Met hod for producing a reconbi nant protein on a manufacturing scale 5

I ntroduction The present invention relates to the production of

reconbi nant proteins in bacterial host cells on a manufacturing scale.
Cur r ent | ywopoeckdzieg on of reconbi nant proteins in bact edralp2iiRstd®ez | N
particul ar Escherichia coil, nostly uses plasm d-based expressi on systens.
Since these 10 systens provide high gene dosage and are wel | established,
t hey have becone wi dely accepted, al so because the avail abl e cl oning
protocols are sinple to handle. Plasm d-based expression is characterized
by plasm d copy nunbers up to several hundred per cell (Baneyx, 1999).
Expression plasm ds usually carry the gene of interest under the control
of a pronoter, an origin of replication (on) and a nmarker 15gene for
selection of plasm d-carrying clones. In addition, coding or non-coding or

non-function bon equences are fr.equent | resent. on said plasmds
(i.e. vect org))[efﬂpo?ﬁ;érpﬁ?(g%%@%em?ﬁ&% I projan ﬂﬁqaﬂéfagtﬁ??%%@ndi ng replication
mechani sm al ter the netabolismof the host cell (D az-Rizzi and Hernandez,
2000) and inpose a high nmetabolic burden on the cells, thereby limting
their resources 20for reconbi nant protein production. In addition, the
application of strong pronoters in conbination with high gene dosage
triggers & r diteodfctioconbi nant protein formation that is usually too high
for the host cell to cope with and may therefore lead to a quick and
irreversibl e preakdown of the cel| netabolism nsequently, the host
cell's pot enFF%Preﬁegﬁlﬂg?n%ﬂﬂ f‘%lﬁtm?thim"ém‘ﬂ@a OEFFCBIFI @?ﬁtgﬂﬂﬁ@%ﬂl haglefighyg, 25
resul ting i nhosoveilionlathanthctidiapiséale. of the reconbi nant protein. Thus, one
of the maj or drawbacks of plasm d-based expression systens may be

attributed to the increased.demand for nutrients and energy that is
requi r ed foreﬂ??iglﬁﬁ HO?‘@BPPBE’ECP%&&?I‘H PERIFiRE WrhaRieral hostsdp particelgn cal

phenonenon i Bsdakaciia ehrbanetl S8 bREMId SastekprRABY GysRinsPbiRsdindseCOPY NUMber
in the course of cultivation. Reconbinant protein production is

acconpant &d, Systemaipgyidedpeheecar dasacs prd areiellesigblishod thayrhaunbeooaiel ul ar stress
that | ead t oy i . n
B, 0 S L AD

interference wth the
Consequently, PCN increases rapidly and causes a breakdown of the

cul tivation iddysedeppieationeid characieriasd Py efmist copy ninbers up iaswayrabhenomenon
o P15 RS sl s, LAY, 0 pSERUIIGLoAE gpgess  co
10Segr egat i oitelrest waienthe lcontyol of & pwmdidrearf anigimof eplicafionplsas whdla hiager host
IR T A A I L
di vi si on, cehdnsfunaionhldmekbione sqjuasoek dre frequently present on said plasmids
(i.e. vectors). The presence of plasmids and the corresponding replication
mechanism alter the metabolism of the host cell (Diaz-Rizzi and Hernandez, 2000)
and impose a high metabolic burden on the cells, thereby limiting their resources
20  for recombinant protein production. In addition, the application of strong promoters
in combination with high gene dosage triggers a rate of recombinant protein
formation that is usually too high for the host cell to cope with and may therefore
lead to a quick and irreversible breakdown of the cell metabolism. Consequently,
the host cell’s potential cannot be fully exploited in plasmid-based systems,
25  resulting in low yield and quality of the recombinant protein. Thus, one of the
major drawbacks of plasmid-based expression systems may be attributed to the
increased demand for nutrients and energy that is required for plasmid replication

and maintenance,



and, consequently, also the gene of interest. Such |oss of plasm d depends
on several external factors and increases with the nunber of cell

di vi sions 15(generations). This neans that plasm d-based fernentations are
i mted wbhoosagaesd t o t he nunber of generations or cethmgelbisdes
(Sumrers, 1991). Overall, due to these properties of plasm d-based
expression systens, thereis alimted yield of reconbinant protein and a
reduced controllability of process operation and process econom CS.
Neverthel ess, due to |lack of nore efficient 20 alternatives, plasm d-based
bacterial expression systens becane state of the art for production and

i sol ati on of Ahethertmpied pberomesonis Masmidpessdsystemeis the dhargef e @lagmihg scal e.

Therefore, a fi . ' Sl . onme- based
expr ossi on oy dB Bt E ol IR L o A e o e
exarrpIF for aprfﬁﬁapmubml:ﬁigigmmespimmbs; Wﬁﬂhata;iraﬁom mmdﬁwdiﬁhnﬁkdsytmwﬁacbssed in
E. coil, is e RNA po rase o e . , i serves the purpose
of plasnmid- bé?slg‘ge??%ﬁ%og ﬁg?dﬂc@%g%‘{t@]% ﬁﬁff%ﬁg@sa&dmgé'ﬁ@%“ﬁ%}@ar est. This
system wii ctontsl Secighivdldf plag@sTedph dmber (BENY., CdetOfly, PENDASREkeON _
non-site specific integr aﬁ)l 0 andfljgnclgr s. the resul tlung“bact erial strains
(e.g. E coi IPPBIHISEEFS 8 rpRSrTIY §ylrepdionprapess denglled grupragEnt
potential cebfodySitR rhbkAEItnb% TN ELyPD A EMIdS h&&ﬁﬁducﬁ@@of T7

pol ynmerase gene was integrated into the chronbosone w thout creating phage
| ysogen, i . erccombipgiy gpipseprestobanesbiodgbuns mercaseisif gend dosagenD

2003/ 050240) Glgﬁg LY »obft egration of T7 RNA pol ynerase gene into the
genone of Co?yne gljc}{ter"i glr)r?)écet oaci dophi | um has been descri bed, again for
the purpose of 5 plasm d-based expression of reconbinant proteins (US
2006/ 000834 045egragahenal metabibitis (o thegfernoation of pleemiddtdedwsteklisiand ei ¢ aci d

sequences - | m;gl i pati-on i i at ed t he,Red reconhi nase
function of %tﬁ"e_ plégg%ﬁﬁ?%%ﬁ%ygai@%é@é} _?et'q E:ellc%e/a(‘]:‘" a4 1%1(8:5#%? nase
;UI’IC'[I otn of selam1@&@@d¢pﬂ&dg@té@mﬂgme]ﬁﬂlﬁs}oﬁ9%&_mayheséehdoﬁlaﬂi?lauggtes_tefl_
or protein expression studies, seguenc i nsertions,(e. of restriction
sites, site- e&?@?@eﬁb’cﬁlﬁ%ﬁ?ﬂwgﬁe&ﬁ&%% S8 r%%%i“ﬁ&%ﬂ@ﬁ% unct i onal
genes, pronDieeEs) extdldl Bickd?H sn BBl Shithtthd n@iter bMNId®¥isiond al ., 2000). WO
2001/ 18222 deseri bes utilization of a chronosomal integration nethod based

on the Satch@efghioas) this sirpey that phasmidopsed deraentatens arg lppehwith Fegawsigni ti on

target) to the number of generations or cell doublings (Summers, 1991).

Overall, due to these properties of plasmid-based expression systems, there is a
limited yield of recombinant protein and a reduced controllability of process
operation and process economics. Nevertheless, due to lack of more efficient

20  alternafives, plasmid-based bacterial expression systems became state of the art for
production and iselation of heterologous recombinant proteins on a manufacturing

scale.

Therefore, as an alternative to plasmid-based expression, genome-based expression
systems have been explored. A well-known and widely-applied example for a

25  heterologous protein that is chromosomally expressed in E. coli, is the RNA
polymerase of the T7 phage, which serves the purpose of plasmid-based
transcription of a plasmid-based gene of interest. This system, which is originaily
described in US 4,952,496, is based on non-site specific integration, and renders
the resulting bacterial strains (e.g. E. cofi BL21(DE3) or HMS174(DE3)) as

30  lysogens. To prevent potential cell lysis followed by undesired phage release, the



15 reconbi nati on system (Pesfai et al., 1994) for insertion of ethanol

pat hway genes from Zynononas nobdi s downstream of chronosonal pronoters of
E. coil in order to confer ethanol ogenic properties to that host. The FLP
syst em wawousmdsio0§ preci sely renovi ng sequences (nmar ‘if%‘[ﬁ«:ﬁ(ibgmge%{%) i cons)
after chronosomal integration of circular vectors (Martinez-Mrales et
al., 1999). 20 A nethod devel oped by Datsenko and Wanner (2000) for
insertion of linear DNA fragnments with short honol ogy sequences, utilizing
the A. Red technology in conbination wth the FLP-based marker excision
strategy, has been applied for the insertion of an antibiotic resistance
gene for chr @iwelymatasgegene wasphtegrates idto (Helohpimyosoh® S&howtrcrdating pleipe

di sruption ( enko.and .Wanner ., 2000). Also,.this,; as been

suggest ed fo%%é%??%&%r%%%?s ne°§?3”%°£5°3%%?“ﬁ6??8}“85858ﬂ ﬁgaéﬁﬁfgg&é &ins by the
chronosonal Resetly,idegrafiorfofTEX KA, polyridrad ¥t inf e gerddni-drag prior to (i.e.
upstream of)pgal d, proteins (Jath, 2Q05 Genone- based expression was al so

suggest ed f oF?PHREUGIEI AT onrdprdes ?%F%@Giivélgﬂiﬁtf@' thapurpeeiosone of
E. coil tm eﬁlta@ﬁﬂdlb%bdaexbﬁfééiéﬂlﬁqﬁ&fmlﬁﬁdn%ﬁdt&ﬁb mooéﬁtrogj?f opagation of

pl asm ds without an antibiotic resistance marker (WO 20067 029985). In the
cont ext of t@ t sel e&%on system the genomic insertion of a reporter
protein (gre®Hef MetPesios Bendgne ket npcleig 2¢id segustsgsl- isyhicbm t o
denonstrat e gephBisfdi-i§8kiMad b R ki : ' affenzel l er et
al., 5 2006). cl nasiml gr wa ?M{@ho%drgt@&g?@%g?%gﬁ?g%gg?l ed the

i nt egrati on GfurghyilP@8) oy th dReg B rgopmbipasy Rectidnl of theeResgméphegot ei n as a

reporter nol n 1 .Is described that makes use
of integrati %ﬁlh%o%e eteaili"c} rcul g?@%’g’?%&%@%‘?@%?ﬁgﬁaﬂ mgr?sélﬁflgg&gﬁr%mﬁ%l

t r ansf erl (DNAthser@TiB)(e.p naflrentiiictipn aitese biesstpabifie revambérasd taigot dites phateiher i al
chronmosone (j.e. at. the attB site.of E. coil). In 10 that nethod, by using
duplicate Dl\fﬂg%gﬂﬁﬁﬁ‘@z%e‘}emmlﬂt T)Hlglesg '%‘PF“HE'PR%@/,I“%?F[%FT flication of

t he chr onosormmio).gene dosage was achi eved. Thereby, the obtained
chronmosomal gene dosage was approxi mately 15 -40 copies per cell, which is

simlar tot Leved caommonl y _.used plasm d vectors, Cultivation of
cl ones cont aﬁﬁﬁ%ﬁ@%k%?% “F‘%?ﬁé’?@faEﬂ?@ﬂrqo?ﬂr%agﬂlg?%ﬁlqnﬁ{l‘éﬁh?%@s%et eiial
15 genone r egitht SebchironBYS| Srdside T PRERGD)/F Rﬁf{ﬂ?ﬂfg%g)@é@ﬁﬁﬁ tefr.gﬁ{t?] hose

, . is ne

obt ai ned by pl asm d-based systens (O son et al. od
requi red S n wFARRINgtiog systerp (Bystactisla dd94) dor ippertipnraf gthenolinethivay egnest i on,
limted to t@&ng%,,g@nggfg% pBEd SRS &Fq;h;. | ect of the
enbodi ments di scl osed heroei rf to pr 0\% e a(%'n%s\g/rg?1 ﬂnrgrﬁﬁggscoﬁt% ?‘%’J’gﬁscal e
expr essi on rasgerdel conder qhandlegémig propetinbiorthatthogy GhelrlR sysEhewprssd fitr
di scl osure r f Lhg a.reconbi nant protein of
i nterest on lgéan%ﬁfﬁ%@ﬁ giﬁ%@%ﬁl@%%%%?%ﬁ%%“@ Fligersc[{rg’&os‘ai‘lal

mntegration of circular vectors (Martinez-Morales et al., 1999).

20 A method developed by Datsenko and Wanner (2000) for insertion of linear DNA
fragments with short homology sequences, utilizing the A Red technology in
combination with the FLP-based marker excision strategy, has been applied for the
msertion of an antibiotic resistance gene for chromosomal gene replacement
(Murphy, 1998) or for gene disruption (Datsenko and Wanner, 2000). Also, this

25  method has been suggested for overexpression of tagged homologous E. coli
proteins by the chromosomal insertion of a marker, a promoter and a His-tag prior

to (1.e. upstream of) said proteins (Jain, 2005).

Genome-based expression was also suggested for integration of a repressor

molecule into the chromosome of E. coli to establish a host/vector sclection system



a)cultivating a popul ation of bacterial expression host cells,

25b) harvesting the protein of interest, and c)isolating and purifying it,
wherein in step a), cultivation is in a node that enploys the addition of
a feed nmedium said node being selected fromthe fed-batch, sem -continous
or continuous node, and. wherein said bacterial expression host cells
contain, integrated in their genone, a 5 DNA construct carrying the DNA
sequence encoding the protein of interest under the control of a
pronot ert hat enabl es expression of said protein. _ In one aspect, there is

rovided a ne O .- Dr cing a.reconmbinant protein of interest on a -
ﬁanuf act uri ngtfé}ccbg?éa%a%%n%%% %Tm”ﬁgs Wﬁéoug?%ﬁ%u 6&05%1@?]9%%@%9 a popul ation
of bacterial ¢Wdr2006/029985)sIn the boistext bf tHatsckfibn HGtekk) heebBicin®ftionNt er est ,
and 10i sol ating and purifyi it, wherein _in step a), cultivationis in a
node t hat ererg@‘s'ePf’ﬁ P&B’Gmég??ﬂéﬁmﬁsq%ww)mwmﬂwawehm@mo@i ng
~sel ected fromihensher-diistiid- AT RRALAINMAMSIsOFealRRl PRERISITRGG;  and

wherein the expression host cells contain, integrated site-specifically in
thei r genove, 280Q)dniasipilarmee Zhow elA200Mstesarihed tksintcgratin ofe ¢itvelaDNA

sequence enrcoqgég&craj:}?h I e‘?lif[hgé LRLEESST ‘q_,g t control of a pronoter
t hat enabl es express o%gg% Sali Sgroijlgu:’teg]?"%\%e §‘F%IJ§‘§%‘?¥?€DNA construct is
“inserted into one integration site. In the followng, the term"host cell"”

desi gnat es t hin WAL 196{40722,cd tethbdiis describsé thapmakdsaiss bBinteprjorefd prior to
its transfor I, i : .const.ruct ca i » .0of 20i nterest.
The cel | that délg&{,} v%éﬂ(s{)%g%%}r ‘c:)bﬁ?m?s}?gmﬁ %‘é‘%&% ’gﬁﬁgﬁ qleding #at
carries the geatetable maderinsd theibadteil ah@thossmt (i®. GEROMER siteof FEEMB N |

" expr essi hest cel | ". . : ,
Xpressipf Ne3e mgtgoé, by using duplicate DNA sequences flanking the selection marker,

amplification of the chromosomal gene dosage was achieved. Thereby, the
obtailted chromosomal gene dosage was approximately 15 - 40 copiés pér cell,
‘which is similar to those achieved by commonly used plasnud Ye,ctors.r Cultivation
 of clones con_tainiﬁg chromosomal transfer DNA integrated into the bacterial |
15  genome resulted in levels of recdmbinant proteins similar to those obtained by
plasmid-based systems (Olson et al., 1998). This method requires in v111'o ligation
of CTD and is, with regard to integration, limited to the a#B site. '

* Brief Description

20 It was an object of the embodiments disclosed herein to provide a novel

manufacturing scale expression method for producing recombinant proteins.

The present disclosure relates to a method for producing a recombinant protein of

interest on a manufacturing scale, comprising the steps of -

a) cultivating a population of bacterial expression host cells,
25 b) harvesting the protein of interest, and
c) isolating and purifying it, wherein



The expression cassette contains, as its essential elenents, the gene of
interest, a pronoter and a ribosone binding site (PBS). Additionally, the
expressi on cassette may contai n sequences encodi ng "hel per proteins", e.g.
mar kers or proteins that favour growh of the expression host cell, e.qg.

- genes relevant for sugar or protein metabolism and/or proteins that

- I nprove expression of the gene of interest, e.g. chaperon nolecules (like

G oEl or (JroEs) or genes that are involved in transcription and
translation. Detailed Description of the Invention Protein of interest
Wth regard to the protein of interest, there are no lirriitations. It
may, in principal, be any protein that is to be produced on a

manuf acturing scale, e.g. an industrial protein or a therapeutic protein.

Exanpl es for ipspae),ralivh@in i ana BedPHackaseyte MdBidRiftedhedilif, dvent i on

are, without limtation, enzynes, regulatory proteins, receptors,

peptides, e. d?‘ocgléﬁl}g(féieﬁ‘@ﬁ%ﬁb@? fedoh peLRIscon PhprEMIgpous magis st
protel ns. Theyiéth 84ill badtiridl ShEQR HIRCeA B iABLLAE 12128 SRR 0T
vacci nation, vaccines, ‘antigen-binding proteins, Tnune s Bl & ory
prot ei ns, Sal |I&Neqmstruct eartyirisghey DN Aaseiitnsd creding theproteodyf iftemsmidsr or

derivatives. i j I | ected fromthe group of single
“chain anti boﬁs%%ﬁ%ﬁ?%%&%ﬁ%%? %,’ere%gonfo(r%%lnglfﬁt%?' si ngl e domai n
antibodies (VH or VI, fragnrent), dommin antiboeis |ike canelid single
domai n ant i boli @e Fshed, thermriopodided ) method RepréduicilpeiychRpRBL Sor8Rid

descri bed for f1n t ance in Andersen %d Reilly (2004) or Holliger and
Hudson (2005) %" éesbmamﬁné‘giﬁ‘%“@r?& i FERTHEGE SEPHODT interest is al so
terned "gene of interest”. Pronoter "Pronoter” -in the nmeaning of the
present inventiom)is anuagKps | YA -0l . rmts binding
of RNA pol ymerase)and the i r@??a@gﬁaﬁg? O?IPgﬁg%erﬁiepﬁEg%ﬁﬁF%ES%gs’enbodi ment

of the invention, the gene of interest is under the control of a "strong"
promoter. A strofy pro sting therprotgit eff ingeektppda hi gh binding affinity of
t he pronoter sequence to an RNA pol ynerase, usually the naturally

occurringgcorrespondi n g}g@ se,.. on the one hand and the rate of
formati on of 15 n%_NA %f/ t aﬁpgxﬁ(ﬂﬁ—{) n%ﬁ%rwgféel%n-trhe ot her hand. : :
Preferably, the gene of interest is under the control of an inducible
promot er. - An ih sigpa)subivatiomit iara edexthpr @iiplbed the Aaditibs of 8 Wil € by
external fact O‘r_fﬁ e%?ft toge gjrleselnce f an inductor (also termed "inducer")
mol ecul e or HE'UBsHLBode beng selecied froppihe ded-atclysemhyeitinlous act or s | i ke

i ncreased or cH@EhRABS BbIL CIRBHRILLS lLari H.val ue. Different
pronoters and the respective irﬁﬁu]ct?%ﬁjr%@clﬁg#%%lsﬁéé%%iﬁ?%%ﬁ by

Mal cri des ( 199&¥pecificalliidn froosgenomenw definedmunpepobbBiscomyulie used t hat
have beepn: de f pl asm d- based expression, anong the strong -

pr onot erfsl5, tEe glig g %%eo t%?qu‘?ncﬁ&B?‘éﬁf‘%gﬁéﬁ@e’ﬁpﬁﬁ%@%‘é@ﬂeﬁﬁ@tCOWIGJeI y used.
25 In_a pref ef i pronestpeit crlabRs BXAERIGH of Sid te}l vﬁ{e?é?gEQJhDﬂ?' based |
expressi on systens, conprising a conbination of the T7 pronoter and T7

pol ymer ase gEMSUUFHE msered v prointagiatidmesifeac pronoter, are w dely used for

| ar ge-scal e expressi on of .reconmbinant proteins in both bacterial and
eukaryotic c 'll'he system nmakes use of the T7 RNA pol ynerase,

| ]'s.
transcripti oﬁ“ thy follaypngithe term Shast Gl flesignatesthe bastasial edllthat ifused @5 the RNA
pol yner ase. JBRin®%pN 888 8%s HaRb b otg r &.n%ﬁ?g%riﬁ 1t r.ol of 17
RNA pol ?%er ase, \%hi CE is stringentl yﬁé?oﬁellctﬁglbﬁ%r t he pé%ﬁgg%r()fo
(Chanberi n Bergit. Theysi dhat his, ypon tnensformptienyftedmewrddN Armbystinet thati | | zed by
the pol ymer aggrof th@%@ﬁe%fh%@gﬁgﬁtégatem%& éeggu?e,liéss telanqeddadengr%ssriorh ost I ture

medi um
cell”,



5 T7 RNA polynerase is expressed by transcription fromthe |ac pronoter.
In the neaning of the present invention, the teiin "T7 pronoter"” includes
pronoters that are present in the genone of bacteriophage T7, as well as
consensus sequences and variants of such pronoters with the ability to
medi ate transcription by the T7 RNA pol ynerase. The bacteriophage T7
contains seventeen different pronoter 10 sequences, all of which conprise
a highly conserved nucl eoti de sequence (Qakley and Col eman, 1977,

Panayot atos and Wells, 1979). According to certain enbodi ments.of the

i nvention, tH&CGENessn casselds enntainmys teessmdiel clérhents; tietgent obifitetdse at ac or t he

trc pronoter e ..(all Jinducible by | actose or
its anal oge I Irgljrl%tﬁ ia%gg?{l))g%}%#gﬁ% g },@e[)@%éaﬁ}g%&%@n&gy,)the PHPESSTISn L2555t v

regul at abl e aEzRADaiseqrehess oq B “Helrnprotadis”al.g. maHRdSor frowdiag kat € by

ar abi nose) , %ar{% trgg&lr ter ési .ndrlci bllg bé/ 13-indol e acrylic acid addition
or tryptophah SEarvatl Bnic PEFrEes fBft&cys- g?"p?ﬁé%ﬁ’é‘ﬂtf%ﬂ-}gﬂ'@m‘"?te@he | anbda
promoter pL (¢abbliste eed/érgitotins aidt b CA&Sr@bioh SRS %a{elaf@atereétbe phoA
pronoter (inducible b%ﬁPhosphate starvation) or other pronoters suitable
for reconbi n&Bt HIPIPRMelestics (ke GroELor (noBRYqr @eres they aw)invalyridgh al | use E.
coi | RNA pol ¥aRcastn HBAMshdAUCI bl e pronmoters are those that show a

"| eaky" expression behaviour. Such pronoters (so-called "leaky pronoters")
are, in principle, inducible, but show neverthel ess al so basal expression
wi t hout being externally induced. |nducible pronoters that show | eaky
expressi on under non-induced conditions nmay 25 behave simlarly to

consti t uti veDpags®DRitiptionf tid B erfiéh St €adi |y and continuously active or
they may be activated or enhanced-as a result of . certain cultivation
conditions)._Leaky _pronoters may be particularly useful for continuously
oper at ed cul Prafeipiobntgiestcesses. Exanpl es are the T7 pronoter and the trp
pronoter. - In the nmethod of the invention, the pronoter nmay al so be
const it uti vewith.regardtoRhOFRtE ofietdyt GRRL £:RnS HRNAHERSI A V\fntspl?ﬁlzjihalt he need
for induction on the one hand, or the possibility of rerg’re st oh bn the

other hand. PE@rotEiRhasiste be pradupederse matfacerinscolg e ssimiustial a cert ain

| evel . Asid -‘t]g"ea%' . i.re an jnducer,*
constituti vgpr%ﬂ?glrr%? \eltﬁéjsﬁlg&rq char £1cu atp?%? fﬁ@éﬁ%@&%é&%&d’l@ﬁ?@%\ﬁsre t he
met hod is contthediefiibe nasntibmgee, Mithdublghtation, daymes, espaliirg protdiss, St r ong.
constitutive, s r. (Poo.et al.. 2002. Jeong et al., 2004) may- be
appl i ed f_orergo strgtp%%/eg’ eééiﬁ)rg@ls‘%ihgﬁmﬂes eﬁ’éﬁ?“q@%s‘gtﬁia@sﬂoﬁt egrated in
~ the genone gfroteine. Tegireteina bf ingdréss mak 2o 0 BhidieASas ubBd fofWBGIALSLY UPStream
of the gene of .interest,.a.Shine-Dal gano (,SDza sequence, also terned

ri bosome bi ndF AT s 8 EYIFIS Y g@i‘i‘?é&?’? foggBroteinsy pliergesd.l owi ng, t he
linear .or circular DNA construct to be integrated into the bacterial
genone is also terned "expression cartridge" aor "cartridge". As a result
of 15integration, the expression host cell has an integrated "expression
cassette". ' ‘ .

5a



Preferably, the cartridge is a |linear DNA construct conprising essentially
a pronoter, a gene of interest, a ribosone binding site and two termnally
fl anki ng regi ons which are honol ogous to a genom c regi on and which enabl e
honol ogousyorapakieat i on (see insertion cartridge Shoﬁﬁnhgu&kﬁ 06 10). In
addition, the 20cartridge may contain other sequences as described bel ow
in detail; e.g. sequences coding for antibiotic selection markers,
prototrophic selection markers or fluorescent markers, markers coding for
a nmetabolic gene, genes which inprove protein expression (like e.g. the T7
RNA pol ynerase gene) or two flippase recognition target sites (FRT) which
enabl e the r dubleapthehtipdids ar mtdedy famests 2bdeivgtivanintitiody derivaeisésst ance

fter jnt tion. Th tridge | nt hesi d lified b
et hots. knowft EEHE e Pom UCerh SLartEyem B ER LEF o BRSTEE | v by
st andar d pol Yeragsents; gl doaadd idibodiBEOR { WV SRinand, Wkhdteiatibdd@%ke Si nce

| i near cartridges, ar sual |y _easier to construct, they are preferred for
obt ai ni ng t héa‘gaﬁlrsé@i‘f 4R atibogiep €Vims agpabadien et ﬁ@?w};@ﬁy forats phvent i on.

Mor eover , 5t h@egfiBed¥br ﬁsﬂaﬁ&aﬁ&nﬁé@é&éﬁlI&Hﬂlf@bba{)'d#%11@repé{ﬂm§dﬁ&be advant age
that the genomc integration site can be freel’y chosen by-the respective
desi gn of t h&WfhAke RY vaatsrdg erepdinggheproteif oftihierestis else thywed Tdese eby,
integration gfi.the |inear expression cartridge allows for greater
variability wth regard to the 5 genom c region. Host Cells Regarding the
bacterial host cells, there are, in principle, no limtations; they may be
eubacteria (Hremetebsiti ve or gramnegative) or archaebacteria, as long as
they all ow genetic manipulation for insertion of a gene of interest,

advant ageousl« HEOL 'ﬁﬂ@fl L Co Wol¢) ' |tivated on a
nanufacturingmgggﬁz?ﬂ§$% %ra @?hf%%§%§§§9@%@fsﬁﬁ%ﬂﬁﬁég%gﬁﬁérty to all ow
cul tivatli®n tlemantdghet peintitsbénisng ofRNA Brhmprass afdthe bagdtenioftraivosptiael | s t hat

have been sh t suj | e _far reconbi t industrjal protein

product i on a?% §%ﬁ§$¥%ﬁ%%ﬁ%%?ﬁagfgbgﬂf@gég%ﬂgﬁﬁﬂﬁwﬁ%ﬂhﬁﬁwﬁﬁgQE? 1998) ,

Baci | | us subf'dtdons’; priisetsel custrumg prdrhictecis chaisctérbet by @ hightbimling affibity 004,

Ret al | ack etﬁﬁl"‘ﬁOOGQE%S wel | various Corynebacterium (US

2006/ 0003404 Al rally oguBMEst r ai ns.
APTOmTE SEEPa BRIV RebmsTsRyghall the nagyral

Preferably, tdispading®NA poFtRrase, oadhd orfe&lahd and the PROGIGFmAtRH Y enent to

the host cell is that it contains an RNA pol ynmerase that can bind to the
pr onot er! TonPRHA Pnigat IHIA gelyancsascop e ather hahe RNA pol yner ase may be
20endogenous or foreign to the host cell. Preferably, host cells with a

forei gn strop@fdiiMy, iR HBHARRIAT & tha&dhe Msb] O BfELR MY pBRStr S44 ai ns, e. g.
E. coil strains, are used that have been engineered to
inducible promoter is a promoter that is regulable by external factors, e.g. the
presence of an inductor (also termed “inducer’”) molecule or the absence of a
repressor molecule, or physical factors like increased or decreased temperature,
20 osmolarity, or pH value. Different promoters and the respective induction

principles were reviewed by Makrides (1996).

In the present invention, promoters may be used that have been developed for
plasmid-based expression, among the strong promoters, the T7 promoter of

bacteriophage T7 has been most widely used.

25  Inapreferred aspect, the promoter is the T7 promoter. T7-based expression
systems, comprising 2 combination of the T7 promoter and T7 polymerase gene
under the control of the lac promoter, are widely used for large scale expression of
recombinant proteins in both bacterial and eukaryotic cells. The system makes use

of the T7 RNA polymerase, transcription rate of which is several times higher than



carry a foreign RNA polynerase (like e.g. in the case of using a T7
pronoter a T7-1ike RNA polynmerase in the so-called "T7 strains")
integrated in their genonme. 25 Exanples for T7 strains are wi dely used and

conmmer ci alloyodyard@bl e, e.g. BL21(DE3), HWVS174(DE3) a%"?mi}([?’“ erj vatives
or relatives (Novagen, pET Systemmanual, 1 1 th edition). ese Strains

are DE3 |ysogens containing the T7 RNA pol ynerase gene under control of
the lacUVs pronoter. Induction with I PTG all ows production of T7 RNA

pol ynerase which then directs the expression of the gene of interest
under the control of the T7 pronoter. Preferably, a host cell is used that

contai ns a TE. RMARNAIppigenasse. T odprdisien fremnhgen piswid iegidet @6 ctidrout
generating ph sogens, e.g..,as described. in 2003/ 050240. (Cells

that do not aﬁﬁﬁé%emﬁmasﬁ V’Eﬁ&é%m%%‘ﬂy mﬁ%ﬁgg&w Ergmoter A " T7-1i ke RNA
pol ynerase” iOmdnfis, et BL1976), DOlthd TThicatbtdrQen BMAbRRLITRLIHRS from ot her |
T7-1i ke phages, such as the T3 %%IA\‘EN nerase, as discloSed in US

4,952, 496. APPYBFRERPIarisripphage relREGuissadsd e theswltime madium,t her e shoul d
be a highty spegihifolrRINRLEA: aﬂggg t ne gf interest is
transcri bed at a hilgh rate ?%%t%gwp etgenc hgﬁﬁélﬁtggﬁ%&mpo‘ﬁ?ﬁer ase. 10

Al ternatively to using the above-nentioned strains carrying the T7 RNA

pol yrmer ase, $Suibhmseging pSthe arestns inyentom thedende ™ Tiopwromoter"gncladespesnotedsed i n US

4,952,496, U 4 I 240. The host cell strains E
colt BL21(DE a?%rggfﬁg%g%%ﬁgﬁmexﬁb%%gﬁé@%g? g@eﬁs\‘/"fé’ﬁ % RISy e Shsed T7
RNA pol yr ner askvavieats bheich pageot@ES;ithaheatiltyageriate tthbiyipEGEBY theSt r ai ns have
ndesi 1 abl o BRADY PUPBHER inbieurophyes T hplsinsBrticny i ghpomots

t her ef oreo pr sfgeérced all aawhicheoﬂiﬁﬁﬂ%ﬁﬁmw cARE nEQRRAIL I&FAR (DARHost cel |
has been integzated by a nmethod which avoids, or preferably excludes, the

i nsertion of lﬁﬂﬁ’r»%%??é@émé’@ﬁ’ﬂ@ﬁ@éé”?% 1%8)-host cell genone. In a
preferred enbodi nent of the 20invention, the host cell has been obtai ned

by integrat i Ageoidigg TlcchihIRbABRNt Y d RfertBh | the 1 G IO MRerbY nﬁktb@' di rect ed
integration, e.g. according to the nethod descri %ed by Datsenko and Wanner
(2000). | nvadsethg semirob pf theitasgr thedramromptar.cthg lag ohibs fackS promytebé@liused t hat
has the T7 Ry4, L ' | | I IS Rr.onot er. eferably the
| acWV5 pronot er@%ﬁ@gggt 1(%’dﬁ]l9 E’B%’ F@L %glgoc})\rg%éy%otl B8R0 Sl e
15  ftightly regulatable araBAD promoter (Pgap; Guzman et al., 1995, inducible by

arabinose), the trp promoter (inducible by B-indole acrylic acid addition or

tryptophan starvation, repressible by tryptophan addition), the lambda promoter

pL (A) (induction by an increase of temperature), the phoA promoter (inducible by

phosphate starvation) or other promoters suitable for recombinant protein

20  expression (Makrides, 1996), which all use E. coli RNA polymerase.

Among inducible promoters are those that show a “leaky” expression behaviour.
Such promoters (so-called “leaky promoters™) are, in principle, inducible, but
show nevertheless also basal expression without being externally induced.
Inducible promoters that show leaky expression under non-induced conditions may
25  behave similarly to constitutive promoters (i.e. they are steadily and continuously
active or they may be activated or enhanced as a result of certain cultivation
conditions). Leaky promoters may be particularly useful for continuousty operated

cultivation processes. Examples are the T7 promoter and the trp promoter.



Alternatively, the T7 RNA pol ytnerase nmay be provided as an el enent of the
expression cartridge and thus becones integrated into the cell's genone as
part of the expression cassette. Another requirenent to the host cell is

its abil i 260819384 Y out honol ogous reconbi nation (Whipgh/ppSeokmisgant for
integration of the expression cartridge into the genone and optionally for

P1 transduction). Therefore, the host cell preferably carries the function
of the reconbination protein 5 RecA. However, since RecA may cause

undesi rabl e reconbi nati on events during cultivation, the host cell
preferably has a genomic nutation in its genomc recA site (rendering it
dysf unct i onaln) the pgthol @f the nsteatich, theepr&Racidr fapelko bac@stitwtidedely a recA

sequence present on.a, hel per plasmd,. .whjch c be renmoved (cured) after
r econbi nat i oﬂroﬂﬁ?t%ﬁhfﬁhﬁoﬂ'g&f ﬁgerFé}OBé)PthBPg@ﬁflﬁﬁ%QOTi Bfwdion op e Wensi ti ve
replicon 10 hdaaf 6ankposaibiity\8fipiessidloi0he othePhatdeMeRt, thee W dnARiduen, 1N
addition to RecA the host cell preferably contains, in its genone, DNA

sequences en®BHlGHGY PEEEHIN AL FERIBEBteARLC e advantags thapthey dapet Gan). In
this case archeRd alihcelRYndiutS 8 pRth@ts bRAartRlul28WeAR chibbdindgRI Ur e, Or a

host cell is generated d_e novo by genetic engineéring to insert these
sequences. 1Bheretheapetind igj qoatingsws (#sidescgibpdbélow b Asian gxarapiotthestrongqui r ement
to the host ko 1 ' [ . e Qm.c regj-on. (either a
codi ng or ang&ﬁ%tﬁ{-l‘zeolg?%g’ré%%c %ﬁgfﬁa?b%idﬁ?@%ﬁgﬂ.,ggg % ;tfeoa 8%?d1f3£r egi on
wi t h unknowncdnstitetiveosxpresfian. i s known by its sequence and that can be

di srupted or otherwi se manipulated to allow insertion of a heterol ogous

sequence, W L i j t the.cell. .20] ertain enbodi nents,
the host cel glﬁeﬁ %gé}gcle ?},ﬁ%r étggglntg%r%%n%gl en{grﬂkegbrwgegﬁlecel %glﬁsﬁ BRBE sel ect i on.
| nt egr atliton ionedSatdly hhstreemanfdhd gent bintendseGrShineaDalpaftio 65D sagueBsRr essi on
system used iln the | .ventiﬁn al | O\A@eéér a wde variability. In principle,
any |ocus wi ¥ KHY Sefiehedngsyie (RBSschosen, with the proviso that the
function of the sequence is either dispensable or, if essential, can be
conpl enent edEt@essiorgCarttridgde case of an auxotrophy). Wen choosing the
integration locus, it needs to be considered that the mutation frequency

of DNA caus he.so-cal l ed "ad i evolution’ (Herring et al,
2006) vari e?glég%/{?ilg“?%ethﬁgﬁ%aﬁ@r 8?0@%4:%&00 Ctttﬂgf “’[ti('%at hEi ¢ 1 oad
triggered bybahtiahmasmeild Alscaseadedxpreguiianiiic”¢e NQreNpPreas kouiBY Ccause

an enhanced nutat.ion freque_nc¥1 at the integration site. In order to obtain
an expr dosi JAteRBEPN.the ¢xpression host cell has an integrated “expression cassette”.

Preferably, the cartridge is a linear DNA construct comprising essentially a
promoter, a gene of interest, a ribosome binding site and two terminally flanking
regions which are homologous to a genomic region and which enable homologous
recombination {see insertion cartridge shown in Figure 10). In addition, the

20  cartridge may contain other sequences as described below in detail; e.g. sequences
coding for antibiotic selection markers, prototrophic selection markers or
fluorescent markers, markers coding for a metabolic gene, genes which improve
protein expression (like e.g. the T7 RNA polymerase gene) or two flippase
recognition target sites (FRT) which enable the removal of certain sequences

25  (e.g. antibiotic resistance genes) after integration.

The cartridge is synthesized and amplified by methods known in the art, in the case
of linear cartridges, usually by standard polymerase chain reaction, PCR (Wilson
and Walker, 2005). Since linear cartridges are usually easier to construct, they are

preferred for obtaining the expression host cells used in the method of the



that is robust and stable, a highly conserved genomc region that results
in a5 lowered mutation frequency is preferably selected as integration
site. Such highly conserved regions of the E. coil genonme are for instance
t he genesweems conponents of the ribosone or genes,/ i

pepti dogl ycan%4§§§/nt hesis (Mau et al., 2006), and thgl')sdeﬂ'}?/%gq\é@g%mgre
preferably selected for integration of the expression cartridge. The exact
integration locus is thereby selected in such a way 1.0that functional
genes are neither destroyed nor inpaired, and the integration site should
rather be located in non-functional regions. The genomc region wth
known sequencdeventiat Mracovee tiches efia fingar bxpiregioatch@id@fpréigseas t ri dge may be
sel ected from,t he cqdi region of a non-essential gene or a part thereof;
froma di speﬁg%ﬁ?fgge ﬁ@m‘g@aﬁl CARIRE R bl ety phasen by aesagetiva 5
transposon, dtsign of the DEMKBRIRENMIERUS Rlofink QPth@fcal’ﬁ‘ng‘éhTﬂ%ybﬁYe%ra@igH gpt ageous
effects in view of production of a specific protein of rnterest, e.g.
certain prot &5dBsar FprasotherBidar allgysdorgmater vadebitiypWith regerdrie ihel

cont am nagt sgggonﬁpgegmnpduct, genes encodi ng proteins of netabolism(e.g.
rel evant for 'the netabolismof a sugar nolecule that is undesirable or

di spensabl e for a given host strain and/or 20fernentati on process) or
stress si gnaﬁ“ﬁ‘i‘@dgat hways, e.g. those occurring in stringent response, a
transl ati onal control mechani sm of prokaryotes that represses tRNA and

r RNA synt hesrgo i ' ' o G o - rnatively,
the site of in egrga?fﬂ(;ﬁ%ng@}%gﬂ%l%%%fﬁ%’glgﬁgﬁ%%b %T%%\%zg’s%%le%ﬁ on 25 for
di sappear anc ke @bagigiisl(grem-pesitipherrgyty megative kor drciebpeatinon lomgrasfileyabl y, a

fl uorescent y ] . 0 g rescent .protein, the deletion of

whi ch | eads tﬁg&vggﬁﬁe{sl%%lg%l {r}%ﬁglffog%}s f%t 14égrﬁ gggeenr?cog,mtgﬁ%’ Wﬁ'&tﬁgeﬂlﬁ%g&{ vi sual
det ect i oW of sittspaa§ic tritegratmey, and dah de enlprvassonanaasteatting schig. used (Figure

10). Al terngtively, the site useful to select for.integration is a
fu)ncti on whi %ﬁ?ﬁr%:ﬁﬁ%ﬁ% eéﬁ@ﬁfhmé%a% 8@?&%"86‘1’1 igh rell depsidicsase, t he

integration site may an enzyne involved in biosynthesis or netabolic

pat hways, t hExabeiletfoobrcafiakhmshceRzyurRavaiesn bHowhGo bB s@fkbRU%OL r ophi ¢ strain.
i ession cassette, my be

Positive clones,..i.e. those carrying the expressi ; !

sel ect ed forreﬁ?f@?ﬁ“?rg %EPIPWEI BB@PP%P@%Fﬁ%FéW%Le%?%H&@@gOf sai d
enzynes (Fi gadeMdiides, ADOBY Batimedbiilid, PoeisiomBn Bl 1loPis 89 26 4uls fBy be an
auxot rophi c rker ]g; non- 5 functional, i.e. defective gene) which is

r epl acecﬂi%on%%éh%‘ﬁﬁ kist/aly, RA0QIew reel 98 Meiavg Gorarebadarapm ¢ narker (i.e. a

sequence 't haUsoRimelouRAls Ofant 200622 BaisAREGEE VS SGAYERGS) Present on
t he expression cassette, thus allow ng for ‘protofrophic’selection.
Preferably, the host cells are E. coli cells.

Another requirement to the host cell is that it contains an RNA polymerase that can
bind to the promoter controlling the gene of interest. The RNA polymerase may be

20  endogenous or foreign to the host cell.

Preferably, host cells with a foreign strong RNA polymerase are used. Most
preferably host strains, e.g. E. coli strains, are used that have been engineered to
carry a foreign RNA polymerase (like e.g. in the case of using a T7 promoter a
T7-like RNA polymerase in the so-called “T7 strains™) integrated in their genome.
25  Examples for T7 strains are widely used and commercially available, e.g.
BL21(DE3), HMS174(DE3) and their derivatives or relatives (Novager, pET
System manual, 11%® edition). These strains are DE3 lysogens containing the
T7 RNA polymerase gene under control of the lacUV35 promoter. Induction with
IPTG allows production of T7 RNA polymerase which then directs the expression



In one aspect, the region is a non-essential gene. According to one
aspect, this may 10be a gene that is per se non-essential for the cell.
Non- essential bacterial genes are known fromthe literature, e.g. from
Gerdes etwdlzostidftdg and 2003), fromthe PEC (ProfilingdiiSfosnsQLs

Chr onosone) database (http://ww. shigennig.ac.|p/ecoli/ pec/zgenes.j sp) or
fromthe so-called "Keio collection" (Baba et al., 2006). 15 An exanple
for a non-essential gene is RecA Integrating the expression cassette at
this site provides the genomi c nutation described above in the context
with the requirenments on the host cells. Suitable integration sites, e.g.
sites that awcétheasidof iscestasidid the andiodof the &7 eropeddred t o yi el d hi gher
expression rates, can be determined in prelimnary screens. Such 20screens

can be perfo e t.i n eri.es o Lhgl e nmut ant, del et.i ons

accor di ng tobﬁ%ala 1%1{%%? ec '&g%ha?[ BRHETEE &awg%?ra%‘@i‘lgﬁbastbﬁgﬂ

i nt egrgﬂr) ation garmﬂd-id@graiedaﬁiﬂfoaSgenaﬁigngph@bIlﬁogfli@,r@gltgs des\tﬂbédlﬁsf f

reconbi natio t ave been pre-sel ected in view of specific

i ntegration gY (5 2@6{7’?@5&2%5&%%& ot gensatsphiage tyreeeps aec n%‘éb’ﬁ%&?@%’g)-f or
integration and selection, including, as a surrogate "gene of 25interest”,

a DNA seqiienae'Tarike®NW pelfneast! yicldaedsehitadhdt Lol &, RN mbRAgscont rol  of
an i nduci bl egrgronotﬁ,r, . €. g t he car%éi dgﬁ\l used in Exanpl e 5, encoding the
G een Fl uor eZe@ el dlike p! aﬁfﬁ’es“é]%fﬁ § 4P 34 aelemergse. phdiselpned ier eat ed singl e
knockout nut gRt4050a06 D& pRAS]ulNe @9a MY it RN A Yol %E@g%@%&@a&u%ﬁmm-
Based on the results of "this procedure, a custom zed expression [evel of a
desi red t ar géhighhyopesific cagaatepsomethl, endthatihe geneiofinterpst i trankeritiedatyr at i on
site and/ or 8L indhe | It 'gggg In the enbodi ments in which

t he host cel %cont]:ﬂ n%b%k%gégggag%ggéﬂéﬁco |Sr?'g reconbi nati on proteins (e.g.
Exo, Beta and Gam) in its genone - either as a feature 5of the starting
cel | or Wbt atrhematiFelglensing cheghgverentionpd striins egrving thnTe&Noccur at the
genom c site t i nat i protein sequences.are | ocated. By

i ntegration %ﬂ th’gseé%?lggéﬁgg%%aer&ller%%g,d%tnﬁ‘éo’ g'gqﬁsgdfl?ﬁ‘:e“g’e‘ig'di ng for the
reconbi nat i obSEtBEAPAITR2@ANLB A0 ed Wb 20rapo24). and consequent |y need not,
as in the case of plasm d-encoded hel per proteins, be renoved in a

separate st i ) . 10 1 {0 Wth regard to,the

i ntegrati onef%ef:@é‘?&ggs“%‘)é‘%é? i:%;(g%ﬂ%%%)?é? e lxvl%ﬁlg@&?%“%hhcwgwc?gﬁﬂjence may
be chosen, wihtin gtdvencpbased 9 RIN?epoliinerafania the@ha@f DEh Qrslosipeiice i s eit her
di spens e or, if essential, can be conplenepted.. In a preferred

enbodi ma;% fwgavaitraaﬁ% ¢ the|dis ‘éf’f‘“ﬂéaﬂ%t%’éﬂ? 5331?“ lHiC atopgERPent site

l'i ke the attBading to undesirable phage release and cell lysis. For the invention, it is therefore

preferred that the T7 RNA polymerase contained in the host cell has been
integrated by a method which avoids, or preferably excludes, the insertion of
residual phage sequences in the host cell genome. In a preferred embodiment of the

20  mvention, the host cell has been obtained by integrating the T7 polymerase into the
cell’s genome by site-directed integration, e.g. according to the method described
by Datsenko and Wanmer (2000),

In the case of using the T7 system, a host cell may be used that has the T7 RNA
polymerase in combination with its promoter (preferably the lacUV5 promoter)

25  itegrated in its genome.

Alternatively, the T7 RNA polymerase may be provided as an element of the
expression cartridge and thus becomes integrated into the cell’s genome as part of

the expression cassette.

10



15 site or the attTn7 site, which are well-proven integration sites.
However, the flexibility of the systemallows the insertion of the gene of
interest at any preselected | ocus, as described above. Integration of the
gene of i WeehedieizRt 0 the bacterial genome can be achi 29%/{8@8&’6”“ onal
met hods, e.g. by using linear cartridges that contain flanking Sequences
honol ogous to a specific site on the chronosone, as described for the
attTn7-site (Rogers et al., 1986; Waddell and Craig, 1988; Craig, 1989).
The cartridge is transformed into the cells of an E. coil strain, e.g. E
coil MG 1655, that contains the plasm d pKD46 (Datsenko and Wanner; 2000).
Thi s pl asni d Avether eguirdneenp hettye hést delt isisdbiRediofcuing bitdpn@lo@ye) t hat

pr onot es recgeng)i nia]it'.on i-n Vi vg. Zgél ternati \éﬁlﬂy an expressi on cassette
can first be THFEGPICLEHSH S ¥ Renhion SHesaton ot theoxpressiosagtideqmsiie host
cell, from Weesdind dndGptiodaNe fordel kdnamshighy ed to the host cell by
transduction by the P1 phage (Sternberg and Hoess, 1983; and Lennox,
1955), the dagnor _.cell .bejng e.g. 655 or,  DY378 (Yu et _al., 2000), an E
coi | K12 st r airRelis i ll?égr‘iﬂﬂé’éefg%ggl@?f%ﬁe\fén%owé sgyembingtipn prefein p1

t ransduct § on RieSA HERSBRGinbSRECA nfa§ cHRY endRl-aat ABbALESNSL t%ﬁﬂ%’ s from
one "donor" strain to another "reciﬁi ent" strain. During the replication
and 1ysis of tHEatsRege hosh cell prgferahlehasta gsaemisrmutation is ftagénamie cwwAtsitge of t he
phage partic in |y & i t . LNsS. 1t he expression
cassette. mgfﬁ%%%ggg po‘%ﬁ)ﬁgl? 7%‘gﬂ%;f§8 tgagggggée%ﬁ]gg%o %Pé‘gcr%cgbydaoﬁS cell, 5
t he phage ar édyusend praseitiohedelpehplasmidi whightarchs lemoval (clredcdfre of t he

i nvention, t " . t. of .the bacteria are |ysed by phage that
packaged P1 g%ﬁ%?@éﬁl&%}{uué%%at%%%%eré’%%%s %ﬂ’%‘@&\rﬁf WE\’%@E% segnent
derived 10 omPdienkomal Wanst, 2068001 ogous reconbi nation then allows the

i ncom ng genom ¢ segnment to replace the existing honol ogous segnent. The

i nfected recipi.ent .bacteria are plated._on 0 mediumthat selects for the
genome seg rrein'fwg‘f/ of Fr&oy lﬁ%tilonbglcatd@}t}c’&%‘( g‘ﬁ%’%ﬁ%‘?%@&%&@ﬁ@c‘@ﬁ%ﬁo@ot rophy,
f I uor escenceitsigsnivai, DRAGequentaRREsdRG FeyombiiidnHréteihl W ¢ ¥xBf Bdthendhage has

to be controbl egi. %herw’ e, pHage rel eased from nei %} oring cells would
infect and | {8®)-(n8iRes ahoest el savihssclseied thaialeadebpsihis featyrams duci ng

particles. PhageelR} gbReld &S lbG bRtk Qhoih 86 td M e it can be
control |l ed by grow rglg 15 in the grgesencegland gbsfé}%l%gmgée%gg%?%m The

cal ci um chel ﬁlt Qr citrate is usually used because it |lowers the
concent r'at i off BF™ Pt VE-SBELET ErAC(RSFriass FRoteT Cguisemetd tasthe host celhsulg itt o

prevent Pl i gfn@fdd £ bastdat cBRmis %gk(glV(eﬁﬁerta%oﬁ%%xv %%/tr@:ﬁ-c%ﬁing gmjcﬂgnatcf al ci um

To sinplify the integration procedure, as s gure I nstead of
provi di ng 't her foadursions r¢men praoteaion svithyuniraewrs fupftianh éhapisdsinivd bpKB20 or

pKD46 accordj 1.0 h BREL; 00 he .genes encodi ng t he
reconbi nat i oﬁa%@nc?@néﬁgégghﬁre@g@ao\r% gamséri%lgmg%l?tgé&ﬂg)évlﬁ?ﬁ%? 4n the
chronpsone odfctarbloghsstqueadd, withing beingrdesinamml af the eglbnbi nat i on prot ei ns
being controll abl e by inducible pronoters, e.g. frt, lac, tac, T7 or the

araP pr ter. A i: i f .t correspondi ng i nducer, the thus
modi f | e%%gt ‘ralgli CEE%%%BEQ@E’%%&E%EO%J“ REegt 2r' 8H S&Fn?‘ﬂ‘g B ORISR on
25cartri dge afiseicttonsi te of the reconbi nation proteins. Thereby, the
reconbi nation proteins are first expressed and then utilized to integrate

an expressi (oF 'It,l igdge into the genonmi c region coding for said
reconbi nat i gﬁteﬁ?‘é Jenllgl‘gc.“sTher eby, as a consequence of reconbination, and as

a particular advantage of this enmbodi ment, the genes coding for the
r econbi nat i dWithregasi tnsheanegradomloeds, Hlexeipsaddn ofstedestd ay@d invention

allows for a wide variability. In principle, any locus with known sequence may be
25 chosen, with the proviso that the function of the sequence is either dispensable or,

if essential, can be complemented (as e.g. in the case of an auxotrophy).

When choosing the integration locus, it needs to be considered that the mutation

frequency of DNA caused by the so-called “adaptive evolution” (Herring et al,
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30(Figure 9). Furthernore, this enbodi nent has the advantage that there is
no need for plasm ds encodi ng these reconbi nati on functions. Exanples,
without limtation, of other integration nethods useful in the present

i nvention . t hose based on Red/ET reconbinatio r al .,
2002; V‘én‘;gﬁ%sfug??, 2005; Vetcher et al., 2005). Sel e%é%%ﬁﬁg%?grs
5Positive clones, i.e. clones that carry the expression cassette, can be
sel ected by neans of a nmarker gene. In sonme enbodi nents, host cells are
used that already contain a marker gene integrated in their genone, e.g.
an antibiotic resistance gene or a gene encoding a fluorescent protein,
e.g.. GFP (as 260@wari¢smciaisgthiegeide of I chliiasd thaste mchBokXREE &RoeRd bPcartri dge
whi ch does n@hﬁ cont aillrj as Idecti on mar ker, is. integrated at the locus of
the chr onpsoNAPHREFRALY cgeed Tepombypat 56 exrrpssioadnay aussaneahued or

| 0ss/ di SapPeanAoR frolontha: 66 FRAFHoS1BIEORIY B th olRRioFhiy 28] ect ed
for antibiotic sensitivity or disappearance of fluorescence, V\%l ch can be
directly vi stfitiszetpsandistable ahighlragonssives senemicTagiow thatisoelisient s have t he
advant agesth : i I ; J | et el.y repl aced
By the- oxor onmyh BRI b PRErL SRl Sndalln 8 AR T
present aft econspvedyicgionpol thad. doegennoe arfedinstondeche geney extoding undesi r abl e,
as in the ca f Fhiotic resistance nes. Al ternat.ively,. e marker
gene is part%ﬁc.nhe%@%e)%‘(@? gltggl&gﬁe%.ﬂfffsi%‘éoé%%llﬂp? oglgcan i th%’ﬁﬁz ker used
for sel ecti ontdls2@6yene ttosafagions ag mefetablyGtictied s iigt@Rtsh dRRg. for
20kanamycin or_chl ora enhg:ol , .ﬁosi t.ive clones are selected for

anti biotic r SSEPgReEtdec Ihemarliptcprtionigcysyis ¥ sgiectehil suglspeay i nve

ant i bi otig), thasfuskivnel defedirgHEithey destbfddRior BaireH ARBMCinfb oot H\%ﬁé’ for
antibiotic clone selection. The marker gene (irrespective o? ether it is
present on t Heuklgatherhs lpeatediamgpdunptiopd segietsn i nt roduced by means of the
expression cartridge) can be elimnated upon 25 integration of the
cassette, asTEECHRABRIdEFbh WikQWAnisBuEhQURS cin bEcHibscP® Hﬁéa%[?&io%? Hel-P

reconbi nase function based on the site-specific reconbi nati on syst em of
the yeast 2 fATEIdenmay he slepted fiem theroding sraivmelsencarmysantial geae ondparat i on

target sit estkRLS flohPd ﬁ%&b%n%ﬁﬂ%rmn&%%)region (i.c. promoter,

15 transposon, etc.), from genes the deletion of which may have advantageous effects

in view of production of a specific protein of interest, e.g. certain proteases, outer
membrane proteins like OmpT, potential contaminants of the product, genes
encoding proteins of metabolism (c.g. relevant for the metabolism of a sugar
molecule that is undesirable or dispensable for a given host strain and/or

20  fermentation process) or stress signalling pathways, ¢.g. those occurring in
stringent response, a translational control mechanism of prokaryotes that represses

tRNA and rRNA synthesis during amino acid starvation (Cashel, 1969).

Altematively, the site of integration may be a marker gene which allows selection

25  for disappearance of said marker phenotype after integration. Preferably, a
fluorescent marker like the green fluorescent protein, the deletion of which leads to
a disappearance of fluorescence, and which allows visual detection of clones that

carty the expression cassette, is used (Figure 10).

Alternatively, the site useful to select for integration is a function which, when
30  deleted, provides an auxotrophy. In this case, the integration site may an enzyme
involved in biosynthesis or metabolic pathways, the deletion of such enzyme

12



In certain enbodi nents, the expression cell has been engineered to carry a
defective sel ectable marker gene, e.g. an antibiotic resistance gene |ike
chl oranpheni col or kananycin, a fluorescent marker or a gene involved in a
met abol | Gy@afpdMpy0f @ sugar or an amino acid. In thig f’%ﬁﬁm’&% ,cartridge
with the 5 gene of interest carries the mssing part o? t he marker gene,
and by integration the marker gene restores its functionality. By way of
exanple, the cartridge carries the mssing part of the marker gene at one
of its ends, and is integrated directly adjacent to the defective marker
gene integrated in the genone, such that the fusion of the two fragnents
renders the rmulkeyingenrexdopbicatreinaPskitilelctonss, it Shsdratriiag e ckPrxpsessi on.
In the case of an antibigti& resistagc& gene the cells carr i&g %he

expr essi on c@S¥prmayescicsier franrotiphy furths sbstetees ppursermolicplel el i n t he
case of a fIy@{@&ﬁ@&iFg?hkgn,cells can be visualized by fluorescence, and
in the case of a netabolic pathway gene, cells obtain the ability to

nmet abol i ze th respectthi@v_e éﬁo onent (s%kplemati cally shown in Figure 11).
The advant ag‘é’et?fFat%"ﬁle AR HETates Max bf AR AURsephis meret {2 Mhopor tion of the
mar ker gene fhettddgl, EAbfbEleS:ABPIBicH & BladMRbRERIEA-d beRRP! i Ng shorter or

smal l er insertion cartri dges.corrgared to prior art. In certain
enbodi ment s, COSEPROBLINE RTASFQPhE] manker (G E-crisguanre dat eoplarenisrarerdeacsy t he

expressi on j ' : ' I8 qgrrfg enment ati on)
of an auxot f@%ﬁ%&%ﬁéts@eﬁ%& }egétﬁﬂﬁegéggﬁegﬂ&g%%%?’%{ﬁstagl,o a s%:hemati cally
shown i n 20 @mogtmophu8sclartibmst cell is used that has a nutation that has
been chosen to all ow selection of positive transfornmant colonies in an
easy way, e.d. i af . é .at | I.on t,renders it
unable to sy%toﬁggﬁ)tzegﬂg%%ﬁ H%%F %5%%@ g]glgé;é(r%{:?rgal{ﬂ éi%lr’&l %Sé&g’rt%‘\%ﬁﬁy( such
mut at i orl thei ep goe thatlisaer Seanoxiedssampihl for timckleér ") . For exanpl e, a bacteri al
mutant in which a gene of the proline synthesis pathway is 25i nacti vated,

is a proline,auxotroph. . Such a strain i.s unaple to synthesize proline and
Wit Cher ef N SURrARRReeRERads iR P srRPRichulrd SY MGG A om ¢ he
envi ronment , (2682 o088 frbm the PECI(Pro&lipg ticd. ealpOhidhiostme)atatapasew i n t he
absence of pro lLine .. Any host cell having an auxotrophic marker nay be
ood. pr of ef P ARG B S0 BB B\ st BEroGIHo aci d synthest s
are used as ‘axOtdRAYNC (BRYakeRkS,20Dgy. | nstance nmutations in genes rel evant

for the synthesis of proline, |leucine or threonine, or for co-factors |ike

t hi am ne Accordin %EI% the invention, the auxotrophy of host cells is
correct éd byAR ?ﬁ:"gg’ll F B ROHFSSEREL gpneds Rgrordrisaptiphiig srpresionsassipeinent  of

the expr essitﬁiasﬁ@{aﬁmgsemie@&&ﬁb%ﬂﬁ%%@b@@%&%hﬁm&e&ﬁa{t%{mﬂe of the gene
of interest. The thus obtained prototrophic cells can be easily sel ected
by 5 growi nde@Hermests oa thedoskgallsd " i ni mal nedi unt (prot ot rophic

sel ection), which does not contain the conmpound for which the original

host cell i s5,2u¥eitQRitiontsRS <@l Liiing aﬂ@a&ilypieﬁésﬁibléedn@op%%X{J&t&rtgw'
Prototrophic selection is independent of the integration |ocus. The

i nt egr at i on Yidé higherexpissuentateprandesisicanmed m prelymiparysaseenefiach n t he genone

or at t 5% ! Qiden@h b b&gormed by generating a series of single mutant deletions
according to the Keio collection (Baba et al., 2006) whereby the integration

cartridge features, as variable elements, various recombination sequences that have
been pre-selected in view of specific integration sites, and, as constant elements,
the basic sequences for integration and selection, including, as a surrogaic “gene of
25  interest”, a DNA sequence encoding an easily detectable protein under the control
of an inducible promoter, e.g. the cartridge used in Example 5, encoding the Green
Fluorescent Protein. The expression level of the thus created single knockout
mutants can be casily quantified by fluorescence measurement. Based on the

results of this procedure, a customized expression level of a desired target protein
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10 the auxotrohic marker. The particul ar advantage of prototrophic
selection is that no antibiotic resistance marker nor any other marker
that is foreign to the host remains in the genone after successful

i ntegrat i @@.2ofsRsREIUENt |y, there is no need for renovgl.of said ogfr ker
genes, providing a fast and sinple cloning and sel ection procedﬂ e.

Anot her advantage is that restoring the gene function is beneficial to the
15cell and provides a higher stability of the system Alternatively, also
shown schematically in Figure 8, the marker gene that is inserted into the
genonme together with the expression cartridge, nmay be a netabolic gene
that all ows aaplardchutdsy welatot ofthe iMdLaticBlsedadl/sreiuadel biGneeRRqMy enabl e
the cell to &gﬁion particul ar (unusual) sugar or other carbon sources,
and selectio 259 positive clones can be achieved by growing cells on
said sugar as the only carbon source. As described above, during long term
cul tivation afthbambedimants athakich v iR¥OdUtcoRRint BN A sddteRbs &lcodigQ06) My
cause an enhanCﬁg mut ati on frequency at the integration site during

expressi on of PRENARERHET - ExonBeigand Camd fofsesnemprsitedras a fagrase 25 of
an auxot rpphpethk B et Bﬂ%@eliiﬁec‘p‘w Snfid &g‘?&%%‘ﬁt ' %Pa&@ntc?n GRuERREESSI ON
g

cartridge conplementing the lacki'ng function o mut ant strain (thereby
generati ng aSpoBtositcodivTasthessi racomiymation paaisio sequotresatcdotajedhBy t he

addi ti onal 3 n rqQyi des benefits to the cell
by whi ch theﬁfci%f#fogg?tr]i‘%@gﬁrg%’npe‘{aﬁfiﬁg‘“’éﬁ%&gg‘ﬁ?‘ﬁﬁé’gé‘ﬁ% Lt %?e"%%'lt“fl%m}nn whi ch
adapti ve evobputdirrhdstr@d®dor wmedd and compqestenked hbehetthe ausewAns of

negative sel i.qn fo tated claones is,.provided. In.so enbodi nent s
(in the cas eﬁg %%J@'%nﬁoe({e% BPY RTOGS; b5 TEpeYTd ‘§|ﬂ|58%§at? grp a:é%‘g?}-on on a
single-cell or single-colony basis, e.g. by FACS anal ysis or

i mrunol ogi caldtggra&on BEYhadsno nmar ker gene is required, since positive

cl ones can be determ ned by 5direct detection of the protein of interest.

O her Feat ur T i nt.egration net hods, fol tai ni ng the.expressi on host
cell are notﬁ}?‘ﬁhrﬁg‘({ea 5%%tt§91|n%igéaglpﬁtl?c8ﬁ %?‘G%H@e‘gé’ﬁge»&fw'%wg MM one site in
the genone; dehesncaiapie tlassen,avittadi biovisowhdt fherfeg@ios of deR@fuanddie i ntegration
site and the .&é}gr.essi %% caﬁsette . B¥) 10 way of exanple, nore than one
genes of i nt BRESHISHRESADIRPT; 1 seseptigl cap bg complsmantedrdp a prefarrdi cal or different

sequences unggoditiént GABEEAN Of a lientdreibe Rat 8 fLHE0: sRE AEDLELSECan be

integrated into one or nore different |oci on the genone. By way of
exanpl e, 13 t HEOBHS e3tPd $ie.ovhiel are wsllore Yearintagrafiorotiss. idowevat, theor m a

het endi ner i cnGeuTRly ' I.G ' j - two_individually
expressed protein %mgtﬁﬁﬁﬁggé‘ggmgsn#ﬁ%%?géﬁ%ﬁgaglfl%ree%failtgaﬁ}’pléeﬁai n of a
monocl onal a¥lectsddsrusras descahed dbods: f r agnent (Andersen and Reilly, 2004;
Hol I'i ger and Hudson, 2005). Exanples for other heterodineric proteins are

vaugh, 1007 " B arePar Bt FanBeuinE b en AR R SRR & 1 oG o1
al ., 2001) oonyrntrarel Diithode <o &g @sihg 1i 6o lvennidyes that contain flanking
20 sequences homologous to a specific site on the chromosome, as described for the
attTn7-site (Rogers et al., 1986; Waddell and Craig, 1988; Craig, 1989). The
cartridge is transformed into the cells of an E. coli strain, e.g. E. coli MG1655, that

contains the plasmid pKD46 (Datsenko and Wanner; 2000). This plasmid carries

~ the phage A derivéd Red function (v exo) that promotes recombination i vivo.

25 Alicrnatively, an expression cassette can first be integrated into the genome of an
mtermediate donor host cell, from which it can then be transferred to the host cell
by transduction by the P1 phage (Sternberg and Hoess, 1983; and Lennox, 1955),
the donor cell being e.g. MG1655 or DY378 (Yu et al., 2000), an . coli K12 strain

which carries the defective A prophage. In brief, P1 transduction is a method used
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20 1997). These two sequences encodi ng the nononers may be present on one
expression cartridge which is inserted into one integration |ocus.

Al ternatively, these two sequences may be al so present on two different
expressi o h@dges, which are inserted independentl ach_ ot her at
two di ffe?%b?ﬁ%%gr ation loci. In any case, the pr om%/celf/%ﬁ%gb@ﬁ%

i nduction nodes nay be either the sanme or 25different. Although the
invention allows plasm d-free production of a protein of interest, it

does not exclude that in the expression host cell a plasmd may be present
that carries sequences to be expressed other than the gene of interest,
e.g. the hel pemope sfl@idbi gackomarkhe foaceEidbait QmiPfaheihes dgael bed
above. Naturalrliﬁ, care ShOH| d. be }aken that in such enbodi nents the
advant ages of e HRehe Felcatinp andivatsof the nhogsip aiculiump pf baseerisr ewasice of the

plasnid, i.epeichftagd GG ﬁa@@ﬁéﬁlﬁ&i&@@ﬂ%&%ﬂ% %&fggll%lskgﬂ\én‘% BB et and

shoul d not exert a netabolic burden onto t none- based
expressi on of*PIEBERETRIFSHE Qice e ehiss poprlstigrms be¢negchorated ionge dajoocel5

advant ages- Weldpa [ rocedure of.the expression
host, the advarﬁPl a%i%@gggt% %fé%%seﬁrgrgﬁ }gﬁﬂynlc%%lhlgﬁh Coa?e %f;lcﬁef e rftéonatﬁaﬁog

anpl i fi cati orelbMashef the becderia ans bstd pnphege that pigkagediPil gewondsghutdegr ee of
flexibility @i ..e. li.mtation) with respect tq the integration |ocus,
(iii) a hi ghgjé%tgorl‘e"g%b"'fphf“¥%%‘<lﬂ%ﬁ‘ é‘?‘&?“}ﬁisﬁﬁn?@?ﬁ%‘@ﬁf"&l AERarst- rrar ker 10’ and
sel ecti on pr Hogiopigeys fetathbihitonaiidn Mowe theSHESRAY BHonti€ t Bfegldte

sel ecti on narker Sﬂé%ém%‘ﬂe di screte _and defmed nunber of inserted

expr essi on cAFEF Qepys ssegE e igeisd reripientRastesia areonlated e em usef ul

| n the mat hoshofium e IUS RidéIodRBREAES bOME dodt SHert Baniliohs essentially
or conpletely free of phage functions. 15 Integration of one or nore

reconbi nant f81E8Cs, RIOLEaRBY Jliesvecce atles etq). Implirkiotpttles iafedtivityefdef i ned
nunber of gepeshfe Habt, : e i ment .of .the invention
that inserts o%e?égopy Ogl%eect%hgggéedhg)falems‘gs’%g%%orglr%g%%g%l&%% lﬁogﬁ%ce(déxcept in
the case thawoalddwiett apdhsathedantoriethahizn teneinfenadveith trasdidngQRetilds.

transiently I I- b i SiOn S, C red to.plasm d-pased, expression
which is acch g%lgédﬁbljfls %(5011(1:%1p?/r '}r'ﬁ%ﬁ%@}ys a%geq:?% 1%%98?5‘?“q?&ﬁ@€3é81fowi‘% t he
expressildn sipshepresenedaidubidiee 0BEdEIMOThd Bitciph eB@&br HiAMe MdstMlly R¥d

relieving th‘?e host 1ms\ta olismfrqom smd replication, an increased
fraction of THEUSEH f’wgrsgl%fﬂ%‘?it@ﬁ% Gecpleium (hy; fprmsing Cawitrated dowrbi nant

protei n prodotizlon. prSlchOPUinBcabRIRE fot 58 WGP 2P stapfe thd ML NcfRN Pe
applied without adverse effects on host metabolism by reduction of the

gene dosage...25 _%atilticul ar _advantage is that the expression system has
no |imitati oRSSTHPHR the Jisesrtion Prersdys, 48 shewn indgwedotsteahoioromding t hat t he

syst em cannahe RomBisefior ARGy riSnd bf BE bBAmRGHISS d Labaged
systens, where PCN mal1 strongly incr easebupon [ nd%c%rﬁggi?%g%ogﬁgg?o al .,
1_9?;3].; V\ﬁ&bﬁleﬁy‘é@ %ﬂi‘ﬁl}ﬂ 1@@@5,;@@?@ @ircgd@gpheasmr@inaipatﬁﬁwhb '?qm @oTbi Inat idon
W a high g PN e S i gaer ic overloa
and leads to a dr_égnatl c)?@?)éggpggﬁggnl &v@ggﬁﬁoﬁ antﬁtflﬁlorgg?&a ©  1990;

dick, 1995;cxprstiemoiueuhiivationgtotains heid@a@yrodatde brimsiesble psdrgibkj cant |y

ment i oned andvd e A4 e ERisitel B Byt oremendinback t hat.

inducer, the thus modified strain can be used for integration of the linear expression

25 cartridge at the site of the recombination proteins. Thereby, the recombination
proteins are first expressed and then utilized to integrate an expression cartridge
into the genomic region coding for said recombination proteins. Thereby, as a
consequence of recombination, and as a particular advantage of this embodiment,
the genes coding for the recombination proteins are removed (excised) or destroyed

30  (Figure 9). Furthermore, this embodiment has the advantage that there is no need

for plasmids encoding these recombination functions.
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5 during cell division, cells my |ose the plasm d and thus the gene of
interest. Such | oss of plasm d depends on several external factors and

i ncreases with the nunber of cell divisions (generations). This neans that
pl asm d- bagededgsggntations are limted with regard tg,the, nunber, of
generations (in conventional fernentations, this nunber i's approximately
between 20 and 50). In contrast, the genone-based 10 expression system
used in the nethod of the invention ensures a stable, pre-defined gene
dosage for a practically infinite nunber of generations and thus
theoretically infinite cultivation tinme under controlled conditions

(Wi t hout t he Edtmpidy avithageliraftationcofoeit intenanahetbdls isefhNathedRedat produce
the protein of interestfgnd with the only limtation of potentially

occurring natTFRIONATE &8 1pee based andieddial resembipation ARy Tersefcthed002 n the case
of chemi cal | ydnaduehibl2009) "IHLE S, Bd08).1 nvention provides the particul ar
advant age that the anount of inducer nblecule, when e.g. added in a

cont i nuous d]g according to Striedner et al (2003), is directly
proportional °f "Wﬂ‘el"ygélﬁ‘ésdosage per cell, either constant over the entire
cultivation, or changing over 20cultivation tinme at pre-defined val ues.
Ther eby cont Poditiaf cldes, ieoloii thabhmrPHl eHSisN dibhe, CaNbd&IRAIKved, which
is of major interest to adjust the gene expression rate. Since’the
genone- based MEXprE eamEker&as- em al | ows exact control of protein expression,
it is particularly advantageous in conbination with expression targeting
25 pathways i@ined@mRarndls, hd KelRUrdell 1PNt da8) L&fhifX Lof In a
preferred enbodi nent, the nethod of the invention includes secretion
(excretion) Bfegred iglkiegmopr, ¢ paarathiofi whisteics goac oy geak cosodinglaasm i nt o
the culture ggpg . [ di t_is.an optim zed and
sust ai ned protei éﬁk@?ét I&%ﬁ%ﬁ%ﬁg@ﬁ%@?ﬁ%@?@ iziﬁﬁ{agcﬁéeer mteief(%rssbn secreted
protein Hs cearpislgeshich dpes mut camtbin sacleatidnonarB@sig stiegrsted Sethe RicLosF they occur

b assi ve diffusion,through the bacterjal cell ], . by active
sgcrpeti on i n%hgoﬁﬁse(’ngéﬁa%ﬁeﬁg?ﬁeca Eeeve F%P?Scﬁﬂ%ﬁlﬁdjﬁl%@lﬁ?ﬁﬁwmce

physi cocheni afahe respeeisepiicBoGpe. Ry, iy Rt deheteSidbr anfibighdtensi@iiteHCe as

descri bed in US 4, 680, %gZ and in US 4,963, 495), . or b% direct t nans! ocation
of the prot efFEPRFATILE OF Hupreprspes. piiechcyr By fiisecHy visvalizem en gl culivatioredi um
(e.g. by netfleds Tsscdospuinems &vbme%%m@g%ﬁha&%ma%ﬁé}@ ittf3p i tdgbed

above, the invention allows to design sinplified processes, 1Inproved
process pr edPiceamidisly feptaser By s cransssinmaabdstie.iang thius senfifnstiomah tratkieon t o
ferment ati ong.,[hee RrR&ESSHE il SatioR ' ' t he -expressi on
system descriegeq gbc?\ge_, I'i“‘isas con u%toeéﬁ?ﬁb%h%gt?%E%%%%Oggﬁilﬁ t he

seni - cont i nugssitablec yinitireues ofantibiofic resistanpe gend® chenostat), whereby the
advant ages of the genome-encoded expression systemare optimally

expl oi ted. TRRLERLE. BQ nhdrPltald | respect rocess parameters
such as growth rat g]?/’ t enper alﬁg% elgggﬁ\é&éth{%teﬁf%&ﬁ%ﬁtn?ﬁi%o%p@ﬁg?fgglfa%except as
defined by tthemadst usedifdr ssleciopis napmntonfariog asibjutie rekistince b fyort he sel ect ed
pronot € kanamycin or chloramphenicol), positive clones are sclected for antibiotic
resistance (i.e. growth in the presence of the respectinve antibiotic), as shown in

Figure 7. Preferably, kanamycin is used for antibiotic clone selection.

The marker gene (irrespective of whether it is present on the host cell’s genome or
has been introduced by means of the expression cariridge) can be eliminated upon

25  mtegration of the cassette, as schematically shown in Figure 7, e.g. by using the
FLP recombinase function based on the site-specific recombination system of the
yeast 2 micron plasmid, the FLP recombinase and its recombination target sites
FRTs (Datsenko and Wanner, 2000).
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Anot her advantage relates to the choice of the inducer nolecule: Mst of
the 15avail abl e systens for high-1evel expression of reconbi nant genes in
E. coil are /ac-based pronoter-operator systens (Mkrides, 1996). Lactose,
t he precuw®ingiiagafe native inducer 1,6-all ol actose, %{ﬁﬁhﬂ&ﬁhﬂﬁg

i nexpensi ve carbohydrate that is readily available in largé anounts, has
been considered as an alternative to I PTG however, in the past, |actose
was regarded as unsuitable for induction due to the 20 probl em of i nducer
excl usion on glucose nedia and degradation in the cell. The expression
systemused in the invention allows a carbon-limted cultivation with
conti nuous s Umppirgindmbodinass tirsxbresiceceli(has béadngihedtd @lcary3003) and t hus
prevents thedy@ctossleX@jus”gn, elininateﬁ.the decreasiqg I nduction |evel
observed dur i"RGTEEATEREY S HET<h 8P e B AFIPISHS tisthoregrs ke ( Hof f man et al .,

1995) and enahlofsnpheidBol ot BiHanB¥R! £ HEbfhEhk&W e BYSTed¥nl | actose as
i nducer. Inportantly, the expression systemused in the invention has the

advant age of T5t80haRattyvay afiaghedyios pr 2wimorasido hissate, the sewiidge Wit thewi t h
regard tospr 4T r.aly Ly i.e .the titer
0L 3 T KSR BS pHOUAERE L6 Yy 0l 112

and with regard to protein content”T1n the o
makes the explREsspak reyaesit lugdwnility 38y wag of enaepld, the catipdyei carries dapar ed t o

prior art expf i ur.t herpore,, the.i.nvention offers the
advant age thg{‘&glglpg{cltof%ﬁﬁ 055 ?ﬁgﬁz SN SPESk! Soenﬂdﬁoa?&lsc%ﬁe g‘ﬂdffqr(??ti-"f he opti mal
desi gn of t hedjeccpt tesh dufectiae trailetg genedmsgrard otk loynoded) b@waRat itk fkighi M nary
screening tests. . By.wa f exanple, in such elimnary screens a series
of linear exBftz?SE‘Y%ﬁ?%%?’?ﬁﬁ%‘g%@FH&fk%W%ﬁf t‘?f@é‘ﬁé‘é’f"sft&ﬁ%“‘l’@é_st one 5
el ement 1Mat expasssion. InfiRAGke HMunKHbBES IBREREORAE th€8IQbadNify Ot €i N Of
interest (expression level or qualitative features |ike biological

activity), i dTeSEGRFIBIeareTraiiat eaingt thp srosiicantitindy, & thoshsgérase bi ndi ng
site) and/ or faseiéenGRredr oL g% %sﬁﬁliﬂfc@%@ Madfesdehe an(fjfnftfleegéfﬁg prgodon usage

vari ants) and/or targeting sequences r reconbl nation and/ or any ot her

el ements on MREbRligrnativayeend, ickles abain Biei ability wadenatmlize the t&poviser uct ed. The
car tri dge Vg gnlhsy S hIGEL Hat h4a,L 1P 9R0NE of. & pre:selected hos:

cell and the r i'ng expression host vart an P el udi ng
i nduct i orp of ispirad peliys shacpprepsition of thededrkegphd o thechredpshdddomsbe By conparing
protein expression,, the.host cell variant show ng the nost favourable
results in vi& e%lfédaﬁnai%H%%oﬁ “'Wﬂ'ﬁ’f%%?ﬁ?fgma Seeuwated tpligEfted. I n a
variation of this pre-screening 1l5approach, instead of determ ning the
opti mal expriessitan cmbodimenigeselection ofiosinat cloaes €& iciinesthatdanry¥BY be
identified bépi nt.el?r at%ngi;. identical cartridges i nEo a panel of different
host cells. SPIEECT FSSIUSES SPEEr GHE Wt crgiionde corwlemeptationlnf a8f al | owi ng

i ntegration skoRophyd€fRHOstVTRIsul clSPMERED a8 Schbatali9BhdwPRE) 1 nto the
ous paraneters one” w t hout

genone, r%%r e-screei ngq#)f var i | mai; be d

i nt er f erenceF1BYre 51 2804 eelbis upssihatdas p artasion thig hepehsen ehostraoralldwc opy nunber
Manuf act ur i ngi-s6& & ratiRUGL ﬁﬂmﬂ?&f& I Lnvention,. the term
"cultivating" (or " éﬁllt_i vat iSon",al a g%ﬁ%g?hgg&ysg%’%ﬁ%ggb?%ﬁh%thrgseilat es to
t he propagatdelstionpr tatetien that readqys 8 uitdn tocsyhthssizan eongonhd that 8d bi or eact or

according t Oes%{iglqgrsitské}g% (im'i]chtmhu tii({]n ue%ﬁgr tdfmed as “auxotrophic marker”). For
example, a bacterial mutant in which a gene of the proline synthesis pathway is
25 inactivated, is a proline auxotroph. Such a strain is unable to synthesize proline and
will therefore only be able to grow if proline can be taken up from the

environment, as opposed to a proline prototroph which can grow in the absence of

proline,

Any host cell having an auxotrophic marker may be used. Preferably, mutations in
30 genes required for amino acid synthesis are used as auxotrophic markers, for

instance mutations in genes relevant for the synthesis of proline, leucine or
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25 Manufacturing of reconmbinant proteins is typically acconplished by
performng cultivation in larger volunes. The term "manufacturing"” and
"manuf acturing scale" in the nmeaning of the invention defines a

f er ment atwenodldse M ni num vol ume of 5 L cul ture brot #@0 62

"manuf acturing scal e" process is defined by being capable of procéessing

| arge vol unes of a preparation containing the reconbi nant 30protein of
interest, and yielding anmounts of the protein of interest that neet, e.qg.
in the case of a therapeutic protein, the demands for clinical trials as
well as for market supply. In addition to the |arge volune, a
nanufacturin@usmameomﬁmhnﬂmﬂmsﬁkﬁﬂmmmmﬁ:MQc@ﬂﬁgwemhahmﬁ@@iﬂwnethods li ke

shake fl ask cuI&r @y’{l n Iﬁ charact(&ﬁrlplr E use  of the technical
system of a BY"0T'eR Ot I NS OBt gﬂ;o@& pass i/ dgiecHve gncdgs f or
agi tation, aeroan_hpmm dlubd ¢x@Rdssib® eirte HEfQ'ﬂietg‘éﬁb[ﬂgaléﬁgwﬁﬁ’ﬂftéé?éﬁo?lfofpr ocess
paraneters ( erature, dissolved oxygen tension, back pressure,

etc.). The b aﬁ?% rintgresta Rhe thyp abiame projatfaptcicallscan b cesilalselested bpd does
not al | ovs t oghierl ol BEDMM Uthir ridd & X

envi ronnment of a |J?eacﬁor mag surp?&%ﬁ%ﬁﬁ oun%ﬁaﬂ%'ﬁ@ngkperlnents
of the invenfowsmot mtaﬂaﬂieéﬁmp@sﬁlfomwtv@h Mmabmsewlhmawuom thust egr ati on
is particul ay nethods on a manufacturing scale (with
respect to bo%ﬁyﬁggﬁgéﬁﬁﬁéagﬁ%g e Pechni cal system in conbination with a
cultivation node that is based on feeding of nutrients, in particular a

f ed-batch pr B@é@@phﬂlﬁ sele@@mm imdenendant of mmmteMcm‘iumssTlmmtegﬁiﬁoﬁ &chs
chenostat). t|v ion In certain enbodi,ments, the nethod of
t he |nvent|on ﬁﬁgs@e ’%%bcé?g83%%@#&3%“&“%&%éﬁﬁ%ﬁgwéggmwgga

cul tivati®n ﬂnademmhmmaﬂaeraﬂhe pdnﬁacuﬂuﬂaﬂVﬁMg& of BRBFRPhY sélBdtionds v | on of
the cells are:ﬁontalned in the |n|t|g1)3 cul ture nmedium w thout additional

supply of fuPREICARSEDEHPerksr Rengy olcHEERSE thehis foraieh te g hpgrermaips ocess,
20after a bainGh: @hese afiér JuBQMiHtnRBASIEN @RS RLRS ﬁle&éls\ﬁ’&hgéa fghe or nore

nutrients are supplied to the culture by feeding. The purpose of nutrient
feeding is tEMoxeofsud magkst gersarrovtingiadag gad ilmlecmmmﬂd selection

" Hi gh- cel | - dgBsddit: RibhbNaliREbdE 868 e crease

t he anmount gﬁer econbi nant protein aslse\gve RéKF’Itgnou ctiﬁd%u% %8 Fttol vati on
processds th@ﬂrmdlemoffdeﬁ@étﬁhmgﬁta‘tshtamfthecsaktemnd i rrportant t he present
25invention is not restricted with regard to a certain node of feeding.
Feedi ng of nnfLi, di scontinuous node
according to netﬁgﬁg" EE%%B%%Q{; e %??y&%%hggé I Hlélrkr?{) y e pre-defined
(i.e. the fee@ﬂeéna@dlecgemmmgﬁdmw&mmmfm@g@ﬁﬁﬁsepareansaher s), e.g

| i near const e i asi.n ste reasing or foll owing a
mat henat i caIge ? %F]hgk %‘]J(r)br‘l’v aep.a iy aﬁﬁ?}ﬁ%ﬁﬁn&qd%f %ﬁ'éc Qacq © &%t ?ye?Iﬁaglﬂ the
enbodi nent, deHeo gmtvfmrbaﬁiculdﬁ@unu@m&)’ﬁdg@ﬂhﬂdh@ci&& LAkl dat 986&Rn opher ei n

t he feedin red cording to an exponential function. B
%0 9 pos%ve cf)ngv. can %e a(r:]ueveg%y growmgg cells on said sggar as the only carbon Y

Source.

As described above, during long term cultivation of bacteria, adaptive evolution
(Herring et al, 2006) may cause an enhanced mutation frequency at the integration
site during expression of the chromosomally encoded recombinant protein. The use

25  of an auxotrophic knockout mutant strain in combination with an expression
cartridge complementing the lacking function of the mutant strain (thereby
generating a protoiroph strain from an auxotroph mutant) has the additional
advantage that the restored gene provides benefits to the cell by which the cell
gains a competitive advantage such that cells in which adaptive evolution has

30  occurred are repressed. Thereby, a means of negative selection for mutated clones
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appl yi ng an exponential feeding node, the specific growh rate g of the
cell 5 population can be pre-defined at a constant |evel and optim zed
with respect to maxi mum reconbi nant protein expression. Control of the

f eedi ng rabheotstisipged on a desired specific growmh ratPeCtT?E E’g‘“ defi ned
medi um as described below, is used, growh can be exac predi cted and
pre-defined by the calculation of a biomass aliquot to be forned based on
the substrate unit provided. 10 In another preferred enbodi nent, an
exponenti al feeding node may be followed, in the final stages of
cultivation, by linear constant feeding. In another enbodi nent of the

f ed- bat ch pr ocmesided.i near constant feeding is applied. Linear constant
feeding is characteri zed by the feeding rate (volume of feed medi um per

EL!S(r:rﬁl tjlni/;t i E)ntﬂ@%) Hasas.” ﬁ%glgst%'{%gfasgﬁg%gﬁ% t %%gg[faﬁﬂwﬁé’?@%t%%}%cess

| i near i ncr eashBimglcaetiongngls-calpp) bads, e?l BﬁEACS@ﬁﬂ?ﬁ§b%rﬁL§t%ﬂ)‘gﬂﬂﬂ§r S
i rate of. feed nedium foll owin | irnear

characteri Zeg%l?fé ?)af eedi n

function. FeSHrRG B BREChgeeds Tapirsde sincs pRofts slones donhe dptermined by

char act ers zegirly dacéiRhion 8 priisih @R HRRft feeding rate per a defined tine

20i ncrenent. I n anot her enbodi nent of the fed-batch process of the

i nvention, a feedback control algorithmis applied for feeding (as opposed
to a pre-def PERE Keallehg node). I'n a feedback-controlled fed-batch
process, the feeding rate depends on the actual |evel of a certain

cul tivation Ph¢ MBRAbs motolls KR bbAMMAhE BB elnHokiRRLE HoP [m]ﬁédt
f eedback-control | ed feeding are for 1nstance bionass (and em cal or
physi cal par BHREFHI08 ofjeng gﬁ@@lOfﬁéeﬂ‘%ﬁt)onemfgymhv@@mmy@emllwe&pu r at ory
coefficient, 2003)
Anot her exa%ﬁhtlgwgﬁt%gﬁl%ggﬁﬁc%ﬁﬁ 51 %ﬁ)&%ﬁég@ tﬂggxrﬂ?%qe%l%s %%tgeédﬁ %n th
actual gl%Ucoway elrxempler mpicchan enetgeresifontemstoory t(el»in@rtacan eetiwoadr mord 99 1)

Cont i nuous us _ Cul t| t| on r _enbodi nent,
bacterial ce ?%ﬁgg??rr(%?er{%mgg SENO] % BP/‘%gg?ngﬁal ggfg(t}nép@g@aqrﬁ, ng to
the present ¢M\berim¢gatedttmoomﬂctnm@tedd’fdrmt¢mbnﬂié ﬁoxﬂ@ oy Hhgnostat) . A
conti nuous fernent at ocess c acterize a defined, 5 const ant
and conti nuo‘ti‘&mﬁ’gefﬁ h?wﬁ’ %‘é’&?sﬂ@n 8? reREproisins ﬂﬁ’éé"@rﬂ hetredimga

bi or eact or, Wﬁml@bﬁe&bdcﬁmts& hoRtR cbﬁsﬁbfwmaﬁr%aﬂ;t BBrLeim6dis rom t he

bi oreactor at_the sane defined, constant and continuous renoval rate. By
keepi ng fcul t YPERediB RS hqaé%ail‘h@eﬁlﬁb@h&mf@malonﬁlaﬂ@b% ore sane constant
| evel , the ciphibi déa{tﬂ; I actor remain
constant (so- caJI)I ed ste dy@%t&gt&gl@ﬁ%ﬁ%@%bﬁsmggéfah&]m?%\?ﬁ%ﬁsgte p. can be
pr e- def i ned Fxenples fesathardictgeidimeria metgins aof for hmtah@@@hpﬁg[Rmh&rtwndl the

cul ture nedi ct Sl n e havi n n nor e
genone- baseci Y%g%@?%égﬂgg%ge?% ggsag)raéﬁ g@l?ﬁ %%?V“&f" g %{'s opposed

to structur aaICbtyﬂtadnble&eﬁfr Sheffictinalal. gaoom)smahmnpjm Ktlibakas edclRxpEtassi on

syst ens,, .Or stems whi.ch genome-inserted cassette relles on
gz\ nomi c 20 1%9{ %ﬁese 0 S quences encoding the monomers may be present on one

expression cartridge which is inserted into one integration locus. Alternatively,
these two sequences may be also present on two different expression cartridges,
which are inserted independently from each other at two different integration loci.
In any case, the promoters and the induction modes may be either the same or

25  different.

Although the invention allows plasmid-free production of a protein of interest, it
does not exclude that in the expression host cell a plasmid may be present that
carries sequences to be expressed other than the gene of interest, c.g. the helper

proteins and/or the recombination proteins described above. Naturally, care should
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15anplification), the nunber of generations (cell doublings) of cells
according to the invention is theoretically unlimted, as well as,
consequently, cultivation time. The advantage of cultivating a genetically

st abl e geR@IBeAasRs expression systemin a continuous ];H)ﬂ% ' a
hi gher total anmount of reconbinant protein per tinme perio 2@3’#\*@?

obt ai ned, as conpared to genetically unstable prior art systenms. In
20addition, due to the theoretically unlimted tine of cultivation,
continuous cultivation of cells according to the invention may lead to a
hi gher total protein anount per tinme period even conpared to fed-batch
cul tivation peokestesin sheh doanfirhents'the bivembiggdothaRivédtion sRAAd Rst@duct i vity

of a genone-base Xpression construct. is shown. 25 Another preferred
enbodi ment rBY%F"i"'C‘?‘HP ‘é‘%ﬁ@%ﬁ?fﬁﬁ@ : =F~F-"f§%?%ﬁdéhm%b¢ geseptata
seni - cont i NUS cdpIrlulibai ArdNhOdI@ 6655 et A rhdibo¥B BINdBY o) i nvention is a
process which is operated in its first phase as a ted-batch process (i. e.

a batch phasg; foll gwe&l by a. fe?di ng phase). After a certain volune or

bi omass has bERINGBIsST REHCionol repeivhinpyt Rpisis prwidgp Bsfollawing major f er ment er
vol une i ss obhdian@gds; a significant 30part of cell broth containing the
reconbi nant protern of interest is renoved fromthe bioreactor.
Subsequently, feeding is initiated again until the biomass or vol une of

cul ture brot WWitidespseide fheranerstonpieetdus of thasmecssivh hestitbe sydntaghsai ni ng of
cul ture brot kreqnd sfrfs1é h{&ﬂoﬁ%x%n&@ﬁ@éﬂ&flﬁ}g@ﬁﬂ}go& o?rtl%gﬁa&grtetﬂse%oﬁ east once,

and theoretically indefinite tines. Cu um regard to the
type of the eajridge.dithebighdegrseof flaxitility (f.emodmtiativorwigresestso thchere are no

limtations.: Jl - I sem. -defined, i.e. .containing
conpl ex medi %I%g“rtr‘%gé‘gr\"gé’?‘(lg%gll'éh ;%%E% oggl )Flﬁlg}tty W’se%{/esﬁ%c fodsﬁg,cmg’a@%{%?rno aci ds),
or it neld beamsselertia principdd, iivgthe optivthaliubsugyent esmpvakofahnRnienes Pref er abl y,
a "defined nediunt .i sed. "Defined" dia (also terned "minimal" 10 or
"synt heti c" W%r&era)(v)éﬁ%&é%étf: &Eﬁﬁlrfg?g&&wg%s@anssﬂe FOFASHAR Faftridess ned

subst ances, q'usﬁllymebﬂﬁm?_our ces such as glucose or glycerol, salts,
vitamns, and, in view of a possible strain auxotrophy, specific am no

acids or othgr subst.ances such _as thiegm ne Most preferably, glucose is

used as a calBoRPESHPEYSELECRY I the Methadipd theapygngign gry bp destansd syabdi um

serves as t hfatgf wbsentidl drich@pRANPRASSp I SRRt T ol s 15 the specific
gromh rate In the nethods of the invention, significantly higher yields
are obt ali ne becaus rom h of bacteria and a high, but physiologically

tol erabl'e r CHFEIRAAL AU Feaebinan scasenioghe BuomsiTHulSs Meddignte ng t he
whol e pr oduciniiQie-BEMHeR Bdmber of genes of interest per cell. In the embodiment of the

mvention that inserts one copy of the gene, this number is usually one {except in
the case that a cell contains more than one genomes, as it occurs transiently during
cell division), as compared to plasmid-based expression which is accompanied by
20 copy numbers up to several hundred. In the expression system used in the method
of the present invention, by relieving the host metabolism from plasmid replication,
an increased fraction of the cell’s synthesis capacity is utilized for recombinant
protein production. Strong promoters, such as the T7 system, can be applied

without adverse effects on host metabolism by reduction of the gene dosage.

25 A particular advantage is that the expression system has no limitations with l;egard
to the level of induction. This means that the system cannot be “over-induced” as it
often occurs in plasmid-based systems, where PCN may strongly increase upon
induction (Teich et al., 1998; Wrobel and Wegrzyn, 1998). A strong expression

system in combination with a high and/or increasing gene dosage triggers a

20



| nducti on Mode 20 As descri bed above, in a nost preferred enbodi nent of
the invention, the protein of interest is under control of an "inducible"
or "controllable" pronoter. There is no limtation as regards the node by
whi ch i ndwetlsnsmhs Protein expression is performed. By, snSes Pl e, the
i nductor can be added as a singular or multiple bolus or by continuous
feeding, the latter being also known as "inductor 25 feed(ing)". There are
no limtations as regards the time point at which the induction takes

pl ace. The inductor nay be added at the beginning of the cultivation or at
the point of starting continuous nutrient feeding or after (beyond) the
start of feedictapolic bvedioed and Fadzdo ndrammyic bss ateimpbilih eBedly cealt, her havi ng

t he i nductor 1t al iLn.the cul ture medi or separately feeding it.
The advantagéggﬂEﬁﬁ%ﬁ??éﬁaFggﬂgﬁﬁhWQm%ﬂ&g’ﬁgbéP} Se8 @ SEBHIAMYY nduct or
dosage, i.e. shdricd B 0O pRILABINTLABnTORANET Rrad yiigd i Ned or constant
anount of inductor per 5 constant nunber of genes of interest in the
production system. Fqr.instance, inductor feeding allows an inductor
dosage whi chﬁsglegb%ﬂfgf’f’?@ﬂa asygl-hag W&%ﬁ%?y%&‘gﬁaﬁﬁﬁ draybgcle®akt ant ratio
of inducter Heily QUASSsioBiceNBHsy 168¢ ths pRBmM U8 géﬁglaﬁ%n%es@.%ﬁﬂe can be

based, may be for .instance cell dr meiqht ( , wet cell weight (WCW,
optical densios§of rlgmad depepds o saserel extaongl fectors andsiaeregash with fheorumiler col ony
form ng unit g lftdin AN W] ' Lch are
proportional to the g%ﬁ%%%% esgihgﬁﬁ%%ggg:H%gﬁgpﬁg%?%?$§%ﬁ°|eF%ctric
capacity, et bmjted ®ith eqppidablthe minkher nfgdnomtiods (fheniensienslifameatationss t he

preci se dosa i L. per,. an a t Qr_si | which.is
proportionalgﬁgﬂ%#%ﬁgééb%?gﬁg§ eg¥F§%£@%El ﬁﬂ@?mTﬁgagﬂﬁﬂQP&P§wﬂeasured
of f-1inelr eprdssine systinmaedtih ehentisthel ofalic igedntidn ehsukdRlatkadtd, plesdelinedlef i ned
and constant per ?%ggﬁss unit. (one.or nore_genes per cell), the

consequence B°{R FRreqisAtbpdaity wumbee ghisgrflorsang dansskeoreigalét or per
gene of i nt ein@aite cvatioh WileNRHAUBNAIBnAiLRR (RXBGH tli"eﬂﬂsa%@ﬁﬂd%rﬂfdos age of
e

the anmount of inductor relative to the anount of biomass can
exper i ment al 1§ ogRYTEReH Hfeallnthat dyrat produet the protpimpiigterest and with tBranlyl e 8 and

Fi gure 16 anﬂnﬂtﬁiﬁro@PAt%ntiﬁ%' dootiFifc g%apﬁu&ﬁ&ﬁssa%%g h &%ﬁghge the actual

bi omass | evel by analytical ne For 1 nstance; 1t ma ufficient to
add the ihdugmel in an anobunt that is based on previous cultivations
(historical biomass data). In another enbodinent, it may be preferable to

dd th t i i i ticall
cal cul at od_op et DR Rathha e HoRBRAS i ThlcnSy ROSLR! 85 bideil g & s
based cul ti valvinsags thatitheatheuht béindhceo mobonle] whiousy. atléaltin arentimibtis of t he

gromh-limtj in the f nedi_u usual | y. the carbon source,
will result #ﬁ&a&%@}%ﬁ?ﬁg?ﬁoﬁﬂﬁte %%ﬁgﬁgﬁﬁg{re% péq?oggggiﬁbtpgl,le %18 gl ucose as
growt h-1 i mi tdosgeguebsdll; atiecr\wbhdtant egdtltfic dntiroq@iitiaNon]@k ChateReIdeg cel | dry

wei ght (al so_expr.essed by t substrate yield coefficient Yxis = 0.33).
Consequ tlfwﬁﬁgé@?ﬂﬁﬁat 8§ggémﬁﬁiﬁﬁéﬂﬁﬁ%ycﬂ@ﬁﬂeéﬁén§@ﬂﬁﬁmphterest may

al so be achi &presiby ratd@ndbelatKeetdIRERAS FHmdiSlHERSS to Bfust i ferdr OWE
i mting-conponent, since a certain unit o# growm h I'i'mting conponent

results in £XPEEPIEd unit of bionass, and a defined unit of bionass
contains a defined nunber of nolecules of proteins of interest according

to the net hagn@fthd BohRMRBEd &ression system allows exact control of protein
expression, it is particularly advantageous in combination with expression targeting
25  pathways that depend or rely on well-controlled expression. In a preferred
embodiment, the method of the invention includes secretion (excretion) of the
protein of interest from the bacterial cytoplasm into the culture medium. The
advantage of this embodiment is an optimized and sustained protein secretion rate,
resulting in a higher titer of secreted protein as compared to prior art secretion

30  systems. Secretion may occur by passive diffusion through the bacterial cell wall,
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The concentration of IPTG may be in the range of 0.1 -30 jig per g CDW
preferably, it is in the range of 0.5 -20 gg per g CODW 5 In Exanple 8,
t he maxi mum i nduct or dosage in the feed nmediumis 20 gnol | PTG per g CDW

which is gguesplsps to 6.6 gmol | PTG per g gl ucose, ungdgiphfigegsstmption
of a sustrate yield coefficient of Yxis = 0.33. Consequently, since the

gl ucose concentration in the feeding nediumis 128 g/L, the |IPTG
concentration in the sane nmediumwas 844 uM 10 As an essential advantage,
feeding limting amounts of inductor prevents netabolic |oad and reduces
stress in favour of maxim zing the capacity of protein synthesis. The

rati o of i ndecbpactipesechitiomirgs tHeqreripsmigapsepiollpeed bNdiffugo0 vt phykiced t i ng
substrate not, _necessarily. be constant. It may al so_be |inear

i ncreasi n)g, ma{‘??é‘&?l r%%aé? éea%lrbﬁélgmg%&ﬁrﬁﬁﬂ st?ﬂue&é?:?séiﬁ d3¥tcording to
exponenti al @IS N640e62 2 AEUSRTBSUOR! of By it ORmslo8itlon of M2 pRGSRRE @l feature
according to.the invention is that the value of inductor "dosage per gene

of interest PEcTEdfiPRhE cipplawh tuig thesrisaamedivms(c.a hemethodves dsseribiee

i nventionsi sb?(;g@i%@@g&tzom)pcess, wherein the inductor is present in the
batch nmediumtirom start of ‘cultivation. The node of induction of
expression can al so be constitutive, which neans that 20induction is not
triggered chéfidesrpsd abpvefhegunetion ellorsy fo design sitplified progesseseimmaensdt f r om

start of culy LQN; i i i i . ferred induction
node for conPfiogﬁ% sté&g Baigaﬁ gﬂtl{% %igh Yﬁ)tl}%(ﬂla g}cgil grglgffgﬁn&eggdp 81% godi% [}%?nc {lon.
cul tivati on. Ty prefespeldtbe inventam, ehplofing Fiagspessio?stemgdeseritit:i RBavepat ch

cultivation ' rencoded expression system HVR174( DE3) <Cam
T7 : 6xHis- Np%h%?%%?%%ﬁ}g%notge 5?%%‘8’8&“5’?‘?5 8F CORAMINS 519961 Tt opr ot ease
fusi on prot echen{oki®d) wherdtgdhbdadvahtages dfitheadenome-engaldey bxitlesiod Sfdién eRcoded
expression system HVR174( EE;) ET30a. 6xH s- Npr oEddi e- GFPnut 3. 1) for
producti on o¥phé‘?f‘11?’ﬁ§ Pt ﬁ%‘gep‘?‘b‘i%‘é?@nf GHPEH Bt BPPPSE BSamytersFed- bat ch
cul tivation aRRhOMLRE GRNANPARGS A8HANR BsHARoBYSHAN Blegd(E3)

<Cam T7: 6xH s- Npr oEddi eG-Pnut 3. 1> (M. Fed-batch cultivation enpl oyi ng

pl asni d- encotrdiredRipihe destspll syequinemprts spbrEre-gemed By dheHickecid poon@Remut 3. 1)

for production of an insoluble autoprotease fusion protein (ES2).
Another advantage relates to the choice of the inducer molecule: Most of the

15  available systems for high-level expression of recombinant genes in E. coli are
lac-based promoter-operator systems (Makrides, 1996). Lactose, the precursor of
the native inducer 1,6-allolactose, a natural and inexpensive carbohydrate that is
readily available in large amounts, has been considered as an altemative to [IPTG,
however, in the past, lactose was regarded as unsuitable for induction due to the

20 problem of inducer exclusion on glucosc media and degradation in the cell. The
expression system used in the invention allows a carbon-limited cultivation with
continuous supply of lactose as inducer (Striedner et al., 2003) and thus prevents
the lactose exclusion, eliminates the decreasing induction level observed during
conventional pulse induction with lactose (Hoffman et al., 1995) and enables a

25  tight expression rate control even with lactose as inducer.

Importantly, the expression system used in the invention has the advantage of
providing a high yield of recombinant protein, both with regard to protein
concentration per volume culture medium (i.c. the titer) and with regard to protein
content in the obtained biomass. This feature makes the expression system used in

30  the invention superior compared to prior art expression Systems.
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10 Figure 5:Fed-batch cultivation enploying genone-encoded expression
system HWB174(DE3TN7: :<Kan: T7 GFPnut3 1> for production of the soluble
green fluorescent protein (ES6). Figure 6:Fed-batch cultivation enploying

pl asm d- apeasiRA«RXPr €ssi on systen1yw%&}ﬁkgﬁg%%pETBOa
GFPnut 3. 1) for production of 15the sol uble green fluorescent protein

(E53). Figure 7:Selection by insertion of an antibiotic resistance marKker,
optionally followed by renoval (excision) of marker. Figure 8:Selection by
provi ding a non-essential mnetabolic gene or a prototrophic conplenentation
gene as marker. 20Figure 9: Figure 10: Figure 11: Insertion of

expressi on chuthdandge, tht idvheticpe e e aidiatagt thaeetbonat theBxiéeiogi ns,

t her eby renoyin hem Insertjon.of expression cartridge at _the site of a
mar ker gene,g gdL%ﬁéﬁﬁpéﬁnFﬁl&ﬁﬁﬁéﬁﬂ%§?3ﬁ§%m%?“ﬁﬁg%é?1Bﬁ%ﬁ5¥ype.

Sel ection byasharmd ﬁﬁﬂr&ﬂn@ﬁryts%eﬁﬂl% &sBOBP Ay oPExathpOfr SR pldliffidly 25mar ker
to generate sacrg:e%] g tsén%rs] g}' l’inesarel:)%(l:'és?ioln %arrg'iidrglég Eh'at vary with respect to at lcast one
5  element that has an impact on expression properties of the protein of interest
(expression level or qualitative features like biological activity), i.e. control
clements (e.g. promoter and/or polymerase binding site) and/or sequence of the
gene of inferest (i.e. different codon usage variants) and/or targeting sequences for
recombination and/or any other elements on the cartridge, like secretion leaders, is
10 constructed. The cartridge variants are integrated into the genome of a pre-selected
host cell and the resulting expression host variants are cultivated, including
induction of protein expression, under controlled conditions. By comparing protein
expression, the host cell variant showing the most favourable results in view of an
industrial manufacturing process is selected. In a variation of this pre-screening
15  approach, instead of determining the optimal expression cartridge, the optimal
bacterial strain may be identified by integrating identical cartridges into a panel of
different host cells. Since the integration stategy has the advantage of allowing
mtegration of a discrete number of gene copies (e.g. only one) into the genome,

pre-screeing of various parameters may be done without interference by plasmid

20  replication or changes in plasmid copy number.
Manufacturing Scale Production

According to the invention, the term “cultivating” (or “cultivation”, also termed
“fermentation) relates to the propagation of bacterial expression cells in a

controlled bioreactor according to methods known in the industry.

25  Manufacturing of recombinant proteins is typically accomplished by performing
cultivation in larger volumes. The term "manufacturing” and "manufacturing scale”
in the meaning of the invention defines a fermentation with a minimum volume of
5 L culture broth. Usually, a “manufacturing scale” process is defined by being
capable of processing large volumes of a preparation containing the recombinant

30 protein of interest, and yielding amounts of the protein of interest that meet, e.g. in

23



Fed- batch cultivation enpl oying pl asm d-encoded expression system

HVB174( DE3) for production of the soluble hSOD (ES7). Fed-batch
cultivation enpl oyi ng genonme-encoded expression system HVS174(DE3) for
product i opoQbostiigs ol ubl e hSCD (ES8). Fed-batch cul tipegly yi ng
genomne- encoded expression system BL21 (DE3) for producti orﬁ@?ﬁﬁgsol ubl e
hSOD (ES9). Expression of soluble GFPmut3 1 with E. colt HVB174(DE3) in

t he conti nuous node (chenostat ) (ES6). Fed-batch cultivation enploying
genone- encoded expressi on system BL21 (DE3) in conbination with controlled
i nduct or dosage for production of the soluble GFPnut3.1. Standardized

aver age pr odthetcaseorfrmabdérgprutiap®tein e deimands fivb kiniGH Biald 3 velodstfad ned from

fed-batch cul ti,vatio [ none-.encoded ression system BL21
(DE3), in co%“ragﬁegﬂ%ﬁ’ ' \fﬁr?“{%‘&%/%gg@’%ﬁ%%ﬁY?‘&ﬂ%%mﬁﬁ% sg#le memodias es 20
Exanpl e 1 Geogpostd ©nimple Bdatde irthod kd dhakeanshkRemG LY isQRaabicRRQoNbi nant
Proteins Experinments_are perfornmed either with the recil K12 strain E
col t HVB174( BESY U7 ofine rehuheal systemm af wbisfepqiopiiamepicowighisisguinesdagen.  The
desi gnation (idkvid® fhliEade serblici, nbieni1eslisy, RoRibaROBRMSMRl of DES
prophage, carrying a chronpsomal copy of the 17 RNA™polynerase gene under
control of tPA@cesspUemeisrsdinb @mpemk%ﬁgfst)lhe%@xmmEinﬁgn,shai:kp!bdiseret or protein

expressi on usi . : udi er ,and f,fat . 1986; Studier
et al., 1990%’9'?%%;'396?%?%Rk%?e)&?%g}gﬁ%ﬁi\fé?fa"@P%‘@é%%leﬁh%goﬁsﬁlgt% St eri al
chronosone it pehe thenbdhaviowi df thABEHEGN tathe yomgiet brievilonimest dfalbpesacpirasm d

pKD46 as descri bed by Dat senko and Wanner (2000). The |inear expression

tridge isgi o . In7 . si . whi.ch is bet the gl nS
cartridge | Sk eARaLasy bt I8 SN Byl Rl SuP VSRR L, 0
casset t € onsysteen lyserboregdansmed artegriyorcio pixitiolady edviagtapehs Pirinisfickis aaneal i ng to

th one and internal i rs. By ,P ransducti.on (Sternberg and Hoess,
19§3ge2n d LeRAY acturing scalg (mql?respect % bo:‘]Eh ﬁne volume and the tgzchnical systel%) in

combination with a cultivation mode that is based on feeding of nutrients, in

particular a fed-batch process or a continuous or semi-continuous process

(e.g. chemostat).
15  Fed-batch Cultivation
In certain embodiments, the method of the invention is a fed-batch process.

Whereas a batch process is a cultivation mode in which all the nutrients necessary
for cultivation of the cells are contained in the initial culture medium, without
additional supply of further nutrients during fermentation, in a fed-batch process,
20  after a batch phase, a feeding phase takes place in which one or more nutrients are
supplied to the culture by feeding. The purpose of nutrient feeding is to increase the
amount of biomass (so-called “High-cell-density-cultivation process” or “HCDC”)
in order to increase the amount of recombinant protein as well. Although in most
cultivation processes the mode of feeding is critical and important, the present

25  invention is not restricted with regard to a certain mode of feeding.

Feeding of nutrients may be done in a continuous or discontinuous mode according
to methods known in the art. The feeding mode may be pre-defined (i.e. the feed is
added independently from actual process parameters), e.g. linear constant, linear

increasing, step-wise increasing or following a mathematical function, ¢.g.
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101955), the reconbinant chronopsonal section is transferred into the
expression hosts | FV1S174(DE3) and BL21(DE3). To act as a recipient, the
recA deficient strain MS174(DE3) is used that contains the

t enper at uwe-29enabdag ve pTSA29-recA hel per plasmid, pr p‘ﬂcqi!ﬁﬂods}ﬂ%o?.ﬁcp‘
protein (Phillips, 1998). Ref erence experinments with prior ar

pl asrni d- based expression of target proteins 15 are perforned with pET30a
and pET1 | a plasm ds from Novagen (pET System rmanual, 11" edition). To
show the potential of the expression systemof the invention, a soluble
protein (G een Fluorescent Protein (3FP; Shinmomura et al., 1962)) and an
i ncl usi on boeéypdnentml figdipgot ei n (Npro) are used in the experinents.
GFPmut3.1 is a FACS- 2 0 optim sed variant (Cornmack et al., 1996) with

substitution A [ 0 fol ding.an xcitation at 488 nm
The i ncl usi o?ln %g%& r’%@%%%@ﬁ?ﬁ@&#%x%ﬁ?@ E&ﬂ}hé’-g@ﬁ-’%ﬂ%‘%tc PFES%: fusion of

t he above- desdiichette GEfing hihd iandddined hadidne © aﬂ'@ﬂﬁ&fﬂe@tﬁhl Ytlﬁfcﬁ@(ml%yl( descri bed
in WO 2006/113959) of the naLivye TN?' autoprotease fromclassical sw ne
fever virus { Y‘Bé a%FXpé?P‘?‘}t‘ai%@%}’.g“Nﬁ‘“tﬁ%sﬂi"”ﬁﬁ grrovih &3t wef thearll pr ot ei n

consi sting opodufiBionmmBe felddfnéPRRRbAMnt MvePind23000%:4 wﬁdﬂir&@e&'t@aves I tself

co-translationally fromthe nascent polyprotein, thereby generating the
correct N-t eFHHYE Brompaantpparia cppistsirn Controhod kisrleddeng rete inbased a1991; St ar k
et al., 1993kesired SRbffic brodhhio Al WARAGIGRARM HARLASS QL BYPIAL 15 APPT &

vi ati on of expression system % rain Location of gene of | nt ef est

Desi gnat i on Bfedpgrawth eande ckartiz grealidtoiandgre-défige by teraginlapono®d n

oo ngy o BRGNS 56 hida bR TR osrud i GRBSET ' VO SYSTEM TS

10 In another preferred embodiment, an exponential feeding mode may be followed,

in the final stages of cultivation, by linear constant feeding.

In another embodiment of the fed-batch process, linear constant feeding is applied.
Linear constant feeding is characterized by the feeding rate (volume of feed
medium per time unit) that is constant (i.c. unchanged) throughout certain

15  cultivation phases.

In another embodiment of the fed-batch process, linear increasing feeding is
applied. Linear increasing feeding is characterized by a feeding rate of feed
medium following a linear function. Feeding according to a linear increasing
function is characterized by a defined increase of feeding rate per a defined time

20 increment.

In another embodiment of the fed-batch process of the invention, a feedback
control algorithm is applied for feeding (as opposed to a pre-defined feeding
mode). In a feedback-controlled fed-batch process, the feeding rate depends on the
actual level of a certain cultivation parameter. Cultivation parameters suitable for
25  feedback-controlled feeding are for instance biomass (and chemical or physical
parameters derived thereof), dissolved oxygen, respiratory coefficient, pH, or
temperature (e.g. as described by Jahic et al., 2003). Another example for a
feedback controlled feeding mode is based on the actual glucose concentration in

the bioreactor (Kleman et al., 1991).
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Continuous and Semi-Continuous Cultivation Mode

In another embodiment, bacterial cells carrying a genome-based expression
cassette according to the present invention are cultivated in continuous mode
(chemostat). A continuous fermentation process is characterized by a defined,

5 constant and continuous rate of feeding of fresh culture medium into the bioreactor,
whereby culture broth is at the same time removed from the bioreactor at the same
defined, constant and continuous removal rate. By keeping culture medium,
feeding rate and removal rate at the same constant level, the cultivation parameters
and conditions in the bioreactor remain constant (so-called “steady state™). The

10 specific growth rate u can be pre-defined and is exclusively a result of the feeding
rate and the culture medium volume in the bioreactor. Since cells having one or
more genome-based expression cassettes are genetically very stable (as opposed to
structurally and segregationally instable plasmid-based expression systems, or
expression systems which genome-inserted cassette relies on genomic

15  amplification), the number of generations (cell doublings) of cells according to the
invention is theoretically unlimited, as well as, consequently, cultivation time, The
advantage of cultivating a genetically stable genome-based expression system in a
continuous mode is that a higher total amount of recombinant protein per time
period can be obtained, as compared to genetically unstable prior art systems. Tn

20  addition, due to the theoretically unlimited time of cultivation, continruous
cultivation of cells according to the invention may lead to a higher total protein
amount per time period even compared to fed-batch cultivation processes. In
Example 7, the high stability and productivity of a genome-based expression

construct is showmn.

25  Another preferred embodiment refers to semi-continuous cultivation of cells. A
semi-continuous cultivation process in the meaning of the invention is a process
which is operated in its first phase as a fed-batch process (i. e. a batch phase
followed by a feeding phase). After a certain volume or biomass has been obtained
(i.e. usually when the upper limit of fermenter volume is obtained), a significant

30 part of cell broth containing the recombinant protein of interest is removed from

the bioreactor. Subsequently, feeding is initiated again until the biomass or volume
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of culture broth has again reached a certain value. This method (draining of culture
broth and re-filling by feeding) can be proceeded at lcast once, and theoretically

indefinite times.
Culture Mediom

5  With regard to the type of the culture medium used in the fermentation. process,
there are no limitations. The culture medium may be semi-defined, i.c. containing
complex media compounds (e.g. yeast extract, soy peptone, casamino acids), or it

may be chemically defined, without any complex compounds.

Preferably, a “defined medium” is used. "Defined" media (also termed “minimal”
10 or "synthetic" media) are exclusively composed of chemically defined substances,
i.e. carbon sources such as glucose or glycerol, salts, vitamins, and, in view of a
possible strain auxotrophy, specific amino acids or other substances such as
thiamine. Most preferably, glucose is used as a carbon source.Usually, the carbon
source of the feed medium serves as the growth-limiting component which controls

15  the specific growth rate.

In the methods of the invention, significantly higher yields are obtained, because
growth of bacteria and a high, but physiologically tolerable recombinant gene

expression rate can be maintained during the whole production process.
Induction Mode

20 As described above, in a most preferred embodiment of the invention, the protein

of interest is under control of an “inducible” or “controllable” promoter.

There 1s no limitation as regards the mode by which induction of protein expression
is performed. By way of example, the inductor can be added as a singular or
multiple bolus or by continuous feeding, the latter being also known as “inductor
25 feed(ing)”. There are no limitations as regards the time point at which the induction
takes place. The inductor may be added at the beginning of the cultivation or at the
point of starting continuous nutrient feeding or after (beyond) the start of feeding.
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Inductor feeding may be accomplished by either having the inductor contained in

the culture medium or by separately feeding it.

The advantage of inductor feeding is that it allows to control inductor dosage, i.c. it
allows to maintain the dosage of a defined or constant amount of inductor per
constant number of genes of interest in the production system. For instance,
mductor feeding allows an inductor dosage which is proportional to the biomass,
resulting in a constant ratio of inductor to biomass. Biomass units on which the
inductor dosage can be based, may be for instance cell dry weight (CDW), wet cell
weight (WCW), optical density, total cell number (TCN; cells per volume) or
colony forming units (CFU per volume) or on-line monitored signals which are
proportional to the biomass (e.g. fluorescence, turbidity, dielectric capacity, etc.).
Essentially, the method of the invention allows the precise dosage of inductor per
any parameter or signal which is proportional to biomass, irrespective of whether
the signal is measured off-line or on-line. Since the number of genes of interest is
defined and constant per biomass unit (one or more genes per cell), the
consequence of this induction mode is a constant dosage of inductor per gene of
interest. As a further advantage, the exact and optimum dosage of the amount of
inductor relative to the amount of biomass can be experimentally determined and

optimized, as demonstrated in Example 8 and Figure 16 and Figure 17.

It may not be necessary to determine the actual biomass Ievel by analytical
methods. For instance, it may be sufficient to add the inductor in an amount that is
based on previous cultivations (historical biomass data). In another embodiment, it
may be preferable to add the amount of inductor per one biomass unit as
theroretically calculated or predicted. For instance, it is well known for feeding-
based cultivations (like fed-batch or continuous) that one unit of the growth-
himiting component in the feed medium, usually the carbon source, will result in a
certain amount of biomas. As an example, 1 g glucose as growth-limiting substrate
will result in approximately 0.33 g cell dry weight (also expressed by the substrate
yield coefficient Yxss = 0.33). Consequently, a defined dosage of inductor per gene
of interest may also be achieved by the defined dosage of inductor per unit growth

limiting-component, since a certain unit of growth limiting component results in a
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defined unit of biomass, and a defined unit of biomass contains a defined number

of molecules of proteins of interest according to the method of the invention.

The concentration of IPTG may be in the range of 0.1 — 30 pg per g CDW,
preferably, it is in the range of 0.5 — 20 ug per g CDW,

5 In Example 8, the maximum inductor dosage in the feed medium is 20 pmol IPTG
per g CDW, which is equivalent to 6.6 pmol IPTG per g glucose, under the
assumption of a sustrate yield coefficient of Yxs = 0.33. Consequently, since the
glucose concentration in the feeding medium is 128 g/L, the IPTG concentration in

the same medium was 844 M.

10 As an essential advantage, feeding limiting amounts of inductor prevents metabolic

load and reduces stress in favour of maximizing the capacity of protein synthesis.

The ratio of inductor per biomass (or per gene or per unit growth-limiting
substrate) may not necessarily be constant. It may also be linear increasing, linear
decreasing, increasing or decreasing according to exponential or other

15 mathematical functions, etc. The essential feature according to the invention is that

the value of inductor dosage per gene of interest is defined.

In certain embodiments, the method of the invention is a fed-batch process,

wherein the inductor is present in the batch medium from start of cultivation.

The mode of induction of expression can also be constitutive, which means that
20 induction is not triggered chemically or by other stimuli, but that it is permanent
from start of cultivation. Constitutive induction is the preferred induction mode for

continuous cultivation, but also useful for fed-batch cultivation.

Brief Description of the Figures:

25  Figure 1: Fed-batch cultivation employing genome-encoded expression
system HMS174(DE3) <Cam:T7:6xHis-NproEddieGFPmut3.1>

for production of an insoluble autoprotease fusion protein (ES4).
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Figure 2:
Figure 3:

5
Figure 4:

10  Figure 5:
Figure 6:
15
Figure 7:
Figure 8:
20  Figure 9:
Figure 10:
Figure 11:
25
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Fed-batch cultivation employing plasmid-encoded expression,
system HMS174(DE3)(pET30a 6xHis-NproEddie-GFPmut3.1)

for production of an insoluble autoprotease fusion protein (ES1).

Fed-batch cultivation employing genome-encoded expression
system BL21(DE3) <Cam:T7:6xHis-NproEddieGFPmut3.1>
{ES5).

Fed-batch cultivation employing plasmid-encoded expression
system BL21(DE3)(pET30a 6xHis-Npro-GFPmut3.1) for

production of an insoluble autoprotease fusion protein (ES2).

Fed-batch cultivation employing genome-encoded expression
system HMS174(DE3TN7: :<Kan:T7 GFPmut3.1> for
production of the soluble green fluorescent protein (ES6).

Fed-batch cultivation employing plasmid-encoded expression
system HMS174(DE3)(pET30a GFPmut3.1) for production of
the soluble green fluorescent protein (ES3).

Selection by insertion of an antibiotic resistance marker,

optionally followed by removal (excision) of marker.

Selection by providing a non-essential metabolic gene or a

prototrophic complementation gene as marker.

Insertion of expression cartridge at the genomic site of

recombination proteins, thereby removing them.

Insertion of expression cartridge at the site of a marker gene, and

selection for disappearance of marker phenotype.

Selection by completion of the missing part of a non-functional

marker to generate a functional, selectable marker.
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Genome <Cam T7: GFPnut 3. 1> Exanple 8 Exanple 2 Cultivation Mbdde and
Process Analysis The cells are grown either ina 7 L (5 L net volune, 2.5
L batch volune) or ina 20 L (12 L net volume, 8 L batch vol une)

conput er - g9hisalres bi oreactor (MBR 5 Wetzi kon, CH) i ]

standard control units. The pHis maintained at a set %ﬁ’?ﬁl@?%‘t’% 0. 05
by addition of 25 % amoni a sol uti on (ACROCS Organics), the tenperature is
set to 37 C 0.5 C In order to avoid oxygen limtation, the dissolved
oxygen level is stabilized above 30 % saturation by stirrer speed and
aeration rate control. The content of 02 and CO2 in the outlet air is

det er mi ned byigarcl(R:Hat t HedrintchrditBatunenidyange pldsridtant@micd asprafdhy zer .
Dielectric capacity and condycti.vi re nmeasured with the Bi omass

nmoni tor, nodel 214M (AbéP’StF??ﬁf“f‘Eﬁ@E?) f/eﬂbB 'é‘EtWtoﬁ,helﬁRlP}J@ OLX| uor escence
measurenments are perforned7using a nulti-wavel ength spectrofl uoroneter
specially designed for online neasurenents in an industrial environnent,

t he Bi oVi ew LTA Li & 15 Optics, Lyngby, Denmark). Foaming is
suppr essed bﬁg&ﬁfﬁ i on (}%H%ﬁ{cﬁli" ORI hE R AFRSIRd OTBEsSoBUS set t i
Vienna) wth a concentr@&ét@;ﬂ}nmibmm)%ﬁﬁ@dﬁ@féwmhe%&mmg@w ation, a
deep frozen (-80 C) working cell bank vial, is thawed and 1 m (opti cal
density 013600= 1) is t (E»&% erred aseptically to the bioreactor. Feeding
is started when the culture, grown to a bacterial dry matter of 12.5 g in

20 2.5 L bat plgypeedi um (Qnredfgﬁmg chifvéion eﬁ%ﬂé‘gﬁn%%égbﬁ@enc ?&e ggd)ggssghat i onary

phase. Fed-Batch regine with _an exponentidl Substrate I's used to
provi de a constant growsksteraBd-2fD63 nfor produetipniofithe4olibigBSOMYRSYes. The
substrate feed is controlled by increasing the punp speed according to the
exponent i al BigOWI: al G0N BLBHGEHRRS g |inOf wei ght
| oss in the substrate tar)#z (Cl_:gerj an- 2 5 Pusts:iﬁﬁatﬁnﬁ' %P%S@%E&”F The feed
medi um prlovi ded suffi ci émtcontimponamwds (chempitet \dES6ot her 202 g (or 450g) of
bacterial dry matter. Induction Induction is perforned in a conventi onal
nmode by a siggl& 1Bgul se g4 b t i I he. supplied anmount
of IPTGis calculated to ggﬁc gx%%ﬂ%%ﬁtep%l%%%?gﬁlg e%c%f:g?)ﬁ%&g? the end of
t he process in order tosydmbBazi (DEY) ih cdmbmdtiqysittecontdvbiel imd€asmposi ti on

dosage for production of the soluble GFPmut3.1.

Figure 17: Standardized average product formation rate (qP) of soluble
15 GFPmut3.1 obtained from fed-batch cultivation employing
genome-encoded expression system BL21 (DE3), in correlation

with the concentration of inductor.

Examples
20
Example 1
Generation of Bacterial Strains and Description of Recombinant Proteins

Experiments are performed either with the recA” K12 strain E. coli HMS174(DE3)
or with the B-strain BL21(DE3) provided by Novagen. The designation (DE3)
25  indicates that the hosts are lysogens of 2 DE3 prophage, carrying a chromosomal
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The m nimal mediumused in this study contains 3 g K1121304 and 6 g
K2HPO4*3H20 per litre. These concentrations provide the required buffer
capacity 5 and serve as P and K source as well. The other conponents are
added in wel»aédmamef gram bacterial dry matter to be PAHSaPHsaeA UM
citrate (trisodiumsalt *2H20; ACRGCS organics) 0.25 g, MgSO4*7H20 0. 10 g,
CaCl2*2H20 0.02 g, trace elenent solution 50 gl and glucose*H20 3 g. In
all experinents with expression systenms ES6, ES7 and ES8, nediumis

suppl enented wi th CuCl2*2H20 4ng and 10 ZnSO4*7H20 3.2 ng per gram
bacterial dry matter. To accelerate initial growmh of the popul ation, the
conpl ex conponenf the B RNexpalpntra@:. ghbe gndes cantidba the laci& Siprorhered, nedi um t o
obtain the b h dium. For the feedin hase 2.5 L m ni ma] medi um are
pr epar ed acc%ﬁ"%ﬁ“ﬁ&ﬁ S%H_faﬁ%ss ?%ll}ﬁfor(?f(%?}fl8‘%S?§I“SW537%3{74?° PEBOR™ or 450 Q)
to be produc¢Studier sndeviéferdiasg; pladisest aNNE0eN YntBrs@dnt 6F ldeS YA N added per
15 litre. Trace.el enen olution: prepared in N HC1 gg/ L): FeSO4* 7H20
40.0, NhSO4* FBEeEes Fto i@ﬁ%‘@a@h%%w}e@é@ezn(ﬁpwkww. carpiihe 7H20 2. 0,
Na2Mb02* 2620 Rd Qelp&\iabaid 4 H3Ra a2ldnk | eP‘(‘l%'O irg. Opt i cal
density (OD) is rrgasu_r ed g%BG%SQ%Cr% Bacfbg% al dogﬁdrrvgt&tﬁler isa)égtﬁeerm ned by
20cent ri f ugalifeH cHression gRritpdgctip mteggted @Estb@ﬁt’flﬂilﬁ,ﬁeﬂéhislubﬂ)eme@ thei n

distilled wa | f i = SU nsien for transfer
to a pre-wei gﬁ;esdéeg!ég%\‘rﬁep &Eigc |rstﬂ et%%%%??%ﬁ 2’?1) q%é’g%%f%gl?n ﬁcaﬁse o A
re-wel ghed. Thihepengness dond bpastlening kxtgmelyrimérs ardeblarg o tiedzchyme and ul at i ng
cel 1 ary vel D RipeiooBY 73 e dion Retrere oecigetias fapd Eiftagge. of | dead.
cells (Pﬂ) aﬂ@SSd,&hefendm‘ﬁdamlshig@ofs?]?w s@Mkﬁﬁﬁ&iﬂs&n@f&ﬁﬂi@ﬂﬁ-er{ﬁﬂehsidfﬁasUr enent s
are perfornmed w Cal j bur w_cytoneter. (four-color system Becton
Di ck?nson), g%ﬁﬁ%@%‘éﬁ”&ﬁ%% %‘fd%f‘?’l-@gg]-g&&%é@%@é‘%‘i@ﬁﬁ’&@ﬂ%&ht 488 nm
and the stangesigiMs174©IE3F A BaN0InBns3hStetBEkRLe-sdbiibe ﬁgé(&@’%cﬁ”ount of

fl uorescent counting beads (Becton Dickinson, USA) so that the absolute
cel | nunber BJpgraplasmidarowiding thaReed rotain €Phibips.d3P8)of r ecombi nant prot ein
Npr o- Eddi e- GzBra, L | anbl i I and

el ectr ophor S%;\ iC p?eo%(g!g%n%%gaﬁ{l@ ?gg??%lralﬁwg?dr%éd%g}e%%?rféfn@gggl@wgglﬁaI yser.
Sol ubl e ¥ecombiprdermeg mothpdtT 308 anfliphil i 1 ipbdmids #roBFReEgk BHRICSBEGh ng t 0

Rei scher et %Imuai Zlqgle%iti ile the reconbi nant product in the inclusion
bodi es i s deternined Wth the Agi | ent Bi oanal yser 2100, using the Protein
200 LabChip(r) Kit. The content of reconbinant GFP is quantified via
GFP- ELI SA actosldivige poterittnl Réths chpressain sybtem (o2 @R4pventibg acohibRiirotein hSOD i s

quantified via SAQD ELI SA according.to Bayer e @ 99Q) .. .
Pl asmi d- cont {';u ﬁ?nﬁﬂgu%rgﬁcﬂt I%ﬂttema(lc’i%lgg‘%lgflﬁ’%“%gf fi‘lyitlfzu N ‘Tg‘fé’ q"ﬁ%%lﬂﬁ%ﬁ by cassette
are det er m nfseining peattih (Mpiiol) i 1984 nBhaGReripbat eFRNAI 07 PFALSS cont ai ni ng
100 ng/ m . Kananyci n r.esregct i vel %/ 100 mg/mM Anpicillin and by counting
col ony < mi sed variant (Cormack ef al., 1996) With substitutions S65G and S72ZA for
improved folding and excitation at 488 nm. The inclusion body forming protein
6xHis-NP*Eddie-GFPmut3.1 is a fusion of the above-described GFPmut3.1 and
N Eddie, a modified variant (described in WO 2006/113959) of the native N*°

autoprotease from classical swine fever virus (Thiel et al., 1991). N™ is a

25  mon-structural protein consisting of 168 amino acids (apparent Mr of 23000), which
cleaves itself co-translationally from the nascent polyprotein, thereby generating
the correct N-terminus of the capsid protein C (Wiskerchen et al., 1991; Stark et
al., 1993).

32



15 units (CPU) after 24 h. Exanple 3 Expression of

6XHi s- Npr oEddi e- GFPnut 3. 1 as I nsol uble Inclusion Body wwth E. coil
HVB174(DE3) in the Fed-batch Mbode 20Expression systens ES1 and ES4 |isted
i n Tabl e wo2bh&my in order to characterize the beha (9‘}"1;?

expression syste%ggf the invention (ES4) for producti\c?n 0 2@%’2%{3?%I e
target proteins (i.e. as inclusion bodies), and to evaluate the economc
potential conpared to plasm d based expression systenms (ES 1). The
experinment with the expression systemof the invention shows high but

physi ol ogically 25 tol erabl e gene expression rates. The product formation
can be mai nt debled: Eisrofigenaratbd expr@Bioneustams.| nduction is performed as single
pul se one doubling past feed start in order to gain a fully induced system
(Figure 1). In contrast to these results, the gene expression rate

triggered by the plasm d based expression|[system overstrai ns the metabolic
capaciti es ofbbiee cel Sgamnd | ead Hooatidhaf b Padigiavion of t he m&clrmb(ﬁirnnEyst em
four hours paEetienofducgti on, perf Orgemdbofas si ppkeidloPTG pul s¢ Ekémge doupl i ngs
past feed s{espresitaglire 2). Expridsisrestn Sys$imeprdiis chrteidgorf di ng to the
i nvention shegem a sliightly higher vol unef fargetprageluict yi el d (Table 2). As
can be seen|fromthese experinents, the exfundedineh psoteihem of the ijnvention
offers the advantage|that process control | thedespedtivagdtesondi tions clan be
mai nt ai ned during the whol e perilod of prodisencodinghati on. |10 Tabl e 2-
Summary of [esults ffom Exanpl e |3 (compar son of —genome-gncoded—and
pl asm d-encpged produaimorra@iest he pLeh@i n| 6XHegsMxakddi e- Eehpaut 3 1 with
the host stfain HVS174(DE3). Ggnone encodseisiorrRLAasM d- encoded ( ES4)
Tot al vyi el dref—bactetial—dryr—matiter—{BDM+[g}-158-486
ES2 BL21(DE3) Plasmid (pET30a 6xHis- | Example4
NPFEddie-GFPmut3.1)
ES3 HMS174(DE3) Plasmid (pET11a GFPmui3.1) Example 5
ES4 HMS174(DE3) Genome <Cam:T7:6xHis- Example 3
NEddie-
GFPmut3. >
ES5 BL21(DE3) Genome <Cam:T7: 6xHis- Example 4
NFEddie-
GFPmut3.1>
ESo HMS174(DE3) Genome <Kan:T7 GFPmut3.1> | Example 5
and
Example 7
ES7 HMS174(DE3) Plasmid (pPET11ahSOD) Example 6
ES8 HMS174(DE3) Genome <Cam:T7: hSOD> Examplc 6
ES9 BL21(DE3) Genome <Cam:T7. hSOD> Example 6
ES10 BL21(DE3) Genome <Cam:T7: Example 8
GFPmut3.1>
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Deviation of BDMyield in % fromtheoretically calculated BDMyield 20 30

Speci fic content of

reconbi nant protein [ng/gBDM 144 156 Volunetric yield

(titer) of reconmbinant protein [g/L] 5.0 4.7 Exanple 4 Expression of

6xH s- Nprwoaddisaafeedmut 3 1 as | nsol ubl e I ncl usi on Body pairibadeseses?
BL21(DE3) in the Fed-batch Mdde In order to prove the general
applicability of the expression systemof the 5 invention, strain E. coil
BL21(DE3) is used as expression host. ES5 of Table 1 is cultivated in the
5 L scale according to the procedure descri bed above. The results of this
system (Figure 3; induction is perfornmed as single pulse one doubling past
feed) are beErxampleBan the results with the 1(12 strain HVS 174 and,
conpared to the results obtained with the plasm d-based ES2 (Figure 4);

i nduction i Sglﬂﬂﬁﬁx@&ﬂﬁgd@&d]f%'egﬂkﬁalgﬁé se tree doublings past feed start.),
t

the systemo

e I nvention shows s

gnificantly higher product yields and

hi gher process stability than the pl asinidbased system (Table 3). The
pl asni d- basedbagalls ara Gews ither ip 87 215 dinshaolume, abhdashapbioteppi wtai cs as

doscrbed wi by 311 oy (GHY 41 ARG 1A6IY SheBEOIELILRETRL GP keS| ead Lo

t he breakdown of

SYyS erm an 0SS O rocess con

Sumrary of r B&tdikan, CHY oqipzedith dan(i@ainatrolsmits.dfhe pEhio mpiresicatted and
P s e o Bl S o8 19 ackion BES1 51 M, 0RO G SRR - 2 vt

the temperature is set to 37 °C £ 0.5 °C. In order to avoid oxygen limitation, the

dissolved oxygen level is stabilized above 30 % saturation by stirrer speed and

aeration rate control. The content of O, and CO; in the outlet air is determined by a

10  Hartmann and Braun Advanced Optima gas analyzer. Dielectric capacity and

conductivity are measured with the Biomass monitor, model 214M (Aber

Ingtruments, Aberystwyth, UK) set. Fluorescence measurements are performed

using a multi-wavelength spectrofluorometer specially designed for online

measurements in an industrial environment, the BioView® (DELTA Light &

15 Optics, Lyngby, Denmark). Foaming is suppressed by addition of antifoam

suspension (Glanapon 2000, Bussetti, Vienna) with a concentration of 1 ml/l feed

medium. For inoculation, a deep frozen (-80 °C) working cell bank vial, is thawed

and 1 ml (optical density ODggo= 1) is transferred aseptically to the bioreactor.

Feeding is started when the culture, grown to a bacterial dry matter of 12.5 g in

20 2.5 L batch medium (or 30 g in 4 L batch medium), entered stationary phase.

Fed-Batch regime with an exponential substrate feed is used to provide a constant

growth rate of 0.1 h™' during 4 doubling times. The substrate feed is controlled by

increasing the pump speed according to the exponential growth algorithm, x=x,.¢™,

with superimposed feedback control of weight loss in the substrate tank (Cserjan-

25  Puschmann et al., 1999). The feed medium provided sufficient components to yicld
another 202 g (or 450g) of bacterial dry matter.

Induction

Induction 1s performed in a conventional mode by a single pulse directly into the

bioreactor. The supplied amount of IPTG is calculated to set a concentration of



Genome encoded (ESS) Pl asmi d-encoded (ES2) Total yield of bacterial dry
matter (BDM) [g] 144 486 Deviation of BDMyield in %fromtheoretically
cal cul ated BDMyield 25 15 Specific content of reconbinant protein

[ mg/ gBDI\/]waEzﬁgsJ;Qanyol unetric yield (titer) of reconbi Wmﬂﬁd&h@éo@z [g/1.]
8.2 6.6 Exanple

1 pmol IPTG at the end of the process in order to gain a fully induced system.

Media Composition

The minimal medium used in this study contains 3 g KH,PO4 and 6 g
K>HPO4*3H,0 per litre. These concentrations provide the required buffer capacity
5  and serve as P and K source as well. The other components arc added in relation of

gram bacterial dry matter to be produced: sodium citrate (trisodium salt *2H,0;
ACROS organics) 0.25 g, MgS04*7H,0 0.10 g, CaCl,*2H,0 0.02 g, trace element
solution 50 ul and glucose*H,0 3 g. In all experiments with expression systems
ES6, ES7 and ES8, medium is supplemented with CuCl,*2H,0 4mg and

10 ZnSO4*7H;0 3.2 mg per gram bacterial dry matter. To accelerate initial growth of
the population, the complex component yeast extract 0.15 g is added to the minimal
medium to obtain the batch medium. For the feeding phase 2.5 L of minimal -
medium are prepared according to the amount of biological dry matter 202 g (or
450 g) to be produced in the feeding phase, whereby P-salts are again added per

15 litre. Trace clement solution: prepared in 5 N HCH (g/L): FeSO4*7H,0 40.0,
MnSO+*H;0 10.0, AICL*6H,0 10.0, CoCl; (Fluka) 4.0, ZnSO4*7H,0 2.0,
Na;Mo0,*2H;0 2.0, CuCl,*2H,0 1.0, H3BO; 0.50.

Offline Analysis

Optical density (OD) is measured at 600 nm. Bacterial dry matter is determined by

20 centrifugation of 10 ml of the cell suspension, re-suspension in distilled water
followed by centrifugation, and re-suspension for transfer to a pre-weighed beaker,
which is then dried at 105 °C for 24 h and re-weighed.

The progress of bacterial growth is determined by calculating the total amount of
biomass (total bacterial dry matter BDM; also termed cell dry weight CDW).

25  Total Cell Number (TCN) and percentage of dead cells (DC) are determined using
flow cytometric methods. All measurements are performed with a FACSCalibur
flow cytometer (four-color system; Becton Dickinson), equipped with an air-cooled

laser providing 15 mW at 488 nm and the standard filter setup. Samples are spiked
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Expression of GFPmut3.1 as Soluble Protein wwth E. coil HWVS174(DE3) in the
Fed- batch Mbde 5 Expression system ES3 and ES6 |isted in Table 1 are used
in order to characterise the behaviour of the expression system of the

i nvent i onwhogagdsict i on of sol uble target proteins (Hﬂﬁnﬁﬁﬂﬁbtﬁé ression
systens of Table 1 forminsoluble protein aggregates, i.é. PRer et on
bodies). In order to exclude effects triggered by different cel

densities, identical cultivations with induction one doubling past feed
start are 10 perforned, although the results of the other experinents
denonstrated that the plasm d based systens triggers too high expression
rates and cemithadmowntynosarufdluotrecaraéoundn e dn{Bdoioh Diskisda! BSM) P cope
with require npar abi | i there i hird colum in Table 4 called

"pl asni d- encg1 gg‘eé‘g%f’?‘ﬁ? E%BX“W?FE?FJ@SE%CH%W&PW% results of ES2

"pl asm d- encoded" are extrapolated to an experinental setup 15 sinul ating
i nduction at one doubling past start of feed. As can be derived from

Fi gure 5 andTh gentent 6f Kekomibiosntproteis Npes-EddieetFmasutsi RglctorRided 8y hr ee

of the | nvenyBRTRIBISELIS 3R HErtorBprefit PE vRiGben sspe e gm0
denonst r a edBiynaydr FolrbleReambintt prRuab YRRkTLE v IGHIEOK AT REQTRENAN
protein and %g£et%¢r CfgéﬁrSi nrate of nutrients 20into biomass (i.e. a
hi gher BDM y [Pt g8GF & 2 ﬂ)sa@\ﬂﬁéﬁqrswm'a%@tpwéwﬁm@etm@@mﬁod@s isval ue) .
Table 4: Sunumenmifdd +esmk WitAEHEIRAR 0B, &ﬁ%@g@*‘rgﬁt&gd‘zl@fmt%ﬁﬂ@%' encoded

and pl asm d- encoded production of the proteln W host
strain HVB17B{tDE3). Genone- encoded (ES6) Pl asnid- encoded (ES3) Plasm d-

The content of recombinant GFP is quantified via GFP-ELISA according to
10 Reischer et al. (2004). The content of hSOD is quantified via SOD ELISA
according to Bayer ct.al (1990).

Plasmid-containing cells but also cells carrying the integration cassette are

determined by cultivation on LB-agar plates and on plates containing 100 mg/ml

Kanamycin respectively 100 mg/ml Ampicillin and by counting colony forming
15  units (CFU) after 24 h.

Example 3

Expression of 6xHis-NproEddie-GFPmut3.1 as Insoluble Inclusion Body with
E. coli HMS174(DE3) in the Fed-batch Mode

20 Expression systems ES1 and ES4 listed in Table 1 are used in order to characterize
the behaviour of the expression system of the invention (ES4) for production of
insoluble target proteins (i.e. as inclusion bodies), and to evaluate the economic
potential compared to plasmid based expression systems (ES1). The experiment
with the expression system of the invention shows high but physiologically

25  tolerable gene expression rates. The product formation can be maintained for more
than 20 hours. Induction is performed as single pulse one doubling past feed start in

order to gain a fully induced system (Figure 1).
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encoded, optim zed (ES3) Total vyi el d of bacteri al thy matter (BDM [g] 391
129 356 Deviation of BDMyield in % fromtheoretically calcul ated BDM
yield 19 26 26 Specific content of reconbinant protein [ng/gBDM 213 141

WO 2008/142028 PCT/EP2008/056062

10

In contrast to these results, the gene expression rate triggered by the plasmid based
expression system overstrains the metabolic capacities of the cells and lead to the
breakdown of the cellular system four hours past induction, performed as single
IPTG pulse tree doublings past feed start (Figure 2). Expression system ES4
according to the invention showed a slightly higher volumetric product yield
(Table 2). As can be seen from these experiments, the expression system of the
mvention offers the advantage that process control and defined conditions can be

maintained during the whole period of product formation.

Table 2: Summary of results from Example 3
(Comparison of genome-encoded and plasmid-encoded production of the protein

6xHis-NproEddie-GFPmut3.1 with the host strain HMS174(DE3).

Genome encoded Plasmid-encoded
(ESI) (ES4)
Total yield of bacterial mattcr
Y dry 158 486
(BDM) [g]
Deviation of BDM yield in %
from theoretically calculated 20 30
BDM yield
Specific content of recombinant
144 156
protein [mg/gBDM]
Volumetric yield (titer) of
] 7 ( ) 50 4.7
recombinant protein [g/.]
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141 Total rec. protein yield [g] 101 18 50 Volumetric protein yield
(titer) [g/L] 8.95 2.93 4.43 5 Exanple 6 Expression of Soluble hSCD E
coil RwvB174(DE3) and BL21(OE3) in Fed-batch Mdde Recomnbi nant hunan

super oxi deyghosgnse@ge (hSOD) is produced by pl asm d- bas%gré%ﬁ & g@lgy
genone- based expression with E coil EMS174(DE3) (E57, gnzb

addi tionally by genome-based expression using E. coil BL21(DE3) (ES9).
Human SOD is selected as third nodel protein because this enzyne is
described as highly interactive in the bacterial cytosol" thereby
representing a well suited protein candidate to investigate robustness and

per f or mance dixamhpke 4pr oducti on net hod

Expression of 6xilis-NproEddie-GFPmut3.1 as Insofuble Inclusion Body with
E. coli BL21(DE3) in the Fed-batch Mode

In order to prove the general applicability of the expression system of the

5  invention, strain £. coli BL21(DE3) is used as expression host. ES5 of Table 1 is
cultivated in the 5 L scale according to the procedure described above. The results
of this system (Figure 3; induction is performed as single pulse one doubling past
feed) are better than the results with the K12 strain FIMS174 and, compared to the
results obtained with the plasmid-based ES2 (Figure 4); induction is performed as

10  single pulse tree doublings past feed start.), the system of the invention shows

significantly higher product yields and higher process stability than the plasmid-
based system (Table 3). The plasmid-based system of strain BL21 shows the same
characteristics as described with strain HMS174, and too high product formation

rates lead to the breakdown of the system and loss of process control.

15 Table 3: Summary of results from Example 4
(Comparison of genome-encoded and plasmid-encoded production of the protein
6xHis-NproEddie-GFPmut3.1 with the host strain BL21(DE3).

Genome encoded Plasmid-encoded
(ES5) (ES2)

Total yield of bacterial matter

v &y 144 486
(BDM) [g]
Deviation of BDM yield in % from 25 15
theoretically calculated BDM yield
Specific content of recombinant

) 256 192
protein [mg/gBDM]
Volumetric yield (tit f

. yield (tter) o 8.2 6.6

recombinant protein [g/L]
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usi ng genone- based expression. In the experinment with ES7 (Figure 12) the
anount of biological thy matter to be produced is pre-defined to 225 g BDM
and induction is perforned 2.5 doublings past feed start. In the

cul tivat i QiySodd/faby2€XpPr essi on system ES8 (Figure 13) a Fi e 14)
YR

the calculated BDMis 5 pre-defined to 360 g BDM and i nductt on

performed at one doubling past start of feed. In order to allow proper
conpari son of ES7 and ES8, cal cul ated values for total yield and the
volumetric yield obtained in the experiment wwth ES7 are used as this
experinment is run at a |lower cell density and a smaller volune. The
results in Table 5 show that the yields obtained with genone based ES8 are
about 3-fold 10 higher and the behavior during production is nore robust
and stable (%§g5@%%ed by a smaller difference between BDM cal cul ated and
BDM real ). Evén ough there is a slight BDM deviation fromthe cal cul at ed

cour se, grom%p can q§. 'nt?inegggg{in f he whol e _process indicating that
genone encod&dP i8S @é@g b efortematet cof T40BERdn hgpaci ty of
the cell whi gbd-bsch Mogentrast to plasm d-encoded 15 SOD expression. The
results delivered by the experinent with genone-based ES9 (Table 5 colum

4) show a_fu ther.increag&@in i%%ld of approxi mately 20% whi ch neans t hat
the BL21( 335"%??5&%?5’?"51“ Prg &S disted i dakle 1 gre ysedimpedar dmcharack®®D t han t he
K12 strain. thiEakh&idur oSha@Rpsssin dv8Sh drind O i S BRRjSon of
genone- encoded and plasnid-éﬁ%oé%_ productionIgﬁﬁgﬁgﬁ%g%%hln ﬁ@kb with the
host strain HREStpwtaEsdfhe osfir cxpression systams pf Gehho hfprevicadidde BGR Wit h strain

LoD Valysunid il ot b LS L ER AR SR
| ower cel | deslisdensifics, idehtidBl 7ul(iDEB)s Rith smdudti@neediedblg habivedi7d4DR3) Genome-
encoded 1&?8 Eé‘rf")o]ﬁgagc%%}though the results of the other experiments demonstrated that the
plasmid based systems triggers too high expression rates and cell activity cannot be
maintained with this system. To cope with required comparability there is a third
column in Table 4 called “plasmid-encoded optimized” which means that the
results of ES2 “plasmid-encoded” are extrapolated to an experimental setup
15  simulating induction at one doubling past start of feed. As can be derived from
Figure 5 and Figure 6 (induction is performed as single pulse tree doublings past
feed start) as well as from Table 4, the expression system of the invention proved
to be more efficient. This is especially demonsirated by a higher specific and
volumetric yield of recombinant protein and a better conversion rate of nutrients
20  into biomass (i.e. a higher BDM yield or a lover deviation rate from the theoretical

value).
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Genonme- encoded ES9 Total yield of biomass dry matter (BDM [g] 140 360

391 Devi ation of BDM yield in % fromtheoretically calculated (pre-
defined) BDMyield 36 26 20 Specific content of reconbinant protein 64 190
210 WO 2008/142028 PCT/EP2008/056062

Table 4: Summary of results from Example 5
(Comparison of genome-encoded and plasmid-encoded production of the protein
GFPmut3.1 with the host strain HMS174{DE3).

Genome- Plasmid- Plasmid-
encoded,
encoded encoded optimized
(ES6) (ES3) (ES3)
Total yield of bacterial .
dry matter (BDM) [g] 391 129 356
Deviation of BDM vield
m % from theoretically 19 26 26
calculated BDM yield
Specific content of
recombinant protein 213 141 141
[mg/gBDM]
Total ree. protein yield 101 18 50
(2]
Volumetric protein yigld
(titer) [e/L] 8.95 2.93 4.43

Example 6

Expression of Soluble hSOD E. coli HMS174(DE3) and BL21(DE3) in Fed-batch
Mode

Recombinant human superoxide dismutase (hSOD) is produced by plasmid-based
10 and by genome-based expression with E coli HMS174(DE3) (ES7, ES8) and
additionally by genome-based expression using E. coli BL21(DE3) (ES9). Human
SOD is selected as third model protein because this enzyme is described as highly
interactive in the bacterial cytosol,, thereby representing a well suited protein

candidate to investigate robustness and performance of the production method
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[ g/ gBDM

Vol unetric 0.92 protein yield (titer) [g/L] (1.48

Total rec. protein 89 50.6 60.3 yield £?]4(é6.55*)

WO 2008/142028 PCT/EP2088/056062

10

15

using genome-based expression. In the experiment with ES7 (F 1gure 12) the
amount of biological dry matter to be produced is pre-defined to 225 ¢ BDM and
induction is performed 2.5 doublings past feed start. In the cultivations with
expression system ES8 (Figure 13) and ES9 (Figure 14) the calculated BDM is
pre-defined to 360 g BDM and induction is performed at one doubling past start of
feed. In order to allow proper comparison of ES7 and ESS, calculated values for
total yield and the volumetric yield obtained in the experiment with ES7 are used
as this experiment is run at a lower cell density and a smaller volume. The results
in Table 5 show that the yields obtained with genome based ESS are about 3-foid
higher and the behavior during production is more robust and stable (indicated by a
smaller difference between BDM calculated and BDM real). Even though there is a
slight BDM deviation from the calculated course, growth can be maintained during
the whole process indicating that genome encoded hSOD expression does not
exceed the metabolic capacity of the cell which is in contrast to plasmid-encoded
SOD expression. The results delivered by the experiment with genome-based ES9
(Table 5 column 4) show a further increase in yield of approximately 20% which
means that the BL21(IDE3) strain is even better suited for production of hSOD than
the K12 strain.
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5.4 Exanple

7

Expression of Soluble GFPmut3.1 with E. coi

HVS174( DE3)

in the Continuous 5 (Chenpstat) Modde In order to verify the genetic

stability of

g 10 BDM per
is used for
Fi gure 15.

non-i nduced

a genone- based (i.e.

and a’ ¢

pl asm d-free) expression system a
cont i nUoU§oSMbdi4¥@g1 on experinent (chenostat) is cond
expression systemES6. A dilution rate of 0.1 11

|2¥“8?3§w§%h? y of 10

liter are set and the defined nedium according to Exanple 2

the main culture.

state.

The result of this cultivation is shown in
In the first part of the experinment the cells are grown in a
The non-induced state of the main culture is maintai ned

for nore thafadi2 SdBuhinangs redulth b Famplet ect abl e changes in the behavi or

of the subcu
const ant bet

| t.ures. ThF fraction of producing 15cells is kept nore or |ess
URP2FEOR §F ermogereatfier and Pipgnaasled pdgtionethelyotel ose t o
300 hour s of hieBAlittihe hbR skithHMS1 F4PDEH) bkl BAEEHoMdbink BIG AT about 5
i nduction the online fluorescence approxifates the nmaxi nal

hours past

|
| evel obt ai ndBPR with #rinsBeIHBES disluss meehed withAcooredeulgted walRmitscher et al

(2004) the s

appr oxi mat el

this i nduced

fluorescence during this period shows rfii
These_results show that the systemstability of the genone based

units.

oz¢ea cdl dapsityyor e t han

i fd | |leul ated.to b
ek Rhs 3Bt Bl R L L
13.5 doubl ings.
range between 6000 and 7000

The course of

expression Host is very H

| IMSMEDE3

MAng@E3generg119pe3y N

fhtained in
t he onli ne

t he i nduced

state. In cgntrast to pldasm d-based systens, very high expressijon rates 25
can be maintlai ned with thElaspdd-encodgdt e Goposmenone| i nGegpme: on |whi ch
represents g clear benefiit for the deyel ogightq of O”Hh@§ﬂ¥5 mgnuf act uri ng
processes. (Exanple 8 Inmproved Induct{on Control by Pre-detining |Inducer
Concentratiagn 5 Tight inguction contrpl of reconbijhant gene expression is
a very inporftant aspect iln bi dptlocess{ng. E8trary| to pESSni d- hased pET/ T7
systens wi tH their high and varying gene dosage { 1 )unber ), the
genone- based Topl sisiid fre¢e) T7 systenfused in the method of the invention
strictly fee%ures a defimed nunber of | gene copies [(one ore norg) of the
target gene.|PIEstgYt his|fact,140he expressidéh rate 10 oB9genomg based
systens can Qﬁﬂ&qm&ﬂﬂhkﬁd nore efficipnt. To denonstrate this benefit, a
series of fed-batch cultfivations withl ES 10 applyijng different |i nduction
| evel s (i.e.|Dendieresf congentrati ons) | s conducted.| I nduction i$ perforned
by a singleg s pf oJ PTG into the bjoreactor to|set an initial ratio of
i nducer per cgﬁ%yﬁkngéight (CDW, fo]lowed by continuously fegding of
| PTG t o keepframdbdédretedllsld concentratipn at a constlant | evel. The ratios of
| PTG to CDWar,e aig ol | ops:

calculaied (pre- 36 26 20

defined) BDM

yield

Specific content

of recombinant 64 190 210

protein

[mg/gBDM]

Total rec. protein 8.9 50.6 60.3

yield [g] (16.55%)

Volumetric 0.92

protein yield (1.48%) 4.5 54

(titer) [¢/L]
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0.5, 0.75, 1.0, 2.0 unol gCDW1, up to a |level of 20 urnol gCDWwhich
certainly results in a full titration of |ac-repressor nolecules (i.e. in
t he hi ghest possible induction level). The off-line neasured specific

cel lul ar omigasepce (spec. F) which is strongly corrgh 1%'08}0960%{19
specific content of GFP (Reischer et.al 2004) is 20 used to nonit

product accumul ation during induction and to cal cul ate the speC|f|c
product formation rate (gPF) as follows: (spec. F2 - spec. Fl1) clIPF = CD
W + CD W 2 25 The applied range of IPTGto CDWratios results in
cellular fluorescence levels from2000 to 10000 rfu.'s g-1CDWat the end
of the process which inpressively proves the efficiency of the
transcription tuning strategy (Figure 16). The gPF of the fully induced
system (20 unol I PTG gCDW is fixed as maxi num | evel of 100% and the

aver age qPF \Eahmigk 70bt ai ned in the experinents with limted induction are
30strongly correlated with the induction |evel (inducer concentration)

Theso rosul 1 PRI SRAEIC G Paba VHER ey ST ABFe e Crrtabor changes

in the | PFG @CWnictat)oviédrd requires tightly controlled inducer feed regines
based on real tine estimated COW Furthernore the PTG CDWratio which is
required for full induction of the system5 can be esti rrated by

extrapol ati om &fdexttb%eﬁﬂér %én@ué:bt%{ﬁ% oF & g@ﬁ@néé\%a{sb%%ngﬁ%p gn 3 - 5 gnol

g -1, which is substa | ower than the |n t he
experi nent . E&ﬂ‘ﬁ%@p@}’ﬂt@m | M@@Wnlawt@nmsmnu@t (qhelao&:tw tse:spdmthdng qPF

ovel o L, SRRt o P MU S LTS,
product I@r nBDM perlatrerqieFagd thudgfiged medium according to Example 2 is used for
the main culture. The result of this cultivation is shown in Figure 15. In the first
part of the experiment the cells are grown in a non-induced state. The non-induced
state of the main culture is maintained for more than 42 doublings without any
detectable changes in the behavior of the subcultures. The fraction of producing
15  cells is kept more or less constant between 75 to 95 % (squares Figure 15).
Subsequently, close to 300 hours of feeding, the culture is fully induced with IPTG
and about 5 hours past induction the online fluorescence approximates the maximal
level obtainable in this experimental setup. According to Reischer et al (2004) the
specific cellular content of GFP is calculated to be approximately 140 to 170 mg
20 GFP per g BDM. The cells are maintained in this induced state for more than
13.5 doublings. The course of the online fluorescence during this period shows rfu
range between 6000 and 7000 units. These results show that the system stability of
the genome based expression host is very high even for prolonged generations in
the induced state. In contrast to plasmid-based systems, very high expression rates
25 can be maintained with the systems based on genome integration which represents

a clear benefit for the development of continuous manufacturing processes.
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500 800 1000 1200 10 As a conclusion, this exanple shows that a method
based on genomne-based expression according to the invention enables a
better controllability of product yield and product formation rate.

Ref er encegoAngaysmes, D.C. and Reilly D.E 2004. Produqkﬁgﬁnaﬁﬁgﬁaiogies
for Monocl onal 5Anti bodi es and their Fragnents. Current Opinion In

Bi ot echnol ogy 2004, 15:456-462. Baba T, Ara T, Hasegawa M Takai Y, .
Ckurmura Y, Baba M Datsenko KA, Tomita M Wanner BL, Mri H., Construction
of Escherichia coil K-12 i n-frame, single-gene knockout nutants:
the Keio collection. 10Mdl Syst Biol. 2006; 2:2006. 0008. Epub 2006 Feb
21. Baneyx, Exarifil®89). Reconbi nant protein expression in Escherichia coll.
Current Opinion in Biotechnol ogy, 10; 411-421. Bayer K, Jungbauer A,
Kramer W Lettner H, SchoE nhofer W Skias M Steindl F, Tafenmer N, Unhl K
(1990) Humanémprevédinbadiian Canfolits! Mm% ideahiEfMHda6R -Concentration

5 Tight induction control of recombinant gene expression is a very important aspect

| m bioprocessing. Contrary to plasmid-based pET/T7 systems with their high and
varying gene dosage (plasmid copy number), the genome-based (plasmid free) T7
system used in the method of the invention strictly features a defined number of
gene copies (one ore more) of the target gene. Due to this fact, the expression rate

10 of genome based systems can be controlled more efficient. To demonstrate this
benefit, a series of fed-batch cultivations with ES10 applying different induction
levels (i.e. inducer concentrations) is conducted. Induction is performed by a single
bolus of IPTG into the bioreactor to set an initial ratio of inducer per cell dry
weight (CDW), followed by continuously feeding of IPTG to keep a defined

15 concentration at a constant level. The ratios of IPTG to CDW are as follows:
0.5, 0.75, 1.0, 2.0 pmol gCDW™, up to a level of 20 wmol gCDW ' which certainly
results in a full titration of lac-repressor molecules (i.e. in the highest possible
induction level). The off-line measured specific cellular fluorescence (spec. F)
which is strongly correlated to the specific content of GFP (Reischer et.al 2004) is

20 used to monitor product accumulation during induction and to calculate the specific

product formation rate (qPr) as follows:

{spec. F, - spec. F,)

qP; =
" cow, + cow,

*(t,- t
> ) (ty-t)

25  The applied range of IPTG to CDW ratios results in cellular fluorescence levels
from 2000 to 10000 rfu’s g'CDW at the end of the process which impressively
proves the efficiency of the transcription tuning strategy (Figure 16). The qPr of the
fully induced system (20 pmol IPTG/gCDW) is fixed as maximum level of 100%
and the average qPy values obtained in the experiments with limited induction are

30  strongly correlated with the induction level (inducer concentration) following a
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Maximum level of specific

product formation rate qPg 500 800 1000 1200
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10
As a conclusion, this example shows that a method based on genome-based
expression according to the invention enables a better controllability of product

yield and product formation rate.
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manuf acturi ng scale, conprising the steps of 5a) cultivating a popul ation
of bacterial expression host cells, b) harvesting the protein of interest,
and c) isolating and purifying it, wherein in step a), cultivationis in a

node t hat warnmpbdsamsezkhe addition of a feeding nedium saj i.ng
selected fromthe fed-batch, sem -conti nuous or 1000n?§%ﬁ@%§ﬁ%§§%? and

wherei n the expression host cells contain, integrated site-specifically in
their genone, a defined nunber of DNA constructs carrying the DNA sequence
encoding the protein of interest under the control of a pronoter that
enabl es expression of said protein, wherein each DNA construct is inserted
into one int &tptaRi.dveysist@., RiBeRipT ie Thied Hod. JoVirol. aD98, 67, 7T0Ber7695 sai d
pronoter is an inducible pronoter. 3) The nethod of claim1l1l, wherein said

bacteri al exggmé)}g aﬁ@%ﬁ&%'ﬁe%{o%cﬁlar oﬁéic%%qagté%gﬂ%%;ﬁf met hod of claim

2 or 3, wherein sa E. col'1 "expression oSt a T7 RNA
pol ymer ase gene Amng Rev GegeiBsie 1arid3\serei n sai d 20pronoter is the T7
pronoter. 5) The method of claim4, wherein said P2. colt expression host

cells have b teal iptearati sali ' truct into E. colt
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host cells have been obtained!bégénte ratjng into E.coli host cells that
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RNA pol ynmerase gene in their genone are non-|ysogenic. 10The nethod of
claim2, wherein said inducible pronoter is selected fromthe tac
pronoter, the trc pronoter, the lac pronoter, the lacUV5 pronoter, the tip

pr onot er , wigwod/ankrda pronoter pL, the phoA pronoter OrPé'lj?ﬁ’E onot er .
10) The nethod of claim 11, wherein said pronoter is a constizttﬁ{%lg)ﬁvogi
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19) The nmethod of claim 17, wherein said marker DNA sequence encodes a
S5protein that confers an antibiotic resistance. 20) The nethod of claim
17, wherein said nmarker DNA sequence encodes a fluorescent protein. 21)
The met hod of claim1, wherein cultivation is in the fed-batch node with a
predefi ned feeding node. 10 22) The nethod of claim 21, wherein the
predefined feeding node is performed according to an exponential function.
23) The nmethod of claim 1, wherein cultivation is in the fed-batch node
with a feedback-controlled feeding node. 24) The nethod of claim 2,
wherein the expression of said prot ei@ of interest is 15induced by the
presence of an inductor. 25) The neth 66”6’18 claim 24, wherein the inductor
is added in a continuous manner. 26) The nmethod of claim 24 or 25, wherein
the pronoter is selected fromthe T7 pronoter, the [ac pronoter, the trc
pronoter, the lac pronoter, the 20l acLIV5 pronoter and wherein the
i nduct or i s1) PTGA 12&hod fre preduving ofccohdimmPgroasin 3Bintad@bgian t he pronot er
is selected fromthe.T7 .pronoter, the tac pronpter, the trc pronoter, the
| ac pronoter, thglapﬁf@fwgg%ﬁgaﬁ%tcgmp&ﬁ@%ﬁ%?tép%o he inductor is |actose. 28)
The met hod of claim 25, wherein the inductor is added at a concentration
25t hat iss propor tah onadivdtgetal R8BS H ot d ! tant ratio of
i nductor to bi omags. 29) %hte]ﬁrget hod of a(glagéld% %g%!r)llghg%?a\%erei n the
concentration of |PTGin the culture nediumis in a range of of 0.1 - 30
jig per g cell diby REygHee theggptemhel wmaresdchodf cl ai m 29, wherein sai d range
is 0.5 - 20 jig per g CODW 31) The nethod of claim24, wherein the
i nductor is present:.imn:th #)@%&? .om t he begi nning of the
cul tivation. 32) %511'hléd)lgrrte]u%"h%l 0 1"%??\%%@/?1& ein the protein of interest
is secreted fromthe Scytoplasminto the culture nmedium

in step a), cultivation is in a mode that employs the addition of a feeding

medium, said mode being selected from the fed-batch, semi-continuous or
10 continuous mode, and wherein the expression host cells contain, integrated
site-specifically in their genome, a defined number of DNA constructs
carrying the DNA sequence encoding the protein of interest under the
control of a promoter that enables expression of said protein, wherein each

DNA construct is inserted into one integration site.

15 2) The method of claim 1, wherein said promoter is an inducible promoter.

3) The method of claim 1, wherein said bacterial expression host cells are

E.coli cells.

4) The method of claim 2 or 3, wherein said E. coli expression host cells
contain a T7 RNA polymerase gene in their genome and wherein said

20 promoter is the T7 promoter.
5) The method of claim 4, wherein said F.coli expression host cells have been

obtained by integrating said DNA construct into . coli host cells that
already innately contain the T7 RNA polymerase gene in their genome.
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33) The nethod of claim1, wherein the reconbinant protein of interest is
a heterodi ner and wherein the DNA nol ecul es encoding the two nononers are
present on the same or on different DNA constructs.
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6)

7)

8)

9)

10)
11)

12)

13)

14)

15)

16}

17)

The method of claim 4, wherein said E.coli expression host cells have been
obtained by integrating into E.coli host cells that do not contain the T7
RNA polymerase gene in their genome, a DNA construct that carries, as an
additional element, a T7 RNA polymerase gene.

The method of claim 5, wherein said E. coli host cells that already innately
contain the T7 RNA polymerase gene in their genome are selected from the
strains BL21(DE3), HMS174DE3) or their derivatives.

The method of claim 5, wherein said E. coli host cells containing the T7
RNA polymerase gene in their genome are non-lysogenic.

The method of claim 2, wherein said inducible promoter is selected from
the tac promoter, the frc promoter, the lac promoter, the lacUVS promoter,
the frp promoter, the lambda promoter pZ, the pho4 promoter or the Pgap

promoter.
The method of claim 1, wherein said promoter is a constitutive promoter.
The method of claim 2, wherein said promoter is a leaky promoter.

The method of claim 1, wherein said expression host cells contain said
DNA construct integrated at an attachment site.

The method of claim 12, wherein said attachment site is the attTn7 site.

The method of claim 1, wherein said expression host cells contain said
DNA construct integrated at the site of a DNA marker sequence that is
contained in the genome of the bacterial host cell.

The method of claim 14, wherein said marker DNA sequence encodes a
protein that provides antibiotic resistance. ‘

The method of claim 14, wherein said marker marker DNA sequence

encodes a fluorescent protein.

The method of claim 1, wherein said DNA construct contains, as an

addittonal element, a marker sequence encoding a marker protein.
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18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

The method of claim 17, wherein said marker protein is a protein which
complements an auxotrophic mutation of the bacterial host cell, thereby
rendering the expression host cell prototrophic.

The method of claim 17, wherein said marker DNA sequence encodes a
protein that confers an antibiotic resistance.

The method of ¢laim 17, wherein said marker DNA sequence encodes a
fluorescent protein.

The method of claim 1, wherein cultivation is in the fed-batch mode with a
predefined feeding mode.

The method of claim 21, wherein the predefined feeding mode is performed
according to an exponential function.

The method of claim 1, wherein cultivation is in the fed-batch mode with a
feedback-controlled feeding mode.

The method of claim 2, wherein the expression of said protein of interest is
induced by the presence of an inductor.

The method of claim 24, wherein the inductor is added in a continuous

manner.

The method of claim 24 or 25, wherein the promoter 18 selected from the
T7 promoter, the tac promoter, the trc promoter, the lac promoter, the
lacUV5 promoter and wherein the inductor is IPTG.

The method of claim 24 or 25, wherein the promoter is selected from the T7
promotet, the fac promoter, the tre promoter, the lac promoter, the lacUV5
promoter and wherein the inductor is lactose.

The method of claim 25, wherein the inductor is added at a concentration
that is proportional to the biomass, resulting in a constant ratio of inductor

to biomass.

The method of claim 26 and 28, wherein the concentration of IPTG in the
culture medium 1is in a range of of 0.1 — 30 pg per g cell dry weight.
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30)

31)

32)

33)

The method of claim 29, wherein said range is 0.5 — 20 pg per g COW.

The method of claim 24, wherein the inductor is present in the batch phase
from the beginning of the cultivation.

The method of claim 23, wherein the protein of interest is secreted from the
cytoplasm into the culture medium.

The method of claim 1, wherein the recombinant protein of interest is a
heterodimer and wherein the DNA molecules encoding the two monomers
are present on the same or on different DNA constructs.
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