PROCESS FOR PURI FYI NG PROTEI NS This invention relates to a process
for purifying reconbinant protein froma gramnegative host cell sanple or
extract thereof. Mre particularly, the gramnegative 5host cell sanple O
extract thereof is adjusted to a low pH to effect the precipitation of
protein disul phide isonerase, Reconbi nant DNA techni ques have rapidly
devel oped and are useful in the production of antibodies, in particular

t herapeutic, antibodies, Systens for the expression of reconbi nant genes
are well known to the person skilled in the field in question. These 10
include expression in manmalian cells, insect cells, fungal cells,

bacterial cells and transgenic aninmals and plants. The choi ce of expression
systemis dependent on the pRatEsSRORPURNBIREPREAEINY Ot ein, for exanple
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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.



The protein of interest may be precipitated and then separated from ot her
HCP contam nants. However, the precipitation of a therapeutic antibody may
cause irreversi bl e danage to the antibody. Techniques that specifically
precipitate the protein of interest often result in the entrapnent of the
non-proteirlaceous contamnants in the precipitate, 10rendering the

separation ineffective, Alternatively, the 1-1CE may be precipitated
away fromthe therapeutic antibody. 1i S7169908 descri bes the addition of a
solution of ethacridine lactate to precipitate host cell inpurities.

However, the use of an agent such as etRacridine lactate is not suitable
for the production of therapeutic, proteins because it has been used as an

abortion agent and Lmypraﬁctwms%ﬁesq paltSulR bR noteli dufing Bie ARInstR@AD! et el y
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adj usting the pRitgies fom hogsell atpminanssares gl aé‘ﬁ‘t"r“h?f?""i"ﬂ'@?’éﬁf’ meggod topH of S or
151 ess to precirgivtaxhequiiiey of BIODEHHOM ARtobil Ik cpindystems vithibn @Egasely affedting).
separating pregjp| rtoé‘h%g o¥ ‘%}% @Péaﬁ;eﬁtg‘cggngik%dy' RNGES o ?&Hﬁ&aﬁﬁh{ o Q0 h B

r econbi nant pr ot e n t 0 nant proteil
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



The present invention also provides the use of a step of adjusting the pH
of a gram negative bacterial ost cell sanple transforned with an expression
vect or encoding a reconbinant protein or extract thereof to a pH of 5 or

| ess to precipitate host cell reconbi nant disul phide isonerase, followed by
separation of the precipitated host cell reconbinant disul phide isonerase
fromthe reconbinant protein and provide a purified reconbinant protein
sanpl e. I n one enbodi nent there is provided a nmethod for purifying a
reconbi nant anti body or a binding fragnent thereof froma gram negative
bacterial host cell sanple or an extract, of said host cell wherein said
host cells expresses the reconbi nant anti body or binding fragnment thereof
and a recombi naghiabhaib hRhb féaumm;@m dBRE 10 RE Tfle ol SFGLQE &ONPri ses:
a. adjusting the pH of the host cell sanple or extract thereof to a pHin
the 30range 3.5°M¥MS to precipitate the recombi nant DshC, and b. separ at i ng
precipitated r econbwmniolaBsMb(I Eteﬁtéd)l‘ﬂsdnﬂub& asaW@Heslﬁmiktpm mIH&@e\&r mdrified
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particularly an‘{} @ﬁ‘ﬁ@ ‘édﬁt chromat ogr aphy steps such as non-affinity

chr omat ogr aphy capture, by reducing the host cell disul phide isonmerase in
the sol ution cowpetsﬁgna\@;&g;hgﬂgen?&ponbl nant protein for binding sites on

t he chronmat ography colunn. Therefore, the |load of 11.CFs on the
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to be bound by theor yb.i fepar§inpypredipitesd zregmbinant dlh@hdanpﬁn@r@serreftom xhe

envi ronnent of the host egflbina®proflh ae&.detaheceﬂilmmr&aa ?ees the
precipitation of t di sul Fhl de gt‘ n_the pl71 range
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20Thus, thezmtr@mb%@%@tm x@adt Nfeerddf %SQPH & $6/ Qé%eprécﬁlta?éjh&@ulﬁ for use

on Iarge scales and therefore I's very use i'n commrerci_al pt ocessi ng of
protei ns such d&<°RAPIHdisyIRede ipgmegsse, I_fjél%‘fdl bt ERFPLST of e PrepiRiiffe gest cell
Fi gure 1 shows rtdombiodns gisultille isoeetagi i ihe Fecaiibidalepriteis indcgbiidesopuritiedon af t er

t he pH has beer}ea%ﬁln%&ﬁ&lenﬂ?aﬁﬁ;ﬁ 5.0, pH 4.5 or pH 3.0 conpared to the
control pH o re 2 shows the chromatogram of a reverse

phase HPLC anal ysi slnate 'FF‘h‘é"‘(‘eF) thereQis { pipvidach gt meshop | fors prifitingot secamkivant pH
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Figure 3 shows the Separ at e ans a reverse PLC anal ysi s
at 30Tr--0 for oSt cogfalmah tIce?wocr{fém sa?‘{hm celﬁsl ""‘Hfsﬁeét"e r?ff’ana"§Tnuy P29 014.5 or

013 conpared t dindive fragmant merepﬂ-pngfa fecombinant dlsulphide isomerase DsbC; wherem 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 Figure 4 shows the separate chromatograns of a reverse phase H PLC
analysis for a solution conprising DsbC after pl-1 adjustnent to 013 after
different tine intervals conpared to the control pH of 7. Figure 5
shows the total peak area for DshC froma reverse phase HPI, C anal ysis b5at
various tinme points for host cell solutions after pH adjustnent to pH5,
014.5 or pH3 conpared to the control pH of 7. Figure 6 shows the
total peak area for DEP froma reverse phase HPLC anal ysis at various tine
points for host cell solutions after pH adjustnent to pH5, pl14.5 or pli3
conpared to the control pH of 1. 10F gure 7 shows the SDS-PAGE Analysis Ge
for host cell solutions after pH adjustnment to pH5, pl:14.5 or pH3 conpared
to the control pH of 6.9. Figure 8 shows sequences SEQ ID NGs: Ito 16.
Figure 9 shows the structure of a compound called CDP870 conprising a

nodi fied anti- TNT EYPrfipelyihisst a%i?’é\?“éﬁ?ﬂ Rrecipitpié g ispificpntyauanfibt ithsdost esi due t o
a |lysyl - 15mat eklniecbenbinamkBslphideasoriaseddmheatiuti agd by @flovishepatayaydf 1 esi due

has coval entiy tl%t os{% gf%cén%xenm&gﬁlggﬂa&cé%& aﬁl':lﬁa e eg%%mvmﬁﬁ? ein ofnnr%éresst about 420.

Bri ef Descri tlono cid
sequence of is lfac@fates:ummam POCSSIECpartoulpgy; anp S@W@‘m‘ chigeatagriphpstepei d
sequence of CORI @ b (TS Lhon SRRAD ML, 3y sl thenalTba0dafidte sequence
of CDRH3 of CDP870. ﬁéﬁg v\g %"3) no amg ltﬂ%Iuence .1 of
CDP870, SEQ | D'Re¥™s g “"P’h‘é’"’a??ﬂ“ﬁ&' #F go ekt gjsitgyon 870 SEQ
I D NGO, 6 shows chiamategraphp cagnnd T&eefmnbaelocdfofﬁom& thd chEpiR@®g@phy SeiGni ® NO. 7
shows the nucl gatige ﬂ@?.eﬂ Bl r‘ééoﬁ]@mmr{)@m%Puh@res??s%&%@wi?éfn tﬂieﬂﬁnéémght chain

vari abl e regi on CDP87 he nucl eot i de and predlcted

ani no acid q&%&'@‘b&'f of; %é’"ﬁ%&?ﬂ?y 61’1‘&‘?“?? a\Fa\‘SFdabF'és FedisPiothe mpandgoost of SEQ I D

NO 9 shows t hdurtheddo@nsaedntpusiegti@nce of a grafted anti-TNFo. Fah CDP870

I'ight 30chai n. Interestingly pure DsbC does not precipitate at a pH in the range 3.0 to 5 (see

Figure 4). However, when present in the complex environment of a gram-negative cell

expressing an antibody or a binding fragment thereof or alternatively in the presence of

15  part or all of the contents of the said cells then the DsbC precipitates. Whilst not wishing
to be bound by theory it is hypothesized that the complex 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 chromatogram of a reverse phase HPLC analysis at Time (T) =
0 for host cell solutions after pH adjustment to pHS, 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.



SEQ I D NO 10 shows the am no acid sequence of a grafted anti-TNFa Fab
CDP870 heavy chain. SEQ ID NO 11 is the nucleotide sequence of his-tagged
DAC. SEQID NO 12 is the amino acid sequence of his-tagged DsbC SEQ | D NG
13 is the sequence of the wild-type spr gene including the signal sequence
which is the first 26 amno acid residues. 5SEQ ID NO 14 is the sequence
of the wild-type spr gene wi thout the signal sequence. SEQID NO 15 is the
DNA sequence of a nutated knockout Tsp gene including the 6 nucl eotides
ATGAAT upstream of the start codon. SEQ ID NO t6 shows the el

i gonucl eotide cassette encoding intergenic sequence 2 (1052) for E colt Fab
expression. 10 Detailed Description of the Preferred Enbodi ments of the

ITEve ?t ion The {)r es eneuraa mmw; th@gbpmté thrdRRWERRs &gsfsvressbﬁ,dsemLméalajsﬂ%al I
e terns "protei and " ' are use er changea rein,

unl ess the cont% e?ﬂ"?%ﬁ’f“@ﬁ g‘ggﬁéﬁﬁ “S“"ﬁ‘gﬁ’f.PHé %?'sd “Hpelite }2{\,6 Srefer to
10 or | ess ami rompedddsthe cbbidipH b&L ns " pol ynuel eoti de" i ncl udes DNA, cDNA,
RNA and mENA Figdi$s URGL 0D RELpdk b 16r BBE Bom OB SHhGibL tranaq,safat ext of

t he present speC| fi catl on ‘Nterpreted as "inc The
expr essi ons ¥ c et various timg) poinfsifprehost celpsojutions after pHerdjugiment “°sRHr5ali’11‘i"5 ArBused
i nt er changeabl ycomi:weld@csthe @etd] p]@XﬁT act (extract t her efrom as errpl oyed herein

is used to refer t OIEF show aPpe%li alrealforgﬁ’ fr{:)g are grgentlm?se E—IﬁLé anaI s1s rpat erial

obtai ned froma par SI'S ct sone o chem cal
matter from theadas time P@mts for host celhmﬂtelpnsaﬁeraﬁt aimwntftp OHSP. snhBJSeqrthﬁg t he

cells to pr oces,shpwedsaﬁaogtt@ﬁﬂgm or 25nore of the proteins expressed from
IRLECCR aﬁ(? rel eaPslgeuq'e I7ns. <9ws S})S 9A(L119 Anznysns Gel for host cell solutions after pH
adjustment to pH5, 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 CDP$70.
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 CDP870.
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 CDP870.
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-TNFo. Fab CDP870

heavy chain.



Chem cal matter and material that formthe contents of the host cell as
enpl oyed herein refer to liquids, proteins, |ipids, sugars,

| i popol ysacchari des, peptidoglycans, plasrnid and chromosonmal DNA' s, RNA's,
smal | nol ecul es such as am no acids, netal 30ions, redox active nolecul es,
tRNA's and fragnents of all of the above fromw thin the cell.

Met hods for rel easing one or nore proteins fromthe cells include heat
treatment and/ or subjecting the cells non-1lysing pressure and/or use of
chem cal s including: buffers, chelating agents, detergents, physical

di sruption and/or use sonic energy and/ﬁr use of nechanical shear,

5Gram negative cell sanple as enployed herein refers to a popul ation of
gram negat i vesegh 80: 1§ hEnRRTHdSseqlende SRS -tad P @AM Negat i ve cel | s but nore
specifically aﬁgﬁﬁ(:h eml g%ed in . a fermentatiqon process, in particular a
commercial fer DNPolt pPotuwecid sequencas pisfagesd Dse onbi nant  ant i body or

bi ndi ng fragnesEQh&Ce isals sequpicoyttle Widd-@perspd gend indhaligatb digalrsefuerce t 0 a form
of the anti body,or isﬁﬁe%ﬁﬂfb‘hﬂnim%%i fhere are less inpurities 10 and
contamnates titan in the corresponding unprocessed form It is not
necessari | y 5 nSERAHRNOL ¥ iyhe ssatcnds bhe vikd-tyrersprjcensadthays e tigns! BEaBody or
fragment may S&EQID NeG s (sehef DINA BRlenPaIsA of ii@addi KAbLk &k ESgene includidgth©fe

enbodi ment a purified i nant .anti bo or binding fragment thereof
provi ded by th@"cb’?@?‘ﬁ%ﬁf(g%"a{s%&’ °ft§° ftﬁ}e)“g‘%'esent invention is substantially
pure. 15 SubsSEQD W] A spawsehealigoamirbideadsdtesncodingindreenis s¢ayerche(IG#ier e t he
anti body or bi pdligngs; E5AQPESh t hereof is great than 90% pure, for exanple
91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% pure, in particular 95% pure or
greater. 10" This invention described herein is based on the sur prising
and unexpect ed obs@retatiéd Waacripliiai ofakd Fatfeided bliodiehis oSthapivention ansf or ned wi t h

an expression vectagy, %%Vg‘gi{"ﬂ‘éi%gﬂv'E’%&gcpigérd%ﬂn&e%% ein nol ecul e has been

cultured a step of adjustingt ] ) eas nmmy be used to precipitate
reconbi nant di sul prtiEmsseeiser andePeyngrtidpzare usef igterphaageably heyein. pplesa He

beneficial i npagiextifdidatt©otpeawisd. Eepdide’0id inthdel refBt®1080r Ress amino acié.ep a) of the
present invention requires.th b,UST e of .t.h 0s | sanple or
extract thefsgof toTgctﬁﬁ'so?obgmcgero%u’eéngf“deesl?’?)\'ﬁ’%q]\}"l’ggga(iﬁfrilﬁ%} a pH of 4,5 or
less O a pH of 3 @y @8l hereis ghe tern Ecopprising? freehnisxtbd dharement sprificgtianof t he
host cell sanpki@u@ie Bitipreaats tiRfiipef is adjusted to a pH of 4,5 or |ess,
nmere preferably a of approximately 4.5.. The inyentors have foynd that a
pH of 4.5 is parti @J&lf ae?‘P'f/g'ﬁ'&fvaﬁHggé8|:{Jsl'"fo 6%2(??'5% at"d asrtlramalalreov‘\'/segepar ation
of reconbi nant irBsth@gedbly. one enbodi nent the pH of the host cell sanple or

extract thejeof is @teeptlmts tegfactfled o aPdhpedirelnSs bsed & kA0 pthr3 OF
alternatively less than pH 3.5. Accordingly, "the pH of the host cell sanple

P - 9
or extract thefedfhghestpilspurniyiiey adjusted to a pH of 3 to 4.9, a pH of 3.5
to 4.9, a pH of 3 t 0 «4. mteditil dbtaflell @dd,aSpattial ot .t&al cell lysis td exta@RomQAi NMENt t he

pH of the host cell sa [ extr hereof is adjusted to a pH of 3 or
| ess, nore preferably arm!ﬁ)ﬁcagwtgebﬁ?%ﬁl%(ﬁ%f’gfy 3, The inventors have found

that a pH of 3 of |ess makriglhpaitehgeanadjccingpireeelisp patesingntichihiton Fepar at i on
of recombi ngnt NV: and 74:86r hOpbten€ blpreSled 80th ki CelRiaRAbBGed Rt 8 RpuiddHowever ,

whi | st pHs of 3 or Iessphgtsrec suitable for precipitating the DsbC protein
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.



fromthe host cell or extract |low pHs may alter the fol ded confornmation of
the anti body or binding fragnent thereof and thus nmay not be optinmal when
all paraneters of the process are considered. Thus the optiml pH
for precipitating the host cell proteins will depend on the 10specific
anti body or antibody fragnent expressed by the cell and in particular the
stability of the sanme in the rel evant pH range. At | east one

di sul fide isonmerase, for exanple at | east DsbC is precipitated enpl oying

t he process. In one enbodi nent one or nore other host cell proteins are

al so precipitated enploying the process, 15In step a) of the nethod of the
present invention the host cell solution or extract thereof may be held at

the [ower pH for exawl G RlRigQhe ot ihe frESS fida{thaeérnsmu&ealaheremmod of time
before carrying out any further gurl fication stet{o}zi E fugation

tri
and/ or filtati RYorSybicie theribman-ysng prestzsrander usgp t'“°{“9‘ﬁ$ E,&;{E 9 to raise
pH of the sol utchduting Geite rdadedgyhts, pleysibed Stsruptivh land@l ut k@it @ergexatibace o her eof
will be held fcﬁ%iﬁﬁ‘ﬁcah&légrs or less, 12 20 hours or less, 6 hours or less, 5
hours or |ess, ours or less, 1 hour or less, 30 mnutes or less, 10
M nutes or |%ess or Gramrhogativeselbpaniplsgs employed hergip trefprs dnp perpletny o B8 ™et hod of

the invention tnb@tnﬂ'ﬂelﬁaﬂét exbBple @m@,ﬁmv@grﬁﬁ-né'g@ﬁv%%alstb@t Rdt Gecifftally Oatck bef ore

the further i.e ence rocesmggﬁ F{Tﬁttgurlflcatlon for
exanpl e purifi ceg.’f"l%e ea(r]FBF‘S’ﬂ}T"r‘?gp’&?ff ¢ a?ﬁf@’meﬁ'a BYIEPRY T s performed,
25 Step a) of the ristifrddeconbitdneangbas ertiinding Vegrhind themefys braplyet feerimed at  any
sui tabl e tenmperaliie reffé?'io @%ﬁm ffte dnHi6HEY Bﬁéﬂgﬁénﬁw&@m tIRKGR 188 indfdride3C or

reduced tenperature such |-10eC. Thus suitable tenperature ran es for
perforning the a%f‘f'l‘@ﬂ“ri‘“fﬁthﬂ'dé“ the cpreespopdige yrgrosgsesd feme N et ¥t the pH
of the host celihterS@impbean@bsomiettératicatisa e @aibodymy frignen3tay pdil kpiratuetberusi ng any
sui t abl e agent pg%)cgtgl §t0}§f changi ng the pH, Exanples of suitable agents are
gl acial acetic "aci i um hydr oxi de, sodium acetate or oils base, and
conbi nat i on t her eofln ormbadjaertt apusfic eccombingphandtady abhiedingdisemst hgesfon such as
30 or 60% 9 (\b“dﬂdetﬂly&‘&ln&lho@-&ﬁ&rﬂlﬁg@ﬂie@nesehM@ﬂ%Wﬁhhﬁﬁﬁaﬂ%plﬂe | M sodi um

acetate and ; M or 3S]ﬁgsq'anllall ]pure as emé)]olyed l}eﬁm re rf ho tée 4 erreethg) :I.ntlbolaf %rekt rﬁﬂ\%nt S are

particul arl y advantageous ne ccordin pr esent
di scl osure and,fragront scenffsl secathanti0Yorgreforsinile &t PHA, é?f#c?"'ﬁénﬁ?v%ﬁ 9%b# 5t he

reconbi nant di slub%)mr@lg,da,sl@mrggnggu,b@,gtréa@, purification of a therapeutic
protein because they.are non i de.isomerase is an

enzyne that catal yze& KR, F"ﬁﬁﬁ’f‘g Rergpds & ?sgcglf’ﬁg%g SPPETE S g B Sn dis
bet ween cyst ei mvbservetion dhaesftend Hofticril pmplt gansmag with eyexprobsn viRpoptrepdingdi sul phi de

i scerase i g rglSase Jrstg%alg&lméﬁeemmmmgp oeaa}um@tmegn 14 orlidiEmdyeconbi nant
10 protein. The host cell used in the nethod Héwagr esent |n¥ent| on

produces recontf st ﬂ‘iegﬂlai‘iHF“ﬂ@b‘l“%F'ﬁ'ﬂ%és"&‘ﬁ’ase fisrhas  SIERNGARY: o i nant
di sul phi de i sorneefics enpons the purifestion ofshegmitdih.cant proportion of contam nating

host cel |l protein. sigeaéwtﬁé&& ot hER e Jaremé d@&%ﬁ&%&o& bdEsa@f€lor

cost-saving neans to rénove ft reco nan de i somerase fromthe
recombi nant pr k@cttherephie aﬂ’é‘d’éﬁ’ﬁl Y PHGE des thdi Sl PH 8%%‘?’&%%“3?5(953 % DshC,

may 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 or a pH 0of 3.5 t0 4.5.



15conprise a histidine tag (his-tag) at the NN and/or C-term nus.

The histidine tag i s advant ageous because it allows effective nonitoring to
show t hat Dsbe contam nation has been renoved fromthe anti body or binding
fragnent thereof. This is inportant because the presence of DsbC can be
difficult to detect when using polyclonal sera raised against the cellular
contents fromwild type E. colt because 20 standard polyclonal sera tend
to be poorly reactive or non-reactive to DsbC, and so are unable to detect
Dsbe even when it is overexpressed at high |levels. The presence of a
detection tag such as poly-H s ensures ?hat t he renoval of abundantly

over expressed DsbC can be nonitored/confirmed using sensitive

i mrunodet ecti on Wﬁ&'&ﬂ%mbddﬂneﬁttﬁyp@f&ﬁ&ﬁ@t @eﬁ’@é?rﬁ}le%?&imct Ih%om@ﬁﬁmt@@nt
di sul phide isonerase is DsbC bC IS agro ar%/OtICRa?t%i found in

the peripl asm 8f°B edst "\Rﬁlpﬁ‘ﬂfF“’(‘?B(ta&f{ﬁ@gWW@‘e Sr MREiTERors P B8P de bonds
in &coil. DsbepHas3 afleals adganagdots t6 g@tigineeand shgtstpaafion2B Gcfrbvehtiib®g si gnal
peptide) and a, t. 6 KDa (Uni Prot No. POAEG5). DsbC was
first identifi e Sggyfg%i %t%lng&m "ég%gc% al. The Escherichia coli dstiC
(xprA) gene Sencodedloneysarhiist aBnP3 prrless ateruifably &1 weseipitaingiihe BFYG pieteinond
formation, The frExNBth@bmmkxtmhomﬂ&s nﬁ@al&r tthle'e’@éb?vfo%Qa& ofh&%dtlbam Shevchi k
et al. Charact gL lza Ertvinia

i 0
ehrysant herrit %‘Bg %’sgf“ﬁgrﬂmc%%’?g’li‘f’?’ \A']°f%°8]"§{ilw$?"cfé Pi"g'}}%?’%? AP Fi vity, The
Jour nal vol 13grenasi8¢redp2007-2012, 1994). The DsbC protein may conprise a

histidine tag 10 ¢( ; f d USil de Lhe
or edi ct ed p| of Dsh Tmlssths gj-gﬂ'na?‘BH tfd?%remi) ta‘?idéj{hg hospcélleJmlﬁk 1l depend on th

hi s- tag}ee &?Phsebc is
6.3. The pil%f sRgeifig H’E'B‘fdﬁ °E:%’i‘Hb°déf'tﬁ"l§Eh°éR"é*EFdL?§ fhﬁ@e"af'ﬂwrpﬁ'éw“ seBSrercial |y
avai | abl e and foftﬁesahé)mphbh'ble\@nﬁﬂfrdn‘gﬁr es and on-line pl prediction facilities
such as ExPASy Prot ei:ns cipitate
if the pH of the so ﬂ%a?{onﬂnepg%uéfgg lfoﬁlre%%e 1 xglﬁ% Qflegﬁgﬁ g(tr:ggé’}eglp gWever it
can be seen fr 6WPImigfhePracessh &t oraeybﬂdmmmﬁwefmm@ber@?ﬁt sk paRigsy© #ee of host
cell or host C@}elnplﬁ&%ﬂﬂ&ynﬂghmr@@&usted to pH 3 does not precipitate

because t he quant It QD§ € me% c[]?;I t{:erq%ssu naenqi]:);% g\e hospce.llpsl_luf’lﬂcill ?%}Et%nt

Sur pri si ngl y, it has oun 0es precip host cel |l
sanpl e or extrd@tecftmrbebﬂd &t Che lovsnpi, |f@ﬂenvg1ple@0ﬁm§§nldpﬁ§ f@s’@(}ult@l@emdect ed to a

pH adl ust nent PthE6etork b@x’}m@'ﬂut@n@ fﬁﬂhgrﬂuflﬁ&%ts’ggmémas @Jntrif@@tld@sabﬁorl S
n
lyds

preci pitated angd can oma reco ant p i nterest,
as shown in Fi 8‘8‘?“8“ PR ‘&;E“g ﬁbrferfl’ pI'F Pﬂ%’“%fmﬁ B51& '1}{0) ﬁl’%a‘ﬁ ™ r om t he
predi cted pl ofGegerghy dttediont, celé srttiomsr BeCihensblatill piiheld far @4 hbyredr e, &l | ow
preci pi tatign Bé@!@r%s!‘@%&ur@&'léss S AR & 1, 2 Btk Rfels, | RAF §9ss, 33 Rbideli§ied herein,
a "reconbi nant pot ptide" refers to a protein that is constructed or
produced usi ng ?%&%ﬁ’ﬂ?tﬁsfﬁfesmﬁ“‘frﬁﬁﬁ?{&sbgy, The pol ynucl eoti de sequence
encodi ng di sul phi defiesopbiyag ehe Mthodbef thed@rnrbtios &l pH mag forerahiferoaisd pequence
encodi ng di sul phicdeg bFPEEEJr@&?fJnﬂé#”Q shifde %&E gr%éeﬁsgnggx%|a§furtﬁirtp€.fffb§éohve| y, the
reconbi nant poly nucT ot e Sequence “ench hide | sonetase is a
nut at ed ver si oﬁoré’Famﬁ’H@“VﬁcP‘dPnte?H@/“m‘moﬂP@mnﬁﬂrﬁh@é‘@@“@ﬂ‘h‘ét%’é@rg‘@buence f or
exanpl e havisng a r esdpra) 61tﬂlOiﬂethdt(ﬂ3tH’eQ>l‘H§éﬁ8dwenh6h ﬁh&e@ﬁﬂﬂﬁﬂbmmhy shishleei n t he

di sul phi de isoincrase e restri eaned
and/ or a Se(_ll'lert]e(r:‘n era ure flar exampﬁe lﬁom {ngeraturg1 c]suc as 2(? -2 o (%r re,(f‘ 9'3 te %’atupedsu

nucl eot i de seqlhéﬁ°@e 'ﬂhmsum@b tprppetainee fmgessfemerfbmrﬂtelmﬁmﬂ ylcb’ﬁfo%)\n‘?aﬁth‘OSEQ | D NO
11, which encodegg. the his-tagged DsbC am no aci d sequence shown in SEG ONG,
U 25 1In one enbodjnent the ta consists of a rote inwth a
nut at ed active si tg‘lhf’éﬁ’f’sé@eé‘ﬁl"gg' H@"t% aﬁéﬂ"@en"r)&tr?cgﬁ‘fﬁop e14H NY,
SF, M, VI 130 SkhrfoRfed usifg aGAsuitddi, ag6lt capAdle oPSiang(Ph, thepH. ERmpRP of N_tableFl_ FL,

LL, VL, Q, LQagents are glaclﬁr 509{0 Loy, S %dr&tndet Q&hﬂ?%&@i@ of trfs hﬁsep RS ent

|nvent|on t he net hod rlse@ﬁfturln host cel | Ietransforrred
with one or mﬁ‘é“@}?ﬁ?’bté%’?%nﬂ%ﬂe?@f%ﬁ‘éy B W wgabéf "S@e““la'é‘%f‘oﬁ"fﬁi *ﬁé? r bt ei n and
a reconbi nant di sul phide isonterase. The sanple may be at any suitable
scale fromsnall-scal e production of protein to |arge-scal e manufacture of
protein for conmmercial purposes.



in one enbodi ment, 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-functi onal anti bodi es. The host cell conprises a reconbi nant
pol ynucl eoti de encodi ng a di sul phi de i sonerase which nmay he 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 ynuel eoti de encodi ng the

di sul phi de i sonerase is in an expression vector in the cell thereby causing
m ni mal disruption to the host cell's genetic. The reconbi nant protein and
t he reconbi nant , disul phide isonerase may be present on the sane
expressi on vector or on separate expres§|on vectors. 10The cells used in

th t t t t Mbst Yy, th
o1 aro E coll S8 Be80o L RO HEn I GRl FL CHORE Bt

genetically endgeseered. E coil host cells are nutated strains capabl e of

pr oduci ng T econbi nag, LGk S ke oHE o SSATA Uik BORleGRkos MY b

derived fromany sult coil strains 1nclud , 102, D11134,
Di5u, Dill, Blaeprdingiothe presentpisipsiyg andnigr ?}menalﬂlﬁépfé‘itﬁ%ﬂ“é"q rsmfrza'dﬁn WB110
(ATCC 27, 325@) aheCredaTBIRdnY disiSdle NOSErass il 1hd purifi@fion” & G GERIPAGE pro@ih GERisa
fernmentations. angg es,;&l so include nodified E. coil strains, for exanple
met abol i ¢ nut an d'protease deficient strains. The host cell is
genetical | y engi nedlisphide ispneseia dseenreorymnitienantyzditeupphticieand Sreskegeane. Host
celI's which progdusgdd s&,@sn‘eetw@ent cyglaﬁweamesi%vmhﬁolsr&elass 8 Hef fRar tprstaharl y
20advant ageous because P § ce OL% econbi nant dLsuI hi de

i sornerase nmay YEEYE 's"é‘Ef“Fe s yaraged i 5“551“5‘3 VBN FEREHRLOIPOERTEIAY of the
reconbi nant 1Qr gkedim. The host cell ubed imthp methairof édl pesdpoidyembmtprddives kostinge| |
conprises a po'ed:{s@l'ﬂﬁ!iee’g&ﬂeg?e a%@qﬂé}%@ :ﬁ@.%& oGt R .E@rmase%hs?}tutek QC' udi ng

hi s-tagged Ds according t he present
i nvention nay CiiFans eropprion g cms?r@narluﬂ P%Fe"zrsgf@ﬁeﬂhe Pffﬁem frvensen Bads.
I n one enbodi mprtvided HEmO1 S teost-Sdving RHhs Iﬂﬁmo\reeldue@ﬁlbmrmﬂﬁaﬂﬂeammrvset Y,

uher el U he. CellonGRIBLLBER: ol HeotoTaR, RN ANSANLNG .y ISRPLAL! 0 haVi ng

reduced protease actl Knoc ene or “exanpl e,
t he host celd HﬁVWHaV@“W@ﬂB&@®4%§ﬁﬂB@bP@WﬁCd@WFW%ty conpared to a 30
wild-type cell. Tsprug aismekwd@ﬁageaue)mh@e a and“eleﬁemp&mrmbxa@m hofr Ot ease.

The first k P P8P3
e rirs nOWqOB?'fFE(E ag‘-,éo loneﬁaglt%\%sieﬂ)svréfi %lgan *he aj lbtogy lgblg a e% ( )

(Determ nation va cessi ng of
peni ci | |i n-bi ndheegf. pTlmtlmmpomanbbeCEscmepm@m af B&C|can belfﬂﬂiNd@fasi%twaWNn Sakagami

Y, Suzuki A S%ngbolﬁlonJﬂ@ér@raﬁed L@afngtﬂﬁ cglilulanJ cﬁ%ﬂtts GomQbitd type & coli because
Nov, 171( 10: 5890 3 d onin c aracterlzabF on of the

Eseheri chi a olsfa"d\"ﬁdpma'élﬂ'é" i @H’ 'i"g’glp?ﬂ%él"i?gﬁe PhRTRET R RSP PR &Y ng of
peni ci | I'i n-bi ndinskp tpriertae DsbBevedavhent is Yanwpossal i highilgalsHThe presengk. of Suzuki 11,
Ni shimura Y. Ziet%ﬁﬁ % éugll as 53‘12%8 Aﬁge's i]th‘?lhe’ rérc(vgd%} ab%ggiﬁﬂ)m;ﬁxpté%d b§chaS | at er

di scovered that t he I so able to cleave ptiage tail proteins and,
therefore, it W&S°W€ﬁ%ﬁ§@m§§m$ﬁFFgSﬁ§8FFWEmP#8F§ﬁ§Em@#Sp) (Silber et al.
Proc. Nad, Acad. Sciha ptdfofed dtbodifbnt 2% edoh®iQad} disulphide isomerase is DsbC. DsbC

25 s 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

"7 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



In this enbodi ment the cell has reduced Tsp protein activity conpared to a

w ld-type cell, The expression "reduced Tsp protein activity conpared to a
wild-type cell” 10 nmeans that the Tsp activity of the cell is reduced
conpared to the Tsp activity of a wild-type cell. The cell may be nodified

by any suitable neans to reduce the activity of Tsp. In one enbodi nent the
reduced Tsp activity is fromnodification of the endogenous pol ynucl eoti de
encodi ng Tsp and/ or associ ated regul atory expression sequences. The

nodi fication may reduce or stop Tsp gene transcription and translation or
may provide an 75 expressed Tsp protein having reduced protease activity
conpared to the wild-type Tsp protein, % one enbodi nent an associ at ed

regul atory expr E:Isstsa )apth?ﬁqaq]?prc(etrlmﬁmrsmdl fied to reduce Tsp expression, For
exanpl e, the pr ormF p gene nmay be nutated to prevent expression

of the gene. In a prhefesdiciedipleatiistlt iverTtand He peedicted plod disdrigery BsHC fisfe3- pr esent
i nvention carriggs ppofw;oet.@gn ifesa?edgeaas.@rmmtm c&nJ&@alQra%I%l@anb%Vé @9 reduced

2. 0protease actiyv]|t c Qut q%eEA Preferably the
chromosom g  Publics “"rs @15‘198 Ped’r{p’B‘?‘“‘?%%‘??ﬁsrf“"g?f‘t WPrerafhsi rabl e to
reduce the pfoteol yBotsinOhaype ofpeitad so @écipitat i rhe il ofthmﬂ@fppssestthmm tieound t hat
cel I's 1 acking pg of fa5sh! GosBRN il APONGSERS] Hies SOl of G g ari LY.

Tiara 0 al isolated therrnoresistant revertants containi g ext rageni ¢
suppr essor ( sprijeesdfreg Pidng cellpirow celbgxtract whenradiyted| to pH fope®t Beciniele, 2: 63-72
(1996)). Spr |s;e@ﬁhe11&3q$£mtyrmntwanm mediaﬂaﬁmwimnemprs%m@ @pgd t he
substrates of spr are T\/ Bb nd PRt dtogw}}/canﬁo nathe Quier, fegbrgne

i nvol ved in cel f"f adrso y s PER PR GMER | Togh TllsTBR® OrisE ™68 ne i s

desi gnated & lgnmP!SmgKBybsb\m@sDFhCots SFWW@WO (aSPREDGIN e}, tOI‘Wpr"'@WePéﬂ pbrot ease

defici ent straispgiticAmihdusd d?%efﬂdﬁ@ﬂtpre&&iateg%ﬁlﬁcahﬁélfe zbﬂé‘cﬂfro%pa Q@&rﬂﬁdakted Chen
et al ((Then C, Snedecor Ni s |%¥ra | C, and Ander sen

DC, Bettershy J& °"tﬁd?f5’i°sén"s RIOP™ 8} T3susch n’b‘i°°%‘i“%i£db‘s “%Gﬁsﬁ‘%kﬁ? P'%d'%éf(%) 463- 74)
descri bes the denstdiaedinl oha pbtel, suctoas| DsbE,rvetiangH Gaequirédntg ablaw pregimation

conbi nat i ons offmm]a?hogg;,pstabgggtektgcmeeeoﬁTsp) and anot her protease, DegP,
created by amplifying t upstream and downstream rggl ons of the gene and

ligating thése togebhised 't?f?‘"aa veremypanteabpeRtids” iifers e 2 ettt ieRErLedand a
sprWL74R nut at ioe profudedyiding @x¢enbidM@NIUleans|6gy. Qhe jlyhatotideisamtrice erbdifgody
fragment in th r mut ant

( ADegP $Apr c Sgillswﬁi‘aﬁi &ﬁe{rsﬂe 91%* Eesﬁ&?ul ?chln%qﬁ%l\r}oilsr &%h& eg%%ﬁﬁg dlsm}a desequence
of the spr proti®marases fogrhih binP“SEQ"? D ’.t'l‘f‘ﬂlﬁtl‘@)’vmﬂtehfef"r‘?é‘”’é‘it gPthnudsstdfence at
the N-term nus sajuehck ek Ik &mnpmevmhmut lstm&utsuegnalslo.sequenﬁm e 26 am no

aci ds (aCCO?(PI dgsultgﬁll Ui B ot ACCGS?I On N vmg a restr wtnc%n site removed 3 tﬁaCI d

de |som ras¢ sequence,
nunberi ng of the Ot er i seque présent T nvention i hcl udes the
10si gnal sequerﬂ!'éOdlm%Uhmlm@}b 9lsullthhie lsamrmwamb@ the reptricti¢resitg BeoRbmex ks n i s t he

first amno aC'rQn&v%Bﬁd/&QO%@mhda entedink @ Mg ddted. An exhiipi@ nldbikibEDswDOdI ment

the cell conpris ene. The mut COdI ng a spr
protein rmay ha\}‘éﬁ%?“%e&‘t"f‘%r{“a'ff‘a Pt Y eRtio %’8‘”&5\‘) %Féyq@gﬁ% Yo ont o4,
595, V98, " 11. kBcoddd1i83js-tafk8B)sbA drliddacidGiqhdnce dhodbin SEQADWD742. Preferably the

15 nutant sy gene HREOUAS dithert Riie rPJt&?& BLH& Jaﬁs\z’&sflﬁa%swmklnthaatm%@d or nore
am no acids selected from C94, 595 [ 35, 11145, 0147 and

11157. Pref er afffire Sth@RTightehpY W%é’ﬁ@“éﬁé‘o‘agg GF» @&Nﬁfrﬁé\% VL §Hng a

mut ati on at ONERFOFA, N, &1/ G, A, BS; IQAS S ', FRePH, ad, Pfu;mmrﬁQEL, VYO@L, Lgl15, 11133,
V13%$ and 0147. The S _ar ow h
phenotype of a cel IﬁB %%}O&Q meﬁ’ f%@ﬁ%’)eﬁt ik nﬁ%}m’g %?Od%ytrcr%?peg{)f t he
am no aci ds C9sultusioga hcvge" €5tfa"49rm3‘?3w'ﬂ\/1135f m‘lfHWSS'@l"&?‘OfS e Bnd W74
may gle rm}g aged r&c@manaht ﬁwﬁmm ﬁreébfﬂbm%taﬂﬂpmll&ﬂeﬂéﬁsqhé SmbR nﬁyﬁpit afy gt $| n
capabl e of supp t e _phenot i Si a ted Tap
gene. For exar‘r‘ﬁl’t'e“E H’SF&“‘SP%Q‘{? °“‘\/§'§8""\?‘1T n%% Qﬁc "Vié’ Py be
nutated to a srfulcbmaemlnkpu@osed such as (.31ly or AI a. In a preferred

enbodi ment the spr protein conprises one 25 or nore of the foll ow ng

mut ati ons: C94A, S95F, V98E, VI 15F, D133A" V)35D or G [1-1145A, G t47C and
H157A.



In a further enbodi nent the nutated spr gene encodes a spr protein having
the mutation WTtIR In an alternative enbodi nent the spr protein does not
have the nutation W174K. 30The designation for a substitution mutant
herein consists of a letter followed by a nunber followed by a letter. The
first letter designates the amno acid in the wild-type protein. The nunber
refers to the am no acid position where the amno acid substitution is 14
bei ng made, and the second |letter designates the amno acid that is used to
repl ace the wild-type am no acid. Accordingly, in a preferred
enbodi nent the cell used in the present invention conprises a reconbi nant
pol ynucl eoti de encodi ng DsbC and a nutatkd spr gene, as 5defined above.

In a further preferyed e diment the cell used in the prese .nhvention
has reduced Tsp pro é?l‘%e"gg‘g‘?‘w’twerﬁ‘l} BPEH 178 280G ge 'teﬁf’ﬂ@‘"@ila'pltbgéﬁﬁ conpri ses
a reconbi nant preeijced dibie ot inchecedl mep bl agxtds bumtichakandmhtretbnaipntigdiere,  as
defined above. In ofg RELAHI dEMsed D EectihanC fidnuGRIRT LisGhgs] o@Hpided. DegP

gene encoding a DegP 19 protein having chaperone activity and reduced
prot ease acti vi BYeEFyiah mey RpPraer@n petitaliesraressiph avckr mamshenefintthetr!lnt 1 gene
encodes a Pr®t emsd6r ihtbdratdliftd @ Roshaisghome drrefedblPihe p@AG&ectiad dnvdding t@r 1S a

knockout mut at eg. pir gene andior, 8 mitated QIRL dene,. wherel nithe mtat ed
OripT gene encqc':i' SUAROBBT oot e R havi'Rg  r'edlicEd "prot 648 ac’t‘_|V|ty or is
a knockout nut atdigsepticniyTthg bese cellfsngeames. eFitsodiombinent phpteirhandt thes iebdmbénapir esses one

or nore proins @siphal sefGase may be preserf®RE B safReRprR6iOt GLclP of 3R AHaRieOf
facilitating protein fol ding, such as FkpA, Skp, SurA, PPR and PPi D, and/or

6one or nore prOPEFH"EEBEbl e of facilitating protein secretion or

transi ocati f such ds S8c¥sedSecths pSen nvGeaYbE, grédeoddativbaaderialFt Mot and Lep;
and/ or 200ne or, L, RE.CLAL B £a0ADHG. O f AL lekdrAkh NGl sl R dgesbond
formati on, suchpras_ be.IlilalsbAe eDsb13, Dsblg‘,ﬁe Désigoa el lﬁtgues o? nor e Q?‘n t he above
proteins may beSePsitadlyeaginsgred ntlo ce/héost &9l 4 GRAEHETR $ARIPIC i K PEVFEE i n an
expr essi on vectmdombinant proteins. The rechriibi@MEE. €4l Adit reeint mdyhie deaiedd fead knydoes not

conpri se reconmbi paNt: RO YIS &RAd MRa100, TG, TG2, DHB4, DHS0, DHI, BL21, K12,
15 XL1Blue and JM109. One example is E. coli W3110 (ATCC 27,325) a commonly used
host strain for recombinant protein fermentations. Examples also include modified E. coli

strains, for example metabolic mutants and protease deficient strains.

The host cell is genetically 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;



25encodi ng one or nore of the follow ng proteins: one or nore
proteins capable of facilitating protein fbiding, such as FkpA, Skp, SurA,
PP | A and PPi D one of nore protein capable of facilitating
protein secretion or translocm on, such as SecY, Sea, SecG SiDeYEG SecA,
Seel 3, FtsY and Lap; and 30one or nore proteins capable of filcilitating
di sul phi de bond formation, such as DsbA, Dsbfi, DsbD, DsbG 15 in
oneenbodi rnent the cell used in the present invention has reduced Tsp
protein conpared to a wild-type cell and conprises a reconbi nant
pol ynucl eoti de encoding Dsbe and a nutated spr gene, as defined above
conpri ses a reconbi nant pol ynnet coti de ¥ncodi ng Dsbe and a nutated spr

gene, as defin abov and .F|] epA 5an r..S c i nant

protein pr oducggg Hg Sf‘]f‘i‘éa%{’%ﬁﬁ’? &Q“F'%éHpﬁg'ggnp“?tﬁven{ Pa&tﬁr"ﬁs%pl cally
expressed in eNohe‘rl(ltth%thqula@ne ofapitgeanE chapgkrizatimsdf thedlisthexiphiajcalit he host
cell culture syge Lis md&ﬁ@ﬂ% Egmf?aﬁ‘pr%élﬁmﬂﬁﬁéﬁn@nllﬂfbn{dﬂg paremtseharaand t he

scal e of productlon or targeting grotelns to thes

conpartments afke Y\ﬂ@?‘l‘m‘kﬁoma‘ihﬁa“f Re Sugki H.fRshinyira Yo J Bagserioly 13%1eA‘|‘3aIIZ?| dcs,

M cr obi ol oglscal(lsmem but]ﬁ%,lateﬁ@nscom-tm&e TEWIS@SHGB cBatk plaulgt @il Si gnal
sequences to dir to the pe u the E colt
PhoA, Orti pA ? rﬁi t?lereeflo th&_renarﬁed rl‘anQ%pecslfren Iﬁotease g’[‘?pcilgérll(l)) gﬂrl]éﬂﬁcay be
targeted to thé‘aéu’ﬁ@r ﬁﬂatlbi;m 890995r?é991i9??@ on the natural secretory pathways or

by the induction off kmsranﬁmlnénea,k@aﬁmpiedacaﬂsp foftn da@n@rcamrem a:awe protein
secretion exanpl es of _which are ”1;,he protein

A | eader, the OBRSHF G cHHesypn H&%’fegrfBBﬁ"f‘?'“raéﬁ'Vété%m'Bth“éi“
m t ot nyci m HWdueeehs dacheTipactivity pthead é rpiucid@pmpagekd dntye \deqtl\tlthef iawltbh tion of
glycine to t hetﬁ)ULéllurTﬁe %%a?%l %@(ﬁﬁetd}%? am@mfe%%sqpre@&e m@‘ictgﬁ)nﬁﬁsgpr menbr ane

perneabi | i zati on. Most preféerably, hods,__ of, the invention, the

r econbi nant pr &t é’i‘ene"?b§d'@i”(5r‘}§s'§@ﬁ°dl Fﬁptaﬁ‘é’“bésr f"?i‘l‘ é{@ﬁﬁffﬂtm[ Riethp Gie8E0Us ¢ o |
20Expr essi on ofpolyhielestide axebdifna mép ﬂﬂﬁ)i Bkdtiatel rdghiatofy. ex@@ésion hetménce:sel Tie may al so
be under the c n 0] A J,on of the
reconbi nant pr %%Eéllfgﬂlm%ﬁﬂeduc{g 8% d’r?é‘z %Sﬁrtrag"g%\ﬁr%'tg r'g{%)éné an | dﬁ%;s bl e

pronot er . y ekmiviesd iTe erojsindwtingereduced protaase ectivigr coreereq e the Wilbype TPe wel |
known in the afptotedIdn d&pﬁlﬂﬁﬁuﬂ&t mszob.ete@regrmrﬁexpremrsa@sﬂcen naflifitd@

recombi nant pr Ot el n1"s £x ressx r}g)r exa?aPl ?e\é)ar r theCItsoreSnetth%g%e ﬁi%m%‘ﬁgprrgaﬁhlr:’:’ €

or the 25 concen rat ion or: a par ance rowt
(Baneyx, Cur r emtevé@pixpresyion; of tBj mnec Iﬁn@)b@@yed mgmemhwi M@@mgG@Itlﬂst ei n and

Doi, 1995, Bi otpeegéamlvenﬁmwrfs@\é,m&ﬂal fsg)geneEesedmlg%STéafprétaﬂ'lﬂwnlal Bdupddonot er s
include the,E.coli toe rTg WS’% 8L nduci ble with | act ose
or the non- ?‘%/drpfﬂteﬁsfﬁﬁlvgy Fr 8%‘8‘“ Fﬂ ;rs" §°%%pr ‘m}’s 'bhi°m°s°ma 5p gene

t hi ogal act opyr anwsiatdle orreo and t he phoA, trp and araBAD pronoters which

are 30 induced by ﬂ@%&hﬁ&%&(‘b%ﬁ’&ﬁﬂ@%eﬁﬂme thradRteARd ﬂ?&l&ﬁ’ysi‘é@ﬁ&&&ﬁs‘ vely.
Expression may he induced by, for exanple he addition an inducer or a

change in t enpéf &f<tf'e Rerere ‘ﬁ yadepd grt ‘iegs 'f“&ﬁ‘ééf%ﬁ‘ﬁrpé" ﬂ‘éﬁé‘f‘fﬂ@ﬁ?"sm‘(ﬂ]er e
i nduction of reewbhtn@ntospsledtei HaexX pré Sl thadmordsistaat bvataste chwaitilpe addi ti on

o a0 AUCR . Ederky ML N bAGEE: UG AIGh B0, il 201 €

met hod depend| n tation stem and the Inducer. for exanpl e,
by single or %ﬁ)bl%rwbﬂi*kaemembrembomd PrPlasm g EatRazel anch the PGS ffSPS nducer

t hrough a feed.areltsp Wdlpkptidsy @M GP6E &k theblate idvBREEn BRAYwWIyBolge dyindet ween
the addition of eII hdewslloqducﬁ)e sarpdgetnpels c?es:gnaled as 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



5 induction of protein expression for exanple where the inducer is |actose
there may be a delay before induction of protein expression occurs while
any pre-existing carbon source is utilized before |actose. E. coil
host cell cultures (fernentations) may be cultured in any nediumthat wll
support the growmh of E. coil and expression of the reconbi nant protein.
The nmedium 10 may be any chemically defined nmedium such as those provided
in Pirt Si. (1975) Principles of Mcrobe and C ell Cultivation, Blackwell
Scientific Publications, with nodifications where appropriate to control
grovvth rate as descrlbed herein. Art exanple of a suitable nmediumis
S. MBE' as described by Humphreys et at!3 2002 Protei n Expression and
Purification, 26:309-320. 15%Itur|n of th st cells can take
place in any sdPeBIdn 854TSR 8 2nddheE %P8 te‘ﬁ”éwhg'r‘“ga{hef@ﬁ F&ht er
dependi ng on t hwed mhte:amfregpmodum geoenanrlexgwngeldse th@thérad R veasrgemprisag e
fernenters are sglyc"i)ibrl ﬁlg‘s %r%V lgﬁ?ﬁlﬁth&o}{ (ﬁigh @Jlgcc&rnﬂ%lo}oppgcdrﬂﬁnraﬁs up to
refera to

about 100,000 litres en-nutters o 50,000 litres are
used, nore prefisibapy ffaemegdnthe eermbsrmeblfse’re"g’za edigequirtsagEple-mant| (BPeeBc o] o
fermenters may @}csspmhen.mwsdsu\mth a ZOCapaC| ty of between 0.5 and 1, 000
litres. Fer tatio table
system for exanplrrgﬂ’ chfi"tyH%m'%o acfs Sf%’ﬁmg?%*' Yo rgttelgﬁs Y dn ?]i:ﬁl Ty |3Cl ngo/ ani ,
2002, Trends i nvidithet sghhohwey,at 20:NFEGME BN dePehd) NG: lénVlfbmé thersigneli n ari d

the yields requiduefe oB3 Shind RS (Mdlﬁketo otﬂc&é@sn&%b@dﬂm@wwsﬂ@f

nutrients or inducers where requir Alterntlvel laéfgtculture
may be used and’"‘l“ﬁé’c'e lﬁ‘P’P?fF‘%gs°fd'i‘°0§thrP‘ﬁ‘"l§%ﬁ’E‘ﬁ° fPotBeep' "l"f’fﬂ'ﬂ'&f"lcﬁ t he
MaXITTIITTT 10 Sp@ﬁ&lfstqﬁenge‘ oAdedrdingly, ghetalnitb acidn obthe spmto&lnrietﬂe tisi mgnd do@d nutrients

initially pres 5 H?.%E ghR@NtLer and one or nore nutrient feed regines
used to controlet%% 9 brat until fernmentation is conplete. Fed-batch

node may al so he usled fpff'@tfmmﬂ@ﬁqté‘ﬁ oflb CORPRIES 3 MUAFE SPRefeRfh AP BRPB Pt he E,

coi | host cel | se@nglcddmgalshopotéih @hj&hav@@hﬁutaﬁﬁxﬂ&l dnt &Smdre ai@o hedGEleded( Lee,
301996, Tibtec 981 i
subj ect to col I%f-’ %ghééfg% :[YHS Pm b % l?ﬁgnélﬁgc}“w%d%k ﬁghl’aﬁggﬁys may be
col | ected fRrommust 8 gpleenisgesciestt pokindaripgpp mufajipn gt o4 'emmzs? aming agigp

concentrati on. sblectdaafowml395,,v9hhﬂlsr&ilbrpdﬁsphlishewﬂammﬁsv OPrefRiaBly,3nd t abl e for
the |arge- scale |n ustri al ??g:ca?nu ac turﬁléof ant i od| es of therapeutic

quality. " HPT S BB RERT Y HEY AL %’8 RSP Gt 6" hé" O esent
i nventi on conprselses feemsI98 V98§ YId & 183, Mgiatrndéi"l4'af“ihe|5prmetl%elp ceppbleefl t uri ng,

foll owed by suspgRsdiRh rov&m,eﬁ‘o%lpééfalm &%gﬁé.ﬁgamta%ﬁwsmnﬁxtractl on buffer.

Followi ng the step turin

extraction tb rel ead¥ Tﬂéreﬁé@ﬁgﬁf‘%%fﬂf Cﬂ‘i‘égﬁlvﬁs’f‘?] Srﬁ#e%ﬁ%?sflf 9&49’ The
extracti on may Hé7 perW v meg bdxyutaeito snyistigable @mime hididehisiuehltsis a geiptotdingsi s by
nmechani cal or RLEESYE @uptpregfhg %ﬂﬁhenowpgsw bl 8ot Elﬁgag HRftd Tgpsgaatl Goshock,

extraction agents or heat trea Such extraction neth 10ar e

wel | -known in tEnRi pne or more of S|9ﬁ ‘é?%?’b‘?e?‘r%cf“%%d?%ﬁtm“&ﬁ é?(f‘rs‘a?,]h on
buffer i s addehniim atileucs anply @r AR i I@efSaAPINBodingent theespr Botbih eabeidestone a heat
treatnment s t t S p Y, i.ped in
detail in U 506538 0221% f?l ohf mrr?aqg Sé Bm%thgggﬁﬁkc%@%%?g?g% Egr ei n by
ref erence). Théﬂﬁ%tmﬂ%aat’ﬁéﬁﬁ step makes it possible to obtain a sanple of

solubl e, 15 corr echlayfufiet slﬂsad.a@.d tRSE@ET @d géliatehdaﬂwki spypr&amhhuntgam ng the
renoval of other ant |“plc}gl¥ prrectly

mat e
f ol ded and asse"% i'S SHB\% E “af‘ﬁe e'Bkl’pgé'ée ge St p'élt%f? ng‘TS “%3‘“&

correspondi ng trm!t&tlh'ewémect ed m)l ecul ar wei ght for assenbl ed heavy and

l'i ght chai ngg on nonmeeasyrgammgféu%ud?ﬁ% ngiahﬁﬁeré}mohmctyaﬁeakﬁ%mem grial will

typically be free heavy lig chain or part thereof, np%l‘tl 3; degr aded
fragments of 20‘8’6"?’@‘8‘1"?"? tTyo‘l lﬂ'ié?& M'ﬁé%'ﬁ%ﬂg@&sﬂﬁtaf“%d? it the wild-yp he heat
treat ment step praeipelht ouniteckefoy tSibidn@dtacid Goditvd wharahk emib@achi sliessiutieds el evat ed
tenperature. Mst preferably, heat treatnment step is performed within the
range of 30C to 70C. The tenperature can be selected as desired and may
depend on the stability of the protein for purification. In another

enbodi nent, the tenperature is within the range



25 40C to 65C, or preferably within the range 40C to 60C, nore preferably
within the range 45C to 60C, even nore preferably within the range 50C to
60Cand nost preferably at 55C to 60C, 58C to 60C or 59C. Thus, the m ni num
tenperatures are 30C, 35C or 40C and the nmaxi num t enperatures 60C, 65C or
70C. The heat treatnent step is preferably carried out for a prol onged
period of time. 30 The length of heat beamlent is preferably between 1
and 24 hours, nore preferably between 4 and 18 hours, even nore preferably
between 6 and 16 hours and nost preferably between 10 and 14 hours or
between 10 and 12 hours, for exanple 12 hours. |Is Thus, the mninmmtine
for heat treatment is 1, 2 or .3 hours 4ndis 20, 22 or 24 hours. In a
particul ar enbodi nent, at ment erfo 50 60C0 to
16 hours, and ?’em iAo é §bf°3?"‘£1 eg%é“@"?‘%frthe °a°f2t[’qgsu?ses°tt° gw Flled in
the art will 5mﬂd+e'psanammﬁhat tenperatures and tine can be sel ect ed as

suits the sanple lmca»@rﬁgw ﬂna%%nfemn&blﬂ»@ﬁ%ee&n%edcﬁ t&fprssm ,mmoﬁl n being
pr oduced. t he stecs) extraction the sanp

be
subj ected to ac%“fpé'ffsd‘f'e é'gt“i“}tfﬂffaé‘l eghife LAYAIBE DhG ta‘i‘daf |"b‘f‘?t°5r‘?'o$°"‘f c?sthe st ep
of adjusting t ddinpHboveThe sanpl e which is subjected to step a) of the

present i nvention s o dulleS bl AQSATR' & O KL ERRL KIS B0kuodfigOr di nal Y.

step a) may, for exa carrred ion conprising t
popul ati on of Freuged E%PI Hfgel@mw@ssqﬂmged t*?e‘ Wl@ém?t?Plhwﬁ‘tCOwPr@PSeﬁ scosibatt econbi nant

di sul phi de i Sommaamde dnbRing KT mtaamtatempr ke appkddabdven host cells

expressing the rec in ret. orn dISUl soner ase
fol | owi ng centri fug'h?'ﬁe(?%p%g%ﬂtat}’%l‘?"“f‘gﬁl? FREER T 86‘{1@&%\5816 e'l‘*fg egkel I's; the
extract of IOhe rpisjpbbdtg crpenfie dvtvity apdiefisedaxqaessiiviy altdb‘veametg@dmr grant protein

and reconbi nantygiis WeRRitdQ S QR TeRDfes fa0bbtoAM 0P pRteR Blidg AldudX bloRgdl ON, such

as heat treatnent; or
activity or is a knockout mutated ptr gene and/or a mutated OmpT gene, wherein the

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 profeins 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, FtsY and Lep; and
30 . one or more proteins capable of facilitating disulphide bond formation,
such as DsbA, DsbB, DsbD, DsbG.



the extract of the population of host cells expressing the reconbinant 20
protein and reconbi nant di sul phide isonerase follow ng a step of
extraction, such as heat treatnent, and one or nore subsequent steps of
centril bgation and/or filtration. Prior to step aj, the host cell
solution or extract thereof is at a suitable pH, typically the pH of the
host cell solution or extract thereof is pH5 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 pi of the reconbinant protein of
interest, Proteins may have a tendency to precipitate if the pii is
adjusted to or through the pi of the pr ein. Therefore, is preferable
that the pH of the sol utj or to .th dj ust nt St i s lL.ower than
the pi of the recor“b?’ﬁéﬂ'% %{h ??lluﬁedé%@ﬁﬁrese'?ﬂlgf“t‘?% §§Fﬂspf°r‘reént st ep
does not bri ngatikiey péth@Rdfto taheﬂdsubmbqllomdt@mgnsest hrrccunghnanheolmuclerftld‘i he
reconbi nant pr @il piie! afARBLE1 sir’gohd]Gs Blgn bf&’ abp k3 em'r%mmm oteinis

around 8, the p solution is prefera | ess t In 19 order
to minimze pr @%‘V'b‘f"f’?i‘ld? ghiodts PHE ané @ oPHiAt SRt geﬁ‘?’ 3t dgfifed albﬁ\é"’ é‘tdeﬁ k¥ | oweri ng
the pHo |ess taﬂimmsn>45 WI Il also pref erably avoi d the pI of the reconbi nant
protei n. Th el“hg) recq APbmant o?enr g/rodutc?_cli usmgﬁ% lﬂe&ll? (??Hf pre}senl m\rl]elnt(l: nSI;[ rength of

the solution it is in. ein in water
or very | ow i ofipisallytexpspsepdiin @b‘ffﬂemermnsf theak. d@lfﬁoeﬁélrﬂf ingthye @Heclkﬂulﬂwf a protein

in a host cell sxﬁ;@:’ﬂ'ﬂln@ dapenaxg 5@&5 nstmeroeqie pmsmsnerwanbuﬂreauc&nd ™HCPs. The pl

of u protein ts | ower ured pi of the
protein in wat 8%“’8‘& f?/’etf“&getl"é\ﬂ %eﬁﬁlt%t@stercérﬁb“f‘ﬁ‘erﬁ%‘f“f E’F Pk“laﬁér"rer?‘f)ta@ fert he pH of

t he host celd swolewtstedviaknidesSicrobiclbgitdhBevixwk, 1996, pl, 8263 bExamilepdf setabla pH of t ,
1,5 or 2 pH unigs, QeheaWs td@rel! prddins kb e p%ﬁ%'of‘ﬁ%n BE]Q&eeth@E Qfon pRJaST €St

rreasured in water or very low ionic strength I'n step b) of the
met hod accor di RJPfoCmRE SEALOTARHeae SGWe“W%eP’b‘F‘é%l“ﬁi P"af“égdte‘? Ecfrbi nant

di sul phi de i sor®e@sast bg reh@fganateadtutdl edietonepathesyd b bytha indpdtion ef Imied pr oduce a
reconbi nant pr ation
rdior £l gt ?eglga %‘%ﬁnge%gleﬁmm%%?to‘%)usé %&&ﬁé‘écw%n%%%fe ?&gmlcﬁg@gﬁﬁéeﬁgn

di sul phi de 15sofhswg/gdeaderhe P@S’BI"(‘W@{ ?lee‘wms?smmf bfﬁee?@r fileasa misted. Hias a
reduced quanti wtomc.;r.ﬁmsdmmm&mléea@k ﬁbtlenpfaloﬁ!gewmsmmdais\eocgymameﬂlet o the

guantity of r ecaﬂpe nutm gr{d tHﬁ Poe)éwetssmn gtnge %’Efen rf(;rorrll’ 0 ane ergfas'mza%lpr eferably

the reconbi nant proe n sa I's su réee of
reconbi nant di Mebtpphdfeiebly, whpem@yés Omhwmetmn, the feqoslblp@SBmlsineS ‘tthaflseds'mne
recombi nant di sdlpRtpladi® of BOHVRIEESA. Wi || remain in the sanpl e, which may be

removed by ater purificatjon st %@n The s IIAJp rson can detgrm ne if
r econbi nant “’di sul pHTBE™1°8 8hit Kem tlp?teé"[‘f‘ % ’shé*‘ﬁtce sy A peldibi nant
protei n sanpl e thespmgl ofed irddsblavebttm kytesby thaexphsioarf the Eombgwawptedy inan El ., | SA

anal ysis may bg ugedM.delek) bhe n{deaamomat Nﬂh,sm&me%mowsmewse such
as Dsbe An anti body specific for the reconbi nant™ di sul phide istunerase,

such as DsbC, ﬁwsewéﬁfgéafedv"ﬁo“en@hf &t HseRTaiee caite BrRIce & SBMe ase i s
hi s-tagged, sudfe rasmbainCploicint @g be dduanhby Mirging fagoraimich o tynperayre be thased f or

detectiion ofs e GRARE ARG A M AN Gl RLASY B5%y. URSL BRKLAY! Y free |

of , as enpl oynde cont suc
or 0.5% w w or Biaeshnology, 1999, jGyt1dal; (Q?WG'PMPM 9P Biotachnel Arqudev. tl i host ceI I
sanpl e or extrami) tER@h RQfof lifludl) pSheers tikivae Pl BRbl BicOlac, 1266 Fc bRbthrsas pH 3),

t he host cell l% ein Slcl ‘%] dce blrndl n?&%{‘{? eﬂq ) go roerf er e)d to as
"DEP") is preci %ff’g' JEP Ry P Y "r%éé%’r?ﬂ‘f’ﬁ%iﬁs[ pﬁp einin
thwgalactopyranomde (IPTG) and the phoA, trp and araBAD promoters which are
p
30  induced by phosphate, tryptophan and L-arabinose respectively. Expression may be
induced by, for example, the addition of an inducer or a change in temperature where

induction is temperature dependent. Where induction of recombinant protein expression is



step b). In this enbodi nent the resulting reconbinant protein sanple al so
has reduced 20 quantity of host cell dipeptide binding protein
(L/BP).Preferably the resulting . reconbinant protein sanple is
substantially free of DB?. Preferably the resulting reconbi nant
protein sanple al so has reduced quantity other host cell proteins which may
al so precipitate during step a). Preferably the resulting 5reconbi nant
protein sanple is substantially free of other host cell proteins.

The yield of the reconbinant protein of interest follow ng steps a) and h)
of the present invention is typically 75% or nore, 80% or nore, 85%or nore
or 90% or nore. After step b), te pH of the reconbinant protein
sanpl e may be a usted to a suit elther storjin e r ecombi nant
robein or for SR i Botthan Seb s S g e bset PO beiast B ahbn s

chr onmat ogr aphy suitle dietbailispdingoets Sushtytiontspeenpédd dfe itdoer, Solewdmpbmbean be

adj usted to m njpl ﬁremmrpe@ﬁa@aotdms%pb,ﬁ;grsdna@O(;d%Q BRI lyoREOl SN Gl | Nt er est

by ensuring that 'S not reconbl hant protein.
Preferably the bfomptsflatf%at e B beriinley W@be‘f*ﬁadéiaﬂ'p?f@eﬂ@uemnwf & o a pH of
5to 7, nore prrﬁfx@lbﬂMm’mﬁn adplreﬁs‘ion%rtemanﬁle wiiee t@ﬁ&ﬁnberﬁﬂ'iadt@qmbré ady v 4| depend

upon the propertl C pr ot in i n he pl of the
protein, and vvﬁel(,yh d) Ot '"Ju?( 1’8 oﬁ?mtﬁ'f‘ |°¥p|re(§%'1 i °8°n"rss"f'he“b 3 re'efoF"gbérb%'gsrofl ‘ed out . Any

sui tabl e agentlmmymheﬁusbdwbo adjust the pH of the reconbi nant protein
sanpl e, such as a bagg }ﬁﬁlcﬁpéu%esf(fe%w:ma%e éﬁtﬁlte@-tn%n)oﬁed}a’n{ bﬁatbrﬂﬁe

Al ternatively, the thggdgoes not rlse steF P gﬁ% nent after
step b). In thi"¥P &i° R f%eanﬁﬁfpbef s “Pﬂe‘EcBWB’ WRAPEBr JLePR Nl e may
be sui t abl el0f omag tberamg ehemR@llyodefitddem¢d@en wizh manitosq poti¢ddnin RrdSdr (1) one or
mor e subsequentpr.&@pmsckrmw@w ELF ehlillors BRkwall S SIERQHLIE Y [N Step

a) the pH of the host 'e or extract ereof 1s a &éste to a pH of
4.5, step b) campiirens v@eﬁqupnﬁatolceﬁwhﬁaw rqtet PAFHRd Berdn « MeePERYE| t i ng
reconbi nant pr of @i snitsbR| dddivenisaSMBE’ St &cribéd) by Sluinptedys b, ewbE dPriteina cati on

exchange chron%;égwgpmﬁgwﬁg8ﬁ956aﬁ:ﬁ?or osAlternatively a chromat ography

step may begﬁ rnmed exanmpl e pH or above, such as 5 to
8, in partibtular 6 uring of the E. col *F’éilcFlb\ﬁﬁ“ﬁﬁwﬂaEPp"B}Ysmtﬂh‘éc‘}“@@@rfb‘?hﬁéht protein
sanpl e may be shbRé ﬁfskeﬁfemqemaeieg&dlwtee feare bhREduieh kdglicat vvsmmsta@ps in order

to renove conta nts s |red ro s su ant i body
fragments. Typlgg fmwpﬁsaFégg |n %t fW“Ryoénmm'Lwaﬁ%Fhr 0P sﬁﬁmggted to one

or nore steps dfo, %ﬁﬂl@ﬁaﬂ’@@t@bhfyrmevmp’el 190 ¢ TH008 tigy amfuseémqsm%gblaphy may be
fol lowed by a sto8@ Pfo,00b lof i BE00 Alres. S GfidNeP@alBtGhHtdrd hhyPEIOR, usell @fth ktration or

ultrafilirati The_o o) steps of thromatograph nmay be affinity or
non-af finit 8ﬁ?8ﬁﬁf%@?ﬂﬂ%§pgﬂ§%§“Tg one enbodi nent the chrornatograph is

a non-affinity chrdimteagiaphif. stiepysuchfased mtanpsuiable actenofr pempexchange
chromat ogr aphy ‘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



In one enbodinent, in step a) the pft of the host cell sanple or extract
thereof is adjusted to a pH of 4.5, step b) conprises centrifugation and
filtration and the resulting 5reconbi nant protein solution after step b) is
then subjected to a cation exchange chromatography step at pli 4.5.

The met hod of the present invention is particularly advantageous when
non-affinity chromatography steps are used in the downstream purification.
This is because a large quantity of host cell proteins, including

reconbi nant di sul phide 'seamiest., may bind 10 to the chromatography
colums if they have not been previously separated. Accordingly, the
capacity of the chromatography colum tld bind the desired reconbi nant
protein is reduced. The separation of host cell proteins,_ including
reconbi nant di QhP‘iﬁ‘Fﬁ"ﬂ%“’PsB‘n@P'&@%’ i Bptaogs aksthe Hc‘é"“&%{‘paé‘bf“ﬂtﬁbleo r bg BEEquent
non-affinity chaBimbhag aphficeebiutitadiehiftlaapnte\vudies a faster and cheaper
means for purification eJge r a) of the
present invention, thf he ‘31(F21‘)e()((‘,’}61]tl t|tlﬁlear(rr%1(gnmm rﬁ%%t@ﬁhgtp%&em '?V%%%{ C‘Lm[}gifé%g‘gpmhl | st the
solution is hepﬂceatrlﬁtgbf@npﬂeroﬁle Btep pf Plétslsﬂ& ﬁﬂvwdé’o' SuwalrStonaﬂf thendelld BY ng of t he

protein i s reveddiodbahadnfaclisn vhOw ng t he separation of the pr ecipitated
di sul phi de i soner aiﬁ‘i‘ the

Ho}t] proteqrélsolutlon athn sted to a
pH above 5, prefer Qing Dateg Pl gripiyE, th‘bP‘etb By gnRTSe %Ste (§thaﬁ E t ot ei n may
t hen adopt it' seleaseitigi mainbiunk prewdindomnf ther hwsttcelb rilhe Thagtion 3@y bv@rfadried bhe | ow pH
hol ding Step PLgVs, ARk hébloB bl &l QR GuetRALH b ASind RlaunfchTRknd TPUTT 1 5,

wth mninml | ong term consequenc e reconbi nant_ protei.n sarrpl e provi ded
by the met hod 8fatpgRk opRasic shopk, iex{petioniagiits Op A3t frealsnty Sé‘?*g‘f’ff’?ﬁ“&'h’ﬁ?‘ 9t opor ti on
of functional preekBkidwnintheart. The reconbi nant protein of interest
expressed by the h fer nor e
preferably pl of 79%% P e%”%]dsemdg@en agl%!“}sggég%u?eé\% odgisdl 8 tg?mklﬂgﬁdr?h%t ein has a
pl of 6 or hi ghf’@rplells’fhﬁntm@%ﬁ@rahee‘ treptipnihtone ;b?h%ﬁtﬁiatﬂlamt|56hl8@fef°ﬁh@ arotei n by
keepi ng the pHdgkrivkhe &anmh asl:saslss)svsst(bQCMten@fofWHﬁh %Qﬁcﬂfpﬂmte@h@&ﬁby’dm yl, 1.5

ot rength buf { e (e ey S5 S5 Gect Agebitl BAER  HEPE LTS o 5 or
| ess does nbft adjectiyt foldbrcand Hssohblechantibagy by ifeoilitating thheempval of Ottlelflentpr’@t ein. 30

The reconbi nanteaiQhfdia). Oftnnbdap Whih lis *c§nd@di,eéoesdaawssanmapqmwa9} th@nt i body.
The reconbi nant antloga&%ggge erabl y has to 9, 7

to 9, 8 to 9, BrsHKe ang-porreshondine 1p frg © ’g’éﬁeﬂl"é" ﬁc‘élarp"fe@éﬁ%&ﬁf?’%‘f pt bel ow
the pi of the hewpadiligirbairant hdpeedacing 9125 PAGE: (e ingibadyirglatéd materipl voll 2 pl |
uni ts bel ow t h%prLllyOJe ﬁe@%ea@??xﬂ%{‘&% AP RAQY : padifilyOde adequFa!;rR&ts%@d after

step a) in order ensure mnimal_precipitati'on of the antr body. In
a preferred? nﬁ%P‘MNﬁ’edaﬂ%ﬁseF‘éﬁﬂ)ﬁﬁPWént anti body has a pt of 7-9 and the pH
the sanple is adj usmeﬁleattaatp.m&eﬁ Ep&foﬁnedlﬂ}afuﬁje@lﬁgﬁleﬁaableyoipclelslredelS\{atedn step a).
5A specific ex f G o t 4. Fpp' CDP870,
as descri bed hge?@l gmgn Stﬁ" @% p‘%@%@ V\E %9&%@1&#@%& 2 In one
enbodi ment thetq@c%nﬁeﬁwfaa‘mqabbﬁvle@}?d %ldPNTF%@dWéQ?Pé’PﬂmttWeﬁ‘aéﬂ‘fy 9fs anti TNF
Falb CIDP870 Ashe p5oech fbﬁﬁﬂl&'&tlon fngmﬁatmeoaa&odlaiaﬁu tb@fémpemnnehsudm& tmtmgaod% .

nmol ecul es that tain the abi t ica e.or bind to
t he. antlge%aaéét?rfstG gL\%,hf’r mff’ﬁl w“h'%é'grraﬁ ‘ﬁ)dé % ) Cﬁé’%my%{e#mg Ay nthe. t he
antigen to whi edngd #5°Cgto sﬁp?é-‘elefqndnorﬂ'm@fepﬁbtyd\udnn o] rfmge é0°f3ufnc€t0f@n<hm°anti body is

shown by the prpx%ﬁﬁzﬂfy%t psfocao GRghe: tb@@»@ 0959°@0@ﬁufé3%inﬂ9m§5?§pewﬂ%are
corresponding to the ected nol ecul ar wei ght nti body, or by

di rect bi ndi ng3%1§s33 cﬁ's r%”"%f?ﬁ&’é’r“@’“’ar’e"@f'ﬁté’f’s et ﬁ%&s“%hg\/vn to the person
skilled in the art Thé beat @esmepd sepbuprefo@bly cakGed|ouniot @ grotooged pkrioBAf time.
Non-functi ogal T@khgémfﬁ ¢ LDGhHOR &&9@4@9@ efhi G zgqmm@tm&@fm%@e their
cognat e ant1 gen, inc e I ncorrect ol ded or incorrectly-assenbl ed
anti bodies, fr é'ﬁwwea‘kxynda}?dhquwencw rﬂsefefaaho"efweagﬁﬁﬂﬁs‘6t‘}?é’|se’6 moptnc| udi ng

partially degr parehbly bagsRNSnO 4 Risidpedwas 10MHIab hekds, Tatexdn@toQMofke Or bi nd
to their cognate antigen.

-|




A binding fragnent of an antibody is a fragnent that is able to bind the
antigen to 20which the anti body is specific. In a preferred exanpl e,
t he reconbi nant anti body nolecule is at |east part of an antibody |ight
chain and at |east part of an anti body heavy chain, such that at |east sone
of the expressed |ight and heavy chain anti body nol ecules are able to
cotnbine to formfunctional antibody. 25As used herein, 'antibodies

i ncl ude anti bodi es having full length heavy and |ight chains; functionally
active fragnments, binding fragnents, derivatives or anal ogues thereof and
may be, but are not limted to VIi, VL, VHl-1, Fab, nodified Fab, an
altered hinge Fab, Fab', F(ab')2 or Pit%ragment; a light chain or heavy
chai n mononer dirtier; a sjngle chain antibody, e.g. a sihgle._chain Fv
in which the hgi‘\‘/‘y‘h‘éﬁ‘d"”l“i"gh'f‘e h“aeﬁtﬁ“’?}ﬁf*'ltéfb‘r@%’l‘f’ﬁisﬁgd ‘%'a?xé“‘j"b’ls &d?by a
peptide |inker orBeouky, or a dual specificity antibody, such as a Fab-dAb,

as described in PCR %ﬁ%qgﬁén%gﬁg‘l%t the hga?treatment |'[s gem%laeﬁg\tsg‘lagg b6*e f X be

pol ycl onal , nmonocl on I es, nanlzed or

chimeric anti bdellGhoursTang sereamfarabycit é%’cef?fdotthé% fousfsy QWH'F%'"W%“nat urally
occurring, humandezed thﬂmnfﬁﬁlra!uﬂes £4d n@E’angfeamc&d a@dild ROAinRIS intuektist aadar d

nol ecul ar b|0|3%y teé q#qg n%%w e US§P to nodify; add or delete am no
acids or domai A% “HEEEIYEL HEgroen BRI 9%Eant i bodi es are antibody mol ecul es
from non- human s pediodsvitgathe rgpp orfi @ximactiowpthe s meymbea tsdjected tadetsepnatni ng

regions (CDRs) .t £ SR> ﬁpemork region froma
human i mmudogl ocbnlrtj |r?{l&r?rl%rae?%gjtgu(selgﬁpﬁg%tgpztgg&igi:ﬁfl S 5,585,089). The
€

anti body ol ecul es HerimPeewhithsh spepbiomep fY EHVERHPR i 1 BNt 4n be of
any class (&g sanl:pmaiqreﬂtg&;heﬂegMAcéogirhg@ndephgnﬁay, foF ezﬁmﬁlebmmed&fut émunogl obut i n
nmol ecul e. 10 The net hgds creat.i.ng .t hese d | ecul es wel |
known in the art (see “tor’ og{lon R thedgopma fon f’p?‘ %\ﬁn'gfzi)ﬁ’ﬁeé%rf ﬁ\‘7\1;1rd et at,
1989, Nature, 341:544, @pqnshmt Pesteingand rei@@@lwtpwdzhldﬁaaomﬂesad Sei . USA,

86: 3833; Riechmann et, a¥he s &&antuﬁtﬂérpgpula%&?hoig%ls FeﬁL @tth@;ecom]o%ﬁ Sci ence,
242: 423; Queen et al ., ﬁ%ﬁ dair, gf Mountai n and Adair,
1992, 13i ot echnol, Gbne?mﬁﬁdmd mmTUti“ ﬂ?h’V@ﬁW§ loviipe ceplgigigations; oy na
of I mrunol otfi cal N@thOd&ﬂMﬁﬁﬁNkﬁﬁH&&ﬂ)meMmaﬂhbnOC|Ona| ant i bodi es may be
prepared by any nethog Hqg a rid hni que
(Kohler & M stein, 197E9%ﬁ%{tgg&p§%%ﬁﬁy &miﬂgmg%gthﬁgggélﬁﬁque t he
human B-cel | hybri dor naP"P'é'é‘hFﬂdq[PéO"(bl'{lﬁ'ztbé‘F“‘lé‘ﬂdeats°m°1%§°"°wr¥€ruhdtebgﬂ}f Today,
4:72) and the EBV-hybri elmaiantsﬁﬁhmeweanﬁ&aaloe et at, Mnoclonal Antibodies
and Cancer Ther apy,

anti bodi es are those an% 555? gagﬁB%HEHmdgtPﬁﬁﬁh 8ﬁpﬁ%ﬁfW’mS?§h§mthat have
been geneti&al |y engi nepred g9 tehanbirzhtedisulgive asckrdse follpwiphar rstegerfes are
conposed of i munogl obuL,atﬂactﬂ@rsechsa@m@a%%émmlagmgﬁerw o Qbstewﬁt%&})s sibeci es.
These chimeric anti bodies are ? ﬁ e less antigenic. Bivalent

anti bodi es may be made B?"W@?HBG@“R @anln the 25 art (Mlstein et at,

1983, Nature 305: 5Friex3%pp m&@&:@&&aﬁiuonﬁ atae cerof iedt a atitable 99 typicHBO J.

10: 3655- 3659) . tleH’ ofttlre host%é]psosuﬁgx{ ﬂfm Eslﬁp§1JOQ§ ﬂmab(f}pgg-?g Itoséaonm‘” tiple

specificities or be nnnospeC| see or exa
Ant i body se%fueﬁ%@‘"??éf‘;‘ty@f %oTb“eP}b%frfber‘é’ﬁtéd” Efétrtﬁg%?xwr @engfrPﬂPrdeth%a nti body
nmet hods based mytdmndr&l ae Ul af tiel l@d’bhiﬂ@arﬁﬁbfbtﬁi(pf RESSONPreEind MbyTHAV@Q obul i n

variable 30 r egén((i)encyeta Bre(f‘l?lg% N t¥w pPFls a(I_]lTISP oo § fr ?)ugh lhygp o?%e ro?em é‘peréfo\/\er ¢

selected for th Speci an Scribed by
Babeook, J. et itd$ preferg_lggeat thepdef thNaJ[lqtlon mion . thegeH 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 pI of

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



USA 91(15):7843-7848 and in WD 92/02551. The latter methods rely on the
isolation of 24 individual antibody producing cells which are then
clonally expanded foll owed by screening for those clones which are
produci ng an anti body which recognises its cognate antigen, and, if
desired, the subsequent identification of the sequence of their variable
heavy (VH) and |ight (V1,) chain genes. Alternatively, the cells producing
anti body that 5recognises its cognate antigen may be cul tured together

fol |l owed by screening. The antibody may be specific for any target
antigen. The antigen may be a cell -associated protein, for exanple a cell
surface protein on cells such as bact eri'al cells, yeast cells, T.-cells,

endothelial cells or tunour cells i sol u r Ant i gens
of interest -may'%l QA BZGRFIRTIEP aE '3"/°°F‘é'l"8\t/é'ﬂ 'npﬁ“ﬁts@??f WB{’)F tﬁfspﬁtﬁos

prot ei ns upr eguésaiheopH sl diss préfefatdy Se@sie pdsf tiendcactitearpodior exanpl e receptors
and/or their correspond I é@ﬁ;p r§urface
proteins include ad Sy 8&9%*{&%?%?65?{ E’h g‘)%émcl sg I-nt A nsglfu%o&?“s

integrins e.g. Atkodingly, Fhesaifuiatediphof apprajein @o'ta}ehordpw L%lem@mewh butimnaycm ch4,

CDS, Cl D7, G8,pe@lprehtdo thg{)oia grotin ifdDbSk celldanBle orlhiddds thdddBeonfphiiiip hifid, C D38,

N

FL. 140787, HEKZ2he patAANGBubr oweM@\ﬁw;c stdngtBlbRfe8 | ThételaroAthd BB of thiBRPcell TK, MAL2,
MRP2, nectin-1idsad, N bR mer B Gk TGN, 5000 phl CMABLD T pFENPE,
1304P11 DTD, carel noenpryoni c antl human m | k fakﬁg obul in

(H MFG and 2), thwﬁ%mbmﬂa@gwp Ofdh‘ereWr ig&ater o veplop iaiestrengf R ng  VEGF,
PD-1, DC SI@N, TL1An sep-bY o eai@id odccofdignd thd prie@ntaippeniypy thatpecipttaegept or s

hereor 1L SRR A EROR L5 R oGBS Btk | on ns
| LI 7A and/ or 11recpmbing pregein sampleg 148 b¥ tricaliyepmptises e fyeatian elipr By al vi r us

or cytonegal OVIdrabStoasﬂaﬂa@e;la%nemblmwwaaﬂinﬁbtwhshlaﬁide@uﬁhseas I gE, i Merferons such
as interferon a, in tfer b§na actor 25

ecr
™ (fornerly knomhﬁéesl’ '?\gore °"‘§'(¥%’F ¢ ¥4 oﬁ'rS aareé“ﬁe q fé}&re E‘]er ein as
TNF or TNI - &t )disulphidpisonreessy ompaed tg ¢egrangty Oémbfm‘vyla@tdlsmh“&tﬁon'gmfea’é?fors such

as G CSF or G‘M't a)apgfeﬁl)l‘}lhﬁlrégmgﬂnl M&ein WnQ\MaherfsﬁﬁbﬂE @bﬁ“ﬁﬂly@ﬁe BDG--a, and
PDG-- 0, W SP- | andp l?%rg riate receptors her antl gens
(o

i ncl ude bact er |r8‘f°m3i5f'1t déslffP HFgerngreY aﬁt‘%lp?séfﬁc ‘g%sf’l’ge GPPRIEES “such as
i nfluenza, EBV,difipeigd\isoiSerasadwil, redna:mtneatmt sagplen whigle miag , be 3@meandd dmulets des and

heavy netals, a}quf (‘saﬁéf#%%p@nﬂem39$£rséﬁ%grpﬁg§enﬁlﬂéjlf}e%§ﬁﬂﬁm dlsg hide lsomeralsen one
ernbodi ent, the antibody nmay be used to functionally er the act|V|ty of

the antigen?6f ¥ Fﬁ”e?r‘é“%‘t‘ in ‘P‘E)F“‘é’%’é‘ﬁ’bﬂ Reoteip ﬁ?’é‘l’&rﬂs'i“BS‘G‘WW"ﬁ@Wr'&I"i

ant agoni ze or alg;arekmlet heaDMSAvanhlysmfnaysae @sed b idepen thedictombinhng dchsnlphndrdl risetly.
In a preferred n : re
preferably 5an lgn e‘]'g?h%fdﬁg% A0 ¥pe&ﬁ° %&g%ﬁ%’b&“ﬁd@ﬂv@d&? %)é‘i%gg (the
conteni s of whi®¥h %Pébq Reotepsrdar é@‘eﬁecf’ép‘ha“b‘}}s“ﬂpéfdélséﬁ‘?&@? is his-tagged, suply 5 one
enbodi nent t he amsbdraieiaghauhingisSaemtifods inky bd @Ed tidaRLEchNE the r@oifiRdnses a
heavy chain %{Nbg the varl abl e domai n conprises a CDR having the sequence
shown In SE 1Id O ¢DREL1, the sequence shown in SEQ ID NO 2 for
CORFU or the 10 seq&émmalbﬁom asrPn@E@dll@eN@s iBtefided to@EDRIte qoBtaining S%ow/w

or less, such as 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



I n one enbodi nent the anti body conprises a light chain wherein the variable
domai n conprises a CDR having the sequence shown in SEQ ID NO 4 for CD1111;
t he sequence shown in SEQID NOS5 for CDRI.2 or the sequence shown in SEQ
NO 6 for CDRL3. 15In one enbodi nent the anti body conprises a heavy chain
wherein the variable domain conprises a CDR having the sequence shown in
SEQ ID NO I for CDRI-14, the sequence shown in SEQ ID NO 2 for CDRI-12 or

t he sequence shown in SEQ ID NO 3 for CDR113 and a |light chain wherein the
vari abl e domai n conprises a CDR having the sequence shown in SEQ NO 4 for
CDRI A, the sequence shown in SEQID INO5 for CDRI.2 or the sequence shown
in SEQ ID NGO 6 for CDRU, I n one e¥bodi nent the antibody conprises SEQ
IDNO1 for CORHI, SEQID NO 2 for CD R112, SE}%IDNosfor 0PR1 13, SEQ
ID 110: 4 for CoRptity of &%) Rlefpﬁd@f Sindipgeoseits (BBBEQPIefT Y. B iEPIEHR 3.

The anti body i scgivafmipalpiysaaplCoibgaaikiyefite afdBbody ol ecul e and typically

t he variabl e donui r acce i d

non- humman donor BBy the r%%hm U%p"quam d%%eg'{ an ?L{E%{s&&&?lqg’dgg '? e Ilght
chai n vari abl eotesest pell QRMEF whith mmalsp)prq&m!aﬂt deingteay Fetdersbly thesesubibe e domai n

CDP870 ( SEQs! Drddhant p}&e,d SmplE @fswsmﬂu;mw&mehmau heeys.is a nodified Fab

fragnment wherein t dification is tiontot rininal end
of its heavy chai nqgﬁgelgr"%feémébrﬁa Profein 8}5'"?’(‘35&%'08{)?}39% a%\f'fqe"?:l%l’%ntgﬁt of an

ef fector or reposhignventivh acypicelly Pk epalHioy, or mbre, 8atar more pl0%amnere aci ds form
a modified hinge rogkohCANKEEAId the ARG pRRINSUSHERRS bo Fhslcfsd due 0

whi ch the effector or reporter nolecu may be attached, a nodified
Fab fragrnent pHafepRABr f‘”l‘Féé‘%“%l‘é%tW"&?ﬁ‘é?‘ﬁ’%erpéPﬁ‘if@’“b’fg %‘B’r‘i@?"ﬁ"i‘ ng of the
sequence gi Men paicdict ddpDsublis Erommekrdphe Asidghissed pravisusigahgrt &ihagolwion consi st i ng
of the sequence, giV S pr esent

i nvention corrprgansiées%&ﬁg? & §u%e+1'?% pec@tad‘?n Qte&hggégrﬁ&&hoggé ﬁdorfe]- g%sg%f t he DNA
sequence encodewsuringdhahaepiy 1Semtjat e @l of; t@H?CO@hla?nh prefeing Restegphly iths athpf the”

I'n one pref ﬁr r mo@mw&rﬁmampkmdm S RGHRNE R ﬁﬂe,eca&&malylaupgmse&mu ;1 and
conprises the eque sho . 70) or a
10degener at e egu‘i exéaigeﬁ'{ retqw\éég W'F Bt “pmN% R'°5“ﬁ"°§|°? Stenst °|m\5’2-{-1 %g)r%z? erred
enbodi ment , 15t hénciing hepfiré the@rotain etferdich dh‘e:awmmhaﬁqqtlcamﬁpwmm gEedt he
sequence s hoWN i A%Qn&l@ el maypbddstdo Mifhisl fhe PEBRES Ronfdinadt pRRGARGRHIAL €

equi val ent there nce of the may conprise
synt hetic DNA, SWEPSﬁbﬁss"ts%l'f“Féegﬂﬁ?‘@Bagqga‘E‘S?tafgrﬂﬁg?ﬁecal processi ng, CDNA, ,
genom ¢ DNA or any Adtemigivelattheometlidd @pe oft.comprise a step of In¥ adjustrsenpadier stedid.-on domai ns

of the antibody, thfsfedeﬁn%ﬁtn{he pﬁgythpl%coﬁﬁlnﬁﬁE)l%{"imr}m{ﬂl@lgayrb%g@{aﬂe fopst(grkg% proposed
function of the antibody nolecule, and I n particular the ef %or functions

whi ch may b® r &flip resembiey Preisia #pY/es forr a5e °E:6‘ﬁr§ts%PﬁTq“?“éd?"6ﬁt’ed’BrPﬁ‘i' 8'%ay be
human | gA, | gDstepsg onlegfsb@iimdng M dkprapiha$H oR thp &dst tetlshraple orlvutratrthdrggGisconst ant
regi on 20 dormai, §ste?i:l’11;‘él¥u of§s, Us?e Cl eo%@P%ch&'ulfb{ afhh Bk RQ Lo Rd b33 | ST stypes

when the anti bo I'e 'i’s or th erapeuti c uses and anti body
effector funct |“‘(§?f§b"s?f“epfr°@&uf‘¥‘é‘ﬂn aﬂ\‘f't ¥Pn Rt lsv‘éT'yS“beEfst‘°ahcfat1°QO°4‘°*Ia§¥‘itypes may
be used when thl&oxaii&grdawcp@d}mﬂl e is intended for therapeutic purposes and

ant i body ef{ ector fynct| oln °f‘a'°?’?~f‘2g%é’x ?%un'u{y%gper@ngeda éa Ar3éx %cki ng

TNFct acti Vi ty n’}e‘f"’““ﬂ ssI’on"of reco Teins are
wel | known Sui mer@O‘(?x%tn‘pdSéﬁo Hfin mnmlaré@rh for the expr essi on of

reconmbi nant ant i bodygwaleady tgsthe 'P&&:hﬂi'ﬂntbﬁ&&ﬁrsirﬁpleshl%hb@@bﬁ&@%I%QéSbrtI ve or
gram negative bacter.i i siae, or

ore fu er;@q%cag t s 4 %/AevaStntC in ‘19 % d re oem
marmal i an cel | £ 8’!??’ ?ielrfﬁ/'é o i Bt “H%? ﬁo?ﬁé 81 i nes,
e.g. NSO cel | s fragiysts spehedseamgiipldy ,fragmentsheTypizblhyotls raspmbidmat prmitgie rsppn is a
recombi nant 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



30anti body is produced in bacteria, e.g. E. coil (sec Verna et al, 1988, ).
| mnutiol. Methods 216: 165181; Simmons et al., 2002, J. Immnol. Methods
263: 133-147). 27 After expression, the antibody may be further
processed, for exanple by conjugation to another entity such as an effector
nol ecul e. Accordingly, the nethod according to the present invention may
conprise a further step of attaching an effector nolecule to the anti body,
5The tenn effector nol ecule as used herein includes, for exanple,

antineopl astic agents, drugs, toxins (such as enzymatically active toxins
of bacterial or plant origin and fragrrents thereof e.g. ricin and fragnments
t hereof ) biologically active proteins, #or exanple enzymes, other antibody
or antibody fragnents, synthetic or naturally occurring poly nucl ei c
aci ds and frag/fRRPEoFaRkY é‘ﬁ?s e. 1y oneygmbodisReRt Ahety clrpmpinsapl & Ph’é’f‘gg{l‘m

radi onucl i des, chamitogedphyastep yuch atkatdin@elaniba xonreadmtgesmmpgaphyc hel at ed rret al s,

nanoparticles and r r - A SRk o or
conmpounds whi ch maylﬁﬁrg h‘g{déxg{ g'gpsg P%r@gfﬁﬁf%% Hﬁg%ﬁ? ct f%‘gg%g‘egéﬁf ect or
mol ecul ar nay BéugditagpBdf ¢& stpd) mrlmepytﬂ&gatfor\a fation pndrtkegpsulsipe any

sui tabl e metshodecofififane ¥Rl Q1Abh afd: i RPY if HRGNBREcBY DeuibPdikdhifgd to attach
at | east one efFect or Iecu,ﬁg%fs descri bed in WO05/003171 or 15W05/003170

(the contents SPORHPERMSIR porated herein by reference). W05/ 003171
or WD05/ 003170 al sdhdesthpd bk the yir¢senb lirergipf e pasticulady edverltagepus Fhen aonti body may

have a i nacrocygify chto%tog‘% @&f,srhge Red 1R B Yo Rt pammon Ofhisid6haids a Hei N,
attached to it by a covalen struct ure. ternatively pr ocedur es

of reconbi nant W“‘E“é‘@’i‘?ﬁ?ﬂ”cf@&llprﬁ'ﬁw Hﬁg‘ﬂl‘%ﬁcwmb‘?‘B’B%Ef’é"eé?ﬁm%{ﬁf'lnﬁ‘éﬂbV mol ecul e
in which the 200 théehrdniagiagiyteolliddf thésHBveantlbeni pre@ouslospirng)) ActdndingGh2 ant i

T3 Jdomi s Oyl g1k 3Ry RoBATH) AhEuL TIMIORLARNL byl coul e has

(have) been rep ace ereto peptid I nkage, a
f uncti onal non-’?dﬁ?eﬁuﬁt?@?Pé‘BQHWOﬁh%?“GH RS, énglupingyrscogiingn diguhghide jsomessse n

nol ecule. in thn&re@debmd¢aaaam>tommqeénnnaalamnammm&gmphs celuiR ehhikh povileab fragment
having at the C-t e or inure amno acids to

fasgr ztnd c apenhmeafl% tforcqu ica (f,n o¥¥|e re?(%mbmarﬁ% otem.

al l ow 25 attachhen repo ecul e, the additional
am no_aci dslpr ef er db¥ige $t€n!hqiﬂllmnj1‘vspfltewe¢n°ngée reeg#bmntdmwramﬁx pgtidie or two

cysteirie resi GUBR whdst WkdHiioh ReeR b tROIHOSE SQF le§se PO v iamal ﬁmml.% dmé be

ttached. A f d effect
atiached to L ng R rreuess iR vt R L Hew FELSRENH BV v vo

30The pol yner il piodi khe proip, soluuipngnm e aljustebe agHsyove lgirdfaabhra pl dfatat.al |y

ECCUI‘ L' 39 EOl yrE?lSH of 9{0 e mm Fot@R mAPhbORB iys SR il beforRitdorl @Rls or
ranched ¢ af)l : 0 eral the low pH holdmg step provides relatively gentle conditions for removing

impurities, with minimal long term consequence. The recombinant protein sample

provided by the method 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 pI 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 S or less does not adjust the pH of the solution to the pI of the protein.

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

recombinant antibody preferably has a plof6to 10,7to 10,6109, 7t09,8t0 9,6, 7, 8 or

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



28 pol yai kenyl ene or pol yoxyal kyl ene pol yner or a branched or unbranched
pol ysace ri e.g, a hono- or hetero- polysaccharide. Particul ar
optional substituents which may be present on the above-nentioned synthetic
pol ymers include one or nore bydroxy, nethyl or methoxy groups. Particul ar
5 exanpl es of synthetic polyners include optionally substituted straight or
branched chai n pol yfet hyl enegl ycol ), pol y(propyl enegl ycol)

pol y(vi nyl al cohol) or derivatives thereof, especially optionally
substituted po |y(othyl eneglyco0 such as net hoxypol y(ethyl enegl ycol) or
derivatives thereof Particular naturally occurring polyners include
lactose, araylose, dextrati, glycogen o2 derivatives thereof. "Derivatives"
as used herein is intended to include reactive derivatives, exanpl e

t hi ol sel ect i ve MOERRGTPY bldips PHHsHS below theapleoh e desembinmat $nfody, |bR'r€’°’ The
reactive group difey abefibakesd nddrcl!eet?atehsy:re(?rhnlﬁmhI’p&biﬁhtl@\ dftha ketibodyegnent to the

polymer. It will b a 34 will in
some i nstances for(r?nn gg‘gm eﬁ%memo%ﬁre °m%ma'f ﬁ"tg ?(s’ar? roﬁidpg'ﬁg%f\?\een t he
anti body fragrrﬂmsarmlrdsadivetengblymﬁ Eefemply eHAH, in bep q)ol ymer may be varied
as desired, sbut w I4 sggRekahd lé’ottkereéoﬁmbﬁ‘lﬁht@M%%gﬁamhﬁmﬂf%’ isa) s r ange from
500Da to 50, 000Da eferably from 5000 to Q00Da and nore preferably
from 25, 000 tod?PG"llﬁg ' andriy Y QU (09408p “@fcﬁéasﬁﬁ’y" Pn particul ar he sel ected on
the basis of the it erdathdinser tof retdrdinpit anlinady.or Findisg frdfgoent exaofps @ifi- wher e t he
product is intepded. tRpd,gave the circulation and penetrate tissue, for
exanple for use In the treatnent of a turndur, it may be advantageous to
use a smal | ol eculfrssAdrigint Tupesioparentibodys inclades Asibedy iolesulss thisFihar wei ght
of around 51000@kmty ttFﬁHecnﬁ@ﬂb' remmwammm anh@nngamduemcw e.asaws rdisad t he
SI();’;:::L?TI ]9(r)ll’ ;iaﬁ*a% aﬁtaﬁ?x% e an ¥en urvklc %%B%iﬁcl gpt]ho uc lon%l’la unctl naEEhE)OODa to
40, 000Da. 25Pamentibedy arﬂhwrpbleﬂermsdlcpcﬂfynmgée bmlomd@naedpmgyéw%%e pol yrer ,

such as a pely Q&Fe?ﬁbh(ﬁﬁhqg{hh’&@&}ed RHolec B R/@iﬁllt 3t thyantiddy, or by direct binding assay

met hoxypol y(eth der| ative t nd espe lly with a
nol ecul ar wei gﬂ%/"%efg{kf‘ﬁ dr tﬁﬁé’@%‘?s pegn ﬂ%‘gg ﬂfec?ha%oeﬁ?m‘i g'ﬁ?SOa. Each
pol ymer nol Bculimitat tb,aRIA%d N@-ﬁmmmtlﬁweﬂmdﬁm|ftbmbylt8fwh&g|demt rfmagmst)e 30

coval ently |inled ctad Qﬁg&«%ﬁh&é&d%%&@ f@deﬁ%?ﬁ&:‘n@&lﬂaﬁ%ﬁéﬂe&n‘l&@@; ed in the
fragnent. The coval ent nkage w || gengerally i su e bond or, in

particul ar, a <&¢ '&ﬁwra"%%ﬁhb@ﬁ%aw&asm% thereot, 'HCW&F@HB@&CE&T PHESnt i body
fragnent may havetides eliichid he rebdnise bxiindad théiatateantigam| ecul es attached to
it. The effector or r 20hed ph@ub nLi body
fragnment through anA bifeh '%f{agﬁﬁnggﬁﬁngﬁ%gd}cwafmgnﬂltaia?otr]leetor t{ar rgn'ﬁlrglaﬁ am no acid
f uncti onal %j’ro&ﬁ'°l‘8‘€§t“é‘d‘yﬂsﬁpelcﬁé fragment, for exanple any free anino,

hni no, hydroxyl or hcarplmmd ex@hifle) Phe reddRbindnt mbﬁiyexfoieem @rat @hst pepdrah er

nol ecul es may a t. or rmnal end
of the heavy c %Iblgl ya{ﬁdtlcﬁam 1"%&?&‘“5%]{%%&&%0% eq[%c}mm it tga?j"‘ lg%ﬁ&éfc? i vat ed

pol ymer may be thesepresses! lighteand thagvy ichain amitbedyi radlechlps erheblprt%mrbam%f?ﬂbf

et-nodi fied antﬁ;nmeaﬁtrb&g,nents as descri bed above, The activated pol yner

may be 10 ny polyner containing a thef tlve such .as an
13 hat ocar by Lo, Aeirddpenapipodks e SpphBR IR iy fhe By
nal ei nide, a vicks; Saetiphiyrestieriragmehtss bib g fdemerBudhvaivart am@gmthe‘qual s may be

obt ai ned comerg aJKI B, & Q6 n&&m{mb & V15,000, SRLLENRSHififd0kY R afertd Winge
Huntsville, AL, US pared from commercial ly availa

starting mater P& Eabu§ (“ng%%‘fﬁ/"éﬁ“‘t“?tcfdﬂ“ chippriheayy st 8 ‘m‘?[‘saﬂg'g}rgegar ds
at t achi ng pol yteddwitiwag glkycokle cfaBEG)in Whicletht Bayy daeé fight mmeanasleIdWst o]

"Pol y(et hyl.gneg].y S i cal. gngg i cations"
1992, 1. M to%Je 9“’)*’%9?“'3’% IFHE’%Ir’e%Er%Q ?gggal S 'f quIO y(et ﬁ?{ﬁénegl ycol )
Chemi stry and B?Q?FWQ@G’&PCTA@WOP%{WEM 1997, 1 Mlton Harris and
Zal i psky (eds)"tanerican Chem cal Soci ety, V\ashl ngt on DC and
"Bl ocorai ugation Protein Coupling Techni ques for 20t he Bi onedi cal
Sci ences”, 1998, M Asian and A Dent, G ove Publishers, New York.



Where it is desired to obtain an antibody fragnment linked to an effector or
reporter nolecule, this may be prepared by standard chem cal or reconbi nant
DNA procedures in which the antibody fragnment is linked either directly or
via a coupling agent to the effector or reporter nolecule either before or
after reaction with the activated polynmer as 25 appropriate. Particul ar
chem cal procedures include, for exanple, those described in WO 93/62331,
WO 92/ 22583, WD 90, 195 and WD 89/ 1476. Alternatively, where the effector or
reporter nolecule is a protein or polypeptide the |inkage may be achieved
usi ng reconbi nant DNA procedures, for exanple as described in WD 86/ 01533
and EP- A0392745. 30Preferably, the modi 33 ed Fab fragrrent pr ovi ded by the
nmet hod of the present |nvent|on is PEGyl ated (i.e, @g

(pol y(et hyl eri egl ycdt f)tibodies ey éﬁ?‘ll%?béac' t“é?&?\cé‘ﬂ‘a't 'Her“ét"b?m’a gradivgiet o t he

met hod di scl os &dmarﬁkeEH-cl‘hﬂﬁ%ﬁlébdws Amet etiadatieg aﬁdh&nrangméned;ay bsnagurall30

PE(| yl ated nodi g a n Figure
2, ih.e nodifi e&é"E éﬁl%ree%h{mﬁgrg (a?{ ? \rg]ag]{]afdbg&gs @éa(r:d;&%}eé@]rlfler resi dues
at the Ceterni rb&logémhwc% mey prowed foaraodHy.ragé or é@thmm aq“h@r Hermaiys €hai n a

lysyl - mal ei m deaeﬁl,ecrIM@@Lna&mnbamﬂrem.b&@mle@mestm AoYMRurAdR] spRicg hidtngs of the
l'ysyl residue has coval enﬁ I"&% inked to It s2(()S:Dggdhext\(pot et h}/l enegl yeel )
resi due havi ng °4° AigPUE EATRFemRIF i fetegpinigf, gien B EUEH™ A The t ot al
aver age nol eculaad a fugnegotk regiont firen nipiraojeypobgi¢belinhmblemie giey; dol exampls Udues i s

?EOFE : 3230?212% ng%? e ﬁftﬁsﬁmoyemhéaﬁurh%&yshngm'n%khms%?mdﬁ.wenwaﬂcagr,epafp i's

i ny0- 1- oxci pr o T'ﬁ?ﬁﬁﬂﬂéﬁé&%}@f é$ﬁ WSFW%HSH‘UHM‘"I“‘W%@HLE“AWPICyabl s
(i m nocar homyl ) . A'ﬂhg/ﬁibtﬂ@ls f? Rieallig the® abribddycheslédules hré wRIEKhotvd int theart bl ei r ai de

T h ttached
rechowypal v er A iy BCPGR EAR, Py ol Safify y 8 0 2

approxi mat el y mNaq'heﬁdtSG% HFA, rﬂéﬁé?éul%mhnm grels ’c?ﬁ%jll‘ﬁit“@ﬂﬁzr@3’ef fector
mol ecul e is themﬂfeome 1953 S GenkdTRl Ry, é&e@&m Das 5,585,089; AdGC Wil ogdsy,, t he

et hod accor di g g, the,Rresgatyoyenidon BLeler abl yocomprl ses @kt aching to

one of the cysteéeline residues at eaVy chain a
| ysyl mal ei nt} ddoygrabeipmukrestogicrl Methods, amt%w@r oup of the lysyl residue has

covalently |inked tmonbénodmnhwmemh t(eep@JaMLaeﬂeﬁyymb& kfo®% ifdkEarha@¥i Ry a
nol ecul ar wei g e .conmpound

shown in Figur é't“'ghy];”t' E‘aﬁgfﬁ‘/?‘e (%ﬁl?‘eﬁ Milstgn, E?ﬂ? @%ﬁv%géﬁ% 4ﬁ@sthf‘ﬁé *equence
gi ven as SEQ | Dechi@jue] Qe anrdant Beell hytytidome hahmiqira®otbhieerséqlashcmnginelegy ut SEQ | D

NG 9. This CO”%HJ}% 72§ aJdecfltaelﬁﬁ\?bet' &nﬂqgcﬁllcﬂe ole@P ﬁz\%no&garﬁilﬁJd{eggndf eatures

of each enbodi nent of 'the Invention are as tor each of the other
embodi nent s 2hut@rEsThsiPa PR 196 Al ] Liss 18e-i 18394 ons, including but not. linited
to patents and pat em:ﬁmea:ppﬁtlbadiésl zﬁr‘lﬁosé:hﬂtméﬂldsmndohddsbysmemioﬁiomtligéms tete herein

| ncor por at ed b“)é\;e%fefglr @&g%u?? meer%asf} Brat tféiaqigw ‘EHﬁéavPéﬁ% GRt ArQ&Bn%Je o ence

specifically an icate i’ncor per at ed
herei n as t houdHmpgeiplulia gene ﬁwrﬁs belpagppto ﬁlffers'éﬁnec'es fsssluwwésttm’les tly
di scl oses enbodidm®ay toQ:Gﬂ’@sfdnﬁgdﬂE Bﬁﬁlér{ﬁhdﬁb&%’ﬂiaﬁ&tmdﬂa@ .aéthounmgenﬁhe The

present di SS%}?%HHEIHS%I a%th ture %&%?%9% 53/8895% r o al., aJ%I sting

essentially e sard I"ht'eger s erences 1 or
enbodi ment s nmaEMREO édﬁﬂﬁﬁe’iﬁ@s ft’leérn Lméaﬁtrh‘yaléléast!bbﬁl@. mﬁVh@umemltlle@n will now

be described wispdifiiafseF RROR mdRoshific (Ll hhiigle RX2IRLES).
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. ef al., 1996, Proc. Natl. Acad. Sci.
USA 93(15):7843-7848 and in WO 92/02551. The latter methods rely on the isolation of



30which are nerely illustrative and should not in any way be construed as
limting the scope of the present invention.. 31 Exanples 11511111p1sl....

Or:aeration of Host Cell | 111C Expressisg RAtigthioata pit-c,...0nd
Reconbi nant Anti body- For all experinents the E.coli cell Iine WB110
was used as the parental wild-type cell line, 5Cell lines were created

carrying the followng nutations: a, a nutated Tsp gene;

b. a nutated Tsp gene and carrying reconbi nant DsbC, c. a nutated Tsp gene
and a nmutated star gene; d. a nutated Isp gene and a
nmut at ed spr gene and carryi ng 10reconbi nant Dsbe. CGeneration of cell Line
carrying nutated Tap gene The MXEOO1l st#4in was generated as follows: The

Tsp cassette was,_npved as Sal 1, Not 1 restriction frag&zﬁﬁw ipto simlarly
restricted 15 HYYe piddpirradecingTesds yhich grepihes Hprally (KR8 gl Wé‘{;&%r ature
sensi tive nut anireeding fdn eho@S0hE whixh ia@ipfodadingrae phtibedytwhivh récbgnispsA)s cadnatnig Wi th a
chl or anpheni cal ' to force and sel Aol r QIm ' ation
events, The sa&"‘%g'réﬁg‘f’\% ¢ e&etﬁ%%jgseegue to'rde%ﬁ%éc\?go%soac assgeml?cgfg?keh'f ‘Flg§rﬁt91% E colt
grown on sucr odeava ) hehlisht (Val deig eevies. hAltermativelyl Be salp Reopicing lantpadibdt and

PSC101 ori gisn) rdcogmiesifl cbgaté MiER nAN6k SRIEREgelheltoldRed B)tsenakl on and plasm d
curing events. 20 This, r@t hodol O’?é {}ad been deSCE?J becé. reV|bousIlg (Ham It on
el al., 1989, Jour ndf BPogmay &p frsfiigler any Fyect a8e°h- 469 3 EH™ %6 4FT'E1 d ei at,

1991, Mol ecul amsshMigedaipitad, g yxamble a tbiirfatd fratpin of Frdls Qi as(Bctgipbelmyegnoves al |
sel ective mar k%;sl : 'f—EeﬂEpeﬁJJt‘ﬁelﬂpc%ﬁs &ﬁ@g%%lﬁw&%é%pg so‘uhﬁ_pl‘oﬂ%@ r/\tnﬁéin&ﬁ ne. The

foll owi ng plasm ds were constructed. pMXE conprising the knockout
nut at ed Tsp gerdersss man alinbe; 45y edicaesloyans prgtsin sish eSgisF iPfeg vREdRand Are |

restricti onjorardkgigSdisease or infection, for example receptors and/or their corresponding ligands.
Particular examples of cell surface proteins include adhesion molecules, for example
integrins such as P1 integrins e.g. VLA-4, E-selectin, P selectin or L-selectin, CD2, CD3,
CD4, CD5, CD7,CD8, CD11a, CD11b, CDI18, CD19, CD20, CD23, CD25, CD33, CD38,
CD40, CD40L, CD45, CDW52, CD69, CD134 (0X40), ICOS, BCMP7, CD137, CD27L,
15 CDCPl, CSF1 or CSF1-Receptor, DPCR1, DPCR1, dudulin2, FLJ20584, FLJ40787,
HEK?2, KIAA0634, KIAA0659, KIAA 1246, KIAA1455, LTBP2, LTK, MAL2, MRP2,
nectin-like2, NKCC1, PTK7, RAIG1, TCAM1, SC6, BCMP101, BCMP84, BCMP11,
DTD, carcinoembryonic antigen (CEA), human milk fat globulin (HMFGI and 2), MHC
Class 1 and MHC Class II antigens, KDR and VEGF, PD-1, DC-SIGN, TL1A, iL-7

20  receptor A and where appropriate, receptors thereof.
Soluble antigens include interleukins such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-
8, IL-12, TIL-13, IL-14, IL-16 or IL-17, such as IL17A and/or [LL17F, viral antigens for
example respiratory syncytial virus or cytomegalovirus antigens, immunoglobulins, such
as IgE, interferons such as interferon o, interferon § or interferon vy, tumour necrosis factor
25 TNF (formerly known as tumour necrosis factor-o and referred to herein as TNF or
TNFa), tumor necrosis factor-B, colony stimulating factors such as G-CSF or GM-CSF,
and platelet derived growth factors such as PDGF-o, and PDGF-f3, 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.



The plasm d was then transfornmed into el ectro-conpetent conpetent E. coil
WB110 cells prepared using the nethod found in MIler, EM and N ckol of f,
LA., "Escherichia eoli electrotransbrination,” in Methods in Ml ecul ar

Bi ol ogy, vol. 47, N ckoloff; j.A (ed.), 30Humana Press, Totowa, NJ, 105
(1995). Day! 40pl of E.coli cells were mxed with (10pg) | pl of p/CO3 DNA
in a chilled BioRad 0.2cni el ectroporation cuvene before el cetroporation at
2500V, 25 tir and 200a 1000p1 of 32 2xPY was added i nmedi ately, the cells
recovered by shaking at.250rpmin an incubator at 30C for 1 hour, Cells
were serially diluted in 2xPY before WOW al i quots were plated out onto 2xPY
agar plates containing chboranpheni eol at 20pgi rril prewarned at 30C and
41C. Pl ates were incubat d over t unber of
col oni es grown at ﬁneeg‘gd'ge" t%ﬁ%ﬁﬁfi’ém@? R ¢ f‘ﬁ"ft'c?lmgﬁ&@aﬁ? agvL c?fj;lopor ation
whi | st col oni esthd 4ntgen sﬂmmeste Foreawbiik, de a4B@yreymeselide, gpog®ize oadgodint egrat i on

events. Single gof Hnamd ke .ARCiRkaie were picked and resuspended in
10mL of 2xPY. 1005%?1555‘1 |as@vms Ctﬁc}t ledrouf onto 2xPY_agar pl ates cont ai ni ng

5% (W v) sucrose pri aw&ﬁeﬁeﬁewbadls'e@t&edm&e%lf at wiidNF gt odp ngHRiPEE™20Y)| 5t es wer e
i ncubat ed over ninghti-THF Fat3 @QPIA0) aDadscridedCnl W00 1#®4588 (e et S whichateent | al

si nul t aneous de-inte lasrnid curing events. |If the
de-integration ar?a’tom%ﬁeremobn rgfnrgf‘jncghappened early on in the growth, then the

hul k of the col ony masse wbloflhmbétf@lamibedy ha@hgrgbaific foo inag THBe.eomprisksed and
replica plated mé\‘ﬁ R WheRGAhe \;ahﬁ)tle SoRgh %rﬂﬁges%'ddﬁ{awﬁﬂhg’geaﬁm&%mv@\el at

20ttg/ mL or .5% sucrose. Plates were incubated overnight at 30C.
15Day 4 Col oni €8 Fﬂ Nook e GPRE 8 setvencn 9 vaAHSER © NR2SM SN col

represent pod entquerdce hawoMBEQMANO: Pl GiRéIent and pl asm d curing events.

These ere i cked AchySSRARANGH AY ookl IHLRUHAR.AAEE WL Gt

ol i gonucl eoti de, oni es genera osi the correct

size were str ud@mé‘ﬂﬁm%‘sﬁﬁﬁ&ﬂl‘c@"@g Hig [ssuenes -"é‘ﬁ‘i"esl BR DY &g &PREbrikai ni ng 5%
(W V) sucrose aBghedchshovh aiSES) IDNES foNCHIRIEE o the G34a¢nd Bbm in3EQIOCO:d¥ay 5 Singl e
colonies of P itive, chioranphenicol sensitive and sucrose resistant E
con were used to nake glycerol stocks, chemcally conpetent cells and act
as PCR tenpléates folp oge paodinerichy antibady cpmmBisesgmigpa®y chpip ahiiein ghe yagjebde t o
generate PCR pr&ﬁtﬂﬁborﬁﬁ:@esd'diﬁ@ﬁav%e%%@J‘ﬁbﬂgml«gﬂ)ﬁg N@ffpebraerase. Cel |
strain N XEOO1 was t ted gﬁ) k cessf ul %ﬁfl C%H?QBP@ @enom c DNA
25 canyi ng t he ﬁ‘ﬂ'f'éffe ?pgtﬁéelﬁ %/0 HPIMPPFREEF SRV g1 '8h of the

' Tsp gene conpr@RAHigand anignt shainuvtatelnytho eaiable idorgainAsanptises @R bvimgrthsi t e usi ng

ol i gonuclitoti @@@e&s LHERE $h SED ﬁanlfa,rfd[ﬁdl rtﬁggee.ssﬁceqﬂo“tnhe sEDUD We¥ £rof hen
anal yzed by ctro horesi s before gfa ter incubation with Me |

restriction? nz‘f}?ﬁ‘-} PO ERENE FRop iﬁ%@é\fﬂ %BFPRIE non-naturally occurring
Ase [restriction silhend emtolieeruliexingohdg emesises 38TMD N5 &t €PRWEs FEQEepar ed by

heating a single,oahaikdl sFid Sohas ! il Bnah rSEri 1 BB s | X PR

buffer. The m xt ure was al to CO0 m tenperature then
centrifugati on tCOR-22003R lP(ﬂo 96 PRk es. The, supernatant was rem)ved and
| abel ed as 'cal |l | ym@tagtibody 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



Each strain was anplified using Tsp ()Egos pair. The DNA was anplified
using a standard PCR procedure. 5Sul Buffer x10 (Roche) IddNTP m x (Roche,
10mMM m x) 1.5Ws" oligo (5 pnol) 1.5ul3 lig (5 pawl) 2ulCell lysate 10

0, 50Tag DNA pol ynerase (Roche SU 38.5e11120 PCR cycle, 94C 940C1 m nute)
1555C1 m nute) repeated for 30 cycles 72Cl1 m nute) 72Cl0 m nutes Once
the reactions were conplete 25ul was renoved to a new m crol ege tube for
digestion with Mel, To the 25Wof PCR reaction 19ul of H20, Sul of buffer 3
(NEB), lul 20 of Me | (NEB) was added, m xed and incubated at 37 C for 2
hours, To the remaining PCR reaction 5td of |oading buffer (x6) was added
and 20M was | oaded onto a 0, 8% TAE 200 agarose get (Mitrogen) plus

Et hi di ura Brom ( . LS ngi t r 0 . or 1 hour.
| Qul of size nﬁegﬁtéeré 'é’ﬂhg(e:@c%r}%gﬁﬂg‘%hégl%?%fﬁg{.&c E'v%ugheﬁg‘&l'v\%g FPboaded in
the final | ane fragBarmderatichap/p hepvyihgia serimsiog oiecpesisiBmd e seauinexgivepps of | oadi ng

buf fer (x6) wagpedsae:@Rgh wliglk c%coh@ﬂ%@r%&@in?of@he&%ﬂ ikgas ome gel
(i nvitrogen) plLl]r:S'ﬁ Eti ndi um Brom de (Sul of Wng/rid stock) and run at 100
volts for 1 hol?N9%00 of size marker (Perfect DNA marker 0.14218. 13,

Novagen) was | oadedh¢ tostdekk used imakhe preagneinvddddntrogplss Dy 8quens wadodizgtte usi ng

11,11 translug Opre e OLe .e cef - .e he correct
si zed band of g;?:%?{? fPorfgf%yﬁ’ GROLeR e h@ANER hemnh b qghtséﬂgm\@fjthé
antibody.

In one preferred embodiment, the DNA sequence encodes a light chain and
comprises the sequence shown in SEQ ID NO:7 or SEQ ID NO:9 (CDP870) or a

10  degenerate equivalent thereof.

In an alternatively preferred embodiment, the DNA sequence encodes a heavy
chain and comprises the sequence shown in SEQ ID NO:8 or SEQ ID NO:10 (CDP870) or
a degenerate equivalent thereof.

The DNA sequence of the may comprise synthetic DNA, for instance produced by

15 chemical processing, cDNA, genomic DNA or any combination thereof.

The constant region domains of the antibody, if present, may be selected having
regard to the proposed function of the antibody molecule, and in particular the effector
functions which may be required. For example, the constant region domains may be
human IgA, IgD, IgE, IgG or IgM domains. In particular, human IgG constant region

20 domains may be used, especially of the IgGl and IgG3 isotypes when the antibody
molecule is intended for therapeutic uses and antibody effector functions are required.
Alternatively, 1gG2 and IgG4 isotypes may be used when the antibody molecule is
intended for therapeutic purposes and antibody effector functions are not required, e.g. for
simply blocking TNFa activity.

25 Methods for the expression of recombinant proteins are well known in the art.
Suitable examples of host cells for the expression of recombinant antibody molecules
include bacteria such as gram positive or gram negative bacteria, e.g. E. coli, 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 et al., 1988, J. Inmunol. Methods
216:165-181; Simmons et al., 2002, J. Immunol. Methods 263:133-147).



Fol I owi ng digestion with Ase 1 this confirned the presence of the
introduced Ase 1 sites in the Tsp deficient strain MXEOO1 hut not in the
WB110 control. W XE001: genom c DNA anplified using the Tsp prinmer set and
the resulting DNA was digested with Ase Ito produce 2.2 and 0.6 Kbps bands.
WB110 PCR anplified DNA was not digested by Ase | restriction enzyne.
Ceneration of Cell Lines carrying nutated spr gene and Cell Lines aimng
matured 5 Tsp gene and nutated spr gene The star nutations were generated
and sel ected for using a conplenmentati on assay. The sot gene was nut at ed
using the Coriteeht) randon1nutagen|3|s diversity PCR kit which introduced
1 to 2 nutations per 1000bp. The nutat spr PCR DNA was cl oned 10into an

i nduci bl e expressi on, vect or. i ch exp ses 70 Fab’
along with the spr ‘%ﬁ't é’ﬁ‘i’{"‘ss":‘I“n|t£L R &&PP?‘?' &%sfvg[hﬁeﬁm&ﬁség’h “f 4 CPCP%}( med into
an E.cofi straidenjugation to anofheTeply priepamedieasinmipctlhe Avptdigll, fhousthodn M| | er,
EN. and N ekol g bring Eisfﬁé]s{eée&hh@n&q'rﬁaygbﬁﬁgé‘ QFu'f'tﬁé?%{eﬂBf@ttaéhﬁl an effddtopEt hods i n

Mol ecul ar Bi ol og& , Ni ckol of umana Press, Totowa, N3,
105 (1995), Thé&oreH Bl Al ot ocol was used, 40W of eiectro conpetent
MX2001, 2.5l of t mﬂe kehgaffdctbﬂ mbkOG \@efd lﬂ%)mdhﬂ& &udl dechptepanginddpl24tion

eteetroperation cu tro-tr r ng

Bi oRad Genepul &S, rlgf I%xms (Srlfcl} Ae"FOM% 'cal acn%té%‘ﬁ' gtﬁ'ga? o%g%%mb@%

20011. After t Hregmentechereyf tergamisin mnmftasrmntSI thﬁf%@f bl@wa{lﬁl Meive medrEns) fof pr e war med
to 37C) was addgghp ﬁrégz yinBE oth &l ahtfboliyedrtandbBdy fﬁ@tﬁéﬁ%" syﬂﬁletaz)gndct@zﬂly:bcdﬂﬁidﬁ Wl t h

gentl e agltatlog T'ﬁ(i .cel ere E)Iatefd ftlcaacr

Yeast extract, P2YBH MFSHie éma g%@el‘f LR e(ga ? BHY"T LTS ted at 40
C. Cel | s whioch rddpnwmbidks,crpitiowlarysradigedider edipibetdpesd clohated nmtblgBﬂaanawigeS(}mtio confirm
restoration of Lhe, %ﬁ élé shofl af BucklsOW daRGEhas! oP%Sﬁ%ﬁJH% &vﬁcthQd}ClJehét&Jiba bt high

tenperature to _the strain._Plasm c! ared romthe
sel ected cl oned™Mkhe E%hﬁ?éﬁ@%‘ﬂp%o 2 T Y %ﬁ“?hﬁ‘?'l the) BEOR Pt hi s
nmet hod five sSi mgireenaneedty g ulitadle methad,i fanexhmplé hueam;bndypﬁragmeu mapebee | sol at ed

whi ch | 3A 3.
V1I3§ 0 ggip l\eg;_rg éﬁige& g)lz@%s Qt Bﬂ?%% Xﬂe%toﬁ%ofemlé 9W§escr‘bed \49%03/003131@ A

W005/003170 (the contents of which are incorporated herein by reference).
WO05/003171 or WO05/003170 also describe suitable effector molecules.

The antibody may have a macrocycle, for chelating a heavy metal atom, or a toxin,
such as ricin, attached to it by a covalent bridging structure. Alternatively, procedures of
recombinant DNA technology may be used to produce an antibody molecule in which the
20  Fc fragment (CH2, CH3 and hinge domains), the CH2 and CH3 domains or the CH3

domain of a complete immunoglobulin molecule has (have) been replaced by, or has
attached thereto by peptide linkage, a functional non-immunoglobulin protein, such as an
enzyme or toxin molecule. In the embodiment wherein the antibody is a modified Fab
fragment 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,



6. S95F and Y1 I5F 35 The individual nutations identified above and three
catalytic triad nutations of spr (C94A, II1 45A, H 157A) and W 174R were
used to generate new strains using either the wild-type WB110 E. (toll
strain (genotype: F- LAM IN (rniD-n-nE)1 rphl (ATCC no. 27325)) to create
spr nutated strains or NOCEOO1 strain from Exanple | to nmake 5conbi ned
ATsp/inutant spy strains. The followng nmutant E. coil cell strains were
generated using a gene replacenent vector systemusing the pl(03 honol ogous
reconbi nati on/repl acenent plastnid (Link et al., 1997, Journal of

Bact eri ol ogy, 179, 6225-45237), as desc%cbed in Exanple | for the
generation of MXEOO1l, 10Table 1 ui;;ric“toil CdirGettotypSpr Vectors in

XEOOLA 1 b XEQQEl oMo @Riplcldhee IERR b1l Syl - L157A spr

¢.g. 2 homo- or hetero- polysaccharide. ‘

Particular Optiénal substituents which may be present on the above-mentioned

synthetic polymers include one or more hydroxy, methyl or methoxy 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.



pPMXE338, pKO3 spr G 147C (-Sall) N XED 1spr C94A M XEO012spr HT45A NI XEOI
spr WL74R 4X E0141 asp, spr V135l) PMXE343, pl(03 p 344, pX103 phlXE346,
pKO3 pMXE340, pk03 sior C94A (-Sall) spr lill45A (-Sall) spr W174R
(-Sall) spr VI35D (-Sall) MXFAI 15t ATsp, spr VO8E: t
PpMXE342, pKO3 ii MXEO161 ' ATsp, spr C94Al pNAXE, 343, pl(03 |vl XEOL17ATsp spr
H145A | pNI XF, 344, pKO3 [ ATsp, spr V 135G |_ pN XE341, pKO3 The mnutant
spr integration cassettes were noved as Sal 1, Not | res tion frawnents
into simlarly restricted pKO3 plum Ends. The *sand uses the tenperature
semut ant of the pSC101 origin of repli ciagti on

Where desired, the antibody fragment may have one or more effector or reporter
molecules attached to it. _The effector or reporter molecules may be attached to the
antibody fragment -through any available amino acid side-chain or terminal- amino acid
functional group located in the fragment, for example any free amino, imino, hydroxyl or

5 carboxyl group. One or more effector or reporter molecules may be attached to an amino
acid at or towards the C-terminal end of the heavy chain and/or the light chain of the
antibody.

An activated polymer may be used as the starting material in the preparation of
polymer-modified antibody fragments as described above. The activated polymer may be

10 any polymer containing a thiol reactive group such as an a-halocarboxylic acid or ester,
e.g. iodoacetamide, an imide, e.g. maleimide, a vinyl sulphone or a disulphide. Such
starting materials may be obtained commercially (for example from Shearwater Polymers
Inc., Huntsville, AL, USA) or may be prepared from commercially available starting
materials using conventional chemical procedures.

15 As regards attaching poly(ethyleneglycol) (PEG) moieties, reference is made to
“Poly(ethyleneglycol) Chemistry, Biotechnical and Biomedical Applications”, 1992, J.
Milton Harris (ed), Plenum Press, New York, “Poly(ethyleneglycol) Chemistry and
Biological Applications”, 1997, J. Milton Harris and S. Zalipsky (eds), American
Chemical Society, Washington DC and “Bioconjugation Protein Coupling Techniques for

20  the Biomedical 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 fragmeat 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



36 hategration eve-rits. The sacB gene which encodes for |evansucrase is
lethal to E. colt grown on sucrose and hence (along with the

cht oranpheni c. ol marker and pSCl101 origin) is used to force and select for
deintegration and plasm d curing events, This nethodol ogy had been
described previously (Ham lton etal., 1989")burned of Bacteriology, 171,
4617- 54622 and Elonfield et al., 1991, Mol ecular Alicrobioloa 5,
1447-1457). The pl(03 systemrenoves all selective markers fromthe host
genorrie except for the inserted gene. The pl (03 vectors |listed bel ow were
constructed, conprising the nutated spr_genes including a silent nutation
within the spr sequence which renoves a%all restriction site for clone

i denti fication., 1( 03 895F 1) N Xea3r” 3
enL o2t on st g SR LA, 0L BERT S N IR 20HO° S
(-Sall) phi XE34!®dlﬁp1®@ f@menmsacl(ed Bant P ey phideESNHLes e S-temina\n56 (- Sal | )

PMXE342, pKO3 $pfhe Mg%d(h n%i}eél)m ﬁ*tﬂélh&s éﬁman ﬁnﬁeﬂﬁnd%d roth WER4H pKO3 spr
FI 145A (-Sall) pMXE34 03 spr -Sa l) pMXE346, pK03 spr WL74R

(-Sal!) These [tHssfi a% “W)F“ém? H%&Hpst P%Wef'wh&adwen*eaa °ew&mlvcar11 ¢ R dhpet ent E,
colt WB110 c:el In&thpxyeqnga(rat&ydemglydng rebithe haﬁﬁgmﬁble‘cmurvdng}umf Mobd 28000 1Ba, Mch and

ok oL o ETE G0 ARl RS LCRLAIR ORI ch bk odS i

Mol ecul ar B| ol quu ress, Totowa,

NJ, 105 (1995) a tﬂ%OéDWEmmefsrpblmhﬂ Iysylowalemigisrived Braup it HE2-H5Eabi ned

Nlb-p/ mutant spr dﬁ)&é—ﬁbﬂﬁ)hdlﬁ‘ﬁ) SJB@HVprI]SlnJ(ﬂhﬁ)ﬂ%larﬂmo]%yongd]-‘i@mant@fadl)g]bls (10pg) 10
el ectro-corrin nten Wi t pg

of pKO3 DNA in m'"@ﬁﬁ"i"f”gh %‘yﬁ'%pei'd"ﬁ 'ng‘fﬁleéliq o “"g the \A%Hm%lﬁ?o"lp oBaePore

el ect r opor atq onf gt a@E@@kuPY Bip Bedysihe 26:010¢ lsm:%éh) ametbbxymdmthmglmued

i mredi ately, theg ﬁ&lﬂaﬁng @%M&{nae%#gm ﬁlﬂﬁﬂféxrllgat@}m?@@'mr Mrhk Btad holeBddbat or at
30C for 1 hour. g:e 30 serially 1/10 "di [uted in 2xPY before 1000

aliquots were ﬁ‘feﬂ"é’ﬂthﬁﬁf‘tt"e(fm’%“ Fiejecul edﬁﬂ?'efﬁ'leélfpé"é“"@&f’(t“ﬁ’i M %y chilor anpheni col

at 20p. g/ mL pr ewar necbrdinglyd @ nextdd 48&dingPloathegesvwe irgentine prbfatidy compeisani ght  at

3000 and 43'C. 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.



37 Day 2 The nunber of colonies grown at 30C gave an estimate of the
efficiency of eiectroporatiori whilst colonies that survive gromh at 43C
represent potential integration events. Single colonies fromthe 43C plate
wer e picked and resuspended in 10nl of Zan. 100lal of this was plated out
onto 2xPY agar plates containing 5% (wv) sucrose 5 pre-warrned to 30Cto
generate single colonies. Mates were incubated overnight at 30C. Day 3

Col oni es here represent potential sinultaneous de-integration and plasmd
curing events, lithe de-integration and curing events happened early on in
the groWh, then the bul k of the col ony mass will be clonal. Single

col onies were picked and replica plated 3bonto 2xFY agar that contained
ei t her chl oranphonllg:ol t 201.1g/rut or 5% (whit) sucrose. Plates 10were

i ncubat ed overni ght—-a'tz"E%%C Day 4 CoI oni es that both grow on sucrose and
di e on chl or anpghemnilel @pIP elt iLaie Biprasy Beabingp | R

plasm d curing @ymtngnmﬂ’&gﬁ wer e p| cked and scr eened by PCR pI us
restriction di g__est for. the Z (f g ‘f Col oni es t hat generated a
posi tive PCR b ﬁb“"c?tpef‘ﬁﬁ“séherfr@ eellding W3TH9aves g sihgrpent! yigpgeetgh by sal-
wer e struck utCetl dings werd reedbasjingghedoleingmuagonen 2xPY agar contai ni ng 5%
(w'v) sucrose and the pl a;eﬁ g@tgﬁshg&gbat ed overnight at 3000. Day 5 Single
colonies of FOR positive fora ni'col sensitive and sucrose resistant

E. coil were used to makeb gi‘%‘é‘P‘g'RPst"eéwaf%%é?ﬁf’@mal“wsé@npet ent cells and
act as PCR tenplates for a P.Gﬁatemggéneahm,ﬁlmgasp@ad 3" flanking oligos to
generate FOR product for wec%e uenci LsSiyn 'I%E" yBrase to
confirmthe correct nutation Nera oﬁ 0 p? astni d ot&°Fab ™ and "DébC
expression M plasm d was cortgftmbumt@abfbont ai ning bath the heavy and |i ght

chai n sequencesgfra@ilof dMNLidedbrryiddWuddETsH mﬁ(ﬁ gfli ng DsbC. A
e anti-TNEd Fab® fragment (referred to

di ci stronic Messa S created of t

as CDP870) desi@f%&%ﬁ“%ﬁf&@ﬂ%? ‘hq‘t’i"é upstream ci stron encoded the |ight
chain of the a n encoded
t he heavy chai npithlt# gqﬁéétgn%t% %Rém S§EI)QN¥\% @wt'%?agq‘%% smmtfg'lﬁé}é&%ncodl ng

t he OnpA si §halPKPapletgies: Wh%lﬂ"f midgisqs s tanperafey sepitiye et g ChY for each
of the Light chagif ofRflicithe (Mﬂ)lﬂongh&hlcﬁl&anﬂlb}kﬂ&m ei‘aﬂtcbr%maﬁmreatfblon to the

peri pI asm The l%}:ner% g%%&%l() iveib%ﬁésa?éﬂﬁgwé fOl‘ Eevansucrsapeol ethl ln SEQ | D

NO | 6, Plasmi ., an expression vector
for the CDP870 t‘FaTb coli growa ron| sSUCFSF amhhenye GQlooe Dsb@peahbptnaymml enagst yisept i de)

was construct ecttsusmrtggm% ufe® BVEBRL hANBlkct rf&attﬂtégtahanane Iptamlma.rmgtemaol ogi es
whi ch can h nd i borat ory
o o

n i.n I

manual B o5 el Bretere oo niop Y RINR A T e B ont o
f eat ures; a st rilorgidage Fi.0t6b1-¢622 and Blomfield per/at1 81, dbljadmadicroiiepplsasm d
contained a uni ;que1 4550 REnd REST AyQtEda Qdhoddst i RELRE ndafdfrs 401 ROnLEGhGRe Of the
Fab' heavy 5 chain, fQ|| wed By a non-cedi ng sequence and then a uni que
Ndel restricti GrceRiiprdh e‘“FFfE*’dEﬁ’BC gene was PCR cl oned using WB110 crude
chronosonal DNAhadllavihgiiphals ees vakinktadit t he PCR product encoded for a 5
EcoRl site £l LanatoDbndislyl Aot L 30unob Pl (UBK, By nbhgs nat i ve
start codon, signal . éém%n e 1913 Hﬁgqﬁ’?@slggg%nges 8? 5 ermnating in a
C-terminal Hs W@@'S&ﬁﬁwﬁ’ﬁ%ﬂ@?hﬁ“%hﬂ'Btﬂfﬁ’%wg Ndel site, The EcoRI-Ndel 10
PCR fragment wase plesdid watted nambrrhddgab eldctio Rbi@petdiecofyfdne B W BEcds such
that all three I tides: in, Fah' aw. ' d Dsbe
wer e encoded ort’pe ar&PusR]Ig e mlth ?(')"nllgglerl %qﬁlﬁﬂ.’ Nﬂcgcgofﬁgg‘fl | Sgcﬁ{}%léﬁacla rﬂ heavy
chai n genes andleDLGltr@S@E'FPé mé‘/ltt‘r‘anscholtﬂeldr Bivlogy, gplngjl, dlickoloff, J.A. (ed.),

30  Humana Press, Totowa, NJ, 105 (1995).

Day 1 40pl of E.coli cells were mixed with (10pg) 1ul of pKO3 DNA in a chilled BioRad

0.2cm electroporation cuvette before electroporation at 2500V, 25pF and 200Q2. 1000u] of



pol yci stroni c nessage. DNA encoding the signal peptide fromthe E. con

QO npA protein 1S was fused to the 5 end of both Iight and heavy chain
gene sequences, which directed the translocation of the pol ypeptides to the
E. con periplastn. Transcription was term nated using a dual transcription
termnator rrnB tltZ The !'ado gene encoded the constitutively expressed Lac
1 repressor protein, This repressed transcription fromthe tae pronoter
until de-repression was induced by the presence of allohtetose or EPIC. The
origin of 20replication used was pl 5A, which maintained a | ow copy nunber.
The plastnid contained a tetracycline reS|stance gene for antibiotic

sel ection. Expression of anti-TINF Fab' 3 and EBbC The NI XEO08 straln was

transforned w stni.d n ai n, Fab' vy chain
and DobC - 25Tt el R S OR it oy ‘e« SHArE b BFeudihy  ne
net hod found i N0°Clfai hYouCTCetlt wark sdriabin 310 ditoeddi io AxEYNBE{G¢ MI0RYEiqadts act er| al
cells in the SU | ugi 172-2 89)

oo ST VE Rop PR 380 ¥° iR kA" °°“g"“f“Fans %Fh%re ‘%OH%FQ §1Héap E117
(pTTO CDP870 or30°z¢@ndl43 @@MEGSQ? inculpptedovpm ightaf 91T ané 61°6r for t he COP870 Fab'

(an anti-TNE& Fapy zhﬂawnnﬂbeaolrwmescghmnmt% o&ﬁl e&mwof fhe SEQeAcP MO 9 and a
heavy chain sequence sh o (}? structed using

conventional r é@‘it'iol’?ﬁti"{‘)ﬁ’ 53 Eﬂlﬂ"ﬁﬁt ﬁéﬁ“ﬁﬂﬁ%’l"ﬁg &Sy Q/\ﬁ‘??’&sﬁ"ta{’ﬂteﬁﬁp"%a"f)'bund in
Sanbr ook eta! @80, Sihdkd edulearronl thniig;pla Ve pitlad ondyresmyprodt .in GBNiof pr ess,

N. Y. The plas ngp\p h&féiﬁ lf‘\r is Q‘B;I' TQeeFQ:P %r?tg t2)9‘rY tg?r dﬂﬁtes %ﬁx@lmggog% f\b/ggsqcr&t‘e

follow ng features ong pr ono perato uence. The
Fab |ight and m@m@mwgsm@twglecqwmwreﬁ b@!dlnwﬂfe@ wemightat WEi st roni ¢

ITESS? 9° le% te ﬁﬁ?d'd’dgmkh ﬁeresﬂeﬁ}&@rlt le@ﬂfal ﬂﬁulﬂ‘aﬁe@md@hﬁegﬁtmn ahd @Rbrhid Q’FﬂgA protein
was Tt use (0]

heav ene sequences, whi ch
directed the t F‘éfﬁtél %ﬁ’&gf Bﬁgr(")tl'm aH‘L "8'84; f/"ﬁ%tf){“\pﬁee‘édye?rgy ?“n'@ gr%“gif IE)er i pl asm
Transcri pti on \walk oft traelomam@eewilide pigned Sthela koléniea nere pickpt! poietiea ptatad attor rrnB

1112 The | acl goeng fReaasts tiie: SARHhHLI Bl BPIF BIOMuLAE Pads P esSOT

protein. This repressed transcription romt tac pronoter until
do-repressi on WA incphatse axsright 2 ARCpr esence of al |l ol actose or WIG The
10ori gi n of 15 eplay ¢ @blofies thmadhwoﬂhﬁﬁse B i€ bn mdmpadnnelde;aeskmwx@mpy nunber .

The plasm d con{la ined a tetr ine resistan ene ‘% QL1
sel ection. The rlgmaclz]sgrfxal Te #L elmglﬁ X p]flshmd CU{m evml:,]ngs \ﬁ,:\llaegeq%eée plck% an%q réetf? d%%

met hod found i RCRMithg @Tatisn S%lﬁTthMhOhd&t Colenies gt sqneﬁta@e P@’I"“"Bﬁ@?er i aI
cells in the sagR &ohdiboRE. siRNAR 88icR b to2kddicd #2839 olonles dnSIxPP|arZ- O

or oduced i n Ex I A DEE PHOAPFET HEY (b SUBF Went s {0 express the
anti - TNFa Fzb' Day 5 Single colonies of PCR positive, chioramphenicol 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  catrying 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 oC in

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



MXEOO8 expressing anti-TNF Fab' and DsbC was fernented using standard
fermentation conditions and nedium Follow ng fernentation the resulting
host cell 20sanple was subjected to centrifugation and the cell pellet was
frozen for storage, ExaMple :57 ex treiben ol and-TN. F. 4 Fab' fl
alltntaial & plf ad instmea t The frozen pellet cell pellet from
Exanple 2 was then thawed and re-suspended in extraction buffer (0.1Nl
Trio/ 10mM EDTA pfl "I A). Extraction was carried out overnight at 60C.
25Fol l owi ng the extraction step the extraction sanple was centrifuged for
| hour at 4200rpm at 4C. Post centrifugation the sanple was clarified via a
0. 45umt0, 22um filtrati on, After 3filtrati on, the resulting host cell
sanpl e extract Lk NG di vi ded into 3 aliquat |Oril and
was adjusted o %ﬁ\’@@%o '?%HE!Z@I"’ ngfog]dtlj\%%ﬁ&s g‘ﬁ‘%’ Y @T w@b'gew(e’av&g%']% lébglgé i’c acid. A
separ ate al i quotellgster et ai ned at pH 6.9 as a control sanple. 40 As
can be seen in EcgiaRr whs aphfiéBRREDsplof)Shsk. Of precipitation were observed as
t he pH decr ease@ﬁ ]:g\e rmst].fp‘fr eci pi t%tl grel mwas seen at pl-13.0, foll owed
by pH 43 and t hElfSNy, Wes amplifieg usinga standard PR progedures st et a sanpfr.stnrtb
fellowitra pbt @il att gl BeffdsxPhHBRede)l | PLC Sanpl es of each host cell
sanpl e extract fgol | ow ngNﬂHnﬁdeéﬁJMmEx pH 5.0, 4.5 or 3,0 or the control
(no-pH adjustnment, pH 7) were taken across the tinme course at tinme
T=I hour, T=2 hbi¥s, T-4 dishG@me) T=8 hours and T=24 hours, and real tinme
anal ysis was carsuled oup dig@ispaver se phase |-PLC evorsee | TPTC al |l ows 10
separati on of PsPt ei ns erhltsqe basi s or hydrophobicity and was carried out
using a suitable HPLC cof umm (Poroshell TM 300SB-C8, 5m cron, 2.1x75ntm
from Agi | entl9 Te®hhol ogi &x)DN/Spaiymheesse (Reshe SPAt ered (0. 22urn) prior to
anal ysi s. 3gkge resubps are shown in Figures 2, 3, 5 and 6. .Figure 2
shows t he overl&ls‘g clhromat ograns for the reverse phase |iPLC anal ysis at
T-0 (T-0 nmeans as 96%n as was 15 possible to conduct the analysis after pH
adj ustment, typ¥CElly atedim@ 7 minutes after pH adjustnent) for the host
cel | sanple extg@et aftep,;Rid adjustment, Figure 3 shows the individual
chromatogratns fq@r, the reverse phase HPLC anal ysis at T=0 for the host cell
sanpl e extract HfCer pH! Bt foreafd fordpeclseaks corresponding to the |ight
chain (LC) of thé&CFab', 1eteheavy chain (HC) of the Fah', the whole Fab',
the DsbC his (h}zsogt agge%HgguggshC) and di peptidc binding protein (Dill") are
shown for pH 7 and for p adtj ustment to pH 3.0, pH 4.5 and pH 5.0. ft can
be seen from Fi giff dis packipny v&°rq kegepletth dSubvan framoyedof DayCricefyes thhswer aft er pH
ggjh gsth ment to pd'i‘ge]’;é_ioﬁ@ﬁmAEﬁldl“dtﬁe ISfa]Bc%f(POﬂ'i'd’a@‘on?ﬁul pih,d, Squmufﬂuamﬂs)MupL 4
-his is.,5igni,fi re r.t her afte adj ustnent to p .5 or
to pH 3.0. Fté g%r’ixs%lﬁggé)lb%sggé%"?ﬁdaf"%t"ﬁlé atqeﬁétr?%i {/J?gpouﬁlEWi s significantly
| owered after ph thdpnyringeliR eestionSubed laadimg buffsr (xoX wapBHed agd B0uf wasTlppdedef or e, i n
the host cell exldsais tA®200) fadsd o1 B0itdieay s R ¥rohQUBLES 1bRyRl der cause
,ﬂ:lgc'pﬂl ;g]t Lg?ngsfgl({cBan rur-xr Qt%&%?t? Folr}ﬁ/oulgf]wll:o size Im?lrkgrc%}’erfgétBﬂ!f\fn{aﬁ(g'rn(}.l-}&l(%f fected by
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 (5ul 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 MXEQO1 but not in the W3110 control.



Figure 5 shows the total peak area for DsbC-his fromthe reverse phase HPLC
chrmatogram after pli adjustnent to pH 3.0, 4.5 and 5.0. As seen in Figures
2 and 3, the 30anobunt of DsbC is reduced after adjustnent to pH 5.0 and
further reduced after adjustnent to pH 4.5 or 3.0. 4/ Figure 6 shows
the total peak area for HOP fromthe reverse phase fine chromatogram after
pl4 adjustnent to pH 3,0, 4,5 and 5,0. As seen in Figures 2 and 3, the
anount of DBP is reduced after adjustnment to pH 3.0. A purified
solution of DsbC his was obtained fromthe host cell extract of strain

5NI XEOO8 by m xed- node cati on exchangewghr omat ography Analysis of this
purified solution conprising Dsbe-his perforaed at 7 and at pH 3.0

alter T-4, 1, 2 k I8 R adwashi ch shows
t he chronmat ogr aé@gll\rdrvgE ) é?ngrggr@é ggéedq%%’ﬁ‘@%ﬁa §§?t\gﬂ%¥1gt£de]&gdﬁﬁ?|%g sol ution
conpri si ng Dsb@'t?ﬁtsdwt“m-l”?mﬁ&eé?a’ﬂﬂ@(lms la?f“’tser T-0, I, S and 24 hours. it

can be seen fr owsfo®UR ém ﬁts&mtxuvmmpdlges@@lim&ﬁemcumzm 10effect on the
precipitation and renov

is fromthe sol ytion.
506 PAGE Anal y o Persiinci gl does comoing ieqed et el e o g PRt
carried afte$ afpexicemtiedatstsprggzge at pH 7, pH 5.0, pH 4.5 and pH 3.0.

Figure 7 shows nﬁﬁg ; m Fi gure 7 that
the quantity ofrhn% $r|Qs§ﬁre ucgﬁajatﬁée@sgﬁleggilrEss?ﬁg%%n%ﬁ%ﬁn%&&me DsbC 15

and the heavy chain (AC) of the Fab' show at e wei ght on

the gel but it CEAPHE"S *Eri“'{“ﬁ“é’t“s‘f‘ﬁéheﬁ?{’éf’d?%p“ %HS%T? &‘f’?'% P?g dtfced
foll ow ng pH adyisthuinesdiced d tqHmbtatiqpipet.1500am Thpmutaedispe PCR DiNAewas @burglt | on i n

DsbC confir & 1 1n8tan En@ﬁnbﬂ%ﬁé}gsk%‘i_j&& m%@%]%%h %ressek éDﬁeﬁi H&egor@f ter pH

adj ust nent . t est above "exanpl es
after pH adj ust Wéhthe g D Thiscligatien ‘ﬁ‘lééhe"t%if%@“tfm HoreESp{afRE s and
found to have reainegrspyf ,fre;ia.lea YisifkgOthé NEthod Gaddan Mer, HIaMMY Nickdi2ff,Glaal ms: 1. A

met hod for purifyi,ng,a secoi nhna I 0}, el atlv bacteri al
host cell sanpl e"')éc()hre'gcé%?tcrO?a é)ectr t%nsp‘" B ermelﬂdﬁ séé)?l 'aabﬁge'c?llar BI°ngéx lrglsses a

recombi nant pr otigkotpfaheh (ed.)r BewnbP s ifotaia gl H)ﬁ|(k?é5)|"§16ﬁ@‘ﬁu§ép@§@twas\mer ein
the method 15 used, 40ul of electro competent MXEQ01, 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, 25uF and 200Q. After the
electro-transformation 1ml of SOC (Invitrogen) (pre-warmed to 37 ©C) 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 OC. 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 MXEQ01 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. V9S8E

DI33A

V135D

V135G

G147C

S95F and Y115F

30

A T



5conprises: a. adjusting the pH of the host cell sanple or extract thereof
to a pHof 5 or less to precipitate the reconbi nant di sul phide isonerase;
and b. separating precipitated reconbi nant disul phide isonerase fromthe
reconmbi nant protein to produce a reconbinant protein sanple. 1D2. The

met hod according to claim1, wherein the pH of the host cell sanple or
extract thereof is adjusted to a pit of 4,5 or less, 3. The nethod
according to claim?2, wherein the pH of the host cell sanple or extract
thereof is adjusted to a pH 014.5 to 3.0. 4. The method accordi ng
to claim2, wherein the pH of the host gell sanmple or extract 15thereof is
adj usted to a pH 013 or less. 5. The nethod accordi ng to claim4, wherein
in step a) host, c I t r itated and
in step h) hos:rhecg\i’ L'd%h %%B" .&%Pﬁegda'bm Jr;{{i)?ﬁer|€elnp‘ﬂ|msy§l fur trwa @&th% (ng{) ed from
the reconbi nantCphdiidis. H157A) and W174}¥3W°“1'H°éd FPERCTFERP '&t‘!csﬁ?'m ‘ﬁ@gf'ﬁ‘ehﬁ‘if precedi ng

cl ai m. wherei nwtm@pawsmmlcd@ sttaﬁp(rgaﬁtryaes@- RAROMY (rdasEN MhStATO®. tag. 7.

The met hod acc receln cl rein.th egative

bact eri al host%:sgf)f]gﬁ Mgy, sugins ?hwﬁga’m %%%?%égw tg g‘r’ﬁli/( pr ecedi ng
claim wheréi ncdntbmemm"&p/mehﬂsmcsmwrl ses Fitpa andfr 259. The net hod
according to amy. BiGae%AM: 55k M smrv%}e'keﬁéhteﬁtuﬁﬁ’%_'@gené RAaRikRtectpe host

cell sanple or extract thereof Is adjusted | ess. than 5 using
gl aci al aceti caEndsing éhe RS baseloaeys é?fe'a?'ﬁﬂ“ﬁ'&’e'fl?fe'a‘??f/ Phsmit ddph g @b ai m
wherein the hosﬁ97c&lu}nasaynmcen&lfzgyﬁx19|; arAs3-623wr B8 afescrised hie | Blamgifle a fptthof 5 or
| ess for one hoq}r at%o ;3011. The met hod according to any precedi ng
claim wherein°the separ agl on in step h) conprises centrifugation and/or

filtration.l0 43ablel

Mutant E. coli Cell TGenotype Spr Vectors

Strain

MXE001 ATsp -

MXE008 ATsp, spr D133A pMXE339, pKO03 spr D133A (-Sall)

MXE009 ATsp, spr HIS7A pMXE345, pK03 spr H157A (-Sall)

MXEO010 spr G147C | pPMXE338, pK03 spr G147C (-Sall)

MXEO11 spr C94A pMXE343, pK03 spr C94A (-Sall)

MXE012 spr H145A pMXE344, pK03 spr H145A (-Sall)

MXE013 spr W174R pMXE346, pK03 spr W174R (-Sall)
| MXE014 ATsp, spr V135D pMXE340, pK03 spr V135D (-Sall)

MXEO015 ATsp, spr VI8E pMXE342, pK03 spr VI8E (-Sall)

MXEOl6 ATsp, spr C94A pMXE343, pK03 spr C94A (-Sall)

MXE017 | ATsp, spr H145A pMXE344, pK03 spr H145A (-Sall)
"MXE018 ATsp, spt V135G | pMXE341, pKO03 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



12. The method according to any preceding claim wherein after step b) the
nmet hod conprises a further purification step of subjecting the reconbatant
protein sanple to chronmat ography. 13. The nethod according to claim 11,
wherein the chromatography is ion-exchange chromat ography, 14. The net hod
according to any preceding claim wherein after step b) the pH of the
reconbi nant protein sanple is adjusted to a pl-1 of 5to 7. 15. The

nmet hod according to any preceding claim wherein prior to step a) an
extraction buffer is added to the host cell sanple or extract thereof and
the host cell 10sanple or extract thereéf is subjected to a heat treatnent
step. 16. The nethod according to any preceding claim wherein the

nbi | ai
rlgco Whlepgln'; Fagﬁtgéédéﬁg nt? 'Imé scBE r%«@%t\ﬁmlc% en?oZt&osffIQI@\{a%grngﬁ%%ﬁqq_%‘ r’:ght ﬁog alm

according to ar&}P“eree@d’FWQd bqn%i (pong ity tis QHIOtaWéheﬂlé@!dmthfrﬁaﬁPSCdﬁhwg"‘é
reconbi nant antid Reoy forckInd sabwfmm@gtamemmsm chifhg Cleis. nﬂhik&)ethwbﬁfgﬁl n the

Fragrent | her edt el e P BRRTHE 1 Agimin: PHeracfoce i T oiE et hod
according td cl4é22mn§l$lomﬁieldleaalmlm,, Molergstae Micretivdogy ¢ dBHAENt ThapKBddy is a
Fab or Fab' fragmantmovésan sJ&ﬁve%FﬂéR‘i‘roﬁQ&%s@ %] é’if‘%r ti?J mééhé?s f@}\%_l_ls to 20,

wherein the reconbl nant tibody I's specif uman he met hod
according to claf kL veciprelisist r?e't’}‘iew%%f‘?“ﬂﬂ‘&ﬁd ef°ﬁ%féﬂi‘§ ‘E"n&i“?f"%ﬁér?@?‘ﬁ t he
25vari abl e domadctuding BpilehtSRgation @R tha ¥ir aguinbewsigidaneea gillvrestrickiord sitbEQ | D NO,
| for SEQID Nq%r%oglger ],l 14.2 and SEQNa3 for CDRH3 and a fight chain
wherein the va [)P &omal n conpri ses a CDR having the sequence given in
SE, Q | D 1401% prXF@mRnK03SB|§€5F|(t§allb 5 for CORE ,2 and SE,/ ID 1\10:6 for
CDRI 3. 3023 Th@wmmg(@@ﬁqndsmganp claim22, wherein the anti body

conprises the ' regl on sequence given in SEQ ID NG 7 and
t he heavy chai r? var? %?dé’s'f’recgfocﬁ(bg Yenin SEQ ID NO 8. 44
pMXE339, pK03 spr D133A (-Sall)

pMXE340, pK03 spr V135D (-Sall)
15 pMXE341, pK03 spr V135G (-Sall)
pMXE342, pK03 spr VISE (-Sall)
pMXE343, pK03 spr C94A (-Sall)
pMXE344, pKo03 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 E.coli cells or MXEOO1 cells were mixed with (10pg)
1ul of pKO3 DNA in a chilled BioRad 0.2cm electroporation cuvette before
electroporation at 2500V, 25uF and 2000, 1000yl 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 100l aliquots were plated out onto 2xPY agar plates
containing chloramphenicol at 20ug/ml prewarmed at 30°C and 43°C. Plates were
incubated overnight at 30°C and 43°C.



24. The nethod according to claim 23, wherein the antibody is a Fab frognen
conpri ses a heavy chain having the sequence given in SEC) ID NO 10 and a
Iight chain having the sequence given in SEQID NGO 9. 25, the of a step of
adjusting the pH of a gram negative bacterial host cell sanple or extract
thereof transformed wth an expression vector encodi ng a reconbi nant
protein to a pH of 5 or less to precipitate host cell reconbi nant

di sul phi de i sonerase, separate the precipitated host cell reconbi nant

di sul phi de i sonerase fromthe reconbi nant protein and produce a purified
reconbi nant protein sanple. 0126- W01 SEQ LI STLST25 SEQUENCE LI STI NG
<110> uCB CELLTECH <120> PROCESS FOR PURI FYlI NG PROTEI NS <130> (0126- W01

<1207 T o0 ALl 42 A0 R o155 BB gty 20100727
Artificial <220%ctepgdion phisheslogies Hatsuyiesrewth gt 43DRPISHPOEBPETEIERD0> 1 Asp
Tyr Gy Met Asnivehh. SirglOevlofies from the 43°C plate were picked and resuspended in 10ml of
2xPY. 100l of this was plated out onto 2xPY agar plates containing 5% (w/v) sucrose
5  pre-warmed to 30°C to generate single colonies. Plates were incubated overnight at 30°C.
Day 3 Colonies here represent potential simultaneous de-integration and plasmid curing
events. If the de-integration and curing events 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
10 were incubated overnight at 30°C.
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 plus restriction digest for the loss of a Sall site. Colonies that generated a positive
PCR band of the correct size and resistance to digestion by Sall were struck out to produce
15 single colonies on 2xPY agar containing 5% (w/v) sucrose and the plates were incubated
overnight at 30°C.
Day S Single colonies of PCR positive, chloramphenicol sensitive and sucrose resistant £,
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
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-TNFa Fab’ fragment (referred to as
25  CDP870) described in W0O01/94585. 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 1GS2), an expression vector for the CDP870
Fab’ (an anti-TNF Fab’) and DsbC (a periplasmic polypeptide), was constructed using



<211> 17 <212> PRT <213> Artificial <220> <223> Am no acid sequence of
CORR? of CDP870 <400> 2 Trp Ile Mh Thr Tyr Ile Ay GQu Pro Ile Tyr Ala AS
Ser Val Lys 151015 Ay <210> 3 <211> 9 <212> PRT <213> Artificial <220>
<223> Anmi no aci d sequence of CDRH3 of CDP870 <400> 3 Gy Tyr Arg Ser Tyr
Ala Met Asp Tyr 15 <210> 4 <211> 11 <212> PRT
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conventional restriction cloning methodologies which can be found in Sambrook et al
1989, Molecular cloning: a laboratory manual. CSHL press, N.Y. The plasmid pDPH358
contained the following features; a strong fac promoter and lac bperator sequence, The
plasmid contained a unique EcoR1 restriction site after the coding region of the Fab’ heavy
5  chain, followed by a non-coding sequence and then a unique Ndel restriction site. The
DsbC gene was PCR cloned using W3110 crude chromosomal DNA. as a template such
that the PCR product encoded for a 5° EcoRlI site followed by a strong ribosome binding,
followed by the native start codon, signal sequence and mature sequence of DsbC,
terminating in a C-terminal His tag and finally a non-coding Ndel site. The EcoRI-Ndel

10 PCR fragment was restricted and ligated into the expression vector such that all three
polypeptides: Fab’ light chain, Fab’ heavy chain and DsbC were encoded on a single
polycistronic mRNA.

The Fab light chain, heavy chain genes and DcbC gene were transcribed as a single
polycistronic message. DNA encoding the signal peptide from the E. coli OmpA protein

15 was fused to the 5’ end of both light and heavy chain gene sequences, which directed the
translocation of the polypeptides to the E. coli periplasm. Transcription was terminated
using a dual transcription terminator r7nB t1t2. The laclq gene encoded the constitutively
expressed Lac I repressor protein. This 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 MXE008 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



<213> Artificial

of CDRL1 of CDP870 <400> 4 Lys Ala Ser G n Asn val Ay Thr Asn Va

<210> 5 <211> 7 <212> PRT <213> Artificial

G0126- W01 SEQ LI ST_ST25 <220> <223> Anmino acid sequence

Al a 1510

<220> <223> Ami no aci d sequence

of CDRL2 of CDP870 <400> 5 Ser Ala Ser Phe Leu Tyr 5cr 15 <210> 6 <211> 9

<212> PRT <213> Artificial

CDP870 <400> 6

10

15

20

25

30
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found in Sambrook et al 1989, Molecular cloning: a laboratory manual. CSHL press, N.Y.
The plasmid pMXE117 (pTTO CDP870 or 40.4 1GS2) contained the following features; a
strong tac promoter and Jac operator sequence. The Fab light and heavy chain genes were
transcribed as a single dicistronic message. DNA encoding the signal peptide from the E.
coli OmpA protein was fused to the 5° end of both light and heavy chain gene sequences,
which directed the translocation of the polypeptides to the E. coli periplasm. Transcription
was terminated using a dual transcription terminator #nB t112. The laclq gene encoded the
constitutively expressed Lac I repressor protein. This repressed transcription from the tac
promoter until de-repression was induced by the presence of allolactose or IPTG. The
origin of replication used was p15A, which maintained a low copy number. The plasmid
contained a tetracycline resistance gene for antibiotic selection.

The transformation of the strains 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).

Example 2 — Growth of Host Cell Expressing Recombinant Antibody anti-TNF Fab®
The MXE008 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
sample was subjected to centrifugation and the cell pellet was frozen for storage.

Example 3 — extraction of anti-TNKo 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.

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)

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

<220> <223> Am no acid sequence of CDRL3 of



Gn Gn Tyr Asn Ile Tyr

Artificial

Ser Val Gy 1015 Asp Arg Val Thr Ile Thr Cys Lys Ala Ser G n Asn val
Thr Asn 202530 val
|l e 354045 Tyr

Asn |le Tyr

Pro Leu Tim 15 <210> 7 <211> 107 <212> PRT <213>

<220> <223> Amino acid sequence of the light chain variable
regi on CDP870 <400> 7 Asp Ile Gn Met Thr G n ser Pro Ser Ser Leu Ser Al a

Pro Leu 859095

10

15

20

25

30

Ay

Ser Ala Ser Phe Leu Tyr Ser (fly Val Pro Tyr Arg Phe Ser
505560 Ser Gy ser Gy Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gn Pro
65707580 0126-WO01 SEQ LI ST_ST25 Asp Phe Ala Thr Tyr Tyr Cys G n Gn Tyr

40

As can be seen in Figure 1, increased levels of precipitation were observed as the
pH decreased. The most precipitation of host cell protein was seen at pH3.0, followed by
pH 4:5 and then pH 5.0 .

Example 4 — Analysis of host cell sample extracts following pH adjustment by reverse

phase HPLC
Samples of each host cell sample extract following pH adjustment to pH 5.0, 4.5 or

3.0 or the control (no-pH adjustment, pH 7) were taken across the time course at time
(T)=0, T=1 hour, T=2 hours, T=4.5 hours, T=8 hours and T=24 hours, and real time
analysis was carried out via reverse phase HPLC. The reverse phase HPLC allows
separation of proteins on the basis of hydrophobicity and was carried out using a suitable
HPLC column (Poroshell ™ 300SB-C8, Smicron, 2.1x75mm from Agilent Technologies).
Samples were filtered (0.22um) prior to analysis.

The resuits are shown in Figures 2, 3, 5 and 6. Figure 2 shows the overlaid
chromatograms for the reverse phase HPLC analysis at T=0 (T=0 means as soon as was
possible to conduct the analysis after pH adjustment, typically around 7 minutes after pH
adjustment) for the host cell sample extract after pH adjustment. Figure 3 shows the
individual chromatograms for the reverse phase HPLC analysis at T=0 for the host cell
sample extract after pH adjustment. The peaks corresponding to the light chain (LC) of
the Fab’, the heavy chain (HC) of the Fab’, the whole Fab’, the DsbC-his (his-tagged
DsbC) and dipeptide binding protein (DBP) are shown for pH 7 and for pH adjustment to
pH 3.0, pH 4.5 and pH 5.0. It can be seen from Figures 2 and 3 that the quantity of DsbC-
his is lower after pH adjustment to pH 5 compared to the control at pH 7, the quantity of
DsbC-his is significantly lowered further after pH adjustment to pH 4.5 or to pH 3.0. It
can also be seen that the quantity of DBP is significantly lowered after pH adjustment to
pH 3. The pI 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
amount of DsbC is reduced after adjustment to pH 5.0 and further reduced after

adjustment to pH 4.5 or 3.0.

Ala Trp Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys Ala Leu

Ay



Thr the Ay Gn Gy Thr Lys Val Gu Ile Lys 100105 <210> 8 <211> 118 <212>
PRT <213> Artificial <220> <223> Am no acid sequence of the heavy chain
vari abl e regi on COP870 <400> 8 u Val Gn Leu Val Qu Ser Gy Ay Ay Leu
Val Gn Pro (fly Gy 151015 Ser Leu Arg Leu Ser Cys Ala Ala ser Gy Tyr Val
the Thr Asp Tyr 202530 (fly Met Asn Trp val Arg Gn Ala Pro (fly Lys (fly
Leu Gu Trp Met 354045 Gy Trp Ile Asn Thr Tyr lie Gy Gu pro Ile Tyr Al a
AS Ser Val 505560 Lys Gy Arg the Thr Phe Ser Leu Asp Thr Ser Lys -er Thr
Ala Tyr 65707580 Leu G n Met Asn Ser Leu Arg Ala Qu Asp Thr Ala Val Tyr
Tyr Cys 859095 Ala Arg Gy Tyr Arg Ser jiyr Ala Met AS Tyr Trp Gy Gn Gy
Thr

Figure 6 shows the total peak area for DBP 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
amount of DBP is reduced after adjustment to pH 3.0, '

A purified solution of DsbC-his was obtained from the host cell extract of strain

5 MXEO008 by mixed-mode cation exchange chromatography Analysis of this purified
solution comprising DsbC-his was perfomed at pH 7 and at pH 3.0 after T=0, 1, 8 and 24
hours. The results are shown in Figure 4 which shows the chromatograms for reverse
phase HPLC analysis of the purified solution comprising DsbC-his at pH 7 and at pH 3.0
after T=0, 1, 8 and 24 hours. It can be seen from Figure 4 that the pH adjustment had no

10 effect on the precipitation and removal of DsbC-his from the solution.

Example 5 — SDS-PAGE Analvsis of Samples

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).



100105110 Leu Val Thr val Ser Ser 115 <210> 9 <211> 214 <212> PRT <213>
Artificial <220> <223> Am no acid sequence of a grafted anti-TNF? Fab
cDP870 Iight chain <400> 9 Asp Ile Gn Met Thr G n Ser Pro Ser Ser Leu Ser
Ala Ser Val Gy 151015 Asp Arg V Thr Ile Thr Cys Lys Ala Ser G n Asn val
Ay Thr Asn 202530 0126-W01 SEQ LI ST_5T25 Val Ala Trp Tyr Gn Gn Lys
Pro Gy Lys Ala Pro Lys Ala Leu Il e 354045 Tyr Ser Ala ser Phe Leu Tyr ser
Gy val Pro TyrPhe Ser Ay 505560 Ser Gy Ser Gy Thr Asp Phe Thr eu Thr
Ile Ser ser Leu Gn Pro 65707580 Q u Asp Phe Ala Thr Tyr Tyr Cys Gn Gn
Tyr Asn Ile Tyr Pro Leu 4

Claims:

1. A method for purifying a recombinant protein from a gram-negative bacterial host
cell sample or extract thereof wherein said host cell expresses a recombinant
protein and a recombinant disulphide isomerase DsbC; wherein the method

5 comprises:
a. adjusting the pH of the host cell sample or extract thereof to a pH of 5 or
less to precipitate the recombinant disulphide isomerase; and
b. separating precipitated recombinant disulphide isomerase from the
recombinant protein to produce a recombinant protein sample.

10 2. The method according 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 £. 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.



859095 Thr Phe Ay Gn Ay Thr Lys Val Gu Ile Lys Arg Thr val Ala Ala
100105110 Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Qu Gn Leu Lys Ser Ay
115120125 Thr Ala Ser Val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Qu Al a
130135140 Lys Val G n Trp Lys Val Asp Asn Ala Leu Gn Ser Ay Asn Ser Gn
145150155160 G u Ser Val Thr Au G n Asp Ser Lys Asp Ser Thr Tyr Ser Leu
Ser 165170175 Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Qu Lys H's Lys val
Tyr 180185190 Ala Cys Qu val Thr HHs Gn Gy Leu Ser Ser Pro Val Thr Lys
Ser 195200205 Phe Asn Arg Gy Gu Cys 210 <210> 10 <211> 229 <212> PRT
<213> Artificial <220> <223> Am no aci dgsequence of a grafted anti-TNF? Fab
CDP870 heavy chain <400> 10

12, The method according to any preceding claim, wherein after step b) the method
comprises a further purification step of subjecting the recombinant protein sample
to chromatography. '

13. The method according to claim 11, wherein the chromatography is ion-exchange

5 chromatography,

14, The method according to any preceding claim, wherein after step b) the pH of the
recombinant protein sample is adjusted to a pH of S to 7.

15. The method according to any preceding claim, wherein prior to step a) an
extraction buffer is added to the host cell sample or extract thereof and the host cell

10 sample or extract thereof is subjected to a heat treatment step.

16. The method according to any preceding claim, wherein the recombinant protein
has a pl of 6 t0 9. '

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
CDRHI, SEQ ID NO:2, for CDRH2 and SEQ ID NO:3 for CDRH3 and a light
chain wherein the variable domain comprises a CDR having the sequence given in
SEQ ID NO:4 for CDRLI, 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.



Gu Val Gn Leu Val Qu Ser Ay Ay Ay Leu Val Gn Pro Gy Ay 151015 Ser
Leu Arc Leu Ser CS Ala Ala ser Ay Tyr Val Phe Thr Asp Tyr )02530 Gy Met
Asn Trp Val Arg Gn Ala Pro Ay Lys Gy Leu Gu Trp net 354045 Page 4
60126- W01 SEQ LI ST _ST25 Ay Trp Ile Asn Thr Tyr Ile Ay GQu Pro Ile Tyr
Ala Asp Ser Val 505560 Lys Gy Arg Phe Thr The Ser Leu Asp Thr Ser Lys Ser
Thr Ala Tyr 65707580 Lou G n Met Asn Ser La Arg Ala G u Asp Thr Ala Vval Tyr
Tyr Cys 859095 Ala Arg Gy Tyr Ary Ser Tyr Ala Met Asp Tyr Trp Ay Gn Gy
Thr 100105110 Lou Val Thr Val Ser Ser Ala Ser Thr Lys Ay Pro Ser Val Phe
Pro 115120125 La Ala Pro Ser Ser Lys Seps Thr Ser Ay Ay Thr Ala Ala Leu
Ay
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



130135140 Cys Leu Val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser Trp Asn
145150155160 Ser Gy Ala Lou Thr Ser Ay Val H's Thr Phe Pro Ala Va] eu G n
165170175 Ser Ser Ay La Tyr Ser Leu Ser Ser Val Val Thr val Pro Ser Ser
180185190 Ser Lou Ay Thr Gn TimTyr Ile Cys Asn Val Asn His Lys Pro Ser
195200205 Asn Thr Lys Val As S I 0 Lys ser Cys Asp Lys Thr
210215220 H's Thr Cys Al asgbgg 5{%155&1%92%1% 720 <212> DNA <213>
Artificial <220> <223> Nucl eoti de sequence of his-tagged DsbC <400> 11

at gaafdiag WBt ¢kLATEt gtttactttg ttagcggegt tttcaggett tgctcagget 60

gat gagge99 praat i ras daasvinkagied@aat gggca t caaaagcag cgatattcagl20
cccycgcecctg tayctggcat gaagacagtt ctgactaaca gcggecgtgtt gtacatcaccl80

gat gati8@t a Kaeatw@dtat tcaggggcca atgtatgacg ttagtgqcac ggctccggtc240

<140> PCT/GB2011/001129
<141> 2011-07-27

<150> GB1012599.5
<151> 2010-07-27

<160> 16

<170> PatentIn version 3.5
<210> 1

<211> 5

<212> PRT
<213> Artificial

<220>
<223> Amino acid sequence of CDRH1 of CDP870

<400> 1
Asp Tyr Gly Met Asn
1 5

<210> 2

<211> 17

<212> PRT

<213> Artificial

<220>
<223> Amino acid sequence of CDRH2 of CDP870

<400> 2

Trp Ile Asn Thr Tyr Ile Gly Glu Pro Ile Tyr Ala Asp Ser val Lys
il 5 10 15
Gly

<210> 3

<211> 9

<212> PRT

<213> Artificial

<220>
<223> Amino acid sequence of CDRH3 of CDP870

<400> 3
§1y Tyr Arg Ser Eyr Ala Met Asp Tyr

<210> 4

<211> 11

<212> PRT

<213> Artificial

Page 1



aat gt cacca at aagatgct gttaaagcag ttgaatgcqc ttgaaaaaga gatgatcgtt300 Page 5
0126- W01 SEQ LI ST_ST25 t at aaagcgc cgcaugaaaa acacgtcatc accgtgttta
ctgatattac cigtggttac360 tgccacaaac tgcatgagca aat ggcagac tacaacgcgc

t ggggat cac cgtgcgttat420 cttgctttcc cgcgccaggg gctggacagc gat gcagaga
aagaaat gaa agctatctgg480 tgtgg _agolaggga}_a!gg ,agcgtttgat gatgtgatgy

caggt aaaag cgtcgcacca540 gccagtitgcg acgtggatat tgccgaccat tacgcactto

gcgt ceagst tggcgttage600 ggt actccgg cagttgtgct gagcaatggc acacttattc
cgggt+2ddea At B Echaameeenaght@ProAPTagPRE7Gt cga cgaacaccaa aaaat gacca

acggt ca ccatcaccat 720 <210> 12 <211> 242 <212> PRT <213> Artifici al
<220> <Z223> Amino acid sequence of his-tagged DsbC <400> 12 Met Lys Lys Gy
Phe Nbts heal sehesThhasieal Ldy #MhraAdhavaRheldSer Ay 151015 Phe Ala G n Ala Asp
Asp Aba Ala Ile GA Gn Thr Leu A alQys Met

<210> 5

<211> 7

<212> PRT

<213> Artificial

<220>
<223> Amino acid sequence of CDRL2 of cDP870

<400> 5

Ser Ala Ser Phe Leu Tyr Ser
1 5

<210> 6

<211> 9

<212> PRT

<213> Artificial

<220>
<223> Amino acid sequence of CDRL3 of CDP870

<400> 6
Gln Gln Tyr Asn Ile Tyr Pro Leu Thr
1 5

<210> 7

<211> 107

<212> PRT

<213> Artificial

<220>
<223> Amino acid sequence of the light chain variable region CDP870

<400> 7

Asp Ile GIn Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val Gly
il 5 10 15

Asp Arg val TBr ITe Thr Cys Lys g;a Ser GIn Asn val géy Thr Asn
2

val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Ala Leu Ile
35 40 45

Tyr Ser Ala Ser Phe Leu Tyr Ser Gly val Pro g%r Arg Phe Ser Gly
50 55

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Page 2



202530 dy Ile Lys Ser Ser Asp Ile Gn Pro Ala Pro val Ala Ay Mt Lys
354045 Thr val _eu Thr Asn Ser (fly Val Leu Tyr Ile Thr Asp Asp 505560 Hi s
llelle Gn Gy Pro Met Tyr Asp Val ser Ay Thr Ala Pro Val 65707580 Asn
Val Thr Asn Lys Met Leu Leu Lys Gn Leu Ash Ala Leu Gu Lys 859095 G u Met

Ile Val Tyr Lvs Ala Pro G n @Hb.h \fglréhg Thr val 100105110 Phe Thr
ASIO lde A%y ph¥Sa1@ Yl Yo r $ alt r|'er§n Tl rd o NRlu 115120125 Al a Asp
Tyr MhAla Leu Gy Bte hr Val® Arg B Leu Al a Phe PO6 130135140 Arg Gn Ay

Leu Asp Ser Asp Ala "flu Lys Gu Met ys Ala Ile Trp 145150155160 Cys Al a
Lys Asp bys GW (IJ.-IyﬁsGﬁl, EI'hPhS/sA%’l AsSh Mal ,_)I)gst Ala Ay Lys 165170175 Page 6
100 105

<210> 8

<211> 118

<212> PRT

<213> Artificial

<220>
<223> Amino acid sequence of the heavy chain variable region CDP870

<400> 8

Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr val Phe Thr Asp Tyr
20 25 30

Gly Met ésn Trp val Arg Gln Ala Pro Gly Lys Gly kgu Glu Trp Met
5 40

Gly Trp Ile Asn Thr Tyr Ile Gly Glu Pro Ile Tyr Ala Asp Ser val
50 55 60

Lys Gly Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr
65 70 75 80

Leu Gln Met Ash Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
85 20 95

Ala Arg Gly Tyr Arg Ser Tyr Ala Met Asp Tyr Trp Gly GIn Gly Thr
100 105 110

Leu vVal Thr val Ser Ser
115

<210> 9

<211> 214

<212> PRT

<213> Artificial

<220>
<223> Amino acid sequence of a grafted anti-TNF? Fab cDP870 1light chain

<400> 9

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val Gly
1 5 10 15

Asp Arg val Thr Ile Thr Cys Lys Ala Ser Gln Asn val Ggy Thr Asn
20 25 3

Page 3



0126-w001 SEQ LI ST_ST25 Ser Val Ala Pro Ala Ser Cys Asp Val Asp Ile Ala
Asp Hi's Tyr Ala 180185190 Leu Ay Val Gn Leu Ay Val Ser Ay Thr Pro Al a
Va Val Leu Ser 195200 Asn Ay Thr Leu Val Pro Ay Tyr Gn Pro Pro Lys Gu
Met Lys G u 210215220 Phe Leu Asp Qu H's Gn Lys Met Thr Ser Ay Lys Hs
Hs Hs Hs 225230235240 Hi s _Hi s <210> <211>.188 <212> PRT <213>

PP . =W . .
AT s 2805 <273 A0 A Bl BB DT hth Laberpr gene 1 ncl udi ng
t he signal sgquence which i s40he ¥| rst 26 am4to acid residues <400> 13 Met
Val Lys Ser Gn Pro Ile Leu Arg Tyr lie Leu Aro Ay Ile Pro 151015 Ala Ile

Ala Vgl %ra AYg! SeLreHhé-'?_‘éussﬁs)'r 3% GWS\/aﬁeﬁrdA"(TS%rm AR sEPrgy

ser Gly ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu GIln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ile Tyr Pro Leu
85 20 95

Thr Phe Gly Gln Gly Thr Lys val Glu Ile Lys Arg Thr val Ala Ala
100 105 110

Pro Ser val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys val GIn Trp Lys val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

Glu ser val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr
180 185 190

Ala Cys Glu val Thr His GIn Gly Leu Ser Ser Pro val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys

210
<210> 10
<211> 229
<212> PRT
<213> Artificial
<220> .
<223> Amino acid sequence of a grafted anti-TNF? Fab cDP870 heavy chain
<400> 10

Glu val Gln Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr val Phe Thr Asp Tyr
20 25 30

Gly Met Asn Trp val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Met
35 40 45
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202530 Ala Lys Asn Met H's Pro Gu Thr Arg Ala val Ay Ser Gu Thr Ser
354045 Ser Leu G n Ala Ser Gn As,Pile Qu Asn Leu Val AAsn Val SO6560 Asp
Val Lys Ser Arg Ile Met Asp Gn Tyr Ala Asp Trp Lys Ay Val 65707580 Arg
Tyr Arg Leu Gy Gy Ser Thr Lys Lys Gy Ile Asp Cys Ser @y 859095 Phe Val
Gn Arg Thr Phe Arg Qu Gn G L Pro Arg 100105110 Ser Thr
Tyr Gu Gn Gn Qu Mt Ay E@@Ggéér!@er%%q&%eﬁisn 115120125 Leu Arg Thr
Gy Asp Leu Val Leu Phe Arg Ala Ay Ser Thr Gy An) 130135140 0126-WO01
SEQ 91STT8TZ%e Hisy Tl T@r yIlel @lyrgiu |Are O TABATRMATE fePhé@lval His Al a Ser
Thr 145189155160 Ser Ser %Iy Val I1le Il1e &8r 5¢cr met Mh Qu Pro Tyr Trp Lys
Lys

Lys Gly Arg Phe Thr Phe Ser Leu Asp Thr Ser Lys Ser Thr Ala Tyr

65 ‘ 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
85 20 95

Ala Arg Gly Tyr Arg Ser Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu val Thr val ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro
115 120 125

Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly
130 135 140

Cys Leu val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn
145 150 155 160

Ser Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu Gln
165 170 175

Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser Ser
180 185 190

Ser Leu Gly Thr GIn Thr Tyr Ile Cys Asn val Asn His Lys Pro Ser
195 200 205

Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys Asp Lys Thr
210 215 220

His Thr Cys Ala Ala

225

<210> 11

<211> 720

<212> DNA

<213> Artificial

<220>

<223> Nucleotide sequence of his-tagged DsbhC

<400> 11

atgaagaaag gttttatgtt gtttactttg ttagcggcgt tttcaggctt tgctcaggct 60
gatgacgcgg caattcaaca aacgttagcc aaaatgggca tcaaaagcag cgatattcag 120
cccgegectg tagectggcat gaagacagtt ctgactaaca gcggcgtgtt gtacatcacc 180
gatgatggta aacatatcat tcaggggcca atgtatgacg ttagtggcac ggctccggtc 240
aatgtcacca ataagatgct gttaaagcag ttgaatgcgc ttgaaaaaga gatgatcgtt 300
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165170175 Arg Tyr Mh Gu Ala Arg Arg Val

Leu Ser Arg Ser 180185 <210> 14
<211> 162 <212> PRT <213> Artificial

<220> <223> Amino acid sequence of the
wi | d-type spr gene without the signal sequence <400> 14 Cys Ser Ala ASn M
Thr Ala Lys Asti Met His Pro (flu Thr Arg Ala 151015 Val dy Ser @u Thr

Ser ser Leu Gn Ala Ser Gn (f 530 Mh Leu Val Arg M Val
Asp val Lys Ser Arg Ile net @%6&%¢5E8§%31%9% a AS Trp Lys Gy v Arg Tyr
dn

Arg Ledtaddgegd ggcaggaablar adagtiaye 50600t yrddatAsp c@ysgdienc d y Ht® Val

Arg Tnr Phe Aré;g G u G n Phe 65707580 420

tgccacaaac tgcatgagca aatggcagac tacaacgcgc tggggatcac cgtgcgttat
480

cttgctttcc
tgtgcgaaag
gccagttgceg
ggtactccgg
gagatgaaag

cgcgccaggg
ataaaaacaa
acgtggatat
cagttgtgct

aatttctcga

gctggacagc
agcgtttgat
tgccgaccat
gagcaatggc

cgaacaccaa

gatgcagaga
gatgtgatgg
tacgcacttg
acacttgttc

aaaatgacca

aagaaatgaa
caggtaaaag
gcgtccagcet
cgggttacca

gcggtaaaca

agctatctgg
cgtcgcacca
tggcgttagce
gccgccgaaa

ccatcaccat

540
600
660
720

<210> 12

<211> 242

<212> PRT

<213> Artificial

<220>

<223> Amino acid sequence of his-tagged DsbC

<400> 12

Met Lys Lys Gly Phe Met Leu Phe Thr Leu Leu Ala Ala Phe Ser Gly
1 5 10 15

Phe Ala GIn Ala Asp Asp Ala Ala Ile GIn GIn Thr Leu Ala Met

Lys
20 25 30

Gly Ile Lys Ser Ser Asp Ile Gln Pro Ala Pro val Ala Gly Met Lys
35 40 45

Thr val Leu Thr Asn Ser Gly val Leu Tyr Ile ggr Asp Asp Gly Lys
50 55

val
80

His Ile Ile GIn Gly Pro Met Tyr Asp val Ser Gly Thr Ala Pro
65 70 75

Asn val Thr Asn Lys Met Leu Leu Lys Gln Leu Asn Ala Leu Glu Lys

val
100

Glu Met Ile Ile Thr val

110

Gln Glu His val

105

Tyr Lys Ala Pro Lys

His Glu Gln

125

Phe Thr Ile Thr Cys Gly Tyr His Leu Met

120

Cys Lys

Ala Tyr Asn Ala Leu Gly Ile Thr val Arg Tyr Ala Phe Pro

140

Leu

Glu Ala Ile

155

Arg Gly Leu Ser Ala Glu

150

Asp Asp Lys Met Lys

Cys Lys Asp Lys Asn Lys Ala Phe Asp Asp val Ala

165 170
Page 6
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Ay Leu Gu Leu Pro Arg ser Thr Tyr Gu Gn Gn Gu
Val Ser Arg Ser Asn Leu Arg Timdy Asp Leu val Leu
Gy Ser Thr Ay Arg Hs Val Ay Ile Tyr Ile Ay Asn
Val H's Ala Ser Thr Ser Ser Gy Val Ile Ile Ser Ser

Met Gy Lys 859095 Ser
Phe Arg 100105110 Al a
Mh G n 115120175 Phe
Met Mh 130135140 A u

Leu Ser

155160 Arg Ser

Pro Tyr Trp Lys 145 Arg Tyr € Ar val
60126- w001 SEQ LI STg5T25 <21§€ﬁfgv%g%(}§§f§%b> DNA <213> Artificial

<220>
ser val Ala Pro Ala Ser Cys Asp val Asp Ile Ala Asp His
180 185 190

Leu Gly val Gln Leu Gly val Ser Gly Thr Pro Ala val val
195 200 205

Asn Gly Thr Leu val Pro Gly Tyr Gln Pro Pro Lys Glu Met
210 215 220

Phe Leu Asp Glu His GIn Lys Met Thr Ser Gly Lys His His
225 230 235

His His

<210> 13

<211> 188

<212> PRT

<213> Artificial

<220>

Tyr Ala

Leu Ser

Lys Glu

His

His
240

<223> Amino acid sequence of wild-type spr gene including the signal
sequence which is the first 26 amino acid residues

<400> 13

Met val Lys Ser Gln Pro Ile Leu Arg Tyr Ile Leu Arg Gly Ile Pro
1 5 15

10

Ala Ile Ala val Ala val Leu Leu Ser Ala Cys Ser Ala Asn
20 25 30

Ala Lys Ash Met His Pro Glu Thr Arg Ala val Gly Ser Glu
35 40 45

Ser Leu GIn Ala Ser Gin Asp Glu Phe Glu Asn Leu val Arg
50 55 60

Asp val Lys Ser Arg Ile Met Asp GIn Tyr Ala Asp Trp Lys
65 70 75

Arg Tyr Arg Leu Gly Gly Ser Thr Lys Lys Gly Ile Asp Cys
85 90

Phe val GIn Arg Thr Phe Arg Glu GIn Phe Gly Leu Glu Leu
100 105 110

ser Thr Tyr Glu Gln Gln Glu Met Gly Lys Ser val Ser Arg
115 120 125

Leu Arg Thr Gly Asp Leu val Leu Phe Arg Ala Gly Ser Thr
130 135 140
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Thr

Asn

Gly

Ser

95

Pro

ser

Gly

Thr

ser

val

val

80

Gly

Arg

Asn

Arg



<223> DNA sequence of a mutated knockout Tsp gene including the 6
nucl eot i des ATGAAT upstream of the start codon <400> 15 atgaattcgt
accgcgttag ctggcctgcet tgcaatagca ggccagacat 60 taattgtaga

ttttaggett
agat at cacg
aagt gagcgc
ggcattttcg
ggt gaigges
gcgt ti¥agge
t gagcgtt ac
cact tat-aggr
gct gt gggac
t aaagaaat t
aacc

gct ggaaggt

goat gg t .ggtccggcag
tgttgﬁggga}%gaggcaagc
tgcctizmatt maagggcgga
agggacddag Axrtttgtiatt g
ggttaagal g tcggtgaaga

e Sl@ﬁ‘gcﬁhgﬂaf: AE:"

gcat acCaac tatctgpt cc

cgtgctgatc aaattccggt attaaaggaa gagacgcagcl20
gt aacgtcgc gcttga t t C agttcgl80
gccaaaat ct ttgaccé@@%_@% g§g§égétﬁﬁgéattaca24o
&l¢gatkgtyg 1dacagt Aogasgaaaargasal adcgayt sag300
aaact cgacglbfttctacga tctctdTaat ctggcgcaaadél
cagtacgctt tgtcggtact ggaaaagccg atggatttcad20
Gl 9RACOra 196 arRISEC MeE LAACEUARA A8FTRGDCH Y48
agt aaaglém aattcgacga gtit7@agcctg aagct qaddys540
cgt gaaaccc tgactcgccg ctacaaattt gccattcgtc600
t,ﬁ,%c{,ggq_egastegag cgrtttgcgegt g660
cgtaat aggggaacagit c aacagt gaaa720
t gct gcaaat ggat gatgac tacaccgtta780
cgaagagt aa agct at cagc gttggtgaca840
cgatggttga cgtgattggc tggcgtcttg900
agggcagtaa agttcgtctg gaaattttac960
t aacgttgac ccgtgaacgt
cggt gggt aa agagaaagt c

at t ggcgcag

at gggacggt
acctcgatca

gccacaacgt
gggat gaact
agcgccgttt
ccggcaacga
agt t gaaggc
gaaaaaggga
gt ct ggcgca
aaat cgaccg
tgagtttgtc
t caat t cgat
aaattgtcgg
at gat gt ggt
ct gct ggt aa

attggtctcgl020 aagagcgcgc
ggcgt ggi ggl1080

<223> Amino acid sequence of the wild-type spr gene without the signal

sequence

<400> 14

Cys Ser Ala Asn Asn Thr Ala Lys Asnh Met His Pro Glu Thr Arg Ala

1

val Gly

Asn Leu

Ala Asp

50

Gly Ile

65

Gly Leu

Ser val
Ala

Gly

val
130

Phe

Glu
145

Pro

Arg Ser

15

Glu Phe Glu

30

GIn Ala GIn

25

Glu Thr

20

ser ser Ser Leu Ser Asp

val Ile Gln

40

val val

35

Arg Asn Met

45

Asp Lys Ser Arg Asp Tyr

Trp Lys Gly val Arg Leu Ser Thr

55

Tyr Arg Gly Gly

60

Lys Lys

Phe
80

Thr Phe Glu GIn

75

Asp Sser Gly Phe val Gln

70

Cys Arg Arg

Glu Glu GIn GIn Glu

90

Leu Pro Thr

85

Arg Ser Met Gly

95

TYyr Lys

Thr val Phe

105

ser Ser Asn Leu Leu

110

Arg Gly Asp Leu Arg

100

val Ile Ile Gln

120

ser Thr His Asn

115

Gly Arg Gly Tyr Gly Asn

Ile
140

His Ala Ser Thr Ser Ser val Ile Ser Ser Met Asn

135

Gly

Ala val

155

Tyr Trp Glu Leu Ser

160

Lys Arg Tyr Asn Arg Arg
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atattccggg cttctatgtqg
aaaaacagaa tgtcagcagc
ct gaaggggt atggctctcc
at aagaacgg caaggttcgt
cgctggt ggt egtggttgac
tgcaggapl a ;6agt cgt gcg
aggaadzaceg 2oagat t gaag

R PO SR,

ggtttgacag acgatgtcaa agtggaactg
gt cat cat cg aggt gcgtag caat gqgcggt
ggtctgttta ttcctgcggg tcccattgtt
gaagat aggg at accgaggg acaggttttc
cgcttc € t atcttt
ctggtté@%g gé%agggggg 3%? ggt aaa
cgtatttagg atcagatgtt acgtgctgaa
g atcgagaaat tctatcgcgt taacggcggc agtacgcaagl560
gtaadﬁ& ot at cat cat gg cgacqggt aa tgaagaaagg gaaacgggt gl1620
agaaaphgga agataacacg ctqccgtggg atagcattga tgccgcgact tatgtgaaat1680
caggagaBst Daacgguebtd ofjamcuygegc kiekoghaggagegat aaltugigy deab cgcqal740 Page
9 aagatccﬂ@é1%ﬁ@é%%éﬂﬁf”%gﬁé@@@ﬁdﬂ:égéﬁﬁﬁéng dgf at cgcact tcaagtaa

gttcc ggc]ggtttctctg ggcgegtttg tctattgaaa cgatctggcg 0128-W01 Sal

Li ST_g% atiige at g tat at @RePed ectifrAGUCtgadpagggagacanichacgct g agcgt gagaa
agagaat aat gaagat gat g aacgaacgct ttaaacgc aggt aaacc tt gaag

gat t aCCAGY WG crFaAt <Yt ERALTHYL 2BAFLEHY GA g‘ t%f‘é’%@?i‘ gfél‘&g ‘-g‘égﬁcagac

gagaaact gg1140
ggggcgtt aal200
caggtccgcgl260
t at aaaggcc1320
ggcgcgggaal3so
ggcaccgt t g1440
t ggccagcgcl1500

COCOGAREHA ot C:tES5H 1 §RALBER §02Qal8D t2PAt2@¢&gccagttcy 180
acctcgatca ggcattttcg gccaaaatct ttgaccgcta cctgaatctg ctcgattaca 240
gccacaacgt gctgctggca agcgatgttg aacagttcgc gaaaaagaaa accgagttag 300
gcgatgaact gcgttcaggc aaactcgacg ttttctacga tctctacaat ctggcgcaaa 360
agcgccgttt tgagcgttac cagtacgctt tgtcggtact ggaaaagccg atggatttca 420
ccggcaacga cacttataac cttgaccgca gcaaagcgcc ctggccgaaa aacgaggctg 480
agttgaacgc gctgtgggac agtaaagtca aattcgacga gttaagcctg aagctgacag 540
gaaaaacgga taaagaaatt cgtgaaaccc tgactcgccg ctacaaattt gccattcgtc 600
gtctggcgca aaccaacagc gaagatgttt tctcgctggce aatgacggcg tttgcgcgtg 660
aaatcgaccc gcataccaac tatctttccc cgcgtaatac cgaacagttc aacactgaaa 720
tgagtttgtc gctggaaggt attggcgcag tgctgcaaat ggatgatgac tacaccgtta 780
tcaattcgat ggtggcaggt ggtccggcag cgaagagtaa agctatcagc gttggtgaca 840
aaattgtcgg tgttggtcaa acaggcaagc cgatggttga cgtgattggc tggcgtcttg 900
atgatgtggt tgccttaatt aaagggccga agggcagtaa agttcgtctg gaaattttac 960
ctgctggtaa agggaccaag acccgtactg taacgttgac ccgtgaacgt attcgtctcg 1020
aagaccgcgc ggttaaaatg tcggtgaaga ccgtcggtaa agagaaagtc ggcgtgctgg 1080
atattccggg cttctatgtg ggtttgacag acgatgtcaa agtgcaactg cagaaactgg 1140
aaaaacagaa tgtcagcagc gtcatcatcg acctgcgtag caatggcggt ggggcgttaa 1200
ctgaagccgt atcgctctcc ggtctgttta ttcctgcggg tcccattgtt caggtccgcg 1260
ataacaacgg caaggttcgt gaagatagcg ataccgacgg acaggttttc tataaaggcc 1320
cgctggtggt gctggttgac cgcttcagtg cttcggcttc agaaatcttt gccgcggcaa 1380
tgcaggatta cggtcgtgcg ctggttgtgg gtgaaccgac gtttggtaaa ggcaccgttc 1440
agcaataccg ttcattgaac cgtatttacg atcagatgtt acgtcctgaa tggccagcgc 1500
tgggttctgt gcagtacacg atccagaaat tctatcgcgt taacggcggc agtacgcaac 1560
gtaaaggcgt aacgccagac atcatcatgc cgacgggtaa tgaagaaacg gaaacgggtg 1620
agaaattcga agataacgcg ctgccgtggg atagcattga tgccgcgact tatgtgaaat 1680
caggagattt aacggccttt gaaccggagc tgctgaagga acataatgcg cgtatcgcga 1740
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<210). 16 211 69 <212> DNA <213> Artificial <220> <223> A igonucl eoti de
cassette encodi ng intergenic sequence 2 (1 GE2) for E. coil Fab expression
400 18 gagctcacca gtaacaaaaa gttttaatag aggggagt2t taaaat gaag aagact gct a60
t agcaatt g69

G0126-wo01 SEQ LIST_ST25

aagatcctga gttccagaac atcatgaagg atatcgcgcg cttcaacgct atgaaggaca 1800
agcgcaatat cgtttctctg aattacgctg tgcgtgagaa agagaataat gaagatgatg 1860
cgacgcgtct ggcgegtttg aacgaacgct ttaaacgcga aggtaaaccg gagttgaaga 1920
aactggatga tctaccgaaa gattaccagg agccggatcc ttatctggat gagacggtga 1980
atatcgcact cgatctggcg aagcttgaaa aagccagacc cgcggaacaa cccgctcccg 2040
tcaagtaa 2048
<210> 16

<211> 69

<212> DNA

<213> Artificial

<220>

<223> oOligonucleotide cassette encoding intergenic sequence 2 (IGS2)
for E. coli Fab expression

<400> 16
gagctcacca gtaacaaaaa gttttaatag aggggagtgt taaaatgaag aagactgcta 60
tagcaattg 69
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