chr%m)somal DNA' s,
RNA's, smal | %’I)g@&ﬂgé@&sdﬁ@%e@% RRSI98b l&@ptw,anwgt Hie 90 ALy wd@bXRseaedt i ve
nmol ecul es, t RhN&hmi@nNdled:r agnents of all of the above fromw thin the cell.
7 Met hods for rel easi nﬁ one or more proteins fromthe cells include

[

heat treathent an§rarnegabiecet!isample Averprlpyed hag. 1e{rey o paralatianr of &Y or use
of chemi cal s negaivediiRGfor EdmbRIaB least h) @irh-AEkaM@ERIISbut AREEHEASy 2 BikSi cal
di sruption and/or use sonic. energy .and/or use of nechanical shear.
5Gr am negat | VAPRP] 88FEBFIARE PGy BTt £ sy FmERean BB at  on of
gram negative cePlrified frebmbixanahtibodit orl Al fiapfend ticsfdon 0@ iployed kepdih  but nore
specifically igter?aaeﬁ ?ohrefer to a form of the antibody or fragment wherein there are less impurities
10  and contaminates than in the corresponding unprocessed form. It is not necessarily
intended to be an absolute term because the antibody or fragment may still require further
purification steps.
In one embodiment a purified recombinant antibody or binding fragment thereof
provided by the method according to the present invention is substantially pure.
15 Substantially pure as employed herein refers to the where the antibody or binding
fragment thereof is great than 90% pure, for example 91, 92, 93, 94, 95, 96, 97, 98, 99 or
100% pure, in particular 95% pure or greater.
This invention described herein is based on the surprising and unexpected
observation that after a host cell sample transformed with an expression vector encoding a
20 recombinant protein molecule has been cultured a step of adjusting the pH to § or less may
be used to precipitate recombinant disulphide isomerase and that this has a significant
beneficial impact on the purification of the protein.
Step a) of the present invention requires the adjustment of the host cell sample or
extract thereof to a pH of 5 or less, a pH of less than 5, a pH of 4.5 or less or a pH of 3 or
25  less. In a preferred embodiment, the pH of the host cell sample or extract thereof is
adjusted to a pH of 4.5 or less, more preferably a pH of approximately 4.5. The inventors
have found that a pH of 4.5 is particularly advantageous to precipitate and allow
separation of recombinant DsbC.
In one embodiment the pH of the host cell sample or extract thereof is not adjusted
30 to a pH which is less than pH 3 or alternatively less than pH 3.5. Accordingly, the pH of
the host cell sample or extract thereof is preferably adjusted to a pH of 3 to 4.9, a pH of
3.5t04.9,apH of 3to 4.5 ora pH of 3.5 to 4.5.



enployed in a fernentation process, in particular a comrercial fernmentation
process. Purified reconbi nant anti body or binding fragnent thereof as
enpl oyed wereizmnisssoi nt ended to refer to a form of the amrcrhBiy1eo1fwagnent
wherein there are less inpurities 10 and contam nates than in the
correspondi ng unprocessed form It is not necessarily intended to be an
absol ute term because the anti body or fragnment may still require further
purification steps. I n one enbodi nent a purified reconbi nant anti body
or binding fragnment thereof provided by8the nethod according to the present
invention is substantially pure. 15 Substantially pure as enployed herein
refers to the whefeonegabedimenythd pHeof thp hesticetgamnplegyentmct therepfaoddjusted tpraeat  t han
90% pure, forpeanph&s, Abre pggferalaﬁa pdfa 1p§§>xm9a§ely P “he Wenteds e f(ﬁﬁﬁ%’aﬁure in
particul ar 95popure or greater. is invention describ ereinis
based on t he RHpto} ofdlpsads adventagerus fropreciitatsiiad alloxt sepasation of regpmbinantDiSst cel |

sanpl e transf@agﬁdhdgf“tehdq,eptgzgp{ngggb,gggmvector encodi ng a 20 reconbi nant
protein nol ecul e cultured a step of adjusting the pHto 5 or |ess

may be used to pr E‘BWfJ‘iefeﬁ strREES i 95 &gt a’drSB‘LﬁblﬁrfPrdlee‘i‘l%'éﬁ’tgr‘é%é’s'%fﬁﬁmteﬁ‘at this

gas a )Si g]rti f | feaiihe Besnedlii & etact 16P aHE m@ﬁalfeh@leﬁilﬂeﬂféd)rﬁ'@%hﬁﬁh &ftt]lcetahﬁboﬂ etein. |
tep a) of t ent inventi requi res the tment o ost ce

sanpl e or ext ’éd(?rtgeff @F‘gétferetoga B‘ﬁ"bag ngt bsropfimel Wﬁ‘eéqgﬁf%retﬁf%gf§}‘t M85, a pH
of 4.5 or | essemnsider@fl 3 or 25 less. In a pref erred enbodi nent t he pH of

the host cell sa act. ther.e d p 5 or |ess,
more pref erably gﬂbtl_' 5 e op%rmal ﬁ for ot pregi V%Ein%ﬁw%ﬁ;é celngroﬁefngrwﬂl dH eérd f08 €4 t hat a
pH of 4. 510 s spesifici atibcdy onarvaldwrftaargem-@rctsspdmemcpﬂ artdtmpandrlaaltﬂe@wme/par ation

of reconbi nanj rQ%Qﬁém'tH} %nt%?ﬁ&ﬁég”em the pH of the host cell sarrpl e or

extract thereo i'S not a uste 0 to a pHwhich is Iless than pH 3 or
alternatively |esAt t'%atnmt?l—ﬁlslﬂ@de Bemerasgi iyl sxamplp et gedstoPskCras ipeesipitates] | sanpl e

or extract t kb%gpﬁ)gf gitie Aﬂ?&ﬁ;se rI@-theYenﬁa@ﬂrHﬁﬂtQﬂe 1t)pmere Q{ﬂelq{oststeil(}ro%lr?s’ ardal@H Of 3.5

to 4.9, a pHoO .5 or a pH of 3. . I n one enbodi nent
the pH of thé’r??tPétf‘te‘E:@PRl")g%"Fb‘f@O‘iﬁFS extract ther eof is adj usted to a pH of 3

OL | ess, Hm)]re pr](cafnledt@tﬂ))éf the ridtHOfl 0B MhB R BIvEItin She hEQ el @Mdﬁﬂbfllcb?$xtl’a@t\/e found
that a pH o 0 ess, i dvant ageous to cipitate and a Wseparatron
of reconbi narfe L BEY %lﬂfkg‘fté l%%‘tpg g)F anatplrépf’?t OBFFFQ‘i"ﬁﬂ‘yﬁP'&bg’rpﬁ“o SHowever ,
whi | st pHs ofof 3imerbefoes earging osuartyaﬂmh}er parificptidCsteps, tsedhl a@@eﬁthﬁ:g%benmrot ein

fromthe hos'[ﬁ]&ﬁc%)nr ﬁ%l orel%(e?orgt a furlt Oe\lN n%}érat‘f’; h'pltcﬂlar fo ralse Hﬁ 0 beeo gt%gt{orqa tion of

t he anti body or ragmen I'mal when
al | par anet erGengrhllst the hptrt@glégcguta)n @r @gmsi ﬂig’ﬁddaylll be held for 24Thawss ¢rhlessol® | mal pH

for precify tabilgr lteﬂe6 F&?storcfé%g l5 hgﬁrQBrel'esg%bmu s, OF %?@?ﬂ&hr%PleEJ‘S’o mindesReci fic

anti body or anti body’ f Prrent expresse he cell and 1n particular the
stability of 'tsPréO%'i‘téesr‘)h epstE 7 magudss ahlesspH r ange.

After employing the method of the invention the pH may, for example be raised to
pH 6, 6.5 or 7 before the further i.e. subsequence processing such as further purification,
for example purification employing anion exchange chromatography is performed.

25 Step a) of the method of the present invention may be performed at any suitable
temperature, for example room temperature, such as 20-23°C or reduced temperature such
1-10°C. Thus suitable temperature ranges for performing the method include at least 1 to
30°C.

The adjustment of the pH of the host cell sample or extract thereof may be

30 performed using any suitable agent capable of changing the pH. Examples of suitable
agents are glacial acetic acid, sodium hydroxide, sodium acetate or tris base, and

combination thereof. The agent may be at any suitable concentration such as 30 or 60%



At | east one disulfide isonerase, for exanple at |east DsbC is precipitated
enpl oyi ng the process. In one enbodi nent one or nore other host cell

pr ot ei ns woeosl|e93pr eci pi t at ed enpl oyi ng the process. 1ptmwcH2ep/m)120f the
met hod of the present invention the host cell solution or extract thereof
may be held at the lower pH for exanple a pH of 5 or less for any suitable
period of tinme before carrying out any further purification steps, such as
centrifugation and/or filtation, and/or before a further pH adjustnent
typically to raise pH of the solution. @nerally the host cell solution or
extract thereof will be held for 24 hours or less, 12 20 hours or less, 6
hours or | ess(v/§ ghoial asetgr acide 381 sogiuindiydoxide, 1Meggjumlack@te) andr2M es3M 30 ni nut es
or less, 10 njputes or less or 7 mnutes or |ess. After enploying the
met hod of the invention the pH may, for exanple be raised to pH 6, 6.5 or 7
bef ore the furt heOng oemoraf Shespiegente amp rmactiedslyragvatagous Sor fuse inttler method

purification, : AN i I 1.Or

Chr ormat ogr aphis e e ot e fitlph e R SEBHE B 3 B SRS L of

i nventi on Praythp&cpmbinast digdphade isgmerases Int thpueificasiop of atherapsuti¢ protemiwenysee r oom
tenperature, gEeheAh18:23C or reduced tenperature such 1-10C. Thus

suitabl e tenperature ranges for perform ng the nethod include at least 1 to
30C. The adj ust nehtisulphidg iiemgiase ispn ehzamp it cagadyzps the fpymationrand Rrepkage oft her eof
may be 30 pedifulghiRdbdadd Bewady cwideaflifued Gain pARAR! & Bby Ghangblgidt he pH.
Exanpl es of sg%&b{{ee agents ar eaéql aci al acetic acid, ,SOdlI/ um hydr oxi de,

sodi um acet at &SEpqe fomease i released Famithebast epll YpAR FEBFtionTY{dheseAmbIngaly be at
any Sgi tabdr]] edmﬂamgrmé Bdst &mdlﬁﬂpilﬂ tmnawmfuﬁg,%zse& ir(vmgmh pRU@RLd ;gbormﬁﬁd c aciotil,
1M sodi um hydr.oxi.de,. 1M sodi um acetate, an .0 M.ti-is base. e
or nore of th%%ugphéﬁéﬁotms?méer %“dpggfefoéﬁ?}Errfi?mgﬂ\?%fmsé{&@@ﬁ§S°f“8‘iaseu“383"i“ﬁestahe met hod
accordi ng to tignfiqantegepottiori cfcdoammingtignichst Eedlr pretcmnpiice piaghd innentipr &asi pi t at i on
and renoval Oémviéedtahtﬁng (AL TN A %ilnsS %l r@xﬂ&v%e’;hel RO rin%%tediéurl]phhggsognurglef | cation
of a therapeutic proteln becaus T ey are ffon- L oxi . sufp?n de

i somerase i s fiem énzepambindnhiproteint dhy reeamttiniet diswiphisle iisomerasedsuoh esdlshGanayf

di sul phi des boggls.RetieERe &Y iSlaPGt ERL MRS CWiddlug Proteins as they fold.
Protein disul phide isonerase is released fromthe host cell upon extraction
of the reconbi nanthe higfidinedigeis gdvartigeopplacawset jallorseeitertivetppaitoring o ehowf  t he
present i nventhhoDshor QtisRmti6E GATHMeR 3Bthovdd FHoh tHe AitiboRiQ NG Bsfng@Rskmehher ef or e,
t he reconbi natlﬂt | ?J,gl phi de i sgmerase constifutes a_ si %{Ji ficant proportion
of cont ani nat PHECThd 8 'S BIPeriant 8geaysh theprcsense akRIC sopbe AT hddechMBRA ded a
time and costus#g\olygloiad 8618 rdisad bedimy Me tdIRlar esneai froanivild typel EpkilidRcduscomer ase

fromthe conhi,nant, protein e, recqnbi nant di sul phi de_ i sonerase, such as
DshC, myE(gScsoaﬁg?r?g%lygo al} 1 t@ffl%go beafgo %fegc?iv?iﬁﬁ o 'reTcﬁée N—eDsgﬁd?" &% ermi nus.

The hi sti di neungblg td deteatlDshit evge ohsn bec anesdpriedsecaht! highsleedis db¢ presnevoafiat ori ng to
show t hat DsbfConta IO I ' bi ndi ng
Fragnent t horGaro i Lk bOf e R TR g ARhpRBR DAL ! DG

di fficult to Yabemenigiedigonisinedusinglsssitivnisimugedetectinintiddangai nst the cel | ul ar

contents from w | ¢ § bR enfBlimeREMHE W Embinant disulphide isomerase is DsbC. DsbC
25 is a prokaryotic protein found in the periplasm of E.coli which catalyzes the formation of

disulphide bonds in E.coli. DsbC has an amino acid sequence length of 236 (including

signal peptide) and a molecular weight of 25.6 KDa (UniProt No. POAEG6). DsbC was

first identified in 1994 (Missiakas et al. The Escherichia coli dsbC (xprA) gene encodes a

periplasmic protein involved in disulfide bond formation, The EMBO Journal vol 13, no 8,

30 p2013-2020, 1994 and Shevchik et al. Characterization of DsbC, a periplasmic protein of

~ Erwinia chrysanthemi and Escherichia coli with disulfide isomerase activity, The EMBO

Jounral vol 13, no 8, p2007-2012, 1994). The DsbC protein may comprise a histidine tag



20 standard pol yclonal sera tend to be poorly reactive or non-reactive to
DsbC, and so are unable to detect DsbC even when it is overexpressed at

hi gh | evele.2olPmaspnesence of a detection tag such as polyTidBRoansures t hat
t he renoval of abundantly overexpressed DsbC can be nonitored/ confirnmed
usi ng sensitive i Mmunodet ection nethods. In a preferred enbodi nent, the
reconbi nant di sul phide isonerase is DsbC. DsbC 25 is a prokaryotic protein
found in the periplasmof E.coli which catalyzes the fornmation of

di sul phi de bonds in E.coli. DsbC has aniam no acid sequence | ength of 236
(i ncluding signal peptide) and a nol ecul ar wei ght of 25.6 KDa (Uni Prot No.
POAEGS) . DsbQhisesg)fat the N- ardénCitériméds.i N 1994 (M ssi akas et al. The

Escherichia coli C A £ eri.p ipQvol ved in
di sul fi de bond fo(r;ﬁ‘rrg fegﬁgdfﬁopﬁ%gdsgour ngrle pr&l'Ctef?I Oﬁg] @“ggedg‘é‘%FZBE = 2020,
1994 and ShevTiw H o€t protein @hé&e predieted usirigiaonriay oDe@ercirllp evailphlasmifee pr ot ei n of

mctivity, ThePEhg i onanebliHdaf B skt SRSy e TR
protei n may conpr iPsdeips haydreictierted oagrciblatg tﬁ F@M)heabluwdn@aisles tenaeghcke
C-termnus. pfof theT;B}GteBr %{’fﬁ“dlt ?ein B seddBfodm F ué 47th§r£dsogll on e gb(‘du@d pl of

hi s-tagged DsbC i s protein usi ng
variety of coﬁ#ﬂ@ﬁbff@l ?fwoﬁ\ﬁa'i' P%lmsbceéirﬁﬂtfﬁcf whery @J%@@)M BH§($*PGW é@mlalﬁﬂé? on li ne

pl predicti onbefca@e 1k lqh @Ry DI @R nﬁ%x%%yd RfepthE ﬁ%&ljhstmén PSQ‘E}%U@@ RYs be

expected to preci |tate if the pH of sol u I on_passes through the pl of
the protein. p&hetwd that Dgbt, dess Pé"é&‘fatfir‘ﬂ}ﬂ‘ﬁ Best gell SQ“H&? op exFrct fhesal of DsbC

(hi s-tagged) {onpeisiag r&@ﬁbmﬁﬂﬁsb@ﬁs lB@¥5dcted @b la ﬁ%%ﬂja&ﬁledﬁh@ﬂesﬁdﬂaﬂsﬁlﬁ@ 40 pH 3
does not pr emé)rgt atte becta [§ & .quant i tx ‘L Dﬁ}?C |saﬁg reduced after the
pH adj ust nent® ﬁrﬁ"é"“ﬂgq PL SRR ARG e eperatsd By BEOHFE pi t at e
when a host cgbteinsdngpérest,cs slemmm@tgu:tenermeﬁrdih@lycmtmfot pdssible n@medthlffwnt DsbC

i s subjected st nt t a i i cant. anmount of
the DshCis pttrhée) %S?F‘é?%y e(':"éirsluc é se%%r“réli P%}E’ 56 u"aegrtcg%’r‘%?re%pn '‘Br ot ei n of
interest, as %mmoxcﬁllﬁmgplpere@trac{t\thmwfdl ngly, it | S not possible to predict
fromthe %] edi ct egksﬂl%edq;ere% Er‘rgéo%{b t%Ugﬁﬁﬁﬁe”%Gto mg‘{emQEAt isSeo s?rg& ed to

al | ow preC|p|tat|on roma ¥ e or extract thereo used
herein, 'r ¥ PRSerASIing Fricgmplipant BYA techialegy. The polyueleatidp sqahence v@octmmst ructed

or pr Oduced Usidullithide SiS6RndisE aHay bDli\h%mic@pmalea@agenolibeeqnalcy@%hlﬁgms@l&.&equence
encodi ng di sul phi de | sonerase dent i cal an endogenous sequence

encodi ng di suFPHIrye fousnlt §§°ée”|ablﬁﬁ‘5 i r’i\'tﬁ’&f‘,tf"é’ryr é‘l‘e Eespniinani| WB’PWP%I y, the

r ecorrbij nant p@hqenmlemamgieheseﬂmﬂ"&elsaﬂ&m: i8G tnhatedl \&l:bﬁdﬁhbfd@lehﬁﬂp@ﬁﬁsfe is a
mut at ed ver si Wi | e e i sanerase se n or
exanpl e hg.(gli ‘ﬁs“&’?“dé Tadidai 8‘?‘?“%'{)?’&0 éﬂ‘aar‘% 3 ESYICHA, ST TRAYS vﬁ@ ™ n the
di sul phi de i sontediaset VierddsthCdistiplede iesierdse tsiDBbC,shd &stEﬁtDRlsnthEdprmay Bem)ved
and/or a Seq%%%%dee[}.giag' ”s%%l%n&' %héﬁ%r Seﬁt%jg 40 %8Bl S, c“‘ed, D

nucl eoti de sequence I nvent| or ¢ Q I D NO
11, which encre'é'é@thehequhmcs-fwagg@dhmb@tamen‘@nacslwwserq@l@@d@ Md\hmhlw SEQ I D

NO. 12. 25 Iaacaa@@m@mgg?m%cfamoquﬁ@éahenpéﬁ.&mrs%éﬁﬁwfua DsbC protein

wth a nutated active e represented C wherein XX is TF, G-, HH,
NY, SF, M® VH Sk OrRFembPSAtme@Ahe Wa"t@SbCAWSISPSPf adbC proteipRithppnuizigd L, FL,

TR, LL, VL, QGnveLs(Qe re resented ¥yl -WXXQ wHefbh RX lpfl"F tdﬂe Hr?tﬁ\@C!SFOMF{ e, §Hesent
i nvention, t%FgE FMjcongrlse culturin Ietransforned
with one or eﬁﬁr]@és HA Y B3t QYb S Vel dd; A Pé‘ §’0T|Reébf?ﬂrr%lm protein and a
reconbi nant di sul phbie sleﬁ@mtﬁesrﬁetho-ﬁhﬂ ti%PIBER invetioceth@eBy mepidnibbike scal e
from small-scalt np duct Qn ao tein, quo Iarfg -scal e manuf acture of

uri 'gcaqké 6 té ns Wlt one or more €

protein for CORH Opt Cﬁ Isw orirfd xpression vectors encoding a
30  recombinant protein and a recombinant disulphide isomerase. The sample may be at any

suitable scale from small-scale production of protein to large-scale manufacture of protein

for commercial purposes.



I n one enbodi nent, wherein the protein is an antibody, the reconbi nant
anti bodi es produced fromthe host cell may be a m xture of functional and

non- f unctwonai2/mpdspbodi es. The host cell conpri segca/Geonmivinant
pol ynucl eoti de encodi ng a di sul phi de i sonerase which nay be present on a
sui tabl e expression vector transformed into the cell 5 and/or integrated

into the host cell's genone. Preferably the pol ynucl eoti de encodi ng the

di sul phide isonerase is in an expression vector in the cell thereby causing
m nimal disruption to the host cell's geénone. The reconbi nant protein and

t he reconbi nant di sul phide i sonerase may be present on the sane expression
vector or on separlabg embpdiessj wherenethé proin idQildntbode | thesredom®hhant Antitodiepr esent

i nvention are egatiyv cteria. NMNbs ref er abl the cells.are E.
coil. The cel P%E%rgaeﬂ?lgg’g SI? ﬁgﬁ?a}@é & Ims'x"\}\r/ﬁf)cﬁ"}‘?%' 'Q/aza'%é‘%'f"é’étl‘?@?lial}tétfoﬁﬁfs'
engi neered. E. coiThehogt cej edomprises e recingtiredt pelyrmciegide apedding o fisplploideici-ng

reconbi nant p I - h | . [ ale} cel | be derived
fromany sui tgs 'ﬁgrh%?vhg%;i ysbt? ﬁgﬁgaﬂﬁtgbéee%s %OV,%&‘FCST? ® $65n,§¥%§2,085%a,
DH1, BL21, SK1gud/op ftegrated]infe therhdst SR O genoran ePreferbipyltie polynieleotidsi dncadBiglte ( ATCC
27,325) a COongRA u : | : oty I . ations.
Exanpl es al so | nt?{ﬁdg%%?? % élgtalgf.%kdg%sigll% sv'%cr?(gl 'ﬂ?b@?{;ﬁ tﬁg%?ng%ugn%ﬁlg@gfi c

nut ants and pRigRtipgeto g hest eelt's genomiensThe recombirmpfeprotein tand dhel repembjeantt i cal |y

engi neer ed t 0dRNIFHIC Borh &40 HAyNB bretthS bk RRY Chehel SBIBIASKectol 188 bn GElakae WHi Ch
produce reconbi nant di sul phi ge i sonerase are particul arly 20advant ageous

because the pPPESH¥EeHPSt he reconbi nant di sul phide i somerase may reduce
cel | lysigoand mayrhasgilslsddnint he fRésof embdnich Qfe LAM-e@EMTBRAGNRAI MAL ei n.

In a preferred di.ment, the_host cell conprises a pql ynucl eoti de sequence
encodi ng r ecoﬁ'ﬁ?‘%‘gﬁt thf)scl?@f afenf) @i ngh%i’%@ tag%beé‘H“T%aB'CFe?‘s which have bply host

cel I accor di ngenttiraliyhengitcers@ntZ | daXi okt @lls ARy me@RP lsirkies QUpeblO bf FRydecihglr t her
25genetic nodifi i . | n one odj. t,,the host .cell may have
reduced pr ot egegéen?bgb%f‘ ?Pl}lﬁie? S g rEsem {“ﬁ“gr?ée“f’f’ q@%rrdﬁlr"? T2y bg dﬁ‘iﬂvtegt &F 9 gene
encodi ng a TspitphloEeral ftains inylude M4a0D, JiGdt #63.eDHB4,i DAl%oy Db, BE21la KdRpckout

mut ated TSP IRDEBIue and IM109. OFLdxa MR IPE: Qoli %?1(1"@%@%‘,3 5 %n{g&\(\&n&géj“wd Tsp
protein activity conpared to a 30w I d-type cell. Tsp (&also kno as Prc) is
a 60kDa per i phustiiie fprreromhizant potin fermestatignso Franplas 8kse meludeghodifigd Anvagi
Peni ci | | i n- bi gelindGorxahé RedbAiPRDRMs bldgh QLR RatieRRHis. t he cleavage site
i nvol ved in C-termhnal processing of penicillin-binding protein 3 of
Escheri chia coil: The host™ cell is genefically engineered to produce recombinant disulphide
isomerase. Host cells which produce recombinant disulphide isomerase are particularly
20  advantageous because the presence of the recombinant disulphide isomerase may reduce
cell lysis and may assist in the processing of the recombinant protein.
In a preferred embodiment the host cell comprises a polynucleotide sequence
encoding recombinant DsbC, including his-tagged DsbC.
The host cell according to the present invention may comprise one or more further
25  genetic modifications.
In one embodiment, the host cell may have reduced protease activity, wherein the
cell comprises a mutated Tsp gene encoding a Tsp protein having reduced protease
activity or is a knockout mutated Tsp gene.
For example, the host cell may have reduced Tsp protein activity compared to a
30  wild-type cell. Tsp (also known as Prc) is a 60kDa periplasmic protease. The first known
substrate of Tsp was Penicillin-binding protein-3 (PBP3) (Determination of the cleavage

site involved in C-terminal processing of penicillin-binding protein 3 of Escherichia coli;



12 Nagasawa H, Sakagam Y, Suzuki A, Suzuki H Hara H, Hirota Y. J
Bacteriol. 1989 Nov; 171(11):5890-3 and C oni ng, mappi ng and

char act erwpaviznssh t he Escherichia coli Tsp gene whi chprcs/gvolooetoi n
C-term nal processing of penicillin-binding protein 3; Hara H, Yamanoto Y,
H gashitani A, Suzuki H, N shinmura Y. J Bacteriol. 1991 Aug; 173 5
(15):4799-813) but it was |later discovered that the Tsp was also able to

cl eave phage tail proteins and, therefore, it was renaned as Tail Specific
Protease (Tsp) (Silber et al., Proc. Nakl. Acad. Sci. USA, 89: 295-299
(1992)). In this enbodi ment the cell has reduced Tsp protein activity
conpared t o @Nighsada Hy Sekagahil Y, Sﬂaﬁkie»;p;nﬁﬁs'HpHar'érfeduﬁMYTsypB@feﬂéleilsmact ivity

conpared to g, w l.d- ell' 10 nmeans that the t|V|t .he cell

i s reduced c Valb g%b%lsgs(%'%@"‘lrscbm%’t TP 2 $]Q}ETQXFP%?“P€,3§ S?he'yGP %ell may
be nodified ispaeme vﬂmdxtnﬂbhéverd&ramermmar;eabass&ngtohﬁenaﬂlm-mnﬂmg piotelhsyp Hadan one
enbodi nent t d T Eivity IS . nodif i.c an dogenous
pol ynucl eot i dé ‘éaﬁ"(éi‘o@% %p&‘ﬁ‘“{d/%r%é‘é“éél atedt Yf J ﬁl&f&eml qéglr esgs1e7l§
sequences.5 TH&)HBH- $1i3bblttutowsrh1§r disechgced tl@tthsffquéﬁsﬂq!ﬁogxbheo tlezaelshalge @ili on and
transl ation cy‘mtgﬁsvan@rtf?e\té , 1Pas dhknfB BY %g,gc qéxno@;sgkﬁpg(snﬁe\é o, Piggiced

pr ot ease acti vi to the w né enbodi ment
an associ at ed‘laﬂe’}gl%ﬁaicbwl\ewp?%\55%519di199§)équence is m)dl fied to reduce Tsp

expression. For egapRkfbodidiét HeQBPLA', ecfu@erd ’ltsy‘ﬁro]-e%pacﬂeﬁec&mrep% zma}fl@t ed to
prevent expression of the gene. In a preferred enbodi'nent the ce

accor di ng t o YAeelhr dieptrrssHoR eduSEE E3r pteia aglivigy icampgfedriops @éﬁ’ré’P‘eﬁ?!bdl ng a

Tsp proteim maeunsngatmedmse@hvztp oPhO LARS Redadh |cUrh;§aVedQ6 R ﬁ%ﬁ@&hﬁ#&f aiated Tsp
gene. Prefer ably chr ono orralhf_af%eﬁgene IS nutate he reduction of

Tsp (prc) actt-‘(‘\ﬂcf'y he cglbovy Bpma Y cuitaplg gepns gp é@P‘iﬁstl‘%aCB’f’itypﬂthS%i ns of
i nterest. Houewad gmbddindms t}feOﬂddlded h‘ﬁi adigity & fr@e iﬁioﬂ@icﬂl’oﬂhﬂ'&ﬁ&etﬂb@n&how

t hernmosensitiv
e o ear st phbmfigleafbane SO 3 Sholilia B RRt oG iles, e,
nmut at i ons ( Hardadifgttioalmay rd’dhcera)btoalTsngdngtrﬂsmpsmaawer,ansZ’atnoﬁBF m&y frdS@GR) . Spr i s
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strains conprising nutant spr gene have been descrl béd. Chen et al
(Chen C, SnedEYsit cmpresgjos Wfﬁ'?%%ﬁnscln Jgrsferted, embemﬁlrtath?j cel aceprdiag dethepc,

gat ter E by JE,prthﬁﬁ?NeﬂR\m WneBlaQIéﬁﬁkm(D%p Eﬂn@@ﬁlﬁadmggoﬁspl\@&eﬁ }f&516§}ed4@3 74)
escribes, the construction o coil_strains i fferent

combi nat i Bns PEFESe138 Y108 £ ikAoR g"‘ﬁr’f‘“&“@ Ter &Py gﬁ&r%ho%ﬁgﬁmﬂ?%?‘@%% ESegP,
created by arnghuthtyd. ng t he upstream and downstream regi ons of the gene and

ligating these tgﬂ-te %tloggvefpv(gl%iactmylgﬁ) snraﬁ)‘lefqg 1&g qu;;lbrgtg %srol% o? ns

sprWL74R nmut ati o 3 recd
fragnent in tohatqest. i mwm ofwagdgind that brlla lacking protgsgi pre showv ttwrmpdeesatnmt ant

(ADegP SADT 0 (SRR AR e iler o oted Btk PEoAN Bl Scauence

of the spr protel nis s e signal nce at
the N-terdi nG¥irageidc purPSEey (5py) N(B’fail@rnsv(cﬂﬁﬁc?bﬁl ;tMigrobialy Reig %eété]@@qcié f7226 ani no

aci ds (accor ¢igg).t SprihiAsRba ACHESS &HnMFV@g{mIE%FYﬁE)and HQuRMRQF & d

nunbering of the spr protein sequence in resent invention includes the
10 signal sedffehpan PA&%S'&F%@M@ WS MeAPRRBe %?lvfdin g7l valhydisbysinAytgi n i s t he
first am no agi diividvet) FhOWpri genSERQ Udsighidd L3 UniProtKB/Swiss-Prot POAFV4

(SPR_ECOLI). Improved protease deficient strains comprising mutant spr gene have been
30 described. Chen et al (Chen C, Snedecor B, Nishihara JC, Joly JC, McFarland N,
Andersen DC, Battersby JE, Champion KM. Biotechnol Bioeng. 2004 Mar 5;85(5):463-

74) describes the construction of E. coli strains carrying different combinations of



In a further enbodi ment the cell conprises a nmutated spr gene. The mutant
spr gene encoding a spr protein may have a nutation at one or nobre am no
aci ds selwotzert/fiszm C94, S95, V98, Y115, D133, V135, H14671/GBRd4iA/00id57 and
WL74. Preferably the 15 nmutant spr gene encodes a spr protein having a
mutation at one or nore am no acids selected from C94, S95, V98, Y115,

D133, V135, 11145, Gl47 and H157. Preferably, the mutant spr gene encodes a
spr protein having a nutation at one or nore am no acids selected from S95,
V98, Y115, D133, V135 and 0147. The sprimutati ons are capabl e of
suppressing the growth phenotype of a cell conprising a mutated Tsp gene.
200ne or nor emotfandnhen prm('n@) ad ﬂ\SthEiQﬁoteaSQ5)eg)?’98eate¥3b§&mpm§,v§% theilp3feamH145,
0147, H157 and :Ql be mu %/ table amino acid whi.ch results
in a spr prot&d 3’5??3 &85 & E‘Bﬁ&’?sﬁ“ﬁ%g e %Wé‘i"@fﬁ@“ BV Lo CEOMPT hpr i si ng
a nut at ed Ts psetpetivg. mdrkats awarsp}\él,mﬁnmtmon r(rHrgB-l@él Umuladi®Bof aYtkddmbidad33 and .

V135 b
ot ert v B tobiad 12 IR neo ARt AR el AR L utlis MG Dedh 1

fol |l owi ng ﬁut@nrcsleMBQm&s,tst@QEF VO8E, Y1 15F, D133A, V135D or G H145A,

G147C and HIS7A. The w l{glgpéaJ]HBmﬂﬁ%eRgﬂtF?ébﬂ HFOQF%I%Z%%QSEQ%%WE% encodes

a spr protein having nut ati on ive nent the
spr protein dﬁé‘sthqmgnﬁaweuetmeatrfhﬁt Htt¢rmmuy\eifdi iR SBO Th NQI &6 withat itlensigel  a

substitution gl.ant of R &k m%&kam fio RnbEebet Sdcesih mwﬁ& BOAFG 4 UFRET

fol | oned byaletter The first r designates t am no aC|d|nthe
wi | d-type pr AN acidrpenbeTing el the éﬂfé’r%e"! ePaneEe mﬁhmresfei dveptien includesvibrer e t he

am no aci go sufshi gequeh&n Actordihgly Dgd mnmd@a offid ssrmeota@ngnlste;n{.ﬁa acflesi gnat es
t he am no am&/"F is used to replace the wild-type ami no acid

Accor di ngly, MFsheyrep SERY NSbddi ment the cel | used in the present

i nvention conpri sasa amhacmﬂamﬂaﬁttth@eﬂuydw@}@@tal rﬁl&at@f@ﬂ@éﬂagTM\Qalﬂﬁgr a

nmut at ed spr gene (§ t ﬁ1 .Ig{jef rred

embodi ment  t AE"E &P ﬁ%%(ﬁprl ‘Ho f'ﬂé"aff LS %F“}aﬂ%ﬁtﬁnﬁﬁr ﬁ‘&@% B 988°dr ot ei n
activity conplme94,$95 V48| W1 Sy Pé3c &1135, ands, ClrpriI1S 2 andawn 2L oPrbfieradlytthe

P e L fuERIBLAD BB 208 ol hACs BRGNS 3P IR WD HAROVS D

one enbodi nent rises a &he Eneodity a Degp
10 protein halestgd Gom 684, $AS \é9(8tY1/h5t913én‘dl3rﬁede4ﬁe61‘}:7raod H&iﬂe Ryeferablytthe and/ or a

mutated ptr gghgnt sWEe‘h@'eﬁEoHeQea §Hr'tpﬁ)tté;ﬁg h:Q/tlrfg zgﬁﬂﬁn&p&%@%r fhokd Qﬂnﬁ@‘%&dsl ]

protein havi ng reduced protease activity a knockout nutated ptr gene

and/ or a nut aFEerEIYT SGe¥ES YiHer i3 Y %ﬁdﬂé&@w%w snepddeolan OnpT
protei n havi ngpgredis &d gRiwal @RsRypael 4 delid¥mPHisidgD nfltdidaaskgeat. mut ated OmpT

gene. 20 One or more of the amino acids C94, $95, V98, Y115, D133, V135, H145, G147,
H157 and W174 may be mutated to any suitable amino acid which results in a spr protein
capable of suppressing the phenotype of a cell comprising a mutated Tsp gene. For
example, one or more of S95, V98, Y115, D133 and V135 may be mutated to a small
amino acid such as Gly or Ala. In a preferred embodiment the spr protein comprises one
25  or more of the following mutations: C94A, S95F, VI8E, Y115F, D133A, V135D or G,
H145A, G147C and H157A.

In a further embodiment the mutated spr gene encodes a spr protein having the
mutation W174R. In an alternative embodiment the spr protein does not have the
mutation W174R,

30 The designation for a substitution mutant herein consists of a letter followed by a
number followed by a letter. The first letter designates the amino acid in the wild-type

protein. The number refers to the amino acid position where the amino acid substitution is



151 n one enbodi nent the host cell expresses one or nore proteins as

fol | ows: one or nore proteins capable of facilitating protein

fol di ng, woehi2aa3BkpA, Skp, SurA, PPi A and PPi D, and/ or PCT/GB2011010€120r NOr e
protein capable of facilitating protein secretion or translocation, such as
SecY, SecE, SecG SecYEG SecA, SecB, FtsY and Lep; and/or 20one or nore
proteins capable of facilitating disul phide bond formation, such as DsbA,
DsbB, DsbD, DsbhG One of nore of the above proteins may be integrated
into the cell's genone and/or inserted i4n an expression vector.

I n one enbodi nent the host cell does not conprise reconbi nant

pol ynucl eot i deing5eade,calil tlg everd détteRdésepnsis ﬁlhemfnalabi?\/k?dg@ nrsé(Dtoerblﬂsce the y one
or nore protein able.of facilitating protein folding, such as FkpA,
Skp, Surg\, PP‘%V%\ds'gﬁega?rﬁﬁ%;d' : one or nore protein capable of .
facili-tating prot éceerdingty, dt iagmeforred: enstndimontathe oel| usddh ti@spr&ent YinveSsaE, S](:,‘CG,
SecYEG, SecA, F X 3 r rof.ei,ns capable o
facilitating °8|ﬁ§ﬁ$f)ﬁ‘i kS bﬁﬁgt F@f“#ﬁ?&%ﬁ,eg%gg‘ﬁog%’ i“gAa?mbéageé,Spb%%  *DshG

I n one enbtodideéired apdve. cel | used in the present invention has reduced Tsp
protein activity gONRAHRH pleferRd Whlhdailnki Ghé Bl us%aqnqwg&gegtegy&ﬁgﬂgﬁb' nant
pol ynucl eoti de encoding DsbC and a nutated spr gene, as defined above
conprises a rie¢EehlRameteip aptivitycpeparedde seriliovPniy!iDob Comprisess ettt spr
gene, as defifRgeuadfiEoncaiit k0 AnPARMRI spPhdde, as defined JidFe.F €CONDI nant protein
produced using the nmethods of the present Invention is typlanI% expressed
in either the per[MAnaEmRPagiment the frost celf ompgises a pfated blegk gene Brsodipst Degh) |

cul ture superpiatiaRivingdagrde Bgivay atdieiubatpastseictiVdeanbBloPh Ruitedpe gdlde scal e
of production,, The meth ‘%’f for targdeeg ianﬁotggsgtlﬁi ns t thessuc%g artnents are

- Whe i
wel | known in l{ ﬁa@ glptn,lut pté gene enc protein having re protease
activity or is a knockout mutated ptr gene and/or a mutated OmpT gene, wherein the

15

mutated OmpT gene encodes an OmpT protein having reduced protease activity or is a
knockout mutated OmpT gene.
15 In one embodiment the host cell expresses one or more proteins as follows:
. one or more proteins capable of facilitating protein folding, such as FkpA,
Skp, SurA, PPiA and PPiD; and/or
o one or more protein capable of facilitating protein secretion or
translocation, such as SecY, SecE, SecG, SecYEG, SecA, SecB, FtsY and Lep; and/or
20 . one or more proteins capable of facilitating disulphide bond formation,
such as DsbA, DsbB, DsbD, DsbG.
One of more of the above proteins may be integrated into the cell’s genome and/or
inserted in an expression vector.
In one embodiment the host cell does not comprise recombinant polynucleotide
25  encoding one or more of the following proteins:
. one or more proteins capable of facilitating protein folding, such as FkpA,
Skp, SurA, PPiA and PPiD;
. one or more protein capable of facilitating protein secretion or
translocation, such as SecY, SecE, SecG, SecYEG, SecA, SecB, FisY and Lep; and
30 . one or more proteins capable of facilitating disulphide bond formation,

such as DsbA, DsbB, DsbD, DsbG.



10 revi ew see Makrides, M crobiol ogical Reviews, 1996, 60, 512-538.

Exanpl es of suitable signal sequences to direct proteins to the periplasm
of E. colwoiodugesot he E. coil PhoA, OmpA, OmpT, LanB amdT@B2b11800gnal
sequences. Proteins may be targeted to the supernatant by relying on the
natural secretory pathways or by the induction of Iimted | eakage of the
outer nenbrane to cause protein secretion exanples of which are the use of
15 the pel B | eader, the protein A |eader, the coexpression of bacteriocin
rel ease protein, the mtonycin-induced tracteriocin rel ease protein al ong
with the addition of glycine to the culture nedium and the coexpression of
the kil gene for ﬂreasﬂaramhednmamﬂna;bil hieﬂaﬁihelpresdhbﬁ%nﬁdsrﬂfaeieﬂbdey Tsp' proteine et hods
of the |nventdcﬁn t he ahe corrbl AR PL ein is expresse E E‘etrdépl asm of
t he host pr e8st SA°S pet% ?"(gc%o%’ At S5PBen pf’lﬁn‘tc &€ colt
host cell's rrat;nccailrgoDlsi@ aide mutdied porgeneplas adefirt abovd womblies aystodivinanther eby
the expressio 0 S under the,control
of an inducib Tﬁ?l%%g gr%%Q%%@% :%i)ul?itéa JIp oﬁorlteersdeglﬁeldt%bﬁreé ? ﬁ( se in E
colt are wel lankieofkp-in the art and dependl ng on the pronoter, expression of
the reconbi nant PRl RbontiAf Botehn HMREA e R MiiRds bARE g{g&nﬂmtmls
tenperature or the 25 concentration of a parti cul ar stance I n

growt h nedi urRiEdyexpeessedip pithat thepsirinlagm of the Bicok bashesh ooigyhe hpgige] cuit@re411 421;
Gol dst ei n andsupQhatand, WpondiBh Sh Qﬂehﬂﬂ{re éﬂfh@ pRRYn arie séa?eBgf priatRR! fheOf

i nduci bl e promoters include the E.coli lac, tac, and trc pronoters which
are induci bl e"5Hhedn forareesng PEjteithie thesh SARRATEIEYS als| veell| knewn die the e g 2

i sopropy! 10.3-Britw kea@akriast Maydbmwadmevéewﬁ@s ammim PiX@fpled sfRuitBE ar aBAD
pronot ers whi ch are 30.in han anpd écﬁ r abi nose

respect i vel y. SPEIPRELER P M %te‘i'%ﬂ’gt@ gl?g‘smf"BrE ‘I‘dé,thet"f:léo Aion of an
i nducer or a @hpngempn Itaampardaomple slgh:ﬂl’séqﬂelﬂ’tﬂucu’tmyrﬁayt l&rm@éaa U ehe

dependent . i na r.ot ei n

achi eved bngﬁée?naofla{ng nﬂ %fonatﬁe ' ucsee?re{g’g ‘F hyag bdxt a‘”"" li'%' egjmaly be
added by any leakagezifthe onletmmbr@tepewdsemgot@msetctweorfee;ummlestoawmhaxsydstueemfand t he
i nducer, {9Or GXaIB Kder AN, I [ gr adual
addi ti on of inducer © erroeugrbtIaﬂ le% % &Jeﬂ% %Slgegﬂabsggrgdg&argl g% ?{?tel%ytlﬁ ere my
be a del ay be‘t"\W@é’ﬁ'“t'ﬁB‘c%’d't!F‘P'imw @teaqerpéotm@m@mﬂaﬁ@ al¢jorgeft ghtine & thenduct i on

of protein ewmﬁ-@sﬂeammf Q{d tﬁaa&mb@ssmﬂf&hé BE gl RAUCKREmbrane! ﬁecrﬁaﬁmzatnb@re nmay be
a del ay before induct of protein expression occurs while a

pre-exi sti ng Mot pglerad uF‘éEe nethqds of ths dyenign.gherepogbingatgrotein is exP'E“e‘b‘Sl | host
cell cultur esm(;feﬁplaﬁmbtahd m&tsa) cétRy be cul tur ed in any nmediumt hat will
support t gromh o d e ressu f the reconbin rotein.
The medi uan3 x%%ss'%gfctg?'néeﬁ‘i’"gbé‘i'alnﬁ/ qE 'ﬁ ‘di'ﬁ?ﬁﬁcegﬁﬁ’ﬁy ERY eHB‘ @ provi ded
in Pirt S J. t(nel@)iﬁc)l oPlai nﬂuqiﬂles/staih Wheetglhie alptiss@ﬁloktlﬁuécbmb!ﬁﬁnt (pmeuﬁlnac kwel |
Scientific Pupl, ria ontrol
growh rate ;ﬁ; }gggéb?%%ﬁ \éﬁetm DFaD énmg’x rQTcﬁer%ny m%) % BMTEdi Sm?ﬁbgs " SMBE'
as descri bed foryusglinp lrpkgrs wetl ka¢Wn in 21302t anﬁ’ldmemmg dExthfr lefslsptgne@msslon of
Purificati on,thgﬁc&oo?m%?&otemgﬂbkqﬁdu@a antr)hﬁg Ectog%é qg,rnpe@ b Sr GRN take
pl ace in any sui tabl e contai ner such as a shak or erment er
dependi ng*on cPrfEntegign ef wrtlﬁvlwu@ﬁnemmﬁl@c&ﬂ%med%ﬁaow %rreg@mm ia

fermenters armot@c\nmlbg@bh@ngdmaazca@@@étényargfnmrﬁs tHaBcholF0HuREL 1B UP tO
about 100,000 litres. gferabl fermenters of 000 to 50, 000 litres are

used, nore priéPer BBMP GEuER)e PemseRss B'Flui"zthE(ﬁf"{’ i14cy s, andniEg POt o

fernmenters rfa%xoa|aﬁd3n@ﬁ1blb$\ﬁd1 th&sE\ oxath2Q&ﬂ@ﬂ@ﬂﬁ%l&ﬁct&@ﬁmms&r@yﬁﬂ@b i, 000
litres. mentatlﬁn of performed in any suitable

system for él% BPYHIE! ?1&]859) aB‘étﬂEf’np’E?lA f"@’da'ﬁia‘c"é’ﬁAHDB‘@mE’*Fﬁl‘P’IVCh&arGJ ngol ani ,
2002, Trends 1ﬂdﬂcd3IWﬁl&J§ﬂﬁ{eQQthoﬁﬂn L%ﬂem&)no@bemawag OBxgré&sioP iy &n and the

yi el ds requir.e wi.th shot addjtions of nutrients or
i nducers Meﬂ%ﬁfeggm oécfxa’?ﬂ?"t é‘?%%f‘?lt\%wg an jndpecy O3 Fhagee BtempargtifF #NESy be used
and the cul t urdestiogtitempdraturk adépeldend Wehep ivducticghE Fecambigint priweinErpréssidmsspeci fi ¢
growm h rate that can be sustained using the nutrients initially present in
the fernmenter and one or nore nutrient feed regines used to control the
gromh rate until fernentation is conplete. Fed-batch node nay al so be used
pre-induction to control the netabolismof the E. coil host cells and to

al l ow hi gher cell densities to be reached (Lee,




301996, Ti btech, 14:98-105). | f desired, the host cells may be subj ect
to collection fromthe fernentation nmedium e.g. host cells may be

col | ect edwbromvdtibsosanpl e by centrifugation, filtrationpor/GeRé1imp1129
concentration. In particular, the nethods of the invention are suitable for
the | arge-scale industrial manufacture of antibodi es of therapeutic
quality. I n one enbodi nent the nethod according to the present

i nvention conprises a step of centrifugation after the step of culturing,
foll owed by suspension of the cells by 165 addition of the extraction
buffer. Foll owing the step of culturing, the nethod may conprise a
step of extraghiead btyaher eldias of ahmducecothd aidtie tﬁdfmthek:nmiyrmwéuebym@t cell.

The extraction rmed by. an swt th ch as ¢ l ysi s
by mechani cal Sugém%?‘eetg%dﬂcfegenﬁméﬂ’ r?l?se/nff?"egﬁaté"élz% f'ﬁﬁ()\‘f&f; é'g #’e"%’g% Yc shock,
extraction -agerlglesormultlpbahottadcﬁtixtnamrhy a giiulodl additionad indoder thuftodfeed] Gawidl

Wel | - known i etalagrec‘}a{t%d that there nin_la %egda yeljeg/\'/’ ﬁe%g?tog ecnt l?érér% l{?aCtl On buf f er

is added to t anple and t els n su t reat ment
step. The heainductiemefineigin S)Epeqsswrstpm@hetea«ﬁieye the lrdescmldmse thcre(mb'dmla in US

5, 665,866 (1 Nfe1s5efoRNhdcfRn Hplcidh BlpfesdiACREROL A aqygﬁet&|srhgbc rbo#}tﬁ%ﬁ%nce) e

heat treat nent ste‘ﬁmaesm pOSS to obtaln a
correctly folgedizahbpfesslseinssi ed anti body by facilitating the rempval of

ot her anti body- remaso%d,oaaaesuna}es (fé%htmﬂ ,;Mymume ﬁfawrﬁgdndnymapmed and
assenbl ed" is shown Egresence of a 'single band corresponding to the

expect ed ol esi‘,‘ﬁlf"étr‘h‘?/\émtﬁ‘i‘t°ff colh andesyBressipnife dhey reepmbinaptgieteip h Ihe gediym

Pon rﬁducung .ﬁQSbPA@Echthcbw démied Raym! Slcht £dnsBtREvIRE uWIPlr{ shypisggl |y be
ree heavy a

ht her eof |a I aded fragnments of
20correctly fcﬂ"ﬁ‘@% a?ﬁﬁ‘?'éré’g%ﬁﬁ‘l 2%“ (ﬁ‘%'tl“’BB‘H‘y Bladkwel 'ﬁﬁ'lé"tﬁ'@ [?aéﬁ‘isné‘ﬂ‘t?‘gst ep is
performed by medifi@tdns Mjert Iaﬁ)rmﬁlt@cdn&olagrdetslrﬁteds (els@fisaﬂ&d:ni eNipeladipler e. Most
20C “he. 1 erpir b S v, B SR B GHEERy Sih ey DB P he
stability of EdpesyumonéPuwiffcgion6r30932Gt i on. In anot her enbodi nent, the
tenperatuje is w bti‘l'td?mé Qtethg pondet ] fnos‘?‘é&llél agthQ ﬁ@ecl’n a%' suﬁéb%!c C%Flé@% éum JSQ' n the

range 40C to 60C, nore fg{re erab In the ran even nore
preferably wi hekierflagkner ar ﬁg@esqu@g@e@e@rﬁdalm%prowwwww ¥arigs@reeo 60C,

58C to 60C orsca®GermdMists aret Mﬂdﬁ]e”&vmmc%ﬁ@ﬁ&ﬁwhme%a@ﬁ B003ffes vpofe £Hburd0C and
t he maxi num terrperat ures 5C or The heat treatnent ste

preferably cal®PP8%litsst Prefrably. frmisnurid 498 £q Ph008Hitres argused, 3’EPreI'Pféfe¥ag'r¥gt h of
heat treat ment,000sto P0BOE bAID},yo0LRtWE BSMalleradfle 2dmdMLH Snay G e pisaf aiRbI Yy

bet ween 4 nd 18. h referably between 6 and 16 hours and
most pref&r abﬁaﬁ’f‘cﬁ)émté‘/ﬁenl%se%[‘rqg%?ﬁ tﬁ?ﬁur s or between 10 and 12 hours, for

exanpl e 12 hours. FerihBntation of £. coli may be performed in any suitable system, for example

continuous, batch or fed-batch mode (Thiry & Cingolani, 2002, Trends in Biotechnology,

20:103-105) depending on the protein and the yields required. Batch mode may be used

with shot additions of nutrients or inducers where required. Alternatively, a fed-batch

25  culture may be used and the cultures grown in batch mode pre-induction at the maximum

specific growth rate that can be sustained using the nutrients initially present in the

fermenter and one or more nutrient feed regimes used to control the growth rate until

fermentation is complete. Fed-batch mode may also be used pre-induction to control the

metabolism of the E. coli host cells and to allow higher cell densities to be reached (Lee,

30 1996, Tibtech, 14:98-105).
If desired, the host cells may be subject to collection from the fermentation

medium, e.g. host cells may be collected from the sample by centrifugation, filtration or



Thus, the mninmumtinme for heat treatnment is 1, 2 or 3 hours and the

maxi mumis 20, 22 or 24 hours. In a particul ar enbodi nent, the heat

t r eat mentwoopanssomed at 50C to 60C for 10 to 16 hour s pCcaeB20Dr0®1129
preferably at 59C for 10 to 12 hours. One skilled in the art wl|
S5understand that tenperatures and tine can be selected as suits the sanple
in question and the characteristics of the protein being produced.
Followi ng the step of extraction the sanple nay be subjected to a step of
centrifugation and/or filtration prior 70 the step of adjusting the pH

The sanple which is subjected to step a) of the present invention is a host

cell 10sanpl ebycxron@mtratiamt I:t preticaaf, theémemo“ddioﬂgxleynveﬁtoﬁpreae)uitmfor tarargxanpl e be
carried out on; n._conpris e tion of host cells
expressing t & 'é‘g s?rbl 'ﬁ%"r‘f aCtuFeootrgg?twoéﬁsg)f 8@6‘%@? ﬁt?' di sul phi de i somer ase;

t he supernatant ofn rinhem}mjpndnaﬂw omthbrbaz:bormeg tosheetgsere S8/emiipn thigpris@aarepi nant

protein and r i.sulp omer follow ng. centrif tion
15and/or fil to(r%at? ﬁ%ﬁ%%%%ra?ﬁigg i gf éujctflnnééﬁ%we&){%éus % 'Pac'? t%ef ce'tﬂ%g’y
popul ati on’ ofadﬂmsrtofd@lelxsactiwplrué%& ng the reconbi nant protein and reconbi nant

di sul phi de i soner ﬁaﬁwﬁngltt@geé&[@ Emﬁa]gﬂh{&etﬁeatrﬁ%g&hgnse {phof%afeﬁ&tm

treatnent; or the extract ation | s expressing the
r ecombi nant rolgasp s tresombiagnd Pfoée@bm rﬁl&dlost(fﬁléuﬂ;ﬁwm@tlbrsmmab%mfomﬂIba)vm ng a

step of extrag)kQfble $httddd @&;hh@%&ll tyE@%% %Eﬂanlc:ﬁ“aﬂpl@&ﬁreQFeatmaﬁtefr&'ipﬁﬁ»quent
steps of centrifugation and fil ion. Prior step a), the host

cel | sol uti orfregnedly psmotic S'EOI‘i'éreéBTct‘P% agefts §r Beat trephnest. pﬁPChteﬁﬁ*}Cé%H mginedse pH of
t he host ¢®l lar&diMino@R indhe fixt ract thereof is pH S5 to 10, preferably pH 6 to
8 or 25 approxi teI e E)H 7. The H of the bgﬁ%St C sol ution or extract

t hereof prior to %ﬁ‘;}“&%ﬁé g Giragtiea bpitergt 2 q‘i% o BESABPIAAR tBr ot ei n of
interest. Pr csmeplmmmwutkjavee téla hentenfidnt t€p. [(The GéaPirdafthdt ktép f@lpﬁfetudlylas adj ust ed

t th t. Th bl.e.that th
i1 of the sortstes a0 T sPHESREP o et Saichye bePagiefd BRER he pi o
t he reconbi nacfbrepnebt dha heao tl@mmestaphaztkes hepopitlcaj absdinre nbmplt @p sclads not
bring t helﬂjH cgg&a{)tfglgedse?lh lél%éelggli& Q?t%# ﬁ&gﬁ{ﬁéﬁe pémoQ/Ll 3fho?he§' grﬁ%@ nant

protein. For exa reco protein 1s around 8, the
pH of the solrﬁi@tﬁ%n‘aﬁesalpr/’@andamlychlle ‘eoreptbyrfoldpd &ndj aﬁsembled” is shown by the

presence of a single band corresponding to the expected molecular weight for assembled

heavy and light chains on non-reducing SDS PAGE. Other antibody related material will

typically be free heavy and light chain or part thereof, partially degraded fragments of
20 correctly folded and assembled antibody.

The heat treatment step is performed by subjecting the sample to a desired elevated
temperature. Most preferably, heat treatment step is performed within the range of 30°C
to 70°C. The temperature can be selected as desired and may depend on the stability of
the protein for purification. In another embodiment, the temperature is within the range

25 40°C to 65°C, or preferably within the range 40°C to 60°C, more preferably within the
range 45°C to 60°C, even more preferably within the range 50°C to 60°Cand most
preferably at 55°C to 60°C, 58°C to 60°C or 59°C. Thus, the minimum temperatures are
30°C, 35°C or 40°C and the maximum temperatures 60°C, 65°C or 70°C.

The heat treatment step is preferably carried out for a prolonged period of time.

30  The length of heat treatment is preferably between 1 and 24 hours, more preferably
between 4 and 18 hours, even more preferably between 6 and 16 hours and most

preferably between 10 and 14 hours or between 10 and 12 hours, for example 12 hours.



19 order to mnimze precipitation of the reconbinant protein. The step of
| owering the pHto less than pH5 will also preferably avoid the pl of the
reconbi nawD 2pr2mt18930. The pl of a protein will depegd/GReon/doh29i oni c
strength of the solution it is in. Accordingly, the calculated pl of a
protein in water or very lowionic strength buffer may 5 be different to
the pl of a protein in a host cell sanple or extract thereof conprising
buffer and HCPs. The pl of a protein may be 1, 1.5 or 2 pH units |ower than
t he measured pl of the protein in wateri®r very low ionic strength buffer.
Therefore, the pH of the host cell solution or extract thereof is
preferably keftusahe ainphhrmfim& for hedd treatméht [3H, Qror 8 Solrehrndvhd h&irmim Gf20f fe

reconbi nant pg (}E%I# interest neasured in water or very low ionic
strength buffer D In step b) of the nethod according to the present

i nvention, the précspiticateednirodmentibahewt trefitrsent 3iperd@meds1569Cas 609Csfos Hpar at ed
fromthe reco i nant e. Step
b) typically ﬁgﬁg‘gﬁé‘gﬁ %té)ﬁe f%rgb]gtafﬁégcﬁglpé ?Hb |eosﬁ'"ie¢1 otFed '?Qmo

separ at e the ynderstansh ttléatt@@eraemmm wamanmesdtqbﬂdladeultsmmlasmqua'dmen p@kul ting
reconbi nant gauantity of reconbinant 15

di sul phi de i gﬂgﬂ%@ggtgﬁ%gp&gl}%elgb&@gﬁgem| ty of reconbi nant di sul phide

i somerase prior t&okwing fsl‘)‘3 stqpr eff @ﬁ%loy tt‘héamlé%cmmWaﬂlb)egﬁd)ttcelamt@anﬁ)l e after
step b) is SU&ﬁﬁ'lﬂ@ﬁt‘ioﬁ|a11670rfﬂ‘l§§109Erlgrwmépr@Q&JuglhéHllegﬁ.‘ de isomerase. However,
it is possible that sone reconbi nant disul phide isonerase will remain in
the sanple, whi chThasrmel Vhipb i subierred @ sep agaﬂhﬁ iPEeSAn} iswension fisa hopheelski | | ed
person cam desampBionétradt tHeRGH MVcsARELy Biep U) ALY, €8 et SR dstBed RAPod:S St | |
present in the recorrbl nant protein_sanple using nethods well known in the

art. For exanple, an’ ELIGRUghgryeisiently preulsien of desferdlst opresineedinbi nant
di sul phi de isomerase, &tiibimst ﬂ})&aEand‘\c@coaiatnhxhtaiiylpﬁnﬂé?ﬁérﬁdrﬁef or the

r econbi nant dISU|phIde i soner ase, be used or if the
reconbi nant di sul phi ‘detMf SYRTBIRLERISS, the H‘?Pé"af'%fgb‘éﬂceuéﬁéﬂ‘fesé@g Hhepfecambinaptyg  an
anti-His-tag anti body pratysmbalduﬁﬁdxbirﬁﬁt dﬂ&ﬂ]ﬁﬁ‘del 8dmeddse IR WiRCERBifuBaidn

25di sul phil e |someraseand/orflltrato L{ antthaf_l Llree of as enpl oyed herein is
intended 10 refer to containing >osrew oF qscse such as 4, 3, 2, 1 or 0.5%
w w or |ess. | e othe ertrdvodf thenfopulutiver e Holéteceﬂ]Heqfreshh@ tHéO:%tonib@daht sanpl e
or extract thereof is S f r.le ( pH 3 t he
host cell protein dipept g E,,ﬁ{j i ?‘Hg“‘g‘?o Seullp%ldgofo esr?)sertz) %Y'P%aa t!(;| azs’f " DBP")
is precipitated and seff}érﬁmoe.dwhra@math@tmeat;@nbi nant protein in step b). In

t hi mbodi t th t t I duced
20 quanti 4y of host call “SrDept Fd- Bl Aaie Grot Lt st Dae ‘B BPETRr ° he”

resul ti ng protein and recombinant dlsu phlde lsomerase followmg a step of

extraction, such as heat treatment, and one or more subsequent steps of
centrifugation and/or filtration.
Prior to step a), the host cell solution or extract thereof is at a suitable pH, typically
the pH of the host cell solution or extract thereof is pH 5 to 10, preferably pH 6 to 8 or
25  approximately pH 7. The pH of the host cell solution or extract thereof prior to step a)
may depend on the pl of the recombinant protein of interest. Proteins may have a
tendency to precipitate if the pH is adjusted to or through the pl of the protein. Therefore,
it is preferable that the pH of the solution prior to the pH adjustment step is lower than the
pl of the recombinant protein to ensure that the pH adjustment step does not bring the pH
30  of the solution to or through the pl of the recombinant protein. For example, if the pl of

the recombinant protein is around 8, the pH of the solution is preferably less than pH 8 in



reconmbi nant protein sanple is substantially free of DBP. Preferably
the resulting reconbi nant protein sanple also has reduced quantity of other
host cel Iwpnot2iiagowhi ch may al so precipitate during stepraBofr@impabl y
the resulting 5reconbinant protein sanple is substantially free of other

host cell proteins. The yield of the reconbi nant protein of interest
follow ng steps a) and b) of the present invention is typically 75% or
nore, 80% or nore, 85% or nore or 90% or nore. After step b), the pH

of the reconbinant protein sanple nay bg adjusted to a suitable pH for
either storing the reconbinant protein or for performng a dowstream 10

p]lc.ll’i L i cat: on &tefm m&ﬂﬁfb;ﬂ&l@tﬁﬁdﬂrﬂﬁﬂﬁg{c&ﬁﬁmntﬁ&eﬁi S"M@QﬂloWeﬁ?/gitW;ﬂih %, the pH
of the solution can ust t 0 [ precjpitation of the

r econmbi nant plregtﬂéai“r‘?Hgfw'ﬁd%%?'@ b%ﬁ“@@ﬁﬂ@‘e ?f&?‘l"g%p'ﬁﬁ"ﬁs not at the pl of
t he reconbi nant pfTe¢ el 6f.a ﬁbefnamﬂtﬂeyenﬂh@orpfﬂe (ikfmd hnengtl%omblsaaﬂiﬁn iptsdh.ei n -
sanple is adj sted er.abl to 6. The
exact pH requ#?ceoﬁhn\ﬁnyl’ he Cu}ea?eg Bg)a prf)ﬁ’g’ 'Brw(%tﬁ F'@'éo%fox’tci‘fgg}gg’ OB Wt
protein, 35 bentiffarehit rogheIMprpromfn ih ladogp cadlt semple oraaxdauz\m:ehf dmyprisigrbetfen

puri fi cati on 54aps,are 8 PRl AL AL 101 o A SN APUE, BOFNIEY, Be used to

adjust the p e nant éin ase sel ected
from NaOH, Nathp\pretein ie water dirvery lpwgenic strength piffesr Hkerdforel the pH hftherbasherdl does not

conprise a stgpgf orrak%ra%%%&fn;eﬂ}ffeaﬁly%pt%aep@x J?)lb156'r2tﬁi &.@H@l@%@gg&ﬁ the pH

of the reconbi nant protein sanple sui t e for stora
reconbi nant pheERPingpidrsein ante@ﬁ@eewrwm water i ¥ &Y lﬁ’é’nﬁmﬁﬁmb puftem

purificati@n steps, stkmbpeﬁt@rmammsndmg%sﬁee e@ht PGB RE plbipitdp@st cel |
sanpl e or extract thereof is adjusted to a of 4.5, step IE; conpri ses

centrifti gat i §rPmPigtdispiphide | isemera%ﬁds ieH@atF%%’l‘ the r’iﬁO'inB'BGﬁB‘i"FFé{htP PE?FEﬂeél n
solution aft exfeccﬁibaﬁnttb}otdlﬁsa%&n Sty lb) B6icAY cbRpdeL@htrifigatonGR@sIBtration in

chr omat ogr aph e oAl ternatively a chromatography step may be
performed at %Fed% ﬁgp tB?B'F‘”%‘?? feampinanh fisulphidrdsomeiss, as 5 to 8, in

particular 6 or 7Thd=mkdltmgnrergn$haer|n ;in)u;m tsd‘mﬁ)ld‘lﬁis@r’fﬁﬂua@lrt_tuarpityabﬂedfbnﬂ)&im| e may be
subj ect ed 140 éa?‘%g)/h%% Gse. CH}}, & toQﬁ{‘:r% a?t(% Bf rgc%{n%;[ngtgsdﬁluphlge 1s?m%rasa p1[1 move

cont am nants esire I’Ot SucC ragrrents.
Typically t het0r5@ne)rrtﬂr<rfwhly the mcemhmganprem sa@p@@ﬁgutsp @):tse@bstamadiméemf nmor e

steps of chr Or@mg{aﬁtpmyulphme{s&hé?asgacﬁoéévglp 1P %Eigﬁ%gg{o% h%cd}may a

followed by a step of filtration, such as m cr I'tration rafiltration or
ultrafiltrat |%W‘Ph‘ﬁﬁels‘t?ﬁéasbrw%ﬂﬁ@a@t'ép@e sRmpleyr whigh dasy alpsh rameyedo8y d#iri nity or

non-af fini ty purification steps. The skilled person can determine if recombinant disulphide isomerase
20  is still present in the recombinant protein sample using methods well known in the art.
For example, an ELISA analysis may be used to detect the recombinant disulphide
isomerase, such as DsbC. An antibody specific for the recombinant disulphide isomerase,
such as DsbC, may be used or if the recombinant disulphide isomerase is his-tagged, such
as DsbC-his-tag, an anti-His-tag antibody may be used for detection of the recombinant
25  disulphide isomerase.

Substantially free of, as employed herein is intended to refer to containing 5%w/w

or less, suchas 4,3, 2, 1 or 0.5% w/w or less.
In one embodiment, where the pH of the host cell sample or extract thereof is
adjusted to a pH of 3 or less (such as pH 3), the host cell protein dipeptide binding protein
30 (also referred to as “DBP”) is precipitated and separated from the recombinant protein in

step b). In this embodiment the resulting recombinant protein sample also has reduced



21 chromat ography steps. In one enbodi nent the chromatograph is a
non-affinity chromatography step such as cation or anion ion-exchange

chr omat ogwepnz/013930 I n one enbodi ment, in step a) theppliigHoite1host cel l
sanple or extract thereof is adjusted to a pfl of 4.5, step b) conprises
centrifugation and filtration and the resulting 5 reconbinant protein
solution after step b) is then subjected to a cation exchange

chromat ography step at pH 4.5. The net hod of the present invention is
particul arly advant ageous when non-affiity chromat ography steps are used
in the downstreampurification. This is because a |large quantity of host
cell protei n&;,uaxin@cloﬂdiostgcaemmaﬁtidaaahdlﬁg q)wt@mu@epj.sonfefeﬁsg, theBygsultingd 10 to

the chronato rms i hay en previously separated.
Accor di ngly,q E‘Q%‘%ﬁ ?'S/sag’f’fet‘ E%W‘%P/&fe y colum to bind the desired
reconbi nant pr ot ePrafetablyrtieiteadiihg r&*dmbmeqnq;lfmm sdmple alfvoie rezledel qpantityedfns,

i ncl uding rec nb di sul phi.de i soner.a ncr eas aC| of
subsequent nogril11 a %Sfacehtp P'e rﬁr‘@’ﬁ%‘t"&a a?soquc'ggﬂ% é"""g\ﬁ\tfﬁ(é Pre?er@?yg re%‘ "§ster and
cheaper rreSansredombmpumothmmpbns wbstetnhﬂlyrfeeofmmnamcqﬂrpmtmsn 15During step a)

of e present. | MHENIPD: ik EokFRARBIAANLL ALRLLARYAR% LAY be il of d

whil st the solutions
unf ol di ng of present mvestien is typicaleV8s aiiyre 38%@r mote| &kt orgnord e 9§°épam9m on of the

preci pi tated di suhphigp d Sm%Ha%e Q@gmﬂkéni)ﬁaro{eh#saﬂ{?ﬁt lﬁé)nbesﬁjl%&eh Q@ My be

adjusted to a pH above 5, preferab to 6, and
the protein rf&§blerdhfongishsr swfm%therrfcgmhwntfpeﬂt%ar %mﬁr&rmlwwnﬂ?e@ 20

overal | tfe |pQMﬁd3%Mpd§uﬂgassch%ﬂxaﬂ§QM1yd%§ drsalss%abaeeiowsbgeiatphe)fﬁl@&dmohons for
removing inpuri Ei m.nimal | ong term consequence. The reconbi nant

protein sanpl®" jf tcb?‘“l”ﬁl%e rPé"tcfP&EPOBf of; e “HP‘@E’Q?PL‘ PRI of iFHEE Sdtpr i ses a
si gni ficant phagpeg fnht(llib m 1sfmnatthe<:p1a>r thBl’r&blﬂblﬁant irﬂaemr @e&ahslylmewmﬂieel n of

i nt er est eEXPress . C

i gher mor o SRR ol gR s Sl vo RS OPL B Y o ReBably s aGR6019 6. °F ¢ e

protei n has &hplexwt pB mqulfedghﬂrdepeldl mpoaahﬁ enopetrmesmfrﬂamr@emp)namlpmtenatl on of

the prot eiSn %/citﬁ@%%e o‘f E'% R)Itelfil' Bllg'l??(%ﬂ)gp%a% d&?g# %Wm; Q%t ele t& I)e (],;an?edpr otein,

preferably 1, |ts’ nin water or
very | ow i onijogt. sf’myéwgatbh agett fray be awdl tq w@stsﬁlepH of thaeacmsltlmgprpqqe sprplef t he

sanmple to pHs&hqgabﬁ§§e1é1eee$mm¢ao@ﬂ1\1y%etstb@rﬂHbQJe the solution to the pl of
the protein. 30 The reconbi nant d??roteln of interest is preferably a

recombi nant ant i bdtFmatively theapghadi desset spmmrisotiseRnf eHadpmentelie sgp®)- of 6 to

10, 7 to 10, Iﬁth'iser@odn?neﬁtOthng 8f tlh@regomtﬁman?protgm(@im&e mi g fithbRf fol ARageanpl e is
pr ef er abl Pt bel o reconbi nant anti bod 22

pr ef er abl fhegrecgp ?a‘ﬁlpr‘%e'ﬂ r?f“i/ B PP TRYE Sybsgient fawn E%Ihﬁ'i"monant i body,
before, duri rstgpsarid oad ¢mbodBiedp igted 4) tiger e 6f thohcen&lllrsanm ot ¢xiract iireeof i t at i on

of the anti bqg erred enbodi nent BTe .rec qgelna t anti body
has a pl of %%Sted g t‘hH o4 oeptq{)wémslpanse s ggt ?tf gk a"lgl qi’gS nor e

pref erabl y plecampinant rprgplepsoal)x_on after step b) is then subjected to a catlon exchange
chromatography step at pH 4.5.
25 Alternatively a chromatography step may be performed at higher pH, for example
pH or above, such as 5 to 8, in particular 6 or 7.

Following step b), the recombinant protein sample may be subjected to one or
more further purification steps in order to remove contaminants and/or undesired protein
fragments such as antibody fragments. Typically the recombinant protein sample is

30  subjected to one or more steps of chromatography, wherein each step of chromatography
may be followed by a step of filtration, such as microfiltration, diafiltration or

ultrafiltration. The one or more steps of chromatograph may be affinity or non-affinity



5A specific exanple of a reconbinant antibody is an anti-TNF Fab' CDP870,
as described herein and in WO01/094585, which has a pl of 8. In one
enbodi mrenwot2be/mssonbi nant anti body or bi ndi ng fragnment pcrezB2of1/dos12ant i TNF
Fab' CDP870. As used herein, 'functional antibody' includes antibody

nol ecules that retain the 10 ability to specifically recognise or bind to
the antigen against which they were raised (cognate antigen) i.e. the
antigen to which it is specific. The production of a functional antibody is
shown by the presence of a single band ;yjn non-reduci ng SDS- PAGE
corresponding to the expected nol ecul ar wei ght of the antibody, or by

di rect bi ndi I‘I@r(ﬂl&&@;&pmlsﬁgs Bl IAC 6ifee eMbod@hdde I thdTRERIMES grkphOWN at SontdtEni@er son
skilled in th ﬁ'} cﬁplebut not . 15 limted to, ELISA

Non- f unct.i onai™ &t |gf?8'%?‘sée§ SFHEP CAYRN PR RS MRAAE BB OHBNYr ecogni se t hei

cognate anti gen andlelembcbdndmtnmete;r a)ahd b}yefmb d@dcemrsampleerréx&ﬁdt kherea BENDI ed

ant i bodi es chatns reof , .including
partially dngrdg‘a mao'f Pﬁ‘ts B L SAPPESERTe "E‘?%ﬁmd‘ g‘gﬂﬁg‘? gé‘?)eg'ﬁ?“gg‘gor bi nd
to their cbgratombinati gelnm solutlon after step\ biimdhangsubjeagdrents atiorarxanidebody is a
fragment thatgi he antigen to 20which the antibody is

speci fic. ¢ (ﬁna?o%lagh SP lahPLglcligexa | e, the reconbi nant anti body nol ecul e
is at |east part 6\"6 alﬂth@fhpf lﬂ@dg‘eﬂentghven@hallmpmladv dderageopan whero horan

ant i body heava)f’ﬁ Qhr%mat% y s&% ar@-hseli %ﬁtﬁ& dSHEea fput‘lh&tl pfh?ss? gg:aulla'eqht and

heavy chai n anti body rm ecul es are able to conpine orm functi onal
ant i body. 25A§rgﬁ§l@at'fhéﬂz@ﬁtrfe“ PEeffins Hadyding reqorw@ine@rélsalnhmmee@e,rmvlbwg full

| ength heavy tad chiogblografhgicBRimnf el hRRAb Bée@ﬁ‘eh&%ly fsEARPRN AScordhdifli NO
fragments, defivati ve?ﬂ%r%anal ogues t her eof and be, but are not limted

to VH, VL, VHIf @3y 9 famptogEghy caluny) Pe‘?‘%‘b‘hﬁudﬁfgféd Fespmbinaat protefny isph) 2 or Fv

fraggegt; a Ire@hm dhakdparwonhﬁabsy’cdﬂfb&itﬁnsmﬂﬁmg’ re€dmbikiaR®isulpRid& isv@ér@seCc hai n
ant i body,

e. eav d chai
vari abl e dorrglncﬁ%aseﬁéhé:%epamg’ ?é@’sﬁ%}'e'g "B%%h‘g t]’foﬂﬁff’é’f‘p}}lylfé{[;’mﬁwgg}p'&‘“gqial
specificity aartbstdn@@twhe@mhea%foapnﬁﬁbandmtheaxscdﬁ&ﬁmnupb@dn| n PCT/ GB2008/ 003331.
23 e anti e Y, lenal
tetra-val ent ant i EQ%! Sep uorggﬁei Elg%}{tgirn%}ﬂ%mﬁetfrl?%gg% 'Qaﬂo%tf)l%m ma#h% ma“é{ntl bodi es
and their fr a@f?éhw@lshﬁysmoméﬁthﬁdar thy pd o€ i o1 lessg Howememmartid dnfoldimgroéthec or CDR
grafted anti bhpdiiRs r@s’%@nbﬂﬁﬁ%fo%n@%eesgﬁyra@len bt Bl Bgéfpl{aég Bﬁﬁ]ﬂ”&%smyaspe used to

nodi fy, add or delete am no acids or donal ns as desired. Hunmani Zed

anti bodi es ar@%?ﬁ‘%ﬁi?‘e‘ﬁﬁ‘l’lé@ﬁﬁ’lr@%’ be pdikstsddn 2 Hﬁﬁﬁweépl@EfF@%‘Y haﬂloﬁét‘b'he or nore
conpl ement ar idr yHAE 56 B) dail A Pr&eih @RS HeLRIRD) ltfsroﬂghmh&déwanﬂamsn spagi es and a

R TN B N RN YK S
i nventi on carmpeitied, wirly mididsslofe t@m dogsSqudngds, Thg Mecolmgadngotkig Apm@le subcl ass

of i mmunog| Obp%viidgd rE‘Qltheecrlrjllctgdd of the present invention comprises a significant proportion of

functional protein.

The recombinant protein of interest expressed by the host cells, preferably has a pI

25 of 6 or higher, more preferably pI of 7 or higher. As discussed previously, if the protein

has a pl of 6 or higher is it easier to minimize precipitation of the protein by keeping the

pH of the sample below the pl of the protein, preferably 1, 1.5 or 2 pH units below the pl

of the protein in water or very low ionic strength buffer, and the step of adjusting the pH

of the sample to pH 5 or less does not adjust the pH of the solution to the pl of the protein.

30 The recombinant protein of interest is preferably a recombinant antibody. The

recombinant antibody preferably has a plof6to 10,7 to 10,609, 7t09, 8109, 6, 7, 8 or

9. The pH of the sample is preferably kept below the pl of the recombinant antibody,



10 The nethods for creating these antibody nol ecules are well known in the
art (see for exanple, Shrader et al., WO 92/02551; Ward et al., 1989,

Nat ure, 3#d204513930! andi et al ., 1989, Proc. Natl.Acad. SecT/d¥EM1/®6128833;

Ri echmann et al., 1988, Nature, 322:323; Bird et al, 1988, Science,

242: 423; Queen et al., US 5,585,089; Adair, W91/09967; Muntain and Adair,
1992, Biotechnol. Genet. Eng. Rev, 10:1-142; Verma et al., 1998, 15Journal
of I mrunol ogi cal Methods, 216:165-181). Monocl onal anti bodi es nay be
prepared by any nethod known in the artypsuch as the hybridoma techni que
(Kohler & MIstein, 1975, Nature, 256:495-497), the trioma technique, the
human B-cel | hiytbpretbpdtly £ @ Shodi20pre uits RO thepl @l the redcAibinant! 4TbUAQ| L2@ye, TOday,

4:72) and the, EBV-hypri do t echni que (Cole et. al., nocl onal Anti bodi es
and 20Cancer de%%ﬁ‘Bﬂ’?erﬁtﬁpi%'é%',ﬁerA? ﬂﬁ“@“ﬁ?‘%‘%‘,p'*‘ﬂ?ﬁafﬂo“ i@gg‘)“.t‘g"dy‘ Chi neri c
ant i bodi es ar e t hbsepreferted bmblodigent k0d@ehbyntiantibodyoigk @ pLAI 7D me fepHidfat have
been geneticaglly engineered that the light . heavy chain genes are
conposed of ?tlﬁ?r%ﬂjggﬁ’so%{??tleﬁoﬁgﬁew ggg’ﬂ%ﬁf’?&ﬁg{;’@ﬁ%ﬁﬁ” ) a%i fferent species.
These chi nferi ¢ anhisperificeamaple of i kebyibihant breibbdysis ammbti-fNRAiFeb’ @IREAD, st

ant i bodi es : 0 i n 25 art (MlIstein et al.,
1983, Nat ur ga%ﬁﬁ:g?gggg’ﬁgiy'“\%%@%@@3%%*‘56 £§f|§ér et al., 1991, EMBO J.

10: 3655- 3659) . Bi In ong einbodipreit the recambindng pritibedyt ar hinding fragragnt theepfris srdi- nul ti pl e
speci fi citi esp@ r 8y DERE MONOspeci fic (see for exanple WO 92/ 22853).

Ant i body sequences may al so be generated using single |ynphocyte antibody
nmet hods based on fhescbfreipuifunetionplommtipedy aineludes grtbedy mplegesithpheatrimthebul i n

variabl e @0 ra8gi0n HENRAIHOIRBGNAL OF bini ATHRI MELR LYARRAGKIRS HhHatiwer e
selected for the E)ro,dégt,l on of specific antibodi es such as described by

Babcook, J. &fosgfte antigeyge. the gigemgiyhichakis gpecdtis; Thejpgaduption offa fapctignafg 48 and
in WO 92/ 0253dhtibodpds Iskéwineby MRt pragtace 6f ¥ stiglel bfad i GOh@tle@Ringf SDLHAGE ndi vi dual
ant i body producing .cells whi are then clopally expanded fol.|l oned by
screeni ng forcofr?%@’(g"‘éItootﬁee?‘peﬁi@lqﬂ?leﬁfﬂé‘r ‘ﬁ?%ﬂ'gtpﬁad‘t‘g‘ﬁ‘ya‘ﬁg?’ GO HHREETHY ecogni ses
its cognate uvaing Blyenre oantbir mefhodelsiowe o, the feesos skilked driibeirt, ifeterdnpld thiagat on of t he
sequence B tngk to\,/%HS?b II\?on- Yignai yrhgs d’%qqn llddgq}a rﬁvlrs) w}%anac'lonnog?egesnise

Al ternatively, the’cells producrng ant1body that brecoghi ses 13 cognate
antigen may Weeircaeknaterantisenoad tinsdude frgbiresthethldsy osine@mrtiyragsembled antibfities, ant i body

may be speci f.¢ htfzan/’ arﬁlﬂ&httcﬁgigsegn%hgﬁpther-gg![rein@lmij]gﬁﬁaﬂia Xegpo.ﬁe@fragments

cel |l -associated protein, for exanple a cell surface protein on cells such
as bacteri al of@atibediesypigdo pet|recegnise-og bingd & theinrggnaeantigsn. cel |'s or t unour

cells, or it may R®imding@hsnCofthQh@oly isAHabd& hath 2b10 1R RSthe SMYendb SO be any
medi cal ly_rel e grt\l;e rotein sych as those proteins upregulated 10 during
t

v ;
di sease i Y& tiboflyis spegifiinl e receptors and/or their corresponding
| i gands. Parti cul lara gefedigdl e2ampsié, thetekonstitahiogn€bday ooddctis id fatdsdi@rtadhrsi on

ol ceutes, ! ShuBHOlh AT B o) LB b oy (o
CD1 | b, CD18 theCBp8sseCDRIR, anCh2By BDRSintitchd Bolcod3Bare G Qo cabMiad fo fobd5, CDWb2,
CD69, CD134 (f%cmal anli%’ BCWP7, CD137, CD27L,
25 As used herein, ‘antibodies’ include antibodies having full length heavy and light
chains; functionally active fragments, binding fragments, derivatives or analogues thereof
and may be, but are not limited to VH, VL, VHH, Fab, modified Fab, an altered hinge
Fab, Fab’, F(ab’), or Fv fragment; a light chain or heavy chain monomer or dimer; a single
chain antibody, e.g. a single chain Fv in which the heavy and light chain variable domains
30  are joined by a peptide linker, Fab-Fv, or a dual specificity antibody, such as a Fab-dAb,
as described in PCT/GB2008/003331.



15 CDCPl1, CSF1 or CSF1-Receptor, DPCR1, DPCR1, dudulin2, FLJ20584,

FLJ40787, HEK2, KIAA0634, Kl AA0659, KIAAlI 246, KIAA1455, LTBP2, LTK, MAL2,
MRP2, necwonel2zikeddp NKCCLl, PTK7, RAIGlL, TCAML, SC6, BCMPLOA;B2BGME8LR9
BCWP11l, DTD, carcinoenbryonic antigen (CEA), human m |k fat gl obulin (HVFGL
and 2), MHC Cass | and MHC C ass Il antigens, KDR and VEGF, PD-1, DC Sl G\,
TL1A, 1L-7 20receptor A and where appropriate, receptors thereof.

Sol ubl e antigens include interleukins such as IL-1, IL-2, IL-3, IL-4, IL-5,
IL-6, I1L-8, IL-12, IL-13, IL-14, IL-16 z» |L-17, such as IL17A and/or

I L17F, viral antigens for exanple respiratory syncytial virus or

cyt omegal ovi rus aﬂhégmh&hwhmmunngahwlmﬂﬁod&upblaﬁ bidtbira-Valthedntibsdass such as

interferon a,_inter i. N fero necr05| factor 25 TNF
(formerly knof agllsze‘{ rr@ﬁlre'('cnae"g‘?’mlé F%?%?"(S'B %éséﬂﬁgoléﬁﬁ?’fe@d M2y O %"t"é‘f‘ﬁ' as TNF
or TNFa), tunucurrieg riegiasizédachineric 3>r @R @rafted tantiholdial iand) standatd mlesuleh as

G CSF or Gw t el erlved ro ctors such a , and
PDGF- 13, W S&ﬁ@ngﬁ@&\;\uﬁq&% fia %IB? gsﬁp iGrE réc\é%totr)rd S RIS & ﬁ%‘?a'asnh gens

i ncl ude baét edesizdd. dﬂmanmﬁrdrmb@hamq geingy nvdectley freth norohuinns species badig such as
oy Szt | SPohe o AR cohoRiinrity SeORBIROILRM RIRA] fom H" GEHORHELlES a0

heavy netal s, and sna cke an I NS one
embodi ment, t 4 aaﬁrﬂriew&yegmyfrm a hymen munqgi@&uilmmlewe fsbet Ear ckdmapladiSi vity of

the antigen of 585@§§3r qad anthGHy rﬁ&f@ggg ﬁl’nﬁmﬂ n%'?ﬁe' TPMS Sfte I%Ha(ftﬁ'!ah 6E of

ant agoni ze or agoni se the. activity sal d antig di rect
indirectly. anyclas(eg feG Igf, &Mfls%andelaﬁbmsvhsiws qfwmbb&quleﬁulan anti - TNF

ant i body, 1oore prnfeaﬁa}mdyfor&éreamgaﬁese ar;fNﬁinrﬂQechpEx%mn kﬁ&.ﬂﬁ&mrbg@k in
W01/ 094585 (fhe contents of bV\‘IQQ%HQare i ncor por at ed rein by reference).

In a one enbodl FaRPIeTERdgrt PhgVepetils |1%§9t§}at?‘5r34hé?f’aﬁ)”?NF6
conprises a mawg,wphamamheerdacn ushe 86:3938 2Rk ehntiaired 4., qmpNht&esmﬁ@R havi ng
t he sequence sh i uence SEQ |
e, F e, ROy BeReRull Mk bl A S L SESSRRSNEE. SRR S0 | D
one enbodi men¥lounkén mthdgud!B%ompuecmelsGmet iyt Roh &0: h-148h demianer tdn 1998y i abl e
domai n coppri R 1 shown in SEQ ID NO 4 for CDRLI,

t he sequence J? a\%ﬁfl n §E%§1 %Wg ? %ﬁZ or the sequence shown in SEQ I D
NO 6 for CDRL3. 18procionel astigndith menbe priagaredrity dop aethod kpavinde theartrsgelvas chai n

wherein the V¢ haRlabnd QIRifue GROR £0f8 own in
SEQID NGO 1 for %RHl th é&hseeclueﬁﬂc%qgﬂ%\;m I %bqv%ly}g is@%ﬁ%%?ﬂ%%@% or the
4]

sequence showff hpiquesiths ymar33-gelk bybridyp-tchaisgpe LKpabghe! @hdP¥s: Umewegioeyt he

vari abl e domerdday @/Tpy dn8 @ EB\CERnb@Nd t@&nfqh@(@?&éﬂ%ﬂ%o&@@%Ahﬁbo@ﬁ@ddD NG 4
for ence '?Q% D NO 5 for 20 CDRL2 or the sequence
§1RL1ss Inc1,

se
shown in glEQh(%f 8RS P8he enbodi ment the anti body
conprises SEQ I D N@n&nq‘ otib&fHte th&@nﬂlHBdNQenchd‘dary 1@528]1&%10&;8&@&&3 hé: 3 f0r

CDRH3, SEQ | n
CDRL3. el %gfm%c%g?gingerggoft s g g“ a"c&ﬁﬂv H‘ﬁ’f“tg@%fs QP'BB‘HDP ol ecul e
and typicall ymmﬁeogzﬁulvmenam@etdomnlmgt@rqlﬁfaremspehmréﬁheaccbmptloanttbocaaevmr k

regions and nanpRYTERR €Q N gefdP Bivalent antibodies may be made by methods known in the
25  art (Milstein et al., 1983, Nature 305:537-539; WO 93/08829, Traunecker et al., 1991,
EMBO J. 10:3655-3659). Bi-, tri- and tetra-valent antibodies may comprise multiple
specificities or may be monospecific (see for example WO 92/22853).
Antibody sequences may also be generated using single lymphocyte antibody
methods based on the molecular cloning and expression of immunoglobulin variable
30  region cDNAs generated from single lymphocytes that were selected for the production of
specific antibodies such as described by Babcook, J. et al., 1996, Proc. Natl. Acad. Sci.
USA 93(15):7843-7848 and in WO 92/02551. The latter methods rely on the isolation of



Preferably, the antibody conprises the Iight chain variable domain CDP870
(SEQ ID NO 7) and the heavy chain variable domain CDP870 (SEQ ID NO 8). It

i s preferwedotdmasosbhe anti body is a nodified Fab fragnertcTwB2oaimitzhe 30
nodification is the addition to the Ctermnal end of its heavy chain one
or nore amno acids to allow the attachnment of an effector or reporter

nol ecul e. Preferably, the additional am no acids forma nodified hinge
region containing one or two cysteine 26 residue to which the effector or
reporter nolecule nmay be attached. Suchpsa nodified Fab fragment preferably
has a heavy chain conprising or consisting of the sequence given as SEQID
NG 10 and themﬂnv@hztl atibidp peaduping EIKY which &mmeﬁtddﬂglpéxﬁamdsiemaqg gi ven as

SEQ ID NGO 9. 5T I rese ntion. conprises DNA
sequence encoﬁlreﬁ'ém %@Eh an ﬁ]%'SﬁvﬁaP?r%f’ré’p W}l{fcg KGR SseBifes t he
heavy and t heankigghtnd; liladesiredf the hdasambntbdﬂﬂyﬁcatlon of the sequénco e thpir ahudibleed

enbodi nment DNA ncodes a ai corrprls s the
sequence shomﬁgl n ﬁ%ﬁjﬂ%%@)/ 1" SEEy I'B be]y( %Bﬁg%ﬁmdurcmé amﬂ?ﬁ 4¥8ener at e
equi val ent? t hregagpifes its cognate amngamfall te@ninaxd togethyr follafed by edieceimpodi ment, t he DNA

d SEQ I D
NO3 or SEQ 1D No. O P RERRagR B ARt skl SHOLRIER BB 57O

The DNA sequelitosiatsfl prokpan, fan gxasplepy deld eurgymrhfemwe cedauchfas badtanisk catic geagir oduced

by 15 cheni caéeupmreﬁss&dmen.ap%m&ﬁmmng ma@rbeagaaumgmeemakn gknd Ger eof .
The constant regi on domai ns of the antibody, i f presen e sel ected

havi ng regar dnieEst Ry #0050k dnedigribn iebha"mefq‘beLﬁhﬁ H@éﬂjprﬁiﬂné@nﬁ@lm@dnd in

parti cul aro t hfurief dred®br fn‘%%ﬁ&d Q(B}Sex‘MBblG hedgﬁ}z(rs bﬁd/&eﬂlﬂe‘ﬂr rc@x‘ilesp(l:ngfng Q?éﬁ’:ﬂi@l e, the
const ant reghrp&r#&ﬂgrral ns. nma gMdomai ns. In

particul ar TQ@”@&ﬁ§¥éﬂf ‘fréfﬁ B??t% 'H‘B‘r‘f’ﬁla&‘}ges’rﬁ’ﬂy"%@”lﬁe@r exmpleci al |y of

:Ee | gGit and 1h@§ﬁxslsgdhtaygﬁﬁlte‘ghﬁrbgt W@;AaﬂtE;sled%ﬁ mléaﬁmb.eusesechnmdeﬁaf or
erapeutic u or functions are re

A Cernati vl yE0h 6E0 G RO S5 Thabnis BB, £880 Hnkar CoHRCER: Fraty

nmol ecul e i s iGD4NAEDOIf, D44, mam.maoﬁsz, (qRIBH Ee4),d00S AEMPR 181, foperor

functions, ar r I | qcki. clivity.

25Met hodslfosC el e%?%?es?gh% PO 21(5)P 1 r‘ﬁhﬁr g'ﬁ“}g’:hﬂg lg‘:)lg&\%gl #LJ%{%%/IW in the

art. Suitabl ¢lEaKIAa863df KhmeSQ;é{IlAsxlim KiA#1485, 0 EBF2| DMK oMALRCHRB2,nant

ant1 body ol eRulReb nekede HIAG! ARG SHOASALBEMIAG] Aciipal sBhATy negal i ve

bacteria, e. col i, yeast 5. cerevi si ae, marmal i an
cells, e.g. %@ carcinge “mﬂe‘llgﬁnﬁc@?ﬂ), hwl ret&nﬁt getiulin (FHMEG! ans Zj MREO cel | s.

Most pref er altiys 1 dﬁdtmcrtﬁ&smﬁm@énst R®Ri zﬂm\ﬁe@ﬁd}loth # b@%@@?@' 'B@ﬂt Iﬁ(ﬂ)a“t' body
is produced in bacteria, e. E. coli (see Verma et’ al . Imunol .

Met hods 24%: TeSRIERA arg ‘ﬁ‘iﬁfr?gpr@?f&re receptanthergof. | nyunol . Met hods 263 133- 147).
Soluble antigens include interleukins such as IL-1, IL-2, IL-3, 1L-4, IL-5, IL-6, IL-

8, IL-12, IL-13, IL-14, IL-16 or IL-17, such as IL17A and/or IL17F, viral antigens for
example respiratory syncytial virus or cytomegalovirus antigens, immunoglobulins, such
as IgE, interferons such as interferon a, interferon B or interferon vy, tumour necrosis factor
25 TNF (formerly known as tumour necrosis factor-a. and referred to herein as TNF or
TNFa), tumor necrosis factor-8, colony stimulating factors such as G-CSF or GM-CSF,
and platelet derived growth factors such as PDGF-o, and PDGF-B, WISP-1 and where
appropriate receptors thereof. Other antigens include bacterial cell surface antigens,
bacterial toxins, viruses such as influenza, EBV, HepA, B and C, bioterrorism agents,

30 radionuclides and heavy metals, and snake and spider venoms and toxins.



27 After expression, the anti body may be further processed, for
exanpl e by conjugation to another entity such as an effector nolecule.
Accor di ngg,2012ma39set hod according to the present inventipomGBzy1100NRPI Se a
further step of attaching an effector nolecule to the antibody. 5The term
effector nol ecul e as used herein includes, for exanple, antineoplastic
agents, drugs, toxins (such as enzymatically active toxins of bacterial or
plant origin and fragments thereof e.g. ricin and fragnments thereof)
biologically active proteins, for exanpt® enzynes, other antibody or

anti body fragnents, synthetic or naturally occurring polyners, nucleic
acids and f ragrrenthSoﬁem:bed)mere e ad}]hlédy dﬂ)l/beal@dl th Iﬁ&@fﬂhlﬂl)sal{feh@lé e@ivity oflO

radi onucl i desfh {tx{ C nt ret adl 0|]§ h (?dl oi SOtagﬁ chel ated netal s,
nanoparticl es 5 BFehol ter ﬂ%gxp famikody Ay, Meltralis. aipRPRBE RGOS
conpounds whi thhaatimiyy dfealdletteett dilecly oNMRrecity. ESR spect roscopy. Effect or

nol ecul ar may be t her eof

sui tabl e met hod, ﬁf)&r &giéggd %nge)oog%eenpt?é %ﬁﬁg%flsr %1“ ??éln anrtlb%lé “ﬁ%’alpf"?% 3& o attach
at | east ohe uf fbiciNGy F&‘Pblcé&’m(é aasiefdewmm b’é@Oll/(WMO@eO@Btm& 06 which Gire

W05/ 003170 ( ot h are incorporated herein by reference).
W05/ 003171 01?1&3%)&‘«%/ &g%%%gqgf%\ﬁ(yegescrl be suitable effector nolecul es.

The antibody may Hewencgmbpditerd dhecintibody bavingrseécificity dor dunseilyFaygomprisat om or a
toxin, S.UCh az§hera{/)péhgla vﬁltexteﬁlctpggarigfﬂn%&mm c %Bﬁg\\égl(ﬁiﬂih fn QI%' Eers}i'o ur e.

Al ternatively, procedures of reconbi hant € used to
produce an anif NeildeuF BRI thihsegienechsaop iFS8EQ rﬂé@mé?hfor@lﬂﬂ @thel 3 and

hi nge domgg NSgquehdd@hdwidn 880 ISND. FIRFBDRF3Or the CH3 domain of a conplete
i mmunogl obul i n rml ecul e has (have) been repl aced %@i or has attached

thereto by pepti d& prengigdiment 'fhﬁﬁefﬂh%ha?mmﬁ?mm noygreimthg vatiablen, such
as an enzyne dUinaInQ)éiand’éDb@DR lﬁhvmkmheu@@)e%tm&umrgEQ’mN@Mrfo; b@RﬁﬂtthebOdy is a

or mor o am no-RErgane AERIP NS B R e st wrveia S0 B NP 1o
nmol ecul e, theCRRIB.ti onal ami no acids preferably forma nodified hinge
Faporter Wt ecul iy BbolPBuHERIDS SRRH IR A P grBt | <

pol ymer nol ecdehein cpmprises srePRomviag trecheende shavreinr$Edi D ¥a:1 FabCPREG et t o
increase its J@@Jeﬁce Si](;\’@l 1h @E&'Iﬁ@\fO §R)I%RH? oy{ﬁggeqPQch%lwﬁ r[@%l]j IQO%%rer al, be

a synthetic or _a naturally occurrin ymner or exa n optionally

substituted stPEiYymd @)rhglﬁrcéh'éh’élt}ff'@h wawiw@ﬂm@n efwe)flses%CPBI KeainR ébey| ene or

pol yoxyal kyl ese@ep&lsymmcsmambma%ﬁéom wRheaREREH WP SERCENRbIsds, €.09. a
hono- or ete(ja? poI sacchar i Particul ar optional substituents

whi ch may?be lgsze‘ﬁf ?ﬂ“‘?’ﬁ&sré’ﬂ’&\}'ésﬁ'@m NQr?efﬂr%@WE%etl ¢ polymers incl ude one
or nore hydroxy, Iﬁednh)éh*nb@d‘lmémttlliwahyib@lyQUrﬁﬁnseP&EQIIDLNGNI for SCIEREI)BEGSIDO

AT e e
derivatives ttheCRRE2 and Sp@db NG ¢ foofDROMaAl | y substit ut ed pol y(et hyl enegl ycol)
such as The antibody is preferably a CDR-grafted antibody molecule and typically the
25  variable domain comprises human acceptor framework regions and non-human donor
CDRs.
Preferably, the antibody comprises the light chain variable domain CDP870 (SEQ
ID NO:7) and the heavy chain variable domain CDP870 (SEQ ID NO:8).
It is preferred that the antibody is a modified Fab fragment wherein the
30  modification is the addition to the C-terminal end of its heavy chain one or more amino

acids to allow the attachment of an effector or reporter molecule. Preferably, the

additional amino acids form a modified hinge region containing one or two cysteine



met hoxypol y(et hyl enegl ycol) or derivatives thereof. Particular naturally
occurring polyners include |actose, anylose, dextran, glycogen or

derivati wee 20tpanssh 10 "Derivatives" as used herein ispcmaBrdadoinrei ncl ude
reactive derivatives, for exanple thiolselective reactive groups such as

mal ei m des and the like. The reactive group may be linked directly or
through a linker segnent to the polyner. It wll be appreciated that the
resi due of such a group will in sonme instances formpart of the product as
the |inking group between the antibody 2ragnent and the polynmer. 15The size
of the polymer may be varied as desired, but will generally be in an

aver age nol eaesidue tomh:glhthe eEVEE of fepdﬂeﬁﬁiﬁwnlé: Bayokd, AAEMAEN Sufly £medifdal Bib f r om 5000
to 40, 000Da e}n efeD feragl% om 25,.000 to 40,0 t?ga The oI ynmer size
may in parti cuIgm BE T3 & fegyy © %‘bc‘)ﬁg’é'flgg BropiEing R B Sravengss Ve(9fasthe
product. ThusSEY I@eremmpilthn lighhehtia coprispig @€l combisting of the sqokace glmenlaeam t he
circul ation gpqipgnetrate tissue, for exanple for 20 use in the treatnent
of a tumour, 1Tt nay be advantageous to use a small nol ecul ar wei ght

pol yner, fSor exanphehoni celh vd imthepresdeutrinveetigleompriscaldN 4 vehubnod FDding Iﬁor
applications

advant ageous a}ﬁ‘gb%gge‘i’%‘?%&dﬁgté%NA ‘%%Fl{z}? e\l}\dédésnﬁe Eéa%Mld%é ? gh t cM'arrp e haV| ng a
mol ecul ar weiagtody.n t he range from 25, OOODa to 40,000Da. 25Particularly
preferred polynerg, b&cbﬁéﬁe@eMdm#MheeWApg’é Mé’ﬁ@éﬁ enc%&%h #ght%chain and

pol y(et hyl enegl ycol ) or, especially, a nmeth ox fDet | e e coI or a
derivative tKEPREeES thenssawsassedionp iy SKQ P é"%loé(,sﬁﬁa %N@D )chfea range

f rom aboutp 2515@91&}51@34@\,3@53&55@40 OOODa Each poI ynmer nol ecul e attached to
the nodified antlgody fra éfgra%l 30 covalently Ilnked to the sul phur
atom of a cystein ‘?“e?feﬂ‘ﬁ ?"?P"fj‘ﬁl?"‘f g tSeduehfs SBeRde) BAEAYY | nkage

wi | | gener al Icyaib endaostsdah mmddeenbandwmn SEQIDNO:B bESE@ID NO: 19 CIpFRI0)-E ar bon
bond. 29 2 de e\l/lwrgtrée de§i{tﬁ " ft he anti body fragnment may have one or nore
effector or FPEfTter “HOYeCur€ attached to it. The effector or reporter

nol ecul es may be EetRiEMeduenoe ofitee mnt donpdse shrtagiorDNA, fdr irsaugipraingeddyai | abl e
am no acig sig 0 Iy group located in

t he fragnfe%nt ﬁ%“l%g]lfgeﬁ%f%tcgﬁg%@e%g%noéw%lmfﬁ}g&%ﬁ l%?%iy or 5 carboxyl
group. One or nor Bheefongant sgiopdomaipoofithy antibpdye iflpessentyayayble sglestelcheidet o an

am no aci d atreddfd thAMey %rg%sédhﬁn&;oﬁ of %Qﬁtﬁbo@ﬁ%ofgzulé higd ble]?a\’%uﬁhﬁ\la Resaagl/ or the

i ght chain of the an An activated pol yner may be used as the
starting nat dimetpnsiwhi "h’@%g%f?a}"mii dier Granpa. Wﬁ““%‘ﬂﬁ@%‘d“&ﬁtnﬁ B8NPt r agnent s

as ﬂ_esf“ bed nakhay A, Tis I@Etlgaaie@w@rwﬁﬁr Inrmmcm@fl hilBan3R daﬁJtéﬁfrm’gloﬁ.Oﬂt ai ni ng
athio active grou such cC ca ic aci or est.er . g.

i odoacet afti d&° m%l’ g’é usgd, §Speﬁa[}e?frﬁhﬁgg&a 'Q)iib%ﬁs isQYAsh Sen e aé?“?ﬂ"%ul phi de.
Such starti nglorlmulens &kéﬁddﬁaﬁbr bxera@etntlannednd:@mmsadycef&bdoyﬂﬁxéms eeeaaqnired from
Shear wat er P%l%lrnrug weB/r eg(;vs% arll_clu i b’% lsot pes mAL beUusc when Y nnt? P{a‘f’ dfrom

comercially ava| arti 1Ret "B s>uS ng conve c‘hem cal
procedur es. I1B@ded fogthedpeutit Dlamwsmgd pﬂiby(yeetﬂwtbrefm@gbxysmm ot (cPEGY, empiet i es,

reference is ﬂﬁ)‘i&%l&c‘ﬁm %&%gtgml enegl ycol ) Chenistry, Biotechnical and

Bi omsdl cal icati Of MIlton Harris (ed), Plenum Press, New
Yor k, Po?|5y( et hyl Mﬁé@Syfelothy eQhesmion of yecembindBl plotsgis ced Wﬂbbmq“mamlthm@f 1997,

J. Mlton Harsumeaaamﬁes 6PhdsPSHY 1668 bxprldBE bE Fe@orﬁ?&m GitlbodP Bbl@éuYes
Washi ngton DC and "Bi oconjugation Protern Coup Techni ues
include bacteria such as gram positive or gram negatlve bactena, eg E colz or yeast

cells, e.g. S. cerevisiae, or mammalian cells, e.g. CHO cells and myeloma or hybridoma
cell lines, e.g. NSO cells. Most preferably, in the methods of the invention, a recombinant

30  antibody is produced in bacteria, e.g. E. coli (see Verma ez al., 1988, J. Immunol. Methods
216:165-181; Simmons ef al., 2002, J. Immunol. Methods 263:133-147).



20 the Bi onedi cal Sciences", 1998, M Aslam and A Dent, G ove Publishers,
New Yor k. Where it is desired to obtain an anti body fragnent |inked
to an ef fwot2or2/mse3neporter nol ecule, this may be prepar edTlgB28i1a0dey d
chem cal or reconbi nant DNA procedures in which the antibody fragment is

|l inked either directly or via a coupling agent to the effector or reporter
nol ecul e either before or after reaction wth the activated polyner as 25
appropriate. Particular chem cal procedures include, for exanple, those
described in WD 93/62331, WD 92/22583, 0D 90, 195 and WD 89/ 1476.
Alternatively, where the effector or reporter nolecule is a protein or

pol ypepti de the | Arkagerdi@vn, bifie ambiboy edayusé Mgrttiee GReMREsER NMor RRngk agedur es,
for exanple as described_ in W 86/1101533 nd EP- 32‘3745. g{OPr ef E}F‘Pgbl y, the
modi fi ed Fab PHAGAYEMC BIOHST guE sirhah & fEFRS I drculen APl the il on i s
PEGyI| at ed (i .aecordiggstoRECpregaad yaitibey may e pyicod Yurtherostap! dfnitthcpingtah afftved t her et o)
according to tge t hod .gidscl osed in EP-A-0948544. Preferably the anti body
is a 30 PEQNUTEG " MEEFY'P¥Y Fab fragment as shown in Figure 9. As shown in
Fi gure 2, & he nodThd o Bdotok medpralatas haed haeihacdialls,tfor oamplef antieplaytst ei ne
residues al (g, Cabl ARl SN 8L hNCIOME! Sl RIS PH AR eid 1§ NCaVY
chain a |ysyl SHar el e-derived g¥oup wherein each o & 1Wo ani no gr oups
of the |ysyl fragmetiugherea egoviainesnd| fragnientk gbkr¢of) biplogicgly active proteins, for

met hoxypol y( C j I : i - gbout

20, 000" Do s et RaEoPHE A oy Py Py OOl O] el

met hoxypol y( ephyiesnauglojccesids and diagments thereafisen ONAQ KRB0 Bed fragsrents gheesobr abl y t he

| ysyl - mal gj M gfsrfiidey GartiIAYPrallidiolidis, EeiididoRipés? ciRlated metals, nanoparticles and )
di oxo-1-pyrrolidinyl)-1-oxopropyl]am no]et ﬁydam nol - car bon -1, 5- pent anedi

( yl]
y1Thi s (i ni ndEPEPEORSHPS Such af {Juqrescent supngpyils pslampourds whicl may h dejectsd byhe
mal ei rr? ge gr Q{I\gR OT(ESiRa@QctrﬁQ:lopﬁf Eﬂr@toamﬂonbeulugrmgpﬁe Qt?hcﬁéﬂ&ohhblsirﬁﬁcl)d’y&ﬁi dyehi S f
attached a net hoxyp t eneg| yca ol yner, havi ng .a .nol ecul ar, wei ght o
appr oxi mat el %?%d%%&%ﬁ%& St“gﬂt%kl m C?de ‘iﬁl%?m%ia@ﬁfm Y fREMDA 1YY Peef f ect or
nol ecul e i s tnelifefl op eattaghpatokeastaine | effedtdt, @leculBaas describedcia OWODFIGI3y71 drhe net hod
accordi ng,& o i ny. 0 erably co i aj t achi o one of
t he cyst ellsne \ﬁlggﬁl%g@e;ﬁhet E%n%%ﬁst eogm%gfl aergd"%?rp?rﬁgé h@egis% %ﬁ:ﬁeﬁieg&?'ysyl - 15
mal ei mi de gr OUPOMPSE B a1 WRSH0aHIOriso descriy swifable kiffeckoy swplecwlessi due has
coval ently IInkedTﬁeoanﬁﬁod?mggh%%m%gJowcﬁ,téayéh@fa&@ aytﬁgJy)meirtﬁaftoﬁy& AehNg a

nmol ecul ar wei ght of abou ] ~ Preferably, i he conpound shown
in Figure 9, stdheshigigyaftaghed fonit by 2 eevalentrbridgegisiruptaret Asmetvsly. regdercd gi ven as

SEQ I D NO  1Qe@mdinhi®NA gmnoﬁgﬁinay mechtg%gaﬁ&uﬁa&ﬁmw M8Bcutein Sk ke NO. 9.
This conmpound, is referred to herein_ as 20Preferre tures of each

ebod mertl offet HEPHEHE GHS 476 MBEs FSHIER N 2 EHLCH? HaPsBHBoBT e s
mut ati s rnut aoglkis. of Al donpletd intinbgIbisin inittdeutelihag (Maud) taet reblagddtigd ot Baspat ent s
and, DAt SOBLASONL TR S PRI PR RS DR bgorer
i ndi vi dual | y ehzydiecamttedn tnoletude. i Inctbe poboeinedt Wheraie fhe raptitdy liver mpdifialsFabhough
fully set f OrfIaEment having at the C-terminal end of its heavy chain one or more amino acids to allow
25  attachment of an effector or reporter molecule, the additional amino acids preferably form
a modified hinge region containing one or two cysteine residues to which the effector or
reporter molecule may be attached.
A preferred effector group is a polymer molecule, which may be attached to the
modified Fab fragment to increase its half-life in vivo.
30 The polymer molecule may, in general, be a synthetic or a naturally occurring

polymer, for example an optionally substituted straight or branched chain polyalkylene,



25The present disclosure explicitly discloses enbodi nent conprising certain
conbi nations of integers. The present disclosure also extends to
enbodi menve 20nABSI Ng or consisting essentially of theprsaigB2enmivinati ons
of integers. Preferences and/or enbodi nents nmay be conbined as technically
feasible. The invention will now be described with reference to the
foll ow ng exanpl es, 30which are nerely illustrative and should not in any
way be construed as limting the scope of the present invention. 31
Exanpl es Exanple 1: Ceneration of Host f%l| Line Expressing Reconbi nant

DsbC and Reconbi nant Anti body For all experinents the E. coli cell Iine
VWB110 was usepblym(ehﬁmemapaym@dlkmnb felyyigreor @®tanchedl Breunbaf@kd pdlysaeBaride) e

created carryégq he_f ergmog}g an tions: a. a nutated
Tsp gene; ‘carrying reconbi nant DsbC, ¢. a nutated

Tsp gene and a rrutPaxttie\darsqmlorgén@;tltuents which may be present on tigh. abaveymeraioed TSp gene
and a nut at edsyﬁfﬂéﬁ%ﬂﬁne?ﬂﬂcl&o%ro'ﬁg ionngm% %88&‘1%&91”& mD§hoxy groups. Particular
5  examples of synthetic polymers include optionally substituted straight or branched chain
poly(ethyleneglycol), poly(propyleneglycol) poly(vinylalcohol) or derivatives thereof,
especially optionally substituted poly(ethyleneglycol) such as
methoxypoly(ethyleneglycol) or derivatives thereof. Particular naturally occurring
polymers include lactose, amylose, dextran, glycogen or derivatives thereof.

10 “Derivatives™ as used herein is intended to include reactive derivatives, for example thiol-
selective reactive groups such as maleimides and the like. The reactive group may be
linked directly or through a linker segment to the polymer. It will be appreciated that the
residue of such a group will in some instances form part of the product as the linking
group between the antibody fragment and the polymer.

15 The size of the polymer may be varied as desired, but will generally be in an
average molecular weight range from 500Da to 50,000Da, preferably from 5000 to
40,000Da and more preferably from 25,000 to 40,000Da. The polymer size may in
particular be selected on the basis of the intended use of the product. Thus, for example,
where the product is intended to leave the circulation and penetrate tissue, for example for

20  use in the treatment of a tumour, it may be advantageous to use a small molecular weight
polymer, for example with a molecular weight of around 5,000Da. For applications where
the product remains in the circulation, it may be advantageous to use a higher molecular
weight polymer, for example having a molecular weight in the range from 25,000Da to
40,000Da.

25 Particularly preferred polymers include a polyalkylene polymer, such as a
poly(ethyleneglycol) or, especially, a methoxypoly(ethyleneglycol) or a derivative thereof,
and especially with a molecular weight in the range from about 25,000Da to about
40,000Da.

Each polymer molecule attached to the modified antibody fragment may be

30  covalently linked to the sulphur atom of a cysteine residue located in the fragment. The
covalent linkage will generally be a disulphide bond or, in particular, a sulphur-carbon

bond.



Generation of Cell Line carrying nutated Tsp gene MXEOO1 (ATsp) The MXEOO1
strain was generated as follows: The Tsp cassette was noved as Sal |, Not |
restrictiwo2bragsesnts into simlarly restricted 15 pKO3pplrasmomoiithe pKO3
plasm d uses the tenmperature sensitive nutant of the pSClOl origin of
replication (RepA) along with a chloranphenicol marker to force and sel ect
for chronbsomal integration events. The sacB gene whi ch encodes for

| evansucrase is lethal to E. coil grown on sucrose and hence (along with

t he chl oranpheni col marker and pSCl01 ogd gin) is used to force and sel ect
for de-integration and plasm d curing events. 20 This nethodol ogy had been
descri bed previ ousWhere( ddsireid) memtmbdﬁfragmeﬂ:m ha\ﬂwmra,akno&fefﬁasmrrb@hagy 171,

4617- 4622 and_Bl o 1, Mol ecul ar crobi ol o

1447- 1457) . g %§%a°q%‘f °n’?r eWB\F ECty) 9 TRROFIEC 'E‘P'&‘!e\k'ﬂ"’rsrd?%?e a‘%lg*l%t? % host
genone except anrtnbcvdytt’ragmem siepighchng @wetlabld lamind atitl Gidk-oxip basminks. awkroeacid
construct ed. Si e. knockout tated. Ts ne as shown
e ok0 | NP BRUE AP o Pt BOREE Sy P BBk hEPRLRS STre

pl asmi d waks t¢aehoxyleeoupf Gnmdndrnefdiec'elr eao’eponexom’rmlcemhy xoavpetied tanBmimoi | V110
cells prepar %dJ&'oP%&a% tnéeéfeé}ﬁ.maP f'tﬁ‘q,&é'avr# ﬁ}e{nh Wm@qd NLGKQ Ol . JA

"Escherichia coli electrotranstornat ecul ar B| ol ogy,
vol . 47, N ck@l‘lqub’ J.A (ed.), 30Hurrana Press, Totowa, NJ, 105 (1995). Day

1 401.41 of E. col I,\ncaedlda&dw@ﬁemnasﬁge Wed MJQ@&)] ;lnaehalqlfl tﬂ%ﬁ) alhk 40 @

chilled BioRad 0.2cm el ectroporation cuvette before el ectroporation at

2500V, 25 pf Rehareomodified wtjbody fragments a3 despriod abgye. Bepchstivatadpelimar manbe t he

cel I's recoyerfy poymshakiaMeig atthidBRERR | by of &%Q@Ea@&cm%x;?m@% i QF esfer hOUT .
Cells were sertally 1/10 diluted in 2XPY before aliquots were plated

out onto 2xPYe&defloagstamidss ar Bt ﬁg'eemﬂwamyhéﬁpl@m Oa? dpeinpidert Spehewar med
at 30C and 43gartifgl rde@RIs\WRY Be bBtGHRPIMtheRAAY (bidbmAL 3 ShalfadIGlymersDaY 2 The

nunber of col oni 0C gave an estimate of the efficieéency of

el ect r opor at i 'Bfr %H‘?tgvé‘? Wrél‘&r bﬁ?‘éé’r 3% tPe JugPated, &rogy ‘iﬁ’\ﬂk"l‘?r%ft"yﬂ@#”ép?aé@@nt
potential i ntegeratsiveing ednedntisnal Siemgphpreveduedi es from the 43C plate were

pi cked angs resuspgnded ted, out onto

Y., 1
2xPY agar plates con gﬁﬁd%fiﬁaﬁ%gg/op %W@Pseﬁw%)sgﬂ%& é“o\ﬁzgﬁ’rém%grf’%eéf)ea?o °generat e
si ngl e col oni ‘@sly(ePlykneglycol Chermistry Riotedinioat end iBjdnted @bl Bﬂﬂ]patfbﬁs”Da%.’zBJ Col oni es
here represe t t 0 d Nise Guring
events. |f t %mgg }lﬁﬁgepgelpatsﬁl%g%aﬁﬁgcﬁrng(ﬂévenot%g&wl %l g y on | n the
growt h, then Biplegipal| Appdeationsd 70y Mitiens Hajiris | angeS cl‘dmaqy (egi)ng\ln@rlwl oni es

were pi cked Mmﬁcﬁpédcﬁﬁf Wadir@thn st &dz‘ﬁPXO@%%ontP?@ém e8Ik @géﬂmﬂhés h&G"
chl oranpheni col _at 2014/ mil or 5% (w'v) sucrose. Plates were |ncubated
over ni ghtzoat thgyRiomedical Sciences”, 1998, M. Aslam and A. Dent, Grove Publishers, New York.
Where it is desired to obtain an antibody fragment linked to an effector or reporter
molecule, this may be prepared by standard chemical or recombinant DNA procedures in
which the antibody fragment is linked either directly or via a coupling agent to the effector
or reporter molecule either before or after reaction with the activated polymer as
25  appropriate. Particular chemical procedures include, for example, those described in WO
93/62331, WO 92/22583, WO 90,195 and WO 89/1476. Alternatively, where the effector
or reporter molecule is a protein or polypeptide the linkage may be achieved using
recombinant DNA procedures, for example as described in WO 86/01533 and EP-A-
0392745.
30 Preferably, the modified Fab fragment provided by the method of the present
invention is PEGylated (i.e. has PEG (poly(ethyleneglycol)) covalently attached thereto)
according to the method disclosed in EP-A-0948544. Preferably the antibody is a



15Day 4 Col onies that both grow on sucrose and die on chl oranpheni col
represent potential chronobsomal replacenent and plasm d curing events.
These werwopbasvsand screened by PCR with a nutation spetidB2011/001129
ol i gonucl eoti de. Col onies that generated a positive PCR band of the correct
Size were struck out to produce single colonies on 2xPY agar containing 5%
(w'v) sucrose and the plates were incubated overnight at 30C. 20 Day 5
Singl e col onies of PCR positive, chloranphenicol sensitive and sucrose
resistant E. coil were used to nmake gl ymmerol stocks, chem cally conpetent
cells and act as PCR tenplates for a PCR reaction with 5 and 3' flanking
oligos to geﬂ&(ﬁd&d%iiﬁh’doﬁhd}agﬁxaﬂ adislicmht inDI‘}&hresequer‘shb\nlg uusiigmg 2T 8

to confirmsu

pol ymer ase.

nodi fi cation O?J'%eér%ﬁr &8 afgtt%ca? tyloﬁe Otﬂhe cyﬁfﬂ[‘%feéla"e’% t%‘bg:r{%m‘b%?] BR

anpl i ficati orofafe mddeﬁed bipgoregioh of mehéﬁspclgenraelyaybmmmden@rmedrgmm natinal | y
occurring Ase,l o S | onuclheotid r he
anplified regl ons ?)l# hﬁ 5% %/{e'& uot%htg% l%’s% %Slg%dh%s coval(lgr%gpl mrgot%ho-rgem S
bef ore and® afmesoxypetsidshtiénoglysadtrésidas éav:lngraemlfrculcrt wmht ef*@ymtélO;tO@O Bandidhr m t he
presence of thg go Rl o @'Aoyecagrcw&gﬂtwt@sdﬁ t)lloxkﬁoy(étl’hﬁénlegyco §adeysL e

nmut at ed genes. 30T tes were epare a SI ony of
cells for 10 qupwp@goga g5 pefersbly( ly@brl maknméﬁde@mcf geup BHE-IMR-HB-@E was

al lowed to cquollopy;r@mﬁ)em@mbmaﬁudom ]aééo]cc%mgﬁyuf vgaéntaggulﬁ}b.sﬁ 200r pm

for 10 m nutes. The supernatant was renoved and cell |ysate’
Each strain vﬁﬁ%‘“%ﬁﬁBPW)r et Y§8¢ Freidussis copaleptlys! "15‘%‘1 o, theFﬁﬁe‘BNA gmg ARt i ed
usi ng a st@ndarigs Bﬁ:lﬁ’ergmsﬁdm& lySin© tediBud fsedttachdd a (R ol)](étﬁ)dm yJJSl)X (Roche,

10mM mi x) 1.54 y?nler gavm% g-\olepqu’ \2'elgjﬁt gi“ g’p%roxgrllalte?y 26 OSOOpISrD he tota Io eculglrS ate
welght of the entire effector molecule is therefore approximately 40,000 Da,
Accordingly, the method according to the present invention preferably comprises
attaching to one of the cysteine residues at the C-terminal end of the heavy chain a lysyl-

15  maleimide group wherein each amino group of the lysyl residue has covalently linked to it
a methoxypoly(ethyleneglycol) residue having a molecular weight of about 20,000 Da.

Preferably, in the compound shown in Figure 9, the heavy chain of the antibody
part has the sequence given as SEQ ID NO:10 and the light chain has the sequence given
in SEQ ID NO:9. This compound is referred to herein as CDP870.

20 Preferred features of each embodiment of the invention are as for each of the other
embodiments mutatis mutandis. All publications, including but not limited to patents and
patent applications cited in this specification are herein incorporated by reference as if
each individual publication were specifically and individually indicated to be incorporated
by reference herein as though fully set forth.

25 The present disclosure explicitly discloses embodiment comprising certain
combinations of integers. The present disclosure also extends to embodiments consisting
or consisting essentially of the said combinations of integers.

Preferences and/or embodiments may be combined as technically feasible.
The invention will now be described with reference to the following examples,

30  which are merely illustrative and should not in any way be construed as limiting the scope

of the present invention.



10 0. 5ulTag DNA pol ynerase (Roche 5U/ ul) 38.5ul11120 PCR cycle. 94Cl m nute
94C1l mnute) 1555 Cl mnute) repeated for 30 cycles 72CL m nute) 72C10

m nutes woQua1sdse reactions were conplete 25ul was rerovaB200/m@1128W

m crofuge tube for digestion with Ase |I. To the 25ul of PCR reaction 19ul
of 1120, Sul of buffer 3 (NEB), lul 20 of Ase | (NEB) was added, m xed and
i ncubated at 37C for 2 hours. To the remaining PCR reaction Sul of | oading
buffer (x6) was added and 20ul was | oaded onto a 0.8% TAE 200mlL agarose gel
(I'nvitrogen) plus EthidiumBrom de (Sul3iof 10nmg/nl stock) and run at 100
volts for 1 hour. IQul of size marker (Perfect DNA marker 0.1-12Kb,
Novagen) was | oad@&dampled he final | ane. 250nce the Ase | digestions were
conpl ete | Qul OL,Pf Iodadl ntg bu fr q ) ded as | oafded onto
a 0.8% TAE ag = bger S ot ar-brc : —10ng/ mlL
stock) and ru&am_lnmm_m_dxs for 1 hour | Qul of size rrarker (Perfect DNA
mar ker 0. 1-12 ls_were

vi sual i zed uslllﬁﬁa“ E@X@?ﬁ@gv%&%&r{ac%@ﬂﬁed\g%ﬂ_?m?usg%gsﬂt]h%pa eng) w'%ﬁ{ype Gl hmf ed
showed t heS cdretings wirg erehteslzaulyiod tthogmmeuwtafF@p Fol | owr ng di gestr on with
Ase | this confirmed the, pgﬁﬁﬁ{ég? %eéhe introduced Ase | sites in the Tsp
deficient strain MXEOOL but not WB110 control. 34 MXEOOl: genom c
DNA anplified using the bFsi‘)mB‘iﬁteﬁrEFP @é@alﬁﬁﬁ%memwpmtlﬂqbc DNA was di gest ed

with Ase Ito produce 2. 7% apflufdic® THPRRe H@AGtat B lddnd’CR anpl i fi ed DNA was

not digested by Ase | restriction enzyne.
d. a mutated Tsp gene and a mutated spr gene and carrying

10 recombinant DsbC.

Generation of Cell Line carrying mutated Tsp gene MXE001 (ATsp)
The MXEOQQ1 strain was generated as follows:

The Tsp cassette was moved as Sal I, Not I restriction fragments into similarly restricted
15 pKO3 plasmids. The pKO3 plasmid uses the temperature sensitive mutant of the pSC101
origin of replication (RepA) along with a chloramphenicol marker to force and select for
chromosomal integration events. The sacB gene which encodes for levansucrase is lethal
to E . coli grown on sucrose and hence (along with the chloramphenicol marker and
pSC101 origin) is used to force and select for de-integration and plasmid curing events.
20  This methodology had been described previously (Hamilton et al., 1989, Journal of
Bacteriology, 171, 4617-4622 and Blomfield et al., 1991, Molecular Microbiology, 5,
1447-1457). The pKO3 system removes all selective markers from the host genome
except for the inserted gene.
The following plasmids were constructed.
25  pMXE191 comprising the knockout mutated Tsp gene as shown in the SEQ ID NO: 15
comprising EcoR I and 4se I restriction markers.
The plasmid was then transformed into electro-competent competent E. coli W3110 cells
prepared using the method found in Miller, EIM. and Nickoloff, J.A., “Escherichia coli
electrotransformation,” in Methods in Molecular Biology, vol. 47, Nickoloff, J.A. (ed.),
30  Humana Press, Totowa, NJ, 105 (1995).
Day 1 40ul of E.coli cells were mixed with (10pg) 1l of pKO3 DNA in a chilled BioRad
0.2cm electroporation cuvette before electroporation at 2500V, 25uF and 200Q. 100001 of



Generation of Cell Lines carrying nutated spr gene and Cell Lines carrying
mutated 5 Tsp gene and nutated spr gene The spr nutations were generated
and sel eawvedof2rnsessi ng a conpl enentati on assay. The spr pgergB208%00mM2bat ed
using the Contech(r) random nutagenisis diversity PCR kit which introduced
1 to 2 nutations per 1000bp. The nutated spr PCR DNA was cloned 10 into an
i nduci bl e expression vector [pTTO CDP870] which expresses COP870 Fab' al ong
with the spr nutant. This ligation was then electro-transfornmed into an
E.coli strain MXEOO1 (ATsp) prepared usiang the nethod found in MIler, EM
and Nickoloff, J.A, "Escherichia coil electrotransformation,” in Methods

in Ml ecul ar BPUIngydded/mimedﬂﬂely, Ne@klalr%f/eredhyéhakﬁlgdt 250rphiiaRn acida®sg, Tot owa,
use 40ul of electro

NJ, 105 (1995 he i ng prat

conpet ent MXE O(EL-E"Z1 é‘i‘l‘ t“%@ slef'ﬂgt F’b‘hm@ ‘?S‘O'B&X%Y m&)l%%ﬂ'zﬁaﬁwe&eo a 0.2cm
el ectroporati e&éb‘t’@fatb@xP?'a tplafes LcoMBiRing chBlainPiRn @St REEAT prBvhred 0 as

Bi oRad Genepu?ager Xeel | E&tpE]e fcol I ovmgn ﬂﬁlmtl ons, “é/ZSOOV 251.tF and

2000. After tWeC@déétCr Bla{efﬁﬁﬂ‘lﬁ}’Wlo&?{mﬂ?ﬂaw@f add3G nvi t r ogen) (pre-war med
to 370) wes aplger] TAOduhbie of @blbied gbivn ta® 3o°ecgavean adtimake & ﬁ]@refﬁl;.eh?tw with

| tat] t t /L Yeast
et act 2. I ERPTTLAR T PSP Koy [P PACURIBHYAR 40 C.

Cel I's whi ch fe@érma(smga:l @lunies froer te r48°(Q biate ackro pitked Hhd ratispddleL id 00ngiostf | r m

restoration row und ow sm)tl c. condjtiaqns at high

t enper at ur e ?%P %h@oﬁﬁl‘:‘]dbix? 'ﬁgﬁ °“tF5?"é°s Pg °B?'§B‘§Sejﬁz“f/$osﬁ?’?sl‘?e

sel ected cl orpeswamdd &é!a)ﬁ(eu@(geld:rdt@smgliﬁdiﬂdnfey Ptafts wﬂﬂdﬁr&hbdﬁd&&veﬁ:@hﬂ&tngct hi s

met hod fi one in.were isolated

t
whi b cont eGP RECeHRHE Fighl b oo BmetSig 5°°, 350
304. V135G 5.eveats] hede-ig@eaticanrand YdrirgFevents happened early on in the growth, then the

bulk of the colony mass will be clonal. Single colonies were picked and replica plated onto
2xPY agar that contained either chloramphenicol at 20ug/ml or 5% (w/v) sucrose. Plates
were incubated overnight at 30°C.

15  Day 4 Colonies that both grow on sucrose and die on chloramphenicol represent potential
chromosomal replacement and plasmid curing events. These were picked and screened by
PCR with a mutation specific oligonucleotide. Colonies that generated a positive PCR
band of the correct size were .struck out to produce single colonies on 2xPY agar
containing 5% (w/v) sucrose and the plates were incubated overnight at 30°C.

20 Day S Single colonies of PCR positive, chloramphenicol sensitive and sucrose resistant E .
coli were used to make glycerol stocks, chemically competent cells and act as PCR
templates for a PCR reaction with 5° and 3’ flanking oligos to generate PCR product for
direct DNA sequencing using Taq polymerase.

Cell strain MXE001 was tested to confirm successful modification of genomic DNA

25  carrying the mutated Tsp gene by PCR amplification of the region of the Tsp gene
comprising a non-naturally occurring Ase I restriction site using oligonucleotides primers.
The amplified regions of the DNA were then analyzed by gel electrophoresis before and
after incubation with Ase I restriction enzyme to confirm the presence of the non-naturally
occurring Ase [ restriction site in the mutated genes.

30 The lysates were prepared by heating a single colony of cells for 10 minutes at 95 °C in

20ul of 1x PCR buffer. The mixture was allowed to cool to room temperature then



35 The individual nmutations identified above and three catalytic triad

mut ati ons of spr (C94A, H145A, H157A) and WL74R were used to generate new
strains usongrgiityzer the wild-type WB110 E. coli strai neCysmmsbypei2b- LAV
IN (rmD-rrnE)1 rphl (ATCC no. 27325)) to create spr nutated strains or
MXEOO1 strain from Exanple 1 to make 5 conbi ned ATsp/ nutant spr strains.
The following nutant E. coli cell strains were generated using a gene

repl acenent vector system using the pKO3 honol ogous
reconbi nati on/repl acement plasmd (Link3get al., 1997, Journal of _
Bacteriol ogy, 179, 6228-6237), as described in Exanple 1 for the generation
of MXEOO1l. 10%abifaegationMstl32A0rpre ddrilCadiduteSt Thaistperzariat W4 eenoREd Mdaiteled adVXEOO 1
asp _ MXEOO8 Qgﬁ8$m§pr D133A pMXE339, pKO3 sprD133A (-Sall) MXEO09 ATsp,

spr H157A :
Each strain was amplified using Tsp oligos pair.

The DNA was amplified using a standard PCR procedure.

5 Sul Buffer x10 (Roche)

lul dNTP mix (Roche, 10mM mix)
1.5ul 5’ oligo (5 pmol)
1.5ul 3’ oligo (5 pmol)
2ul Cell lysate

10 0.5ul Taq DNA polymerase (Roche 5U/uf)
38.5ul H20
PCR cycle.
94°C 1 minute
94°C 1 minute)

15 55°C 1 minute) repeated for 30 cycles
72°C 1 minute)
72°C 10 minutes

Once the reactions were complete 25ul was removed to a new microfuge tube for
digestion with Ase I. To the 25ul of PCR reaction 19ul of H,0, 5ul of buffer 3 (NEB), 1ul

20  of Ase I (NEB) was added, mixed and incubated at 37 °C for 2 hours.

To the remaining PCR reaction 5ul of loading buffer (x6) was added and 20ul was loaded
onto a 0.8% TAE 200ml agarose gel (Invitrogen) plus Ethidium Bromide (Sul of 10mg/ml
stock) and run at 100 volts for 1 hour. 10ul of size marker (Perfect DNA marker 0.1-12Kb,
Novagen) was loaded in the final lane.

25 Once the Ase I digestions were complete 10ul of of loading buffer (x6) was added and
20ul was loaded onto a 0.8% TAE agarose gel (Invitrogen) plus Ethidium Bromide (Sul of
10mg/ml stock) and run at 100 volts for 1 hour. 10ul of size marker (Perfect DNA marker
0.1-12Kb, Novagen) was loaded in the final lane. Both gels were visualized using UV
transluminator,

30 The genomic fragment amplified showed the correct sized band of 2.8Kb for Tsp.
Following digestion with Ase I this confirmed the presence of the introduced Ase I sites in
the Tsp deficient strain MXEOQ01 but not in the W3110 control.



pMXE345, pKO3 spr H157A (-Sall) MXEO010 spr Gl47C pMXE338, pKO3 spr Gl147C
(-Sall) MXEO1l spr C94A pMXE343, pKO3 spr C94A (-Sall) MXEO12 spr H145A
pMXE344, wEQ81290893HL45A (-Sal!) MXE013 spr W 174R pMXE34671T/qBs0R/®pr29\VWL74R
(-Sall) MXEQ14 ATsp, spr V135D pMXE340, pKO3 spr V135D (-Sall) MXEO15

34

MXEO001: genomic DNA amplified using the Tsp primer set and the resulting DNA was

digested with Ase [ to produce 2.2 and 0.6 Kbps bands.

W3110 PCR amplified DNA was not digested b); Ase I restriction enzyme.

Generation of Cell Lines carrying mutated spr gene and Cell Lines carrying mutated
S Tsp gene and mutated spr gene

The spr mutations were generated and selected for using a complementation assay.

The spr gene was mutated using the Clontech® random mutagenisis diversity PCR kit
which introduced 1 to 2 mutations per 1000bp. The mutated spr PCR DNA was cloned

10 into an inducible expression vector [pTTO CDP870] which expresses CDP870 Fab’ along
with the spr mutant. This ligation was then electro-transformed into an E.coli strain
MXEO001 (ATsp) prepared using the method found in Miller, EM. and Nickoloff, J.A.,
“Escherichia coli electrotransformation,” in Methods in Molecular Biology, vol. 47,
Nickoloff, J.A. (ed.), Humana Press, Totowa, NJ, 105 (1995). The following protocol was

15 used, 40ul of clectro competent MXEOQO1, 2.5ul of the ligation (100pg of DNA) was added
to a 0.2cm electroporation cuvette, electro-transformation was performed using as BioRad
Genepulser Xcell with the following conditions, 2500V, 25pF and 200Q). After the
electro-transformation 1ml of SOC (Invitrogen) (pre-warmed to 37 9C) was added and the
cells left to recover at 37 °C for 1 hour with gentle agitation.

20  The cells where plated onto Hypotonic agar (5g/L. Yeast extract, 2.5g/L Tryptone, 15g/L
Agar (all Difco)) and incubated at 40 °C. Cells which formed colonies were re-plated
onto HLB at 43 °C to confirm restoration of the ability to grow under low osmotic
conditions at high temperature to the MXE001 strain. Plasmid DNA was prepared from
the selected clones and sequenced to identify spr mutations.

25  Using this method five single and one double mutation in the spr protein were isolated
which complemented the ATsp phenotype as follows:

1. V98E

DI133A

V135D

V135G

G147C

S9SF and Y115F

30

AN T



ATsp, spr VI98E pMXE342, pKO3 spr VIO8E (-Sall) MXE016 ATsp, spr C94A
PMXE343, pKO3 spr CO4A (-Sall) MXEO17 ATsp, spr H145A pMXE344, pKO3 spr
H145A (- SabI2p12(EDA8 ATsp, spr V135G pMXE341, pKO3 spr Y&3aB20t1@8mhii2) The
mut ant spr integration cassettes were noved as Sal I, Not | restriction
fragnents into simlarly restricted pKO3 plasm ds. The plasm d uses
the tenperature sensitive nutant of the pSCl01 origin of replication
15(RepA) along with a chl oranpheni col marker to force and sel ect for
chronosomal 36 integration events. The&5sacB gene which encodes for
| evansucrase is lethal to E. coli grown on sucrose and hence (along with
t he chl or anpléniicdividyrh mkeationsn depiS81 @loverangi thrpe icgtalyie tliad omftaniocsaofmd sel ect
for de-integr 0 ( [ | t. d been
(@540 glﬁﬂflgﬂr%é}iﬁ% ;ii wiHh »?&ig%g@égnerm ?w(s)'ﬁfa% %Q% ha

descri bed preV|ou etal, our na riol ogy, 171,
4617- wild-type W3110 E. coli strain (genotype: F- LAM- IN (rrnD-rmE)1 rphl (ATCC no. .
27325)) to create spr mutated strains or MXEOO! strain from Example 1 to make
5 combined ATsp/mutant spr strains.
The following mutant E. coli cell strains were generated using a gene replacement vector

system using the pKO3 homologous recombination/replacement plasmid (Link ez al.,
1997, Journal of Bacteriology, 179, 6228-6237), as described in Example 1 for the

generation of MXEO001.

10 Table1
Mutant E. ceoli Cell | Genotype Spr Vectors
Strain
MXE001 ATsp -
MXEO008 ATsp, spr D133A pMXE339, pK03 spr D133 A (-Sall)
MXE009 ATsp, spr HI57A pMXE345, pK03 spr H157A (-Sall)
MXEO10 spr G147C pMXE338, pK03 spr G147C (-Sall)
MXEO11 spr C94A pMXE343, pK03 spr C94A (-Sall)
MXE012 spr H145A pMXE344, pK03 spr H145A (-Sall)
MXEO013 spr W174R pMXE346, pK03 spr W174R (-Sall)
MXE014 ATsp, spr V135D pMXE340, pK03 spr V135D (-Sall)
MXE015 ATsp, spr VISE pMXE342, pKO03 spr VI8E (-Sall)
MXEOQ16 ATsp, spr C94A pMXE343, pK03 spr C94A (-Sall)
MXEO017 ATsp, spr H145A pMXE344, pK03 spr H145A (-Sall)
MXE018 ATsp, spr V135G pMXE341, pK03 spr V135G (-Sall)

The mutant spr integration cassettes were moved as Sal I, Not I restriction fragments into
similarly restricted pKO3 plasmids.
The plasmid uses the temperature sensitive mutant of the pSC101 origin of replication

15  (Repd) along with a chloramphenicol marker to force and select for chromosomal



5 4622 and Blonfield et al., 1991, Mol ecular M crobiology, 5, 1447-1457).
The pKO3 systemrenoves all selective nmarkers fromthe host genone except
for the iweentxd3gene. The pKO3 vectors |isted bel ow wereTaB8tiwaoct2ed,
conprising the nutated spr genes including a silent nmutation within the spr
sequence which renoves a Sall restriction site for clone identification. 10
PMXE336, pKO3 spr S95F (-Sall) pMXE337, pKO3 spr Y1 15F (-Sail) pMXE338,
pl(03 spr Gl47C (-Sall) pMXE339, pKO3 spr D133A (-Sail) pMXE340, pKO3 spr
V135D (-Sail) 15 pMXE341, pKO3 spr V13586 (-Sall) pMXE342, pKO3 spr VI98E
(-Sall) pMXE343, pKO3 spr C94A (-Sail) pMXE344, pKO3 spr H145A (-Sall)
PMXE345, pKO3intpratidri evenis\ The SaiBl den@ Ovhjsh DA E, fop KOSsiwpase WAIZHAR t§ £Saddli) These

I i d i . ical | t . VR110 |
b1 epar ed usi 1B VD HEBISHERIEE Ak Ui IR SRSk B PO 10 o1 1S
"Escheri chi a igeicH teforse andoelect i fdertintegration and plasmistutinge entn TMs nethodadogy Bi ol ogy,
vol. 47 N Ckil Bldhapstritba phefudy (HEHIRAZ: T 95D JokOl PYucibiogh 091 (ehPRS)  of

19 %xanp e 1 to nake 2 Sp t

into MXEOO1 strain from conbi n ant spr
strains, as s¥éwand Blomfgli e al., 16y Molegalen Miasdbidbgyc§.r 34 TbfpentTarKB3col i

cells or MXEOQder fnfoSesWR sélechl RAKMM frdin (h%qpﬂéenlt)me ExcOft a2 SR 3nsENG giegésa chilled

Bi oRad 0. 2em el ectroporation cuvette before el ectroporation at ooV, 250
and 200n. 1000 1PKB vegtpry Nigisd bslowe Werensoptiiugied| opmptisieg the|muatedognn\asresd by

shaking at 25R¢fig il niufktien d4tRin thd spB Rqudnd wilichRiHoves Gal1SesRli6h 3@ serial ly
1/ 10 diluted tJﬂn 2XPY before 100pl aliquots were plated out onto 2xPY agar

pl ates cont ai'fli A Msrdidi®Bheni col at 201.1.g/nl prewarmed at 30C and 43C.
Pl at es wel®e ipMXikR36.9Kdwe SPSRYHEalipt 30C and 43C.

pMXE337, pKO03 spr Y115F (-Sall)
pMXE338, pK03 spr G147C (-Sall)
pMXE339, pK03 spr D133 A (-Sall)
pMXE340, pK03 spr V135D (-Sall)
15 pMXE34], pKO03 spr V135G (-Sall)
pMXE342, pK03 spr VI8E (-Sall)
pMXE343, pK03 spr C94A (-Sall)
pMXE344, pK03 spr H145A (-Sall)
pMXE345, pK03 spr H157A (-Sall)
20  pMXE346, pK03 spr W174R (-Sall)
These plasmids were then transformed into chemically competent E. coli W3110 cells
prepared using the method found in Miller, E.M. and Nickoloff, J.A., “Escherichia coli
electrotransformation,” in Methods in Molecular Biology, vol. 47, Nickoloff, J.A. (ed.),
Humana Press, Totowa, NJ, 105 (1995) or into MXE001 strain from Example 1 to make
25  combined ATsp/mutant spr strains, as shown in Table 1.
Day 1 40pl of electro-compentent Z.coli cells or MXEQ01 cells were mixed with (10pg)
1ul of pKO3 DNA in a chilled BioRad 0.2¢m electroporation cuvette before
electroporation at 2500V, 25pF and 200€. 1600ul of 2xPY was added immediately, the
cells recovered by shaking at 250rpm in an incubator at 30°C for 1 hour. Cells were
30  serially 1/10 diluted in 2xPY before 100pl aliquots were plated out onto 2xPY agar plates
containing chloramphenicol at 20pug/ml prewarmed at 30°C and 43°C. Plates were

incubated overnight at 30°C and 43°C.



37 Day 2 The nunber of colonies grown at 30C gave an estimate of the
efficiency of electroporation whilst colonies that survive growh at 43C
repr esentwpeoeniissb i ntegrati on events. Single col oni esptr@B20h@odRC pl at e
wer e picked and resuspended in 10nl of 2xPY. 100p.1 of this was plated out
onto 2xPY agar plates containing 5% (wv) sucrose 5 pre-warnmed to 30Cto
generate single colonies. Plates were incubated overnight at 30C. Day 3
Col oni es here represent potential sinmultaneous de-integration and plasmd
curing events. If the de-integration am¥ curing events happened early on in
the gromh, then the bulk of the colony mass will be clonal. Single

col oni es wer eDgyi 2 Kbel nambtr rof gblowies growe @tl 3@t gave riP¥stigeer oft thateffeemdyadfned

ei ther chi or aRhel&ol wifs Afidh Gl i Pofodls ﬁle,oég%rega@otglt@fﬁé Jfper e

i ncubat ed overni ght at es t ow on stcrose and

di e on chl or aaYptiering Coioém é@@nthe ;ﬂé‘iCenl@ﬁeaverq: picksdowd rmhspplquﬂ arc éoredf and
| d
plasm d curingpgv ﬂﬁb&;ﬁof dli E%f BME& %?tpdar‘lfogﬁa%?\{a%gr rﬁﬁésec%ﬁtgﬂ}ng% of @ZY pshHése

restriction di gest or t SS O Ite gener ated a
posi tive FCR msanarmss to39eC togeremts singlexcelonis] Piaéeswvsneam@tesi@vdmgh;sﬂm by Sal

were struck opdy i@olgﬁ,&quceereafés%hmkeﬁnﬁanﬁnaﬁéus%1 éfaﬁoﬂgﬁ& gﬁmb %rmgng 5%

(w'v) sucrose and the plates were i ncubated overnig 5 Single
col oni es of PURtHts deiategratignang syringrsvensy hapeaied ?ai”\)l@“ am@e Siovithy ghen Fhé5| st ant

E. coli were B\hﬂ@ﬁ'tHerlBﬁ;Kﬁ‘asgbvﬁ%rcibhalsilﬁ’@g&lon@@%@Fe%ﬁkédyan@%‘gﬁ&tpﬁ'@d o8l I s and
act as PCRtenPI ates for a PCRreaction with 5 and 3" flanking oligos to

gener at e PCR Pf oagtthat gantaingd githep ghlorpnpheaise] ik Atiefy %é%d@”"?é‘éf“ﬁ%l Wﬁér ase to

confirmtie C\Q{rdrlgaibatgm\@;n;gqmaw@@neratl on of pI asrnid for Fab' and DsbC
expressi on Clggas#n d.was construct ed containing both the heavy and |ight
chain sequen ologties i3t bqth §pw e gucrog anc i onsehiprstpbenicoh eepssibPosalit. A

dicistronic rm&gagmamsla@neataedpmmm b@ingRbdntsTkese \F@bplclfd'd&gﬂ&%ne(drbgf Sr r ﬁd to
as 25 CDP87 SCri 0 45 pstream ci stron encoded the
li ght chain 13?155 gﬂ{lﬁgg&gﬁ#@g]&t Bssl\% ‘3’5‘ W‘iﬁsi@'ef rfP@t HERACE RIWEi st ron
encoded t he HRERbanEbiahecooéct bieand ndsistanayto @Et@ad@ﬂ‘alﬂ)mﬂe&)mck/buﬁhl&roﬂmuence

encodi ng Hﬁ'e %B’%or% %Lz"wpg&ﬁg?‘%ﬁ%ﬁ 5956 s9cr3sg nd5th? ?ﬂgs %r]pllrllgbaPPlA codi ng

for each of t eav hal n oW € cren
secretion toOtVPrelgbt@M?QJCasm The intergenic sequence (1GS) 2 was used as 30

shown in SEQ ﬂa‘? Swfg(lje:&lonfei m%oBWéﬁéa&&zxgl%leﬁlive%ﬁg&gosk %gtllg Ea?

expr essi on vect or (an anti- TNF
peri pl asni ¢ 8l yYsesprsedid) mali glyessel stqclit tcbemigally rigmpetent colld and ‘ct a5 BCR

templates for a PCR reaction with 5’ and 3’ flanking oligos to generate PCR product for
20  direct DNA sequencing using Taq polymerase to confirm the correct mutation.

Generation of plasmid for Fab’ and DsbC expression

A plasmid was constructed containing both the heavy and light chain sequences of an anti-

TNF Fab’ and the sequence encoding DsbC.

A dicistronic message was created of the anti-TNFo, Fab’ fragment (referred to as
25 CDP870) described in WO01/94585. The upstream cistron encoded the light chain of the

antibody (SEQ ID NO: 9) whilst the downstream cistron encoded the heavy chain of the

antibody (SEQ ID NO: 10). A DNA sequence encoding the OmpA signal peptide was

fused to the 5° end of the DNA coding for each of the light chain and the heavy chain to

allow efficient secretion to the periplasm. The intergenic sequence (IGS) 2 was used as
30  shown in SEQ ID NO: 16.

Plasmid pDPH358 (pTTO 40.4 CDP870 IGS2), an expression vector for the CDP870

Fab’ (an anti-TNF Fab’) and DsbC (a periplasmic polypeptide), was constructed using



38 conventional restriction cloning nethodol ogi es which can be found in
Sanbrook et al 1989, Mol ecular cloning: a | aboratory manual. CSHL press,
N. Y. The wbasmiu3@dPH358 contai ned the foll owi ng featur esr/GB28twm@NRIt ac
pronoter and | ac operator sequence. The plasm d contained a uni que EcoRI
restriction site after the coding region of the Fab' heavy 5 chain,

foll owed by a non-codi ng sequence and then a uni que Ndel restriction site.
The DsbC gene was PCR cl oned using WB110 crude chronosormal DNA as a

tenpl ate such that the PCR product encoskd for a 5 EcoR site foll owed by
a strong ribosone binding, followed by the native start codon, signa
sequence and ¢ravatienat egietimoecl@iingDs iydotogiesivhiak icagbé fousd @ Sagtbriokat aHi s t ag

and finally adJR?rMEIQQ pQOM§Ia lago ¥a?o ,Eﬁh%aﬁegﬂg{é‘%r suiﬁm ER’{"dé’??ﬂ? | as

restricted an |gate Into essl on ve ree
pol ypept i des: cortiyed Fhegﬂtowerrﬂafeﬁuresfamrommyromhar andafad oBsHE@ sepreseefieoded on a

singl e polyci ﬁﬁsm(péo(ﬁta mc-lm%c{):lg[ cgm sit Bfdr the cQ&ﬁ%% 181@@6%&%9%%% and DcbC

gene were transcribed as a sSin pO yClI stroni c nmes encoall ng t he
si gnal pepti ddeinr BHPYebyEr nengjofingysenmense gedethen awqwablderluswtwmsmeh"éhe5' end of

both Iight anﬂsbhﬁ?’é}{é’wﬁ'ﬁhﬁtl{‘clg@eﬂ%sﬁgwm@@éde Mo Rl TREL 80s feRBlates@RS! ocati on

of the polyp tg?t es to the E. call periplasm Transcription was term nated

using a dual PRABRSTER Hedushenceded{as 4150 EcaRd ity foHqwed briétrongeibesemg dindingncoded

t he constit utfoueled @Xﬂéeﬁﬁﬁdstbﬁ%donf SiBhaP S8RENCE 'R Ghdture Tojusnct BPITRESE
transcription fromthe ter gtl | de- rg(gresm on was_induced by the

presence of ari3Rs Bk 6 m is tagrpnd Gipgllyjanogreoding Need site b BepRIde was
pl 5A, whi th nBGRfragnnadwas testvictedpyd Ngateh eito tﬂléh@;pﬁlssa&mmedtoﬁwaﬁ AManeldl thdee

tetracycline Lan efor t|b|0|c i on. essmn of

anti- TNF Fab' ‘[""éﬁa‘ﬁ %ebrq M@Og thi"%?‘yn M?n‘? fWSF"neé‘HO &R 28l asmi d
encodi ng Fab’ polyicgtienichRNA, Fab' heavy chain and DsbC. 25The transformation
of the strai “rh‘éf%bQ%M J:hgﬂ ﬂéﬁ}/y %ﬁdlpgeﬁepgnﬁﬁfgtw) eneo\y{:g trlanrlcrl e&l n?acs:mgleet al

Transformati on and Storage o rial PNAS
86:2172-2175 I(Ob%%nlc lE%pﬂgESI%N@ﬁnwﬂmarﬂtel signalpepigle ' frofhibe Et ¢0é|OmIM><E0@® was

transfor mpd Wedshuspd ashd ¢ eQM%hﬁl%pI;EQeg?P RAR gé?]'@: sé‘fﬂexﬂies aﬁxci\ (Freded 1

expression vectaor for the (an antr - aving a li ght
chai n sequencB"EeaeT 9friheopedynepsideito e §n6Pl‘aPeﬁélaW %ﬁ’é‘?%"%ﬁéﬁeﬁ@éﬂ%ﬁom in
SEQ I D NO  1QjsingWhiia? h\ram:sptmwwnbnei AR LS. M8 L1956 dnbYadd thE EsiktithivelyONn
cloning et hogq())rles%gd ]%Sc I\pé?)lre%sr})r %r%pem %hls repressed transcription from the tac promoter until
de-repression was induced by the presence of allolactose or IPTG. The origin of
20 replication used was p15A, which maintained a low copy number. The plasmid contained
a tetracycline resistance gene for antibiotic selection.
Expression of anti-TNF Fab’ and DsbC
The MXEO008 strain was transformed with the plasmid encoding Fab’ light chain, Fab’
heavy chain and DsbC.
25  The transformation of the strain was carried out using the method found in Chung C.T et
al Transformation and storage of bacterial cells in the same solution. PNAS 86:2172-2175
(1989).
Expression of anti-TNF Fab’
The strain MXEQ08 was transformed with plasmid pMXE117 (pTTO CDP870 or 40.4
30 IGS2), an expression vector for the CDP870 Fab’ (an anti-TNF Fab’ having a light chain
sequence shown in SEQ ID NO: 9 and a heavy chain sequence shown in SEQ ID NO: 10),

which was constructed using conventional restriction cloning methodologies which can be



39 found in Sanbrook eta! 1989, Ml ecul ar cloning: a | aboratory manual .
CSI-IL press, NY. The plasmd pMXE | 17 (pTTO CDP870 or 40.4 | GS2)

cont ai nedwobhe1fmbdzowi ng features; a strong tac pronoter pemd;B28c1/00pEp at or
sequence. The Fab Iight and heavy chain genes were transcribed as a single
di ci stroni c nessage. DNA encoding the signal peptide fromthe E. 5 co/i
OmA protein was fused to the 5 end of both Iight and heavy chai n gene
sequences, which directed the translocation of the polypeptides to the E
colt periplasm Transcription was term3¥ated using a dual transcription
termnator rrnB t112. The | acl g gene encoded the constitutively expressed
Lac | repressf@pndpnéalebrnokﬂ ki 1989, dMnlesslgrerdoningambbaratpry im@nuaf. ICSHLtphess, Nl pr onot er
until de-repr r C LPTG The
T0ori gin of oyl ot IZURIe sl QARG he e AUAGMERMALS" | s
The plasmid c%rﬁtataﬁeramatetmdrlwemtowqwem Shealfab dighj@ndher chaintepiss wetec

sel ection. Thtedntctlaétsisqrsr@te'mt,etw Fnlaﬁa%%t DRANAcONRS tte@lghii GotRb ?Hﬁhenﬁ the

met hod found in Chung et al Transtormation and storage of bacteri al

celI's in the C4RMpdgireteinoys fussdas g’ snas both fightandpgyy chaiy genesagpieces - Growt h

of Host Cel | g SR&bdlie RasREHNSMhe pINpLRAW 0 R 2ol Werifiah. TradfBptKE008
strain produced in Ex %edluawas used in a fernentation experinents to

express the aRtsiterpes I transcyiption tramingigh rgaktl (fg Thergq' ?“WCF%?B‘heand DsbC
was ferment edcouﬁmgelﬁb)ﬁiﬁdfwiaé ErepREbAProtem. THNRDiletse PanadfiptidhEftin the t&z0l | owi ng
fermentation the resaL& host cel%é sanpl e was tsﬁbllb{ﬂect ed&g

centrifugati di°BRY P er@ PSSR & nqREre B 1B% BRS e otstigleders of B Heplhs 3 -
extracti o0 oforigintaf rephibatinn bl 'wa$ plsm, khick alaintafried ailow &pp huralcky. Uk piakhid The

frozen pellet, was then thawed and re-suspended
in extraction E&P#d aqg']%%fl(\} ‘F‘?‘%‘E?g%&ﬁ%& Fisdec Y% Extraction was carried
out over ni ghtTlmtra!G@@mtEBEéthb@wmgvas barieghatut mtglthﬁrmshodrfoanhm @ng £ ¢zon sanpl e
was centri f Ugﬂ@'raBQBnﬂathd @&)ra 2um5t}9ﬁa%ell§'$ thJD sgr%E so‘iuﬁf&k rﬂ]\;Alﬁgg%tfl 7|§e sanpl e

was clarified via a O. tration. tration, the
resul ting hos{%8%] | sarrple extract having a pH of 6.9 was divided into 3

aliquots of IfniapRnd @ﬁﬁvtlﬁ@ﬂﬂiﬁt ed & r&Hn Rbeontbimin PAntiboly Wil FRF 350 (V/ V)

30gl aci al acetic aci Separate allquof was retained at pH 6.9 as a

control sanpl e. X]@: 008 strain produced in Example 1 was used in a fermentation
experiments to express the anti-TNFo. Fab’

MXEOQ08 expressing anti-TNF Fab’ and DsbC was fermented using standard
fermentation conditions and medium. Following fermentation the resulting host cell
20  sample was subjected to centrifugation and the cell pellet was frozen for storage.

Example 3 — extraction of anti-TNFa Fab’ from E. coli strain & pH adjustment

The frozen pellet cell pellet from Example 2 was then thawed and re-suspended in
extraction buffer (0.1M Tris/10mM EDTA pH 7.4). Extraction was carried out overnight
at 60°C.

25 Following the extraction step the extraction sample was centrifuged for lhour at
4200rpm at 4°C. Post centrifugation the sample was clarified via a 0.45um+0.22um
filtration.

After filtration, the resulting host cell sample extract having a pH of 6.9 was
divided into 3 aliquots of 10mL and was adjusted to pH 5.0, 4.5 or 3.0 using 30% (v/v)

30  glacial acetic acid. A separate aliquot was retained at pH 6.9 as a control sample.



As can be seen in Figure 1, increased |levels of precipitation were observed
as the pH decreased. The nost precipitation of host cell protein was seen
at 013. 0,woabixmegoby pH 45 and then pH 5.0. Exanpl ec#rcBanalopsize of
host cell sanple extracts follow ng pH adjustnent by reverse 5 phase HPLC
Sanpl es of each host cell sanple extract follow ng pH adjustnent to pH 5.0,
4.5 or 3.0 or the control (no-pH adjustnment, pH 7) were taken across the
time course at tine (T)=0, T=1 hour, T=2 hours, T=4.5 hours, T=8 hours and
T=24 hours, and real tine analysis was #arried out via reverse phase HPLC.
The reverse phase |-1PLC al| ows 10 separation of proteins on the basis of
hydr ophobi ci ty and\sfasbesen indégutsuk, ingeepsed leyels of preginitatiqnpyats: ehstruedras tRor oshel |
TM 300SB- C8, ,ﬁqru@c;éagbd Bhel % ds PrRibitaAOR Aokt RBI prif ﬁ%@ké@ghﬁpﬁao RAgRaas were
filtered (0.22um. prior to analysis. %’ he results are shown in Figures
2, 3, 5 and ePHfpgutenptshdus the overlaid chromatograns for the reverse

phase HPLC angtaniiiés andivdis &fﬁos@céiﬁﬂﬂile%ﬁtr%?mll@ﬁn%@ aa-@stﬂﬁﬁtsﬂy&%@ersteo conduct
t he anal ysj s te E adj ustment, typrcallTy aroun mnutes atter pH
adj ust rrent% f&’#—?—h@—ﬁs ost cell sanple extract after pH adjustnment. Figure 3
shows the indivi dtsa:hplewf@imm@sgeealmsmﬁleéxtiaaeolrmgrpmdp&am 5hl Coanpdrysi s at
T=0 for the h? E’? i‘ln Xt ract ﬁf# ‘QH\@QbJ ustpent. The zReaks

cor r espondi ng Othoz o-ph &V EpHP eros§ 1he G L0y M (HO) of
the Fab', t he(T\)dsOonél Fatr, T=2 heurd)sIBE:5htiofirs( 1I|1=$h¢®eggﬂdl‘=2@ Hosi Cndareel tichepept i de
bi ndi ng pr ot e [ own for f H adj yst

pH 4.5 and I—%nglyépB“P% C%ggd gvs’aerevere ghas‘le}lg’l@ges Ve © ’?F‘% ﬁO(?fﬁantl ty of
DsbChis i 40 I owtparatiphtoé profsids aul fhen Sasiward thydraphpbicity anémpacambdtoot tsing acoiebleol at pH

7, the qua“t'ﬁP’L@EonP&rP@oBktéu 'rns%o%gﬂ@sf .‘5:8‘31‘%“?1:1‘7%%%& Aré%i @ﬁﬁé&&apl 1

adjustnent to see ntity of
DBP is signi f$aeﬁ’iﬁﬁwfelfﬂfm¢@32m)m0rfplalﬂameust ment to 25 pH 3 The pl of DBP

is 5.7. Thereforern ReshiRrd @Rlvn 68 IFguX 2 3CH aBJ‘@ Q*'}gd?é‘ﬁ' sﬁ&wsbt‘ﬁe Sl i cantly
| owered in or der cause precipitation of DBP ?uantlt of Fab'" is not

si gni fi cant | yhxamaingrams fenthe ﬁéefiﬁmh&ﬁﬁfmwéls atT 0 (TH) HeangaSSogmaigest he t ot al

peak areaif orpo%lh&d’uosmfcf tﬁmufal%is ﬁi&vgﬂ%ejuﬁlhﬁﬁetngAHQaﬁbhﬁd)Mrﬂ&E aferpfit er pH
adj ustnent to EF 30anount

ur es
of DshCis ré ﬁné’tfn(gff? € Q‘Eff ﬁ%”t?’?ﬁ’l‘? ?‘Ba%lqgg ‘8’1 Rehf-¢ Rigrey g‘ﬁ&% Caf t er
adj ust nent t dngiiHddal ShromatBgriins fod the reverse plFasgtulPBC @naysive Tehdortthd Rdst @gHak ar ea
for DBP from e HPLC hro ramaft r dj nt to pH
3.0, 4,5 and %ﬁgle et %geﬁ&?%% ulrfegg PARd’ 5'95"??1 ] lf)g %aibggé)lrrgf reduced
aft er adj ust rtenFaly othplhle@y @halm(@rqfftheeﬂabsdhvwmm Faf’, e EbCrhis (Nersrggeldt ai ned

from the 95 todiel bodEitihlinilne Hofchl i) WEERAR, BV ¥Eo By Rhas0R, exchange

chr omat ogr aphy Anal pur t'on conpri si n
per f orred at ¥0. 08+ BendpH 5. 3t cap beseeirgn Figureg2 anddp thay thecuyansity of sbG- esul ts

are shown in Hy Qudwer 4nelGBusRenso i;}lil@cslhwmmgrcml tharm@ﬁé u%lgpaase HPLC
anal ysi s of th purifjied solution conprising bC hi s _at at pH 3.0

after T=0, 1,PS8CAWRS signifenHylowpsed @éﬁe'baé‘e’s%‘éﬁdlfﬁt‘ﬂ%tﬁ Rlfa 0&‘%%? t I[fe pH
adj ust nent hagn aiso 8Oekd Bed thoquaktie oPDBE isRidnch@R 1GAtekdr 280N bhdjRtmdasRC- hi s

fromthe A0l UL 9N The bl of DBP is 5.7. Therefore, in the host cell extract the pH had to be
significantly lowered in order cause precipitation of DBP. The quantity of Fab’ is not
significantly affected by the pH adjustment.
Figure 5 shows the total peak area for DsbC-his from the reverse phase HPLC
chromatogram after pH adjustment to pH 3.0, 4.5 and 5.0. As seen in Figures 2 and 3, the
30  amount of DsbC is reduced after adjustment to pH 5.0 and further reduced after
adjustment to pH 4.5 or 3.0.



Exanple 5 - SDS- PAGE Anal ysis of Sanpl es Non-r educi ng SDS- PAGE

anal ysis was carried after an extended storage at pH 7, pH 5.0, pH 4.5 and
pH 3. 0. Rvouoe/izshows the SDS- PAGE anal ysis gel. It carchapeamoirom
Figure 7 that the quantity of DBP is reduced after pH adjustnment to pH 3.
The DsbC 15 and the heavy chain (HC) of the Fab' show at the sane nol ecul ar
wei ght on the gel but it can be seen that the band for DsbC and HC is
reduced follow ng pH adjstunent to pH5, pH 4.5 and pH 3 due to the
reduction in DsbC confirms that the quaftity of DsbC-his and DBP is reduced
after pH adj ustnent. The anti-TNF Fab' CDP870 tested in_the above
exanmpl es after pHEgHE LS havtit the dotglopsek Ares fory DBE g thes fexrsepphass BESFe

anal ysi s and dnhedahetadh dR8NVEH Sdplsahaned pAfifo Mbbyd 4@ AdNeen inGaluRs Datd ShRwn) . 42
a reconbinant protein froma

Clains: 1. A nethod for. purifying,

gr am negat i vea“EPélEtt"éPPgl's '%E‘é‘?d aé‘é'lq%lué‘é{ﬁﬁlt‘ép%?'oext ract thereof wherein said
host cel | eXpreSSQSpuﬂﬁéd-Xbﬁiﬁbﬁ Bﬁﬁibggﬁﬁﬁrﬁidﬁtaﬁﬁdif@mrtmmd 'en&nﬁacdiﬁlﬁ%’amhi ]ge ]

i soner ase ' erein the nethod 5conprises: a j usti the pH of the
host cel | 535@?‘5% gye?’t”fegﬁ'l"d? t‘fétr‘°§o‘fx°13a8é£g°'15?—?‘%‘?gr%’h6?A'{"‘E@% °?gh’i)rpgrd?p itate the
reconmbi nant déoltibpévingeisingSDIBE-lAS®4s pafianedat pld @faad atpHB e THQYIi1] RirD4

reconbi nant di sul phide | somerase fromithe reconmbi nant protein to produce a
r econbi nant ghrogis'e%e sr%ilrlrl%)sl aé‘?”%TéYﬂ 0 %ﬁé’reneyﬁga&é)&g@}edc%ﬁoén a%% §" a&se{?rnﬁe‘f“%mher ein

t he pH of t hephhedPLEshilysoofishepunifiedsotutiarctontphisingeDbCi-les a@gHUSinddt pld 38 pH of

4.5 or |ess. a:i’rer "il-% 1,@4}1@2&1 h@lﬁ‘? Of gﬂ-n .sée(r? fr%laxafi[i%}regft %‘H}g‘{ ﬁ%g@ﬁs{t}geng%g& the host

cell sanple or extract thereof Is adjuste )
4. The methodfetonihgipregipitasion pug ramoval effRsbEhis fromdhesplutién. t he host cel | sanpl e

or extract 15t her Egjﬂ];l§5 adby etk A&,@isgk‘s@i@_ or |ess.
Non-reducing SDS-PAGE analysis was carried after an extended storage at pH 7,
pH 5.0, pH 4.5 and pH 3.0. Figure 7 shows the SDS-PAGE analysis gel. It can be seen
from Figure 7 that the quantity of DBP is reduced after pH adjustment to pH 3. The DsbC

15  and the heavy chain (HC) of the Fab’ show at the same molecular weight on the gel but it
can be seen that the band for DsbC and HC is reduced following pH adjstument to pH 5,
pH 4.5 and pH 3 due to the reduction in DsbC confirms that the quantity of DsbC-his and
DBP is reduced after pH adjustment.

The anti-TNF Fab’ CDP870 tested in the above examples after pH adjustment to

20  pH 4.5 has been tested by Biacore analysis and found to have retained affinity to TNF.

(data not shown).



5. The method according to claim4, wherein in step a) host cell dipeptide
bi nding protein is further precipitated and in step b) host cell dipeptide
bi ndi ng pwoteiznidsof urt her separated fromthe reconbi narCTmB2EII1129

6. The nethod according to any preceding claim wherein the disul phide

i somer ase 20conprises a histidine tag. 7. The nethod accordi ng any
preceding claim wherein the gram negative bacterial host cell is is E.
co/i. 8. The nmethod according to any preceding claim wherein the host cel
conpri ses Fkpa and/r Skp. 259. The met fBd according to any preceding claim
wherein in step a) the pH of the host cell sanple or extract thereof is

adj usted to a pH §fimEss than 5 using glacial acetic acid. 10. The nethod

according to any mrm&dlf&qouﬁwgmremgrn%rarotehfefrm§gram{el;atﬁ@mke@amostext ract
thereof is held at a pH of 5 or |ess for one hour or |less. 3011, The met hod

according to any eilletemglenyy ??F’é‘itrﬂ‘er%ﬁé‘fhéreﬁ Pidehostopellr apTesis Brrecombisag)
conprises centrif pgein el anedombinbt! difdhideNisomedade IALC;TRBerdRt thotnaiaor ding to
any prece ng clalg4 wherein after step b) the nethod conprises a further
purlflcatlon st ep®B1P"§¥bj ecting the reconbi nant protein sanple to

chr omat ogr aphy. a. adjudtihg thEhpd] srethdiast @l catiglé srgextravt ﬂmleabmoJaJpH wieesrei n t he

chromat ography is ign-exchan ge Schr 0 nmet hod according to
?GSW grecn lt %ée?;or@{ tcgs)u?pgtagisgxﬂergslp atn

any preceding claim e reconbi nant
protein sanple is adlj setaeting Opremmtbted)f reBontbanaidt disulpliife i$éraeraset frod #ecor di ng

to any precedi ng cIg%ﬁhmgggﬁgkﬂtgé%?cegﬁ:%%%%mg%mgg fdaction buffer is

added to the host c e or Iac ere t e host cel
10 2. The method accordmg to claim 1, wherein the pH of the host cell sample or extract

thereof is adjusted to a pH of 4.5 or less.

3. The method according to claim 2, wherein the pH of the host cell sample or extract
thereof is adjusted to a pH of 4.5 to 3.0.

4. The method according to claim 2, wherein the pH of the host cell sample or extract

15 thereof is adjusted to a pH of 3 or less.

5. The method according to claim 4, wherein in step a) host cell dipeptide binding
protein is further precipitated and in step b) host cell dipeptide binding protein is
further separated from the recombinant protein.

6. The method according to any preceding claim, wherein the disulphide isomerase

20 comprises a histidine tag.

7. The method according any preceding claim, wherein the gram-negative bacterial
host cell is is E. coli.

8. The method according to any preceding claim, wherein the host cell comprises
Fkpa and/r Skp.

25 9. The method according to any preceding claim, wherein in step a) the pH of the
host cell sample or extract thereof is adjusted to a pH of less than 5 using glacial
acetic acid.

10. The method according to any preceding claim, wherein the host cell sample or
extract thereof is held at a pH of 5 or less for one hour or less.

30 11. The method according to any preceding claim, wherein the separation in step b)

comprises centrifugation and/or filtration.



10sanmpl e or extract thereof is subjected to a heat treatnent step. 16. The
nmet hod according to any preceding claim wherein the reconbinant protein
has a pl wb261#m380 17. The nmethod according to clai m 1@cTwBoeimiibe
reconbi nant protein has a pl of 8 to 9. 1518. The nethod according to any
preceding claim wherein the reconbinant protein is a reconbi nant anti body.
19. The nmethod according to claim 18, wherein the reconbinant antibody is a
nonocl onal , humani sed or chinmeric antibody, or a fragnent thereof, such as
a binding fragnent thereof. 2020. The M8t hod according to claim 18 or claim
19, wherein the reconbinant antibody is a Fab or Fab' fragment. 21. The

nmet hod accor di nk- The @piyodogeceifliag fpsanygprecedimclaimphwhesein aftprestopdy dietnaipdt

antibody is speci {dngprit@ra fieH¥PpuriiEan ségofslitj@cﬁngmaqsto%ﬁ.%giow dfpr! @i m 21,
wherein the anti body a heavy chain wherein'the 25 variable domain
conprises a CDR h®hiRgeegaP¥equence given in_SEQ ID NO 1 for CDRHL, SEQ ID

NO 2, for CDRHZi3amgt srétkddl docdNihg tof Mim GIPRFiRréii the @niom@idkrapyat hnk@haien t he

vari abl e domain conprises a CDR having the sequence given in SEQ I D NO 4
for CDRL1,” SEQ | FNa°8f8PY-CDRL2 and SEQ ID NO 6 for CDRL3. 3023. The
met hod accor di ngi. Tk méteidriced2dingMdQh e piaceliing ciaiftl, Whareiy afergpivs @8 pHIE tHei ght

chai n variabl e regi on.sequence given.in SE 7 and the heavy chain
variabl e region gl"Vk napt _ @Fﬁ%@é@s‘te&ﬁo a%ﬁ 31%8%13} hod according to claim
ﬁB, “wher ﬁl n thelsafiid bedyd |a§coaiid§atml ﬁrryagmﬁeﬂhg a:miin,c?mems;ﬁﬁar ao hﬁﬁ\a_y amhalh n

avi ng the sequen [ and a chai ving the
sequence given i ngxgré%of{g&ﬁbﬂﬁﬁﬁ%o Qf)smgt%eﬁ S%mpg (gﬁx%%péaﬂe%ga??tﬁﬁﬁﬁsh%eng of a
gram negalli ve bactaewlear extrestthecsof Is selagrtst ¢o aoheat treatment step.

16. The method according to any preceding claim, wherein the recombinant protein
hasaplof6to9. |

17. The method according to claim 16, wherein the recombinant protein has a pl of 8
to 9.

15 18. The method according to any preceding claim, wherein the recombinant protein is
a recombinant antibody.

19. The method according to claim 18, wherein the recombinant antibody is a
monoclonal, humanised or chimeric antibody, or a fragment thereof, such as a
binding fragment thereof.

20 20. The method according to claim 18 or claim 19, wherein the recombinant antibody
is a Fab or Fab’ fragment.

21. The method according to any of claims 18 to 20, wherein the recombinant antibody
is specific for human TNFa.

22. The method according to claim 21, wherein the antibody a heavy chain wherein the

25 variable domain comprises a CDR having the sequence given in.SEQ ID NO:1 for
CDRH1, SEQ ID NO:2, for CDRH2 and SEQ ID NQO:3 for CDRH3 and a light
chain wherein the variable domain comprises a CDR having the sequence given in
SEQ ID NO:4 for CDRLI1, SEQ ID NO:5 for CDRL2 and SEQ ID NO:6 for
CDRL3.

30 23. The method according to claim 22, wherein the antibody comprises the light chain
variable region sequence given in SEQ ID NO:7 and the heavy chain variable

region given in SEQ ID NO:8.



5 extract thereof transformed with an expression vector encoding a

reconbi nant protein to a pH of 5 or less to precipitate host cell

r econbi nawD 20izuibgbi de | sonerase, separate the precipit atedBr0ostoocebl
reconbi nant di sul phide i sonmerase fromthe reconbi nant protein and produce a
purified reconbi nant protein sanple. 10

44

24, The method according to claim 23, wherein the antibody is a Fab fragment and
comprises a heavy chain having the sequence given in SEQ ID NO:10 and a light
chain having the sequence given in SEQ ID NO:9.

25. Use of a step of adjusting the pH of a gram-negative bacterial host cell sample or

5 extract thereof transformed with an expression vector encoding a recombinant
protein to a pH of 5 or less to precipitate host cell recombinant disulphide
isomerase, separate the precipitated host cell recombinant disulphide isomerase

from the recombinant protein and produce a purified recombinant protein sample.

10



