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1 METHODS FOR PRODUCI NG RECOVBI NANT PROTEI NS The
present invention relates generally to nethods for
produci ng reconbi nant proteins in Escherichia col
host cell cultures and nore specifically provides a
method for controlling 5 the partitioning of said
protei ns between the erldlasn1of E.coli host cells
and t METH@DS&FOR MBE[C’;ING REGOMBINANT HRQTEINS ed
and conveni ent systemfor the production of
recombi nant proteins. The advantages of this system
The GRE#H iBRntiHerdRLeral§NE niBRHYIP fdrafrbduting REombinant proteins in
avai labi ity of reagents including gene expression
Eschgeichigregli hopfecell syburgs agst @Qm:smglﬁqelg)hmrpﬂdé% a grethag for controlling

the &gﬂeo)%b&e%fzsggﬁ%‘)%ﬂ% bte{Wee t@?é}g)%h??l}nts. .célylh._gs:t cél%ean%%ﬁé &lture

e vari revi ew see
supeB@tay X, Current Cplnlon in Blotechnology, 1999, 10,
411-421. E. coli is_ now wdely ed for the
| afgelids amadgly ysrdand sAnymiqng éYS&‘iS’é rithe B&O&P@i%ofga%ﬂmba&ant
u
protE By B, B RO e Ut e MRl itaci, the
avaikldbitipy D’égeagﬂt@n@udu@gené)axerion@mtms; thd eas®pfligroducing quantities of

o SR ol ok o
For é@@vvl&@ Ba§l=:¢ et Opfion 1n~1335ﬂ'e@l§1016§y, h999ing] MALLAl. E coliis
32 263, 133 7). Expression of any

nowfvudelngnecbﬁam éh large-scale Ipr0d@eg¢rhef themapeutieeprpteins suetoes ipsulia,

sorfiinae s ke DBnry Sl GRRbE T pRectfipes, 2008102, 05

201 wwhﬂﬁéymad}lbyerc cﬁﬁemtsceplﬁloahﬁmgimgcbgerp aﬂ(ﬂ DBMOpment 2001, 4,
[1cation, an antibiotic sel ect

172138%%@@6 e, oAb ef T besiaEictl AHMNAGS &F9% ditar CSeLbIpgimamons e
al., JEHHa'l of 1AL gkéﬁw%&‘ﬁ ?@f'z@ﬁ‘ Gaspehte) and a DNA
guence enco one riboso bi nding site.

Tr @Jﬁtﬁﬁsm@ﬂi bbﬁhwﬁ)rd@f‘gérmnﬁ g boleegins withi thedhdeytion of a cDNA copy
controlled by a, regul ated prormte whi.ch al |l ows lLl Such
of thsresne Hite an prpressiparecion Magif EKPEESSiph¥ester are available. Suc

vectbf3 tidhdl] }n&rﬂ s@ gﬁ%ﬁfmd bﬁgﬂ%fﬁjﬁm réplichtiéh aHraQttllﬁbf'c YQ&ctable
consti tuti resse NBX|na yield of the protein

markannba pmrhoten/mﬂ tb@nsé’t‘iptdmhbﬂermmatmg s¢pasatabby arpdultpeloning site
during fer ntat n for ressi on,to be induce

(efo‘iPB‘PBgPW“ Ijﬂﬁé Sedfenge Ragpaiecal e &W‘P&O@eﬁ fngipe site.

Trarfs6tip tl(ﬁiledﬁhé ibrelge & EHEk R %ﬁﬁ@lﬂé@%}ﬁ&(ﬁ@@l‘éﬁﬁ%mlﬁoﬁr Gellith allows

can produced i'n the cy op asm oOr secreted into
cell gtmvtbecr b@mgm@rfrqm @rcsiylpb*mdtealmresalﬁp@na iigheppictdsghan if the

prot%l%%agsgltatm% %}%)trgﬁsgdg a@gi‘mﬁi ‘)lllel(P Opﬂli gg)églﬂ gbﬁ 5OERidved by
detebiiAirfp38¢ opfi@Al point during fermentation for expression to be induced, typically

once the cells have been grown to a high cell density.

Recombinant proteins expressed in E.coli can be produced in the cytoplasm, or
secreted into the periplasm or the superatant depending on the nature of the protein and its
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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30 exanple, proteins can be targeted to the periplasm
via a signal sequence and expression in the periplasm
can of fer several advantages over expression in the
cytoplasm including | ower nunbers of host cel
proteins, |ess degradatiog%of the reconbi nant protein
and an oxidizing environrfent which facilitates proper
pr S¥llerprotsindyinld. dumnanneetappouSea keyfagtodinflueneing the cost of

prodsFRR TRy PR BRI FRG0R sl AP bR IR I of the
protélf pRstutebiRakod s Ratdn (E1SMhindig thé Enalost ¢fi gdogy. o dlieaerm DSP
is also inportant in determning the final cost

CNCOFRRISIES aﬂﬁ]@e th?srfplmpmgémfﬂ%ggt%@ ofl . colhthatregplg 1n thfe final purified
funcE ﬁha{l?) ? lﬁcﬁﬁgﬁgt tdeﬂ laf ocFﬁ&r%ii thé F@B dérofe‘ih %roduced

unc I'onal proteln.

thesé Etepmhj/ typ&rallb/mmhde(pnmzirytrét@vem isteinds q{entrtfegamon filtration,
roducs t hese ,tegs,nay tnﬁhcallg i ncl ude pri rX
extraciign pad goncentsation/dinfilirationtiens iollgwed Brong py mprgRUBikication steps.

Ma:é?ﬁﬂf F%é Qg’ iRy S?Hﬁ:%@téﬁ th %Biaﬂ{ £high Rfléﬁl bPRineti&RS protein is key to

y one or purification steps.
mmlhdhxmmcestm gumrlgtheﬂeﬁrgc—scmimprodﬁcttdmeﬁ‘eem’rdnnam promtbnal Fheanature of
h yield of fun onal i m.zi ng,.
the Rstivy g pracptam ot a8 B bl B Gl BB Fichfhbinant
protah%b?a'nféﬂ and N1l rél@f)éﬁdeorpsfevérgl fa@@rﬁhbl@iﬁfn?g the Geale by protiedifon, the
used during DSP ffect the yield and qual ity of

natureeqfdht)pmn ancbrt@cdllﬂ\ardmaapn etthagad m” farmemtpléord  er example, an

. tors_incl t he scal e. of
imp QAT s Pt iESbiae ol il P BB g evel of
leakagde dfltBe RREMBInahEProRM Rtd B8 suphatentpaid aturahlevelrgideakagd does
consi deration for recombi nant proteins produced in the

occys dpripg fsmentgtion and tisandieve p defkimpatad eifedt onthe wisld angauality of
| |
the @E&ﬁlﬁh&t g%tgml ‘?aﬁ%& r%p#é%ﬁl' JnBRY Y/ & ghgxﬁ et «91f 2002

occur ernmentation this”’
Apphai/MzcaoﬂzefdgymmdtB&bteﬂfnbE@y 5R) 31 386- 3@23|dﬂhchlseld t]lcwffebty Otﬁgrowth
t he conbi nant protein obtajne

ratesgpfbﬂqre ?e agept a l(egq)]rakmpnté{rotg}n rorgg'bcf?rl ] A%‘ﬁﬁ]l atgs vﬁ:re tested in the
rangfloF ORI 9@1\; gaﬁ'g ﬁ?tﬁh%qg%mg 98¥eripPRmiSprokif ﬁﬂg’g%)edlum of

|sclosed t ects rowmh  rates on the | eakage
endatbxia wasdourdl at@vh.protein fromE. coli. Gowh rates

e s s gty o4 Beom BB sterR PRk iR atenaLg By SRRty of
the SPERLAKT Mciases! AUKdg hnﬁrﬁ{eeev%é‘ﬁ Bf fielkeBdby @efﬂ]ﬁlﬁmon or filtration

r econbi nant roteln eak Into e supernatant t

morg dftedt and tbﬁrefqrh ee@.mgﬁhmg}dwﬂm@pg@é&gnedﬁq{mﬁl@e periplasm. The

rec cel
ool P TEYgRE AE 1o b B sa NPT Wl eRRe o e
resultinglifl dehage ithé pro®dih ahdedrdasiagtidrotedt leptlasnhe Sgernatant again
cells thensel ves are al so | ess robust_during
redugiggtyieley ot adshitiensd problenyisithat) the gyality of the §g)te1n recovered from the

periplasm during extraction may also be reduced by contamination with recombinant protein
from the supernatant that may not be correctly folded or may be partially degraded.

It is therefore desirable to improve the efficiency of primary recovery of recombinant
proteins and hence to improve the final yield and quality of functional protein obtained by
controlling the partitioning of recombinant proteins between the periplasm and the
supernatant. One aspect of controlling the partitioning of recombinant proteins includes the

variation of feed content. This has been demonstrated by the use of yeast extract to control
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25 resulting in damage to the protein and increasing
the protein levels in the supernatant again reducing
yield. An additional problemis that the quality of
the protein recovered fromthe periplasmduring
extraction may al so be redyced by contam nation with

recombi nant protein from®he supernatant that nay not
the paetitianingefid secombinart seFv pepjeinin Fgoti(Hpirison aiplad 897, Bigtechnology
i her ef. or g, desd J | G
ond o B SY L3051 9028 148 A G 0G0 1 BV el o ol
grovith ahdpedpl@sniib erdteindrodticabnl hasisker dasdribyd €dr theierqiréssival for

protelin ohtained by controlling the partjtioning of .
recopbinsbeyiaFhrome i Eical (Kad et gle 1987, Bipechnolosy q¥lApplied
- adant g4 ¢ aspect of controlling the

Bux%%????i%ﬁ?ha3o freconbinant proteins includes the

valin theippesenf infentidncwa have beeliable th dsmbastratatbati istpoasiblg to

by the use . of yeast extract.to control 2A th .
contl ths RarBeHiGE B ToLom BRI PEBRYN tr-BrRalaA sndhp periplasm
in ECHRMbSRN cBlurdl b% adi99ihg tBe QfRANPAL BBY. coRMst cells. By selecting a

Bi oengi neering, 353, 6,.611-62%£. The influence of
suitaplla/griomeh rate basgd ontlie pactdtianingsef the protein befweln &ecsupernatant and the

. i pl ' t.ei duct i h ' . f
periifgh B P B A 50 PURTHGE! 87 oL BREPe AEREY S e
can b&adehabdg et al., 1997, Biotechnol ogy and Applied 5

Bi ochem stry, 25, 1, 53-61). In the present invention,

we have been able to denonstrate that it is possible
to control the partitioning of reconbinant proteins
bet ween the supernatant and the periplasm in E. col
host cell cultures by adjusting the gromh rate of
E.coli host cells. By selecting a suitable growh
rate based on the partitioning of the protein between
t he supernatant and the 10 periplasm and not
necessarily on yield alone, the quality and/or yield
of protein produced can be increased. 3 Thus
according to the present invention, there is provided
a method for controlling the partitioning of a ’
reconbi nant protein between the supernatant and the
periplasmin E. coli host cell cultures wherein
expression of the reconbinant protein by said cells is
under the <control of an inducible system which

nmet hod conprises: 5 a) providing an E. coli host cel
culture b) changing the growh rate of the E.coli host
cells c¢) inducing expression of the reconbi nant
protein
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wherein steps (b) and (c) can be perforned in any

order or sinultaneously; and subsequently 10 d)
determining the yield of reconbinant protein in the

cul ture supernatant and the E.coli host cel

peri plasm e) conparing th% yield determned in step

(d) with the yield determ™ed when at | east one other .
gr Mﬁaqcatdenmésthg peasenidentipn dherp iy prpvided 3 meghad fag centrolling

the Shintyd B £l AN GRI G W Ber by b0 HeDeripfiom in 2.col
hostleell weltured Wwhersinpexpratian bf dredetdmbinge prqitiadysaiel aells s under the
syited.to the primary recovery of the reconbi nant
cont[#f &3 ap H’.d“ﬁ&?@’ %@@M‘%&W%Fgfé‘m@e& use in the
Preseft phd&RE bR B, doBdhobiEccARNItRRP | de, polypeptide or

proter'n having nore than about ten am no acids. The
pr ot eb)n changingthd grawth date o6 thedngo/Poss eellsce i ncl udi ng

bacter.i a t more partjicularly.from manmal i an sources.
P or BbinedRbEngSh bt SRefmtar BBRR e an o S
ant i bEdtein KRs (B 41 (8)danHRPrforted By bederon sinffiRhicously; and

any i mmunogl obulin nmol ecule fromany class such as
| gG, sugsequerfly | gD and | gA for exanple a nenber of

| g ST P gl ROy Bhas AR RUCERR ffefant and

F(ab') 2 tie BgoeRbst celapetiplym deri vati ves thereof, such
as single chain 25 Fv fragnments. These anti,bod(jl es an
t hei ro)f cagpamathaaield detamiinedin sienddl withithgyield determined when at
humani z i i t ] ies and
st andar g&rsrto ecﬁﬁé{lé%‘?%‘lrbﬁg@@a?é%nﬁg%g{s&hp y be used to
modi ff), seldetinpra glelvét mteafromdhacimigarison dedeimste@ée) in which the
desired. The nmethods for, . creatin hese, anti bo
o1 ecul BETHOBIMEA! R TsERbiA e gtté‘(%feéh? 6\}?6@3?% prd the
Shrader pefiniaém is mYQ st PBRE prithefyhebived) of thd $&3mbinant protein.
Nat ure, "341, 544; Olandl et al., 1989,
Proc. Natl . Acad. Sci. 30 USA, 86, 3833; R echmann et
al ., 198 Nat ure, 322, 323: Bird et al.. 1988... ;
The ecolbint brpieh Hopise HEfhsanegpt i) dntiof g e gk dEpide golypeptide or
prot¥i Hbi 28 Hofe tHdALRbat ten amchoAdais! ,Thé PPatein liydbecddtived from any
Genet. Eng. Rev, 10, 1-142; Verma et al., 1998,
sourgg inchusingactemmbyo mogg pasticulaty fFemenammglian gpyrees Jn one example
i el | seml € ' 1
e ISPk b g 2o e SRR b YRIL O any
imnfihbglobslircmpriotle fm piyoelussisnch a€ip®)bgidpM, pgdard gA for example a
| es of specific host E. coli strains incl

Ex . de .
menen obthe Is@irlasy e, legieend Agmnry anfigen wingding immupogohulinfragment,

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, W0O91/09967; 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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JMLO9. Exanples al so include nodified E.coli strains,
for exanple netabolic nutants and 5 protease deficient
strains. One preferred E. coli host is E. coli WB110
(ATCC 27,325) a comonly used host strain for

r econbi nant protein ferneq{atlons The reconbi nant
protein of the present invention is typicall

ex freodidwst ¢alls &orysein thwress@trmwﬁ@mmﬁy hwﬂ&alibwcum E.coli

stral(r‘ig L{ lﬁnu&%eéi: J?r%mlg ? oﬁab?xﬁ!)i} pr¢ ctélzl% %Qﬁh@aﬂggfgf glfﬁﬁ{b%s"& specific

hostFB’ QﬂUﬂtaJlr&r’inclimeMﬁiltlbOdEGf GFGilt imgm J IDHSWRDIEEI Bis2 1t, XL 1Blue and
hese 10 compart nent we no in the ar

M IP8V Examples alsh kfrql‘&’ééno%? ed Bispl |SH@P&§“r opREpleRpsta %ﬁ%@utams and

prot%@e déﬂ&e&%ﬁamgxmlp er?dd BYolialsEis E ggﬁWﬁqg%R‘T@@Sﬁ $25)a

rect proteins t e periplasm of include
comtriwl}Eaned IlmstBtram, foﬁqo@mbﬁiapt‘l’prolcanﬁmerda@rpl: si gnal

ences. telns e targeted.to th ern an
by TEFFORIITHC PR o] T AFseuOPRIBD 1 BRIk Gy ciher the
perq%laﬁn loPEHeGE EAINh &k cdlisBritRihdseaiPaRuas sdp@ﬁlaﬁtﬂf epdHRIHY G e nature
0 cause protein 15 secretion exgqrgl es of which are

of thetpeotgineandithe $nalquefimodustionr Themmecthedstfer targating arpteins torfgese

comFRTARYEIR- R LBt bR RGO

RevithwisN1998e 6@,c5it 3380 B?(ﬁn'?lé,é ©if BEitdble difieal seguenides toraidéds Fraaeids to the
t he coexpression_ of t kil gene for menprane

periplasineh i dofi inglpdsarthe Errcodifhody Osanit. OmpEnkamB 84 Mﬁl&?ﬁl

L s e

pathmgﬂbr l!é))lﬂtlhled]hd]icﬁoﬁ ylimited Mka@eﬂ tiesgermembfage o ¢cansaprotein
I nduci bl e expr.essi on syst t he expres f
secTeliRn GXSERIASi o Arivicare the yee of FFCEMZ% ang?rsthﬁma? Nty zeagef the
coe)g)%k%foﬁlof BhetBiodi Fé‘f@ds? h?otcﬂﬁ QP hrfifom j@?%dh%‘%’cﬁh@cm release

onoters suita use 1n E. are wel known
protein aldng with theradditiep efi glyeinedo thermltpreomedivm, and thy enss prpsion of the

reconbi nant...protein can be induced by varying
kﬂ?’é%%%ﬁ@’%ﬂ@’??%@?éh’h%r“ﬁf‘ure or the 25 concentration of

a PRk Iﬁé'sleﬁf in%ERIndRpRessibn b@ieFecdMbindie fioteth (B e0li host cells
supra; Goldstein and Doi, 1995, Biotechnol. Annu. Rev,

is umdvs t}mzsptrola)fmpn@mmiﬁ systemucThe termr' mﬁlﬁﬁlb}esSYFtﬁm @8 gsqdm@rem

ot SRy el PR SR TARE ER B scombinant protci
in Elca6itioamien fidd cd@trol SfapriadydiblRpidrdotehi Mok &miuaﬁ?}’er prioamitele suitable
(I PTF) and the phoA, trp and araBAD pronoters which

5

for wse.dn freall eV kpmes bibe art a0 fspomEpTHig PLOmRgtgh, FHRgRion of the
RS e o I RS B0

con¢entratiad efth pdrycﬂla)fsubstanml ie thet grewﬂdnibdlum(ﬁahe)an suprduGeldstem and
Doi,o{99% gz%?eré%noll Annu eve{O%t 1%8? Vi@ amples of inducible promoters include the
E.coli lac, tac, and trc promoters which are inducible with lactose or the non-hydrolyzable
lactose analog, isopropyl-p-D-1-thiogalactopyranoside (IPTG) and the phoA, trp and
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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i nduction is tenperature dependent. Were induction of
reconbi nant protein expression is achieved by the
addi tion of an inducer to the culture the inducer my
be added by any 5 suitable nethod dependi ng on the
fermentation system and t i nducer, for exanple, by

single or multiple shot additions or by a gradual
suitahirimethed dependinguanehe favmenigtom syséesrl and theyipducer, fier example, by

ns Gl oS5y AR BB RABER Bl 5. 1

be approtieted tigx fHees a9 Be hdelagbaiided thid@dditidieS thethdaeer and the actual
actose there nmay be a 5 delay bef ore induction of

indugfign ef RrotexpeEESioN foceamplanhere thiipdpgesisiapters there may bea
delaﬁ %EB?@mIﬁﬁ&fo&Ie(%f* ﬁotefﬁt Hcﬁﬁgn BEGR %hh@ -ex1stﬂﬁ§ EB:%BL Kource is

res of Pthe present |nv lon ma
utilimdllielﬁasredadtcrseany medium that wll support the growth

T e ekt ol U g1 B Iy B R n G fredium
that @ﬁll Eﬁ}ﬁﬁ)ﬁ tRé Mﬁ Gf E! '?foP lahd e)ﬁaréssu{n]@f%ﬁé re@@mgfriaﬂt%rﬁieﬁﬁ Pe

M cr obe and [tivation, Blackwell Scientif
medﬁmb rnawémelaoyl shemcallhy defirid esiurn crush whihose propideg in BtrbS 4.d1975)

: escti hed nei .exanpl e. .of
prngB e Bl BB BRGSO Rl B, B8
mod@ﬂicaﬁbns wB&Q4pp IBF)ﬂ‘ét@ it contivl @Fcth Rate a8 ded_c’idbd:(f hetéihi 0An example of

26, 309-320. Culturing of the E.coli host cells can

a sutatite meferisi‘BMORY as descrbedby Humahreys eilo B082, ProteinsExpression

and?ﬁﬁﬁ@atohafé%eé 3aofermenter dependi ng on the scal e of
pro fetMon”réquired. Vari ous | arge scale fernenters

ar €ultufihg abthe EMdllf'hoat cARaan take placgireaiyesuitablaodtai@dsuch as a
litres up to about 100, 000 I|tres Preferabag
shakedlask At & fesmenten dersoding ogdheesgla fipreductippregupad. Mrigus large

scal?fe%fn%ﬁt@gl afe &anlggﬂetvgtl'b% Qaﬁ)gggy 1\;\{ %r%ﬁér tha o8 'iltl’%?ﬁ%ﬁ) about 100,000

rmenters a capacity o et ween
litref). Bre&mably Ierﬁﬁﬁtelrs 61 8800 G OBAOHBres atd wad,ahore. prefeiablyal;000 to
for exa

erf n swtables ste I
10,085 ek STenssale AeT Bt OB . 6ok DRURAE YHILF FPAGIg of betwee 0.5 and

1,000 188! ani , 12002, Trends in Biotechnol ogy, 20,
103-105) depending on the protein and the yields
r enfann@ﬁau@aafcﬁmcam@ h@yel'@u‘m@em anmmﬁbbmstemd threexample

contippl el oo BHEE L) S B, 2002, 0 ep i Bjggechmoloss

20, {03165y AePpdrRling difthe ﬁkdtéih%ﬁd ﬂ{eOWElds feqbittd: h Batshenode may be used
pre-induction at the 25 maxi mum specific gromh rate

with shat additipnsef sutsieatsas dndwsens gvherrereduired. edtenatively, |f1=<§rbatch

cult\‘ﬁr %%%e dsgd axtncpﬁ)r g?%rﬂ&@t tﬁ% ol ﬁ‘ll?tﬂeﬁgl%w%rm {cﬁ 6}1'@ 2Mduction at the

I'mes use con r ovvt
maximum specxﬁc growth rate that can be sustained using the nutrlents initially present in

the fermenter and one or more nutrient feed regimes used to control the growth rate post-
induction 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, 1996, Tibtech, 14, 98-105). In addition to the modes of system, there are other
factors influencing the optimisation of the fermentation processes, some of which prove to
be crucial in the expression of recombinant proteins (Thiry and Cingolani, 2002, Trends in
Biotechnology, 20, 103-105).

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



i nduction until fernmentation is conplete. Fed-batch

node may al so be used pre-induction to control the

met abol i sm of the E.coli host cells and to all ow

hi gher cell densities to be reached (Lee, 1996,

Ti btech, 14, 98-105). In dition to the nodes of

system there are other 30°factors influencing the
grovain; oy tuees whisreghe nhtsientderglntcartions sowicedempergture gifoxgen

]| t e &rHCi ' [ . .

cond B sPAE B B SR i OB BARSgom nvenion r
growh! @ids niitfienBindinticddohdigyns & highl@dwilOfate tolobtdii e highatrdensity

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 5A grown in cultures where the nutrient

| evel s, carbon source, tenperature and oxygen

conditions permt such gromh. Preferably the E. col

host cells in the present invention are grown under

nutrient unlimted conditions at high gromh rate to

obtain a high cell density 6 prior to induction of

reconbi nant protein expression. Gowth can be neasured

in several different ways the nost comon of which is

to neasure the increase in cell density by neasuring

the increase in optical density at 600nm over tine.

The specific growmh rate can be determ ned by

plotting the natural |ogarithm of the OD600

measurenents versus tine. 5 G owth neasurenents can be

taken t hroughout the culture, for exanple, by on line

nmeasur enent or by taking sanples fromthe cultures at

regular time intervals during fernentation.

Preferably a high cell density is obtained before

expression of the reconbinant protein is induced.

Exanpl es of suitable densities at which protein

expression may be induced range from about 60 to

about 100 OD600. 10 In step (b) of the nmethod of the

present invention the growth rate is changed conpared

to the growth rate in the E. coli cultures provided in

step (a) of the method. The change in growh rate in

step (b) may take place at any tine before induction

of protein expression in step (c), at the sane tine

as induction of protein expression or after induction

of protein expression. In one exanple, where the

gromh rate is changed before step (c) the 15 cultures

are grown at high growth rate in step (a) of the

method until a high cell density is reached after

which the growth rate is changed and protein

expression i nduced once the

b
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desired growt h rate change has been observed. In one
such exanple the growh rate is changed at between
about 1 and about 3 hours before induction of protein
expression. In another exanple the cultures are grown
at high growth rate in st (a) of the nethod and 20
protein expression is indudced in step (c) of the
pﬂorn*étlmtloapg scombingnt PIRIEIPXPRESHIORat @rovah cambggeepurgd in several

aifrf oS nghods BmifE R ills W fmBith iR AAHENSE 1f B el By
meaﬁfrtngrthcsmetbaédllhhophﬁalai&ﬁilf}&t 69&1?ﬁmlverf lm?ﬁ Gélleltsﬁecgﬁe glgymhvmte can
owh rate in st Q e method an
be d@?%&e‘% Ey Plotang the natypal ‘iﬂaﬁgké“ 9? %Q%qq@aaispgﬁmenfs yersugtime.
t
GrofR BIRChLsYcah BE ARl By LIRS, Ko bR O fhe
measumaemfor by gakiing sanhpleﬁnmh tlmectdltsxresmy rdgmlar tinteriotehads dyring

di ff t
fermgagk FeFGHOBHLER AT StoRgErehilpieianrarion tiis: e
recolr®fhahP§Btein 19&&%5 Ex4mpRS o QitableJehdial £ wiReHRAeeid fpression

controlling gromh rate include changes in
maytbemhrcadmng@ frpvaabioab 6@ taaboge HOQ @D@dos and nutrient

| cVErS gD RuREEREN of BRBPh TP ORPE P i Efheed

com@éaiea 8V e Fr&PBGhieiif tH BVSNcul k& ;ﬁraﬂdb@m gt @) of the (fhethod The
enpirically by one skilled in the art testing

changg iy gropfth sae desien &) maydakarlacerat 48y, fmwé)e%(% H@P‘r‘%ft Oﬁﬁotem

t l.
exprgg 3(}4 15n e? (gh Lﬁle (ggﬁe ﬁ gﬁg élﬁdugngl? pﬁ@%&%g %)éﬁ%&!rsg)geog ﬂer induction
of pltolﬁn skmedsionl. Ihloge émm;ﬁat\alﬁere thecgrowtheratesie dhanged bedbreodtep (c) the

the growth rate de endln on_ t oi nt duri _
cultyrRRiere RF K Bk high Exonvih Fde (2*919? fhe'Tegs E it} 2 g eglldepsity is
reach@ Attt WHdh ¥ gﬁm'tﬁ ki {H% géaeeﬁfﬁ rﬁﬂe ?és@i@ntulilﬁxced once the

nutrient sour ontro gro phosphat e.
desifsdigratherateivhapdeetias beemalsatved: lroose snch epamplc dleogrowth tage is

| es herein an kno n.t
charged Ao gtout K368 afohE3 pouR i bt onraRi eisrgion. In
anoﬂ:;@rI éxam% tht ¥alkhredare Bragi HElibh Wﬁ‘ tdté irCstEPIRY bf BeindIBdd and
Exanpl es of suitabl e phosphate 5 concentrations

protgingspressipmistinducsd i stemes) OE thepmethed, @ﬁeﬂ vibich de grawHerateis

B s 30O o P P B S YRSy Bk

betviABBAH 1ind aB8tBSkduRattdietdpauE! InQﬁombﬂﬂahﬁﬂetha\ca]ﬂd @blgeown at
to the cells at the start of fernmentation. In ano Gan I
eously,

highegrawi mate lﬁéte@r(émfﬁh@ aethodeand stepa ) 38¢ &0 tke RIAGEHTH
i.e. Jﬁ?ﬁyl%Qﬂﬁaqag é éa?rﬂe tﬁgl rttlﬁrfflec‘ gr%%]bra@éls chadh 9% 91;6 é)é) dnt of

ogen a e culture Tor exa
induotion. hrough shot additions. 10 In anot her exarrpl e of

f; Ee g rggovgg rate \tuiln té‘ cor}z hcgsrt] geligsrrgg\}'$ lt)]e éo%ttr%llleg b)sl tm%gy %Pf)fertianst methods

well known in the art depending on the fermentation system (See for example Lee 1996,

Tibtech, 14, 98-105). Suitable methods for controlling growth rate include changes in
temperature, available oxygen levels and nutrient levels. Appropriate temperature changes,
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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adjusting the | evel of carbon available to the E coli

host cells. The | evel of carbon source available to

the cells nmay be increased or decreased to achieve the

required change in gromh rate. Preferably the growth

rate is controlled by adjuysting the feed rate of

carbon source into the culture. The term " carbon .
partisular exampie ofithe présentahyvention ghesnuttient iseuree eprirpling growth rate is

phosa;ﬁatt Iguts%% Wpﬁ sgh%g cﬁ%ﬁ%%gg gong%g a% § IE] {;1’;136 eg{)mgteg Blzrjem and are

knowa et e Qrt (Se@fo@%ﬁalﬁﬁllé ikt SU0@197?ﬂ1rﬁ:ﬁﬂ1&r omwam mdCcties
such as g(ycerol succi nate an | act at e,

CultpyasiperblagkvethomertifistPublicatioas)y rewamles qf@é%&hl%nhqsabate
|
conc%?{érg’tcdﬁ ?’ur exgtqn e ﬂ%ﬁ/ ggbat eRtaf 168 il tﬂostetgﬁ {hied gae‘:@ 25%0 40mM.

ernmenter an
Hensoin e elemp@l of tkes mriesant mwientéh tht geovethirstal step éﬁds clanged by

oo bvel ebRPosBLR e aIgb et Thegiihit the e o Srmeifion. In another
exalhf)‘l@ |tW§‘0W ?ﬁ figy B? h?ﬁﬁe& g Enﬁlgﬁiéatm? k&cenRitdt SFefhtrients such as

erel n. es’ o U|ta e gl'ycerol feed rates
carbbn ot nxﬂmgem eukadnm thetmmltnerfgeexsinifle vima fedor through rsh¢tmdd1t10ns

The ter artjti s used rein.refers, t

o T et Al ot it s ond vt 1 o Bt RlsSh oo} 4 hanged by
adjubdg Mk asR of caﬁacﬁpi\iallﬁlf—léio t‘h@ . ol édl'l@ SHHREEVER baBArbéMIsource

whicth they are grown. To determine the partitioning

availgble thdhe ealls mnﬁyrimncwmd or dearpaseq feachiqve theweqpised @lansshin growth

rate.ng{qﬁcgg&yﬁrﬁ er nglF %{t]%rg fogfgoelge%tbg}r Aﬁ\%&lag thc'et f%?d f{a@ oPJarlSJ?)lesource into

the @fltugd/i Tlfﬂllsﬁn tdafBon oURIEY & Wsell heRitOleers td the cﬁll‘)bii wui'c@ihat is
the E. coli host cells, for exanple about every %b
availpblg as, angmotaYSORIA PN pe/i deringgropth #rd ige lules spgars Sughyps glucose,

lactcr?%ﬁ%{ 3 %?@ Hlictdde addbtid cﬁ%ﬁ%o@rfcgseé'uch rAE gCéI%P su%ﬁﬁ‘éfe and

rotein quantification are I'n t
lactad@ hmdpliefe‘rieddambmsdidm sf thepinesest igedntiehel calpdrosomsdess glycerol.

pretigh st B wab e B sl T A IR o
t i wiltakd!r Suitabl
O T, B R e B B

glycaml deedantebext well kovwhinghs are andiincludg me deacubed rn the examples

o R0 e BB R ST il o th b i oo

0.5 foaedTH. nant protein in the supernatant and the
peri plasmof E.coli host cells grown at two or nore

d| ﬂﬂ!@rt@m pgrtisianing’ anvsed hierpinredrs (thedistribwiopf sepompinant
prot 1& e | C épérl msép E ofz Hos[(t’ ?1 { anthé Lﬁ)%p{a%t %{&p{cﬁ they are

ioni ng
grownli Tedeteninb ﬁlepfidrlﬁ\mrung @ﬁhv ﬁd‘cysmbinahhﬁom‘l@ thei yielg irothe pleriplasm

and the supernatant is determined in step (d) of the method. The yield may be determined by

taking samples at suitable time intervals throughout the culture of the E.coli host cells, for
example about every 2-4 hours, or alternatively at the point of harvest, for example about 24
to 36 hours after induction. Many methods of protein quantification are known in the art
and include 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 ELISA as described in Humphreys ef al., 2002, Protein Expression and
Purification, 26, 309-320.
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5 Preferably the yields conpared in step (e) are
determned in step (d) at approximately the sane tine
after induction for each growth rate. It will be
appreciated that this may not always be possible,
especially for cultures grown at higher growth rates
where the maxi mum biomasS is reached earlier than in
culn the exethpdovfitheipreseniinvegtiowthi yicld e§recambingniawptsin iatthe
st !
supernagang (rgréc‘iJl glg pegglagrg)of %fcvc\)'tlz}}l%s etllg %%hvﬂ?yt t t% 8?@1&? g{/ffe deg gPJwth

ratesSh @tép ((8) argRYymbered io¥ip () af t}&rmetﬁbldl tredrder tg rfmviﬁthe gi@tveh tate which
either nutrient unlimted or nutrient |im.ted

resulbopcagtitioning thates groabiujted fRtherimane respycry @é he Rrotein REgduct.
Prefé@gly tfte n?i@f?i@”cﬂ?xphl%d Wgté taréj(mtérmlﬁé?ﬁp R:?;tﬂ{ ?]tgdggro%mﬁtgﬁl the

specrfrc grovvt ate pOSSi
same:’omd iafteroinduction foneach )gmwxhea&:hét willdwt dppregtatedithat this may not

alwaém e gésggaﬁ%tesé:ﬁecéalfl@rtjgbgﬁ gxég% bl'i:‘ gg%%v%@m ra%(s) uhvthepé the maximum
blorrPd'sﬁs%éblBEd' eﬁrh@r than tH QiMubes’ 6 Wn hSloWeF poQeh tdlesst ep (D)

he nmethod. The growth Tate nmay be reduced to any
s u |Tha roavth adte change én O1ch (b)m‘f diemethbg maytbgasin@ease gna decrease in

srowihrg" THS Sl LTl i #ine wdot ARlBILE8 M ace i

eithdr @afient WSlirfitdd G riRier® ligided cohditiifs. FrefcfdPRE lcﬁmufe peswided in
in step (e) of the method. Eachagrowt

h
step (®ds srpWing mmptrient uptiméted epnditiens metma@él?ltgf na%icrgrowth rate
poss?o@éﬁﬁz%géeu gg{tl% IH)O%‘I% %%Bique Qvtﬁ)pﬁe f(ﬁg@ ceolzaﬁos{ &iRlin step

ur S ‘are grown ane OUS Yy usin

(a) istbdtiveéreabioug 0 Qviink 0(25/16; préfeﬁbl}i‘betwédntﬁ 3 amd &EE’b (Pbéferablyrthe
anot her exanple at |least two cultures, are

grovgh q‘% i reavqegﬂ iy 8tep §b)-pidhe methed: THe grgvvth rate glay%ﬁ redpeqd to any
sulta% 1{@ ol 0 gﬁféﬁ&mly gsaiv&e%ﬁ @@gén\fﬁhé’ gfé)%h Qite BRfv?ded in step (a).

erent gro In a sin
Suitahié proweth batecany Yé idgntified &hpipsal()al)y testir(git lest v abfferent growth

rtesC Carparing e st COHEBE AL, F o A VGO B e n two

or rdoﬂe sheftd R tuRAGRowWR irf ﬂ)aﬂﬁlel bhd/¥# inl sub&esSBRI I8 GndeLsmplBat least two
If no suitable growth rate is identified in step

(e)
cultus arh@rovmaslmdtanmlyfusmgraedlffgmmwlataé%mrmyh B‘dtttrégt ep (b).

o SREAYIF 500 e G R AR e g ot
in edcBtuRGreiR E16B €Y. O/AtenittivElnawe fo@\MdBe dﬂ'fe@er@fgrovt'th @ates may be tested
cultures in step (a). In the first instance the ra

ina @flg@wh@tieémcagwmqvt plapel@) talh asingape Sedh rae i) Hep () and then

arr%nﬂg ggt 88 n{t})g&gg@? at] 18%& g?&%&er bﬁﬁ%%%o?@yrggqn step (b) each
timeS% émlll(bi:) ap‘pﬁec(aﬂéd tht if he smledki))ﬂ'ﬂ)ggwﬂl ragel B idemntifi e(rl]\/m stepa(uj of the
methogyH ﬁﬁrﬁhﬁé?rtp%%h Frbesrmauche ERied B g%}egtg%seﬁt%; o(gi@ré?t%fe {Bg method.
Typ#?:@ltl%:‘@ %Ige AP Bifferent ?{r;tlgvtﬁ haed w?lpge fe@ﬂe@ bE%%n bh%dttﬂ@ growth rate of

gro ate I n nu nt unlimted conditions. In one
the cmktarqs lire stepr éa) g T titetfirstanstancs thetangeof diffforent groawibl raterongsted may

spanza wide rlztr(1-'1g<¢I oeﬁls ! h%qowtivhg?oxg{h r\e%es tha‘?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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nutrient unlimted conditions. Alternatively, in the

first instance the range of different 9 growh rates

tested may be a narrow range for exanple of high or

low growth rates that nmay be subsequently w dened if

required by repeating stepgs (a) to (d) of the nethod

using a wider range of growh rates in step (b).
grovehurntabteeteg aythe a aresy fapge fOéemmglem higheorlow growth rates that may

be slggs%ﬁﬁlgen Y| g@é‘e{iﬁ f oredel%(jor%feﬁm% \Ag(:(‘gl':} t8 g(?}lrjltf él% x%géi’xoﬁt&&% a wider

rangd 0lf igfovith Gaté@im@tép @®ns S@Itaﬁlegwﬁﬁﬁ rabofir tebfiflg 8nle N Uistance may
200 fold less. In one exa growh rate is

be foresppmple bepwern Bbouthd %@hw{rg@fql‘éieas thea dhe grawth raée iguient
unhﬁﬂ%@ c?] rtgcéﬂes;o'r ?E&»fsetefg Qf)(%tg'lbﬁ dné M‘t %gg ﬁgcri (l)ev?vty 'hfnra(g{e:eé(arlngle the
grthh eate anlgeweaf aboudd @ﬁd aloud 204051& lestiean thdgropaln tat¢ inomitnent

.of the reco ei n at t or nore different .
unh@its@mdrltmswgwé%q Eéﬂ%&f&.& o s LSS in the range
of 015063 to¢!4Rd to the prinmary recovery of the

reconmbi nant protein is selected in step (f) of the
meOned theTaetiticnimg ofthe newombinapbpretejn attwo aysrate diffes¢em growth

s to the nitial reco r
ratef s st el s Tt BT P BTy S b ofme
recofbinaA€ protdih isedRleRtcdah sep R A URhethbd.i TheRbh OpridbsAgcovery’ as
Exanpl es of prinmary recovery steps include
usedclegnein |r¢fex§ato ithgrinitial racpwRry steps rﬁamre@@t praéltqe@weﬁrfrqeﬁp@natam or

perip R RY G hle b sFRRG S i MopiteBy, EMBHIECDE Alry recovery’

stept thehlde, ceﬂtriﬁl@zitibnf ﬁllﬂt‘t’i@hyceﬂfextrbaldﬁrditlyaéls’,l heinbgerisatiohe
rovvth rate that results in the best yield ﬁnd/o
conqyaapm dinfiltsationaand expandsdpedadsaption. e @rqyth mateynost suited to the
prm{ag)? &%8{/%{% %%‘ En%spr%t;gglg\ﬁlltet{/e'%e gbﬁ\}th trér’tg ttlga? f]éég 1511I tﬁ@ﬁ@s‘t Wield and/or
qualv@@tfbmtemtfolﬂcsmngbae:br moct m‘rmarglremeﬂwstep%o THeterm ‘quality’ as used
suita

t ly th
hereerﬂ% b G ety O e sl qrusindl et RigiaRy ﬁ?@?fe@amﬂy
foldéd. fn%b?fmﬂ? MY méNt Qhikible glﬂwttlhﬁ‘atégma(} abi bdthe d?vﬁh lrate that results in

cul ture may I nstead b he growt h rate that
the mezgmums yield Qﬂwecdmni@nam eprcttcmum then@ ccdf hosh eelpewtuss but may instead be

h th t {
the FEVIT ARk R SN (EFinonite LR aRHA e ) Briplesm and
the sfu?leﬁn@t&nﬂ@hﬁﬂ &vill@€sulf@h ‘Be@érlqﬂiﬁﬁw p’r@t‘éﬁV@ﬁXbr Sighes yields felowing one
rowth rate selected in ste may be a trade

or mer¢ P%@ﬁWe@PPVteﬂéSthot Hereepthe g@“dﬁ Fate geleqm inrséepAmay e a trade

off l;elt\p@eln t)éé glo({ielﬁ %1(9 m%l&ie %{dqr g c'[?gal elH la{la gﬁﬁlﬁg)ﬁf proteln

ultubaele')tecfo&'efedd in the periplasmof E. coI [ host cells as
these are easier to handle at |arge-scale an t

su é}é PRGEXAmple theéeqqn?lgpané ,prq{ggp);nay be expressed 1n e penp?asm of E.coli

host cells as these are easier to handle at large-scale than the supernatant. The first primary

recovery step required is the recovery of the host cells from the culture medium, either by
centrifugation or filtration. For proteins produced in the periplasm an important
consideration is the level of leakage of the recombinant protein into the supernatant as this
can have a detrimental 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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recovery step required is the recovery of the host
cells fromthe culture nedium either by
centrifugation or filtration. For proteins produced in
the periplasman inportant 30 consideration is the

| evel of |eakage of the regconbinant protein into the
supernatant as this can have a detrinental effect on

and men@neuhkawo ﬂﬁ@amﬂtylgandlamag¢ for the ecombinaptprofsimand firther
mcr@asg'l Ylgcr;]c%st}y r?g E‘ﬁ%&?ﬁ%@{@} d 6681?%58 of B}ot%ﬁl IBIQ% and li pldsf which

super na
agalﬁﬁéﬁd&$ the §4l& b Fre0bmbingntGRblefh 1h)th<€pd‘ﬁ;ﬂasfm gThe Qiilalﬁy of the
filtration nore difficult andredumn periplasmc

recopbinagt projqin resovamié fiogy ths perirlage mayslser reslucsd by cgntamination
w1tl{1%@¢iﬁlglg% é)lr ?lt Ict?&ltx e é&g%hﬁﬂ &Qt Q}Elge n%%&%rédéﬂ%r%ot

ng in nage arit protein
corredily ﬁ)lﬂ’eﬂh eln thesecoudtasss ligis nlhport/ans dmeefm;c toke¢phlevels of recombinant

ernatant due to rel eas ro and
protggley in Hijaﬁuﬁem@a%eénqrf?éeg‘? wabrandie i RbFeopPLPR Rotein
foudvﬂng BEMRRY tROAFN In'thR Kdfipld the %altﬁad aﬁ%?&@dlﬁgﬂf the

protelin recovered fromthe peripldsmmay also
reconﬂzdmaneurobgm obnaimadifeliawiog pﬁmm tecoeary msiyrbgnimpprved biy selecting a

oSBT R R B Bl 969 L5eh eyt
of rdcoRBirfadh roteme irethe peripl@sis FBweeihah &t 6ther @6 @ iatd Mhere the levels
protein low in the supernatant to increase the quality

of regambinanypretein i the sepsasitand ate lpelare Therefae) fonprateiny Prﬁﬁ\‘%?d in the

penalﬁgmoylf it &vétp &e git tglg gﬁ%%ﬁgn e'i]grgrcl) It 1§]ﬁllef%{e9!tﬂat3ﬁ€%r%vth rate selected

in stgp (R ¥ gro@eIPYaAE it Wikigh Bcateffiag\566 bithe proteih |18’1@(paesséd)1n the
g]ﬁ owh rate where the |evel of reconbinant pr o%el nin
periplagm ang desh thag 40 % ef thepraiqia is infthe supenaangy  Pegferably greater than
r
507 GO BN R GLEL okl OB i Rl s
20%pis ot Eh'en;ubemmhﬁt shipaferextmpte geaielhhghm% of Herbweireproflased by the

prateins produced in. the eri e neth o
hostigsls S pregpEsited; 1A sReriphasm anddess Bart Pt il S‘{Pﬁsﬂa&ﬂ&mﬁf’mthef
exath ltee%réa?éreiﬁe{rp@s% o tHRtgRBtelnl prodifeed b HIVRJAt EdlsSs éipr&ﬂ%é@hl the

er than 55% of ‘the protein is expressed in the 15
penplesmphdmamdﬂ%ssmthﬁmlpd@%aof the protein is in the

er nat ant er a ater.th 0% .
or 01 B P SamelE T THOGE TRl Tt SR e The rgisin may
be eR§1€r tBIpasify given tasHo Eit?e[&tmﬁ@t% liSretlirdddhdIhgre Rhﬁﬂibalﬁéweﬂ}ﬁbst
one exanple greater than 90% of the protein produced

protpips presenttip the aedivm. {The auplity 98 eeptein mqy@lwebq bettgs s therg will be

less g?&éol&gg d téiéarrﬁ%)h ﬁ%ﬁ'ﬁéﬂfﬁ?ﬁﬂ{ 1%?%1{1%: ﬁ @?8%81% é)rocglced in the

supérhﬁaﬂitdsis 1mpb1|taht itlsat eheaneame of telomhmaﬂtqyrpmm epdpmsm&‘b}dthe host cells
| ess than 5% is in.the supernatgnt ot her e

and pezetsd i e AupRDAIHE ipmadimed. i T skl Sheiveomipan protein
pI‘O(erCQ(i ﬁif theH¥t cells is being secreted into the supernatant it is important to measure
the recombinant protein levels in the periplasm as well. If these are still high it may be
possible using the method of the present invention to adjust the partitioning of the
recombinant protein to increase the yield in the supernatant still further. As a result, for
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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be easier to purify given that no extraction step is

required and there will be fewer host proteins

present in the medium The quality of protein nmay al so

be better as there will be |ess proteolysis and there

may be inproved protein fqlding. For proteins produced

in the 25 supernatant it i's inportant that the amunt
prodgeedia dhmpipgmatanpanst lessthan 30%dn ghe nsyiriasm. Hp ene gxqmple greater than

) t r ant 4l i.m ) % is i
o0 IR SRR QAP BETON AT SRS gl B 00 i o
the gekiplabms tin agdthér dxambki grgatercthire989 of theoprbfem mropeceddtyahe host cells
[ neasure. the reconbi nant protein

it is inportant t
is in |ﬂa%ap_§manﬁnt sl st 2&ri HshGEFTPIaYR. t hese are still
hi Qﬁvfn% iERYifRE a sBRSHIE gllgﬁvtﬂﬂtgglestt‘g?( 5f the thedodt {1 same %owth

presenC 1 nvention to adj ust artitironing of the
rate cachEnized dnting subsequent fermertatias of theeE. yo/éhabt icells thensure the

.sypernatant still further. result, for rot.ein .
desisil BRI BB e EhrerecorpBiPFEl BEpE bP T (e st ARG e plfiplasm is
achi®Ve@s Gk pra¥@Nhi@fioh kherfoRy £éprotides & Arthod T pasdRbing a

rate selected in step (f) is a growh rate at which

recogibismntproteiain 5894 bostichld culpires whereinexprassien gbthejrecompsnant

supernatant. and | ess than.45%.0f..1th Of &0 L Seibi Qs
oGl BTSRRI ispdraFa B Pedy I Rbiplq SaBb b s piniBrihSi e
recofr®aRNbpdaM bervetethe sppaateschn\the peaiplaat is @sdst Suited td the primary
produced in the supernatant_ and |less than 20%in

h
recolyrtyiop theseeomnbing Preigiirfpidemehed FUPPHHES 8109008 e & gl st cells at
the @5\9{heljaﬂa sféfe%{jequgﬁegggto? ﬁgﬁﬁ%&&f ﬁégcﬁbécﬁ?]ﬂor\}e.t IT'ﬁeﬁe subsequent

upernatant an I's I'n the periplasm “I'n
fermznatibry mex bepl the gamatoate drivadiffefsut sthletth ¢hap medddinthe method

o FhRL S, Bt R 2L B LB SHBRLSLE P,
dete@gﬁlg 't%%@%ﬂfa%gstrsﬁft&kioqhé gxgﬁ’lgﬁ}f ec&ery Eﬁth%ﬁh&ﬂ,anﬂ Bfen in

rate can be us dring subsequent
subskquene feirmentatienscthe how cEllcmby béGsmented] btlargs seals te prodhee larger
desir partitioning.of the reconbinan rotejn
quarien b e FrroratiEl AETR oAb FENpbtrekserd b Siep O
ac g Y&Ddmblhit Efogéﬁ Pﬁod‘u@éﬂ%b‘ fhe M dtNRT 6Xfthé Presdr thvention may be
od o

provi des a met hod producing a_reconbinant protein |
subsequeatly pufifiethfxllowirg privaryt rge@ernh Breprimany seeoysiyotiersfused will

' 10 ' id.. ' .
s RS 1 on
For bXienplé, g oretdis RRpressed ot tepekiplavaanayt Bteresorpeddaitiin thelnudt cells by

centgfzafien pEGGREPRATIS PO FHR Bgh Be BRFaRAd OIS g cols using
i t ' C { ;
metlY é%%%s 3Gt E?aéxgl&%t:c()s&glﬂ: ?)h*a%ﬂlélﬂ 5,66 é§6c§ i'bgiél‘%@hdgl%a? extraction.

se I'n e ‘met hod above.
Protdine sepressbd ajthe stipdreatant maat bearesoversd Usenganethhds smhes expanded-bed

scal e i ff cale to th d in th t hod
adSOTB QI ST GEA90, 0% Dlragion 45 AT celte Host By fBiepaiaty ion

exciiYe Bfa iRt eRbRAtHraphyi58hptuRGR¢ Frotdn. The protein from either the
periplasmic extract or the supernatant may subsequently be purified using any of the
methods known in the art depending on the nature of the recombinant protein and its
physical properties such as size, hydrophobicity and isoelectric point. Such 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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determ ne the growmh rate nost suited to the primary
recovery of the protein and then in subsequent
fermentations the host cells may be fernented at |arge
scale to produce |larger quantities of the reconbi nant
protein using the growth rgte selected in step (f).
The reconbi nant protein pl’.l jduced by the nethod of the
contypl e§amindpeiblersystem angdthepartitioning pt g uesembyngst proteia hetween the
ol ] ow rl. . Y T i
supelts? i e Bl f ORIk 1o oo BRiako 5ES B B fohtint
protdif 641 i otlod copipais@igneradvirigiRe E1va/idibsttdells htethegruvah irate selected in

For exanpl e, praoteins expressed in the, perjplasm my )
step (3 of theanethedideseribed abore apbabsequendy Bwfyewk? rqcagl]maahprotem-

or filtration. The protein can then be extracted from
LR, the cells using nethods such as heat treatnent
E’“p@k@*ﬁ%r exanpl e US 5, 665, 866) or nechani ca
The pcbéraéiveation B9l Rowbeidescridsd b e sa df exarhple oalyp ar whichméference is
may be recovered using nethods such as expanded- bed
madgisor ption or centrifugation or filtration to renmove
cells followed by for exanple ion exchange or

Figugg 1.iGriowh prefidmel b ge/aptarange ebglyearel feedingradgsei n. The

. protein.fro I th pey.i ] e
Figo 2 iR ih st e APl B R B iR eeltabee
Figutd'® Pareitibmieg ok Rayva betwedietha périleqe and thg soperhdtentriatiluod cultures
of the reconbinant protein and its 30 physica
grovy & gaangecf glyreroldeeddptes  hydr ophobicity and
- e [ iRt ;
Figl b e B o ol 4R A O e ph bt GoncShittons
Figueh§.oRedt-agduatiby grawah ratewt Banljet a ednige of inprganiaplosplptephy
and reverse phase HPLC. Thus in another aspect of the
ConGRENANS | nvention there is provi ded a nethod of
Figub& ?.dl"é:ﬂtiﬂgniﬂ e FRHPIS BatMec? fHRLRIPlakM ARd Y dupeihatht MER kol cultures
cul tures mhéreln expression of "the reconbi nant protein
grovhyatsaaoiged ihergasic phosphateleendedtraenst r ol of an i nduci bl e
system and the partitioning of the reconbi nant protein
bet ween the supernatant and the periplasmis nost
suited to the primary recovery of the reconbi nant
Exaftiphé £i n sai d nmethod conprising growing the E. col
host cells at the growh rate selected in step (f) of
OptitiSatidR irpskideang ahe 'e&&)@mbams%gfaaﬁﬂmﬁtgmem el )td Bentrol
t he reconbi nant "profein. 5 EXAMPLES The present
postiindustiph growthl | now be descri bed by way of exanple
only, in which reference is nmade to: Figure 1. G owh
profile of E.coli at a range of glycerol feeding rates

Materials and Methods

Strain and plasmid. The strain used in this work was Escherichia coli W3110 (ATCC
27325) transformed with a plasmid which confers resistance to tetracycline and carries genes
coding for the light and heavy chain polypeptide components of the Fab’ fragment, Fab’ A.
Each polypeptide is preceded by the E.coli OmpA leader peptide. Induction of expression
from a single fac promoter results in 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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10 Figure 2. Post-induction growh rate of E.coli at a

range of glycerol feed rates Figure 3. Partitioning of

Fab' A between the periplasm and the supernatant in

E.coli cultures grown at a range of glycerol feed

rates Figure 4. Gowmh profile of E coli at a range of

i nor gani c phosphat e concent at i ons Fi gure 5.
Growdsmedmduict i on growh rate of E. coli at a range of

i norgani ¢ phosphate 15 concentrations Figure 6.
The Partentation igrtgvthfmdaahh vis betedoarS NGB npdivinp (descniteddn Humphreys et

ol 0BT bebia nisei 6o Buatop ot SR L) aw 36 QIR0 H:0 and

112 NtyEerAt i on of partitioning and yield of Fab' A using
a li'mting glycerol feed to control post-induction

Inog{lgw ﬂloa ! egle&ﬂtﬁk% Wt Wmﬁgq}?@g\#@b?@ﬁﬁ%u@% %%?L ivgﬁxel 0 ug/ml

tetrachdifde. CRltdésSwore 1hél.ﬂﬁﬁd% BB WithAgatRina®hgbrikintakely 22 hours.

confers reS|stance to tetracycline and carries genes

Ferm®fiahon. f%ntn?@ (Q g Eg%e"é‘ @Qalhﬁﬁlylﬁe)q{)%g ReddRl Wﬁﬂhgaﬁum culture to

conponents o ragnent
0.3- QGI@Ip@ptTedmeraa:urp mess entiataingd at3°E. durmglth@pmh pleedeand was

epti Inductlon of froma sin
redBED oo mri i 1naSPtions it Bisesleyest Eonsen Baiieg s fiptained
abo @ DN 8R \Wufdidh '?)y%h)flil@ agﬂtar%a an@R{1bReChRik PHAF R M%ﬂed at 7.0
a portion of thé polypeptides fold and assenble to 30

by afitoratiE ditration $/ith@58avIRedi Qthand HE%f (¢ vihepnea 28R4 dfosming was

enfDESEH RS 4 g

A nugier of S83ipP it suadsat detetent ctaeenst e Bmetittion %?@Omass

con&ﬁfrﬁmg{ R¥¢held '%pfn'?)?urﬁﬁ@l% 4RO NS4RGBk EshdW £M2PIQ; H,O were
tetracycline. Ciltures were incubated at

g/
addeg. hrthguatiéttuoom of WaH w0 W&teengdmlqﬁwa@ during the lnductlon

tat] F nt t | y
phagsdp SEQE bGPyt FoF Bieiried i fretist ikn F Bhephdl Rbpat e
begiRBIMR T #ritlcftarios hadiépaed @fégﬂixuﬁ@t@ydw ODgho) ilﬁ)rﬂihﬁw.ﬂ'eed of 80%
phase and was_reduced to rior to induction.

The
(W/‘ti) gyerolevasapplieataates sanging from 0v§ats> 198 mi/hi Akthe same point in the
fermentation an IPTG feed was applied at a rate of 1 ml/h for 36 hours such that the final

concentration of IPTG in the fermenter at this time point was 0.5 mM. The start of IPTG
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 () is related

to the change in biomass concentration over time thus:
LnX, = LnX, + pt

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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10 above 30% air saturation by variable agitation and
airflow Culture pHwas controlled at 7.0 by
automatic titration with 15% (v/v) NHAOH and 10% (v/ V)
conc. H2SO4. Foanming was controlled by the addition
of 10% (v/v) Struktol J673 solution (Schill and
Seil acher). A nunber of a éltl ons were nmade at

volugtief Therefore, sn ayersgogrowtle rate during te inshictionhperiai wesedetermined by

oA G LR I ABBREE LB ok A R svars meton
was Betetniaed adgivé thenvenge MavARete biél thefeed peded.pri or to
and during the induction phase to ensure phosphate was

Peri kﬂf@EM&’ctioB €&EEREre c¥Eed REMPUMER se Ib&@§%€ﬁtr1ﬁigahbﬁ The
egi nni ng fermentati on had depl et ed pr oxi mat el

Summta)m@@gt}orawesmtamﬂddas 29%@)cfoofur“8@%naéwmjf Eg celbpellst fr\%tson was
resug;%ﬁg cgt& tﬁ? oflﬁtn? Yol tu? % }rﬁo %Qg%ctgon l?lgl}eg(de%M]Tné&{dlhﬁ) mM

EDTOWH 24). FHollawirit 1ﬁcm5‘aubn &l 60YCFor apporimdtety Bakburk t}fetextﬂaa was
final 20 concentration of IPTGin the fermenter

clarifigd by cenieifypation anghthe superpatent frastian egtainesk (af 26) ﬁOé é%ﬂl}ﬁﬁs
was taken as the start of induction. Fernentations
Fablwpmantificatiors| Rap' qongerftiatiofQini@riptasmic exractsiand culre supernatants

wer &gﬁll%%g{,l o%q %gq,q) Flsa t]exglggl(l%a]? 2a85(teg1cxéphekdr? gﬁ}ﬁ%%ﬁ%g epalatZObE Cprotein

ExpPedst b Piifi@tioR] yBes3g@ncent ration and growth rate.
B| onass concentration was 25 deter ni ned by measuri ng

Restilg€ optical density of cultures at 600 nm Gowth rate

'25 is related to the change in biomass concentration
VREmbd : r Wt Sith{¥& pre-inducti

Fab QY R Rt S BeC e PRl incl R Gl pRshitRLpre inductin

and gNak btdurted i tiRfrh@&imuiepecitiotrate (@l.,) But wak ulﬂ:sequqntlm'escxﬁcted
LnXt against t for a batch culture give
posttinductign (Eigo Pe Cow ijatel P%blndvqmwwiﬁéion%@?fby tlon ofa
nut eHF(g?}Q%Hlfﬁrﬁ‘l 104 f thé Qﬁ@ﬁ culbdit b g £66n QY ra%é’ Qﬁf'&lrol flow
0 atc cu ure results 1 n a decréasing growt
rates wére sdleetetl to give airmmgesd eowthiratos opwards afiabproimatedy QAh Fig. 2 and

vol yne.  Therefore, an average ow.h rate dyring the
Tablerk b sl R8raRe b RO R B PO R RriRg foieisggof elyeerol
feed L. qﬁ&re&élﬁ?thegbfceﬁil PR rfe résulted & & inbRade ihithe &\h:Yag*erg?owth rate
| east squares method) was determned to give the
of thevasitaxgaasgntended. r at e over the feed period. Periplasnic
Extraction. Cells were collected fromculture sanples
by centrifugation. The 5 supernatant fraction was
retained (at -20C) for further analysis. The cell
pellet fraction was resuspended to the original

culture volune in extraction buffer (100 mM Tri s- HCl,
10 mM
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EDTA;, pH 7.4). Follow ng incubation at 60C for
approximately 16 hours the extract was clarified by
centrifugation and the supernatant fraction retained
(at -20C) for analysis. Fab'" quantification. Fab’
concentrations in periplasypc extracts and culture
supernatants 10 were determ ned by Fab' assenbly ELI SA
Tablgdl. deearagergrawthratds of Brasyiculiures jgrowrp@Grangy oft glygerol feed rates.
Expression and Purification, 26, 309-320. Results

Cultaf‘b A fernmentati ong %?\aﬁétg({n%bgtnldgg corgiéwgw%he\mere

owth was unlimt
Ir\llf AN
ol

nr\r\llrrod at tho Ay cnped e ratn

Al C II\’ T YAV IIMIII \JPDUI I LI Y2 LI %L 3 \IIMI\/ vVVCA

FMBubsequently rest

ro.sted 15 post-inducti

-@00¢sFi g. 1).

G owmh rate post-| nduction was controlil ed by the
application of a [nuftrient (glycerol)[lTimting reed to
FM3 bat ch cul ture a range of flow 0 4 d ycerol

flow rates were Selected to give a range of growth

jggt es upwards of @pproxi rrately 0 /h. F-|0q)03g and Tabl e
showthe act uaI aver age grovvth rate over the

I IIUUbI.I UlT YTl I UU "UT —a 1 dliyc UI UI yLcl UI | UUU rates.

FM293cr easi ng the gl ytérol feed rate resylot@®dli n an

increase in the average growh rate 20 of the culture

intended. 15 ([Table 1. Average gro\ tes of

FM%.%COH cul tures grg&n at a range of glfprbé)? f eed
FMB75 ~0. 0008 FM2O92> 3. 0 0.0044 FM294 1010920033 FM295
1.6 0.0071 FM296| 2.1 0.0075 FM97 2.5 0.0092 FM88

54400289 FWP89 1088 0. 0374 Ferngntations were
FM288 vest ed at apprpX#fately 36 hours po$k028Rduction at
the lower glycerol feed rates (0.5-2.5% m/h) and at

FMAROUL 24 hours po gé]ducti on at the higq%% gl ycerol

eed 5 rates (5.4 9rr1/h) and the

antyr At ot ot and

uullC\,llL T CAC 1T u|| | || bl I 'JI Ulolll \.a CI\L I Ol\.al O ATTu \.aul l Il.ll C
supernatants determ ned by Fab' assenbly ELISA. Fig. 3
shows the Fab' concentrati on and

Fermentations were harvested at approximately 36 hours post-induction at the lower glycerol
feed rates (0.5-2.5 ml/h) and at about 24 hours post-induction at the higher glycerol feed
rates (5.4-10.9 ml/h) and the Fab’ concentration in periplasmic extracts and culture
supernatants determined by Fab’ assembly 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

was found to be approximately 0.0075 /h. A general

trend was observed in which the Fab' titre in the

cul ture supernatant incr eagqed with increasing growth

rate. Thus the 10 growh rate selected for optinal
Examplegnt ati on performance, Fab' yield and conpatibility

with primary recovery will reflect a bal ance between
Optmxatmmfyoaemnmcand pidldraf Fali’ §& by isaryingrpho$phateadencertration to

d_exa gl ycerol feed rate of 1.6 m/h
°°n‘(‘§rp6’v%ft"ﬁ“eil’%ﬂ°él éfr&f{ﬁ’o‘&‘?@l/ h) was selected for
nmen i.on scal e-up. 16 Exanpl e 2 Optimsation of
Matﬁ%?lfﬁ?‘{@{‘?}}?a Sand yield of Fab' B by varying phosphate
concentration to  control. post-induction growh

Strajm pud pleswid dhepisaingged m thispyrk %@ﬁ&sgﬂea%acpohﬂNél iQ Al GC
2728550 Rrh 3 o RGP SRLAL ik BB ATIR carics goncs

coding forsthe hight and Heaty eayrcpolppepidel ccmpmieafs qfeherab doginegt, Fab’B.
far the |i nd hea chai n eptide co nen
tndusflon HESxertiop, Bive el 46 PRmoPL MO D O R B egieton of ight
and hEAR) Rai ﬂb@*;%?ﬁé@s 1HfoClHPI)8{plés%§ Wht 4 ﬁbrﬁéﬂ‘&ﬂﬁé b8lyp8ptides fold
secretion o d heavy chain pol ypeptides into
andtamnyblﬂtppibmﬁaMere a portion of the pol ypeptides fold
10 and assenble to formFab'. Gowth nedia. The
Growelt medicat | on growt h medi um was based on SMGE nedi um
(described in Hunphreys et al., 2002, Protein

The Ficttion grévill nidtihirh iveas tasyd, on2$M 6 B QedBf ( destritedtii ¢lumphreys ez
NaH2PO4. H2O concentrations given in Table 2. 15 Table

al., V02pReniein Expeession enthPynficatignolo, RARAEPOWitD the NatipPOa. H20
F t at bat ch nb

con g B b Cortrat i on of (ool ) NatRPOs. H20

Tabsenw Am(%%st § cgr}ce'rzlgatlon cQ(‘Ii(l% gflg%(ﬁ}-lz%s\isge’d inDEaao/JB %ér%n%n%%bgs

Fermentation batch number NaH,P0,;.H,0 added Concentration of
(/) NaH,P04.H,0

(mM)

DG32 3.71 26.9

DG33 3.91 28.3

DG34 4.11 29.8

DG35 431 31.2

DG31 4.52 32.7

DG36 491 35.6
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D&35 4.31 31.2 DG31 4.52 32.7 DG36 4.91 35.6 17

| nocul um I noculumcultures were grown in the sane

mediumwi th the appropriate concentration of

NaH2PO4. H20 (see Tabl e 2) and suppl enented with 10

.ig/m tetracycline. Cul tl#;es were incubated at 30C

wth agitation for approximtely 19-26 hours. .
Inoquéymelnpenl poreultpess weene glosvn(in e samerraedivmtveth the japprspriate

. i ' | t to 5 Q. 350, . .
concRfeidt et VAR o] e PR LBt i g Reecyctine
CultBRASRrSMEUNR& at'3000 GRth dePratidrfop hoxinPatél)dYSiei s, The

di ssol ved oxygen concentTation was maintained above
rerfugh FRHB(55 1ty G R S SRR Gl e
0.3-0.51012dyd. Rmipletalurd 945 (aintdindd#A0°Grduring the( grbwih piese and \évas
i o e B aen T AR Yo bR e e

abod\%gg)% glg g&ejfglfaftigﬁ ‘Bgtevalﬁﬁlﬁgg itdtion & afrﬂ&ﬂ?@ﬁlg}rﬁ?ﬁ-awi@ db?xtﬁ'[)m:d at 7.0

tot ermentation as 2 X I'I quot s
by autormatic 80ubi¢wivith 1584 (v )WL, Qi endh do%ot(von cenc. #>SOk.divasgng was

tratjon of d.th th t 40 OD600.
cons{fa| o tareiorct e P2 AP SUEReq appr oxi mat oy 40
T .
addegQO %@gﬁéﬁﬁi@%\fg 4§§rH all ﬁ&? YE&l 83 gwf\z@)" LARichDoPaddffon at a
uring t phise" pon

e | nduction nducti'on occurred’ u
biongisy c@tcehtratiml cf20MD (b axidhe pthea biodlt Oz aWte® BioBIasO cjncarstration

ked by an increase in dissqlved oxygen
reachie} anprexiiteien?0 Phewrenesiimand GRSt S7idavese alsqaddedkagiose (60
i it . .
3 US40 0 SRR UL b 0 pon
sourn@aduresy thenindustiompleskdndwtion @cantedipon ghyerol depletion (between

t-i iQn. Fernentat.ions were typically run for
aboifS s A ideon) 36 SRS € ioreres ool P OYEch ePispizgfian, Further
addifidhd AhtORSwerdBale a8 FRfre@io MhiAMRS the@BHcentration in the fermenter
quantification of Fab' were done as descri bed

betweer Viand §5\g/l( Bxfarthéreddition RE magnesiun iveas graggbhtvegen 0 and 2 hours

s A7 A S BB 20 L
Tt R Ol ST Al
quafificafion HEEhb? Werd DsheR8deRFibA pieVibisly (BRarhpleVil)i Ch

Results

The growth of fermentation cultures post-induction 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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bi omass increased (Fig. 5 and Table 3). 18 Table 3.
Average growh rates of E. coli cultures grown at a
range of phosphate concentrations. Fermentation Batch
nunber Phosphate concentration MM Gowth rate/h DG32
26.9 0.0124 DG33 28.3 0.014 DG34 29.8 0 0178 D&35
31.2 0.0191 D&31 32.7 0. 1 DG36 35.6 0337 5

Tablere rseesageroth 19ies o Herob cobpiee BToven at@rra%fsqf rhegphaie an

e in growmh rate over these periods of
cm“%ﬁg (?ﬁon The phosphate concentrations were sel ected

Ferrhéntatipl Bdtéh aimb@r | Piusplae dérentigtioatrhvie K}iowﬂtktatet/h on

(Qllghtly before | nduction, e g— 2691

poi ntsgahter induction). Bge point (blgﬁﬂgﬁ
concentration) at| which induction occuis is related to

the starting gtygcerot—concentration. Q)hqrmunt of
phospR&@B2 required to supp@B8t3 growth t¢ the 10 desired
i nduction bi omass| was cal cul ated basedjon bi onass

yi el fficient{ data for organi c pleddfBat e
prowdlaég% n Pirt,| S J. (19%g)gnPr| nci pl ¢s of M crobe

Aand f"o| | f"||| f | \qu 1 Dl nr\l/\nnl ] ol ANt
o o v T Ot Tt 11

Publ ipagsons. The| opti mal pgh@sphat e con@éﬂpﬂation for
Fab' yield and djstribution was determ ned

enpirical Ty as described herein. Fer nenigaanons Wer e
har veBHd4 28-31 hours post 32dducti on and the Fab’
concentration in | 15 periplasnmc extragts and culture

superﬁaﬁgnts det ef mi ned by jgqp’ assembl|P-BBVSA. Fig. 6
shows the Fab' concentration in both the perl pl asm and

cutture—supernatant—at—tarvest—A generatrendwas
observed in which the Fab' concentration in the

cul ture supernatant increased with phosphate
concentration. The optimal range of phosphate for

Incrpagingethe phesphats cpmsspiratienisyued 1 ingn HIFTSREE Ihrquih tate over these
perlgcgst @ﬁ@cﬁ?ya@% ﬁ%ﬁ%l{a'}é&&%ﬁt&%oﬁs fieleldeftile@ o BESIBR IS vatiss points

relative to induction (slightly before induction, e.g. 26.9 mM, to various points after
induction). The point (biomass concentration) at which induction occurs is related to the
starting glycerol concentration. The amount of phosphate required to support growth to the
desired induction biomass was calculated based on biomass yield 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.



1. A nethod for controlling the partitioning of a
reconbi nant protein between the supernatant and the
periplasmin E . coli host cell cultures wherein
expression of the reconbinadt protein by said cells
I's under the control of an inducible system which
nmet hod conprises: a) providing an E. coli host cel
ulgure b) changing the gromh rate of the E coli host
g@%¥¥s by adjusting the I evel of carbon available to
the cells such that the growth rate is in the range
of 0.0005 to 0.04/h. c) .inducing expression of t
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the partitioning of the recombinant protein between the supernatant

and the periplasm is most suited to the primary recovery of the
recombinant protein.

2. The method according to claim 1 wherein the yields compared in step (e) are
from at least two cultures grown simultaneously using a different growth rate
in each culture in step (b).

3. The method according to claim 1 wherein the yields compared in step () are
from at least two cultures grown sequentially using a different growth rate in
each culture in step (b).

4. The method according to claim 1 wherein the yields compared in step (€) 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.



5. The nethod according to clains 1 to 4 where the
growmh rate in step (b) is reduced. 20 6. The nethod
according to clainms 1 to 5 where the carbon source is
sel ected from glucose, |act@8e, sucrose, fructose,

gl ycerol, succinate and |lactate. 7. The nethod of
claim6 where the carbon source is glycerol. 8. The
nmet hod according to clains 1 to 7 where the
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12. The method according to claims 1-11 where the inducible system comprises a
lac derived promoter.
13. The method of claim 12 where the lac derived promoter is lac, tac or trc.
14. The method according to claims 12 or 13 where the promoter is induced with
lactose or IPTG.
15. The method according to claims 1-14 where the recombinant protein is an
antibody or fragment thereof.
16. The antibody of claim 15 where the antibody is an IgG.
17. The antibody fragment of claim 15 wherein the fragment is a Fab, Fab’,

F(ab’), or scFv.



