10

15

20

25

30

WD 2005/ 024000 PCT/ GB2004/ 003747 1. METHODS FOR
PRODUCI NG RECOMBI NANT PROTEI NS The present invention
wo edoae®ogeneral |y to net hods for produci ng r ePCHOBR@EAN03747
proteins in Escherichia coli host cell cultures and
nore specifically provides a nethod for controlling 5
the partitioning of said'proteins between the
per i MEBHODS FORPRODIGCINGREEOMBINANT-RROFEINS
supernatant. E. coli is a wdely used and conveni ent
system for the production of reconbi nant proteins.
The prasafit AGURRNAIBEs YendriliPoTHEhEds o0 Fflfdlusiﬁg réwonehasamnt pfoteins in
gene mani pul ation, the availability of reagents .
Escheriahtd cali napt gelheuloxes andaneyn spesfienly previdesenmgthge for controlling

roduci ng .quant.ties of i 17, '
the pesiigpE ot Prigyraing ha e o RS o £ AMARG T sl e tuliie
Supemgfanpr oteins. For review see Baneyx, Current Qpinion
I n Biotechnol ogy, 1999, 10,411-421. E.coli is _now binant
vE.deli {5 a gLy wsed apd conyegEnsIAIE {oF RFRIpSsopf recombinan
.t herapeut i c ' ' ' foHDRE
proteiip TR e BLSY Bl 3o SH SrBiiod S Kbt ocle RthipuliebAogS
availatligt SFebaehad)cludig enedkprasibn vaCtrs, termpbe efroduning quantities of
proteilg@géqw ﬁ%ﬂ&%&&i@%’tﬁg&sﬁgg %?%gaﬁ%igeg?griety of proteins.
2 hfodli 9989, 20,64111688- 180l |
For rof8/ g8 Bafeyx. il A Ohfein B8 t?&m%u‘%%"é%’a_giﬁ%a UNethods,
now vwad¥)2 nsed6dr thkdst4T)le podpeteasoigherapeudieyproteins isueh dhBling

s ha gt oo oS RS, Hhio I i My BERYpo8 12 195
201; P@@ﬁ%&éﬁi £ Gﬁ]%%r?(?uﬁfélﬁ_@{ﬁ‘ibh aDeug Bisebvery aad Dieselupment| 001, 4,

rise a plasmd origin of DNA replication, an i
172-186tV dvinater of. Soheed ableneomlogied ddethpds, A99%. 3Abt K5- K¢ Simmons e

transcri pti qnal rm na r.at by a

oL, Yo oL ErBR g e B e B s 2B BaEEd T ) and a DNA
S BQHREG6n 6% f&%ﬁ:\geﬂe%@ﬂ cSINBeginOwiD iR insendomef S¢DNA copy
Transcription of the foreign gene is ysuall

of the@one intd ke exizgssiorr egior alagy poBifrierpragHpe Mefé‘f{n pavailale Such
VGCtOIg égﬁ#l& c%ﬁ)gnr?’%e %lepg%én?a ?}ﬁg&&%@ﬁ& %Hifc%%iﬁﬁe’,%téﬁﬁbi%tic selectable

than protein was
mark<& Q08 hipkathbtéehid LxREesERd telainatonkeparabdbph ntuie-clonotgHite
can be achi eved xk\)]y 25 determ ning the opti mal oidnt ”
(exprebaionsgsseie)rand 2P NIrpefwince gRoding Feasto é‘?%&’&?&g’&ﬁ 10g Ste.

t ypi cal ’ ~ ir Gkihich all
Transiplfh it e (TSR S isTRALS OREOLRERs Bglod flofholbrnich allows
cell gfth 16 BE sdpareditomedodunt symthasistropiltegin higher yisddsethenif the

into the periplasm or e, syper.nat.an epending on t
proteiayaengioTR proEsrh MEmAISTe of e an e AP ¥

' i . ' Wi 8MExprdsBa.to 88 induced, typicall
detmé%@g)%ihg%{} ﬁ‘%lgp&é‘giaf%ﬁ Igl?éng)a{r%)t getigns pé an beot a:r;;(leltc Zd }t}péca Y
once theecPehavel teemgrdven @ shigine¢ll de@gliirnce and expression in

the periplasmcan offer,.several advanta

exRreBT iRt PRI B0 RO T Sae CHoRBEs "
secrefll B %he g&iﬂladﬂ{ Ot @k BSperh A&« ddeadatad 18 nefurd fthe protein and its

reconbi nant” protein and an oxi di zi ng
folding requirements (Makrides, Microbiological Reviews, 1996, 60, 512-538). For
example, proteins can be targeted to the periplasm via a signal sequence and expression in
the periplasm can offer several advantages over expression in the cytoplasm, including lower

numbers of host cell proteins, less degradation of the recombinant protein and an oxidizing

environment which facilitates proper protein folding.
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envi ronment which facilitates proper protein folding.
WO 2005/ 024000 PCT/ GB2004/ 003747 2 \Wile protein
wQe@bd2400 i ng fermentation is a key factor i nfPCEOBRIVG003747

the cost of producing reconbinant proteins in E.coli,

the cost of downstream processing (DSP) of the

protein produced is al so“inportant in determning the

fWhidd protsin yield duidgsferiiengaticarisg &Sjvfa@fd@ﬂ%@%hﬁws’f fhe

s fallow ng.the fe nt at i

broducfRecBr A RATASO Binsdh £t B 6ot 5 P eanaobessREIRSe) of he
protemg%@&h‘éh el Rirk it dbidmiting eel fafal Odst bh gocrdsc offhé teamtDSP

rotein produced, these steps ma%7t ylcall%lnclgﬁ
encompassereallthe @tgps/ﬁqlgwgn@ﬁg fgqgmt@gn@é GOyt des B the final purified

funcuogaL%rg%lu} ;ﬁﬁpoeﬁlﬁﬁafg;% ‘41? cel ﬂqoc tlgg gf F e rF%c\)AI/Ié dn%%;c pé%t(eem oproduced

these sf@ﬁ"s %a@%%qblﬁall:}ﬂhbmﬂe %hﬁﬁ@y recbﬁxy sieps sughtab eewfifugatiemdiltration,
hese steps to obtain a hig |elq3:yf functlona},
extractpmbm@ Q@np@tn@gyn/ﬂtaﬁltﬁqtmnrﬁepﬁ @%1 QG- ARPTE RELL ication steps.

MamegP ﬁ(kl%&(%r (ﬁfqﬂ&le' sﬁ,{aﬁs o5 oﬁt%‘ﬁ%rmgﬁ‘ gﬁid o ﬁh&i(ﬁﬁl profn is key to

ry recovery steps used during
minimkXai &Ustsl dvaingeled latgwscﬁleqirddmndn qfisicbmpinaht protaimsbi Themature of

t bt and |
the prfaAeY APYRGY SRRSO SUALELRE I8 v g ofeSpppinant
protenf[)ﬁgiﬁ%{l‘ ?&‘@iﬂ H%)eﬁﬁloh%@é'rall fQ&@its'lﬁ’cﬂucﬁhg t1he s@isloQfroduction, the
or exanple, an inporfant consideration

naturefodither ;ﬁomrrbamiam ceblubr éoanOIpade@ esbof fnrmﬂéatpmr | Poraaxemple, an
t he | evel

| eakage of the re i
importEeasReTHaR Sofecaan R aroiF s PREDRR Brtoy pEHhEh f el of
1eakag3%‘fﬂ{e Igwrhﬁﬁaﬁt‘ifrm%ﬁlt ifitd 108 s@feehdtdit, Sas“a&ihtlhﬁl\fl%vél of leakage does

etrinental effect on the yield and qual it t he

occur dmu:mg‘rf@rma[tatum andeuhm cehhaynedettimenial pldeqhenit ?&§Wi angyqaplity of

[ vels o ant te e
e e GRLTB AR oL Lkt 1858 dEeombinant
proteih Mok 9@ ¥o s@@ﬁia%t el vidbbdity 6{BOvigieynatdnt tiriveeased, lnsaking primary
centrifugation or filtration nore difficult an

recoverhiof Bfeaels b aenstifitgatioror Jirahion Borgdigiesl Wﬂhﬁ?&éﬂ@?@ﬁ% the
yield ?tl;:gfjl%{ oj:gala cm‘romhtﬁg ﬁ?lllélﬁsntl h H@@élfé E%erﬂe?ve@la@al%c?%% robust

urrng uga on and are nore
during ¥en€rifu@sidnt dndGiré ModalilRgetd Igsd fesulfing iredamagedo the protem and

increas oG et PGTRRH Ll TG FIER GRAES SSRGS IPLI-{ AgedisEral poblem
is thatgtpglqﬁe{ﬁ’f%xf F b E)?otefn%@dﬂ:r ﬁ%ﬁ{eel%r%[&fﬂ JLﬁﬁlgFé%’Eﬂa&ﬁo'ﬁsrﬁhy also be

educed
reduc€dby edtitaraination Mmhecroadmmn pat¢in firoot ’dqersupem)atamﬁbat may not be

super nat ant t hat ot .b correctly folded or may
correqiky fshiﬁfipamayb&@@ﬁg@&cﬁgg@éeft is therefore desirable to
Ir gﬁg %I ePefbiteaestribie 'tc?ﬂﬁ'}%o@é th@ FERENE y 10 PAMRIY re@bvery of recombinant

nant rot el ns and hence to i nprove t he i nal
proteiyis ehdheod thuquw theffirfalipield a@lda]uabirydtf dimctiopalirpisin ehjained by

ntrolli the partit.io r.ecomii nant (o)
contrgingEper Pris sIPLerbiafg Prftets bSPTIR kR Re
superft@feNt |nvent| on, we have been able to denonstrate

that it is possi bIe to 30 control the partitiaqning ]’ﬁ’gt
()

r du thetpiresent Inpertion, s Howe brearpbiae d@@@@ﬁtﬁ%t? that taHRoE
contrgletfle Bar? aonlng of recombinant proteins between the supernatant and the periplasm

in E.coli host cell cultures by adjusting the growth rate of E.coli host cells. By selecting a
suitable growth rate based on the partitioning of the protein between the supernatant and the
periplasm and not necessarily on yield alone, the quality and/or yield of protein produced

can be increased.
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in E.coli host cell cultures by adjusting the growth

rate of E.coli host cells. By selecting a suitable
w@e@dHop@t e based on the partitioning of the PCDGBRIV4/003747

bet ween the supernatant and the periplasm and not

necessarily on yield alope, the quality and/or yield

of protein produced can’be increased. WO 2005/024000 .

FGTs GR20d4% 00BE 47es8nt iThergionciboreds prpvidsdaacthpd &gppntrolling

invention, there js proyided j ;
ey Spb P s bRB b S PR ORA b o
host cellURB1FE kARteiRBEbrtRP R thdedsmbinantproeal by sdbsdlisdetmder the
cul tures wherein expression of the reconbinant protein

controbyf apdhdiicid¢ bystirs, wiigle methiod coBESST of an inducible
SyStf%?%ﬁ{&%:?’fl@&qg%&gﬂg&lﬁﬁé: a) providing an E. coli

hos#f ure nging the growh rate of the

E. c@) i chifsihg afl drowth) fardefehe g, co postssllon of t he
recombi nant protejn wherein steps éb and (c) can be
per Ehringeripghexprgssiongd thegecambiipatasdigs| v;  and

subseauen gtk% %@)9 g%ﬁ gzztrcgl{ g%gérﬁgmteﬁ &n YhPbdedr iRGRARLASAP] and

proternin ernatant and the E.coli host
cel kutpeqigpklgsm e) conparing the yield determined in

SEPLTRCHRNCRE ER G G RE TR

sel ect M Scdbfashy om t he conpari son nmade in
step (%’)g@i'%h\%)ig% t%e% 155 partitioning of the

r ec @irbéomapuringtied wiekd deétrmimend in epSdpwith theaneld seteroped when at

periplasmis st syjted,ta the prinar ecovery of

t he re@%ﬂﬁpﬁﬁ T g‘iﬂa‘#ﬁ%? hag) eepélgg({ﬂﬁl{gﬁe%@g protein for

use f NdiGnphgsENih rhidViPdth kR toRbariieh Made Papdp @pin which the
pol ypeptide or protein having nore than about ten

am no partiiening hEtherecosibinand prafein depyera dha supginainpt gigl the

source_incl udin acteria b r ' .

) PR SR i mp aCedtBEY o1 RebakldfiBrotein

protein is an antibody. The term " anti body' as used

herein refers to any_ inmmunoglobulin nol ecul e, from any.
The rechabinastrtess for g&s i e prosgpiinyeghon ARy bg ALY BFP@&P&YBG@“ or

.menber _of th . |
orote R FRF s b A, 1ACh A o, iy
sourcdmbludatabicab bpPmbreagminilaly fowl raaymdBar soatdesedn one example

t hereof, such as single c¢chain 25 Fv fragments.. Thes
(he recaebiBo pEelaia WEIHOLY s SRS AREOBE S Lty FEr o any

s Sl LSS LB S CTR1Y Ll oy e
member of the IgG class e.g. IgG1 and also any antigen binding immunoglobulin fragment,
such as Fv, Fab, Fab’ and F(ab"), fragments, and any derivatives thereof, such as single chain
Fv fragments. These antibodies and their fragments may be naturally occurring,
humanized, chimeric or CDR grafted antibodies and standard molecular biology techniques
may be used to modify, add or delete amino acids or domains as desired. The methods for
creating these antibody molecules are well known in the art (see for example, Shrader et al.,
WO 92/02551; Ward et al., 1989, Nature, 341, 544; Orlandi et al., 1989, Proc.Natl.Acad.Sci.
USA, 86, 3833; Riechmann et al., 1988, Nature, 322, 323; Bird et al, 1988, Science, 242,
423; Queen et al., US 5,585,089; Adair, W091/09967; Mountain and Adair, 1992, ‘
Biotechnol. Genet. Eng. Rev, 10, 1-142; Verma et al., 1998, Journal of Immunological

Methods, 216, 165-181).
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may be used to nodify, add or delete am no acids or

domai ns as desired. The nethods for <creating these
wa@piosloamyo nol ecul es are well known in the art PGEEBR@A/003747

exanpl e, Shrader et al., WD 92/02551; Ward et al.,

1989, Nature, 341, 544, | andi et al., 1989,

Proc. Natl . Acad. Sci. 30 A, 86, 3833; Ri echmann et

dl.cali HeaB BellsNart usedy fBAeseBRBYeBiondnat bypaturpggecurring E.coli

strains gglgl%} S Wnswg#gp%p%ﬁgcl%5eclombir51§§p1%te%?%t ecﬁn%fgéf dpecific

host E. Q@z‘i]@&amﬁﬁg}udgﬂcmb@, T&A 1'14@2 NEBApDEScaDH], BRAB, XLlBlue and
Jour nal of | nmunol ogic Met hods 216, 165- %@
V109 GOS 4000 IRTICBOGGH Gozismas, for SEGhPIe RboLEpudans and

h
proteass e RHE SURPIRERR) hecd bl £ RyrT IR QREE R 29 o

comm&fly REcAdiE Al R esdohibanint prosirifermentakianpl es of
ecific host E.coli strainps include 100

 regyEainatmeeieingithe pyesent 1r§(911’rgqulé typicplly %fgse%]ih either the
penpla%ac;m éa E. cg{ %gst'c@ﬁé Y6 BBSicEh Sglt érna?:ﬁﬁtadéfbéndﬁlg ln the nature

I'c nutants an prot ease defi ci ent
of the pﬁot@h Bﬁd thenealpvepreduamnE. Thomiethiods for |t@g@1ngqutem,ﬂgg thege

(ATCC 27,3 d h
e IR N
Rev1e\9§ qb% 0514883, pﬁ)@ﬁﬁﬂlés bNAAD1E QEnhSsebidice@dol direct proteins to the

fessed 1n either the periplasmof the E coli host
penpla[Sﬁi b&E. ooli triobrde st E.celi Phady) ®mpé Qmmeﬁ,ﬁan%and @w@m};

sequelgzg%g %ﬁtg@s‘ umra%li)g%f ttfl%(g &g{hg%ﬁp%g? g%tbtyhrgl %n thg a%ural secretory
pathwhy it ®y ke HATRRN JTBtifdAEkape bl thenavs mdmlirhlﬁa mrdausef @otein
review see Makrides, M crobiological Reviews, 199%{3
0

secreti®f ex@nples 8Bwhich argihe gswef fbgpﬁlﬁdwi%u tharoteia dylsadasst
coexp{eﬁ%&g)f @iﬂ tn%'ﬁﬁlgf& egﬁtﬁ@%celr%méﬁ% t?ﬁl%ﬁ-ln%lc&rghétgﬁg&g Pquase

protei §UE RERSthe RIEESH HSglEHe Betht au@tekdinm thé theupexpradsiont of the

by relying on the natural secretory pathways or by
kllgeltdf@rmmimemﬂmablﬂizrﬁlﬁ%d | eakage of the outer menbrane

t &ba?zc% I ﬁ}z kB %%)%%?%géf 2 ﬁ%ﬂﬂﬂlaﬁﬂﬁ%ﬁenﬂﬁ &b Eacro?z host cells

€ pe rot el eader, the
is unde®¥ Ro&ES 0¥ An Aidubibld Bstent | ’ﬁher et émduqab]@tsgstnm ahased herem
m t omyci n-i nduced bacteri ocin rel ease, ein
oégl%e rpgotem

refersip amy 1qu@1b1;0q3qpqu§Hn éyst@p y@eﬁe@yt e APLeSSiony |
inE. cgﬁ ?s ﬁfab%f‘ﬁllr SRRAD 1b1é‘ JonfiR@e K@hy ffﬁﬂ@ib&nﬁomoters suitable

zat 1 on. esent i nventi on expr essi on
for usé)in EReli necwetbkimawt 1n|cthe)aﬂ |and depandingndbé promwer, extirpssion of the

eSS S SR AARD

conce%'xﬁ1 are_r%a?ff&ﬁﬁ%ﬁbﬁﬁm%){ﬁ Hﬁrﬁr%ﬁ{ Bb¥iuf(Baf¥ @ﬁ[ﬁ‘ao(}omfstem and
reconbi nant protein E. coli is under the

Doi, ]GQGIBmkecbﬁolaﬁmnud@u,CmSF@%x ('Emtr@tles qﬁam@uc;hﬁ@g@mt@s include the

E.col lrﬁc,ggt%%rg %%%%8%1&6%@0% au%ﬁd?% le V? 81 la%tgge orviﬁl: hmji( H?cﬂ‘alyzable

prono

lactos fan&lh g séﬁagﬂtﬂ -Damhl@ga@éc%ﬂyr&ﬁ)@lde ‘%IFT@%@.%@MWA@, iy &gl
as tenperaturé or th
araBAD promoters which are induced by phosphate, tryptophan and L-arabinose
respectively.
The term ‘inducing expression’ as used herein refers to the point at which induction
is initiated, 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

achieved by the addition of an inducer to the culture the inducer may be added by any
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25 concentration of a particular substance in the

grow h nedi um ( Baneyx, supra; CGoldstein and Doi,
wa2®5/02480)®ot echnol . Annu. Rev, 105-128). Exanpl esP@f/GB2004/003747

i nduci bl e pronmoters include the E. coli lac, tac, and

trc pronoters which are Lnducible with | actose or the

non- hydrol yzabl e | act ose anal og,

suitable swtirasideperidindon thefemmatationsysteaiaditheindreerdpr SRMRlRDY

. h . " BAD Whi ' .
o BB B g FHORAR SET LR AR v
be apptﬁgﬁ}t%cgﬂhﬁ% thbRAHE} it @1RY Baweantheadditioadf trriaduter eddths actual

. poi nt at’ which induction is injitiated, by for
induction afprassintepreaden {or gxaraple Jrhers g drducsy 1s Jackess ﬁ]@ege may be a

t erature e ' i ' . rat uge:: Dfurce i
dotay RRRRG s of Bt hEih Rl S RS L R ARSI uce i
utilize@B&Bfogy/REtoby. t he addition of an inducer to the culture

th d b dded b WD 2005/,024000 .. .

b R S L ST A0 20000
that Wﬁlegug?gltt d %Y&fl‘y éiltﬁ %lﬁ% ExtdBestae WF Ble ref BhbiBXRFRH8IN. Dhe

Sin Iple s

e or ot additions or by a gradual
medivadgay beanpéhdnmichilyatefinbd mediung sheleas thbse pupvided pePirt S.J. (1975)

o St LRSS SRty
modiffaﬁﬁ)&%i \Uhe?ﬁ gé;gé%gﬁ@tdc QniBXSIRHIE MO 8 EesthiSed HHiBETAN Example of

actose t ybe a 5 delay before induction of )
a suitapteahedinmeix pSMSE] andesariheddyvitiimphrgys efprl ¢ 2002, Hrotpig Expression

carban sou j utilized before | actose. The E. coli
andP‘H'%“tatle%l%@ 5@?’?%‘?@3 of the present invention nmay be

CithitiiBof the AMHLIMREH delly cdrake Plakd irbaiRAItELIE bentgineydueh as a
of E. coli and expression of the reconbinant protein,

shake Tlagk oma firmentendepsediag gn gheesepleaifipyodnefiomesquireds Yirioug tegee
t e in bt edi |
N R e PR

litres. Retbfer £1AY k@RBnted 3111,000a68i50j008 i@ srentsed, enap peefprabhyt i0@to

control growmh rate as described herein. An ex | e 06
10,00@ litrgs. t Suppldersealp fhrmentersappialsg e Hesdoyitha aanﬁyltmﬁg%%% > and
1000%@@ ., 2002, Prot e! n Expression and Purification,
’ , 309-320. Culturing of the E.coli host cells can

t skengltake N E. alymsapbé phfemedit anynaritableclystam, for ex@mple

N O T R
20, I(ﬁr— ﬁ?ﬁ?%%ﬂﬂée%%h ?rcﬁ‘eiﬁ anaald )?icl@g r&ufad. e Batdhatode MPbe used

100,000 Titres. Preferably
with shet akhti@sofafitribnBe0 induc&® vieee tequired  Alternaiseedy, arfod-batch

preferably 1,000 to . 10,000 litres.. |l er,scale, ..
cultusp ghayer e %&f&}%ﬂséﬂa SR BV leigﬁ?bif’i‘%f‘e&ff SPElgRat the
maxi1ﬁm§ sggaﬂc %1{9(9@(9 rath {Ha@ 8an B susRinBanislel tAO @i efts GEtibllyBgsent in
e perforifed 1 n any suitable system for exanple
the feomertbmamiume op atarhnericfitddedregirhestsde tq qitioy therggowth rate post-

induc’%rrll ggtlilaigli"rhen%ggo%’is I&E{a‘l‘% e. iF%d%a?cﬁlerﬁgc{]eoﬁﬁyg ¥1s0 be used pre-induction to
control the metabolism of the E.coli host cells and to allow higher cell densities to be
reached (Lee, 1996, Tibtech, 14, 98-105).

In the present invention the cells are grown at any suitable growth rate prior to
induction of protein expression. To achieve high growth rate E.coli host cells are typically
grown in cultures where the nutrient levels, carbon source, temperature and oxygen
conditions permit such growth. Preferably the E.coli host cells in the present invention are

grown under nutrient unlimited conditions at high growth rate to obtain a high cell density
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20, 103-105) depending on the protein and the yields
requi red. Batch node nmaybe used w th shot additions
w@Roosme40p@nt s or i nducers where required. PCT/GB2004/003747
Alternatively, a fed-batch culture may be used and
for exanple, the cultures grown in batch node
pre-induction at the 25 Xi mum s eC|f|c%|rowth1|j1 1
prior tot mductmmfm@comlsm‘t pEdein SKPIgSSiQTe IR ihehIh S mFapyg nyse"efa
the fer igefdity b
aitfreflogey e Bt TSRS s iR (R R Ll By by
measuﬂlﬂgjt%@ hRBase M bptidabddrRity at 600nni ever tinypl. eThe speeidicigxowth rate can

I d
e oo 50 0 Ao B L NUEL RO, L CELEl LDBime

I
o BB S o ol L i,
measuf@lehfoeletagingwamates dioyn thaictires afgﬁgul@htlmgn@elp(a}s&unpg

duct f t hi
S Ry S e
recom@ﬂgﬁtgﬁ@t@m\’@ Gl E(h SRl bSdttsult 1€ Uensitherab GMichqib et expression

ature an oxygen conditions permt such grow h.
may bePrrElﬁeafdaiahge friven 2Bouiod(l tolrbget 1981PReod-n t he present

d
cloren o R Bisemarfog g RiekEn VehiG ity sbfils phanged
compai&IRI thy R RS 1DBE GO 1%t @%M&mm@ (@) oﬂothe otetltod. The

I nducti1 on of reconbi nant protein expression
change: argrbwﬂn@aﬁsmwé@ qun@w&eaﬂaoe@it petiwg belpss @dPﬁféor‘r&FOtem

expresalgﬁép 1315?8 ng)vmtﬁég gaa(pe {n%e ARidERort gi?)rbféﬁ{ &sio o‘f' @hbr induction

e increase in optical density
of pro®in 8QPERI0AY §h ohé Bﬁmp‘[ﬂ@vlﬁ@@ﬂﬂefgrw‘@rratmh changed before dhep () the

cultur G060 Groveme iy iovsh vh VT Phe s st Hika bl ealfpsity i
reachegir?rﬁe? ﬁv&t oy %%ﬁg%? ?sgérhaggk%t eﬁzllgil ﬂrb'ﬂéﬁr e 9é’sm%ﬁ ?ﬁmllc&:l o the

les fromthe
desire@ lgkdvbthestea:halﬁ@giﬂs dtert dbverviedt Br oad s.nchl eximpje the growth rate is
fernentati on. Preferabl %Ba hi

gh
changeb BERAREEPTLAIOH} b 9% B1ag & B e P RIE Aok Sippsspigrn T
anothér o fé"tﬁg culiBURLGFowH a3kl AL #RO 5 §tbP6) oF thelthethod and

n expression” maybe |n uced range from about 60
protelh @xprl@@mkbn i5GAd10E6 ADsteH (d) of greapethed, aﬁﬁr Wh@hﬁhq gowtlbraty ise

t t h wt h {
BB 50 OB 08T BRI 5e  PTLPRE e RAE
betwe%fl %90\{ q)angfabt)ﬂt% H&Irg‘ Sffer saétibe(c) Claaneet Bxa@iplyiiie dells greighown at

| ace time before induction

high gbwﬂr mﬁemrstepe(ﬁbo%&s mﬂlqdrﬂndtSteps (®)and4e) tekeplasgmumuftageously,
L. atgppisgbgel B raSimbich AR BN sk ieXafibed AR LE

mduc%ﬁ’Wth rate i s changed bef or e step (c) the 15 cultures
are grown at high growth rate in step

rrélﬂhcgnowﬁt tiate of th¢ Gicok &pst celdnepy i?e panibolloddgeny i gpront methods

whi ch t { t 1996,
e e R RS AL A B Lo
Tibte6k) 31&99811 85). menbrhisahyddor ctcrntr@ﬂﬁlgsgrom}evaEmbledt bleanges in

growmh rate is changed at between apout

tempéreiwrs apailableoxygendave @1gpume§{ levelse ;gg@;aaﬁperq;ﬁra?ure cﬁanges

oxygen levels or concentrations of nutrients required to achieve a specific growth rate can be
determined empirically by one skilled in the art by testing a range of concentrations and
measuring the effect on growth rate. In one example, the concentration of nutrients such as
nitrogen and phosphate present at the start of the fermentation can be used to control the

growth rate depending on the point during induction at which the nutrient is depleted. In one
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anot her exanple the cultures are grown at high growh

rate in step (a) of the nethod and 20 protein
wez@spseion i s induced in step (c) of the net hpdl/GBRi0a003747

which the growth rate is changed in step (b) of the

nmet hod. I n one such exangle the gromh rate i s changed
at between about 1 and

bout 3 hours after step (c). .
particuldr exampleaif thepuepdne invieatiorethe suaiest @um\coatrollmg@ﬁomsﬁmeﬁs

Phosplf cSIRAIEPTESHA' SSCREIPo: S PEO Y MRy SyARIE LYy i gad e
anl}As, I Priatiplds DI dMia edn@t: flhe
mow%g:?ﬁet %{%eéfk)f%kduc“ &R%Tﬁép%ﬁng h 1|?atse of it%%e E. gol [

Cultivhtist, BiaskivsllSeientic Poblicatiphsd Esgmpten f enitablarhiosphi® hods

e R e BR800y S
Henced# '0?&9 gﬁamp':l;él bf ﬂﬁ';ﬁe%ﬁt 1510&&10&@]!16 gonit aitd innepo(od vt dhangddeby

i ncl ude changes in nperature, avail ab
adjusting\ied kevelred phg:mhat_ﬁrﬁvaﬂ&}@tosthe Aﬂ&ﬁ'% ,g;\q sfark of gﬁ%@%g‘@% an another
exampﬁ%ﬁﬂﬁ%g?s]\%ﬂ%l rrgtggréu%?@ dacb&éf@d %n‘g‘fﬁ@‘%%g% Ir@&ﬁt?aﬁﬁ)n%ff trlents such as

I éve~acs ic gr OWt h T ate
carborf @hilgencieided 0 thedutumpifor exahipje Wiy ades akhionghl shot atéigions.

art by testing a range of concentrat and
nEothen @X%m@l% of fhsguorsit LigVeRiton: ﬂlatgéowf?’ﬁa@ﬁlé steR Aphis ghanged by

adjust q%echg’ %@% ed}{caﬁ}oh%aﬁ’ibly {thé BB h%k't%ll@s TH3IEVPBLEarBatfsource
e present at the start of the fernmentati on can
avallabE tol slfeoben@ neayitierindredsed or decosuséd toecbicnte teermdijwigedoiangrein growth

oi_.nt. _during induction ent
e, B Gl 30e SO Bes b G aR el hppn pouss
the cupcﬁfet I idliatn ARl BuRE’ I\ RePhaSRINefdrHaRE bﬁﬁoﬁ B&urce that is
trient source controlling growth rate is phosphate.

avaﬂasm asameaquy cephafe & orlcéningarpwtisandrisclpdensugerd sieh qsr@ucose
exa | es rein a

d K
actosg cRRBFE Py vkt ORGPt e e Es Bbib Sl p

lactatgeﬂnl a préfebdell ‘éﬁfbbQﬁneanﬁﬂqlé\fﬁéslent%V&ﬁbhﬁh@ca?&&i dotiedel i gEy):erol
Exanpl es of suitable phosphate 5 concentrations

Preferablyshmbost nelishase sulired iy fedrhpiah farmesien and)theiearberpsqurgerds

a5 St Red Lo RS AR08, SR i

glycef @t estedire vadl] ksdvirigh thdgrt bied/iscludt thpfse dpduaibed avthi leadrhples

to the cells at the start of fernmentation not her
prov1@eddwp¢1@ Examples af shifehlecglyrsyol feedda eaélt%lbdadb%eﬁagﬂbﬁ rggge of from
OStJI] lgpncentratlon of nutrients such as carbon or
' nlifrf’ gen added to the culture for exanple via a feed

OIThe hdraligartiivainghdslisdddrscin deders o thealidisbutearfpb@ndfinant
the present inventjqn,

h )
prote@rb&ﬁ@@a thg periipsm pf Agok ﬁ?@stw iﬁd&hé a‘%%%sf'&ﬁr’i] j G&Pﬁg‘)ﬂéeﬁ ge
growl. e, e Fat% q{éfnte 219@1%1 ufify e+ 151% of {8 r\JE) BUBindl pfALiR A HOIdNifk he periplasm

aval e |ncreased or ‘decreased
and thicsupembeveistdetermagdiin stdp od)auf dtee inethgd.oWhé yietdmey be determined by

i o PSRl B T B 225108, o

exam‘bl%f CARPIAHRMEL 6r alBSndiVEN R A dint' FTherest, Gorteéi@mple about 24
on source thaf i1s 15 avallable as an energy source
to 361‘hours Bfieninduciion. ndigrownethodsef prﬂ@lﬂlﬁ@@“ﬁ@ﬁj@ﬂéﬂ%%(&w the art

and ugcluc‘i:e methods such as gel electrophoresis, HPLC, chromatography and

immunodetection methods such as western blots and ELISA. For example, Fab'
concentrations in periplasmic extracts and culture supernatants can be determined by Fab'
assembly BELISA as described in Humphreys et al., 2002, Protein Expression and
Purification, 26, 309-320.
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| act ose, sucrose and fructose and ot her carbon sources

such as glycerol, succinate and lactate. In a
w@e@bmee40ed enbodi ment of the present inventi onP@€T16B2004/003747

carbon source is glycerol. Preferably the host cells

are cultured in a fed-baéch fermenter and the carbon

source is glycerol provirded at a suitable feed rate

tIa ther methdé of the presgud ineehtipndhe Neldaafeecogiipags peoteip in the

| | f t . [l Kk ' .
o b SO EAEE BT O L B v
rates il Q&R0 ardReRPAk &SinGlepy¥) sBRE thefloddn baler tefind timtgeswth rate which

I ncl ude those in the range of from 0.5 étgell m /h.
results Thpartioming fat is mpeaiitel todhe pEAYTEFRCH Plife Proteig prefuct.

LSLribuytion of C i t I :

prtr i 5 i AT Ay B P SR By bty
same {1 Sfer iMR)tien or 28clgsowih ral@ 1 etik baiaperetibted phat tthis nryinog

of the reconbinant protein the yield in the %riqkaswn
alwayshrpasibles eapepialy Fitcuitares grayhitiigher ﬂf@‘f‘&ﬁateﬁg’ g th¢ygraximum

. nmet h The. yi ] ing sanpl es

biomagy1s ge%?lgegb%lgl%itl%%%gﬁg@f%t%‘gﬁgg&%hh%%guI ture of ]

tige growe fatdedmhge i dtap (b) of theenagl mapboan insveasy opa decrease in

growﬂgs%gf%f I@ch]g;g{% perrggi.%te{l \é‘le !sgé) %& H{agl%g?g?é\?ltqg%g 6123? %%%Efe%fﬁ oth rate in
either gﬁlﬁgfgtg ﬁﬂﬁ‘ﬁi}eggﬁ’ hehRnPHARED EbfiidRN PRsferakRANe chlfurt Providdd in

I nc e nmet hods such as gel el ectropharesis,
step (R EEpwirteriomatrizgt apliyiteddonditinm abde meaximom spe¢ife geovehesfe

pors R S e B R Bl AR BB gt

i $ 2 @0.28%, PedraaplyhRevden 0FEind @3FRMPreferablyShe
(a)lsgést,wg%ﬂ;%ﬁ)ia{b@eg in Hunphreys et al., 2002n, Protein

growtExate sseduwad imstep frof theemethed, Thegroztraomayppreduced to any

: 005/ 0240 PCI/ GB2004/ 003747
oo TR PR RO R s ATt o
Suitaf1 O SroSHiP Bt ahANbe Bk fidieersifitsllyatsnesingrat lest fwddigferent growth
cells grown at two or nore different growt

h rates in.
rates andepmphiingthemda sirer(€Hof the gietipds efachrere lﬁtﬁfﬁéﬂa{"? %Steg In two
order to fi i . | '
ol 5l S0 LA B4 MRS e a ot v
culturéﬁﬁ‘egﬁfvwh sinultheecpslgtising aodifferent groWtlPratd mreabh gultire in step (b).
yi el ds conpared in step (e) are deterin' ned i Eg%t%éo&th ¢
n ancther g pRRIRiAHieRd] (OrEUTSS aRASTP T FrecenalY Wt Aiffrrer growth rate
in eacﬁ%?ﬂmg riﬁ’%g (l@‘?‘t AltekdatiVely! twBor ARRE BEFAR SrdviBlralcf bty BBYested
no al way e p033|abll e, especially for "cultures grown
in a siagleltubherbygnawiny cuseps @ ér @) ukiog vas grawth rige dnetsp (1)gnd then

reached earlier than in culture own at. | ower . qr
carryig PRLSePPIE) YO AL IR Shes B ng 1 e B 1R e By e
time. ;Tg% \gﬂﬂzls{]%%g% t@Nth B 8RHY cRWIE EtERS Qerltified IR s@p Q)T the

ture provided in step (a) maé/aabe row ng
methat themfurther graite ragesowed be tested by repsating stepruta) faieh) of the method.

.uplimted _qr..nutrient |jm¢t ondi.tions. r
Typlclaﬁg agaee ot 1f£qr%q}:iga%\g&1i rﬁ%es gz{l]zge feg e‘aibgh)geregl V%/lﬁé&l{ ﬁle %I%\Vth rate of
the cxﬂfﬁ?ﬁ iﬁ Bfep ;65)'. it ElrsERRGhéd 188 Saridk of BETeI@N ighawmthapies tdsted may
gro rate

span a wide range of high and low growth rates that may be subsequently narrowed if

required by repeating steps (a) to (d) of the method using a narrower range of growth rates in
step (b). Suitable growth rates for testing in the first instance may for example be between
about 2 and about 200 fold less than the growth rate in nutrient unlimited conditions. In one
example the growth rate is between about 5 and about 200 fold less than the growth rate in

nutrient unlimited conditions. Alternatively, in the first instance the range of different
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possi ble in those conditions. In one exanple the
gromh rate of the E. coli host cells in step (a) is
wheddozoabout 0.1 and 0.25/h, preferably bet we€nG8203/003747
and 0.22/h. Preferably the 15 growh rate is reduced
in step (b) of the rrethog The grom h rate may be
reduced to any suitable”rate above 0/h, preferabl
growtthetesgestedoniy bag nmmw gangatfer eanmelgpeidughiet! O“hg@t"’é‘bfa(f%f')that may

be subg@gp%ﬂr ]éig Cﬁ‘g g?q teg %afn?ﬁ/ aﬁlg% tggy%tﬁdh@iﬁi Pg{f@gﬁéatﬁ@d ﬁéiné)X wider

range &P%f@@fﬂ ks L 68D (B). SSLﬁttheegrowfh iahes fomtebtog in Bacfirsyinstenbe may
ra ybe tested in two mor e, separ at e culture?sﬂﬂ[lte

be for grasowle bpm@am Ao 2 aa abet S0oldJerseah B ETOWIGAE B2
unhm1?e§1 cgég‘?lo%# &i?oe f en%u'ibtoﬂf f:‘(ﬁ) A GO Bid ks anadkimple the

romh rate 1n each culture in step
growth Bie is betwadnaboers amda!bphm(afold Ra‘sﬂhan VhE gquthmamna]ué‘lent

ro sequentially usin adlff wth r
nlimighdcaoneiontr SAISAERER BYes asien (RaBr, B Pap g s i the range
of 0. O&jsftfo?)r growth rates may be tested in a single

Iture )y carrying out steps (a) to (d) using one
gOmM fhe pattitionimgtf ¢l 1(eb<)mhimdnttmeﬂ@m Fave P myrodiffesgns geowth

rates o besgmigfecibe Opab eftares] Rt g by BecPL Bt e ©
recom'o;uaﬂﬁpréféiﬂ RRLRc1ea ﬁi"@t@p ( bﬁtHeSnétﬁ’&mTﬁd e FtirBigRedd¥ery’ as

nmet hod then further growth r at es ma}/ be tested
used He;em sgfeato thg isitiebsceery stopy wyvised tofsodHse 1 free supernatant or

pero 4B Sl 5P AP R by ecover

steps ﬁeiuhe rd%ﬁtrifﬁ%a‘h%ﬁpﬁl@@hon JdRllteR@adtiontr 1ysits hamogertisationange
feren rowh rates tested rra)f Span. . a W de
concenmtgm, dlraﬁhra@nn and expanded bed adsprtien. hesravdl) rae most suited to the
subsequen
prima RSG5, BN UL el SRSl
quaht?f)f B0tk folloaifS ohdlor mbepr{thdry réﬁlme@tslt@sg Thetdmy ‘guigéty’ as used

hercirgfnt e SUEEITY 21 BGPTRSBLADBY POIEheT S A pecoreetly
folded r% ah ﬁle Hogh WhitdbEd oWﬂll t)et ﬁmng n6ORE Reh rA® tl‘i’d?! €esults in

growt h rat en about “5 and about
the m&ﬁﬁmﬁxﬂyﬁldl c&‘&Scotrﬂttanam beotglnonvtlte E.etlehosh celhcul‘rwrehut may instead be

T VT W M)
the suﬁ%a%\gﬁ%ﬁ Q&QE £&01t9n bgft&vtfuahtryﬁ;r&%lr{ &ﬂycﬁ*% SHRY DR1d® following one

arrow range for exanple | ow growmt h rates
or mdrdﬂputlmalwreccbar)submie otencd tiae WQM e@te |S¢16¢t@dqm s’c@n(fbylay be a trade

oft b enprhysio el P iy pdlme gfal B HEEY Bp it

ultimAt® cgvgfedt esting in the first instance may be for
exanpl e between about 2 and about 50 fold | ess than

t e oge ewdntple dtegecambinentipsoteingnanbs expresgecinife peraniasny pf £.coli

o SRR gt D G000 A, 992 g prins

recov%f%f §t§y fqhiesdis tercd ey of dethdst lle fiom thettilh@atmedium, either by
unl |mted conditions. Suitable gromh rates .in step

centrifiegationyr fikedtigee For pRatans Rrogucedin theerinlige AnGRIETER0S
cons18?r8€ on fyt 1R l&ﬁkg 131!3? RpRhnP ro&%?lﬁ 1t6 BRI RbBRRant as this

t Wo or er ent
can have a detrlmental effect on the primary recovery and quality of the periplasmic protein.

The increased protein present in the supernatant increases the viscosity of the supernatant
making recovery of the cells by centrifugation or filtration more difficult and reducing

periplasmic protein yield. The cells themselves are also less robust during centrifugation
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10 rates has been conpared the growth rate nost suited
to the primary recovery of the reconbinant protein is
w@edosoeeoo i n step (f) of the nmethod. The ter mPQEI/GBaI0Y/003747
recovery' as used herein refers to the initia
recovery steps required produce a cell free
supernatant or periplasnic extract suitable for
and aresmbeelijiebinto Igserefultag inolanage pe theEsenmptivant protpipiang fyrther
) recovery .st i nclude, .centrjfu iqn. i :
increadi P gipaibi Aae eyt A Brblsalt aEin, DA b 1, which
again reQNGE Rd Akl Of recdhdlriaht pratdi0th e detplpandetheapelity of the
adsorpti'on. The growmh rate nost suited to

he _
recomipnintrgtengeenyerod fefm tecrepip e Haxplpe bpdufed Dt eRptgmmation
... rate.that resul Lot el r ' of
wit oG B rglo gt el Flar a5 o pBRRAT ogBIRY b ot
correctl ©14&Y. MIn Eueak tiiljtiresis isiapdrtalteheaifors &fleep levelst digecombinant
integrity of the protein obtajned, whether it .i.s .
proteit} levaiartheprpeiatasb o iwetepse the graidy ang/ ﬁb}SlP{daﬁﬁf PPRRATBLGien
followfn@rﬁ?%%rggogw Th 3 XRYp10 Ble 181 V61 HOM halifit ST thdrat

he maxi mim yi e reconbi nant tE)rotei'n
recombifafitiroEirceitiintibfolloeiig primintyreeo vt mappe improvedibpeelecting a

ot ShE Lo S RIS Dt Rt 10 L0 i
of reccﬁﬂlﬁﬁﬁlﬁgﬁ@t@% 1%1'16%1:1‘1‘#14&11 5 SSdrithadatRedr @Fovitahted Where the levels
protei l'or hig

an er yields follow ng one or nore )
of recqanbinautyproteimciu éheysupemptant #e highet.hEheyefon, Horrprpeinsarediced in the

. .in st (f be a trade. off betwe e e
e bRy i i) PR IR BEOUER et
in stepgf) RaQkr&vth R i WiidFBdr8t¥r the 9% Tdhe protedinE eRisARTHddn titee
reconbli nant protein nmay be expressed in the periplasm

periplasin Eidclebs thamdsY of élhd protein istie the sipenalgss. eProfesally gagater fpan
| -scal e .t han t . e fi -
0% of BieaRg T BEAB yIRF nE BEITR RMsssed B gle e lali B éks than

20% 1§ Bl ths shfeemtihie 16Wht kfnple @ieaar tiirt 9096 obthe protein produced by the

centrifugation or filtration. Forg})ro_t ei ns produced in
host celkreis gaptepsicd dmthemerinlosmniand dess handdeh tha e BRermataph gl another

l.evel | eqk f i t kN
e PRI U O YR ol e
periplishe afd Ieﬁﬁmyi_l%w’@i@\i@ﬂm s&gﬁnﬁmﬂi ity of the peri EI asm ¢

pr ot el n. e I NCrease pr ot el esent nt .

sUparathar spempledheprotedn Py by pEedichd ip 8¢ S?R?ém&]’geﬁ??aﬁ’fg?ﬁn may
v xR PRERPAEAS of ey Pl R abTGLRb: tveho
proteifg pegém ity thelndedidihe The hhaity bépetdin emyalse helbotet assthere will be

robust duying centrifugation 05/024000. .
less pyoteolyssp t_}lef(g%l?%go%lpf P&Pﬂs}%ﬁgﬂ&i FiROPspyfpced in the
supen?aﬁ;?t# i ﬂﬂPbM ARAR dnfoubb6f fe@&ﬁﬁfﬂhﬂ?}ﬁbteﬁf &pedsBed@ifithe host cells

her ncreasing the viscosity of the supernatant )
and satueted © the bepseataft ipmexigiired. (Rordeserching ifiall dhe ap@hinant protein

sSSP RSO SRe 06 £ OSBRI i B

the reb GRBMEAGHo OBV £ the hEmplagaspllalSibeders sllhigh ifayay be
contam nation 5 with reconbi nant protein fromthe

possitde peing sheamethod af thewyesest ipyentionlte pdinaidhepagtigping f the
orrectly folded, e £s i taleS yl Ipo

on BRI B HEAESEEULA R kPO e

proteins produced in the supernatant in the method of the present invention it is preferred

that the growth rate selected in step (f) is a growth rate at which greater than 55% of the
protein is expressed in the supernatant and less than 45% of the protein is in the periplasm.

Preferably greater than 80% of the recombinant protein produced by the host cells is
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protein low in the supernatant to increase the quality
and/ or yield of reconbinant protein follow ng primry
woemewatoye I n this exanple the final yield andP@r/GB2004/003747
qual ity of the reconbi nant protein obtained follow ng
primary recovery may be inproved by selecting a 10
growh rate where the | et ~of reconbinant protein in
produdeden shepmpeaiatant andslessghare®h in thetpesiplaset dn oge example greater than
r.econbj nant pratein jn.t .per hpl .S .| .
90% of o sromierya e i e S ] Uit SYTE BN Ph i in
the peRPpRER! M bibthelLxBMBRY dhedtétharB 3, bif giegrotelihgrodiicdehy thehost cells
proteins produced in the periplasmin the nmethod of
is in therpappmetsshand lassehen &% i in the PHRIAERT ed that the growth
rate selec |
ofefpR TR ashfiait ERu sy & SerlliPY e bR EincAirk byontn
rate caeid pba dntiansibseqrnt feAnerdtaiions fof tHeek. poldhest vellstoiensurh éhe
~supernatant. Preferably greﬁ;er th%n 80% of tgﬁ} . .
desirep patisioningras dlr egomBingmpPrefgiay bebupqnathe supsrnatant and) thepegiglasm is
. ri . %84 Si In
achie 3, TH: BRIV DR 1 fle GRroTickpa o TR aRcERe |
recombjnabhhygrotein &t £.celi hssticsll exlpreswheteinrexiptessipr of fleasennabivant

dless thap 10%.is. in th t.. | ther.. .
IEROTRC NN UM (i
recomlﬁoﬂﬁm Eﬁ’i]ﬁ glgtlw%eh heSUPLRRERGN Thd PRIpIAnPRh: 88iM8dad the primary

ess ois in the supernatant. In another exanple
recovériyef fireoedmbimant tretepprsetiunettiod pompising greoving thet . cafhkost cells at

rotein .be eagsier. to purify .given th no
the exEy T Bis el B tepaD L i Peob e el Boue TheE Fbtegpent
ferme@8bns REPHEhihe BARS Sddle bk difBreRtsHaltnto tHAi@isétliml thé yhetHod
protein may al so be better as there will be |ess

descripedalemiey $ios example Herfocataliosh ecllsprobe frpeeed pa sapllisgaly to

For proteins. produced, | B :
ot 5% A P ORLSEL  BfmFR BUBRELR} b o wen i
subsc§uddf eFERAtalYnd e hbastlicAhY Be fanEneaer Rirgdschle tb peoduce larger

supernatant is maxim zed. To determne if_all the

quantitiss efheraenmbipett drofeinysing teesronyh rate selerded wetard(f) s

bein _ . . oSt

S B AP B AR of bbb AR DAk
subsef@dnitlplpasified Soltelihg ptifnatyhesevey.eThé plilatyi igboviety stays ised will

possi bl e using the nmethod of the present inventjion to.
depeng e celidanjarationiof Hefgerbinnt PRofoIE g‘%?oﬁnﬁéﬁﬁh prgtation.
For e)%ag?élﬁ,é{rséﬁ e'i(Bfesé’édl% the ﬂ%nbﬁgmsiﬂm @@c@%fdre@%vghiinnth% Iﬁ%st cells by

aresult, for r ot €1 ns produce ) .
centrifugadionat Atttation. The prog¢ihoah tien bh expasekfromi witlén thexells using
S

[ referred that th r owt.h cted [n.ste .
methqey S Sachegf Bretnentises e SHRTER Uy L0 roORbmsB9gicH cRsestion.
Protefs Q&gﬂegseﬂsm BB SRS Ent Moy BereBSRIENAMiAS neBdds biRhSsleRBahded-bed

45% of the protein is in the periplasm Preferably

adsorptiemomsentrifapgatBoer diltrativa to seroonsi eedla folprvorddiyniop exsanie ipn

by the_ host.cells is WO 2005/024000 PCT/ s
exchape Op Y L S D SPRATANE PRICH™! d8 PTG HgaTer the
periplaB@id&irabl SR mgiénﬁ%t ﬁfaﬁ@%s%q@élﬁ@t@rpuﬁﬁw usiB@¥npbf thee

protein produced by the host cells is in the . .
methedsgaonatinithe arhdericadins ondhe nagureiod tharecombinpaimrpfebsand ifsn
physigag%{)ﬁerét&ee%%lgﬁ lﬁsz si%% glshr?g}iﬁg@%’ i BsSliedhie pgﬁl?.t §idh methods may
include, size exclusion chromatography, hydrophobic interaction chromatography, ion
exchange, affinity chromatography and reverse phase HPLC.  Thus in another aspect of the
present invention there is provided a method of producing a recombinant protein in E.coli

host cell cultures wherein expression of the recombinant protein by said cells is under the
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is in the supernatant and less than 5%is in the
periplasm 5 Having identified a suitable growh rate
wo poosozpoq f) of the nethod, the same growth rBCEGBaW4/003747
be used during subsequent fernentations of the E. col
host cells to ensure the ,desired partitioning of the
reconbi nant protein betmé%n_the super nat ant and %he
contropefranghdisaible systero lané thechartitinaing efsha ecpmbin} pigtein between the

ey L PSRRI 550 a8 AL fombinn

protei\d ﬁlieﬂloamf@ﬁ@ingrgr@ﬁngh}& E.eclohbitrald atlhe grosttk rate ktected in
said cells is under the control of an jnducible system.
step (Ehoicthe methnsy daseritnd abgvoind; sybseqpent yine tht regynfimant protein.
bet ween the supernatant and the periplasmis nost
ited to the primary recovery of the reconbi nant
EXAI@*JME& n said nethod conprising growi ng the E. coli host
The pre&nt favahitiod Wil 8501k Hescaib&l Betvag beexantpls bely, {f whioh réflrence is
nmet hod descri bed above. These subsequent fernentations
made gy be at the same scale or a different scale to that

used in the nethod 15 descri bed above. For exanple the
FigureH.. €obivtthorefileced F. solivatyn ioege elrahrgerddeetingratesal | scale to

e B O AR R P LB
Figurd £/ PRAtiGihOBSFANA BepséenaBé b&riptmym bel fherstupsthaantdh A @iigaltures

scale to produce |arger quantities of the reconbi nant
grownpat eraige afglyegralieedgrigit h rate sel ected in step (f).

. The~re ' tel - 1-he
Figuresl SOl PR DEDE £l b Bl B HE R R R AT LR ik
Figurd | Pexniimtciioh gRowth e 0f Elcyli aflienge ofiaroyganécghosphatst eps

used will depend on the cellular |ocation of the .
conceptediORBi nant protein at the end of the fermentation.

. r ox N . . _
Figurq 5 PEHEHRhE 0f BHP 1P ARG GER B o e REEIRIAETL MR cultures
grownodt afrbhder@flihamganid iphogphoteebncentrati¢isen be extracted from

within the cells using nethods such as heat treatnent
(see for exanple US 5, 665,866) or mechani cal
extraction. 25 Proteins expressed in the supernatant
ExambRy1 be recovered using nethods such as expanded- bed
dsorption or centrifugation or filtration to renove

Opinifof B g kg COIPA S S8 A e g on
post-ipduetien grdwthm ei t her the periplasmc extract or the
super nat ant may subsequently be purified using any of
the methods known in the art depending on the nature
of the reconbinant protein and its 30 physi cal
MateRARRGAIMBghoa¥Ch as size, hydrophobicity and
I soel ectric point. Such nethods may include, size

Stmineﬁ,?& ﬁz%’k,aﬂz. Gﬂﬂ% Qﬁﬁh%gé@mmﬁ WO GARRRDI i chidt &NARBI B(ATCC
chr tography, 1on exchange, affinity chromatography
27325 mansfouned with hadesntiP@ichdonters resstancd by tetiagystine aifd ¢amacs genes

. pr.esent. i nvention there is. .provided had ,of ,
codinf 0 g SRR ORBILPR R ERE PP cas dghs R demegh Fab’ A
Siybétitiee iy ‘?ﬁﬁ@deﬁ XRE £391 OdA 14a6r fepEia8Thaastion RF ek Medtion
EaChgylyégjird cells is b?nder tl’lle 2(?05?%6?4000 Iﬁ
from PERLIERROPNEISH4FuliE2n synthesis and secretion of light and heavy chain
polypeptides into the periplasm where a portion of the polypeptides fold and assemble to

form Fab’.
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control of an inducible systemand the partitioning of
the reconbi nant protein between the supernatant and
W0 b@spzt00pl asm i s nost suited to the prinmary rBCDGBRON4/003747
of the reconbinant protein said nethod conprising
gromng the E. coli host_cells at the growth rate
selected in step (f) of 13 he net hod described above
Growtha@dawasequent |y purifying the reconbi nant protein. 5
EXAMPLES The present invention will now be descri bed
The feRiert@ipndfrowhanpdiemonisybhasédonEMoE mefiemddeseribed infdigaphreys ef

to: Figure 1. Gowth profile aof E_ _col
ol 206 Jeatr ol messsiongnd fueBeaonr g ang 208 Bk R GLAERGTD M0 and
rate of E. coli at a range of glycerol feed
12 g/%}%%&ﬁ gure 3. Partitioning of Fab'A between the

R

tetracy@ﬁﬁéwﬁltefeef&ér@ iRbibfe® & d0°@twith 43306n &r ApPRIKE@ANEL 22 hours.
phosphate concentrations Figure 5. Post-induction

Ferm%%a%éo%ﬂlé%@e%&e?% gZES ﬁ&{e .rtg?altl v uh‘%? Aerddeci QPR Mdeutum culture to

ncen ons gure 6. Partitioning of
0.3-0.5:613'60051“&@%6@@@& Whempidipddas 6020 dutiheths woewthathast andrvas

E.coli cultures grown at range of in r%anic e
reducegfio gpHapeocionadictipat SSEB’&%?F‘ o CopCRRAHAT §45 sintained
above gﬁ‘%}caleni éoalﬂﬂkxtg(g}jﬁ( ga%dg% 5:%@{101'1; %git A i%%l%lﬁé B{T‘g&ﬂsynﬁolled at 7.0
by autdfahibe fi@dtionamith LY@ Ne{,08l andaHWo (v/ab edre. Hibes. $opming was

din th o ) ;

control el ot BT oRENEH HETA S ifien Bl g 60A7
resi stance to tetracycli d [ in

A nunfigr of HBNTangHEer MAdR SGAIe R S O JisHBTn A BB i gmass
f .t ' . ! c ' i

conee bR R) R ERERRL 0SB SO R0 e

added Ofurthep hédis by of NaHPOa. HOngtre nizle ppioo trodrel durimguhe mdietion

paon _ _ _
A T N e

oo PSR UL ARCAEARER A, ol e o0
(ww)fgyorenl twas iappliqgh dbwisths regingrfiona8.5bad @ mkh.ghette sang peint in the
bS53 A g PR ot BB S5t e e v
conceBtratiNHIZPEY ihi2t: RAfenter at this time point was 0.5 mM. The start of PTG

feeding was taken as the start of induction. Fermentations were typically run for 70-73 hours
at the lower glycerol feed rates (0.5-2.5 ml/h) and 50-60 h at the higher glycerol feed rates
(5.4-10.9 ml/h).

Measurement of biomass concentration and growth rate. Biomass concentration was
determined by measuring the optical density of cultures at 600 nm. Growth rate (g) is related

to the change in biomass concentration over time thus:
LIlXt = LI‘IXO + l.,l.t

where X, is the original biomass concentration, X is the biomass concentration after time
interval, t. Thus, a plot of LnX; against t for a batch culture gives a straight line of slope
equal to p (unit per hour). However, the application of a linear limiting feed of glycerol to a

batch culture results in a decreasing growth rate due to the increases in biomass and culture
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112 g/ 1 glycerol. 5 Inoculum Inoculumcultures were
grown in the sane nedi um suppl enented with 10 g/ m
wo edosazaed i ne. Cul tures were incubated at 30C BET/EB2004/003747
agitation for approximtely 22 hours. Fernentation.
Fermenters (2.5 litres tg%a vol une) were seeded with
inoculumculture to 5 0D600. Tenperature was
volumerdliheteforaoah mermcgrmﬂm 1Al duKag GronirctionpsEod mals fgtgrmined by

vy PGS o 5INPT B398 et

was de‘ééiﬁh’i{e@ttb @fveliblc ¥ahgbrewagiatedviep theabetl periddl ow. Cul ture
pH was controlled at 7.0 by automatic titration with
Peripldshilfe Bk M't@ﬂ anse dQfeted/fom Edlige sdldSeXby E@@ﬁﬁl@@tldmﬂ“he
controlled by the addition of 10% (v/v Struktol J673
supematahuﬁraommn(v@@ m:taineéﬁai -20) Sertfiarther aAaLyalﬁthe o1l peligt Facien was

e at |fferen st.a
csusr gyt e EL B P AP lpesl PR AR Jo
EDTAOPQOM) PEERAESE iMBubali drSata@0er mragﬁfammaelyvmmrsme adtﬂmji was
ther additrons of NaH2PO4. H20 were nmde rlor t

clanﬁ%(hbjy corifgatiomend tbrieneaatash Faeiang cisinedi(at g c@&ﬂfa
mai ntai ned in excess. Wien the glycerol present at the
Fab’ qamtificativy. G5b' encentrationsdn phiaplasheisi catraeis pappitliie sncgiajants

continu f.eed of.. 80% r
were st A 2P ARRE A AN Agirigos 1 HopteyfeY S 2gp2 iein
Expres%?dlﬁanwlﬁﬁﬁchﬁbﬁ hg, 3deszEnt ati on an | PTG feed was
applied at a rate of 1 m/h for 36 hours such that the
Resul{' nal 20 concentration of IPTGin the fernmenter at
“his tine point was 0.5 nM The start of IPTG feedi ng
A5t P SR AR o B S S o
and gﬁ'w)(l? SéRtrell 8eMe hatx@Bufhlpbeific Pater{ilh) bandadOutEequenty resticted
hi gher glycerol feed rates (5.4-10.9 ni/h)
post-lmggm éﬁre k). Gfovmhaafaso@stcmd@céwnrww@ﬂ%lﬂfﬁﬂi '{:}f@wahplicéfl%n ofa
ent
mutrief GV IR e et W W FpEEhS ALBEST i BREC AR flow
rates Worelssle§ted & %de atr@.gfehﬁf gedvethgstes mp\bardsmﬁa)pu:mnmteﬂy arh. dig. 2 and
over time t LnXt = LnX0 + §®¢re X0 |a £l 1
Tabledrshgwithe aaipad 4488 th%w%ﬁhe ugton pegio .f%aa?gge ot glycero
{
feod i AECHAcRlEL 0 gLl et rbsMRd HEkm ibread M She AVcRGR grith o
of thelcdult@reak itbajed. 30 equal to (unit per hour). However,
the application of a linear limting feed of glycero
to a batch culture results in a decreasing growth
rate due to the increases in biomss and cul ture WO
2005/ 024000 PCT/ GB2004/ 003747 14 vol une. Therefore,
an average grow h rate during the induction period was
determ ned by plotting LnOD6oo against tinme. The
slope of a line of best fit (by the | east squares
met hod) was determned to give the average growth
rate over the feed period.
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Periplasm c Extraction. Cells were collected from
culture sanples by centrifugation. The 5 supernat ant
w0 e@sn24om was retained (at -20C) for further aPEi/GBR®4/003747
The cell pellet fraction was resuspended to the
original culture volune I,lS extraction buffer (100 nmM
Tris-HCL, 10 mM EDTA, pH'7.4). Foll ow ng incubatiqgn
Table &t A8013gé groveth prtoxofirel pulliBes@raws at pEangRof ghicergh seed rates.

clarified by centrifugation and the supernatant

fraction retain =%é t @0@ for anal y&isvih tH@R
Cultutgantification. |F& 3‘rag% trations | n peri p‘]%asm' C
| extractsand culiture—supernatants—1oweredetermined

Fvolpy Fab' assenbl y oF8.1 SA as descri bed | #.0808phr eys et
al ., 2002, Protein Expression and Purification, 26,

309-320. Result§ Fab A fernmentations r§4run under
FM29%ondi ti ons where If owt h was unlinit ej@P *i nduct i on
and growth occurired at the maximim specific r

FM29?)|§-) but was subgegpently restricted 1popgst-induction
ig. 1). Gowmh rate post-induction|{was controlled by

the—appH-ecationjof—a—mutrtent—gtycerot)—timting
FM296eed to the batcH.€ulture at a range| 6f00f1 ow rates.
G ycerol flow rlates were selected to give a range of

romh rates upw s of approxi matel\ . Fig. 2 and
1:1\’129%abl el showthe%;gt ual average grow R%Iog e over the

induction ppri od for a—range of gl ycvrol feedrate
FM2ohncreasing the dlygerol feed rate resuglgoed in an
increase in the |average growh rate |20 of the culture
as—intended—WO 2005/ 024000 PCT/ GB20047 003747 15
FM28Babl e 1. Averaged pfdwth rates of E. ¢&0288ul tures
grown at a range of glycerol feed ratltes. CultureFeed

rate (m/h)Gowh e/ h FM2910.5-0.0
FM282\p921. 00. 0044 Fl\)égg% 10. 0033 FM2951. @8.%8671

o
~J .

EMRO62. 10, 0075 EMR2972 500092 FMR885-440--0289

FM28910. 880. 0374 Fernentati ons were harvested at

approxi mately 36 hours post-induction at the | ower
Ferm@t¥foak Yere ﬁ&@%téﬂt%ﬁpﬁo%rﬁétgly@ﬁﬂo/uﬁ)p@ﬂﬂldﬁ&ti(ﬁbﬁ%e Rdver glycerol

ours post-induction at the higher glycerol feed 5
feed mtes G525 wl/hpardl atlabbi)t 2rwurdroskitsuctiaha dhe higheraglygeasol feed

eriplasm.c tracts and, cul ture . supernatants
rates (hot- A0 2 Diet” SQBEASRGPE RSP IR Xl afd cplinge
superEﬁQflts Q9BGRIREd BY FOY ABnbly ELISA. Fig. 3 shows the Fab’ concentration and

relative distribution between the periplasm and culture medium. An optimal growth rate for

Fab’ titre was found to be approximately 0.0075 /h. A general trend was observed in which
the Fab’ titre in the culture supernatant increased with increasing growth rate. Thus the
growth rate selected for optimal fermentation performance, Fab’ yield and compatibility with
primary recovery will reflect a balance between maximum yield and optimal distribution of
Fab’. In the cited example, a glycerol feed rate of 1.6 ml/h (growth rate ~0.0071/h) was

selected for fermentation scale-up.
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relative distribution between the periplasm and
culture nedium An optimal gromh rate for Fab' titre
wor®sHownd to be approximately 0.0075 /h. A gePer/@B2004/003747
trend was observed in which the Fab' titre in the
cul ture supernatant i ncrel%sed with increasing growth
rate. Thus the 10 growth rate selected for optinal
Examplr2rent ati on performance, Fab' yield and conpatibility
with primary recovery will reflect a bal ance between
Optimimxibnofpatitbuing Akl viptd efifabli Bty vaoying phosphate Raheentrpiion to
the cited exa Be, a glycerol feed rate of 1.6 m/h
control gegiip: qlﬁ?gr%a &%/ h) was selected for fernentation
scal e-up. WO 2005/ 024000 PCT/ GB2004/ 003747 16 Exanpl e
Materalsgnd Mpiads on of partitioning and yield of Fab' B by
varyi ng phosphate concentration to_ con

trol
Strainperet plastaide Thosiragn vsadrnithis soxwes Eetherighig coBtHHD @TCC

raif_an | id. . The,s [ : ' i .
2752 B T 0 B LS HL s sencs
codin@ ¥ tes Nl ant hedvycdaingilygeptils tansdeh of gia Bty Glapmentfab’B.
carries genes coding for the Iight and heavy chain )
Induciien gheipressien ismps ragledaeprompierraglts ip syihests angdggergfion of light

| { . | i RE tides fold
and g O BepE RIS T Prlol A EnSeatopinilh (RE BORpSfides f
and assb@ble tpddrytpBait’i des into the periplasmwhere a portion
of the polypeptides fold 10 and assenble to form Fab'.

GrowdH AYlifp. medi a. The fernentati on grow h nedi um was based
on SM6E nedi um (described in Hunphreys et al., 2002,

The fﬁ@hﬁ%@a gfg‘%{tlﬁ_lz ?%édgﬁn 3724 B! dnl ABE Kibd i (deg&%e'ﬁaﬁ)ﬂdff%ﬁlﬂeys et

concentrations given in Table 2.
al., 2002bPwtéin FApmession autPwoietinnr 26, 3o 320) wishHhediaHiPQ.IheY

ig Fab' B fer qeﬂlt %ti ons NaH2PO4. H20 added Concentrati on
concegratiQls VAR 18R 1%at ch number (gel ) NaH2PO4. H20 (V)
23.7126. .91 4.1129. 4.3131.2
Tablq:i;ﬁ]_ngD(33 Splggggc_l 30@@%&@1%3{%{2%&0 useg 1118 F% ?erm%n?a]ﬁons
Fermentation batch number NaH,PO,.H,0O added Concentration of
( g/l) NaH2P04.H20
(mM)
DG32 3.71 26.9
DG33 3.91 28.3
DG34 411 29.8
DG35 431 31.2
DG31 4.52 32.7
DG36 491 35.6
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WO 2005/ 024000 PCT/ GB2004/ 003747 17 | nocul uin.
| noculum cultures were grown in the sane nediumwth
W b@sappropri ate concentration of NaH2PO4. H20PCHE82004/003747
Tabl e 2) and supplenented with 10 g/ tetracycline.
Cul tures were incubated at, 30C wth agitation for
approxi mately 19-26 hour s!7 Ferment at i on. _Fernenters
Inoculamsocuiugsculvres/were Brove) indbe sanseamdéigmavith therppprapmate

culture -0.5 . TJe ratyr.e . .
concflip LT HREED:FE Wi THIC ChE LT ORI Biaoe U pyH i tetracyeline
Cultuf SWGE theliBatéd § RPEVitH SritalON & a?ﬁrox-ﬁﬁﬁeﬂf' BR824 N&fs.

oxygen concentration was mainta ed a_bove 30% air
rern R B QB S BPPhL R TE BUC o Bli fre
0.3-0.355D LY./ Tempsrdéde! vaid tn ailf%ined A3 0°CongingHRSGd wik phise g d Was

controlled by the addition of 10% (v/v) Mazu sol utjon.
reducedto Firitgtar tomdyefinn:. iThp disiplved paresn spnaenaiioneyes Bekdged

o108 SRR SR PR Mo 70

by autmhaticitiiration méthald®h ¢/ oy INHLOH anbil0teEsv)conc.diiSCat Faamiof was

cone SO0 0 DB Bt Ra0S,, "hen B Sees
magnesi um and cal cium salts were al so added. Lactose

A nuppgy of gildisipngweigwwadey ahylifEsenistagay olihe fameattian. @ocapbaas

nd, served as i ucer. and car 1 rece duri .
saded g R0t {5 HiioRRR of 000 O BURASH FYk afon ata
biom#k8 RbAden BBt kP 2B 3RO He offreranald BDfDRGRN basm AR IcBsntration
reach% an i ncrease in dissolved oxygen concentrati on.

ppiveximagedyl 0 (Bdve pgcaimbay qadrien salewers atsopdided d-agtyse (60
' i nathe.. i in the o f :
it of PRV ORGP0 Oy BB Sl 8 Baon
sourcb dhiriee theGndittor phaser Bidugiiusit occifled ipadnglydeesiniepletibh Qidween
were typically run for 56-61 hours. 20 Analysis of .
aboutf7érq¥érﬂ¥)a@?@pbs%s megkedhpahingreass ingtssphied oxpgaasipnesRirations Further

o TR A BT Ay A U BRGS 1e monr

betwazh Of adrisng/BtA funthenddditiorsofimagnesinahueds madeieeswead sl 2 hours
by varypng the anmount of hosph NaH2PO4. H20)

pos""\ﬂ%?‘l’tg’tn' t fgong We’@ttWé‘Fale Wtfghgé‘ghgi"i“ént s const ant

(Fig.4). The 25 growth rate during each fernentation
Analygissof fexraertpians. Paiplagaec seiricigns masggeenion! biomadsiaad

o BRI ST B b 10 200

Resul: coli cultures grown at a range of phosphate
dncentrations. Fernentation Batch number Phosphat e

The LORMEITERdneition WAtk Podtahdickion was controlled by varying the amount of
phosphate (NaH,PO4.H,0) whilst keeping all other starting nutrients constant (Fig.4). The

growth rate during each fermentation was determined for the period of induction in which

biomass increased (Fig. 5 and Table 3).
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DG3226. 90. 0124 DG3328. 30. 014 DG3429. 80. 0178
DGE3531. 20. 0191 DG3132. 70. 0321 DGE3635. 60. 0337 5
wo p@sea80INg t he phosphate concentration resul t BGI/GB2@A/003747

increase in growmh rate over these periods of

i nduction. The phosphate concentrations were sel ected

to deplete at various poiths relative to induction
Table(3s | Aysiregeygrbetioratesiof duroticutyres stnwipg, rangg of phosphaivus

nts after induction). The point (bionmass

Conceg%ﬁéoé‘ﬁtratl on) at which induction occurs is related to

Fennéﬂ%ﬁlonsma%éﬁ hidfb&! YERIsphat€ sscenfratdin @M | (hewaiRiwih of

phaosphate required to support growth tlo the 10 desired

[ ndu19b|3§n bi omass was cal cglgat ed based ®WH2i onass
yiel'd coefficient data for i nor gani c |phosphat e

provi-ded—tm—Prrt—S 33— 1975 —Princi pl L‘ﬁf M—crobe
and B6&iB3B Cultivation, Bl asgkdwell Scient |'9

Publ i cati ons. The opti mal phosphate cancentration for
Fab' Egl d and distributi gr‘é was det er|ro.oned

errpip & Ily as descri bed l‘?‘ rein. Ferngntations were
L harvested 28-31 ] = :
concppizkati on inl 15 peri gl@sm’ c extrd®¥3nd culture
supernatants determ ned by Fab' assenbly ELISA. Fig. 6

Shows the Fab™— cpncentratt on i m pot i Uy PRr T prasm and
cul tBB81lsupernatpnt at hadgest. A general trend was
observed in which the Fab' concentratijon in the

cul téﬁﬁpsuper natant i ncr %%séed wi th phasedsat e

conc ation. The optimal”"fange of pl“osphate for

I laldiaVal [allal r: r\L roen\/or\/ IIC‘I na

Harge—seale—p faf-y—ecovery—ustng—per-plasHe

extract| on and centrifugation / filtration methods was

20 29.8 mM WD 2005/ 024000 PCT/ GB2004/ 003747 19 O ai ns

1. A nmethod for controlling the partitioning of a
Increasgrgib iphesphatercotesintratiet weeeltedtihen isarpase mag@mmith zatel ovdrdhese

periof3 BB The nanabhists e Fians SELFLFI Sl 4ty points

relatl‘ifestoliﬁ&jlﬁy"tloh hgighahbeRke Rtu@ibn, BAULE HeVSISELidus pointhhfter
t ho conprises: a) provi ding an E. coli host cell

1nductign)t LFhe pbint Gmmgﬂswgn@em@a@@@wtt whichtisdwitionlescuEs tsotelatdsldetthe
syl Srnf P 8 G b Pt e RO B2 B srome o he
desirddin@uidtiod Hikeihasa fwas lcéﬁ'dhlhtbﬁ%b@ﬂ ohi bisdsslyaeld coefficient data for
inorganic phosphate provided in Pirt, S.J. (1975) Principles of Microbe and Cell Cultivation,
Blackwell Scientific Publications. The optimal phosphate concentration for Fab’ yield and
distribution was determined empirically as described herein.

Fermentations were harvested 28-31 hours post-induction and the Fab’ concentration in
periplasmic extracts and culture supernatants determined by Fab’ assembly ELISA. Fig. 6
shows the Fab’ concentration in both the periplasm and culture supernatant at harvest. A
general trend was observed in which the Fab’ concentration in the culture supernatant
increased with phosphate concentration. The optimal range of phosphate for large scale
primary recovery using periplasmic extraction and centrifugation / filtration methods was
29.8 mM.
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subsequently d) determning the yield of reconbi nant
protein in the culture supernatant and the E. coli
wheows/ozehd periplasme) conparing the yield deper/aBaw@d/ 003747

in step (d) with the yield determ ned when at | east

one other growth rate has been used in step (b) f)

selecting a gromh rate f%m t he conpari son nmade in
Claingt ep (e) in which the partitioning of the reconbi nant

protein between the supernatant and the periplasmis

nmost suited to the primary recovery of the reconbi nant
1. A Hlﬁﬁfoﬁ!f@r cotbrofling HepaTREiHEHg 8E & AScdiibehaAnPpioteth Bethesh el N

the yields conpared in step (e) are fromat |east two
superoatiritiané sheyrepiptessi imH. cadinteastiedll culigicgsgvizerein fekpreasion gfrthout h

rate in each cultuyre in ste ). 3: T d ..
recontyieg BiRGE B8 st et 5 v B¢ ot by e inghOBIS ARG which method
compStP (e) are fromat least two cultures grown

sequentially using a different growh rate in each

cul t ¥r @revidingsn % eoh hosh celleultyfee net hod according to

cl ai e] Lel c LA, step (e) are

fr omw g)cr}%ﬁ]%%% thﬁlgléa’gtr}%\%\t% Ogt%hea'?'gpfggg% c%f\?\so di fferent

gr owp)h indichise dXpre3sion vi thg recimisih@pprdtein to (d) using

one growh rate in step (b) and then carryi ng qut .

st ephesin siers (Phigndde) ¢andaperiorped oy QrdenAr ﬁgﬂ?lr?@eouslya and

gro jn step (b) each time. 30 5. The nethod

acc\g%‘g’uséﬁfeﬁt&&m aims 1 to 4 where the growth rate in

st epd) hjetdrminirgltheeikld obrecdinbinast protbimtcthe dilhge sypernatant and

cl ai ns to 5 where changing the gromh rate of the

E. col i ﬁll‘l’]gscf)?’é‘@?tl"?ﬁipﬁn@@gﬁ (b) conprises adjusting the

| eve*a) Qfongﬁf\kﬁ% thed¥al iaRIRink it &i8p GBIWith thé yielddBettRbiAOEwhen at

of claim re‘the carbon source’is sel écted from
gl ucosdeast ant atber, growticrateskms beenusedde stegl(ykcer ol ,

inate and |actate WO 2005/ 024000 . - .
PCT/ BBl Boa FRr B e Somis PRI i sifp f\athich the

the carhemiciity §8hé fecO¥biRhPprotcn bdihRenBlcaperasam At mee
toclaine 1 to 8 where changing the gromh rate of the

E. col i penipbismde ost suited taefhe Poimasy rse ere oL e rgearnbigant peotein.
| evel of phosphate available to the cells. 10. The
met hod according to clainms 1 to 9 where changing the

29" DN Mefhdt c@frdinp @ Eaint 0lWhebeih @5t yieldh tompared ireqiel{ () are from at
conprises adjusting the |l evel of oxygen available to
t hlgagt éwvp sultures srovmesimakiansguely sopaiprlffersntray rate in Gaghpeulture
V\hl%rs t@?n reconbi nant protein is targeted to the
peT pffpa g 12. The nmethod of claim 1l where the

301 Dhé ﬁeﬂﬁﬂ&éﬁc&ﬂi@g&@ clainh 1sttepein fhe yislda compared i stee(edtire from at
whi ch greater than 80% of the reconbi nant ﬁert ein )
prisasiéwa clfuies gropgsedetiply pgng a different growth rate in each culture in

step (b).
4. The method according to claim 1 wherein the yields compared in step (e) are from
one culture grown at at least two different growth rates by carrying out steps (a) to
(d) using one growth rate in step (b) and then carrying out steps (b) and (d) at least
once more varying the growth rate in step (b) each time.
5. The method according to claims 1 to 4 where the growth rate in step (b) is reduced.
6. The method according to claims 1 to 5 where changing the growth rate of the E.coli
host cells in step (b) comprises adjusting the level of carbon available to the cells.
7. The method of claim 6 where the carbon source is selected from glucose, lactose,

sucrose, fructose, glycerol, succinate and lactate.
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10 expressed in the periplasm 13. The net hod
according to clains 1 to 10 where the reconbi nant
WEe@cm24000 s targeted to the supernatant. 14. AEEGB2004/003747
nmet hod of claim 13 where the gromh rate selected in
step (f) is a growh rate _at which greater than 80%
of the reconbi nant protei4y produced by the host cells
8.i ShtSngthatioftaani Twhhe theprabomsamee is ghycehe net hod

rd| to cl. e t d bl e
0. el actodite Gaaived §AoHErs Fhanay e i gl kB 8Efne £.con
C |h’éh’mei-l§ 11‘{\@:@15 &) (cbRiphidds a@ﬁi’shﬁ@ﬂwﬂé@l@f ﬁlio pBatt agailab&Cioahie cells.
17. The méthod according to clainms 15 or 16 where

1(1 ﬁlélepncihmi agcoiding t@oﬂl@m Iptrwhese changingibe grovthrate of the E.coli

The hod ac rd|n 10 | ai - t
r 2188}]%3:115 I st }bfb adﬁusﬂﬁglﬁbeéai&eq oﬁ’?%?@g sitﬁgirl]atble to the cells.
11 MEegRéthod Qecoﬂ'diﬁg &fttlalhﬁdytoqfo wheaé thelr8comfitgnamt phatein is targeted to

antibody is an 1gG 20. The anti body fragnent of clalm
16hopeilasit he fragnent is a Fab, Fab' F(ab’ )2 or

s LI RS SRS B0 it

t hehlblegfﬁatwr Ift&ntSO[% of thé recoynbsmintipedih prddacedisiethe thost cells is
control of an |jnducible systemand the partitioning
ofSXPFRESTAdB SROPHRIASr ot ei n” bet ween the  super nat ant

1206 NEnBE ?&d%kcﬁﬁ%%d élalmﬁlbtoslw Whe R tre&ﬁn‘tﬂﬁéﬂf%'ié’teln is targeted to

recovery o reconbl nant protein said
C ahp sussrmegargr owi ng t he E. CO|I host cells at the

IREE A SN MU T R
ProRiER §fbates tIEMIDEAURME kdtontWiant bRAIn produced by the host cells is
produced in the supernatant.

15. The method according to claims 1-14 where the inducible system comprises a lac
derived promoter.

16. The method of claim 15 where the lac derived promoter is lac, tac or trc.

17. The method according to claims 15 or 16 where the promoter is induced with lactose
or IPTG.

18. The method according to claims 1-17 where the recombinant protein is an antibody
or fragment thereof.

19. The antibody of claim 18 where the antibody is an IgG.

20. The antibody fragment of claim 18 wherein the fragment is a Fab, Fab’, F(ab’), or
scFv.

21. A method of producing a recombinant protein in E.coli host cell cultures wherein
expression of the recombinant protein by said cells is under the control of an
inducible system and the partitioning of the recombinant protein between the
supernatant and the periplasm is most suited to the primary recovery of the
recombinant protein said method comprising growing the E.coli host cells at the
growth rate selected in step (f) of claim 1.

22. The method of claim 21 where the recombinant protein produced is subsequently

purified.



