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Novel selection system Brief description of the
i nvention The present invention relates to a nethod of

w@e@dnsdesry a reconbi nant protein conprising usSPEER2006/067053

sel ection nethod other than gntibiotics. In
particular, it relates to a stable host/vector system
based on the pyrC gene conpl enentation designed to
produce high I evel of heterol ogous reconmbi nant protein
in Escherichia coli. Shat& Qlectidfi s&tbmet €r ol ogous
protein expression sys%@%s—tunnun+gius plasmds to
cl one and express genes of interest in mcroorgani sns.
Wiseief tERE Bt @LIbOMe istion repl i cating DNA fragnments are
used as protein expression vectors their design is
allhayrretsas éavastion) reatesokd @i megiodr eplpredicingn at kscemBinpet protein
I 0 r

CARIRRE B LRl R, BRI PR s o
sefablet hastvgrne systerrasted oa sel paC gfheOf:orﬂblaﬁlﬁhtdtion designed to
bearj ng, cells el ection genes usually ode, enzynes
c BFIdEFT g 1«?@%95@%& 20%5 BRI BBt PER R LR eAicic (el
d@&ﬂ@gf&@gﬂclonlng steps and culture growth. During

0, e presence of an antibiotic in the plates
alHeo‘:\lxslogﬁiseptqt@n ofpréshen c glstesnswiedbimmohnyv eis¢ ndannpds ab edone and

élﬂ?Iasmd ur%n% transformatio querln t he licati
15 FLRD 190Gt St SHECRBARLS S RN mopgy replicating
( EINA fFa%ﬁieﬁfs ard Rsdd S3RE @}tpréésgﬁ' Fhefod tﬁéhedﬁfg‘ﬂvwié"'always based
addi tion of the appropriate antibiotic in the culture
bpmlhan QiLgin Oﬁf@\l'lémmpqoa@@ﬁﬁré aumgmanﬁrﬂpé@éplomhe) g @rqmoter to drive
u'éaarntscl:r?p 0880[ eg%ﬁ“ Ol\r}té:Feg{ a}ld 1%15% gf“:a'lectl é]{éesglég g?se t%e selection
nbpp@gﬁgﬁ@mﬁﬁgéamours pl asm dl ess cel | gromﬁh Thi s
decreases the reconbi nant protein expression yield.
TREleetigy ESnoRAVHHY eAfoHe FBgEMotRRITIng dpsdstancs tRrfngihiotics, which

e\ﬁleerﬁ/se& %hh{l%’ﬁle cl(gtﬁtzé eﬁ@@\/%ﬁ%ﬁé{% %%w\ﬂ? %L‘&fqg' (tq%ﬁélﬁé%he presence of

npor t ant obt production o
r ag Qﬁ’@lbllaatm micoplaies .allotve selﬁeagrrﬁsﬁth\teceﬁs IwHi¢hoRavef 1nt:<|51@orated the
re onb nant protei n produ anlsns will 1 ead
‘dyripg tfagpforpgtiaay éerrds %&%ﬂ%}. AL irvRog i@t colony

h‘Pocﬁmnér hingts Rgﬁl@ QUGB N! ﬁleaég% 'Jf' S(ﬁ.ufi Widgr 110fwtﬁ h§dd1t10n of the

culture broth is a poor nedi um as a ynt et

omppropmatpianthotihen 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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m croorganismw ||l have to synthesize the mgjority of
its netabolites. In order to prevent plasmd | oss, a

W@ 2002089692 pressure, such as that deriving froPCT/RR2006¢57053

of an antibiotic, is usually.,added to the culture
medi um where the gene codindg for the resistance is
cloned into the expression vector. The npbst conmon

system usesanpicillin and the related b- | actamase
gepe. S [ O ydr ol he,antihiotic esent o
A B L Py SRR R S R o B SRE g iviorie

t prekdr iprhe MRS e This SRHPP A hARRidh ofnetien ldads td hd bevgressive
medi um as cul ture goes on and cell nunber increases.
Sidisarpearpe iof | qrppicifling i gbe apgdben adsi eulre gzoep| s andifeeld gnumber
cell . @Q;..UNn orned_cel 1 | rt . .
fisrt agineds BRAC e Buordodle BhELmfyatee cells e
cangantarated ocells s wik ravars 3o \peolifEhits apheowmentha eMmaining antibiotic
del ayed growth is particularly visible on &Iates,_ ,
WRBHENEIHBr s PRIRIFEYS abjtirRfeppreeagy 8 debwehyerpyinihgarticularly
URstte &F Elé)ces,s@h&%lalﬂ%ga"v@xﬁlte,eﬁllohﬁ@ fhe R4i8F Lolb®y BB dfts (cfu) so
thwart the del ayed growth of untransforned cells "and

t hadtedf"satelliGist start t@gromj.or cul t ure honogeneity, the

anpicillin copcentratjon can be increased in the , ,
orBciiitr e (g Ayt gF%iﬂa%}éaltmsz%?deF?@ W4 theeshie abipdn @ major
SH&Mn@%oK@%&ﬁM9HﬁeQﬁmkﬁhﬁ%QM%hh%%nl&ﬂﬂﬁﬂl&k&wﬂ@ﬁﬁﬁﬂ&ééﬂﬂme@
with the 30s ribosome conplex and prevents the

i o tiegtacoh of pacotrisidal t campiuatls, ouchTetsr deyohyae act tstracycline.

on the sane tayget d,hl acks the addition of pew . .. .
e Bl R T o BB Bet Sahek e DrfienBill gjation of
Shf AR tyanvRfikS Teitac el dctabsl thtasande bir@Qhd 1&RENEE bidition of
to stabilize the presence of the exgre33|on vector in
t hewaetino addt drtinmaelepsptidessathesipr d5isi latterssategy works quite well
s : ches. .6 e r c -
e it E P pERER SIS RATRL AReHATY 4P erBieBe YMor in he
Gogd Manufacturing Practice (GW). For exanpl e,
A{Ficillin is excluded in these protocols due to
alinéergimaiedy thespregpieasian vaper sabilizationppripachat icprmstti kesused for
o B B f G B CRECETRE R FokdeBls®ht ChaEMfacuring
. PArvatdh e GMI®)I rHor texanpiesi A@picillin tikeexdbpd sinr thtseopraddcols due to
construyct stability during cell culture over the . )
g&HERERIFBh PIOREMEe JUHEF y?%! QYT AISOHBIE | ‘?_ind?%?ﬁ is required o
Zleﬂélfnr&g%ra%t B eliR@htdhusr KBRS LRERABEAS dafife Shd Purifb &nY process®.
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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A natural nmechani smof plasm d stabilization by
post -segregational killing of plasmd free cells by

W@ @785 0k system has al ready been reported PEI/EP2006/067053

literature (3) . The hok geng product is a potent
cell-killing protein whereas the sok gene encodes a
small anti- sense RNA conplenentary to the hok nRNA
Bot h genes are |ocated on the plasm d and are

¢ . 0t it P : 5
RSBECLAC e aRRRRL By ofio i, igabiols ARt
d@@ay§lrapidly.(less than 30 s). In cells that have

SRS e S b S SO B minimise and
d%?éf@lrﬁ'a té atdyPn lkt@mt Bf“ Vléptgle NE®iIRhtdh G t@Plq SR dNAselective

(4) ura asmd ' [

0ss in the absence of selective
pressue ehich i (GMP compliang inieqitidds e and t heref ore a new
system of vector stabilization not based on antibiotic .

s EFBICPTIQR Vs Y h R HIR QS MBS HCOMRAT AR IS aR def gy oduction
EXPELSS] OR iM8GHOKar§E@Ph tdich Bs RO ANPRIL AN WHERUSQa W8 remain
reconbi nant proteih production is carried out in a
pepkansglotndcthtiesire hgue hn aslepsalest sagdgaticomechadien @s compared to
pl.asm ds. remai n_epi | and therefore have an .
st roag T Ol HRERAT SHraS TopUFaES Heppyeral vield
b3£ tRbmBInaGhpRRS 9f6%1-m@nabi_uede?é@d 68 $MeqRladnatpRESn@ Rhich in turn
needed since the overall yield of reconbinant protein

p tsodipendash onnithd capepbnef e mipwoyganismi i@ mriskenit émagtabelic load). At
i tyrn js de dant.,on the capacit f the .
e B Pgloly SRREBETNER o W R I bk B sSmyentsg by pgdicon of
| abamabitiy inetel cultoe: pedbmewhich willasdirtd HeoBs&t&@NtDMaintain the
circunmvented by addition of an antibiotic in the )

c Blasmickenrodingrictficcrnibiqtic Fypiarce Hel spaseienily hy gene of interest.
MR Pt t\xﬁ’l@n %&cﬂéﬂl gocﬁﬁﬁg k&%ﬁlﬁﬁl Js@ %a?ﬂ).t ﬂ)é%a%tiécf: out according to
resistance an congéquent y the gene of interest. In
COMPastie, pydsemcepodiadi antriodtidhi te tdturdunediums és mas dcceptable.
be carried out according to GWP, the presence of .an )
antV st §5e: NPT ife O GHEV it AR iNOTIOSENSQUE dgPRBTiQN, @ selective
Ngi/e%glfrg' gl e$Solutely REARary Qo AL AR aMh$ baBBria. Furthermore,
honbgeneous popul ation,” a sel ective pressure is

aldsohgita] gulves dessalgetive presairamell prexsmt the evarth of plasmidfree cells,

ggxi%téc r(%r@% pgq%rélégﬁ?rsg?)éﬁ?lpg glgde&gln Ceeclt():ﬁléi%gl%ﬁtg\%{s %hg]tarrl]t%d "contaminants".
PiaSITh e r@abeat lsslecthl ik BhY uRdOHHHE MOGEr HAOWSHISe cell banks
and can be considered as unwant ed "cont am nants".

Unaliratipaw vethle bitasting fsun cat hemogensobeipeguigter ther pritpiotic was

N%fc’ntit?erd gll;l%’lg\/\géﬂ( iarll & 1|1s gﬁgwklsng 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
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realization, while, starting from an honogeneous
popul ation, the antibiotic was omtted during cel

w@eors®w3t hus al |l ow ng pl asm d escape. Ther ef oPET/EP2006/067053

woul d be convenient to develgp a system not based on

antibiotic resistance to maintain a selective pressure
during the whole process. Detail ed description of the

i nventi on Based on the above consi derations we have

d e Lect. it r .
IBOPR, Pl LR S (705 e
t Reowrh COingaRkderighiowoli metabdlisithisybede pleele rha@ttetibel, numerous

pl asm d pres; e in a selective mninml nediu A . )
i PR A e AR ;angd%laﬂegaé%%sorfeofsmb?g%ﬁen% Beficitgh for ths
f 95mEEHEHtaH§§’ex§]éIri‘ﬁi§nt' tn Qeﬁﬁd&&ionc Aptad @Vgi@efblee)&?r@sﬁcd carbon
BSE or GV(s fro

various sources. Another advantage Is
t haurtow f oam ng tendency of those nmedia which favour

0 ntransfer rate and the possibility.to.inpose the,.

B BB el tne s e G GERE i grolicko e cafaidace of
Esrdies ifghind &RktrudiRhakiod siiplbansPRRbrdeRidmenting duo. This key
characterized, numerous strains are avail able and

arvH elerone nesabob o dydralykes Destesesinfoaglycdsgrandngadactose which

conpl erent atj gn erinent in consideration of the.

SR b Bely D R e stis O L Nl PeFion o the p-
abhesBlidiReal- Gabasinsi sase RHZMBE MR RERA iGenbadi @€ active
as the candi date of choice for the construction of a

s qngtwatyosenfomution fovtiph eadisulangnegyne. Amiogg Kes/ nemespye mutants
in |actose t abol i rol yses l.act.ose int ucose ..
e S BeraB BT HRaM P PO RS s Ry A gnine o
a@k@gor edhAKRRILES 11 he AN trRE M N3l mPRKt 104 Ractieditter but can be
gal act osi dase are responsible of its tetramerization

whdmblenepredsterths attne woningsc doran &y rthe wddionh of et laghd o-peptide,
for this a&%*cu ar. enzyne. Annng t he nuneggus mut ant sy . 1y
g ENUPAS NG Vet éeslﬂg‘ﬁ?’sa hRIERANY 3N - HEICEAS S PYBS 8651815 -
t rURCadBflemOktIA BREBEINAsA #f! RlakOforf E18AME Ot AH&Rer Jio lexert a
to 41. e M15 nutant is an inactive diner but can be

c oeipttvawmesedreton thhELadbs¢heeictist qodirpaincgrbpithangl/fordeeit to maintain a

-l Uemearud B FRh HiRL PO BB R RGO fyimimal
' mkdjum with Bc@eemk eamdhaloufe. hake bEdnmuerd §telin YRAE Sacking B-

for cloning but, never to exert a selective pressure
osalp¢fesidasp apBifeVRE ARabl b grost dugi i@ 1§y B\RAPRCHK do Mstabelise lactose,

t gvh[f@li \%sa‘ﬂhg oﬁly 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
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plasm d. To denonstrate this the XLI strain and
XLl ::pUCI9 were placed on minimal nmediumw th | act ose

W@goocasdean source. The XLI nutated strain al oneCT/BRI0061¢57053

b- gal act osi dase activity wa; unabl e to grow due to

it's incapacity to nmetabolisé |actose, which was the

only carbon source present on the plate. Wen trans

conpl emrented by the lacZ a peptide encoded by the

coppercially available PUC19 plasnmid, or when plated

on a mnimal nmediumw th another carbon source (such

a%ghmmsﬁemmﬂaumsmymibbltﬁe st estveniendddrb@t s@iree for industrial
h. Th|s and sinple nethod ailoms plasm d

béﬁ?vi'tcﬁﬁo@elal gfbﬂ OSYBFRIETSEN Y5104 8FEF ORPICRHALOR AR s been
m@éfve%rﬂeHQH%r(ﬁg% EII(SWS ok u@@lﬁf tn%y E&Qﬁat@ QQH)%H %Bﬁrc& OrfleNBscherichia

medi um Since XL |blue strain
| cofi tpeC @ahy hm_ehf:nl besnos@sidsr ﬁ@retllqndqyabpwat bébl ew host/vector

car bon sour.ce, it OSSIb are c et
CEPPEeTROEHET vt Tuf 258 RuL i gromEBEhERTBIR yEined from the
MB U teHAl c‘ﬁ%ﬁd’&om@ra%ﬁscfl&feﬁqmosarf:@ibr&@loﬁe&}e@% eﬁhl@){;ene is negatively
plating themon mninmal nmediumw th | actose as the

u rﬁwlpée%by byrmgbug aeilabibiysingthe @s@bre% FYtﬁglaﬁDSbD’/ the gqrgration of an
?1 %361 nﬁ)] %av od ¥ t%%: tg? EI‘!J.I\IIS%IIL}E CS hlch overl n%%@,ﬁ g)P/ICEJ ngosome binding

pro organ

Syifd, i ic réqdlied fer adpledsiout cbﬂ\;ﬁg}rQLES@ﬁesméﬁ Fa@iadise of the hairpin is
assim | ation may not be the npst conveni ent carbon
s deireadattoppann §dst andy G pintraealivdscongerfratiogr dfder conditions of

I S
bggﬁﬂ@d{;veﬁggg@n{h ﬁ? gfg ﬁg{%aq‘ff %dﬁ?@éh%@%@g}fz%@n 5 high level
adéqmamaoummbemmbﬁmg . The Escherichia coli pyrC gene

n been consi der for the_devel opnent of a
a5t R e B eiinatdvapags SpBniic The egismBiaef Yipy and belps
PEOIREEhMRER RSP dalil RA1dW A fREbRAGH& h@hg translation when
chronmosone and cloned into an expression vector. This

genecessarnyegat i vel y regul ated by pyrim dine

ﬁ"ﬁl | b | %4/ Ig?flsth 29 Bﬁ%ff:tce“ ?lﬁ‘g ggeléﬁ%e%?ly th rF(slcherichia coli
t E%ﬁib"sd)l’ﬁé , asMl GIOIAMEb@Pand A6t BY phart I0f %S@;F@oﬂpllﬁdioﬁ&ast to the
site, and is required for repression of

emn@sts irott. ofFibe rmn%rm;dtcaneﬁ h haripfine issniiegs oiida rnotiiso possible
{Lq IR hrét g}fﬁf Hé Hur S He tr gﬁéoﬁ@d y?tgﬁl locatlo is in the
Con ﬂ @ Q

1 ons O |ne imta ransc
aneniteadi Pyitt oenekpleadon wesld Have geemdeaetbm@n fbﬁ‘ﬂﬁ|pu@1§oses of the

di hydroorot ase synthesis (13)
présent 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 Escherichia 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.
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This tight gene regulation is an advantage fromthe
energetic point of view and hel ps to keep the cell

woreioabssesr | oad as | ow as possi bl e, preventi ngPCT/EP2006/067053

transl ati on when unnecessary.. The pyrC gene was al so
selected since it is present 'on the Escherichia coli
chronbsone, as an isolated gene and not as part of an
operon, in contrast to the npjority part of the genes
inmplicated in pyrimdine synthesis (14) . Another

possi bl e candi date was the pyrD gene but since the

eMhoged” pysaineisn frasajonpiermentitiontdfen meurblr BsadeidiBy coli gene which
oyer - expressi gn woul d hay een del eterious for the .
pﬁ?spegf‘_élsd%fte@ ﬁ@%ﬁ@sg%ﬁwrmiwgmwﬁmem@ dares opo ﬁ?l%@%ﬁsand and
S AR RAIbAR M ihBodu3€ oRYEf SO0 RMAHSTBRL AL Aoyt Srrest. This
shown that 1t 1s possible to obtain al nost "equival ent,
anyst@uen diffetear fo rths wht slewéritiedt e FegderemdSkeime ¢ which is an
present i nvention as conpared tp the classi.ca : :
AP RoBbicce TR aEaRReY Sydetaasadel e Sy o HifePiogine amino
t REdCaRlsl RPEWT SRhRIEhEMSLIA BS84HEL WML ButhSrsaRPh i @EbrddOselection
the strain as soon as it grows ina mninml nedium '
wheeckanigm tegsther tathsghiervaghenecdl ressstange jipriogdes th ab@ish phesmid loss
t he st em act n.the . RNA_ synthesi s, ot he cel |

Y PR S B RR Ple FIT arEcprRah &et fieke not deleted
cplibpoSietly fkasease tien QX Wi Sibdi® vay &Gty calRiiSe Si¢Sthertib® (as with
quite different than the previously reported hok/sok .
sTHBY | lisglerichin pelocdaiink aihErese Bsnes ybpesclanssl anfediiegxpression
b I 1.d 2an [ i.atroduc L0 p ]

c}(gﬁtgr,e t?hégaﬁigk t%egtéwgr g(g u‘*'é‘?w cglr %eg%néiﬁég}cng% t%1 omng %{);ﬁ gsntnOt been
c dbinkndtiatedg hpwotee) thafkes pydtéen sys tbemsed adoriertangevent plasmid loss
conpl enent ati.on Qf a natural Escheri chig coli‘i gene

wARARS fAgeR@lan B L AroPRN dUSelonae fati tadt RIRHBSiRePhy alone
aRhy GloPBE 1R chBFoPh AR HrAtith MRl SNURREr ok EStsnViral find

i nt |yo uce a strg?lﬁggauxofh?op%y anigm’subsequer?té%rsom ag] e some
apra@st .in The sukbystlanthi whelief frefeent accomphe ofte dedalei Bbd type of

by Fiedl er and Skerra (16) which is, ap au ophi .
el Eib A S Sy LMD aLslR PHE Sfrihaors Gt DRy synthesis
PRidhNR @iTedife@6leht id Hhe cély RRtaolisAMBlue B0&H &t i@NpleSence of the
used by the authors as a second sel ecti on nechani sm

t slyeramenhenicehascthe gnainpshleniicotgene giesevend e piodueragiegoes ot exceed

abgl i shipla mglo nd to produce a JMB3.Escherichia

cop el R Tl I By APL B R

peposE Y&loytell raogoniflemsiti@dmsydsent Besed tagainnonvaindl dced@ dyxotrophy

carrying the nutation (as with ) o
(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
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.

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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many Escherichia coli strains) and those genes where
cl oned onto the expression vector to enable the strain

W@ 2009082632 N a synthetic nmedium [t has not beePCI/EP2006/067053

denonstrat ed, however, that is system can be used

al one to prevent plasmd | oss during fernentation.

This is probably due to the fact that proline-

auxotrophy al one may not be sel ective enough during

f ' ' 0

o FaFERaR Bltce B2 h e niDH L BN IRRNST BB ke SORE high 4 mptabolc
aﬁﬁr@s t@thattiatterial ldaf Wiyipk iefvitisg idads toeelldlysick protein

theS|s er eas ¥rC affects RNA or(ggA S nﬁhes%s
it 17 dhey firg 3sppetr the JEFHENS HIVEREOY B19VidRst S fducing a
eﬁggnbﬂmhp 0R£§§&ﬂﬁ§§ﬁ% t he chl oranpheni col as the

mal n sel ec i ve agent e overal |l production does not
erycéeeads L 1 (\4\@ C lnovver gheat n(t:oh system of tre 2 ired for

WY £ B ké % 8psrted a é%%rpalneﬁ%%%etu oh
Systﬁm&agegyr@g@wwﬁﬁ aa%cﬂﬁ e pilis 216X 0 e &P BiYc ol igSthB @¥combinant
The aut hor has conpl enented an Escherichia coli strain

def | EPi&HY andghe gengrAnaefnsgieaneyPEARY which is the

nmet abol i ¢ precursor of |ysine and bacterial cel

wélh)| grdwingAgali host &edl. conpl ement at i on syst em was used in
parallel with the cer gene which has been shown t

r éfaa destfglltis pisfernbly paekasyptign MoroPiciern dbas ey anost preferably

%E?Hlerich%zaéna}l?)ln on-gilagefgﬁé 9&1‘38@% At theRBLYARE 1§'t’g\j§ #)f' g'hﬁﬂlologue

ect t he auxot rophy conpl enentation it
Althteemdig A'he lgenea (rir e etvymesis avmfenalzl@@rtd@et exthe eskli type host cell as a
vect t hat adOX|caIIy, no increase

th
SR eche e b be b bRy oeot 2 n oxpr coeror

| @\lsed (ABRIthe Y&ﬁlenﬁorﬁ(glog@é*ere@ﬁg@%%t@ﬁ@t\ﬂdﬁ& ﬁ%ﬁ%ea H8AR amino
reported that need to be expressed fromh

naﬁﬂewqmralgmf@s iSO ProteMh ey epdypaifes ahis arfclu upe or more

er men . on pr.ocess where
S’ FeiBlEs SRR R RS o inR 15 pfR Shvention.
bac h@titia, 1t&hdf}aﬂ)el’1pd&/ﬁblého mﬁadetoab il ceREABwitR afigthdr If ¥ihisar “type”.
Thus in the first aspect the present invention

pf%m&@@eaeml%@ledwdmpba@e RREoACkewishIailgit protein
eﬁ@réaﬁl r&a%zmt LR S;Iso{hg' @EUST?ESE) glea]ln‘l (% %gﬁlpgrg &nino acid

geNE enco é) nzyne required for eo

Syajube®k.S Mst prograne atoatpaee npningi agid asegemeesenad diimily thheoptimal

reconbi nant protein and the gene encodi ng the enzyne;

afAgnment 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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(b) growi ng said host cell. The host cell is
preferably prokaryotic, nore preferably a bacterium

wore®y/oproesd er abl y Escherichia coli. In one prefRCT/EPR006/067053

enbodi nent the enzyne is Pyr% or a honol ogue t hereof.
The gene for the enzyne is preferably present in the

wld type host cell as a single gene, as opposed to be

part of an operon. As used herein the term"™ honol ogue

r . i il : :
DAl AL L D3R, 6 SL IO RS i o5
| siedilacley @eprovfdedor e addi tions, del etions,

substitutions or the |like are enconpassed by the o
pri&s apthqdnis avied pieferably 4ol @raduesh human pegieipe i pagicplag aptipodies or

r ﬁakfﬁgﬁts %@eo@{%ﬁf&rﬁﬁ% ﬁaﬂrﬁ@né‘gggp %88{' fﬁ%}lﬁkﬁt? {ncllugix,\?mj‘%% ﬁxample,

For i nst ance acihg one I am no aci
alab,hignb"),Qmel Ealfrapsenta. By dggramts vahbasnddifedGh YSddice a synthetic
programto conpare ani no acid sequences. This program .

c SHPHFESIMTS datingle sBYDdivciesta mpelequlfa s Thindndyes fgipeptide linker

atzi)\%!ms}tjoi%}hgi \s&idt Vlr}gg@lﬁ)s? GBichl ddnBibhfde ko HE QGBI ofithe molecule.
appropriate. "It Is possible to cal culate am no acid

i Qelmetrisyythetic @instirdcay thivy cani ebewsed tinclpleuSDBarepadesalhera aof synthetic

am no, acid type) for.an.optimal alignment.. A.progra

" PrRief Rt R o bR el Rpalt BERER i LR R be used.
sqHueNGeRc AR daRSELARN Sor¥dhisBoh Myt Bariftbd ordahicl Sndsh#st mimic the
possible to obtain a conpari son where several regions
oftragityre Phr COR lape afdthatdinclode intigawinigyaciive iside ehasmt

score. Both t s of identity anal.ysis . are )

o ShPcirsPitt Apebh HenBresnl dRYRtPR RGN a NON £oll frogy vhigh a gene
hen®ldaguesy angdnterdquatd &S nudibRiddegneRsiothak dRBA idedeted. In one
with a protein or polypeptide as described herein is

| erferfadponbetimenthnin hokiaeclk seBMoRSI by deltadpyrfe Heyeinafies the word
S |d retain the functjon of the. qriginal protein or
e e rbioas MG RRRB Al Sgues o

der i \ [ t: : O S T i :
P8 LR SRS i B, AR LA oty gon crcoin

des eniymedreheirel for andepideviydthdsis Pleber pisfoyred rorwidogrne she vector
or qgrivati.ves having at |least 70%simlarity, nore :
pPUTEF £BMPTISES PRAST THSELPSPRP Sy iofftg?éﬁ%‘gléﬁoﬁ%&.le% Suitable
pgﬁﬁﬁﬁé&@' Me WAMnGEHER EHoselakilatinvee RaViARJuRl h&aat the term
90% or even 95% simlarity are provided. The nethod is

uSegulorasy elerhént” troeqns odthereclementy of ot pidleic doid sequence that are
parvto;lv%;il ar anrteilﬁgdi ©of 3¢ Jr AONBIS sdcnel eo&y & efa%(r)r?téleé{uences
FAB Mg ReRE S SRR H BhFHT SYRERIY PIRE) R e ’
exaiatE, 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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Fab, F(ab')2 and Fv fragnents. Fv fagnents can be
nodi fied to produce a synthetic construct known as a

wapmgladeshai n Fv (scFv) nol ecul e. Thi s i ncl udeBCHEP2006/067053

peptide |inker covalently jogplng and V1 regions,

whi ch contributes to the stability of the nol ecul e.

O her synthetic constructs that can be used include

CDR peptides. These are synthetic peptides conprising

anti gen-bi ndi ng determ nants. Peptide mnetics may

al so be used. These nol ecul es are usually

c ahé prdraiit itimaitioyl witistiow ot elds@ibgarin Qiefaill’i:giSrdfd!Iaﬁcerﬂo nthe following

the structu a CDR | oop and t include
aft3gRIARs: CPﬁ?%Fragth%}ereé.Oééa@ﬁa Rest pinthy inxesiog g geder gash of the
PEEREMpd A AR mADVEICSTIR BAST ofi Shdeuldef BhGShedt hercin are
gene encodi ng any enzyne requ nucl eot
symphesmgihabebébnt@@M@pe@mﬁtmbmhevpreferred
Hg%odl t the host cell is BW25113[delta]pyrC.
er the word [delta] maybe referred to as the

Gregk B¥NRhonsHated tHad itds Pbésﬂﬂe fSiReGlend B&nﬂ%ﬁ‘éﬁﬁﬁon as a selective
invention provides a vector conprising a gene encoding
apreéwy i@ forsq @i mecdoRaRisMu eiZe disi/tbeicEignedie 49 gnaintainoihe eXpresswn

Qfg“ctoerr (rh?rgnrgg I‘l‘l?f %ronf%l?glr“g Oe Ve trtlger lﬁsg)@eri,c (ﬁl I_tlsb?ue s(%raln ) and
SpUCatﬁ @ XpESIBILR VBCtar, ®oﬂﬁidmrkmiaﬂy ta@altaibngs ezesdddhhtﬁ@bdl 43 possible
the art. As used herein the tern1"regu|atoaéﬁglenent"

meaKidsesHerpesioaReht senstcompleraennteonsassay. dbgdrcue Hggin presents
auR hie eﬁcfé Flakﬁﬁwfsewl&t &o‘%fksg@] ndd G0 ¢h aét?oﬁf6f°tﬂeséi‘fﬂagment"

as polya I Oon" sequences, ancer e
t pattech- |gplhctos1disere|rmyraé orte etfmgrrﬁm tsadricedsleu amnes:lm@ vectors
wel [ known bo t he person ﬁkllled n the art

v&Whons PhddP s 31 doierss yse@ﬁe?ﬂ%@eme%ﬁl%dh?d% galactosidase

F 8R)yinGlci e fvif tot DCEVSRPia cfoﬁrstﬁfﬁaﬁ@ée%tlﬁg tHe é}ﬁ}blﬂoﬁfmal deletion
repl’i cation. "The vector preferably contafns a nultiple

c [dnttafigcEINIE. A ntran @tatrgmgahpedﬁﬂettohemblr gpemt calowns Mdlnn grown
prox%deg Ehe q% a_vector .as defined herein in. hen th
Fo P Epr é‘%s“( § thhe? PEREND CARRICTISIBLEN O, ée when the
f glakinit RP&eh, EH%%aﬂl%%&@lﬁitwﬂlrﬁéQEﬂbp Qb MndB8PpeaTld pUEBN cloning
expressing a reconbi nant protein conprising: (a) a

hosttorc eh [thaonel dhnhedcdies éomtheaﬁdlaétbmaae gewt ard @s the other hand

defi ned her resent inve
QBB RER0 TRt dEY DY dsiigh Iy §° dhepepid ﬁ‘msn@uluple 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 lactose 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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exanpl es. Preferred features of each aspect of the
invention are as for each of the other aspects nutatis

woreaoamshies2 The prior art docunents menti oned hRCEHEP2086/@657053

i ncorporated to the fullest Eqdent permtted by |aw
Exanple 1 It was first denonStrated that it is

possi bl e to use gene conplenentation as a sel ective
pressure to force a microrganism e.g. Escherichia

coli, to maintain the expression vector during cell
rowmth. To this end the Escherichia coli XLI-Dblue

$trai Mabk)l: aitekdppdaddrie(HR)weX M- e8adto9idase at ity datdell growth

foMmer ci al Ty avai I abl GrowMBlda JelehVd he§d as possible

SR pshd PET | OB [ ARpdee] CORE) FHRMBET T I 2R L actose

lo

he /ﬂ ge—starn—t c:cma Hhre—rotat+on
ey o XhA-plue o\ \ ande t & tha Adl At oan o
J \¥ | LY LY \¥ | LY 1

+c>'

T o e e farhract dhso. cnsoor Thot s
fragnent is encoded by many cloning vectors such as

%gsﬁo@ﬂ‘?n f81 1 gﬁltycbreﬁs hgﬁgﬁﬂ{}ett g Q%SSYB%‘N& dr A %‘tﬁ@ﬁ) Retabolise

ct osi dase enzyrmtl cC a to an Escheric
cdﬂctosstamm theypf@s ent gy tvhen dhisores ontyl avdéhigdt i carbon source. This

delt 5. Astran carr th| del et i
Rt A D gl O e e g oot e riial
t Iﬂfetaﬁ)oﬁg Qz‘hkﬂﬁe %Qﬁfmeegﬁ%éﬁs%m? N1se¢ @Y rs%leciwee pre‘@ﬂ@@ t B6rce cells to
p asmd is present, the same strain will develop a

bimantpinethoteypiessidh eechJCi[Qu&: biompilen gysmntdocs oat telqeironey antibiotic

hand . es f r the cta en

G SDESE Suceim v Rerfen ASLRT R S BohNf{ ) the use
t Ba deMRRAtrh&lBum WittSlabfebd dshl @r@drﬂs{&uf&. SI tes was

purposely inserted into this region to ease the

s&xampleg of plasnids which have, after |igation,
t t .
I 'ﬂﬁl@ ﬁée(gﬁéﬁod‘gls}lﬁeﬁ rtﬁgtln{f’lg %)B% 1@2&%0“[ OQ nll(ﬂ‘e agﬁroipglatgi sr}/ét,em was

a- pe froys en readi ng frang,

apflgiadeéd sdrascdinbigaltgebehi pladactal | Xikey dneadle i K@herichia coli
col ourl ess phenotype when grown on X-gal plates. The
H&éﬂbﬁk%ﬂaédé@tﬁ&?éraéloyé &digsg apsseer PWF%‘“@ @%& ©ngRppimal media

bbgtafl@tcc; Oi& 8 ltl% @ drg roggg eh 'tﬂe rtﬁiuct of the pyrC

| act ose assim [ ation way. T test the hyp esi s
Xgénehl ue strain bacter| a were transformed with pUCl9

oS PP R TRl 0 BB et
t BESHdy LB SR &9 r&ftMB 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



10

15

20

25

m ni mal
source. In para
shown in table

vector are able
grow when it

Il el

I, only cells
to ma*tabolis]e{1

pl ates containing glucose or | actose as carbon
the untransformed strain was
WQ e®Ueshe8Dr its growth on the sane nedi a ( Tabl BCT/EPAS6/067053

arbouring the expression
| actose and therefore to

is the only avail abl e carbon source.

experinent shows that gene conpl ementati on between

e SRR I el EIRGY

celdr to na|nta|n the expressi on vector.

syst em does not ire any. an
iParRlE t f‘ere%fefte I §sgﬁna wé% Afs

' 'cmné@qntt% Sptﬁ'di‘f’s

a carbon our ce.

Y RSk Chetif R ab oo st

asheAnaTWhIeSs, absence prevents growth on mnimal nedia

but not on rich

ones:

ﬁr‘fcf’ubeaq?{h%%hi)\gl %ndze)é

| ective pressure-to

tibiotic additi
NGV AL PBOLeL, Nirg

r oduc

Thi s

gﬁat‘fcﬁp CNCM I-
This sinple

g’%&a glg,ltppfeled and

I t
IQJrat@ eﬁ%lSr@qgg@%eﬁo rﬁrné;i“t B! tr(leagﬁ Ql‘ftﬁlrﬁ%rder to

t helidapp rtbfamm;éem@mtm sysemn rtbe aﬁiﬁ olf-pate vwstremfmd into

{ A ke )
SonES e Slaidone ipYeey selective

The

t he di hydroorotase enzyne(7)
phich is the product of the pyrC gene

i hyTalde I birasdepodernze thstvetich poir@ prestrat @nd BIVS 261 bt ApwC strain
phi ch is then transf girowth onnmanabi slydiate whi ch gi ves,

AT t er MEQERL DOXY

aBweis| 1 8RGO |

dyT atayors | Yy 1 ERRIC 18-pyrC

the cul ture broth,

ffect. ]
oBF a8 ey Elish

R

wh in.ri

‘Ef’i@lnlt(dn%by%ﬁ' m di ¢ nucl ecti de_. Af rETA pgosphgrytatt zfuhp
DIV L1 L;IJIIVCILCJ LILILI UII' VA" R L;II LILILI lulll IJI UVvi ugS Ll
he 1\4 1o y rlal Qf | nm t hl S enzyub : t : < poss: b!
0 Nmﬁﬂgmﬁmﬁennﬂ DNA QVhthQIQ Ln their pnrl) steps
n compkBx nedi bms CTPHand UTH are al‘ready prlesent i

so the di hydroorotase absence has

ﬁh ﬁgfa%hgo&]i télose medium.

Thae pyek Gf %ﬁﬁﬁh%&h@ Rilabin@be/caaldredoRetefik @fie tohR&araBADAH33 mutation

chronosoneé
8¢

pPéthenitrapo

of Escherichia coli
Mageripd doMstods). Tbe Satinmenin s1isined OQﬂle strain is due

BW25113 str

ainto

CAORET A RS R e ESHEH AU i i pipomosome
t ethe iplyt@ gpcos. Imawgsﬂate@pmghﬁagro\om thdn thee- one.

Col | ection Nationale de Cultures de M croor

ani snes

( ERemyresulta spnfin 1) pa e strairpBW Rekl 3idrlipbtie gfonrausot able to grow

fgfé'r@o r+aﬁ Hr&d?d Al €o

eS|gn

ow ng

I on

Rﬁeh&q@@@%?f@ ggﬂee %t) Xhtaﬂﬁilctl?&ﬁ[l%/ 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

MO9/glucose minimal medium with or without ampicillin (Table III).
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3447. In parallel, the entire pyrC gene with its own
pronoter were PCR anplified and cloned into pUC18 to

w@enanaes2 pUCl 8- pyrC. As a first approach, andPCTERI0I€067053

to validate the conpl enent ati%n system the pUC
18-pyrC was transfornmed i nto BW5113DpyrC strain and
the resulting colonies were plated on several

sel ective nedia (Table I1). The + or -si gns refl ect

"ébfé“lﬂ 1¥sr15ﬁd s&ab‘fl ‘c”'a&"celSJ 'rE%\'f'érﬁ Lo 1t cultur %ﬂ"er %n oLve Toht culture the
$ 8

+ scete 1 %:nlsrm/ g{l{f‘ B eéif 01{ g a§f11r: Oﬁty cfu were
diea ot FF twsa%f) U, AR Ry BipMIdEPiShce of

he strain is diue to the insertion of the kananycin

esi st ance gdfedion t he Escherilchi a %&of iplasmidbpassessmgicalls

1 MY petuCodeceAsnp The ++ sign rgl ates a hi gherd0growt h

{ Mo+ theose one. These results |confirmi) thaoothe

strain BWZ25II3[delfaJpyrC alone is not able to grow
on mnimal nedia if not conplenented by the pyrC gene;
i iThistexgefimetdeovabtiatgs bt the @la@mmgds pl;ﬁs@tglenlé thentgsted sells even

pgftfr:regnt 0\?6%'1%%1% olﬂtulré] sit (r:]ee ctb aCrteseern on the rPlate Ialré gtll zli]bqe to %row on
I NCapaclity I'S Straln O use ara € "as a carbo

S@uhieRl Weidiin.i S an i nportant paranmeter for gene
E%gr ession fromthe arabinose pronoter (see bel ow).
ipitevag deferppgerf the ievrstgates]l pyfA psed atbbllhmty)n system would still

d t
V\II(Q% gfﬂ ?at eg %%\bggsglﬁgeg{i: Iﬁ%&LIﬂl&!{&%Ohé Jf:}% g%é’% iRy Qfdiﬁﬁkm such
wes eluhn@mlsé @fddﬁdtl(ﬁﬂbf) al\lﬁé(ghbiﬁﬁlﬁeprﬂtem nethicliredimiai ystifulates the

or Wlthotarrplmllln(TabIeII hi s eri

d&HRIRPr BERE Bohdhe ERRICT1 s ML % s8eTioh A1 LF tFien a pBAD
L astiReive %kﬁ&ss@&?@e@gr viftboeR¥ eﬂﬂ\ﬂl Elh%rhl%h' ltﬁeuf?ﬁz B G sCulstituted
present on the LB plate are still able to grow on

niwnghrrédr mEdlteumcydlEmt relsistam dat eserd nedefefericheplasmid. This home
i Evest Oper based stabilization s stem vvoubd 49

s Fﬁl$nek81e e“flﬂr & eﬁ’fpresé{Pé‘aniC "THE presetice ot PLHii 1§h uman
Mph& hﬁgﬂnGntQH@ftﬁ@ EQ(lfheW@ﬁzamo‘hrﬁéf ?ﬁl@ﬂniﬂép%b'& Bige HeFhh ga gment is a
h Eroductlon of a reconbi nan rotein, which

ang saltblnproieias itthéusst Fraimthe o i o iplagmictigace to the culture
res Vect or

4 (Fig 1) a pBAD
derRe\%at%an(g@v eg(eplr lesscsolugcﬁegéé% %arSﬂ}( Plﬁr\lllffdr}ogene (tm), In

\Mﬂo%h 0t1§]§ (kl}llg 2gewas Baved k}‘r?'t )t §d0114 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 25113[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 ODggo 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 ODggo
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with for one tetracycline resistance, was used as
reference plasmd. This honme designed bi-cistronic

W@@re3sson vector was engineered to express tPEI/ERJ09§/067053

human Fab fragnment into the Egcheri chia coli
periplasm c space. Since therab fragnent is a small
and soluble protein, it diffuses fromthe E. coli
periplasm c space to the culture supernatant where it

:jzeral(é@ées dﬁf;@e }‘?1) g&d 8@%{&1 ono% gﬁo ?edt %ﬂr%]iBtth]%]ég t&? o%lrg(,)o nt Fab

r @apstanasd gemtdniintthe m/lfofe sﬁ@aﬁqaemp wessdadrmieel (Qable DVE

0 114 and DoB 0138 were respectively transforned into

a WB110 ara strain(10) and BW 25113[del ta] pyrC strain.
After transformation in order to select one cfu

pear i riple e dergymanndion 9f thediesrentage phansfemedicalds and related
bulture, W110: : DoB Ofdembinantpireitingidé LB

qgar /e r acylcl i Beleattvar e gs7%BWn2feihad del RrajepycdiceodBion at Tie
D138 was pl ated on M@ mni nalls (MBGI urtpn Wi th gl u ) as

car bon source. A single|cfu was used to gpgpcul dte ard@)

M STRARITY e ETH AT & T Mgt et ety 164 1 133
;'u-pp'lbqg‘gn} eO— Wit maug1l as ooh DUUI b‘% \culL 614,195

ot raeveal 1o fAor a1 44N A or 1|:
CtTaCy CcTr T TCc—1 Ot DOD oI 1) 7u tCt Iluul S u.L Wu CT1C

1@ah5ﬂcomr1&atilmeﬁ}ast detemsiadd bpReP-BIPLA whﬂ‘éast toeal pavrein concentration

br ot h, 8 iE3 c%at ed or 13 hours at 370C. The 100 m

sWé‘ﬁ??‘?ﬁssF By br Pfqﬁ“é"‘mb?s used to inoculate a 1 Ilter

fermenter. Wien the OD (Qoreached 10-12 the percenta

of TRIacy R WBR aqideﬁl@nl:vm the {posulyay eyl noh Agring fermen ation.

reconbi nant protein production was turned on by

addition of 5 grans of arabinose (To). After 16 hours

of induction when OD Qoreaches 30 (T 1 ) the . .

f dhergesubs b Hisepesimsppaem et ateh dhaggxert ift gt the moment of induction,

r8co n f a n cyl

Sﬁlpefliq%{é c%f tF ﬁgfor%l%?gr%frg %ree d@c?:.];@z{b%tt %P{})%O{h': etolpo?s A h¥eSd of the

c otlaea tiicadvendil pragdudmheyieit néddBy/ 0 RR- isRuprisingiyemsret thhi@khree time

protein concent rati on was assessed by Bradford

affif i RoB «Oidthy adhgteps hendetaly pepgedn d%?pg}eritrﬁtl?fh PIGSRYc i the culture

C%’ﬁﬂeﬁ*ﬁa@arﬁ@@m@fﬁt algllégﬂ ﬁg:hfafr‘%erﬁe Mhadel RBultsTHE rb%%%bfa%ne‘afby a higher
hi's experi nent denonstrates that even |¥

n”phiemid gibilitydioc DioBr) 138 hizamfionbeB @if14tduaing filger méubtroeldui;ture phase.

a equi val ent. for. both vectors, at. the end.of e .

e B el RS By aiariprRtD At 1 on doteBhigeh fs BRtigebh drgribed: cells
SWeR! fist ?IQ{CM ORI agHARd t¥haRIntfeRBd bRadleQfve PRI DA IH a%ar + tet for
whereas the total protein concentration present in the

c WoBu® ]e14sQI|d\é{9 r@mc@m fordpeh ﬁlﬁ)nﬁsﬂllsuncthafﬁg@ﬂis Wit perfectly before
FeR uctlﬁc’n Y hig E me)fzﬁ)o?lc cﬁarge Yt ﬁle guced 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 noninduced 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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during the induction culture phase. The percentage of

wao e@noswsred cel | s was determ ned as previ ousl PCT/EP2006/067053

described: cells were first fgated on LB agar and then

transferred on sel ective ned (LB agar + tet for DoB

0114 or MD glucose for DoB 0138). If this nmethods does

work perfectly before induction, the high nmetabolic

c@&aggﬂgﬁ the i nduced mcrorganismslows its growh in
dramati c manner that it becone al nost

| FROEg ddnfonk@ated Iel Be 3AYilealianyystai, Mt kof odmpbataation, gave

Thi s hypothesis was confirnmed by plating a non-

i hatwééam%tﬁ (hary the glagpic SEstemap éemb%ﬁfaéloanvweéﬁqaned on the ten litres

N@éa‘% fi’r@h[ﬂ?l?%tlﬁé ke 2 ABY bgfcﬁv‘%ylgteﬂlbﬁ)e §n\’v%§jt fk %hlaemMﬂod scalability.

mnimum 1 s unable to expand MB/ aram

e)Stlbem‘Ba sinogntgtiomwas rasat t]okfé)kg/balt(bthe tfmned (smmag) olithc7.2 litres)

char t he u m cror ksm forbids t
i 6P CICB tf‘&f‘”’ﬁh&ﬁ@ “ﬁ&glpri‘:é}l R ‘h gy ygtch Be%‘édt 8??51?%%’“mately 17
t RBuRFESRIY RAE s@fte QGthQ sUFR} BIBHGHEEa EhiboRGolild€ and arabinose as
i nducti on phase. Exanpl e 4 Havi ng denonstrated that the
straloicén The |f©<hbgtylatcen’qrolb\yasgefrte)ncthnm@nbwﬂatxwgm (@@Walue which
tte t han t he ste rpentat |
o ELet BF Hebioh P e WER T TP S RS e Bt ARG of fea
t bieh ahé edithat ob,@Yehai®it B0- MBEahd ga CufehitdRtddaining the Fab
scal ability. Substrate concentration was raised to 60
gharvesiefl (Teelef¥r menter (starting with 7.2 litres) was
i nocul ated with 800 m of pre-culture. After a batch
eri od of approxinmately 17 hours feeding was started
MTtableaV Sdi@énisdiodtof @t RScehtagadiob PRsHALEREn2bé ] sahdhtlaege

‘_@ec’oﬂl@ﬂﬁtﬁi’ pro@ﬁ?ykﬁﬂ&f@?&ﬁbﬁ&ﬂf&&knﬂﬁ@&l set on the
Sdiion [P %#}6? r]‘:’r{)tléf ]C%%Cé‘r{h’?}lgfi ;1‘[ Too (mg/L)
i |I( YUre (

{eedi ng punp when the """"" S
hours ofl fed batc t het :Fégr*hnd Rn :] al

ndle kupel#at ant contWoni ng tlhe Faﬂoﬁarves ed 884 + 180
TdHB8 V). Prwdse rlesul t sl®enonstfrate 8Hhé scal abil208y 130
of the nethod and that even after a higher nunber of

neratiqns. the expreSS| n yecto ity was st
e ﬁeﬁlﬁﬁ doRnastrale it scalapyity ot 319& g tbﬁtee\feéoﬁfter a higher

b ﬁh&Beﬁé(fS%e%E@ L&% Q¥ %Fcﬁllegsnl): pe&?]reétéjoll}{‘ﬁswﬁseﬁllt fuﬁﬂﬁ% F:)g)ectatlons.

superi or e one tre atc cul re but t
c dhpl tene ntuatto dre ¢ dhemsysermtthd bveyald dale iyiredd tvas e tirhes superior to

a%ugrtle ﬁIre tbgt%h E?:%Eur%lgiﬁ thg lI%/%élc%%llpllleme ?atlon 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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Exanple 5 In order to denonstrate that the observed
differences in the Fab production yield were not

waeoaiospesependant (i e WB110 vs BW25113) we an BACT/ERPMDE067053

experi ment was planed where i%le two expression vectors
were transforned in BW25113. "The fernmentati on protocol
was slightly nodified and the induction phase was

further extended for 6 extra hours. At the end of the

‘ ) Ldidied i N ‘
B0 RO AL B PP e
Blc@@@spenmgg Jo tHUBal bartvbged-dltheeleerabe chel spetigent isareported in the

|O i nt, hos ndi ti ons and at pH, the i's
QYﬁr ‘%rqbolfrefiwqoa W f‘rsélfnéfeﬁ ts%%%uqde@mgaﬂ%r litre for

eltﬁét pyrbnsg%@ﬁl {DJE?blfrBe?ﬁlﬂWﬁ%%nHt id1& P §% Qﬁad‘rﬁﬁ%‘ Wdlabtained for

80%of proteins. Arter adsorption and I ng the

r §5i TETvatsbidizert epremidntvietof ek ) bli-dohedlpondi ng to the
haryvest d The result the e

i a g

BB i TR T L o Gist garifer REB s d(tsh minate the

W@@o ¢itkl TREQUi0s G SR (XY oPeRdultibl YhERAs bhhe same time
%%Eem (DoB 0138-plain line) and yield of |ess

oRls C@nﬂanfrﬁeb 3p ditres hEhiFEIstsgrawing tagegdo correctly correlate
ex tﬁlelsls Il?o\{/]ervn%gtg‘t?orl g?l?eg a14 é(:srdré,fqugd V\}'%ehreiatlye I%W(gﬁiqluctlon of
V\/fec@hlbiranfrplro&ﬁle ahbigo thetigh proasctioh dfele@h det] ps&tkink.i[@fact with DoB
after 22 hours of induction whereas at the same tine
DEBl D g abriEepresws ﬂH?BdOYECIBBerFfW%géSOf thh PEOtIRT PregRnb Wi fgpernatant
r C rel t |
e Foifyre 3 BRCDA 0598 1R 8 cthd Bacp Myl Ko BN eombinant
pipodein tyiicd p®<ﬁv1defscmmlbnniad’amep t® peify Sinmb the rtd’mﬂ’nhzglln protein which

pr oduct| on_ of pr.oteins. ct

0 $3Pe GFEmetay tPEﬁ? e%féﬁ? SHiRIA Preseiars aﬁr%@nltﬂa”?M ePYF t he

PERBIRS of! g%ﬁ%né@b&%&[ AR QY sydknf %‘Tﬂﬁérs@let:t@vet ss®Bwhich is

0138. In the second case having a hi gher overal

r ecimvonant thp rca$eeoﬁ1thy|pefr@l vmlmmdesumatPé}R atotwi; ure prdepto check

pgriqf% si.nce the reconbj nan ote nexlh e di
i FRESUOR $°I DR GPENChEVEBE (B HEP8P s’ £r%eé8§°rf‘%ﬁ9°n ng
" RUER carSdxyCRrrhings Phlt Yordhé Fab @B&E BREVRRR &€ td POR amplify the

systemis the sel ective pressure which is continuous

i Ixprasicasstafdiepdy fpmGulerhbret serorupels egralipedttodol  ODsoonm

i res

dgor %rgf é%t%é:gl? ngtlﬁ tfhglreg% %rﬁﬁlﬁ#e? rrhu\ftﬁ[g}rcg{l%rg rA?sesgl%gvn dm Figure 4 the

t dighflecog@spoddingtte DVBNUIS SAA Et"abl@fduhhg fdralenfagay ﬁm@h@heﬁ‘eas for DoB

was used to PCR anplify the
0114 it decrease to a fain 1mpercept1ble 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 um 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): GsHsNaz;0;%2H,O, 100.0; I CaCL*2H,0,
3.40; ZnSO4*7TH>0, 2.40; MnSO4*2H>0, 1.50; CuSO4*5H,0, 0.50; CoCL*6H,0;
FeCl;*6H,O, 9.70; H3BOs, 0.03; NaxMoO4*2H,0O, 0.02; KCl, 74.5. The feed
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expression vector directly fromculture broth
opportunely normalized to 0.1 OD oonmto conpensate

w@eioz/0gmezl t herefore tenplate) nultiplicati on. PAEERINO&N67053

in Figure 4 the signal corre ﬁgndi ng to DoB 0138 is
stable during fernentation t whereas for DoB 0114
it decrease to a faint inperceptible band after 26
hours of induction. Material & Methods Medi um M ner al

S@!)ﬁé oy %%"Qu%%g}%@%%'&f Fn%gﬁhg'l? bf YﬂetéEedNﬁltd‘ﬁEud’Me ﬁ%utlon was: sugar

autocl aved a mnin situ. Tnitia

WA %S tvétalinss @d seganat elAntiyant 130ur e eiddéd z’ﬁleﬂﬁh&ﬂdd for foam
added .to the bioreactor giving a concentration of 40.0
gFI%% create a small batch phase before the feed

phase was started. Ten mllilitres trace el enents

sol ution, and vitam ns were added by sterile

f(]uttnatlomn to the already sterile bior eactor

ARSI SRSt S P e o
cgﬂal%ﬂ%gz% f'r%eocf:I Mq%ﬁ%&lilo@llﬂeglgn éxc'é&sfogé§§%r4coﬁke1%9tlolq 5P g/l. This

4tlHre @as @rog atkdd [C 7dd 845 e férelddle dnxtaémend of poinengseed culture

sol ution. |on of the d, i,nducti on ti.o

oates sl TRBRR, Frdhone 1S S hESeSoffed g te same
Wafedamhe ethd ﬁﬂmﬂQﬁdﬁl@ fohe fRaAMGANt TRE - seCotldaly abéPEufture was
primary seed culture was prepared by growing cells in

100ngierreshigki /g 3009stchemap hil frilngjorzactat with dwerkaag velume of 10L.
n%ﬁ O8N e?pvtvasfe)ruls% al tconcems [, Iroarr]ld5 ugl ! by a -Il-rlrl]lltlgﬂ set to 8
urture was oWn A S“f}bénand % rpm 1%’?} y
Sillhiueeimdni;tepf/ls@rdleﬁafeyl sead bmid ufter feesl Btﬁﬂd Tas stirrer speed was
inoculumfor two 2 litres baffled flask contained

mincggas¢h Boag$RY %@Ogrfp%@lr@got\]ﬂﬁ batshipsaod 3pd decreased t(g) ?000 rpm
c c
S e e R e T R
v dissoteecdbdxypeh (DOl lfeefelnmlitferwamu@ged p’}tthqu/\nlﬂrd‘tloano :keep a pH of
sparger and ai sinitjally set to 8 1/mn

5?&3@ Bioutoht 4156 o Termmans Sebelioh Femeraas ped spgrolied at 37
SPEI FRUIPRA&NRS! W IRGH BAPRS i FRRBAR bRha&Bh HPMRE initially added
during the batch period and decreased to 1000 rpm

dewdangDuiireg the durdsded hatplaphase 230 oll af cggagbd dinpxobgieen was added by
eluselgé raog?) %ﬁ'[uconqrotl ow1[cheghe8to%5gen 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.
Samplin
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 pg per well) of BSA were included to create a reference
protein concentration standard curve. In each well 50 pl of dye solution was mixed
with 150 ul of sample, then the Asgs was read in a Model 450 Microplate Reader
(Bio-Rad).
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di ssol ved oxygen (DO). The fernenter was equi pped wth
pHtitration to keep a pH of 6.95 by addition of 30%

W@ dorp3menONi a sol uti on. Tenperature was cont rBCT/BER086/067053

37 0C. Feeding was started n the DO increased after
exhaustion of the initially ded 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
protei n expression phase was started by shifting to

t Recsrasidhmgproeinttxpadsion ((Gaieﬂéctrgplacrram nobWessr tiet)

[ ducer mai nt.ai ning the AT ate for
h SRS g sg@ﬁﬁ?# % AT s d§'§§e'?§éﬁ Rhing’lo Laemmeli
*(‘219“%@%1&%'m&d#1&du\sﬁt b0 QSer{i\—'Fi‘!)t)é%?%I %ﬁ%‘fﬁﬁsﬂ (Bio-Rad). In some

concentration neasurement: Protein concentration was
dexmrimenesd dvys Bicve rRaduImeotredummsaydlua'lhse Biegdymulasular weight

carried out in.a 96/we l.ate, Increasin :
aﬁt&l}?ﬂrg ((ﬁ Ooi?rfl@ pAR dls%‘! Ais) %‘é‘? |the GPPEEN \Héﬁféc‘ﬂar weight of
| pebisadrdtR Sdn@at RlidedShernanaen RESLREN weRNERNAT 3 L ¢A for 1 h,
standard curve. In each well 50 m of dye solution was

nﬁmwdwmmlglﬁonm 0.62%sBlmst &cl BhenRt (m’hamwr:a) wak:tioe adadenin 40%

prd%)gﬁ% 1§ M%@ir)@ﬁ E@FRea%%r gtlt)10|re Eﬁ 8&2@@

blvwés}erﬁaimlaﬂﬁlym WRer lp@tf@ﬁﬁ&ﬁadc@rd‘hﬂ%l td ﬂrd%inn ot dl5°(/Q2) with minor
SDS- PACGE according to Laemmeli (21 wi th m nor

mowidificeaien. oramples anVohilsfr of S&Hb- PAC@Mrfatra@sferred to a 0.45 um

Bl TdbseahtmbRgnat T BESH fur 2P SERGE Ry ppparatus

( BrramiRad)). Wesibida@dwbR dehed WlﬂﬁatF&c@dﬂl@%@lﬂﬁon (Sigma, U.S.A)),
nol ecul ar wei ght of el ectrophoretic bands. M nigels of

1 The metevait enhecsdar\werightrstandards syere mpakedg and completeadastagning was

AR At R 2GR EBB bt LS VNGB LES). Membranes

devesd @itlﬁ@téd bﬂerﬂ%% @B Q1% BRHACKIGHIHN MBS (BT tﬁélnﬁhcubated for 1 h
anal yS| s _were_performed according to Towbin et

(2@1}1 Wi ‘£ W hlifsion fi dfer e dase drpniusategl %%bhltuﬁn%ﬁum lgmbda Light

ANRDSn PO ARG D 05% G vef 20 TBTHM ARG RS femb
ms% ) 1" may cm% nEQO mnina 'Eﬁ}l‘tl p%or Il cmbrane
sevrms dvaych(app’ahaﬂms for 10 min in BTT, once w1th 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 8uum, 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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(Pharmaci a). Menbranes were stained wth a Ponceau-S
solution (Sigma, U S. A ), The rel evant nol ecul ar

W@ei0g/089631 andar ds were mar ked, and conpl et e deBCHEPI00§067053

was achieved by rinsing in 20, mM Tris-HCl, pH 7.40,
150 mM NaCl (TBS). Menbranes %vere sat ur at ed over ni ght
wWth a 2% BSA solution in TBS (BT), then incubated for
1 h vvith al 2000 di I uti on of Peroxi dase- Conj ugat ed

co nt &ﬁ@%ﬁtﬁ)ﬂ% Faesnh d%o I %@ﬁng)z fgtg?lﬁmg%q) }Vaﬂng which allows

rrﬁaﬁﬁmlr@leerMs \Amsﬁteﬂsmehlahzarwe froomadnia. MhenseBETEA \o:mscBW25113
th 0.25% Tween 20 in T and several tines in

AK lrld netiBeti %H@C%fﬁemd@?% rdrgaBA s s KR BrPmirelt T Bff mhole gene
aRVltﬁlo?smaiva;ﬁ %’Eelrj as r-gp-ﬁvg(? t§ élbglg‘c’l&ng(?lngéo\ﬂs r%c%n%‘uon with the

r eveal uper Sl gna um nesc
Sphsinicatapy ( Ph&pihrs ublil 6 detead theigendwaaiei fi cation of
soluble Fab in the fernentati on broth was carri ed

aﬁtséyrcaf ol IPN: AT ERE T AR R Tlgh T BATRACG
14 o
6Ok LEBITMee BYcHRG Gavtepedyi LD, an

D| phen x4. 6mm D OA col umm VYDAC and a
f Hpest e IS tbN0I205- ACAGGREAANN TAMCCEIBMGNCANTAGGAA

aharACAI ALBEPCRGRA GRB e s ose by reic

eef‘ﬁlé @Qﬁﬂn#’&ﬂ I;Esﬂgélngjﬁ%&lle \%seﬁ(ot’?'?lﬁm fO%Qlothé t?alz Jg%gm(%ofﬂg] to serve

or equivalent c a refractive |n ctor

Mot patahtéd pBsioyogyecGon$dirthe straom itedlf.t he Escherl chia coli

B%é er strain. The pyrC nmutant was realized as
g%t o Datsenko and V\anner whi ch al |l ows defi ned

se 2“%/ %erllenw % p erl& Er rrn SC%B’ZT ud %%Bfo-r@oesome using the
hWB&Aﬂgpﬁ@é@BA— DAH33 ArhaBAD LD7s). The whol e gene
with its own pronoter was renoved to avoi d honol ogous
r peiOivbivdre8HE@ IDWNOR3 1 1A TABAGCTCA TED @ﬁGGIB@CpTITIh‘EATTWT@@GT GC-
3 del ete the gene where: dispyrCf: SEQ ID NO 1:

> AATTGTCATT CCATTTACTG ATTAATCACG AGGGCGCATT

SR e SRS % ascaoncenc

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

9

pHENI1 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';
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GCTACGATTT ATTCCGGGGA TCCGTCGACC- 3' . The kanamycin
resi stance gene was not renove formthe strain

W@ kooos®alre to serve as potential positive sel BCI/ER2906/067053

for the strain itself. PUCL8; ﬁer: The pyrC gene was

PCR retrieved fromthe Esche} chia coli chronosone

usmgthefollovvlng prinmers: pyrCfwd: SEQ I D NO 3:
ATATACC‘ATG GCGCGCCCT T TATTTTTCGT GG 3'; pyrCrev:

N MR ann

t AAC esid GO’igTT@@"DG CBG GET ITed” puG WCCGTWN M@t AGnC GCT

o0k R s W X Cher et R ST GERC T o
oo SPRL IR REE S AT AR CRE BB T o cre

t aznd gl owi ng ol i gonucl eoti des and pHEN expression
vector (9) as tenplate: "PI C4" SEQ ID NO 5: 5 - AAA
ARARS BACSEQAINO: YT 8RA SRA 88K ATT GIS TIKCCEGICTGACA -3,
TCT ATC GCA ACC AAC GCA TAC GCA CAG TCT GCC CTG ACT
CARS CETSEQ ID NO:p@: TACCERE THGMOGBEC AGG aGIG TAR TGT CGC AGG
%Q CTT CTA TGA ACA TTC TGT AGG G G -3';"P3 C4" SEQ ID

7 5'- TCA TAG AAG GAG AAA TTA ACC ATG AAA AAA AAC

ABGETPITEG 157 oG O o FRE RIG T @@Hhér Fb dﬁafﬁgnd add in
GCT ACC AAC GCT T A C GCT CAG GIG CAG CIG GT

3 framePUCEYIT Bader ©qNDCs.: A SeconfGAKoSASs GBT toTSl'e'pal@Teﬂy mp\hfy the Fab
ﬁav&éam@dﬂe@ %t#—ﬁgd@ﬁé e (&"thg.m ergeligg s&u.engeEémce the
| Bvé\@qla@nce'é are (Q@@a@f[g @@Acg&rﬁ%wﬁf@d&-[ﬂe{ﬁﬁng%n%fust two
amplifications were mixed together in a third elongation reaction, for ten cycles,
where no primers were added. After the elongation step primers P5 and P6 were
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
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 EcoRl/klenow-Hindlll digestion of pUC-pyrC plasmid (figure 2).
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.
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anplify the Fab light chain and add in frame the Stll
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sequences are overl apping (see cartoon) PCR products
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(kI enow) Xhol. CTu were screened by PCR and a positive
clpligergequenced for the entire Fab expression

c ) g e _
o s R BIRL AT NATE LA RGO SRR PR St R - 614
TR4S CEKABPENDSEER D NOMAs- GACATTEGTOY TGhEGGEG - 3° Tm = 64.3
n of the [ - Nrul fragnent of DoB
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88 08f bagask Fhprifd 19%f€ﬁ}8@§éﬁtmlwéﬁﬁ% Y e&ief é%%ﬂlty combined
r t
PRSP, AR 1 e o o
dur Engrefiehireatiato ammdﬁlairsll sby’sll; étrh:tsalseea @tthcmgemonstrated that the

15 Sgrllgelgft:elrf\:/ str6af1r]; Ivv(z:lls 261 C}{cer strain for%lalb pI’O(HlCthIg than the classical W3110 and

)
o)
@

that it' s 7 pyrC derivative was suitable for high cell density fed batch fermentation

and therefore open to industrial exploitation.
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I nduction phase, |leading to the selection of an al nost
honogeneous plasm d bearing cell popul ation. Moreover

w0 b@7pswoctivity of the culture is to a | ar gePERERIW6/067053

better than the one based on,antibiotic resistance.
This el evated vector stabili%€ conmbined with its high
productivity fulfils the requirenents for heterol ogous
protein production in Escherichia coli to an

e een further denons
LI e B Te i O T e S pa T
productlon t an the cl assi cal VBllO and that it' s ?
pyr C derivative was suitable for high cell density fed
batch fexmentaticoac@andctherefarrecopenrimcrndustrialcce
expl oi t atABACSEQ tEANGEAB: 2Squence Cof TTREMICT gENBAEESCG
inserted in pUCL8 cloning vector | ATATACCATG
GCGCCGCCCITR TTATTTFT TEGT CEEAAATHAAAC ACCTIICEEE: TATATGETAC
MAA?W%&CWTTE@FWGW |GTATCTCTAA

MT A P ZE‘TA@T&/ACLGTKG&TA%GBIQ‘% Rrld Mrbrd GoccAMEEACTHEAACC
CCATCCCAGG TATTAAAGAT CCGCCGCCCA GﬁCEﬁCTCEf:TTACTGﬁCEW

GGTAGGGT CCLATWATT TGT AbGROGEEGEGTL CRGCTGAGCG - B H LTR
D GD M ACKTIROZTVCEECEATEGC BAROGT TEAGEAC CICEGATCER TACC

GACATGT TA&2ARRGTGTEGT TECATATACE TCCANGTEEA: GECBTFACEG
CTGTACAATT TTTGACAGCA COGTATATGG S E I Y GR AL V MP
NLAP \éE O 1T : A
CCCAAT c
GGGTTAGACE “GA -
AV - 25 GAGCACCGIT sGAGGGTGGOG v TGECGEATCG CCAGCETAT Ty -
CTTGACCCEG ETGETCELAA TETCOBACEREr ACCCUATAGE: GETCRCATAA
GAACT GOGBCCRCHCHE BrdDCRCIGPALCAMRTAQ BGECTADRK (RACTGCGGE

TACCT GCCGIB GCACGATTTC ACCCCATTGA TGACCTGITA TTTAACAGAT
P A G HDF T P L M T C Y L T D
301  TACCTGCCGG GCACGATTTC ACCCCATTGA TGACCTGTTA TTTAACAGAT
ATGGACGGCC CGTGCTARAG TGGGGTAACT ACTGGACAAT AAATTGTCTA

S L D P N E L E R G F N E G v F T -
351 TCGCTGGATC CTAATGAGCT GGAGCGCGGA TTTAACGAAG GCGTGTTCAC
AGCGACCTAG GATTACTCGA CCTCGCGCCT AAATTGCTTC CGCACAAGTG

- A A K L Y P A N A T T N S S H G V -
401 CGCTGCAAAA CTTTACCCGG CAAACGCAAC CACTAACTCC AGCCACGGCG
GCGACGTTTT GAAATGGGCC GTTTGCGTTG GTGATTGAGG TCGGTGCCGC

T S I D A I M P V L E R M E K I
451 TGACGTCAAT TGACGCAATC ATGCCGGTAC TTGAGCGCAT GGAAAAAATC
ACTGCAGTTA ACTGCGTTAG TACGGCCATG AACTCGCGTA CCTTTTTTAG

G M P L L A H G E V T H A D I D I -
GGTATGCCGC TACTGGCGCA TGGTGAAGTG ACACATGCAG ATATCGACAT
CCATACGGCG ATGACCGCGT ACCACTTCAC TGTGTACGTC TATAGCTGTA

[#7]
(e

- F D R E A R F I E S v M E P L R Q -
551 TTTTGATCGT GAAGCGCGCT TTATAGAAAG CGTGATGGAA CCTCTGCGCC
AAAACTAGCA CTTCGCGCGA AATATCTTTC GCACTACCTT GGAGACGCGG

R L T A L K v V. F E H I T T K D
601 AGCGCCTGAC TGCGCTGAAA GTCGTTTTTG AGCACATCAC CACCAAAGAT
TCGCGGACTG ACGCGACTTT CAGCAAAAAC TCGTGTAGTG GTGGTTTCTA

A A D Y V. R D G N E R L A A T I T -
051 GCTGCCGACT ATGTCCGTGA CGGAAATGAA CGGCTGGCTG CCACCATCAC
CGACGGCTGA TACAGGCACT GCCTTTACTT GCCGACCGAC GGTGGTAGTG
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ATGGACGECC CGTGCTAAAG TGGEGGTAACT ACTGGACAAT AAATTGICTA
SLDPNELERGFNEGVFT - TCECTGGATC

WEITAADEBECT GGAGCGCCGCGA TTTAACGAAG GCGTGITCAC ABXERAEITI¢S7053

GATTACTCGA CCTOGCGCCT AAATTGEJTC CGCACAAGTG - A A K L
YPANATTNSSHGV JOf“CGCTGCAAAA CTTTACCCGG
CAAACGCAAC CACTAACTCC AGCCACGGCG GOGACGTTTT GAAATGGGCC
GITTGOGITG GTGATTGAGG TCGGTGCOGC T S| DA MPV L E
R ME K | 45 TGACGTCAAT TGACGCAATC ATGOCGGTAC
TTGAGCGCAE GEAAAAMATG ACTGCAGI TA ACTCEGETAG TACGECEGATS -
AACTCGOGTA GCETEF TITAG B M BetcdaadeH Br& T MeAGRATGD

| - O GGTATGOGGE TACTGSCGUACTEETGNAGTS ACACATGOAGCACG
ATATCGACAT CCATACGGOG ATGACCGOGT ACCACTTCAC TGTGTACGTC
TATAGCTGTAPF D REA RFE| E S VEME RLYR Qri1 2 ©
TTTTCATCGE “BARGECERET CTTAT ACKRACT CoTCATERAAT CETETECEEC
AAAACTAGCA “CT TCEOGCGA ARTATCT TTE GCACTACCT T GGAGACGEESG
RLTALKVYVYEEH| T.TKD60- AGGGOGTGAC ;
TGCCEETGAAA 16ed &2 T h G A ACAI Laher LAGRAAAGA 1 'E@@‘é%%@&' G
ACGCGACTdch reACEIAAAAAC c A€ 43T GT AfSten GI GeAdchChAn AcBad2cX Ty
RDGNERLAATI T- 05 GCTGOCGACT ATGTCOGTGA
CGGAAATGAR CEGETGACTE GCABCATCAE GGACBGOTGA TACABGCACT -
GCCTTTACT TECGACCEAC TESTEETREFEP QA E2UPET NCRGRETIACfM
LVGG QFTIQAGA%;%G%W%W@?W?WC&WWCGC

TATCCT GIBT T % AY; T T
ATACGL\% E’c&l e oo E@MC
t ATGGCAGAAA
TCACCAACAG CAGGCGT GGA CATAACAGAT GGGT AGGAGT TTGCATTATA
AGT GGT TGIKC & M N cC S vV N G -

GAAGAAATGA ATGCTTTGCA GCACTTTGAA GCATTCTGTT CTGTAAACGG
CTTCTTTACT TACGAAACGT CGTGAAACTT CGTAAGACAA GACATTTGCC

- P O F Y G L P Vv N D T F I E L VvV R -
1001 CCCGCAGTTC TATGGGTTGC CGGTCAACGA CACATTCATC GAACTGGTAC
GGGCGTCAAG ATACCCAACG GCCAGTTGCT GTGTAAGTAG CTTGACCATG

E E Q Q VvV A E S I A L T D D T L
1051 GTGAAGAGCA ACAGGTTGCT GAAAGCATCG CACTGACTGA TGACACGCTG
CACTTCTCGT TGTCCAACGA CTTTCGTAGC GTGACTGACT ACTGTGCGAC

v P F L A G E T V R W S V K Q
1icl GTGCCATTCC TCGCCGGGGA AACGGTACGC TGGTCCGTTA AACAATAACC
CACGGTAAGG AGCGGCCCCT TTGCCATGCG ACCAGGCAAT TTGTTATTGG

1151 ATGGTTAAC
TACCAATTG
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ALRELVASGFNRVFLGT- 301 GCATTGCGIG
AACTGGTCEC CAGCGGITTT AATCGAGTAT TCCTCGGTAC CGIAACGCAC

WA TEACRISECG GTCGCCAAAA TTAGCTCATA AGGAGCCATG DP@EI/BAPIO064)67053

ARHRKESSCGCA CTGCG CCACATGCAC

GICATCGCAA AGAGAGCAGT T CCTAAGACGC GGIGTACGTG

CAGTAGCGIT TCTCTCGICA ACGCCCGACCC GCF NAPTALGS

YATVF 10 CGEECTGCCTT CAACGCCCCA ACCGCCCTGG

%%@% TACCGICTTT GCCCGACGAA GITGCGGEGEGT TGGCGECGACC
ATGCCCAGAV A A EEMNAL QHFEAFCSVN

G - 351 GAAGAAATGA ATGCTTTGCA GCACTTTGAA GCATTCTGIT

CTGF ANRGERNCTTET TBAGTW TROGRAAGHRoCGT-GAARET, TB CGTARGATGAAW. R.

CRephvaT eIl HPMBIY datsiFr drfidhrespiesion of

GIabGAAGHA Eeic hiaddo [ T8 G1 ASERN D 16d ek A6 K6l Gielding
-EEQQVA SIALTDDTLOGTGAAGAGCA
Abistdrvetot mpaAceaPertdasTiale Pee MGACACGCTG CACTTCTCGT

TGTCCAACGA CTTTCGTAGC GTGACTGACT ACTGTGCCGAC V P F L A

G2BVITrpHy B BV SadVE[st€hn,S.IC) | BIGAGATAIGE fmaa@@@a@\ndance for Human
AACGGTACGC TGGTCCGTTA AACAATAACC CACGGTAA

AGCGGECCCCT
ThemensEets Thcrarpand et TariryTEeP | pil Dm&aéﬁw@raﬂon Rockville,
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76, 4350-4354. 27 CLAIMS 1. A nethod of producing a
reconbi nant protein conprisbﬂ%jwﬁia) transformng a
host cell |acking a gene encoding an enzyme required
for nucleotide synthesis with a vector conprising a

gene encodj ng the reconbi hant protein and the gene
eﬁcofaimf'@h%@g REAGHFIRS 3 ERROMPIRNLPTICHLFARPIEHIET host cel | .

2T 0 | Al r.ei ' 10st. C i .
o 4%hof RIS 6 B ThebdiRe an” Shiyrde] required for
hostnuwédolidé syEhessd withd véthe ermthrotheas gehaemmdingnthanycombinant
one of clai l1to 3 xherein said enzyne is pyrC or a
honot'8Y5ifeahBF Sie ensodisg, e FizyBG claimed in any one

0fb)Cd AoWBnelsaiPhdht ¥her ei n said reconbi nant protein is a
human protein. 6. The nethod as clained in any one of

clainms 1 to 5 wherein said reconbinant protein is an

cPar PP PLEARET Wit O hins Sk Bol Ragment 15

Fab fragnment. 8. A host cell fromwhich a gene

encodi ng an_enzyne required for nucl eotide synthesis

has Heeheted ef daim 3 whardip said Besticelhés Erelimed in claim 8
wherein said host cell is an prokaryotic cell. 10. A

host cell as clainmed in claim9 wherein said host cel

I 4. ETle0ikthod s chihesin asl dneast dhiaisnetd 3 whareirosad efizyme is pyrC
clains 8 tqg 10 wherein said enzyne is pyrC. 28 12. A
hostOr@dlamee e tBeRefel in claim 1 1 wherein said host

cell is BW5113[del ta] pyrC.

5. The method as claimed in any one of claims 1 to 4 wherein said recombinant

protein is a human protein.

6. The method as claimed in any one of claims 1 to 5 wherein said recombinant

protein is an antibody, or fragment thereof.

7. The method as claimed in claim 6 wherein said antibody fragment is a Fab

fragment.

8. A host cell from which a gene encoding an enzyme required for nucleotide

synthesis has been deleted.
9. A host cell as claimed in claim 8 wherein said host cell is an prokaryotic cell.
10. A host cell as claimed in claim 9 wherein said host cell is E.coli.

11. A host cell as claimed in an one of claims 8 to 10 wherein said enzyme is pyrC.
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13. A host cell as clainmed in claim12 having
desi gnation nunber CNCM 1-3447. 14. A vector

W@ ompi3®BNg a gene encodi ng an enzyne requi r edP€DEP2006/067053

nucl eoti de synthesis. 15. A vector,as clained in claim

13 further conprising a pronoter, enhancers or other

regul atory elenents. 16. A vector as clainmed in claim

13 or claim 14 wherein said gene is pyrCor a

honol ogue thereof. 17. A vector as clainmed in claim 15
wherein said vector is pUC18-pyrC. 18. A vector as

cl2j Amdsti cellanylagnel @f clgihal Nehdrdint saidlifost e1k 8@BW25113[delta]pyrC.
conprising a gene for a desired reconbi nant protein.

19. A vector as clainmed in claim17 wherein said

dasi " . ) S : -
Ry B N DA iRl b A A AR (NGATER .
said vector is DoB 0138 or DoB 0126. 21. The use of a
vector as claimed in any one of clainms 13 to 19.in. a .
O eGP (BRI e DR A A BReoE AP d 195 NUGASQHEE synthesis
for expressing a reconbinant protein conprising: (a)

host cell as defined in any one of clainms 8 to 12; and
( B9. A veeter oy claisnedan ichen 1B3rfurhgr conwprisingal prpmeter.3nhancegs, or other

regulatory elements.

16. A vector as claimed in claim 13 or claim 14 wherein said gene is pyrC or a

homologue thereof.
17. A vector as claimed in claim 15 wherein said vector is pUC18-pyrC.

18. A vector as claimed in any one of claims 13 to 16 further comprising a gene for a

desired recombinant protein.

19. A vector as claimed in claim 17 wherein said desired recombinant protein is an

antibody or fragment thereof.
20. A vector as claimed in claimed 18 wherein said vector is DoB 0138 or DoB 0126.

21. The use of a vector as claimed in any one of claims 13 to 19 in a method of

producing a recombinant protein.

22. A kit for expressing a recombinant protein comprising:
(a) host cell as defined in any one of claims 8 to 12; and

(b) a vector as defined in any one of claims 13 to 19.



