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WO 2007/039632 PCT/EP2006/067053 1 Novel selection system Brief
description of the invention The present invention relates to a method of
producing a recombinant protein 5 comprising using a selection method
QiRssRR.aptibiotics. In particular, it relates to a stable hosy¥eetol .« 67053
system based on the pyrC gene complementation designed to produce
high level of heterologous recombinantlprotein in Escherichia coll. State of
the art Heterologous protein expression systems commonly use plasmids
to clone and 10 express genes of interest in microorganisms. When these
autonomously replicating DNANpagiselntsioneyséad as protein expression
vectors their design is always based on i) an origin of replication to

ensusg2HQRameN s erlication; i) a promoter to drive the transcription of

the gene of interest; and Iii) a selection gene to ease the selection_of _
plasrhifl BESFRlg BEIRIDS SEfEdton Y& sl ¥HEBHe Brigshm@gant protein
confesring siegistancestdcandibiotitsd whiehtharentgaciduring thedloninglates to a
stepg, and culture growth. During cloning, the presence of an antibiotic in
S e S e
plasRiR{RGARY s fratRi S Tengerinb g Iektfitatisriofrééaitibinant
colorytfrmaiBgrunits (cfu) easier. In the case of liquid culture growth,

addition of the 20 appropriate antibiotic in the culture broth, will prevent

plasﬁ%&ef@%(}éﬁdpﬁ%@lﬂ tHEPLETT BosWiHih FEmEYChebtisP BRIt fhae and
expregsmm _g@mpfsimasimh@igmaﬂnm&taﬁﬁiém Cc_}mrgeuofrtlfreously replicating
micrearganism. [y oursRlpsMidiess gﬁ#&g%‘?{t%ﬂl’?t}%%cﬁgﬁgr‘?sﬁ%ways based

recombinant protein expression yield. Therefore, having an_ _
hom By BB EUNUFELIRT ORI Eh BYRIS CEPAMPHO SRA B rdR S Tsieb Faglrive
very 126 ianpaifaioh ter alakhelevaied praductipn efdberegomiyiraitthe selection
pmt%ig?lﬂr]n% (ng%ressiﬁ? dilution of the recombinant protein producing

micro

as ng ce T e . L.
ganisms wift féad to the "dilution” of the recombinant protein into
the Hostctthigpltenorainondsdaraplifiecs funfleenng thesisaiteracbrotiiigias, which

PoOT, e HHCH A8 ShEWIRSUC AN I-WRIGH N RHG ORIBANIS Wilence of
have to synthesize the majority of its metabolites. 30 In order to prevent

plasAd1BEE S SeBetRId Bralstiesdirtinslitha aditviydhditvegcorporated the

plasmid during transformation, rendering the identification of recombinant colony
forming units (cfu) easier. In the case of liquid culture growth, addition of the
appropriate antibiotic in the culture broth, will prevent plasmid loss and keep the cell
population homogeneous. Over time the expression vector is lost as the overall
metabolic charge of the microorganism favours plasmidless cell growth. This
decreases the recombinant protein expression yield.  Therefore, having an
homogeneous culture, in which every cell will host an expression vector is very
important to obtain elevated production of the recombinant protein. The progressive
dilution of the recombinant protein producing microorganisms will lead to the
"dilution" of the recombinant protein into the host. This phenomenon is amplified
further if the culture broth is a poor medium, such as a synthetic one, in which the
microorganism will have to synthesize the majority of its metabolites.

In order to prevent plasmid loss, a selective pressure, such as that deriving from the
use of an antibiotic, is usually added to the culture medium, where the gene coding for

the resistance is cloned into the expression vector. The most common system uses
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use of an antibiotic, is usually added to the culture medium, where the

gene coding for the resistance is cloned into the expression vector. The
most common system uses WO 2007/039632 PCT/EP2006/067053 2
FoRHinapd the related f3- lactamase gene whose produgi ey s60s3
the antibiotic present hi the medium. This type of mechanism of action

leads to the progressive disappearan(?e of ampicillin in the medium as
culture goes on and cell number increases. Since ampicillin is a
bacteriostatic drug, plasmidfree cells (i.e. 5 untransformed cells) will start

to proliferiie as! sborehsth-rentamirgeantibiotie podegritydtidysds the antibiotic
permissive:This RBENRMeRRN AL dslaxas arawtbrisaarticulary Misihle.Msve
plates, where after a while, around the major colony forming units (cfu) so
call P 2RRaRRREs oSt aPRRE BN BRI Th e YTl gpetwity ofnd cell number
untransfarnedeels anditharefore pbtateadnaiRr 1R guliirehoneegenaity.c.
the ampicilin concentration.ean be ngreasednthe pregulture (), O oo
replacedl%y actericida compouno%, such as anamycin orl?réqtarélc%lme. !
Kanermspoitairteréctsewitisine 30ss ridosomecompldgiand grewénts theticularly
initigfigR Oy ?1%[”&@%%@@@1@%%%%@%}@%%% &Bﬁ%ﬁf&%ﬁﬁé%ﬁt@;{&p) $0
blocks the addition of new amino acids during polypeptide synthesis. This
|attePEerht &S WRSTKEA RSB 15 and has a higher propensity to stabilize
the peesanee mbE thegxpression seatetisthecceltiib aiarivastaly #3ese a major
XD oy egt‘é’ﬁéiab&%%%oE‘CfﬁE’rPESf'i‘&% 23,gannotbe ‘é%-e%del‘éfl’i% roducing:..
proteins for Auman K’erapy ccording to pro?ocoals of G0o anu?a%turmg
Practicec(@mp) . horbesarigplel Ampicilidss exdiuded kandregenprotossitscycline.
due 9,20 AligrgRRicY Mrebiemswhekeas fasQiear antibigfics alidatiands of
required.to demonstrate the elimination of the antibiotics during the
purifiEGiBTBroELER o tRAYR Finttd ot ideligthe d NReRstRatrsdigen of
construcinstabikiy dduwing elyeplides puesiie TrRaratonsEONSaREQaily well
plasmi ilizati other.tha resistances are still_ highly
e A R e A e A
postdkgregational killing of plasmid free cells by the hoc/sok system has
alregglyoReRAIGRAEIR el HREBIUTBLo3 s BB RO nOSHRRRAUCHISR BOIRRY for

cell-killi rotein. whereas the sok gene encodes a small
pI‘OCRIgiIE)g proteinshfor%uman therap;g accordl;ng to protocols of Good Manufacturing

Practice (GMP). For example, Ampicillin is excluded in these protocols due to
allergenicity problems, whereas for other antibiotics validation is required to
demonstrate the elimination of the antibiotics during the purification process(z).
Another point to consider is the demonstration of construct stability during cell
culture over the generations. Consequently plasmid stabilization systems other than
drug resistances are still highly desired.

A natural mechanism of plasmid stabilization by post-segregational killing of plasmid
free cells by the hoc/sok system has already been reported in literature . The hok
gene product is a potent cell-killing protein whereas the sok gene encodes a small
anti-sense RNA complementary to the hok mRNA. Both genes are located on the
plasmid and are transcribed in the opposite directions. The hok mRNA is
extraordinarily stable (hours), while the sok RNA decays rapidly (less than 30 s). In

cells that have lost the plasmid, the stable transcript hok mRNA remains and its
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anti sense RNA complementary to the hok mRNA. Both genes are located
on the plasmid and are transcribed in the opposite directions. The hok
MRNA is 30 extraordinarily stable (hours), while the sok RNA decays

i dhy-ABsssshan 30 s). In cells that have lost the plasmid, 65808 /067053
transcript hok mRNA remains and its WO 2007/039632
PCTIEP20061067053 3 product kills tHe cell by membrane depolarization

in the absence of the unstable sok RNA (4). Natural plasmid loss in the
absence of selective pressure is difficult to minimise and therefore a new
systemdofvkidto fistadilizatismhonbdsed wiramtibiotic: séleotivef Bpressire sok
whicgnis, BMP compliant is required, Expression vector stability is an
important issue when recombinant protein production is carried out in a
prokAAMSAE HESRIS iR B Resthenichtd SORCWRArE IS iitiéiamh sirminimise and
episomafandcthetefofediavg asciodepandanbsegregatian mechansm @%ctive
com 1%r§19- Jo, ﬁk&g Ba&(ﬁlzgg I(I:Ihcgiomcl)ssoemuelafe%tz?\bIe expression vectors are
needed since the overall erP ?16 of recombinant protein prodtrrtion will
depéndrosvitirevptasmmidh e semcenpbichtinturwlisndepenidantt gnothi@ production
capacity-AE g MICoRIaAN IR 18smaipkain ESQWE%QI&QZL?@HQM@%&%%MS remain

laboratory level the problem of plasmid loss can be circumvented by
addifiRIPPBI N AMBIONE i RS TR HAITRMERNMFTBIREThES LrasBtAd to

to maintainethe cptasmichensadingdaethiennitdniaticcesisiangecaniet overall yield

cons quent . the gene ofjn({erest. 1ﬁlcp co trastd when protein ProcLu tion
o Tecombinant rote%n pro wetion wi epend on t €C‘;lm H)I‘CSCI’I € WihiIC ]zn turn
for human use has to be carried out according to , the presence o

an aktiisiestidant thie the leapecivedithn s notraeteptabloaiievérthetabsligioad). At

ordemto e SHItRWIh AebhamegeneausReRMAIoN & SSILEIVEy addition of
pressure is absolutely necessary to isolate plasmid bearing bacteria.

FurtARFABRE HGURNGcEM R e WRIRL VY fressilie BifipiedRmaigen the
growthsofiplasmidfgerciblisyRibivikichssniycproducatrgstphyptdngeancCanerest.
be cpnsi d ited "co ' " Until nQ ibiotic selection

v A A WP MOt le B o
startifyFroftt afrpishso gehebuy peiptifatibnththecalittipictiedivas ipmittedcceptable.

during egtherkure thisalowing plasmidie seapandhaseiorpoffun@eld Reelective
convenient to d%vgllo a system, not based ?n antibiotjc resistance, to

maift&in & 35 SRRERL Bressiive ulifg'the iRt fsroRgsRactera. Furthermore,

during cell culture, the selective pressure will prevent the growth of plasmidfree cells,
which only produce host proteins and can be considered as unwanted "contaminants”.
Until now antibiotic selection was being used during Master and Working cell banks
realization, while, starting from an homogeneous population, the antibiotic was
omitted during cell culture thus allowing plasmid escape. Therefore it would be
convenient to develop a system, not based on antibiotic resistance to maintain a
selective pressure during the whole process.

Detailed description of the invention

Based on the above considerations we have developed a novel selection system
suitable for GMP production and based on a host/vector couple in which the
micorganism growth is strictly dependent on the plasmid presence in a selective
minimal medium. A minimum medium is advantageous for protein production for
human use, since it does not contain for example BSE or GMOs from various sources.

Another advantage is the low foaming tendency of those media which favour oxygen



Detailed description of the invention Based on the above considerations

we have developed a novel selection system suitable for GMP production
and based on a host/vector couple in which the micorganism growth is
stricihogdependent on the plasmid presence in a selective 3Q-pARiAs/067053
medium. A minimum medium is advant‘?geous for protein production for
human use, since it does not contain for example BSE or GMOs from
various sources. Another advantage is the low foaming tendency of those
media which favour oxygen WO 2007/039632 PCT/EP2006/067053 4
transfeisfettddhanth&p dssiiiliyy tévinaprese the crubboriaperderforetmeicrorganism
MiCTRFGAMIThBIOWIR - SINC Esehepioiia eoli vastahelisnlias Last dasiYous
chare%gterized, numerous strains are available and among them one can
chodSa e Bt SRS fA1the WSmBRin SRtafidh S3gRsFinEngst strain for this
congsiderétiormefithe capailalole on destiddrganbarf Hsowntiebldnoa fiestred carbon
atteqpt.the f3-galactosidase enzyme had been identified as the candidate

of choice for the construction of a simple host/vector complementing duo.
This!R&YT8h2 (AP i EedaRetisb FERT Ry dAdRses idtblediatohgiGardidate of
and galretesennhichstareiburtbres metabalisededhe3minaasids residuss ey
of th&lé\lbtieermi?a%ltﬁgrgl%&boghlsf;g {13?%(())1 %Iaf:t(%sidaste are respogsib e tof its hich
tetramerization which represen S the active %Sﬁa’tne‘r)n Pf%sgn%r afionfor'
this parfictiar mrziohecdAriergrihe midsecsidsemoftantN-gemaratecoventite -

10 yeargaﬁ{@o%ld!ré Oélgzalé%gﬁg%g‘eoiis ﬁs”%%ﬁa%%ﬁ‘ Wﬁ%ﬁn}é%ge&ngselﬁ ichtive
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fromresidues 11 to 41. The M 15 mutant is an inactive dimer but can he
compatiarted rLetva tdtammsHe sy the sHeRgoR O MRS gz mutants

a-pepiidasibocentainipg:the deleted residuessand RresenldntR A MetOUs, a
cloni vectfqrs (tr'12) This complementation has been used for years for

clon#%geﬂ?ﬂ, REVEPTSERert & §diebifdplasBtibR e aci s rarichis can be
coli strajriegrowth @ntfarcedttameintaiora tplasmiddfiordembasitataxthistide,

the Xl SHAID AR ALL RUIGAS Were BIacad, 0 Mipal, MeSumatih o
lactose as carbon source. The X nUtatea StPalh Alone acﬁm%Vl Pl '
galatbbsieRmel aetivitjowagsubele todgfonvydie toitddniaphsityntger to exert a

metahelise: IActase oAk vaS Ahe- LAY G RPN SONAGH RIASBRE AN N aintain a
plate. When trans complemented by the lacZ a e[z}lde encoded by the
Hg]h&::p

Conﬂ.ﬁép&i&ﬂ}oam%%agg sty Faa’ilbﬁr\llg CI9 were placed ‘on minimal

medium with lactose as carbon source. The XLI mutated strain alone lacking B-
galactosidase activity was unable to grow due to it's incapacity to metabolise lactose,
which was the only carbon source present on the plate. When trans complemented by
the lacZ o peptide encoded by the commercially available PUC19 plasmid, or when
plated on a minimal medium with another carbon source (such as glucose) it was
possible to restore XL1 strain growth. This original and simple method allows
plasmid bearing cells to be selected in a very straightforward way without addition of
any further component to the culture medium. Since XL Iblue strain growth is
limited only when lactose is the unique available carbon source, it is possible to
prepare competent cells in the classical way using the standard LB medium. Again,
transformants can be selected by plating them on minimal medium with lactose as the
unique carbon source.

This autoselecting host/vector couple is a very attractive system for GMP production

of recombinant proteins in microrganisms where synthetic mediums are routinely



plated on a minimal medium with another carbon source (such as

glucose) it was possible to restore XLI strain growth. This original and
simple method allows 25 plasmid bearing cells to be selected in a very
skaigtiesyayd way without addition of any further compongpt el 067053
culture medium. Since XL Iblue strain growth is limited only when lactose
is the unique available carbon source, it is possible to prepare competent
cells in the classical way using the standard LB medium. Again,
transformants can be selected by plating them on minimal medium with
lactosedas the 30 unique carbon source. This autoselecting host/vector

CouplR igca MerYs ARG e8y SIEBSA GME Pspdustion.ofJecomb @mhdustnaz

proteins.in rnicrorganisms where synthetic mediums are routinely

200 RP36E L PE FIEBIIOLIHRAGES B \isied. %&%eléet)é%’éf%%ﬁﬁ*ﬁ&fiﬁﬁ Pagypeen
not kiewHepridiatconveniea carbase sﬁumeaﬁeqmmmah epplcatiNBs@erichia
ciffe e HAsURAR"RS ANV BEIR' ARNG SAMPIRMENANONAO MRS 8O vcctor

develop d inorder to a Iowst e use of any adequat ‘Carbon Source.
EsclieReHas@sin pyreaehberzssatior beorronrisidestol e delidlopfitent the

of a mwmm@ﬁé%nﬁom@ laBRARION SYIRR chNR-a8Rerfdh iR REAMOIE1y
Were P %{)hfled from the bacteria &]?chromosome and cloned into an

it O PHIL G A8 HE GRS VAT RISKSE 85 b)¥ifhfdienation of an

expressidiny
availaidifity intbee Badteficytoplasmwchytthéformatiapsahapy iattipisoatetbigding
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site, and is required for repression of pyrC expression. Formation of the
halrﬂi‘?f’%dﬁép@??&aﬁfr@pé?ﬂcﬁﬁ abdrs TP testaisriesndnieationditions of

Undey:eanilians efiopy pyaiding dimiation:ayne #ansestzanadeadidhish level
translfaéﬁ]d resu!tln in nal hlghggevel of dihydroorotase synthesis (13) This

tight gené/reg nyls an advantage from the energetic point of view and
help§h1$51£th@ep mleeﬂnrmaabdlv@ri@ad fagiohe asquessitieinpréwirvtiagd helps

tran%ﬁ'ﬁﬂ@éb WHER HNRESESRaMN.d e PYCOERE RS %kégeﬁﬁlfgcﬁ?ﬁﬁ%ﬁ It hen

is present on the Escherichia coli chromosome, as an isolated gene and
not d8557t°8%an operon, in contrast to the majority part of the genes

implinategli pysinidine syatResigeilelnAnather pessiblen the Escherichia coli
chromosome, as an isolated gene and not as part of an operon, in contrast to the
majority part of the genes implicated in pyrimidine synthesis . Another possible
candidate was the pyrD gene but since the encoded protein location is in the
membrane ) its over-expression would have been deleterious for the purposes of the
present invention. The data on plasmid stabilization with the pyrC gene
complementation has shown that it is possible to obtain almost equivalent, and even
better, results with the system of the present invention as compared to the classical
antibiotic resistance system. This is in part due to the continuous selective pressure
which is applied to the strain as soon as it grows in a minimal medium where it needs
to synthesise it's pyrimidic bases. As the system acts on the DNA/RNA synthesis, the
cell metabolism is blocked when the mutated FEscherichia coli cell loses the
expression vector. This system is quite different than the previously reported hok/sok
stabilization procedure where both genes are encoded by the plasmid and which
introduce, in plasmid free cells, the hok gene product corresponding to a potent cell-

killing protein.



20 candidate was the pyrD gene but since the encoded protein location is
in the membrane (15) its over-expression would have been deleterious

for the purposes of the present invention. The data on plasmid
skabiligatingswith the pyrC gene complementation has showsp4bas ldSos70s3
possible to obtain almost equivalent, and even better, results with the
system of the present invention as comipared to the classical 25 antibiotic
resistance system. This is in part due to the continuous selective pressure
which is applied to the strain as soon as it grows in a minimal medium
where it needs to synthesise it's pyrimidic bases. As the system acts on

the %@ggﬁ@ Aeningsis LoemoRIhmRIaboISMiS-HAGKeANNER DR sene which

mut Escherichia coli cell loses the expression vector. This system is

t
quitd Hiff&FBritTRsH fh%%fg%lgﬁé‘fi?%%ﬁ@ﬂsﬂgﬁsﬂg §&§?Qmﬂ%f}gnp1aﬂmd and
proceblighesreletbeilh 1gena&anesmiﬁadedxby}tharﬂlaﬂﬁmdlﬁmdgwmmrrest This

introdyce, in p ] |nfe %ellst uct c ondin oa.
5 potent el il et v OO EAR0s BT IEE FI00I0R 7083 6 g
pyrCEiSteph s @iralsa exaiise Wémtl?ﬁﬁeéf enn@traP st erichia Riolitgemaino

whickidashegpd %kt@%ﬁ@ﬁbmﬁlmg%@hcwom@%m apd &I%Qdofg@ctlon
the plashmld and hICh VY{ KSFn Iost |II mé:oduce a strain auxo%roph

el i E R 1 o e 1o

subsequen grO\%/? arres
by Fiedler 1andit@kerIM%ﬂaﬁwhmwmlawmnoﬁhwmmﬁﬂoI@mmM&mnot deleted

10 Systemhasad alarﬁh&esxnm?ﬁgstﬁé mapf&w%qw% Qg TS YRESR  (as with

complementation is used by the authors as a second ction
mecRamshitgEtke Rt ERarip HBATE dIcresistie & R et i e oo BT ssion

plasmaitbloss andito mmdu@m at&l\éﬁswEﬁcner@hme@fal,lﬁH@tﬂn The oA been
gengs were nof c%hleted 1 05| frombthe S aa:ln as, the strajn was,

already ct carrylng 1€ mutatio as \X/S n%%rﬁy XA R SR aRg loss

thos@g@gwé@mm@r@oeloﬂed @mmbhélseﬂppe@stbn foetctont tpreimablextteoghraimione
15 to g'iﬁ?fyr inansyathetic gﬂ%ﬁ‘%@mﬂl@%ﬂ%t@&&ﬂ aQ%Q%ﬁ@ﬁgﬁsBQ%%Vﬂd some

that this system can be used alone to prevent plasmid loss during
fermERTERdA. HhiSHL s BABIVEEE R Tttt Brombis: éu‘%%‘lﬁogw type of
alon&g.ﬁaﬁmaym@kb@selecimmﬂowglhhﬁugl@grteraﬂ&atatmnAa&thI&A synthesis

micrg Jopes '1“9 VTR R pLoln {{‘et%%}%%tuff proth where rm%':@sof the
accumu ate ter awh e T IS type of regulation lOCk protein esIS
Whe@é@gam@k@rw@é@gtmam Pigi ey Agkeisige overall production does not exceed

20 20 mgL ! which is lower that the system of the present invention.
Degryse reported a complementation system based again on amino acid auxotrophy
(lysine). The author has complemented an FEscherichia coli strain deficient for
diaminopimelate (DAP) which is the metabolic precursor of lysine and bacterial cell
wall'? Again the complementation system was used in parallel with the cer gene

25 which has been shown to reduce multimer formation and to increase plasmid stability
% The cer gene has a better stabilizing effect than the auxotrophy complementation
itself. Although the author has stabilized the expression vector they do admit that,
paradoxically, no increase can be detected in the recombinant protein expression
level.

30 Other systems of gene complementation have been reported that need to be expressed

from high copy number plasmids *??®, These systems are difficult to use in a
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which is an earlier event in the cell metabolism. But even in the presence
of the chloramphenicol as the main selective agent the overall production
does not exceed 20 20 rngL -1 which is lower that the system of the

%%m/@yﬁggtion. Degryse reported a complementation Sys}@%)%ﬂ%%%mss

again on amino acid auxotrophy (lysine), The author has complemented

an Escherichia coli strain deficient for Ziiarninopimelate. (DAP) which is

the metabolic precursor of lysine and bacterial cell wall(17) Again the
complementation system was used in parallel with the cer gene 25 which
has fsesensitiowniteeedueeanigtirmagryformatiorcand tadnerease pigismidetabolic

stablib (b DE LRl Q&ﬂ%ﬁ&%@@ﬁ%@%ﬁd?%@&ﬁ [RG! than the

auxotrophy complementation  itself. Although the author has stabilized the
expre¥siof \Pﬁf’ct&fhfé?eﬁb BarAfetrRlt, NpaRbefoREdigens mefdselcarpdising a
deteetechinthie seeambingatpsoetein expression level, 30 Other systems of
gene complementation have been reported that need to be expressed
fromdighnstpnimgmibéoplasihidski; 28) cdikesacsyatems ane gifficutjioed for
use in 30, 200739652 BCTIERA00GI007085, [ ermenialion process .,
where high copy number vectors induce a too ‘ﬁlgﬁ a metabolic stress to

the backENERArdifsRnciteditadhy reage o488l lysis. Thus in the first

aspect the present invention provides a method of producing a
SRR BrSIaeE

reco to‘f?&)rising: 5 (a) transforming a host cell lacking a

genglencading anpedzmne resuiieddomdsdceatide synhesiswithAMaetaanly
comprisin e ncoding the recombinant protein and the gene

enc?éfné%%agﬁ%rﬁg;ogﬁd) %ig réefo_\?v??]bgo slé‘?anﬁgg géﬁf%les g%rscf%élf isOmOIOgue
pref&1EpR pFaRAAISHEr (e rapiatcrabkiaablichsehony infbstpiéfepatiyst Toll as a

Eschasehisneola ofpoee Rreferedrambadiment the enzyme is PyrC ora
hom%slo%gﬁ thereof, The gene for the enzyme is preferably present in the
p ﬁtﬂ‘@

wild SRS A SRS, 25 BFpESBEP e it B4 spRianamino

As usetl fgreintheote instirhomalegue ot retagesptbiprot@ins \Mhiﬁd?bhéﬁtﬁ & more
_S'm'Lﬂﬁiﬁgﬁ'{,‘%el%ﬁ%?,‘%%‘&ﬂ%%m@o&'%%%ﬂ%%@ "oteins a%ge%%'syr%ﬁgt'%’e%%wﬂ'v%ﬁﬁom
include one or more 15 additions, deletions, sugsﬁtutlon or the like are

en cBh?ﬁQ%@édibWhéﬁm%%&lﬁ ipv@isHne amino acid with another of similar “type”.

For instance replacing one hydrophobic amino acid with another.

One can use a program such as the CLUSTAL program to compare amino acid
sequences. This program compares amino acid sequences and finds the optimal
alignment by inserting spaces in either sequence as appropriate. It is possible to calculate
amino acid identity or similarity (identity plus conservation of amino acid type) for an
optimal alignment. A program like BLASTx will align the longest stretch of similar
sequences and assign a value to the fit. It is thus possible to obtain a comparison where
several regions of similarity are found, each having a different score. Both types of
identity analysis are contemplated in the present invention.

In the case of homologues and derivatives, the degree of identity with a protein or
polypeptide as described herein is less important than that the homologue or derivative
should retain the function of the original protein or polypeptide, However, suitably,
homologues or derivatives having at least 60% similarity (as discussed above) with the
proteins or polypeptides described herein are provided. Preferably, homologues or

derivatives having at least 70% similarity, more preferably at least 80% similarity are
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In addition, it may be possible to replace one amino acid with another of
similar "type". For instance replacing one hydrophobic amino acid with
another. One can use a program such as the CLUSTAL program to

CRB PR YN0 acid sequences. This program compares aginR&%if o670s3
sequences and finds the optimal 20 alignment by inserting spaces in

either sequence as appropriate. It is possible to calculate amino acid

identity or similarity (identity plus conservation of amino acid type) for an
optimal alignment. A program like BLASTx will align the longest stretch of
similarowéyudfroesraliadbgsigmelagakseotaltheafitvelt Tetmg supossiBéotor even 95%
obtamlgqgﬁggmgghere several regions of similarity are found, each
having a different score, Both types of 25 identity analysis are

conté Badristhes p REsEHIVErIoAIIn B BrRe e ROy apidbodies or

deriviaiiresatthBeagrpeefislg ity nuithenRroteinaly palyReplideras, for example,

descyi e%g: ein is less important than that the homoil e or derivative .
chouddtrel A b GF e ar BB o{eln Br B el i i e

suitablystrirkoiogues: cngerivatives fravingaidedst 60% siuildasity f@side linker
discm@i@nad? Velnwith 1he 005818 ING: R% ROVRERLIRS e BIRE LGS b lecule,

are provided. Preferably, homologues or derivatives having at least 70%
similit, MURESrerRTAH Aifecist ok dimflanty A8 WesidooThosorgsynthetic
PCTR2006400H7ih3 aBtpeavitethe Mastrrafesalthytde molegeesoralso be used.

deriVﬁgi\ég Sm%?evllqgs ateleaésgl O%/gn(%rr?n\é gng %regélqufg{it ogquec prl(:? \éiqgg rr-ll-lggc the
method IS Use pre?éra‘bﬁ/ 0 produce Uman proteins,in parﬁlgular

antibtdisaop! fradihdovs atibleoinprdferatity Halsheiyarédashamtipody
fragments.nelyde,dar Gxamele: RVEaRor (REVRAN FX MRgMEMSHE¥h o gene

fagments can be madified to produce a synthetic construct known as a
sing&EHARE PN SORYPMEIBHIE. Phvficitides wpepitidasinrat Edvafenty one
joinipgeteran ehiegians hehick centibBiws 161tR diahpitCoHbeimealeauteword
Oth /nthetic constructs that can be used include CDR peptides. These
are i{c}gli(ﬁlﬁl@ y%%ﬁ? %g%ct?)r%sp%esic%eg%ﬁﬁgﬁg i%dihg determinants. Peptide
mimétieshiraygiso the pused: hOchtiesermadeculescanecusipailiihg a gene encoding

conf jona stricted Qraanic. s t imic the structure of
R e e AP S AU 2 e vector
aspeetilife predareirEntOMPIOVIBER R0St Gdliefraraniakich degemés. Suitable

encogiihany eezyre keavired fabauclentidesynthasisiasbean deleted erm
Or!%egulatory element” means other elements of a nucleic acid sequence that are
involved in the regulation of gene expression such as polyadenylation sequences,
enhancer elements, transcription terminators etc. Suitable sequences are well known
to the person skilled in the art. The vector should also contain sequences required for
replication of the vector, for example an origin of replication. The vector preferably
contains a multiple cloning site.

In another aspect the present invention provides the use of a vector as defined herein
in a method of expressing the recombinant protein.

In a fourth aspect the present invention provides a kit for expressing a recombinant
protein comprising:

(a) a host cell as defined herein; and

(b) a vector as defined herein.
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preferred embodiment the host cell is BW 25113[delta]pyiC. Hereinafter
the word 15 [delta] may be referred to as the Greek symbol "A". In a third
aspect the present invention provides a vector comprising a gene

NS AHNEBoaY3 €nzyme required for nucleotide synthesis. In gR& RISIGERs3
embodiment the vector further comprises one or more promoters, or other

regulatory elements. Suitable promot&s are well known to those skilled in
the art. As used herein the term 20 "regulatory element” means other
elements of a nucleic acid sequence that are involved in the regulation of
gene expression such as polyadenylation sequences, enhancer

ele %Q?ﬁ@yﬁp Sadisltiely E@WHEW%%@E&@M tﬁb}ﬁtgﬁ %%@Pe?én@é%""tﬁ@ following

known to the person skilled in the art. The vector should also contain
seqFEHRRS reqtilFed tdr2 RS At oA VELIBF, raiaipifear Srigih off the
repligationspkbe vectoss pieferably 2hcomiaingtadidbiplescloningnsitehdrin are

a”‘?mc?Gﬁ&%@eﬁttéﬁ%epéﬁ%%‘é YPPUIORRIPYIGES the use of a vector as

defined herein In a method of expressing the recombinant protein. In a
fourtirampéct the present invention provides a kit for expressing a

recampinant: reteinsRMBHEING BB hRstesl asdefinethereina adtkye
(b) a vector as_defined herein, WO 2007/039632 PCTIEP20061067053 9

ThePrESEhE VETBANGIPITEN Be H8s&HFEd i detall by rRtiancl TR sion
following énanpplel sRreferifedifeaturesof Bathraspectibfthe ihvention drand

as far eaeotihe. Qs ArRes MHANS HIPNISIREPHOT Allified as possible

documents mentioned herein are 5 incorporated to the fullest extent

perfAREdas? QP EXATBelrIe\vais il Esheétiom dtrated thatlil 8l possibletesents
use geRRIEAMNIEMENRIPNBS RhRHeTMIp ES BB 1A:0H6] 8f the 'a-fragment”

micrqQrganism, e.g. Escherichia_coli, to maintain the expression vector
ol et aee St Hei it b A R
10 puQ 19 (B)Epredsion vettor, bpthosmmeptialbpavailalile, fveydactosidase

identified A% RAFHIDIE, SARYINRIESIPRERLR EGRNE GATRISMERIANOL etion
ass%The XL.I-blue strain presents the mutation [deIta](IacZ%MlS, which

corréelalidsaiine AciBtigFytiHE -ﬁl_iﬁéjﬁ}ﬁt'éﬁ]tuwﬂl appear colourless when grown

on X-gal plates, but when the a peptide complementation occurs, i.e. when the
plasmid is present, the same strain will develop a blue phenotype. The pUCI9 cloning
vector on the one hand encodes for the PB-lactamase gene and on the other hand
possesses a multiple cloning sites positioned in the o-peptide. This multiple cloning
sites was purposely inserted into this region to ease the screening of plasmids which
have, after ligation, inserted a DNA fragment. DNA insertion in the o-peptide
destroys its open reading frame, or folding, and abolishes - galactosidase activity
leading to colourless phenotype when grown on X- gal plates.

The B-galactosidase hydrolyses lactose into glucose and B-galactose and is one of the
key enzymes in the Jactose assimilation pathway. To test the hypothesis XLI-blue
strain bacteria were transformed with pUCI9 and cells were plated on LB
agar/ampicillin.

Selected clones, all containing the expression vector, were then transferred on M9
minimal plates containing glucose or lactose as carbon source. In parallel the

untransformed strain was tested for its growth on the same media (Table I).
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of the B-galactosidase enzyme. The a fragment is encoded by many
cloning vectors such as pUC19 and can restore, by gene
complementation, the B- galactosidase 15 enzymatic activity to an
Raghrrieigscolt strain presenting the chromosomal deletioy cq/epa006/067053
[delta](lacZ)MI5. A strain carrying this deletion will appear colourless when
grown on X-gal plates, but when the ﬁbeptide complementation occurs,
he, when the plasmid is present, the same strain will develop a blue
phenotype. The pUC19 cloning vector on the one hand encodes for the
(3-lactamase gene and on the other hand 20 possesses a multiple cloning
Sit¢'S POSHHOIE. T HTE: FeRERHE e &I TR G W oI S Tee
pu IS TeIQDAGEASEANE SEEENNJ O plasmid
whichshave aigrdigdiion, SeRas a DNA TTRgMenJJNA INSENPNINAIE |
a-geptider degteoys it$ open reading frame, or folding, and APOIShes (3-
galaptosisdase@atvy| leading 1o colourless phenoetype when grown on X

gal plates. 25 The B-galactosidase hydrolyses lactose into glucose and
B-gal is.Qne of t nz s.in the lactose assimilation .
e e Y e Dol S0, B Bt
transfspseth ditte FErC1 & atid e eliBofdteipldteddn tRilaljarfampicifipice. This

Selegteg 6lonese @l GoNtaiRiBeIPR BXNIESSIBVESIOI WBIG NGRSt for a critical
transferred on M9 30 minimal plaigli%cgnt ining glucose or lactose as
f

cardBR LB cE S ar Al HRC Gt & SHETH R TR dTdPIES colls to
growthionithésame ssiediee¢babkhiy, IWEOBTI03968 Aot require any antibiotic

PCTRRRAQ6/HE (003,10, TeRle 514%%‘?5‘1%8%5}'@%8%‘? RAWEEN Pinited by the use

alaetosidase activity and cell growth Growth on selective media Strain /
plasPhiidEBIF DRE BN GIlRcHSE MO/EUBBSEWXEL-blue - + - XL1-blue / pUC
19 #ExamPle shown in table I, only cells harbouring the expression vector

ate gl to etabolise acigee and thprefore to grow nen s e o1l
available carbon source. This SPEXpErment shows that gener 2© system was
compigintershfion betweemphasiiid rand Host. fok dariticalometaldsliterichia coli

eNZYRaRALDS AUceRsaMIN UredasselRelive HESSNIE LR MM talR Pmedia
maintain the expression vector. This simple system does not require any
antiBitfot on rich ones: the dihydroorotase enzyme' "’ which is the product of the” pyrC

gene.

The dihydroorotase converts dihydroorotate into orotate which is then transformed in
orotidylate which gives, after decarboxylation, the Uridylate or UMP, the essential
pyrimidic nucleotide. After phosphorylation, UMP is converted in UTP which in turn
provides CTP to the cell. Thus by deleting this enzyme it is possible to block RNA
and DNA synthesis in their early steps. In complex mediums CTP and UTP are
already present in the culture broth, so the dihydroorotase absence has no effect on
microorganism growth in rich media whereas it prevents strain growth on minimal
media.

The pyrC gene was entirely deleted from the chromosome® of Escherichia coli
BW25113 strain to prevent possible homologous recombination with an expression
vector bearing it. The new strain Escherichia coli BW25113ApyrC was deposited
prior to the filing of the present application at the Collection Nationale de Cultures de

Microorganismes (CNCM), Institut Pasteur, 25, Rue du Docteur Roux, Paris, in
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addition to the medium to select plasmid bearing cells, and is only limited

by the use of a defined medium with lactose as a carbon source. 10
Example 2 Having demonstrated that the approach is correct, a more
IPHHIRYIRRsystem was engineered for recombinant protein BFREuIRR s
key enzyme in Escherichia coli metabglism was identified as one whose
absence prevents growth on minimal r%ledia but not on rich ones: the
dihydroorotase enzynie(7~ which is the product of the pyrC 15 gene. The
dihydroorotase converts dihydroorotate into orotate which is then
trangfspidencinwohotidyiakanoktidhicgives dditers dbedebowydatidmictinsion: CNCM I-
Uridylate or UMP, the essential pyrimidic nucleotide. After

phosphorylation, UMP is converted in UTP which in turn provides CTP to
the CRIPAHLTS DY oBIBt B Hhis2eMzyHE HiCPOsEIBRAG itk RNk e fierd and
DNAsyathasisititheiteatyeste psU T1Eemolex medisme fediehanddUh Riaee to
alreagiuRIe SRR IBE SUIIRPTofl0 e BINROIRIROC ARSENRS AR ino
no effect on microorganism growth in rich media whereas it prevents

strai Weowkh o misimial andedifarcPhiéiny rCloene wes plhtiélyndeleted frdrrtive
the ghramasemets/ of Escherichia coli 25 BW25113 strain to prevent
possible homologous recombination with an expression vector bearing it.

The-nevw:strain-Escherichis-eol BW25113ApyrC-was-depasited-—priof-to-
thelfing 81 1 BIESERT SpRTCAON AVKE EOSUoN Natonald e e
de i\V‘IiL,ILMé.é nismes C""“'D‘mwl Ot PAStet— w;%?ilfg et 8)’)%‘."‘"" Rotix
1n J . _ ]
Palfis, i WQul 03be 3 PLTIABSh0q . ieek 1

. = A 1 4 F T H Lo et AL PPN PP VL LR
Bu Jdptﬁ&g -Lé'ﬁ%'é’séi”u ears ure TOnowir UCbIgIIaL_I_UII. CINCTIVII=o447 1

paraitef e - srLrespyC gene withrits owrpromoter were PER-amptifred

an@—cloned ito pUCI8to gengrate puGi8-pyrC_As a first gpproacty, and
in order to 5 validate the complementation system, the pUC 18-pyrC was

transformed into BW25113ApyrC strain and the resulting colonies were
platédor Yevtiral Seiethithe ?%‘&iaoff%l@ﬂlj‘?fﬁ%%llHrﬁ@%ﬂ@p%%géﬁ%é“edmm
betvigxenapy € pregenoatand B2 shidApyirc: straia togsavthAdmmasimalation

med&l "He strain (see Material & Methods). The kanamycin resistance of the strain is due
to the insertion of the kanamycin resistance gene on the Escherichia coli chromosome
in the pyrC locus. The ++ sign relates a higher growth than the + one.
These results confirm i) that the strain BW 25113[delta]pyrC alone is not able to grow
on minimal media if not complemented by the pyrC gene; ii) the functionality of the
cloned pyrC gene and its correct deletion in the bacterial strain; iii) the incapacity of
this strain to use arabinose as a carbon source which is an important parameter for
gene expression from the arabinose promoter (see below).
Example 3
In order to check plasmid stability dilutions of an over night culture, in minimal
medium, were plated on LB agar and, the day after, some cfu were transferred onto

M9/glucose minimal medium with or without ampicillin (Table III).
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Medium BW25113ApyrC BW 25113A rC/pUC18-pyrC (+ kanamycin) +
Amp -Am p M9 +ghicose + + M9+arabinose - - LB ++ ++ ++ The + or
-signs reflect the ability of the microrganism to expand on those medium,
b hhe Aasksof growth on the arabinose carbon source is dug-49gpa006/067053
AaraBADAH33 mutation of the strain é ee Material & Methods), The
kanamycin resistance of the strain is dde to the insertion of the

kanamycin resistance gene on the Escherichia coli chromosome in the
pyrC locus. The ++ sign relates a higher growth than the + one, These
requlisbboHfirdiliytha s telisyraiteBwWoRehigideitaipy 'Ctalenesrighabléte the
grawelisvsie mihiisthintesiapiraptidempiehiantd dydie pirezgelertidfievere
fun dﬁ?éhéiﬁf?f@ff?ﬁé’ncﬁ%i?@ti’w}@@@ﬁ@ HRImyeoire{ Helrssrrin the

ba¢

catben-so important-paramet %fﬂﬁpl?émd&&%%ém&ﬁdlﬁm
1] LU IAT UL T VImiuTT TO UATT ||l|r.’\-’l CLATTU PMI\A LILANA 9 -y | TOT T OO TOUT
'\f[-nl:l:i urqgge ;-t-\ 191} ar (coa-heolawd).Eyxvhmnla 2. .20 |n ord o..choelk
t w NTTTOOC LAYA RN CT OGSO LUC VUTUVVYT. AT T O 20T oTa \@ v | l\f\ll\
19 N ! H !
| AR AL 1 o T AT PR SRy DY | SR P PO T adit
p DIIIIU OLC{UIII y UIIULIUIIO urait \"Awl| |||U||L CUTtuTrT e, mmrrrrirnrimar lllcululll,

were plated on LB agar and, the day after, some efu were transferred onto
Mglgrm@eseeriﬁmrhé@mémm With the Witkroudt v pictting (Tabléi Fps28 WD even

20071396 32RfMERRACGIAG Badrdent ablad LR jasmnidesiab kit aH et AR on

overnjght culture. After an overnight culture the cells were diluted to the
app%ﬁﬁ’é%"&eé‘h‘gﬁy and plated on LB agar. Forty cfu were then
transfenredvan ceteathsd ihediimeta gdete ppidcbplasmidipresencadediuna still

% Of)éaeﬂ'p:'gﬂ? R %ﬁlﬁxg %Ilgnéglgf a Se%ab Enc%ajr ol}/lae-i-ng!:'f %glg‘rg%uch
o e

This experimeént demon trates that asmid was resent in al
tested| Gl eherprafieiion @ﬁ/érrﬁ@m@wnm@@m cfligrasameldn tHaylges the

platerare &liliable satgrRVeRReMiNMatiBIedibie so, DoB 0114 (Fig 1) a pBAD
derivative expression vector (Invitrogene ' ™), in which the bla gene was substituted
with for one tetracycline resistance, was used as reference plasmid. This home
designed bi-cistronic expression vector was engineered to express the C4) human
Fab fragment into the Escherichia coli periplasmic space. Since the Fab fragment is a
small and soluble protein, it diffuses from the E. coli periplasmic space to the culture

supernatant where it is collected and easily purified.

DoB 0138 (Fig 2) was derived from DoB 0114 by substituting the antibiotic
resistance gene with pyrC. The expression vectors DoB 0114 and DoB 0138 were
respectively transformed into a W3110 ara” strain’® and BW 251 13{delta]pyrC strain.
After transformation, in order to select one cfu bearing the expression vector to
inoculate the culture, W3110::DoB 0114 was plated on LB agar/Tetracyclin, whereas
BW 25113 [delta]pyrC::DoB 0138 was plated on M9 minimal medium with glucose as
carbon source. A single cfu was used to inoculate a 10 ml shaking flask culture in
minimal medium supplemented with a sugar as carbon source (and tetracycline for
DoB 0114). After 15 hours at 30°C the 10 ml were used to inseminate 90 ml, of the
same broth, and incubated for 13 hours at 37°C. The 100 ml shaking flask culture was
used to inoculate a 1 liter fermenter. When the ODgoo reached 10-12 the percentage of
plasmid bearing cells was determined, and recombinant protein production was turned

on by addition of 5 grams of arabinose (Tp). After 16 hours of induction when ODsgp




5 Next it was determined if the investigated py rC based stabilization
system would still be efficient, even in the presence of a high metabolic
charge of the microrganism such as during the production of a
REEoIRIpRRSProtein, which normally stimulates the strain tg thipw @kt hg 5
expression vector. To do so, DoB 0114 (Fig 1) a pBAD derivative
expression vector (Invitrogene TM), inlwhich the bla gene was substituted

10 with for one tetracycline resistance, was used as reference plasmid,

This home designed bi-cistronic expression vector was engineered to
expriesehtise CataMuimdsrnRab tfragme stdppodhe Ebe lysrigltia doitcombinant Fab
periplasmic SpACSHRIRCH the Gakragmanhis d.malland-aotBle protein,

it diffuses from the E. coli periplasnric space to the culture supernatant
where it is collected and easily purified. 15 DoB 0138 (Fig 2) was derived

froy ; '
The expreas‘i)'on i/(E':t%lrnsnﬁcl)%l1 %T’i e% aoeﬁ gréﬁlg?%leecsepse%ﬁéy eq
trapisformgg Mo W3 L0 R StramoQ s, GV e i
After transformatipn, in order to selegt;ng 6fu Bearing the expression
veg¢tor to inoculate the culture, W3110::DoB 014 Was,ptatedon Ly,
agar/ Telpacyclin, Wheyeas2d-BVW 251 1g¢delta]pyrC:0aB U138 Was; plated
on M9 mingmal mediunpwith gludose as)yscarbor| souregs A single giu Was
useg !:%8&‘%1('1@&%@ 19.03haking é'?%‘?%&'f(‘? W 55@5@'%‘3%‘1 mediim

T concentration
supplemented with a sugar as carbon source (and tetracycline for DoB

= f‘:vin us H v & SIAS,

N.L.0--OLAROAA a

S 011&psRAEsses Polirsda 3o tfés10 ml were used to inseminate 90 ml, of
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the same broth, an%éné;ub]atedt}flor. 13 hours ;ﬁt 37C. The 100 ml shaking
flask CUTLTS Was DB EEAS RdRTIARS K iR S ARG HRS A TREn tation.
ODsoo reached 10-12 the percentage of plasmid bearing cells was
determined, and recombinant protein production was turned on by
addifionrefulitgears ekanahinosen{dio)yrAdieh G olis aftirductientwhenluction,

ODaR0 WiREO7 D3RR CHE LA KAELNER 3 (AR e
fermentation was stopped and the qugntlty or recom |nantr|§°a% ragments

and PretEiteinvae ltirdvelisn perdthMaR S B atetrmmeetT aiis thay, drgs|eme

IV: deterninatoniahthenpricentaan.offransiasnes calls anestalatedne culture
recombinant protein yield DoB Sele ti(}rﬁ% tranﬁforme Protein

condubsHL %rh Lena, a(l:rg %t (Jln3h(urrr11gge ) ese results may be explained by a higher
plasmid stability for DoB 013§ than for DoB 0114 during the induction culture phase.

The percentage of transformed cells was determined as previously described: cells
were first plated on LB agar and then transferred on selective media (LB agar + tet for
DoB 0114 or M9 glucose for DoB 0138). If this methods does work perfectly before
induction, the high metabolic charge of the induced microrganism slows its growth in
such a dramatic manner that it become almost impossible to observe any colony
formation on plates. This hypothesis was confirmed by plating a non-induced cfu,
from an LB plate, onto an M9 and M9/arabinose plate. Any growth observed on the
M9 minimum is unable to expand on M9/arabinose. This extreme slow growth,
ascribable to elevated metabolic charges of the induced microrganism, forbids the
isolation of individual cells in order to determine the percentage of vector

maintenance during the induction phase.
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Fab Total 0114 Tetracyclin* 96 1.8 464+ 133 0138 PvrC 98 6.6 614 + 95
Fab concentration was determined by RP-HPLC whereas total protein
concentration 5 was assessed by Bradford analysis. *Tetracyclin was
arlelesh oa¥yn the inoculum culture and not during fermentat@R ep6s/067053
results of this experiment demonstrates, that even if, at the moment of
induction, the number of transformed %Ils are equivalent for both vectors,
at the end of the 10 culture the overall production yield of DoB 0138 is
surprisingly more than three time that of DoB 0114, whereas the total
protEfrEEeAntration present in the culture supernatant remain almost

unchapaedadhasedesyils mavheiexRlainedby 2)igber Rlasmid stapilit
for DoB 013§ than for DoB Olls4 dlurln%thg}%rtldugg?)r%culture I?)hase Th e)éave

percEAdE B AL OB e (s HETEPRTAEA A5 rRRHEERRT GasORrey Litres
cells&fweredingt platecion 4 agahandtthemtiansitriedion seleativealability,
media (1B 2081 Elekor OB QL4 9 a%'cvﬁlosl%rfrﬁigég?%%r AW ey

methods does work perfectly before induction, the metabol ar e

of th&ahigeddaisAitiSrgaRishoslewikiwrohtsin @E@hpaf%ﬁfmmamﬁ@ﬂy 17
thatnbﬁeqeme,@m@stdmaasmb&st@@b@ma@a%ya%@w sannation@fbinose as

Iates This Was confirmed b Iat n induc u, 20
?rom aan’B a e on 5RR% ?Wﬁshﬁﬁ?a é%g?ﬂ OﬁW@r@ﬁivalue which
obséwed @mtﬂ%fewl@lgmmn urhes thadioie t@le«pandmnemglaﬁr&b]ri@s@ uFhig fed
extreme, wcgrawt@@%cr%@@ B eleRtad MRARAlG CHRTAgs Alitheme Fab
induced microrganism, forbids the isolation of individual cells in ordér to
detéﬁﬁYﬁ%eﬂwgf?%?c\é%tage of vector maintenance during the induction
phase. WO 2007/039632 PCTIEP2006/067053 14 Example 4 Having

del-\nnnn'hﬂ'\'l' n| th ctahilization.cuc \Willa T2y oY) r-nmnlamnnfnhnn

gaye err tsumﬁ%go U};{he perientlet ?nl%a psaing s Ak related
?ter Arkas

ICCOITI 1nan L Protein YIC 611'11 ]‘_Oll

a-fad.-bateh - covwctonm.to

e RS “"f""””" rbteiﬁ'goﬁcenmﬁonatﬁ°;&g'

mvestlgatet e methoa s,alaob Iy gg ate-concentratiof wasfaiset-te
60 lgf-ancHthie-ferm WWWWW%@—
. o o 884 +

ml bafd‘r*pﬁj“&;d of applumuﬂgly 1 1202 £.130

These results demonstrate the scalability of the method and that even after a higher
number of generations the expression vector stability was still fulfilling expectations.
This time, due to the fed batch system the overall Fab yield was ten times superior to
the one litre batch culture but the PyrC complementation system is still producing
twice the amount of the DoB 0114 "classical” vector.

Example 5

In order to demonstrate that the observed differences in the Fab production yield were
not strain dependant (ie W3110 vs BW25113) we an ultimate experiment was planed
where the two expression vectors were transformed in BW25113, The fermentation
protocol was slightly modified and the induction phase was further extended for 6
extra hours.

At the end of the fermentation supernatant was acidified to pH6 and pass through a
SP-Sepharose Fast flow column (Amersham Biosciences). Due to the Fab elevated
isoelectric point, in those conditions and at this pH, the Fab is almost the only protein

to be retain by the resin and elute in the first peak where it represent more than 80%
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hours feeding was started with a sugar solution as a carbon source and
arabinose as inducer. The fed-batch control was set on the dissolved
oxygen (DO) value which turned on the feeding pump when the 50%
vadupovesesceeded. After 20 hours of fed 10 batch the culige 3866657053
reached 150-160 and the supernatantlgontalnlng the Fab harvested

(Table V). Table V: determination of thé percentage of plasmid bearing

cells and related recombinant protein yield after fed-batch fermentation.

DoB Selection % transformed Protein concentration at Teo (mg/L) cells
(To)E &l Perining14 et adigotien, 2niggashingh 138 AT sw® tho fipstion
1?0c'5hﬁ$®ﬁ§§£%|§§ dlem%swt@st@@ %'@%)ﬂﬁW&ftﬂaee%@H?%@QQé%ﬁf&Vﬁ%e
after.a hi nu r enerations the expression vector stabilit

was ﬁﬁfef?#f Pﬁgoé%ﬁgg:? %uclnnls 5 s duat g 2 dB bn(? ﬁ(g )iﬁle for
ovetall Pab yieldmwadoten titessuperiontoyitihe ofnbshttbabeﬁ@% mﬂiwigatmtd for
the Byreegampliermetighion RyHert Hshlbpiadiciag ihuice the amount of

the DoB 0114 "classical” vector. Example S 20 In order to demonstrate
that%%@é%&mﬁe%ﬁ@émﬁdmﬁ% HOH e R R iterdidotestiapie the
depenelaint{ief\it3dhg Vsl a3 an oitimate @Xperaanitwas same time

p'a dpwhere d ectX‘A%’u?ﬁ( 1{ ‘“1%%%"9 '3 ¥V re ransformed in BW251 conelate
ermentatlo protoc was S |g anagthe n UC 1on
waswuhhl@r lestendetdbfdroayiehdtied ﬁ@urscrzﬁmme téﬂdebntlﬂvévférmemw@nn of

supespatianlwasAsidifiediaRHg.and pass Nl R SRwiephaeserdshos

flow column (_Arnersham Bjosciences). Due to the Fab elevated

isoefec it poMit TR THTE S CER A SREPEEtE B PIRE BaBTS b SHRAgatant
onlyaproeieardachier &leintigghe tasiseamnd eisﬂ@mﬂgaﬂﬁghaea&em@em)mbmam

rep gr%?é}ﬁ efes PRLECH WY e ! Q§$§§?€/h Sdd Gl 4 ‘?{]%% g?a% ot finich

the proteins, Af er adsorption and wash e resin was elate

fracﬁ@hbec%%‘f%fféﬁﬁliffb%t@ﬁﬁ@ F‘%{bbﬂ?aﬂfé@t’é@ Firaded(fe optie’ experiment

is repiasteshdroting affeueacs. bEhee@vmaI{vﬁabyaégd uctiensvias estrpated $ich is

be acrc?nléﬂlgo%g(gn tgepcezlgéltgg e pyrC we have set up a PCR protocol in order to check
for expression vector presence during fermentation. A pair of primers corresponding
to the carboxy terminus part of the Fab heavy chain was used to PCR amplify the
expression vector directly from culture broth opportunely normalized to 0.1 ODgoonm
to compensate cell (and therefore template) multiplication. As shown in Figure 4 the
signal corresponding to DoB 0138 is stable during fermentation time whereas for DoB
0114 it decrease to a faint imperceptible band after 26 hours of induction.

Material & Methods
Medium

Mineral salts medium components together with water were autoclaved at 121°C for
20 min in situ. Initial sugar was sterilised separately by filtration 0.22 pm and added
to the bioreactor giving a concentration of 40.0 g/l to create a small batch phase
before the feed phase was started. Ten millilitres trace elements solution, and vitamins
were added by sterile filtration to the already sterile bioreactor. Composition of the
trace elements solution was (g per litre): GsHsNasz0*2H,O, 100.0; I CaCh*2H,0,
3.40; ZnSO4*TH,0, 2.40; MnSO4*2H,0, 1.50; CuSO4*5H,0, 0.50; CoCL*6H,0;
FeCl:*6H,O, 9.70; H3BOs, 0.03; NapyMoO4*2H,O, 0.02; KCI, 74.5. The feed
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the PyrC system (DoB 008 plain line) and yield of less than 50% was
obtained for 5 the TET stabilized expression vector (DOB 0114-dashed
line). During fermentation we observed a faster growth for DoB 0114
Wwhichotarsminate the two litres of feeding solution after 22 h@uisgahoie/0670s3
induction whereas at the same time DoB 0138 only consumed 1.35 fines.
This fast growing rate do correctly cort8late with the lower metabolic yield

of the microrganism, the relatively low production of 10 recombinant

protein and to the high production of host cell proteins. In fact with DoB
0114otHerdl Pépsegurivmiuch [owaopéroetispefofdhedproteing presentinugar
Sgpgﬁa/?;t%rﬁ’ﬁscng_%@d%@e Rﬂ@qgﬂig’g@in &Q@ %ﬁ&&ﬁ%@é%@&i\é'&‘%‘ foam
higher overall recombinant protein yield provides material easier to purify
sinc&M&'recombinant protein which can be estimated to 10% of the

soluble protein is already 10% "pure”. 15 Since the only difference
betv&%%pvgpg two system is the selective pressure which is continuous in

the case of the pyrC we have set up a PCR protocol in order to check for
exprésyinryestod srésencead unirgier e rsmiong Agkinofffmershaking flask

correspandingstaihg carkeyteRaRRiS-RAL oI EAR NRAYY.GDRIB.WER. This
used to PCR amplify the expression vector directly from culture broth

oppSitiFe AR SFT4liZEd 10 0 O SR H2b tB: CBfSAIEAE R rged culre
thereforesténaplateuimultiplicatiah | As shaffiedin ksig s ditbe 46ignal of the same
corrgl%@qlrglgin 410, DOB 013t is _stable dyring fe en}atio time wher sfor(

i) e e i S R

induédisterorhterialk RIEthSdsmRdian dowaeleralsaleswaddignyolume of 10L.

C_c;mm;rt@?ﬁ&mem@reﬁdtg?w;ﬁﬁwﬁ{%tﬁ%ﬁ%%\ﬁeﬁfhﬂe%@ e ?r%tmi dbaat to 8
SItU,, Initial spugar was sterils separate lH{ragyon 0. m and adde
) 1n anéJ tepwise e&evateg to 1@t§2ﬂ%¥§éb eﬁ osglré ail“émea %tllﬁlgﬂ B%e[% was

to tHe Blofeacts giving a'concentr
phasergeédrethefided phisepwakustartbe bdteh maiiliitres ttaceasté e 8o rpm

solufign,.and xiamins ,yerg 9&9&%&3@56&%%@1}@@&?&@ he ale %sa&"; the

bioreactor. Composition of the 30 trace elements solution was (g per fine):

CF[R3094 2Kien 1090 He EAmFHONI P08 cUPPAIGDH Hipthon ladeep a pH of
Mn3(94:3H2QitibH0F 96 QA DHR0RID0o1Gsal TERRA I FeefdStBAnbBA at 37

26707. . %g%gog%f}%%%\ﬂéggﬁg%jg(gén%ga%éf zcl:fg'e'r 7e§(1h§1hs-lt_1}(1)§ I)? 3 de\llr\llict?aﬂy added
sugar. During the first fed-batch phase 230 ml of sugar feeding solution was added by
using a DO-STAT control with the oxygen concentration set point fixed at 50%
saturation. The protein expression phase was started by shifting to the feeding
solution containing arabinose as the inducer, maintaining the same DO- STAT
strategy for 30 h.

Sampling

Sampling was performed every hour throughout all cultivations.

Analyses

Protein concentration measurement: Protein concentration was determined by Bio-
Rad protein assay. The assay was carried out in a 96/well microplate. Increasing
amounts (from 0.25 to 8 g per well) of BSA were included to create a reference
protein concentration standard curve. In each well 50 1 of dye solution was mixed

with 150 Ll of sample, then the Asgs was read in a Model 450 Microplate Reader
(Bio-Rad).
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contained 70% sugar solution. Composition of the feed induction solution
was: sugar 70%; vitamins and arabinose. Antifoam 204 was added when
needed for foam control. 5 Cultivation A primary seed culture was

RESPRISH:0ysgrowing cells in 100 ml shaking flask containinﬁ&&ﬁb&%moss

bioreactor medium except for sugar concentration 5,0 g/l. This culture
was grown at 37 C and 245 rpm for 15. Sixteen ml of primary seed
culture was used as inoculum for two 2 litres baffled flask contained 400
mnl of the same 10 medium and grown in the same conditions. The
secondary seed culture was transferred to a CF 3000 (Chemap) 15-1

bioreactorwith @ werking volume-ef k. . The Jrmenielwasieqyirped
| iall

with an air sparger and airflow was init setto 8 1/min and stepwise

elevat8wis Yoienitbistied feetpatasturie dfiffeP BpRMatccridiaaded-rommeli

800 @Dlﬂ-,z&)@hfmtﬂ)ihdt;] ﬂﬂﬂiﬁt@tﬁﬂ%qﬁi aemﬁl-@mquqne@lﬁﬁeht% J{@Qomm.dlé some
during the fed-bat art. A polarographic oxygen electrode was used to .
g SR TR Mockledt G5y i (55 TS 1 R as e DI R prgiehe

u
oxygen
titrationdo dedBia- Bribfwei95:ipy addifion o830 (wingammohialeolwtioght of
Temperatyre wasiantrolied a3 Co kegdingwas startad when theDQ: 1 1,

increased after exhaustion of the initially added sugar. During the first
fed-BatRF AR PBAMY P SlgRIR &orh & 861G ivaacat FedrByromadsiy 40%
a DOIS AT gnttel@tiotheoxygen caneerivationgetpe bifcredat 50%
satu{ﬁ\ti n. Tq(ge Qrofein expression phase was started bX shif}in 0 thy .
estern blot analysis. were el%rm according to Lowbin ef al, @.é, with minor
feeding solution coﬁammg AraBinose as e%né)ucer, maintaining'the
same@OcESPA TS stEtegyfor 30 %. SaNpHiAQCE Samplingfweas perfobm2dum

every hourthruabout.all cuitivations s ,ABglyses,Rr l{})ﬁ&nﬁ%@mﬂg?fatppms

measurement: Protein concentration was determined by Rio- Rad protein
assayNrRes A RRsea mEdcotitine d vBiveIPriesphateluirtdaigng: U-S-A),
amoniseftram: Gaddo g diggpesvellaf BoAmerednaludethieereaigiming was

S A TR S B [P
Modetm%ﬂ\mm@pmiﬁead@ra Md%&ad;))lution in TBS (BT), then incubated for 1 h
with a 1 :2000 dilution of Peroxidase-Conjugated Rabbit Anti-Human lambda Light
Chains (DAKO) in BT containing 0.05% Tween 20 (BTT). Afterwards the membrane
was washed with once for 10 min in BTT, once with 0.25% Tween 20 in TBS, and

several times in TBS. All incubations were performed in a shaking platform at room

temperature. The peroxidase activity was revealed by SuperSignal West Fico

Chemiluminescent Substrate (PIERCE).

HPLC analysis

Quantification of soluble Fab in the fermentation broth was carried out, after a
clarification step done by centrifugation at 17000xg for 15 minutes by HPLC
equipped with an Diphenyl 219TP54, 250x4.6mmID, 300A column VYDAC and a
florescence detector (ex A:285nm; em A =360nm; gain 1000). In addition the same
supernatant aliquots were analysed for sugar, acetate and arabinose by HPLC
equipped with an PL Hi-Plex H 8um, 300 x 7.7 mm, 8 wm or equivalent column and a
refractive index detector.

Molecular Biology
Construction of the Escherichia coli BW25113, ApyrC strain.
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WO 20071039632 PCT/EP20061067053 17 Recombinant protein
expression (Gel electrophoresis and Western blot) Samples were

subjected to non reducing 15% SDS-PAGE according to Laemrneli (21),
Wihminglgppdification, in a Mini-Protean Il apparatus (;BiogRagh 3 SRe;
5 experiments, gels were run under reducing conditions. Broad molecular
weight standards (Bio-Rad) were usedfo determine the apparent

molecular weight of electrophoretic bands. Minigels of 1.0 mm thickness
were run at 50 | mA for | h, stained overnight in a 0.02% Phast Gel Blue

R (PRarmatiajseiution madedn88¢oiCH8OH) 4839 CHBCDO; avidch allows
de-stained NRO%.GHAOH: 5% GHR090H: A9 gstern blatanalysis R 113

performed according to Towbin et al. (22), with minor maodification.

Saniffiel it 159 6f SD SPRATE Werebtdhsterrdti (G4 ms ubke whole gene
nitrogaliuiRsesmenoliane als! IAYCHP {9r 20 bR BIAKI Rk HS8RIAY: the

appagatus Phat&ulacia . I\/Iem(tfgarglefl Wﬁare stainepd with a Ponceau-S
solufiehtEigRE, UL AT SHHa S E05T HoRsEtiSPWeight standards were

markiegyshd S6RIRISAESTANINTTEATNS ActleVE by lIOSHTiALOCHNG
Tris s RECCADISPIRN R RS- @aneg, yvere saturated

overnight with a 2% BSA solution in TBS (BT), then incubated for | h with
a 1 Sonoaiuttl &p POitaseASdrityated Rabbit At uManAembdsA A
Light: GhearesAPAKO o Gormairing:@@setween 20 (BTT). Afterwards

the membrane was washed with once for 10 min in BTT, once with 0.25%
Tweeh 25TAPEE "BHiF 3T S50erit tilte S otB LRI TBLHEHEsPme to serve
perfoesmpaenitinbpskigkinglplatiofon @t rooin iteMfiperature. The peroxidase
activity was, repealed by SuperSignal West Fico Chemiluminescent
Substrate (PIERCE). HPLC analysis Quantification of soluble Fab in the
fermBrtaydn rethvasadtarriedveditiraftetha RAbielarificatibrestepcdome bying the

cent;&ﬁm@g&r%é@mxg for 15 minutes by HPLC equipped with an
Diphenyl 219TP54, 250x4,6mmID, 300A column VYDAC and a

floresc€ntedd 8RS tHP (EQ:X: 28BAMT AMCOA B3 60HHN,HAIC T TIFraddiGanGC -
the same supernatant aliquots were analysed for sugar, acetate and
arabinose by HPLC equipped with an PL Hi Plex H 8m, 300 x 7.7 mm, 8
|.tm mprégquivaEQt BdINMH aftd G BO\wkfiaatiVe indexdeteioiT AACGGACCAG

CGT AC-3' and cloned into the Smal site of pUCI8 and the resulting vector was
called pUC-pyrC.

Construction of DoB 0114;

The vector DoB 0114 was obtained from the pBAD/Myc-His A,B,C vector
(Invitrogen) by substitution of the ampicillin gene by the tetracycline one of PBR322.
The C4 expression cassette was assembled with the following oligonucleotides and

pHEN1 expression vector @ as template:

"PIC4" SEQ ID NO:5: 5'- AAA AAA AAC ATC GCA TTC CTG CTG GCA TCT
ATG TTC GTT TTC TCT ATC GCA ACC AAC GCA TAC GCA CAG TCT GCC
CTG ACT CAG CCT-3';

"P2 C4" SEQ ID NO:6: 5- GGT TAA TTT CTC CTT CTA TGA ACA TTC TGT
AGG GG -3';



Molecular Biology Construction of the Escherichia coil BW25113, A.pyrC
strain. WO 2007/039632 PCT/EP2006/067053 18 The pyrC mutant was
realized as according to Datsenko and. Wanner which allows defined

delstinnaisshe Escherichla coli chromosome. The selectedppMasprons/osross
BW25113 (laclg, rrnB:z.a, A IaCLwnclg ,SdR514. AaraBA-D4H33,
i

ArhaBADzors). The whole gene with its own promoter was removed to
avoid homologous recombination with the 5 plasmid copy. The primers

used to delete the gene where: dispyrC-f: SEQ ID NO:1: 5'-AATTGTCATT
CCAPITACIHR OINRATCATE ASGSEEEATRETETAGGCCEEC AAA AAA

GCAGLAISLOIT Gdrand- disRy eod RECIR-NR@ PTAGHEEIAMAA TC GeT

TAACCTAATG ACAACAGGAA GCTACGATTT ATTCCGGGGA

TCCETFeEXced TIOTHE kamtmydiH i ahedgEneatad hbtremove

form-thecgtraipehipRospme i sergasrtertial ROve §eIRCHPP (G cTc
the strain itself. PUC18-pyrC: The pyrC gene was PCR retrieved from the

Fschenithlid coil chromosome using the following primers: 15 pyrC-fwd:

SEQH NOSEQ 1A NOMMGCAAR BLLEACLLTGANTIE ETECETEEER-3
pyrC-rev: SEQ ID NO:4: 5- GTT AACCATG OTTATTGTTT

AACEEKCERG IR NE 3 R Eibricdiité e Srtarsite ST PUBISAHIAGG

the rgsglting vector was called pUC-pyrC. 20 Construction ofDoB 0114:
The vector DoB 0114 was obtained from the pBAD/Myc-His A,B,C vector

(InvitrBger) By ELBS oSt the HfoiGifineqimriny ted thtfiey chine erbagt in

10 PBR322e ﬂ{dnSthnemqmreasanmcasseimd/msza@sembleﬂs\ap‘almtﬁ@ felliinge Fab
oliggnucle tldesrl essmrg: vector t9] as tem Iatg 25 'éP c4 the
SEaT OB kR TR R IR B B e
1TCBTTITCFET AFGHOA AECA0)ECA mMAGGCABAGTPOTIGOE two
CTGaﬁﬁiE&ﬁﬁ's%Ie‘%ﬁxed together in a third elongation reaction, for ten cycles,

where no primers were added. After the elongation step primers P5 and P6 were

15 added to the PCR and the full length expression cassette was amplified as reported in

figure 5.

The final PCR product was digested with the Xhol restriction enzyme and cloned into
the pBAD vector opened with Ncol (klenow) Xhol. Cfu were screened by PCR and a
positive clone sequenced for the entire Fab expression cassette. A clone presenting the

20 expected sequence was named DoB 0114 (figure 1).

Construction of DoB 0138:

This expression vector was obtained by the substitution of the HindllFNrul DNA

fragment of DoB 0114, coding for tetracycline resistance, with the pyrC gene

obtained by EcoRUklenow-HindIll digestion of pUC-pyrC plasmid (figure 2).
25 PCR detection of expression vector

To detect/amplify the expression vector a PCR was run on a sample of culture broth

diluted to 0.1 OD600nm in order to normalize cell number, PCR cycles were set as

reported in the next table,

30



10

15

"P2 C4" SEQ ID NO:6: 5- GOT TAA TTT CTC CTT CTA TGA ACA TTC
TOT AGO GO -Y; WO 2007/039632 PCT/EP2006/067053 19 "P3 C4"
SEQ ID NO:7: 5- TCA TAG AAG GAG AAA TTA ACC ATG AAA AAA
AREATRMET TTC CTG CTG OCT TCC ATG TIC OTT T 166 A TGss
OCT ACC AAC GCT T AC OCT CAG GTG CAG CTG GTG GAG TCT-3;
"P4 C4" SEQ ID NO:8: 5'- TCA GGA G%T TT T GTC GCA GGA TTT

GGG CTC 5AACT-3';
GCATTC CTG CTG GCA -3,

"P5 C4" SEQ ID NO:9: 5'- AAA AAA AAC ATC
"P6 C4" SEQ ID NO:10: 5'- CCC OCT

CGA GT|C AGfs AUG Tariip&@m€GC

AGG Ain®. PrimerdLiptlend

P2 were

used in & fast PCR to ampfifiCthe Fab|

light chedim.and add in110 f

rame the

Nvas ruhtorseparately ampli

Sill leader sequence. A sétdod PCR
Fab heavy chain
sequende_Sthce the two@e§uiences

and ad@{he Stll leader sehEnce ang

re ovbﬂﬁﬁnmo (s

d thedthter

ee carto

fy the
jenic
n) PCR

producfc rpclﬁh‘lnn from tHe %{I:Qf two.

amnhfi‘r@ﬂi’ﬁhq wer

mixed t

pgether in

a thl elongatlon reactlon for ten cycles where no primers were added.

Afte%é% on a i %gA%%%p(%%%a ded to the PCR

and ﬁeeng expre et epoMedin Hyarel4
5. TRASHEI AR BrodEE %§@x@és{@dx(&ﬁffﬂtﬁ@mmleﬁ &y eve3

and glpnecintos e RBAR yRaprAReRsd.ithNeo! (Klenow) Xhol. Cfu

were screened by PCR and a positive clone sequenced for the entire Fab
expression cassette. A clone presenting the 20 expected sequence was
namEef SOBHEL {Hitfare af) feopistratbrr R MoBlon Saarrhiskrpraseigpasmid

vectesnvasmghiginad b tihe &Ubﬁl@tﬁdﬂ@d&@éfﬁ@ 4l ﬂ@i Bk Do ™A ression during

fragment fDo 11 od| for etracy |ne resi istance Wltht (@
cena BOHED o D il BOSSharor BUC By CIBRATrne te
(figunei@)th@@@legettgnIofseb@ph@erﬁnwelmostfmrd%@mmmpihmthéﬁearinv

eXPIESsIRRNARIR RIS ERpas wadg&@lgam%qfu% fuge @rgtﬁrg@%&ea@r
0.1 OD600Nnm in order to normalize cell number. PCR cycles were set as
than the one based on antibiotic resistance. This elevated vector stability combined

with its high productivity fulfils the requirements for heterologous protein production
in Escherichia coli to an industrial kvel. It has been further demonstrated that the
engineered strain was a better strain for Fab production than the classical W3110 and
that it' s ? pyrC derivative was suitable for high cell density fed batch fermentation

and therefore open to industrial exploitation.



reported in the next table. 30 WO 2007/039632 PCT/EP2006/067053 20
Step Temperature Time Cycles 194 C4min. 1294 C1train.360C 1
min. 30 472 C 1. min. 572 C 10 ruin. 1 Primers: 247 CH sense PCN 5’
:11: - GGAGTGGGTCTCATCCMT-3""1'm = 61
g@%%@é%%%o NO:12: - GACCITGGTG VIGC'PGGG - 3 T’ﬁqﬁ‘é%@%é%s
The PCR product is about 500 bp for Bdb heavy chain. The expression
system of the present invention allows rapid selection of plasmid
containing cells during the cloning phases and lead to high protein
exprasQidh t@ing: fermentatioreyEhissystem hasa strang.selectivening
efficiency, esfge¢ially during the 10 induction phase, leading to the
selection of an almost homogeneous plasmid bearing cell population.
5 Moreover the pradustivitycof theceulturerisriear large extent betterdhan the
one based oR*aAtIBIGHE ESIStarce. This/elevated vertor Stalsilipaoivbined
with its high pro Ivi il requi S lo g}l in
production Igﬁgﬁggggig%%%q#ﬂiggg zb\}éfg c%%%é%bé%@%% A%%%(e
demonstrated that the 15 engineered strain was a better strain for Fab

production thafi the classical W3110 ard thafit 5.2 Byr€ dsi&vg&%é was
suitable for hﬂ'gnc@eﬂdd;er@é&)@%@@l@at@mf@fmemaﬁ@iﬁ@a& erel @@%ﬁn to
industrial exploitation. WO 2007/039632 PCT/EP2006/067053 21 SEQ ID

15 NO:13: Sequ yr i in pHC16'¢clohing vectdr 5 1
ATAT%;‘CA%%%%%%@%%&%ﬁ%ﬁ%ﬁéﬁ AR T%Gﬁﬁﬁ?ﬁé
AOGTTTCCGC TATATGG'TAC CGGGCGGGAA ATAAAAAGC.A

v M P N L A P P VvV -

10

25

30

35

40

45

50

55

401

T T Vv E

AAATTT ATGGACGGGC
TCGCTTTAAA TACCTGCCCG

A AV
GACCACCGTT GAGGCTGCCG
CTGGTGGCAA CTCCGACGGC

P A G H D F
TACCTGCCGG GCACGATTTC
ATGGACGGCC CGTGCTAARG

S L D P N E L

20 CGTT;&CT{?CI’EC%A?AG@BC@ Al

TATCGTAATG CCCARATCTGG
ATAGCATTAC GGGTTAGACC

A Y R Q R I
TGGCGTATCG CCAGCGTATT
ACCGCATAGC GGTCGCATAA

T P L M T C ¥

TCGCTGGATC
AGCGACCTAG

- A A K
CGCTGCAAAA
GCGACGTTTT

T S I
TGACGTCAAT
ACTGCAGTTA

G M P L
GGTATGCCGC
CCATACGGCG

- F D R
TTTTGATCGT
AARAACTAGCA

R L T
AGCGCCTGAC
TCGCGGACTG

A A D Y

CTAATGAGCT
GATTACTCGA

ACCCCATTGA
TGGGGTAACT

E R G
GGAGCGCGGA
CCTCGCGLCCT

TGACCTGTTA
ACTGGACAAT

F N E

CTCCGCCCGT
GAGGCGGGCA

L D A V -

CTTGACGCCG
GAACTGCGGC

L T D
TTTAACAGAT
AAATTGTCTA

v F T -

L Y P A N A T
CTTTACCCGG CAAACGCAAC
GAAATGGGCC GTITGCGTTG

D A I M PV
TGACGCAATC ATGCCGGTAC
ACTGCGTTAG TACGGCCATG

L A H G E V
TACTGGCGCA TGGTGAAGTG
ATGACCGCGT ACCACTTCAC

E A R F I E S
GAAGCGCGCT TTATAGAARG
CTTCGCGCGA AATATCTTIIC

A L K v v F
TGCGCTGRAAA GTCGTTTTIIG
ACGCGACTTT CAGCARAAAC

vV R D G N E

TTTAACGAAG GCGTGTTCAC
AAATTGCTTC CGCACAAGTG

T N 3 S
CACTAACTCC AGCCACGGCG
GTGATTGAGG TCGGTGCCGC

E R M E K I
TTGAGCGCAT GGAAAAAATC
AACTCGCGTA CCTTTTTTAG

T H A D r b I -
ACACATGCAG ATATCGACAT
TGTGTACGTC TATAGCTGTA

v M E P L
CGTGATGGAA CCTCTGCGCC
GCACTACCTT GGAGACGCGG

H I T T K D
AGCACATCAC CACCAAAGAT
TCGTGTAGTG GIGGTTTICTA

R L A A T I T -

GCTGCCGACT ATGTCCGTGA CGGAAATGAA CGGCIGGCTG CCACCATCAC
CGACGGCTGA TACAGGCACT GCCTTTACTT GCCGACCGAC GGTGGTAGTG

H G V -

R O -



11 TTATCCTTTG TGTCCGGCAA AAACP_TCCCT TCAGCCGGAG
CATAGAGA_T AP.TAGGAAAC ACAGGCCGTT TT'TGTAGGGA
AGTCGGCCTC GTATCTCTAA 1I0OMTAPSQVLKIRRPDDWH
1PbARTBAGT GCA CCATCCCAGG TATTAAAGAT 000000GGEA, 116 /n6r0ss
GACGACTGGC TTACT(ACGT GGTAGGGTCG ATAATTTCTA
GGCGGCGGGT CTGCTCGACCG 12 HLRD4KVV Yy 151
ACCTTCACC'| CCSCGATGGC GACATGTTAA AAACTGTCGT
GCCATATACC 'G'GAAGTGGA GGCGCTACCG CTGTACAATT!
TTTGACAGCP_CGGTP_TA" 'GG SEIYGRA_VNPNLA PV
20 20 | AGCRIAATIT, AIGGAGGSaC IALATATE CECANIETEG
CT_CCGCCe&IcrtEGGITHAMATACEGTGCCA GATAGCATIAG C

5 GGGTTAGACC GAGGCGGGCA TTVFAAVA _RQR.ISDAV

251 GACCACCBTIGAGECTGCCG TORCETATCE CCAGCGTA] %

CTTGACGCEesathdod GhalaebnAbeT L anGhalols AGC ek
o, GGTCGCP_TAA GPACTGCGGC PAGFIDF _PLM T CYI, TD-~oOl

TACCTGCCE;A%T%%%%T‘@%%%S%&%WT Ig%;g ﬁE’AGTAE'

TP TAACAGAGT Al Atdalatdc Lok ATG
ACTGGACAAT AAATTGTCTA 3S0OSLDPNELERGF KEGVFT 5

TGO AL ACETAS SATTACTA KRt CRaer

AAATTGCTTC CGCA-CAAGTG35AAKLYPANAT T NHGV 901
CGCTGCAAAACCWGI'T%\CC‘ICG‘G TAAACGCAAC CACTAACTCCY F

20 AGCCACGGE skt AG I CAMRIGEECE G IITECEETE .

GTGATTGAGG TCGGTGCCGCr TSICAIMPVFRNNK - 40 951
TGACGTCAAT TGACEBCAATE ATGCCGGTAC TIGAGCOCAT N G -

GGAAPAAATLAC EGCAGTIRACTGEGHTAG TACEECCATE .

25 AACTCGCGTACCTTTTTITAG GMPLLAHGEVTHAD-DI X01
GGTATGCCGE TACTGGCGCA TGGTGAAGTGACACATBGCAGY R -
ATATEEAC ég.CGCAGTTC TATGGGTTGC CGGTCAACGA CACATTCATC GAACTGGTAC

GCGTCAAG ATACCCAACG GCCAGTTGCT GIGTAAGTAG CTTGACCATG

30 - EE Q ©Q V A E & I A L T D D T L
1051 GTGAAGAGCA ACAGGTTGCT GAAAGCATCG CACTGACTGA TGACACGCTG
CACTTCTICGT TGICCAACGA CTTTCGTAGC GTGACTGACT ACTGTGCGAC

Vv P F L A G E T V R W § V K Q
35 1101 GTGCCATTCC TCGCCGGGGA AACGGTACGC TGGTCCGTTA AACAATAACC
CACGGTAAGG AGCGGCCCCT TTGCCATGCG ACCAGGCAAT TTGTTATIGG

1151 ATGGTITAAC
TACCAATTG
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45 CCATACGGCG ATGACCGCGT ACCACTTCAC _GTGTACGTC
TATAGCTGTA DREARFIESVMEPLRQ :-TTTTGATCGT
GAAGCGCGCT TTATAGAAAG CGTGATGGAA CCTCTGCGCC
ADOAGTABGSA CTTCGCOCGA AATATCTTTC GCACTACGI pa006/067053
GGAGACGCGG 50 KL'PALKVVEEHITTgD 601
AGCGCCTGAC TGCGCTGAAA GTCETTTTTG AGCACATCAC
CACC_4.AAGAT TCGCGGACTG ACGCGACTTT CAC-CrAAAAC
TCGTGTAGTG GTGGTTTCTA55AADYVRDGNER_AATIT
GCTRBOBHET ATGTCCGTGA CGGAAATGAA CGGCTGGCTG
CCACCAT'CaC CGACGGCTGA TACAGGCACT GCCTTTACTT
GCCGAOTEAG GG FCBHAGHEG WD 2007/039632:pGT/EPR0G6/067058, R.
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produciig B BEOMRIIARLRICIFIB AP IR ARIRRE TG Finfl protein is an
acking the gene encoding pyrC or a homologue 5 thereof with a vector

comprisitigcal gendiegesdirdteefrecombinant protein and the wild-type E.

cull pyrC gene; and

4, The method as claimed in claim 3 wherein said antibody fragment is a Fab
fragment.
5. E. coli lacking the gene encoding pyrC or a homologue thereof and transformed

with a vector comprising a gene encoding a recombinant protein and the wild-

type E. coli pyrC gene.

6. E. coli as claimed in claim 5 which is BW25113[delta]pyrC.

7. E. coli as claimed in claim 6 having designation number CNM [-3447.

8. Vector pUC18-pyrC.

9. The vector as claimed in claim 8 further comprising a promoter, enhancers or

other regulatory elements.

10. The vector as claimed in claim 8 or 9 further comprising a gene for the desired

recombinant protein.
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(b) growing said E. coli under conditions of pyrimidine limitation. 2. The
method as claimed in claim 1 wherein said recombinant protein is a MCSLLP
human 10 protein. 3. The method as claimed in claim | or 2 wherein said
recombinant protein is an antibody, or fragment thereof. 15 4. The
method as claimed in claim 3 wherein 3aid antibody fragment is a Fab
fragment. 5. F. coli lacking the gene encoding pyrC or a homologue
Ithereofmnddeansiorhechewith alaiacttd eompiisingdadgeinedercodibgant protein is
recombinant protein.and the wild- 20 type E. coli pyrC gene. 6. E. coli as
claimet i ER §Wﬁ?§ﬁ%@% 13[delta]pyrC. 7. E. coli as claimed in
claim 6 having designation number CNM 1-3447. 25 8. Vector

UC18:pyrC. 9. The vector. as, clai in.claim 8.fust omprising a
1%rom08{£%/§§% t%rn%se?elsalor?egtﬁe?l?é%gﬁaegry %ﬁ@lﬁgi%ggg%?ig_ The vector as
claimed in claim 8 or 9 further comprising a gene for the desired
lr? Com_lﬂpeaﬂtep B?I%Qf M&Sal‘sl‘cﬁag 7e'c¥ 'iThaengzl eo%tg ' c@ﬂgg%gt;g'lqafmal&ethod of
Wherein Said desited recombman protein-is an antibody or fragment
thereofrb2uding yectomasnelatiprettin. claimed 11 which is DoB 0138. 5 13.
The use of a vector as claimed in any one of claims 8 to 12 in a method of
producing a recombinant protein. 14. A kit for expressing a recombinant
Igroteimdaimporisingedsing) aseFinbolraspdefimedamemyiigie of claims 5 to 7;

and (?g)a Ve%tr? A zeg{isnc?eqﬂpec?ﬂy é%{}eoﬁé 8@:@%@5 t?tg}27; and

(b) a vector as defined in any one of claims 8 to 12.



