Met hod for producing a reconbinant protein on a
manuf acturing scal e I ntroduction The present invention
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bacterial host cells on a manufacturing scale.
Currently, production of reconbinant proteins in
bacterial hosts, in particular Escherichia coli
nostly uses plasm d-based expression systens. Since
these systens provide high gene dosage and are wel |
establ i shed, they have becone w dely accepted, also
because the avail able cloning protocols are sinple to
handl e. Pl asm d-based expression is characterized by
pl asm d copy nunbers up_ to several hundred per cel
( B¥Iethod fon prodycinga pecomdingit pIofimPE ¢ MASYEACIYINESERY t he
gene of interest under the control of a pronoter, an
origin of replication (ori) and a marker gene for
sel ection of plasm d-carrying clones. In addition,
codi ng or non-codi ng or non-functional backbone
eqsgg?are frequently present on said plasmds
8rs). The presence of plasnids and the
correspondi ng replication mechanismalter the
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2000) and inpose a high nmetabolic burden on the cells,
t heest bells| 4o mppfagtheing sqalssour ces for reconbi nant
protein production. In addition, the application of
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trigger rate reco In protein ornatlo t
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may therefore |ead tq a quick an i rreversi bl
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ho%deﬁ%dceﬁte@ ol alse cfl?é”%ﬂaﬁ@ cloride) prS‘?&%l@ ly Cfesgﬁ 1¢ to handle.

pl asm'd- based systens, resulting |n ow yi el
quality of the reconbinant protein. Thus, one of the
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! ngepnleafglme?ec?lgg gg pﬁlgr?l}decrgsrr;nfg éllgr?esclnaan ilo%f coc{n?gs gllr ndon coding or
non-functional backbone sequences are 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
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,
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.



copy nunber in the course of cultivation. Reconbi nant
protein production is acconpani ed, at high expression
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to increased pools of uncharged tRNAs. This leads to

an interference with the control nmechani smof plasmd
copy nunber (PCN). Consequently, PCN increases rapidly
and causes a breakdown of the cultivation process
(so-called "run-away effect”). The run-away phenonenon
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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
alternatives, plasmid-based bacterial expression systems became state of the art for
production and isolation 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
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 originally
described in US 4,952,496, is based on non-site specific integration, and renders
the resulting bacterial strains (e.g. E. coli BL21(DE3) or HMS174(DE3)) as

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



transcription of a plasm d-based gene of interest.
This system which is originally described in US

WA 2®824%%6, is based on non-site specific inteRCHEPING056062

10

15

20

25

and renders the resulting bacterial strains (e.g. E.
coli BL21(DE3) or HMS174(DE3)) as |ysogens. To prevent
potential cell lysis foll owed by undesired phage

rel ease, theT7 pol ynmerase gene was integrated into the
chronosone w thout creating phage |ysogen, i.e. it was
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al ., 1994) for insertion of ethanol pathway genes from

Zy?-ﬁﬂﬂ)nas nmobi | i s downstream of chronosonmal pronoters
of E. coli in order to confer ethanol ogenic properties
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enovi ng sequenc Icons
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(Martinez-Moral es et al 19 thog gevelo

DatcS @MR B LRI SR E10s {2 oty 19%4) fphléléffrfl%ﬁ gihanql pa amAneS

f r
RO DAL N SESHSREER
mamkier toexoofes iethanslbgatie pyopetiias tdotheinhaap dlhic d.Pf systetnhveas used for

precisely removing sequences (markers and replicons) after chromosomal

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

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
insertion of an antibiotic resistance gene for chromosomal gene replacement
(Murphy, 1998) or for gene disruption (Datsenko and Wanner, 2000). Also, this
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 (i.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 selection system
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this method has been suggested for overexpression of
t agged honol ogous E. coli proteins by the chronosonal
insertion of a marker, a pronoter and a His-tag prior
to (i.e. upstreamof) said proteins (Jain, 2005).
Genome- based expression was al so suggested for
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Description of Invention It was an object of the
invention to provide a novel manufacturing scale
expr essi on

Brief Description of Invention

It was an object of the invention to provide a novel manufacturing scale expression

method for producing recombinant proteins.

The present invention 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,
b) harvesting the protein of interest, and
c) isolating and purifying it, wherein
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scale, conprising the steps of a) cultivating a

popul ati on of bacterial expression host cells, b)
harvesting the protein of interest, and c) isolating

and purifying it, whereinin step a), cultivationis in

a node that enploys the addition of a feed nedi um

sai d node being selected fromthe fed-batch,

sem - continous or continuous node, and wherein said
?ﬁlglt s ep d cuq%( Qe{tl%%sb%\&nac hﬁé? trhﬁg ff‘m]g’lg}/sr §1te ﬁydd]it%n o%&&ee% rnedlurn said
Sefhigas B@ng Releet M foihtBe RIdobaRN) s&hi-tditiabesér dvRtdious Mode, and
contr ol a pronoter that enabl es expression of said

pr oheich sajdhbacksiat SNresyordlost ¢ells cenptamny mérgratedin their genome, a
de
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cothsteonitdl of arprymogr thaecigpbhs e@ﬁresmIeofmtd prétein.cel |t hat
has, upon transformation, the |inear DNA construct
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exﬁﬁl%fﬁ c@l‘i‘ Pﬁ@ﬁt%ﬁ%stt&ﬁf%ﬁh%&ﬁwnl@ﬁle' HRASRAGRIC @érrymg the gene of
el enen gene of i nterest a pronoter and

r i mw@weﬂm cmtluthg hes,tupo RBS)formdigint fhe rhlamryDNArc@nstruct that

O T L8, TR TS o

f ayger growt h of the expression host cell, e.g. genes
rel evant for sugar or protein netabolism and/or
protei ns that n‘ﬁrove expression of t he gene

nT B¢ @grcssOngasseHapIYAS o lits seicada (eﬂanf‘éltsetmené pf interest, a

@%ﬁfoté}. and 4 &Hgl&ga@g sht@YRBS?%dd?t &r{gﬁ? Stﬁé Eﬁérb&%na&gsette

at 1 on. tal scription o In 1 on
Pr otigiconteih seqieacesinciing “heparpotemst feeg. przok @ or ploteins that
|n£erest hhefrﬁ are no Ihmt:ﬁtlons Itlrmy,[f n
pr aﬁeprp%pwt of the expression host cell, e.g. genes relevant for sugar or protein
metabolism and/or proteins that improve expression of the gene of interest,
¢.g. chaperon molecules (like GroEl or GroEs) or genes that are involved in

transcription and translation.

Detailed Description of the Invention
Protein of interest

With regard to the protein of interest, there are no limitations. It may, in principal,
be any protein that is to be produced on a manufacturing scale, ¢.g. an industrial
protein or a therapeutic protein. Examples for proteins that can be produced by the
method of the invention are, without limitation, enzymes, regulatory proteins,
receptors, peptides, e.g. peptide hormones, cytokines, membrane or transport
proteins. The proteins of interest may also be antigens as used for vaccination,

vaccines, antigen-binding proteins, immune stimulatory proteins, allergens,
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produced by the nethod of the invention are, w thout
limtation, enzynes, regulatory proteins, receptors,
pepti des, e.g. peptide hornones, cytokines, nenbrane

or transport proteins. The proteins of interest may

al so be antigens as used for vacci nation, vaccines,
anftillglengtbiandbm@esgn@mébm frimeniner derivativet Angibqﬂyateeiivmtsves
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DNA nol ecul e encoding the protein of interest is also
t el¥gest .gene of interest". Promoter "Promoter” in the
meani ng of the present invention is an expression
COpldiRbteg! €MENt that permts binding of RNA pol ynerase
and the itnitiation of transcription. In one enbodi nent
of the invention, the gene of interest is under the
cotRmoglotast ingtht steaning'of freqiretcet inventipmrie g cxresismetonirsl

characteri,zed a ,hi i affin

© A AR Tt aR el Bt AR P heRlsk B thé Biialif of apseription.
natngr! dnybodfiBett oif FHEk i6Adntios B e dbmdo RN ROl IRBEAERE coridl of a
the one hand and the rate of tormation of MRNA by that

RNAI9BRY POmser. Hritrong PEkEer ih shafacteiizetldyiigh btnldélgg@éﬁ@ty of
of thng‘)%&h&t%% séqﬁerﬁ)%qg %‘Pe i g@gb{e%se ‘%Isua&ﬂhré #&kﬁphoactcumng

r egmir@bd)@hmwm olmakrab@ ohalisoncchagd ahlh ehcpaesdie@nadion afi
i nduct or &also termed "inducer') nDIecuIe or the

ab ha RNy pelyawsrasgan ghaathér ipdphysi cal factors

like increased or decreased tenperature, osnolarity,

?Lg%g&tr?%lg Uge gD §rah@RLt RAARURE SRl of ALInIESIBRGIrbMSter. An

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,
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.

In a preferred aspect, the promoter is the T7 promoter. T7-based expression
systems, comprising a 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
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strong pronoters, the T7 pronoter of bacteriophage T7

has been nost widely used. In a preferred aspect, the
pronoter is the T7 pronoter. T7-based expression

systens, conprising a conbination of the T7 pronoter

and T7 pol ynerase gene under the control of the |ac
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medi um T7 RNA pol ynerase i s expressed b%
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ba&ﬁ@@bl@&'&lﬁlgﬁ)ﬁﬁ Mg&eto@%néwaﬁt P@@%d' fferent pronoter
sequences, conprise a highly conserved

nucl eoti de sequence é;hkle and Col eman, 1977,
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nt.i on

po a0 RClafy sk S oy, AERE i ISRl Be:
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repreessi bl e by tryptophan “addition t he
pr phdt)dmduction by an increase of ternperature) the phoA prornoter (inducible by
phosphate starvation) or other promoters suitable for recombinant protein

expression (Makrides, 1996), which all use £. 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
behave similarly to constitutive promoters (i.c. 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 continuously operated

cultivation processes. Examples are the T7 promoter and the trp promoter.
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expression (Mkrides, 1996), which all use E. coli RNA
pol ynerase. Anong i nduci ble pronoters are those that
show a "| eaky" expression behaviour. Such pronoters
(so-called "l eaky pronoters”) are, in principle,

i nduci bl e, but show neverthel ess al so basal expression
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al ., 2004) ma}é‘ be applied for constitutive expression.
ThEXPTeﬁﬁaﬂQﬂﬁ 4% e integrated in the genone of the
bacterial cells also contains, imrediately upstream of

the @ERAIRY; n$ Qﬁ@ iRk of c?f‘érﬁﬁﬂ@%ﬂ%ﬁ%ggo_( lﬁ%te%?a%b%@oethe

al so terne 0SOoIe ng site pressi on
Cabdcatérthy gerlamd alsb cbéﬂmuin ngpressiven ctalrnnielge” ar“ceitridgd’aAs BNAult of

construct to be integrated inta the bacterial genong
i sINHIEERIOPe TS PreESIpR %%P%‘ﬂ hasAn1pieg GFPFEEHPT Fasagle .

ASPREEAY! the BhridYetdt BhERDNARSNGAR! E3FH U ASntfAY

as an |ntegrat EXDTESSIOH cassette"
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
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

(c.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



Preferably, the cartridge is a |inear DNA construct
conprising essentially a pronoter, a gene of interest,

wa@200shedesre binding site and two term nally f|BCIREPZP08/056062
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regi ons which are honol ogous to a genom c regi on and
whi ch enabl e honol ogous reconbi nati on (see insertion
cartridge shown in Figure 10). In addition, the
cartridge may contain other sequences as descri bed
bel ow in detail; e.g. sequences coding for antibiotic
selngentiapn Mmiedo@r,sthe preatf @tlmmxcpr@eibe ctitdgerpapkidesthor

fl k d

R S R A M R
€. Gesidnéf il ﬂ%@ﬁ’érﬁ@lﬁg&% ﬁﬂﬁéf @6 chrtddel TRRSSE integration of
recognltlon target sites (F whi ch enabl e t he

r efg\aRargpecssipn cartrsdeguadlae §0r($eeger ‘é@ﬁllabllbu“f}omth regard to the
%?ﬁ%ﬂpggagpnes) after integration. The cartridge is

esl z and anplified by nmethods known in the art,
|n the case of linear cartridges, usually by standard
poHyseCeke chain reaction, PCR (WIson and Wl ker,
2005) Since l'inear cartridges are usually easier to

str they are preferred far obtajnin

Bretdhbarete-BLio Rt setioria b pRRtRsIG fimitatons; they may
t hsé BYSRBHR (eraMS RAKR or ol nbSAivef maar&ﬂa@s@&er% R{ B8 1aQthey
cartridge provides the advantage that the genomc

| nalégv gtriedin nwinifelgmn fblemﬁmzem y towerf ibpreshedvantageously for

ecti Xe qgs gn of ,th ey qﬁ tq? honol ogp S. reg ons
of (S FEEe P eEgEon R FaRb ec‘i‘ tegr at i S8 tj‘ﬁlé‘ Hear
eXPicESShIONthe BbdtictH ass @k bmn&% alive abIEK atye todiH édllydensities.
with regard to the genomc region. Host Cells

Re ardlng the bacterial host cells, there are, in
pr Exenpleefor hacteiidihost el dhat hasbeamyhayen olisawttable dor
(g ter
| rsREBRAh el (G ET PRARELN Bl Al HORPENPLE, | s Hinnig
of aral Mekedasf 199%).8@diys sabllanPagelouwshys flmrrescens (Squires et al.,
- S eC|f|c i nt tion, and.can be cultivated on a
et Beillpeletalar o) g ael PéBPISVO“Stq:Péy’F?g@Fte@é’WI has the
pr &WQ@%/@(R)S@M aw) e E&c‘h%dc% l%’tz Era%eelt b, dﬁ)%) §tfa%§s
for bacterial host cel hat have been shown
t oP]@éerng]y;tab hestfcols 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

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.
Examples for T7 strains are widely used and commercially available, e.g.
BL21(DE3), HMS174(DE3) and their derivatives or relatives (Novagen, pET
System manual, 11™ edition). These strains are DE3 lysogens containing the

T7 RNA polymerase gene under control of the lacUV5 promoter. Induction with
IPTG allows production of T7 RNA polymerase which then directs the expression



reconbi nant industrial protein production are
Escherichia coli (Lee, 1996; Hannig and Mkri des,
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(Squires et al., 2004; Retallack et al., 2006) as well
as various Corynebacterium (US 2006/ 0003404 Al) and

Lactococcus lactis (Merau et al., 2005) strains.
Preferably, the host cells are E. coli cells. Another
requirenent to the host cell is that it contains an

RN#f tho lggmeeofasierashandec the dontral afdhe hé ppmuotot er
controlling the gene of interest. The RNA polynerase

Pr elfegerr% Olg%s f’lg eulsi:({ L€ (ﬁ%tam% & ?Zlﬁgl\hn& g?llygnerasEQMwh has been
po ge,ffdsﬁfeaﬁ&:gadt@i waﬂ@ht obhahtin sifagt aRbyelROsE. Htdesdrited in

are used that have been
enngl 8%9%@15(}260«:(&6&1? tb@t flo pef grCRIGPISEE regwsarq 1mordysogenic™).

e.g. in the case of using a T7 pronoter a T7-1ike RNA

POLYBIASRNA l‘%bﬁnégseﬁ "ﬁul% bT;T 7§rﬁcft FrfiR ko] I&ng%yrﬁ&ases

in their geno strains are
usﬁdmmnhbr&dn’llrl&rldlagbd yucﬂnmﬁhcam &Nz pglynBtaz&;(d:@Eﬁgclosed in

BT T 17 ol Bt
St § RIgRE, eifiPedghas PRAMIrCAY Bhthe eﬂel'kﬁ~ threa%transcnbed ata

pol ymerase gene under confrol of t | acUV5 pronoter.
| nbigh trato m metphespmsb@faallddmAmobdnmseon of T7 RNA
pol ymerase which then directs the expressionof t he

ge f Le n . 7 ter

Pr gﬁ gl%away %Icl)%tﬁ {;Ye'&%ntgosngg ﬁ% @qﬁ%\l%ns a
pobmgrmefas@ S\M‘:‘h akmﬁm@e%en@emwenbm eqr at e@bcpifoédmut
generatlgﬁﬁphagg ens, ﬁg as described in WO
2068/4%3 , oD L0240 e phage

| ysogens are "non- Iysogenlc") A "T7-1i ke RNA
POy RS RE&] stirdﬁﬁ'é Hd8%.B gDE§%(5'tthMS'1'711([Iﬁ?S)t ﬁhchWeere%%ived

pol ymerases fromother T e phages, c
RNecppaleyoree-hsed TAsRNAswilpsedsd ‘na U& p¢1,a962)E49€fe lysogenic.
uisite of a T7- NA nerase. is that th
P e st B st Fnfioe s RetBTLS SS ol G iygb s

t hRagiap® Qﬁde‘sﬁﬂﬂé Eﬁ%e'r@leﬁieaﬁﬁ GEll BR. abr @e Mv3RtisREs kirefore
the preésence of sai pol yner dse.
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
invention, 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 Wanner (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 lacUVS promoter)

integrated 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



Alternatively to using the above-nentioned strains
carrying the T7 RNA pol ynerase, such strains can be

w@emensoegl de novo, e.g. as described in US 4, BEREEDES/056062
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US 2006/ 0003404, or WD 2003/050240. The host cell
strains E. coli BL21(DE3) or HWMS174(DE3), which have
recei ved their genone-based T7 RNA pol ynerase via the
phage DE3, are |ysogenic. Lysogenic strains have the
di sadvantage to potentially exhibit |lytic properties,
| eAdothgr tequinerdes ite tiglhestpdeligeits ebhibiyste camy ogeidmalggius.

For the. i ti. it is . therefol f d that .th
TrRRAD AR ROY SR ol 4 fed IR PE R UG SpiRTon S8 tidedinto te
i ng&@hﬁtﬁi@to%ﬁoﬁally%hpﬂnﬁm&&icﬁﬂoi ds, or preferably

excl udes, e insertion of residual phage sequences in
the host cell 9enone. In a preferred enbodi nent of the

i nVBeretosh the hast pdkpretesably pgichibe fursioniof &y regombination protein
. - | - 1 .

oy RSO 015 TR ML AR L bl i
metuiodhtbasthe ihbadchprdatabBrias aaedoM@menti¢r2M06) genbmid lReA site

case of usipg.the T7 system a host cell may be. used

¢ ngen %gﬂqu’SWCWTbBPV}?é idithe Berm iftwa%l%ﬁrqmc{éﬁinasrm
P QLR Bk G @Qélgertadﬂgsnh@,%{éh BELEPIR N ed (R akigd
inits genone. Alternatively, the T/ RNA polynerase
masecombmaben bedtibangthedickre plaswid s teenperapure ssnsatmve replicon

cartridge and,thus ones integrated into the cell's
qﬁ§ng%aﬂggkm893gﬂgﬁexpression casset t e. Anot her

requi renent to the host cell is its ability to carry

OUtn VIOWRIf eGOHbilE6RTRIaBakibAfo RVEA Ghe hest cell Bredithbll @bntains, in
integration of the expression cartridge into the

gelibamonted DO pasivandoy chending regerapiaatien protejns (TigeEsd.dpesa and
th ell p r r.L ti .

B e

c ahisse celhidegherateld ele me cobp paatic @ngi@vaiigsto thsettniese sequences.
cultivation, the host cell preferably has a genomc

ation_.in its. genomc recA site (render]

n ng, i o
dy $¥ URRO terPheCiiBuacnA A orting: B el s BAnt o fogh cell s that i
Pr A8 datl¥astoh€Somic region (either a coding or any non-coding functional

or non-functional region or a region with unknown function) that is known by its
sequence and that can be disrupted or otherwise manipulated to allow insertion of a

heterologous sequence, without being detrimental to the cell.

In certain embodiments, the host cell carries, in its genome, a marker gene in view

of selection.
Integration Locus

With regard to the integration locus, the expression system used in the invention
allows for a wide variability. In principle, any locus with known sequence may be
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,

11



sequence present on a hel per plasm d, which can be
removed (cured) after reconbination by utilizing the
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(Dat senko and Wanner, 2000). In view of reconbination,

in addition to RecA, the host cell preferably

contains, in its genone, DNA sequences encodi ng

reconbi nation proteins (e.g. Exo, Beta and Gam). In

this case, a host cell may be sel ected that already

h a%OQG) iveri¢sgmtass dhe ggmomelpb €t ca/éhnd thet the metabobd ladd tnggeoed by
i.nsert ese sequences

Y QR o B R Rty Rl R PSR AR ane o entaleed

r eﬂlﬂtaﬁlﬁmﬁféhuélﬁytahﬁhehﬁ’tégraﬁ&ll kitd. $n bRIRE to bt AR dkHSssAdn host cell
| east one genomi c region (either a coding or any

nofatiodebiyt sushdeblerdigldy capiervodrasnomirdicgion dhas fiesoHs & a

r e%'w%?ed%{lﬂgés'@ ﬁg?ﬂ@g% %E%P y g egedoafé 101{%%@?\9“@ éléé.tSﬁch highly

sequence an I Srup

macoredvad egkid odtheohV dofiendme arectbr mshatethe Igé@fmmcodmg
sequence, W thout being detrinental to.the cell. In
c efABPINCBIHIS dherrBinseme of genss drvobead) in pgptidoglycan hiosynthesis (Mau

ge&OJTEzoc% nﬁfdktﬁcgseq Vé]gﬁé S} aglg/ s%ﬁlsféﬁtfbﬂﬂte ratlgrrll of the

Integratl h Locu e |ntegr
I omesstoh@aﬁmﬁgee §:he ©Racs yrftegam(mskedus S| thdnebyl wlcetrtliioguch a way

allo wi de variabilit In.pri.ncj ocus
i A Rl aed St strtkonan RGN BEmgRerb o Sie
thﬁkmkﬂ%ﬂkHB&ka@d@ﬁn&hﬁn&ﬁGMﬁ@&ﬁbmﬁ ei t her

dlspensab e or, if essential, can be conplenented (as

% in the case of an auxotrophy) When choosing the
i nfeggenonua ragiuwith knowie sxricnes thet cap hsichesca dor integration of the

AR L SIEEK or IS SRS N o 18P0 88N She or a p

VO I on varil e

acthefsf;tfhen gelipbEsable fon-@dlng ﬁﬁkdloﬁlhlﬁfegithl spik@hetet, C
| oad trlggered by chronosomal | y encoded reconbi nant

geﬁ@%ﬂ%@@i)oﬁﬁorﬁ@yn@ébé éelﬁtﬁplb‘?ﬁw‘ﬁlﬁé]é dapbpxg pdntageous cffects
f F RAHED O ﬁ)ﬁu&@% 1?1'&' eli'otf?nt Ilegt o gd%%a{n a%‘?ga?és outer
IS st

an expres 1 on ro USf
hi gehiprane pseteine dikg @mqﬁﬂ @otee’galanntahanamﬁsﬁ,thé pradoctagenes

: g%&ﬁ%%&gﬁg meéﬁwgﬁ %% &1 rﬁleearn%ffgrr t%g lnYetafcbe Illser%to?gl sggar
molecule that is undesirable or dispensable for a given host strain and/or
fermentation process) or stress signalling pathways, e.g. those occurring in
stringent response, a translational control mechanism of prokaryotes that represses

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

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

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

Alternatively, the site useful to select for integration is a function which, when
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



conserved regions of the E. coli genone are for
i nstance the genes encodi ng conponents of the ribosone
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et al., 2006), and those regions are preferably

sel ected for integration of the expression cartridge.

The exact integration locus is thereby selected in

such a way that functional genes are neither destroyed

nor inpaired, and the integration site should rather
berdseltiag edan auxetmpliiostainoPesitiveaddrensi.c. Tose ganong the expression

regi on, wi.th.kn uence that can b hosen f or
| RS MEN PEPeIETTeT R AR Rl oy 5 Ul QI P PGl ules of
coghiiendyads PRighfe W)NON-essential gene or a part
t hereof; froma di spensabl e non-codi ng functiona
ion (i.e. pronoter, transpaoson, etc.), from genes

re . ) )
t hAltgapdydlprihe fitapfi IBISSIEPN HEY dCAMHRO BRIBHUR AT Gciog-| n
Vi r-od ' : i £ ' ' est,
o, i PR UELLRT Bhe ATERE b el hiitn ol B PR,
Onorespaidemg pratot@phicanarkan(.s. ofeqtitrec plhia dowplengatsas replaces
encodj ng .proteins_of nmetabolism (e.g. relevant, for the
elasI T RAAUGNCE Y BIEPCION SRS FPTIHAR Cheseilfn aféls*iaﬁlam%g F

di?Bﬁﬁ&%ﬁk%e&gﬁmg given host strain and/or
fermentation process) or stress signalling pathways,
€.g

.g. those occurring in stringent response, a
t r bngsleaaspenthe tagrario k nopehsentislrgeot. Jorcokding ot @ns aspest, this may
represses, LRNA and r RNA iXﬂ§hﬁ%k§ during am no acid
st ?%5?}OH (Eﬁ%ﬁgl, 19 LR rﬁgtively, the site of

integration may be a marker gene which all ows

seNefi{chRntiiiWacdiisiogupeadiaaewn ffrosaihd [HEhtues, cphaoot Godes ct al.
after inte&ration. Preferably, a fluorescent marker

|
| i (€902 pad §P®Bnfrem iy BEE dRiofihips ths & cofifdrgapaameslatsbase

which. - di S: d
o PSS e B SRRRETR TR leg) bERERREREEATC, |
exKas sbbertioa’s dtiaet al.,2006pd (Fi gure 10).
Alternatively, the site useful to select for

integration. is a function which en del eted, .

o AG B oLt PR Sne A HeERaeuR Flugsigm qappette at
Si thes JIRYpréNd&NEY BBndnit¥ eh&bnl JesQiRAMBbINERI tBe &ntext with the
nmet abol i ¢ pat hways, the del etion of such

entegrieraenis o fhy Host egllsauxot rophi ¢ strain. Positive
clones, i.e. those carrying the expression

Suitable integration sites, ¢.g. sites that are easily accessible and/or are expected to
yield higher expression rates, can be determined in preliminary screens. Such
screens can be performed 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 surrogate “gene of
interest”, a DNA sequence encoding an easily detectable protein under the control
of an inducible promoter, ¢.g. the cartridge used in Example 5, encoding the Green
Fluorescent Protein. The expression level of the thus created single knockout
mutants can be easily quantified by fluorescence measurement. Based on the

results of this procedure, a customized expression level of a desired target protein

13



cassette, may be sel ected for auxotrophy for the
substrate or precursor nolecul es of said enzynes
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may be an auxotrophic marker (a nonfunctional, i.e.
defective gene) which is replaced/ conpl enented by the
correspondi ng prototrophic marker (i.e. a sequence

that conpl enents or replaces the defective sequence)
present on the expression cassette, thus allow ng for
pr etndteraspieived bevatttionf thenntpgetias pee and/ohmimbegiod mt¢ggatad
non-essenti al gene. According to one aspect, this may
beaggﬁ%ﬁ% that is per se non-essential for the cell

Non- essenti al bacterial genes are known fromthe

| i frethabiib8din®ent. in fwhadh e hdg el tomthins (00 deqrdciRAding

fromthe PEC (Profiling the E. coli  Chronosone)
daresppbmation proteins (e.g. EXo, Beta and Gam) in its genome — €ither as a feature

(h v . shi ig. I p{ ecal | / y r
(UL A S0 1 B S LA LSRS0S Rt
208Mpmidsitexherp ltieest ascombimanee paecihisaducgessare bekRed By
Integrating the expressiqn cassette at this_site

pr BYAERIO Y R N GEmET O (AT A §% e g e Bt d4lsolPE therfegqpebination
CORloffls b bBstied bERWIVEIERE &I@Qq&e!ﬂﬁy host ncﬁ,eeisliﬁ the case of

Suitable integration sites, e.g. sites that are easily
acplessidséreodgridiadper pracioxpeatmdvedoiny seharateisgipeFigure 9).
expression rates, can be determined in prelimnary
screens.. Such screens can be perfornmed by generating a
sep}@?“gpniﬁﬂgpésnutant del etions according to the
Kei o collection (Baba et al., 2006) whereby the

| NWagregirano grrihtep@gen ieal,uk@8scridsed Wbdvieadlyeloehsewiiksown
vari ous reconbi nati on _sequences that have been )
pr E9¥@IEIRBELG Fhoyre Wit the pryispitatithy Bgetan offhe peapgnce is
anGh A% ONHRRE, iehSER San bESOAARK N RATHENGERAA!
integratton and 'selection, including, as a surrogate

" gembodment) irtegrstion ofen |1DNAr setridgn cCeatan attekhmgena pitekilsd thy attB

det.ectapl e protejn under the control of. an. inducible
pr gmréﬁe, é‘.ﬁéj‘.n% e v@g&} P (‘Kf@'ﬁf@‘éﬁl PIPSERLQASIES- gl,uowever, the
ennodhitigy bfBe §8ER allows the insertion of the gene of interest at any pre-

selected locus, as described above.

Integration of the gene of interest into the bacterial genome can be achieved by
conventional methods, e.g. by using linear cartridges that contain flanking
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 derived Red function (yf3 exo) that promotes recombination in vivo.

Alternatively, an expression cassette can first be integrated into the genome of an
intermediate 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 E. coli K12 strain

which carries the defective A prophage. In brief, P1 transduction is a method used
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created single knockout nmutants can be easily
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results of this procedure, a custom zed expression

| evel of a desired target proteincan be achi eved by

variation of the integration site and/or nunber of

integrated cartridges. In the enbodinments in which the

host cell contai ns DNA sequences encodi ng

r etoanby el detablpgeneed n@rl(ees igom®Exo,"dBwir'asteanel toGeejherr freictpsent”
art [l or

et e fraftRe o SRS p e PRl Gl o o, a sma

OCpatterRiget JTeh ISR partiRick SviMIBARInt NEHBIcRE QMBI tNRdticBRtains the
protein sequences are |ocated. By integration of the

expregsionragsgite rQrrga, Phagepeadaivndes bexdiangratasfrere donor cell,
e E%ea%rF %E‘edotfogﬁf%kﬂﬁe %c‘r’plg{%%%n N ‘?ﬁje c% BF{EBYI%%n%‘E the host
consequent 'y need not

pl aghriMbseotihd ddcthigd penyged b ehags tthpercEdfg'@‘dﬁRii defomes, but a
separate step (Figure 9). Integration Methods Wth
Eéﬁtwntqﬁ ﬂi‘%@“@ﬁ%@‘i‘ S2CBPME seaaent derivrddEam Hisonpplest.

anyoh %ﬁ?ﬁ%‘%&?ﬁ'ﬁﬂ;ﬁ% HeHYROGE tlﬁgﬂcségglblg %Qﬁ‘cﬁfﬁc Sé%ﬂ‘et.t}g feplace

provi so unction of t cels
di gpersthg homnlogmﬁs egsent iFat jinfeated tmeipdmltrbhc&ﬁmare ghlatdéchon a

fer odi inte ratl n of
o oL R 1 e Rebenimasineat pbhe dath e (artibiqti
or resRRindd tp?&@tr@bﬂye ﬂumh&lﬂc@ﬁﬁﬂéﬁ@ |e|tc P ﬁlﬁﬁ@t‘fhﬂtl@t &9 rlﬁte&t?ﬂty of
sites. However, lexibility of the systém all ows
t htheiphsga hdsdm b@f:onthﬂlege(a‘élenzﬁlsq: mh@gee]@teamd faory npxgébormg cells

geBogro iRt e P Rk RS g B R gy Bine paficts

achheed royuifRRYRAn et ahfcb®tiR0 diercfBredt cdiybclt®infiglidd Hiegowing
cartridges that contain flanki ng sequences honol ogous

t oinghe pess¢ricie @nd pbssnemot qaécivhy Blrfoepdiiem chslatps strathis dispadly used
t hﬁec%%e-qglgé\;elr%%e (3596%%@‘%‘[@3%} ﬁlﬁe % ar%?? |(]¥%%gt% Ilg él gltrate) low

tr ammfgb tapvemitPa ihfeetieg busnafso dow ks tocdrive Stera@ilnfor@a@ium.
E. coli MG3L655, that contains the plasnid pKD46

g%l%]p 1%y ahedln‘}é\gpa?lglrl proceg 1)6 as smown n 1Sgr1?red9 cigsrtéa{deosf providing
the recombination proteins by means of the plasmid pKD20 or pKD46 according to
Datsenko and Wanner (2000), the genes encoding the recombination functions exo,
beta and gam may already be present in the chromosome of the host cell, the
expression of recombination proteins being controllable by inducible promoters,
e.g. frt, lac, tac, T7 or the araP promoter. By application of the corresponding
inducer, the thus modified strain can be used for integration of the linear expression
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
(Figure 9). Furthermore, this embodiment has the advantage that there is no need

for plasmids encoding these recombination functions.
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the phage | derived Red function (gb exo) that
pronotes reconbination in vivo. Alternatively, an

WexpBasdeHn cassette can first be integrated i PCDEP1968/056062
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genonme of an internedi ate donor host cell, from which
it can then be transferred to the host cell by
transduction by the Pl phage (Sternberg and Hoess,

1983; and Lennox, 1955), the donor cell being e.qg.
MGL655 or DY378 (Yu et al., 2000), an E. coli K12

st Esamplohivathootkimitatson, heottierf etdgratenimghadshagil inl the present
brief .Pl transduction i t hod, usedt q,nove

o el BE IR %° §EnTOREOET RR R ORA R BT 5 ply 2082
anotdned| ct hieciops enétch&ler ail,ooB}ri ng the replication and
lysis of the phage in a culture of bacteria, a small
percentage of the phage particles will contain a
geheJaeti kerst hat contains the expression cassette.
Once a phage popul ati on has been generated from a
dopQli(: t Enf REeGLR
A A e L SRS L
Mostamfoftahwarkaicgeaei a are | ysed by phage that packaged
Pl genones, but a fraction of the phage inject a

nt i ved . f t host. Honpl
e BoREreSRherpo cetnarsed T SfRHy cRhigd B egaai
t OinfPAtaE B thBie gBXdrid, ied ah Y OBOKSisBAENERL or AREne encoding a

infected reci pient bacteria are plated on a nedium ,

t hlvorssaentproteimc.g kéPdenghvevnsiadngyie 187 In Hes eopdhe expression
bact eri ant 1 bi ot j [ , t.r

PR R0 L R] ol SRR PASE RO s e tousor

I nlgeibydrhyl midrkétRnphagokiase tion&eare o¢lb¢ted fordoss/disappearance
O herwi se, phage rel eased fron1ne2%hboring cells would

i nPlEBE rERECVG PECHHEP D AE: BIEY AT SetrcteRdar HudIpticieat sy or
T T T T
gr platesgliase tinboginesBricec trddadmarpabatahe matker mithdhmterrupted

cal ciumchel ator citrate is.usually used because

| o%@&lﬁelyaswa%qﬁchya P GHPTETSIAT B8t aa_dl}ﬁleS(rtgﬁlpsﬁl%aLalarker
Cas LR LS preb it a RBOHAR T4 Bn RhEUSE ndPhed dtb @6 tréMBvedO U

not so low as to starve the cells for calcium To

si wplesitrable. e in thicegscanfiantibiotio cesthtanss gawesshown i n Fi gur e

9, instead of providing the reconbination proteins by

means_ of. the, plasm d pKD20 or .pKD46 accor di

Dot LEmR i DatAgk LeStoay OF B G SOL Rl il cae thar

I ethemirR@tused fdr Yeletticans a@¥fe conferring antibiotic resistance (e.g. for
kanamycin or chloramphenicol), positive clones are selected 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 cartridge) can be eliminated upon
integration 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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beta and gam may al ready be present in the chronosone
of the host cell, the expression of reconbination
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e.g.frt, lac, tac, T7 or the araP pronoter. By
application of the correspondi ng i nducer, the thus
nodi fied strain can be used for integration of the

| i near expression cartridge at the site of the
reconbi nati on proteins. Thereby, the reconbination
pr bt @irtain antedimenss, tex prressoa caldias ben emginlei:rzédo carry a

i nt rate ression cartrid nt o.

RS SN o AN TR SOR R
TheigRihphasicdl ot RASAAEN GOl Rredc ORIk AriaQftne ﬁﬁ@l@ﬁ ifa
particul ar advantage of this enbodi nent, the genes

coteti§oliopathey phesiger aran aminp eeide|midisgese, thaesyiadge with the

ﬁ%&{glo?qﬁ ?%%tacg%?e% tﬁéé L a\gntg a{%gtrot% a% mgﬁqlé{: é&l%r oy l%/ 1ntt%|rﬁ?tlon the

no "nee

pl markcel geresidicn @is iR siondlRg. cB@bwagibf etmple, the cartridge carries the
functions. Exanpl es, without Iimtation, of other

i nmé“@%tna&rp ﬁlﬁ WAkt gsragpng of ltt%@dfpraéléémnt@&wéﬁfiﬁr%fﬁly
Z'tf Q%{Fcegt 194 gga@femqﬁa&& %“ﬁg Iﬁg%%gﬁ‘?\/et ho@B, M Wa8HR fusion

W\enze er et a
2006he tvee fregineins rdvidetsehs mBdst gencecotdpdete snd all@vs itd fanesonal

that carr expr.essi on cassette, can_be selected. b
e GHEESIPTAITHAF K8 G an AT A S B b BTenER S FEgETE the

celimeRlon dsefe ﬁll%qr%s&hﬁtea%gﬂﬁstctﬁ@ Eﬁécfﬁcaan@i%fdff%rlngﬁ@ Easc of a
Integratedlnt elr genone, e.g. an anti biotic

r eﬁu@pmnemgtétnlecaﬂrs can jersudired 8 iyoeesédngoradde fite case of a
n, Fi

in, L his ..
5 [ S EbDic Fuflp Cetnet Al abR ol i Szl Kihfosv
S&thgsilehORcHvAidtiRhlly élfovdnnih @t ed). The bii@ink:pe WS t1af ctb&diment
chronnsona mar ker gene, ositive clones are

s e1sébétt@@1>f whqrfdygp(u’tlglapﬁ@a MK gshe phidic cagiidraopes to be
%e\é&g e%a@lm(%t Jﬂgﬁeracgresmsaﬁlere q]%&’ﬂi)ltl Qi ek 968{)%/\,%%1 E[:%prlor art.

IVI yoor sappearance uor escence,
can be directly visualized on the cultivation plates.
Thbsertambmthoddntiss,saleetidrhel mditan tchmes (ihatlohmthmfmahgrthe

Spepler, Loterrupt ed,or completel  replaced by (1S,
auxotrophy of the host cell. In such embodiments, as schematically shown in
Figure 8, a host cell is used that has a mutation that has been chosen to allow
selection of positive transformant colonies in an easy way, ¢.g. a strain that has a
deletion or mutation that renders it unable to synthesize a compound that is
essential for its growth (such mutation being termed as “auxotrophic marker”). For
example, a bacterial mutant in which a gene of the proline synthesis pathway is
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
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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sequence is present after integration and does not
need to be renoved, if undesirable, as in the case of
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gene is part of the expression cartridge. In the case
that the marker used for selection is a gene
conferring antibiotic resistance (e.g. for kananycin
or chl oranpheni col), positive clones are selected for
antibiotic resistance (i.e. growh in the presence of
t hthrecmsse ot fomve-faaters biko thiamincad cahiding to theFinguntien, zhe

Pr ef er ab| kapanycin is ed for .anti.hiotic cl.one.

e RLErPE of BT Rl ik Fort il Y5 el Bl B s S PR eme as
| Sa Bérap&Ttht &Mtht BLHrBQTIn Getildgs inde HRMEn&Me RS KA Integration of

i ntroduced by neans of the expression cartridge) can

bethe|gens piantstestpldye thyw evgined pratasfophiseclneandha qasilysclected by
scC ' I 0 Ly Fl. - N ' . P

7 BTN B8l ah £ QP D fefin® BroBHopl (i, Bhlen
I edeuzhonadntain tisySingrouall férhehiyle dstorigindl B relb isasboph, thus
the FLP reconbjnase and its reconbination target sites
FRaloWipR P8l MIes AR §lopghIves ©W2000) . I n certai n

enbodi ments, the expression cell has been engineered
t OPR)%tfogp_h% Qeicg6H [MRISRh&SE BPIHE iC h?r‘éﬁﬁn B0€ The -iﬁle%ﬁﬂon locus

anti biotic resistance gene |ike or anpheni col o
k afvaupy@omophac fdlentior swaritc ammrgkrs inghe gempemeor attbe eeds tarrying

a t abol i.c path of .a sugar or an am nho.acid. .In.

£ niPE RaQimrts RN Rhe ol B anktec S RRTORSHRS o is that no
C afiittfstic B stTh&Shte P@rtan biHeP hafBel KR isHBRSen ANHe RYst remains
integration the marker gene restores its

f uincth geraina fter Bycogesfulgntegsation| consequentnrtheri dyeo need for
carrie .M ssin rt of. th rker at f.
oA AR By Bl Sy TE RGPl 0 5yBlion

depeectdive AvitikeadganaciintRgraiogitg it ¢dne fgamnionts badfibial to the
that the fusion of the two fragnents renders the

naf®eandgupadesoniigberstabiiy of thowgstems f unct i onal

expression. In the case of an antibiotic resistance

geﬂﬁem%ﬁ@elﬁea!ﬁosshﬁ%{]s}éﬁ&ﬂatfcg?}( RIREARH, AR rﬁé&lélﬁgehg 2 B

resi stant agal nst the speci tibrotic, e case
of inaerftdduotogbe gertonmatokethercedth hecaprebgon catralgezmdy by a metabolic
e case of ,a neta at hwa

fluorescence, and.inp t li.c

e R Igs a o P el S ooy St oGP beefiams thable th

I e&AEB @ on particular (unusual) sugar or other carbon sources, and selection of
positive clones can be achieved by growing cells on said sugar as the only carbon

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
of an auxotrophic knockout mutant strain in combination with an expression
cartridge complementing the lacking function of the mutant strain (thereby
generating a prototroph 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

occurred are repressed. Thereby, a means of negative selection for mutated clones
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conmponent (schematically shown in Figure 11). The
advantage of this enbodinent is that only a short
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to be synthesized, enabling shorter or smaller
insertion cartridges conpared to prior art. In certain
enbodi nents, selection of positive clones (i.e. clones
that carry the expression cassette) is carried out by
correction (i.e. conplenentation) of an auxotrophy of
t hs progtdeccel | . I n such enbodi nents, as schenmatically
shown in Figure 8, a host cell is used that has a

ransto ni es i
st 6@k BingRadel R Singlcded] Gy BuRisQE.gNbiE BATSAnkIYsik of ehslahdlogically
unabl e to synthesize a conpound that is essential for

i t EldPOnk RO Pttt 261 BIPOHICH IR ROSHITE ¢langs caiucodqtespngd by

ek &k f'iétte%ti%%rof‘%ﬁ%@'te‘?n oﬁﬁl?e?&tt.e” al mutant in which a

gene o e pro synthesis pathway is inactivated,
is a proline auxotroph. Such a strain is unable to

syOthasieatuyesol i ne and will therefore only be able to
grow if proline can be taken up fromthe environnent,

as sed.to oline prototroph which c row.in

¢ nERe Bionar Apbi ket RigE fb TGN g Fge Aot fimfed to
aUNIdr R o oRB KRS o TR rddEatbne dite B @E gERhY thdPHIRI RRS

in genes required for am no acid synthesis are used as
auxastabdpnivdthragad teboth dre intpgrativasitprandthcsnprepyioyesesites. By
re| V%Péxafngarle,tn%er ?lyalﬁtorﬁ% LR sooff iﬁ)t‘re%l tlrﬂg%bé ﬁ]g&lt&f 1.c. two or more
or SoRINe, Cor for co-factors Tike thram ne.

Aciefiidangr diffctdne sdgumitt udder thdeondrieX of idemival of diffessht promoters
cells is corrected by integration of the

i &4 hegnigeraied infaeongeti angys dgfesetpem enthogenope. By way of

ox . e . ‘ : o
PRt TR b lGon BF Grd RARNATRE, Aol W iterodimgri
pr adropleofiterodmhdre prateingeoragiolf ywe éldeathedlylxprpsadi prgtein
themon a sg-called "mnipal medi un (prototrophic
sefBUpitmE: Biricer gubie gt LBt & %FHP%?%‘@L‘E}HEPHEY £hpn

Whig bob ) @raBnb Bt (ARldcRAS hnPREilly ] 20038UKBHIIRP hd SN, 2005).

al lowing oRly positive clones to grow. Prototrophic
seFeanplonfar sthien Hetpmddaeric pbteinseré frirenptaice 6iapl ¢BammeTteg al.,
! n&&ﬂ)‘j,aﬁalls%rtllegyﬁggnsferase (Tsao and Waugh, 1997), platelet-activating factor

acetylhydrolase Ib (Sheffield et al., 2001) or human DNA helicase 11 (Ochem et al.,

nmut ation that has .been chgsep to allow sel ection. o -
pob et REaP T (R w7t ol GGl R o deegrion

1997). These two sequences 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

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, e.g. the helper

proteins and/or the recombination proteins described above. Naturally, care should
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for prototrophic selection may be any gene in the
genone or at the locus carrying the auxotrohic marker.
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that no antibiotic resistance marker nor any other
marker that is foreign to the host remains in the
genone after successful integration. Consequently,
there is no need for renoval of said marker genes,
providing a fast and sinple cloning and sel ection
pr berien that irsoth embedrentsdlyeadvantagett ofrtes tnyeitry shioald not be

ene function is benef,cial t0. the cell..and ,grovi des
D B B ot SeBE R b Ge o € A SRR Day § bogr gt
shwNcopshRmel 8@l hvuldndric@dtt € nfdtabbhe bRk 8htodBOEelt. hat
is inserted into the genone together with the

expression cartridge, nmay be a netabolic gene that )
al Pevamerbpge ekpighaen efacermbismntpsefeins gravidey thefollpwingmajor
ge&gmﬁa% gnabl e the cell to grow on particul ar

(unusua ?'sugar or other carbon sources, and sel ection
of positive clones can be achieved by growing cells on
saMdthsagpact @sh¢ bensonttjongaodxalnresafithe exprésioddwst, ileedvantages

above, during long.termcultivation of bacteria, .
20D e B0 e hashop Rt Py g T atrysg! e ncsk frseriian
enbanRd, MyhAtdnadbofdRAYRRMYIIG1.4. M8 HInitRBR PhitR RespbdtQo the
duri ng "'expressi on of the chronosonally encoded

r eteagsitivarocysy Gtikd high Therca o€ flotibdiy witkh aespogiip sclection marker

knockout ..nut ant. strain in.conbination wth a :
exproeieaf bR PR B R PG P bt e setcction
f uRGEdedTv Phhe dRRrold e finkd almbéd dTeneBid ggnedsain dgridges
prototroph strain froman auxotroph nutant) has the

addisealbraic aadvaht age that the restored gene provides
benefits to the cell by which the cell gains a

Co*ﬁg@&%}%&\éﬁm% VBRLRGRI RUGE nf §8hd BivbRtiofthg e designed such

adapt | evol ut1on has occurred are repressed.
Thehaeidys essentisAnor odmpleght fraccofgtlage funotiodsor nut at ed
clonesis provided. In sone enbodinents (in the case

t hat tqg p%otein of inteLesttaIIo &Pr det ect i non.a .

i RAEBHES 9 Q3F 08 oG BCRBPERY: $AET Bo (e geng)S Ferels in4 discrete

angldysteSlcfhed MBBRl0PGEER o YntérEht pofall. 1R theREHHRAIMERBE the

is required, since positive clones can be determ ned

byinvention 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
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.

A particular advantage is that the expression system has no limitations with regard
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
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direct detection of the protein of interest. O her
Features The integration nmethods for obtaining the
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one gene of interest at one site in the genone; they
allow for variability with regard to both the
integration site and the expression cassettes. By way
of exanple, nore than one genes of interest nmay be
inserted, i.e. two or nore identical or different

S em@@holécsowlﬂ)ed anhkadotota dhmaefic lodeof ¢etlaliatohityd Behidy etrul.,

o2, e Banb st ol el 2 (AR i ety
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het erodi meri c conpl ex. Heterodi meric proteins consi st

of two |nd|V|duaIIy eﬁgressed protein subunits

thés Reatignagrboy h @ldsnmidribasad gxprestion sypsmechays e %rﬁwb@ﬁkdpat,
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hel i case hem et hese two
s etipwemmlxr wmmmglatebeba’twmm%& sndn¥). lne:Optrw,etht: gorononbased

BB SO PSS TAPY T TR AT e: € aqblerEgiefined
ﬂage&%ogég%qopﬁ Bfetal9NntiNiR: SlinhBc@ be BénceNRNE8Rd s theoretically
cartridges, which aré inserted independently from each

ot Méiniteculfiyetion ihe pedear cpm@@dwndjﬁonwnhwﬁtbﬁ mi}saéa'@éage of
t hfﬁe RLAMRLGL §f e?g tltlat%%o RF tﬁllho equlth%:nﬁgo%cin%? ter%st %ilw1{h the only

t he “sane or erent. nven I on a

pl Bsithor 6@ tdtany @tm@ﬁn@ﬁatarapﬁmtaeﬂoﬁs &f theynheyestur ihny
does not exclude that in the expression host cell a
plé§ﬁ$d may be present that carries sequences to be
expressed other than the gene of interest, e.g. the

he [ [ r
hlotﬁE CQ%QEEE%ICQRS{ i a Fbsgxﬁﬁl%%@ tlﬁba&:v%glolﬁ i \%H&St e Partlcular

descri be care shoul dbe t'a

|nmsunhgeﬁmodmnmmnmnommdwﬁvamﬂagkswmﬁnbgemkhdemapmnnnmus

S hr%%ldg acnc%rdnlig to Striedner et al (2003), is directly proportional to the gene
dosage per cell, either constant over the entire cultivation, or changing over
cultivation time at pre-defined values. Thereby control of the recombinant
expression rate can be achieved, which is of major interest to adjust the gene

expression rate.

Since the genome-based expression system allows exact control of protein
expression, it is particularly advantageous in combination with expression targeting
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

systems. Secretion may occur by passive diffusion through the bacterial cell wall,
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Genone- based expressi on of reconbi nant proteins

provi des the follow ng maj or advantages: Wth respect

to the construction procedure of the expression host,

the advantages are (i) a sinple nmethod for synthesis

and anplification of the |linear insertion cartridge,
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i tthe native inducer 1,6-allolactose, a natural and inexpensive carbohydrate that is
readily available in large amounts, has been considered as an alternative to IPTG,
however, in the past, lactose was regarded as unsuitable for induction due to the
problem of inducer exclusion on glucose 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

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.e. the titer) and with regard to protein
content in the obtained biomass. This feature makes the expression system used in

the invention superior compared to prior art expression systems.
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often occurs in plasm d-based systens, where PCN nay
strongly increase upon induction (Teich et al, 1998;
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in conbination with a high and/or increasing gene
dosage triggers anmetabolic overload and leads to a
dramatic |l oss of cell viability (Bently et al., 1990;
dick, 1995; Cserjan-Puschmann et al., 1999) and

causes a significantly shortened period of product
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asindhetjonnayprefeimupxpiassiamyungenentrolled edalitems eByp fomparing protein
chem cal |l y-induci hl e .pr.opot er t he i nvention provi.des
Cngnps e AP G Bl TR i OF ARETot RRBL BT Bt an
MOIn@ Gl m¥ERCt@rirth dpr@ééi@@b deleciedC B {4H4GIBE lofl’ﬂﬁtﬁ[I)re-screening
according to Striedner et al (2003), is direct

pr eipspachommaicad of daternyeing throantigen! gapregson qar‘r@idgﬁ,éﬁe optimal
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gemEeEE e & 3rrta pembes; ¢f @ang FRPIGHR BBl Iy p8ghinto the genome,
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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.

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

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

23



expression, it is particularly advantageous in
conbi nation wth expression targeting pathways that

waelepeneoes rely on well-controll ed expressi on. PCHER2008/056062
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preferred enbodi nent, the nethod of the invention

i ncl udes secretion (excretion) of the protein of
interest fromthe bacterial cytoplasminto the culture
medi um The advantage of this enbodi nent is an
opti m zed and sustained protein secretion rate,

r ethglcasengf a therapitighpeotein;, therdeofandefor elimdalgrials e weHgs for

d t I Qr... ti { S ti
ocrBrechyrRsdh @0t fouBF S 1 Bl RET GRS flHRefipe. o
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deserihed .| . 680 ' > 4, 963

o PEReeiet B ol g, Al hardth Skiof T hed g of
t hprocyds pptaasiiars (HHD, teiperatukd, dissolRedl bxiypeq @srgionbyadigirtaois,

as descri bed by Choi and Lee, 2004). As described
ab®¢d, ThaRehpyigwief @ xaroesyar sy ik ik se3lapretiiqdedpes not allow

Pr @Gfedittthe io%%\ﬁ?gf PS&R tﬁg 'c&r'hgf%%; leh&ﬁ‘otﬁﬁ%t Bk g Bi_%eeactor.

reproduci bility fromfternentation t erment at 1 on.
process of the invention, enploying the expression
syBtvemsumsismigheduad ovibe eksermomttuett tbel invantidrethftenh dxptaskion

or in the sem -continuous ar continuouys node (i.e. i
o SHBbETAT P B By D g Agarfsgous for fcthods on
geﬂﬁwfa@mﬁgr%leemﬂﬁ%e@m@@ﬁ AR ORd thBtdcknical system) in
exploited. There are no limtations with respect to

pr evelisatpur etk & eplsivatiorhmade Geoinbhsadamgecdiegrpenuitients in
an It ur Lum conpaonent ex t .as fin

e nefid s RE B P el SR ARgERABT o e
se(eat chempytaot er . Anot her advantage rel ates to the
choi ce of the inducer nolecule: Mst of the avail able
systens for high-level expression of reconbi nant genes
i nFed-bateh; Cultixaion_ hased pronot er - operat or syst ens
(Makrides, 1996). Lactose, the precursor of the native

in hintorf5lith Ot GhORRihof ofdihfdntiBAGs 4 fb@-“&@&rsﬁr%@ess.
carbohydrate that is readily available in |arge

amounts, has been considered as an alternative to

| PWberdaswdaish proqess e qulibation metlo gewhigh al depmuisentg gecessary

UNgY iC{l iQIlat?OII N thie Qgi'lscatré gonnta(ljnl'lleed fngthé pneltial culture medium, without
additional supply of further nutrients during fermentation, in a fed-batch process,
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

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), ¢.g. linear constant, linear

increasing, step-wise increasing or following a mathematical function, e.g.
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probl em of inducer exclusion on glucose nedia and
degradation in the cell. The expression systemused in
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conti nuous supply of |actose as inducer (Striedner et
al ., 2003) and thus prevents the |actose excl usion,

el im nates the decreasing induction | evel observed
during conventional pulse induction with |actose
(Hoffman et al., 1995) and enables a tight expression
r at@ooonttal ededmgen with | act ose as i nducer.

I nportantly, the expression systemused in the

i nyentioen has.the advantage .of..orovidi ng ac.high vield
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bi ndi ng site) and/or sequence of the gene of interest

(i.e. different codon usage variants) and/or targeting .
s eluaRss embpdimeabadiiha fd-brictapracess. IHisgr eansipt eding it applicd.

ony [ g éb"ﬁgtgﬁﬂ @ﬁdén% ko Jﬁgragfae?irzg& B}pﬁlelfg tate (itvﬁlurne of feed

constructe artridge variants are Integrate

I ntnodiulrepgy eman®niv) tha ipeconsiaed @ctedhigst) theddghanmiceetthm
res%Ltin %ﬁg%ession host variants are cultivated,

i nEH w1 N ction of protein expression, under
controll ed conditions. By conparing protein

eXBf £8P BmbbiigrchPst the Bdd-baM&H prablss SIRW RGrdaliBe MRYng is

favourable results in view of an industrial

mapiligdt unfargnpeasawsiscding ssedheractedized by a feedimgapicon fedd

t hj = i i.nst ead,.of . det. .

S TR N
function is characterized by a defined increase of feeding rate per a defined time

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
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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bacterial strain may be identified by integrating
identical cartridges into a panel of different host
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of allowing integration of a discrete nunber of gene
copies (e.g. only one) into the genone, pre-screeing
of various paraneters nay be done w thout interference
by plasm d replication or changes in plasmd copy
nunber. Manufacturing Scal e Production According to
t h€ontineonsi aml, SmmieComﬁmomlﬂultivaﬁémM'odeor

“cultivation", also termed "fernentation") relates to

th ression c in_a.
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cultivation, is characterized by the use of the
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I‘I en noni OI‘I ng COI’] ess
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back pressure, etc.). The behavi gur of an expression

sysnphfiqagon). F@&W ef aeerdignslred desblings) efwalls aprasding fo the
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o S AL OTB e S0 BB S ke

( ;\ﬂéétrg)%c%lﬁ DR Gbtat oD Soni eI ARI AN uboIE BB @stoms. In
addition, due to the theoretically unlimited time of cultivation, continuous
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 shown.

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. ¢. 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
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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conmbination with a cultivation node that is based on
feeding of nutrients, in particular a fed-batch
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(e.g. chenostat). Fed-batch Cultivation In certain

enbodi nents, the nethod of the inventionis a

fed-batch process. Wiereas a batch process is a
cultivation node in which all the nutrients necessary

for cultivation of the cells are contained in the

i noff ¢uddureclorothuras agaidireavhedii cértam valdei hiomathod gnelnyngéf culture

further nuttj.ents.duri fernentation, in a fed-batch

or BB WP i B LB AR B ' B a5 gl by
pl agefinike heéch one or nore nutrients are supplied to

the culture by feeding. The purpose of nutrient

feeding is to increase the anmount of bionmass

( s6ukure Medivipgh- cel | - density-cul tivation process" or
"HCDC') in order to increase the anount of reconbi nant
prQk: gy I j l:1 j :
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nutFTRIRE B By OBl eigny%f‘slz%’ﬁ’faich dOUBCTEP N FERBIT HibusCT 1t
nmo ﬁy%@%ﬁ&ﬁk@@&H@hﬁﬁ!@ﬁgﬁu%ﬁywﬁn%ﬁx%&%,é&km.The_

feedi ng node may be pre-defihed (i.e. Phe feed is

added i ndependently from actual process paraneters),

e. Brefarpblpar “dedined medium’i inesad. ' Refineds inngia (glse fermicd ¢ minimal”
57 SRR LA 8RNI P OB AP soncs,

t hie reibdado@ited ikh b Y RDbIW? glyerblfalls, haktlnsp it &5 Giew of a
wherejn the feeding node_is predefined according to an
exPOHBH ST LuReEePBn SPEYiaHBINg; askls oF othep sstanFeg such as

f egdi 1 , ific

poifle U pri P Blchicts BN ek it UALF A cgrbon
optdumtczefdhavfcet nicdame s¢rvesoasrth growth-lied omb corapdnept whieh montrols

ex ressi.gn. Cogtrol of the feeding rate is based on a
deSePREFILOEOMIR By owt h rate m When a defi ned nedi um
as described below, is used, growth can be exactly

Pr Both6 hReh R8O RcandiativR et cdn HedHef Yiehsi Bo®thingd, because
growth of bacteria and a high, but physiologically tolerable recombinant gene

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

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 is 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
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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bi omass al i quot to be fornmed based on the substrate
unit provided. In another preferred enbodi nent, an
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stages of cultivation, by linear constant feeding. In

anot her enbodi rent of the fed-batch process, |inear

constant feeding is applied. Linear constant feeding

is characterized by the feeding rate (volune of feed

medi um per time unit) that is constant (i.e.

u nhhiactge ﬂ%)edmg nmygimomphshad try cttheri hagitnigdhe pldastesconitained in
& (P % % ed- ba&ch process, linear
S élé“auoﬁéy PP %V. S ear incr easi ng

feeding is characterized by a feeding rate of feed
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process ot nvention rol algorithm
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feedi ng node). In a feedpack- controlled f ed- bat ch
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paraneters Suiltable for eedback-contr ol eedi n
arB@ﬁ@tONG&Tanmgmbd@ma$SD¢¢ndlEMBhﬂdﬁCkbndphy$WQth)or

d h di | d
S RA Ry RO 1 BV Soisho) B S B Eoniied Seaaly whigh are
de?!‘ébbl@ﬁﬂalmd tg@ﬁlbﬁlaﬁt (e ﬂuor%g&ﬁée thiBRIity edicR¥@IRL a9 ctc.).

edback contr ol ee di ng node is ased on the
acEssgntia}lyu d@geetb@che%th@ igvengen aliowstbe brasse desage of Kidaaten per

gj?l?yl R/ n]igtg (%;b%na? wﬂ%’c‘-ﬁu Rlaolpgm%nf Jo nt allsg ul ug ectlvef of whether

Ion n ano bac

cethlesighal is yhdagurad gffrarivasdtd. Sxpe &ﬁi’duﬁﬂ)eﬁ asg@itt 6f interest is
accordlng to the present invention are cultivated in

cofitfinsdotis! cepsfanten biepyeat)it (0Re 5 MAhEBIES Preteribat i on
Pr 0G&a ehée S‘thtﬁ {596 1?0 1bﬁ gﬂ)dQX ? éjn%{a'nﬂggs'agg 8%8&51& 126? ene of
cu m

contl nuous rate o ure medi
I nintertdeAba burdec Hd)\rantage 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 level 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-
limiting 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 Yx;5 = 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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whereby culture broth is at the same tine renoved from
the bioreactor at the sane defi ned, constant and
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feeding rate and renoval rate at the sane constant

| evel, the cultivation paraneters and conditions in

the bioreactor remain constant (so-called "steady
state"). The specific growh rate mcan be pre-defined
and is exclusively a result of the feeding rate and
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cul on pr
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expression construct is shown. Another preferred
enbodi nent_ refers to sem -conti nuous cultivation, of

cellhgratia of Bquctos pes Hiawass (ELPSi8FaE PHPET BE @kt imiting
”Eﬁﬂy'sﬂ?&e%@ H@t ﬂe@&%%l’y% dofst@ntPFt 91?&2&?%"% [Gfdat ﬁlcreagm%,i linear

operated in i1ts first "phase as a atch proces
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a ceyt ai ume or mass een obtai ne
usﬁla{heylaﬁﬁ%%%@% o P EReEt g R g A G20 5 v grion s that
obfnaivaR@)of itluiod AbJaaE BBE gRIF iféreGad Hefite@t h cont ai ni ng
the reconbi nant protein of interest is renoved from

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
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:

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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the bi oreactor. Subsequently, feeding is initiated
again until the bionmass or voluneof culture broth has
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of culture broth and re-filling by feeding) can be
proceeded at |east once, and theoretically indefinite
times. Culture MediumWth regard to the type of the
culture nmediumused in the fernentati on process, there
are no limtations. The culture nedium may be

seRigute}i ned, chebatdmula?"va'qiion@W&Rlamﬂ'r@commgion

(e.g. yeast extr casam no ids or

it may be cheni 8% 1\@3'%4{@%)%31% ??E‘ﬁm'ﬁp@%ﬁ-ﬂ SQFPmut3. 1)
conmpounds. Pr efoe ﬁﬂh&’morﬁof ahiongsde H‘ﬁ@pﬂéfﬁasé ﬁlsidﬁqjﬂotem (ES1).
"Defined" nedia (also terned "mnimal"™ or "synthetic"

nmedi a) are exclusively conposed of chem cally defined
subgtiemtes, i.lked G TR ] SliRh AN eNepde! Grpression

gl ycerol , salt e}ﬂ Eﬁﬂi(ﬁ%QEQm.T’ﬂ6%%1%2%@%13@%1&@??&%?1>

strain auxotro Yy, Speci am no ‘ac
subst ances suc(ESas thi am ne. Most preferably, glucose
is used as a carbon source. Usually, the carbon source

of the feed es as th h-1imt

o OFtsfht i che T G EPaig cbplefhs HadnisthebiPepraspion
t he net hOdS Ofsy%téﬁlBDQIHEE3%ET§OQGJ(P(’HSQ@%‘BL(YF%&|3Q B for

yi el ds are obt ai ned becausehgromm acteria and a

hi gh, but physhrotiegiooalf by itsolublebitepreteassiibsinanrote HBS2).
expression rate can be maintai ned during the whol e

PrRANEL NPT aceis] AGHELLRN MBS, A5 AERCLIBEd BbaXEon

nost pref err nven I on,

protein of intgsesat HMSI1gadRE3ITOONt £Kbn:07 GHPn HitBducbbl e”
or "controllable" pronDter There is no limtation as
regards the rotedusiionel e sohthicgicem agrepsest ptein (ES6).
expression is perfornmed. By way of exanple, the

' nﬁ%ﬁf@% can bleeda’?ég&{jctﬁﬁvﬁoﬁ'eﬁﬂ)%ﬁﬁ% AL éﬂc@!i&i f%%évéﬁion

y conti nuou edin the latt bei ng al so
as "inductor f@@@@lHgﬁﬂ74¢N§DQﬁﬂB@aﬁﬂqhnm3ﬂhﬁnqm&hmﬁonof

regards the t Itﬁe sgl lblrétglreaetn olrecsge&trf)?otlegld(ﬁggl on

Figure 7: Selection by insertion of an antibiotic resistance marker,

optionally followed by removal (excision) of marker.

Figure 8: Selection by providing a non-essential metabolic gene or a

prototrophic complementation gene as marker.

Figure 9: Insertion of expression cartridge at the genomic site of

recombination proteins, thereby removing them.

Figure 10: Insertion of expression cartridge at the site of a marker gene, and

selection for disappearance of marker phenotype.

Figure 11: Selection by completion of the missing part of a non-functional

marker to generate a functional, selectable marker.
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takes place. The inductor nay be added at the
begi nning of the cultivation or at the point of

W@ e@B#20g8 cont i nuous nutrient feeding or afterPChEDINSYS6062
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the start of feeding.Ilnductor feeding may be
acconpl i shed by either having the inductor contained
in the culture nmediumor by separately feeding it. The
advant age of inductor feeding is that it allows to

control inductor dosage, i.e. it allows to maintain
t hBigdosEge of Reddedft¢éadtimtioposngpiegnng plasidtenepdddrpetssion

per constant nunper I nterest .d.n t

product i on sysstyg%{“ %@IS 1?’%@?%%3@ PHOHEIEORSE oy i}ﬁ)ﬁﬁ@hSOD
al  ows an i ndugisgy. dosage which is proportional to the
bi omass, resulting in a constant ratio of inductor to
bi omass. Bionmass units on which the inductor dosage

cahigee based, Fadybaieh swiivation camiey gk egnogioyengadeghaxpression
, wet cel i i aal.. i1y,
Cel1 numper ¢ TenLEANS M) BPhSRoARTRC Sryhhson

units (CFU per(B&8h.unme) or on-line nonitored signals

whi ch are proportional to the biomass (e.qg.
fluyorescence, turbidity, dielectri.c capacity, etc.). .
EsEgHtS W1y, t "??é‘ghﬂé“ﬁfﬂoflﬁ@ﬁtl%i}%g? Heafeaded W?ﬁessm

preci se dosages,Qfend BHYC HTE3ABF pRAYcRATFTRS Quté hSOPNESY).
which is proportional to bi'onass, irrespective of

whet her the signal is neasured off-line or on-Iline.

Si Rigera He nunblexprefsiogeriseluble GRap@st witk Eded/i HMBIZAEPE3) in
constant per bj ni r nes per
cell), the coH%ggﬁ@%%éu%%mﬁgﬂgﬁﬁﬁﬁﬁgiﬁ%%'nnde is a

constant dosage of inductor per gene of interest. As a

f UFighey 16dvant Bgebatétheulexanh caployomt gamomedosagel efprdshien
amount of i nductor relativ%-to t he amount of bionags
can be experi n¥ateH BL2 b etin sembmagon pith sy iselledgaductor

demonstr at ed i&s%f@?k%dﬁc@&%ﬁh&%lﬁbl%@%@lIgure 17.

It may not be nec ary to determne the actua
bi omass | evel by anal ytical nethods. For instance, it
maljigbee BUf f i ci Btandardizedavcrdgs prodhgt fogmation eate @i ahsoluble

that is based revi ous. cul.tivatio istorical .

bi omass. dat a) . OF PRHct TR BB Rrreren chltygljoh S loying
preferabl e to @gdmchecedBaurpreaion Bekugh B1.2PEDEINEN correlation
bi omass unit as theroretically calcul ated or

predi ct ed. ForWith#caesecntiation ef indp¢toknown f or
f eedi ngbased

Examples

Example 1
Generation of Bacterial Strains and Description of Recombinant Proteins

Experiments are performed either with the rec4” K12 strain E. coli HMS174(DE3)
or with the B-strain BL21(DE3) provided by Novagen. The designation (DE3)

indicates that the hosts are lysogens of A DE3 prophage, carrying a chromosomal
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cultivations (like fed-batch or continuous) that one
unit of the growhlimting conponent in the feed

wore@samo2gisual |y the carbon source, wll resul BCT/BP208/056062

10

15

20

25

certain amobunt of biomas. As an exanple, 1 g glucose
as gromh-limting substrate will result in
approximately 0.33 g cell dry weight (al so expressed
by the substrate yield coefficient Yc/s = 0.33).
Consequently, a defined dosage of inductor per gene of
i ncapyedtthayBy R&4s polymeeash Tg@\ﬁetmdbycctrtml dethic hasd) \éliamg@tfm‘

i nduct t

L oPp iR R g SRR piokdh b s IRERT Tl S Frfinoters
adegtidetandNIbFRf 198@ SafSer BB 1@9dﬁflﬂ1t6§}dt1ékﬂb£h&far DNA

bi omass contains a defi ned nunber of nol ecul es of

pr ersidass o thatbeetesel cheararsgimegs dona ind”. wet/ M1 Y5 qapging the
ey POy SRR RAR) DNRERTRG Rinhdt QOS he

t hEndad Bg@resioncabtridg@B in@gResd 1gt0®ﬁN\éttTﬂﬂ7 featvhich 1§bett)v|ae[1 the
maxi num i nduct or dosage in the feed nediumis 20

ol

| PRl SpEsne gnEthapsitheen ar e ggienareht cofio PEReycfigptiqnmafgassettes
pe
PP8) SeQielnS S ddtR 88 cobBiiAL SHERY! G afn QL IPHE ecnome and
t hmtghal poseers dycRhtramsticoni (Stdrﬂltmrg a&&tﬂ{n@snﬁkmumd kerhd8,

/ he | PTG, conc ntratlo in the s medi um was 844
950 B e B b TR0 Pl S toP S B RUeTIr ity T cpreseion
anpayat AV 1 7hskD Hcmqy@m)s TOREARA ebiplcpdhAREA deficient

reduces stress iI'n favour of maxim zing the capacity of
p r gitadih MSYADIEY)iis uscttbatrcaniamsdhic empactwe-spasitivs pifEsd)-recA

oy RGP ARS8 PR ki RBRIGE Phhe P <0 be I | hear

| NRERASICH gxpdrﬂn&(ﬁwwfﬂlepﬁm Pgsmidiss RS P&k s of target proteins
decreasi ng according to exgonentlal or ot her

matig @eeeimeed Wit BT Ghand el 1a plrsmadssfsem iNgvagaapid System
ac ngy, it invention is that the val ue of

gﬁﬁ éTphog%%ESper gene of interest is defined. In
certaln enbodi nents, the nethod of the invention is a
f eﬂie bladve theprooaeiakof thi exlﬁbmdnk@sﬁennhfah@mvbmiqmr eselnbleipmotein

bat nedlu fro of cult vat i The node
fiepaitieatyy BigP e ol £ oe i ag pe diuon body
mf&ﬁlﬂ?&ﬁ%lﬂ (o) are used in the experiments. GFPmut3.1 is a FACS-

optimised variant (Cormack et al., 1996) with substitutions S65G and S72A for
improved folding and excitation at 488 nm. The inclusion body forming protein
6xHis-NPEddie-GFPmut3.1 is a fusion of the above-described GFPmut3.1 and
NP* Eddie, a modified variant (described in WO 2006/113959) of the native NP
autoprotease from classical swine fever virus (Thiel et al., 1991). NP is a
non-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).
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i nduction is not triggered chemcally or by other

stimuli,

usef ul

but t hat
W@ 2008142928 on.
i nduction node for continuous cultivation,
for fed-batch cultivation.
the Figures:

it

is permanent fromstart of
Constitutive induction is the preCBEPEIS/056062
but al so

Brief Descript

genome- encoded expressi on system HVS174( DE3)
<Cam T7: 6xH s- Npr oEddi eG-Pnrut 3. 1> for production of an
i nSablabl kbishof grpeotadaseressisn oystgmot ei n (ES4) . Figure 2 :
Fed- batch cul tivation enpl oyi ng pl asm d- encoded
expressi on system HVB174( DE3) ( pET30a

i on of

Figure 1. Fed-batch cultivation enpl oying

6KH s- Npr oBddi e- G-Pnut 3. 1) for pfoduction of an
I NaPbiebl e Btk Ot ease |Lg&dtion opr ODRsipndtioloy . Fi gUD&cdbed in
Fedati@f @h qul tivation gg@leyi Ng ¢pnemet@ncoded | Example
exipe&sioan |syst em BL21( ktdest integration cartridge/
<Ca@tel/: 6xHi s- Npr oEddi ¢ GFPmut 3. 13 t{rE&rotefni gure @ :
Fed-batch qultivation enpl oyi ng pkaskildreg sottad
expressi on |system BL21(DE3) ( pET3(#he respective system
6KkHi s- Npr o-|GFPnut 3. 1) flor pr oduct istieéfingn 1 nsol ubl e
alfnnrnfaa e f||C|nn nrrfain /EQ') S gure 5: Farl hafr\h
cuLtj vation gen ncy Sy te
H!\/%%#M DE3T l\gm@%@ﬁg% Ralienuieg N ple 3
t he sol ubl g green fluonescent pr( c +gure 6
.| Fed-bat cH cultivation enploying plasm d- encoded
expsessi on (syBLeNDEMS1 T4 ( BahidpET30gpr3RPaGt8is-1) [ OFxample 4
production |of the sol ubl e green fNICERSCEFMAE.0F I N
(ES3)—Figyre 7 Selegtionby insertionof—an
aptipiotic|r &l E opti o nglyifggal_lg‘(;lt dnlg)
r e]t’r%fal (excﬁgsj 4?(5%?) gf‘mldFl ()pr]g’? a:GFggu V)\?o %‘9’1’165
provi di ng g non-essentlal net aboli c gene or a
pf B$HOt r ophi|cHMITRA(OERNt at Gavngene asCimTR SkHis- Example 3
NP Eddie-
GFPmut3.1>
ES5 BL21(DE3) Genome <Cam:T7: 6xHis- Example 4
NP Eddie-
GFPmut3.1>
ES6 HMS174(DE3) Genome <Kan:T7 GFPmut3.1> | Example 5
and
Example 7
ES7 HMS174(DE3) Plasmid (pET11ahSOD) Example 6
ES8 HMS174(DE3) Genome <Cam:T7: hSOD> Example 6
ES9 BL21(DE3) Genome <Cam:T7: hSOD> Example 6
ES10 BL21(DE3) Genome <Cam:T7: Example 8
GFPmut3.1>
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Figure 9 : Insertion of expression cartridge at the
genom c site of reconbination proteins, thereby

WO 2008142028 t hem Fi gure 10: Insertion of expresBCTRAP2008/056062
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cartridge at the site of a marker gene, and sel ection
for di sappearance of marker phenotype. Figure 11:

Sel ection by conpletion of the mssing part of a
non-functional nmarker to generate a functional,

sel ectabl e marker. Figure 12: Fed-batch cultivation
enpkayplag pl asm d- encoded expressi on system

HVB174( DE3) for production of the sol uble hSCD (ES7).

Fi gure 13: d- batch cultivation enploying
ge bR MaEEBEbRRe S AR 1 om rvB174( DBS) for

production of the soluble hSOD (ES8). Figure 14:
Fethbadlshre glotvin\eatheioin 26Nl YiHegvalenenes énigeteeblume) or in a
exEression system BL21 (DE3) for production of the

SO

Ub1(&2 hsebveleme) 8 Liatslrvelume) computessppfiolisd bignepgipie MBR;

mode :% ne’ﬁo .tegtnip&% SGi)S.taII_l| | chﬁséP%gl%niﬂEQTd@égg? %ﬁ%ﬁl&%&‘t *

C ubdtipvait b 7.0enfDH iy addigem ofies tnanaediasxiuties $AORCSyQtganics),
BL21 (DE3) in conbination with controlled inductor
dothadempaptupr s deide B3nCof 0.6 KE- Bodrdpr te agpmrmxygen limptptigyy, he
17;. St andar di zed r age od o i r

or B ALY SERREaP R o TR 8 ane

C Uhdratv@t da@co@tpl. ¥t 0enteRIIE-B0 COIa tIeX@ItRS Sik dctoaligd by a
BL21 (DE3), in correlation with the concentration, of

i nHawmann ad Bragp ddveneaddPriima gasieplypeo Ridectpa eanagitynd

St EH NS AR PERGEES LA 18T BIRAESI RS ot AURE (Aber

Instruments, 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 &
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 ODsgo= 1) is transferred aseptically to the bioreactor.
Feeding is started when the culture, grown to a bacterial dry matter of 12.5 g in
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,.e"",
with superimposed feedback control of weight loss in the substrate tank (Cserjan-

Puschmann et al., 1999). The feed medium provided sufficient components to yield

another 202 g (or 450g) of bacterial dry matter.
Induction

Induction is 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
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Experinments are perforned either with the recA KI 2
strain E. coli HMS174(DE3) or with the B-strain

w@EL@saPe3y provi ded by Novagen. The desi gnati oPCT/DER)S/056062
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i ndicates that the hosts are | ysogens of | DE3
prophage, carrying a chronosonal copy of the T7 RNA

pol ynerase gene under control of the |acUv5 pronoter,
maki ng these strains suitable for protein expression
using T7 or T7 lac pronoters (Studier and Mffat,
198@mobiRItG et thetend bf thePaaiess inmrégrtaghion fofly indveed syBita.
cartridges into the bacterial chronpbsone is done in E
coli M3L655 carrying the Red hel per plasnm d pKD46 as
deﬁ/feﬁlat@cﬂn é/sit%%t_senko_ and Wanner (2000). The linear
expression cartridge is integrated into the attTn7
site, which is between the gl nS gene and the pstS gene
at Thémigmabnediam ksed ¢othis stRGRonedind 3 g &H P ,@hd 6 g

cass e t he gepone is done by conbjni ng.extegnal :
pr RAEPO SRR _ﬁggtf’he@ﬁ EOTFERBHONAREP ViR 1BF FRAUITRY biiacapacty
BY ard sel ¥ ARTIMRIK QBurkShEh B erid ARG HRS8Rentd A8 3dd@M relation of

Lennox, 1955), the reconbi nant chronmosomal section is
t r gmasy acteed! dnytroatten éo bx prodssido sodnas tegrauea ot DES3 1t A20d,0;

BL . T L pj t | cient

ot LRI pES £ MESQETROT Lo GGl S RE 10 &/ R ctoment
t egneicH 3U g e 'doiséﬂ%@T‘_ﬁé\aa-am&pgmlsm tvithl Rprsfon systems
providing the RecA protein (Phillips, 199&. Ref er ence
expef.i Femnsl Ki% modiinois sapplepratstivdthfasee e ieusingn of
S 2B e LR TR B TOER R AR o

edihkipepilatidn tishemplbecqap@rhi Wastafxtrabted. BXPieRide® o the minimal
system of the invention, a soluble protein gGr een,

Fi mefiegiembian grediairhaprlivmnForshefoedse papse 2.1 deryyinimel

¢ ettt BLBRehs B0 i Shdinlol MBIes Pl HARE 20 (or
( Go5(ngictk betpraduced hX86 feedinigtphasd) sthicteby iPesudts Se@amndided per
TG At TR oay BT RG pitor N 21 FeSoi 0T,

6x s oNRIARd 6o (P88 ﬂo.@,Sc&“l\llz H3hieh) 49, Z:88,+711,0 2.0,
above-descri bed G-Pmut3.1 and Npro Eddie, a nodified

vaNuavie O @k Ord. G dch Gl 2Wp020081:B:3RHD) of the native
Npr o

Offline Analysis

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

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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aut opr ot ease from cl assical swi ne fever virus (Thiel
et al., 1991). Npro is a non-structural protein

w@omgiigoesg of 168 ami no acids (apparent M of PRBOBDIYP$/056062
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whi ch cleaves itself co-translationally fromthe

nascent pol yprotein, thereby generating the correct
N-term nus of the capsid protein C (Wskerchen et al.,
1991; Stark et al., 1993).Table 1: List of generated
expressi on systens. Exanple 2 Cultivation Mdde and

Pr vith gknpwalaypmiugt dihiduogesicknt caneting wads diackvarDickingory USA) so

(5,L net.volu 2.5 L batch volu rina?20 L (12

L that th\%lpﬁ)?ﬁét,e ¢ 1Eu%1§?rc‘i‘?u otf%g'cggeﬂ%ﬂet%er -control | ed

bi oreactor (MBR, Wetzi kon, CH) equi pped with standard
control units. The pHis maintained at a set-point of

7. Ohe Eorldént by rezdhibinaanprofeiNplo-BadesGRPe@B Utis dste iieROSy a
Organjcs), the tenperature is set to 37 QC 0.5 0C. In,

or eRIRbIIONRS El- 182498 FlqctrRpROfE i GRfotaih Ut iSis ff Qpaingig drgilent

| epRlaniiSsst @i %; A i :
eHll SO R R R O O 358

CCQoi Reisdher etud | (8004i whilsthdet@mnbiimed pinduet iklahd malusioamddies is
Braun Advanc tim_gas anal r..Dielectr.i }
o B B SRR o Rl PR BG iR Piicinago LabChip

Bi gass noni tor, nodel 214M (Aber |nstrunents,
Aberystwth, UK) set. Fluorescence neasurenents are

performed using a nmulti-wavel ength spectrofl uoromneter
spél¢ eantnt @ésicgmbinanbeFBay quatifiedsia RLESA aceprding to

I ndustri envih 0 n e\ > Oty &
opl Bt o RLH BIE et A s s SRS O Bl
adghicbidifp f Bart tf H@mMyspensi on (d anapon 2000,

Bussetti, Vienna) wth a concentration of 1 m/1 feed
medj um , For i hocul ati on, a deep.frozen (-80 00Q
ml?ieﬁrﬁgi-wté}mlea RIS/ e jalsoicglly gpsipdeg filﬁantigﬁaﬂ%ﬁw%ﬂ are
densi [ : f erre i caq s

D BT B o T e bfeinine 100 memi
t oKandmatierdaspéctidely IbAtmgml dimfidills qndi by @ubtihg baogshforming

medi.um 0 in 4 L batch nmediun), entered
st‘é’fliflso(ﬁ%?{) aﬁﬁ%‘g‘bf} Fed-Batch regime with an exponenti al
substrate feed is used to provide a constant

Example 3

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

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
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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growh rate of 0.1 h 1 during 4 doubling tines. The
substrate feed is controlled by increasing the punp

wap@sd4zexording to the exponential grow h al geeT/EP29P8/056062

10

Xx=x0.ent, wth superinposed feedback control of weight

loss in the substrate tank (Cserjan- Puschmann et al.,

1999). The feed nedi um provi ded sufficient conponents

to yield another 202 g (or 45Qg) of bacterial dry

matter. Induction Induction is perforned in a

cohvemtiaginia Itheﬂ@tb@ulltﬂj the ging gkmewms@ted:rigg@tdi Yy thetpdasniid based
react or t of t

£ o TSR sprdaie PERi T SO Ppacdigyor fe iy Kol te

Pr pegisfownofRhe edllulf sgabm faurf nﬂulrypdsﬂﬁluﬁ&cbns p&t&@med Mo dingle

Conposi ti on The nininmal nediumused in this st udy

coHtl&i nelsatree doybbagupast Eed sRAHPTIFSH2 Bxpispsion wsta’r:m ES4
ThSc%‘Sroﬁ@é‘ gé {n%teht%hssh%é(%w gﬁ % ﬁé’r%‘hﬁx%t{o%i%g yield

rve as ce as we

ot (liblcHMAS BENbSsaeh Eroadthest ¢xperigleats] tha cOpregyi@Mystem of the
bacterial dry matter to be produced: SOdI umcitrate

(tmvglamntﬂ#%%ﬂh@ adpypege %@m%& epiiog ayd defpigd gonditions can be
v | t
oo AREC Rk o R eRoE BE Ry oo ie S er T nent s

vvlth expressi on systens ES6, ES7 and ES8, nediumis
suppl enented with Cud 2*2H20 4ng and ZnSO4* 7H20 3.2 ny

pe rg bact er matter. To accelerate initial
i@\@ﬁ ﬁummwp%%ﬁﬁ“iﬁs%@ﬂl 1E’gn'pl ex component yeast

eX(Go%@ﬁar@oﬂ- 8f Eeriofcadeghd é?ldtﬂll@snﬂh%hé'ﬁﬂed meshudfidd @f the protein

obtain the batch medium For the feeding phase 2 E

of Exkilisi N EdieCiRrauta. lmlélpﬁspéldstastf@@lrld Thkhe amount
of blologlcal dry matter 202 g (or 450 g) to be

produced T the feedinmg phase, whereby r’ satts are
apai n added per litre. Tr ut| )
pfepared in 5 NHO (g/L aé‘én E?&f]&a %n £ %ed
10.0, AIA 3 H20 10.0, Co(d 2 ( 4 ZnSO4
2| 0, Na2Mb2*2H20 2.0, CQud 2*2H20 1 0, -BBCB 0. 50.
Hre—Anral-ysts
Total yield of bacterial matter
Y dry 158 486
(BDM) [¢]
Deviation of BDM yield in %
from theoretically calculated 20 30
BDM yield
Specific content of recombinant
144 156
protein [mg/gBDM]
Volumetric yield (tit f
! yield (titer) o 5.0 4.7
recombinant protein [g/L]
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Optical density (OD) is nmeasured at 600 nm Bacteri al
dry matter is determ ned by centrifugation of 10 ml of

W@ b@8a€ok8 suspensi on, re-suspension in distil|RC/ER1088/056062
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15

foll owed by centrifugation, and re-suspension for
transfer to a pre-weighed beaker, which is then dried
at 105 0C for 24 h and re-wei ghed. The progress of
bacterial growh is determ ned by cal culating the
total armount of bionmass (total bacterial dry matter
BDWkamaplsd t ermed cell dry weight CDW. Total Cell
Nunmber (TCN) and percentage of dead cells (DC) are
determ ned using flow cytonmetric methods. All
meBspressioand O xati e NpesHdolisv&d Pwiut 1 as FAGISER! Thdlusioh Body with

cytonmeter (f -col gr ' systenm , Becton D ckinson),
eq i%%(&%gﬁﬂ%%—e@%é Cégﬂ?dfser provi di ng 15 nmW at
488 nm and the standard filter setup. Sanples are

SPirk& e th f@r@vel‘tﬁggéhe@d’ﬂagmca%ﬁi)@ bbk %%?r%ﬁktioﬂ:%f&ﬂ Bkhe

beads (Becton Dickinson, USA)" so that the absolute '
celnverfumbetraic durel’ B62 bABIS) caised laatentesskinehasb iiSeref Teble 1 is

gg?@{}%g@gﬁ tggg 3} sicé%’é'ﬁq&ﬁ{ngﬂg izr)k?e_ ;gé&gﬁegc;‘ea%ri‘ti)e% above. The results
el eCihisaghemaFigurds aheidtiod yapdrfdriedtl SingldHun@ ohBdoubling past
Agi | ent Bi oanal yser. Sol ubl e reconbi nant product is

quieat) 3¢ detterithanchpresultenith drok d? pigpin SIME] p cappagpd to the
B0k OGN AR 0 AUGL Tad G TELHRRA o

21600gle palsagret deutPingt @hdd f2QAGtdra) i etein dfithe inVbstion shows
content of reconbipant. GFP i s quantified via G-P-ELI SA
acHgy %@Twlaghséipg tyiglds gnd ﬁ@%@m)).ces?ﬁféblé@hihéﬁtthed?L'asmld'

hSRC4 ?ys%fﬁ‘ @Téﬁg}% ?fj THE ﬂla%-gés!e@gy%&ef l%g gt%aﬁﬂ BtI_]Ql %ﬁg\ﬁf '[hse same

et.al (71990). asm d-cont al ni ng ut also ce
c achiayaatyistibeas desegredtwitdnstoas HM $ & 4aamel tde theshmrnéwtt iiyrmation

cultivation on LB-agar. plates and on plates containing
P O R Tt B ST P oS RS aproLe 1
and by counting colony formng units (CFU) after 24 h.
Ex@ummt 8: 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
(ESS) (ES2)
Total yield of bacterial matter
Y dry 144 486
(BDM) [g]
Deviation of BDM yield in % from 55 5
theoretically calculated BDM yield
Specific content of recombinant
256 192
protein [mg/gBDM]
Volumetric yield (titer) of
yield (iter) 8.2 6.6
recombinant protein [g/L]
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Expressi on of 6xHi s- Npr oEddi e- GFPnut 3. 1 as | nsol ubl e
I ncl usion Body with E. coli HMS174(DE3) in the

wo-2wshaoeh Mbde Expression systens ESI and ESAPCT/BP2A8/056062

10

15

20

in Table 1 are used in order to characterize the
behavi our of the expression systemof the invention
(ES4) for production of insoluble target proteins
(i.e. as inclusion bodies), and to evaluate the
econoni c potential conpared to plasm d based
expression systens (ESl). The experinment with the
expression systemof the invention shows high but
phﬁSHQHE ically tol erable gene expression rates. The
proé%c? ormati on can be nmaintained for nore than 20

A R RS Rgs Th Py ASTO I o o

inﬁ&f@gd§xﬁhgn1(Figure 1).In contrast to these
results, the gene expression rate triggered by the

pl asm d based expression system overstrains the '
meEaressian syatsacks3 el BS6 tisted peldbde hart Usedieh ordet toecharacterise

br eakdpown of t.he cell.ul ar ,syst.em.four. hqurs past

R R Foronfiith Yoy R BBk lion 84 o B%on of solubie
dotabldt patciRaGhe bBBLexpt@kion CHiteHs 6f Bible EXQHemSbIable protein
system ES4 according to the invention showed a

si pegregajeshi-geglusie berses i le opdes deexclydecdftpcistapgacdhy difkperent
en . .t . i i
gsg?g%?%ﬁsgﬁ%%@g@éﬂﬁﬁgﬁgégﬁg?s %@p@éﬂ%ﬁﬁﬁgggffﬁgggdsuntme

pr parésmed odithoogh thededitth bHthd otioon dkpdrmstCddmdaBtrated that the
during the whol e period. of pro

mai nt aj ned duct .

f oplﬁﬁmdgw.seﬁ%teewéﬂgg% FAPdYEh e¥Pression tpiss ﬁl?%’fﬁ”@@élﬁﬁy gamgot be
D R S D R IR Sl AR R AR A GO e 1 o third
Wi tdlumhén Falsit 4statled YplivBd ¢ @ES)opEramol svhichExparashit o

of 6xHi s-NproEddi.e-G-FPmut 3. 1 as I nsol ubl e | ncl usjon
R SR e AR A SR R T R S e R
or gefuldiRgRRANEoh REoreR@bRhg FRPLthR AP Xs 8dn BdWrived from
expressi on system of the invention, strain E. col

BLPipERES)nd Bigursetl(ieducasp sgwsioonehastingl EgBlso freqdnibdings past

Isc.cultivated.in.th L,scale according to the .

or et ety ST A Bis W ErPEEHOR Jrid ilfention proved
to be more efficient. This is especially demonstrated by a higher specific and
volumetric yield of recombinant protein and a better conversion rate of nutrients
into biomass (i.e. a higher BDM vyield or a lover deviation rate from the theoretical

value).
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WO beosneded ts with the Kl

10

of this system (Figure 3;

i nduction is perfornmed as

singl e pul se one doubling past feed) are better than

2 strain HVB174 and, PONPRI0€81056062

to the results obtained with the plasnm d-based ES2

(Figure 4);

tree doublings past feed start.),

the system

i nduction is performed as single pulse

of the

i nvention shows significantly higher product yields
and hi gher process stability than the plasm dbased
sy $elded ( Sabingry3)f redilte frpinaEnardplodsed system of strain

shows t
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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
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

40



feed start) as well as from Table 4, the expression
systemof the invention proved to be nore efficient.

wabiog/1#e2&speci al |y denonstrated by a hi gher sSPeErEP1008/056062

10 5

15

and volunetric yield of reconmbinant protein and a
better conversion rate of nutrients into biomass (i.e
a higher BDMyield or a |lover deviation rate fromthe
theoretical value).Table 4 : Summary of results from
Exanpl e 5 (Conparison of genone-encoded and

pl asng geronwebisdd prigehsmmi bnthofxpdrengnt etithi BB 7GFRmue 32)1the

or Batrt i Bofesirs Y el TP Aty e B1ed B iy hnd

Fepdbatidnis ModenRACoThbudings pasieied StiRe hpﬁh'e @alt%ﬁwtme
(hSOD) is produced by plasm d-based and

gepranessivasescadpTieEaguss 1 i and F@%@Ilgurﬁﬂ/@lfhﬁ coedyted BOM is

ES

T L SDBh Lo B DRSPS VL o

t hfeed. Ino@ddr t@alddve ipfople catisaisbh b EBNAYITESS, Scaﬁﬁi?eﬁ:e’d atgks for
interactive in the bacterial cytosol

as hig

t hiofd w@la anf} s gptumpiiayigkl obtained whs, Pme@ﬁwn&yﬁhu%ataée used
t Oa§ NG hél@lﬁ&tﬁ i gpl UR LGRS c%ﬂ‘%iegﬁg %ﬁmeptiolhﬁl% The rhesults
producti met hodusi ng genone- ed expression
experdbhehthom that BEFi¢lés guaiecd R)thtghsoracrbaset EGR are about 3-fold

bi ol pgi cal . d matter to raduced is pre-defined to
Bt oS BRG0P g heated by a

pa%alfe@ %?ffe%rﬁretbetvlf&ntﬂm\/lcdél&ﬂa\{&f ANSDN Jte)) EERnGRSIMhere is a

system ES8 (Figure 13) and ES9 (Figure t he

c a$ltghllt Bmdi deDMiosrpmaheleflcuiatdd courSs @reviBDM dadhaintained during
ucti i S _perf.orne t _one ' ast st.art of

t ot HoR oo PSR e s SRR PPQB N breSia g ot

ES8xcce@iteuwhaiiafic\ea ﬂz)ett@@ of @i defitvaliclyiseh domfdt fofasmid-encoded

volunetric yield obtained in the experinment with ES7

ar SODs@@r%swtl hihe rexpisrdehusred by theyprpaimeant| viftegenegicrbased ES9

(il 1 < PR PR G Y SR shiob Do g dByowhicn
ar ﬂle&bﬁhit tBe BoRt(DHEYRetindn dvdnﬁ&ttbﬁshﬁwd @or paodiceign of hSOD than

pr%ductl on.is nore robust and stable (indicated by a
¢ K12 strain.
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smal l er difference between BDM cal cul ated and BDM
real). Even though there is a slight BDM devi ati on
wo e@ailsdees cal cul ated course, growth can be mai PEHEP2A8/056062
during the whol e process indicating that genone
encoded hSOD expressi on does not exceed the netabolic
capacity of the cell which is in contrast to
pl asm d- encoded SOD expression. The results delivered
by the experinment with genone-based ES9 (Table 5
coT@hiﬁMSurstm@vy of rEanlts Hieom Enrunplaée invyield of

oxi nat el

t t he ,BL2
P RO SO Lpt Bt Sl Tad s gpEspiniBa Pt am haaporoten
t hHSODhﬁtHQhe%oﬁts’E@ianmhbﬁ(@S) a?lél']ﬁi‘@déden@ﬁ of e&i¥ntSercoasd

ari son of genone-encoded and
ol aé@wmm@&gamaat VoMoomats Wit e ralstandwalss to

t gglgﬂgeséeonn? ntﬁ §@]TZ4£§£\E&§ t’rhgf'tﬁg g%ﬁ%?(%%&)o%}{gstem isrun at a

nakk@ﬂcwdﬁﬁmapﬁ cal cul ated val ues to ensure
conparability (due to the fact that the plasmd
encoded systemis run at a |ower cell density). Exanple
7 [EXpression of & Tt v & [CO}

HYB174( DES) i n t RG Cont i ntub ([ RaeetaD) | ode2l (PEY
orl[der to veri fy|Rlhanigearided 5t abGéndmye-of @  Genome-
ggnome- based (il e. plasm d-f[ee) expression systen1 a
cgnti nuous cul tfjvation exper | ment?Q8fenos{ at ) epeoded
cgnducted wth ffhe expressiopn system ES6. |A dilution
rgte of 0.1 h 1] and ggeel | densitygf 10 g BDMpsy
liter are set and the defined nedium according to
Exanple 2 is used for the ma|n culture. The result of
t hilotd widdd 9fti on is shown in| Figure 15. In the first
pa e experinme the cells grown in
noﬁﬁmﬁgsa’d st at e. Tﬂgonon i hduce (gtate of thg%ﬁain
cUhiattee(BBMGENt ai ned for nofe than 42 doublings

sUbeyIigRes. Thie fraction of | producing cells is kept

nn&ﬁmﬂf%§%§écbnstant between 75 to 95 % (squares

Fi|gure sequently, clpse to 300 houlirs of

f gddbimntheotehiealbul ture is fully induced with I PTG
calculated (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) [g/L]

42



and about 5 hours past induction the online
fl uorescence approxi mates the maxi mal | evel obtainable

WO pooshie2&xperi mental setup. According to Rei SBCIHFEPB®DS/056062

10

15

20

25

al (2004) the specific cellular content of GFP is
calcul ated to be approximately 140 to 170 ng GFP per g
BDM The cells are maintained in this induced state
for nore than 13.5 doublings. The course of the online
fluorescence during this period shows rfu range

bet ween 6000 and 7000 units. These results show t hat
the systemstability of the genone based expression
host is very high even for prolonged generations in

t hexdmgleged state. In contrast to plasm d-based
systens, very high expression rates can be maintai ned
wWth the systens based on genone |nte$rat|on whi ch

r e5¥@§&smrsofa90émé@GFﬂs’ew§ il tVithofr. cofi dIMEY & (B it the Continuous

facturing processes. Exanpl e 8 | nproved
QH%?#%n§H%B@$O| by Pre-defining Inducer

Cbncentratlon Tight induction control of recomnbinant
gene expression is very. i nportant
o

B BErcieSTRY tesmrein A EY BT & SraeReRs (pereppic-freo
Syé}i RioW st tetNE bontHudll &%a‘ﬁ%ﬁ%‘xﬂ&uﬂ&ﬂ ?cl@ﬁﬁ)@&% is conducted

(p[lasmd copy nunber), the genome-based (plasm'd free)
T7wsh $luee¢npweldn |syst¢meES|6eAhbkdltloﬁ rqthef §.hnerindarceltdensityl of 10 g

m)gb;{/ﬁ et lf ﬁrgaerfﬁ Ig&gaglfi nlbeenzﬁ grne%&be%{%x? ?%%Edlpgg)f E}?atnﬂg S is used for

EXPE@%&h eMtlral EheQEsIBESANR RS BGEoS K ShEWR 1&9@&%&15 In the first
controlled nore efficient. To denonstrate this

bepast ot the gxpasiang tl@fceﬂe drstm‘&h ity hen-ylureshsgatgj The egHaduced

apg)[ t)él trf‘ edrlnglliler R i mgn %l é)(P for remo?e ﬁ]tag 42 douf) n%%%{hout any
concentrati on 'S Ccon nduction 1s

byd@cgabilgkanpoed imah@BeHaB‘EﬁSof ﬂte@ubhﬂtubésOﬂ"B@ﬁrhﬁfontdf ps&tucmg
an initial ratio of inducer per_cell dry

f quUé\MelﬂePéVloé% Af lehieaustiapt hedwermip 93] %fmam%é@ae ad).
gt t gnt
of 1B FO0 SRR TS0 ofty of LA, AL RS el B 1p1G
nmald GOuVS hours pagtanductien dic odin ﬂum@mdeng@@)ﬂwimtes the maximal
ce nl sul s inafull titratiqgn of |ac-repre
olcauh bitinghic iy thi D BRI pESET R ReaGr o (00 the
| eyrbifc TNEIaPE it e G‘W% eA16caR RS bd ap“prgﬁhiawl}am to 170 mg
fl uorescence (spec.
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

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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which is strongly correlated to the specific content
of GFP (Reischer et.al 2004) is used to nonitor

w@e@dasxo2eaccunul ati on during i nduction and to PEI/EP1088/€56062

10

15

20

25

30

the specific product formation rate (gPp) as foll ows:
(spec. F2 - spec. F1) gPF = CDWM + CDW2 ( ) (t2 - t1)

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

pr Byasplelte ef fici ency of the transcription tuning
strategy (Figure 16). The gPF of the fully induced
system (20 mmol PTG gCDW is fixed as maxi num | evel

of IdHeveenduétin YRGS PaRlctahd BRlubR@ndesirdtidnt he
experinments with limted induction are strongly
correlated with the induction |evel (inducer

coRc r.att on j - ' 1.C: LT Fj
R R i B
| oitt Biepreteskingd UCHiteiny tcsplasmid-BeaBpETATE syaembandabeit high and
the IPTG CDWratio and requires tightly controll ed

i NHRITBE eBedosaeg (Massnig sernynbsa 4he genemedase el asgnidipg) T7
Fu . . . .

F T g B R bl WL oSG ol ifhor of
exgerapobms (@r aé niohe df tlendrgengdriegDue tdlthisafiack, thiclelkpreasigrerate
bet ween 3 .- 5 mmol | ., which.is supstantially |ower, .
© PR oo Lo b a0 i e ahous Bat hbrhe dcelaon IS his
appedchd ol LHEG S balch RuitiQatddsSitNES1 I RAL /TR itfiRtion
level with a certain band-wdth, as follows: As a

colsetly $i. @ mducen conexrdrapbes) showsluethdit Induatien hoperraged by single

- : i di.ng. the.j [
e SR PRt R st g ek b S Gitet iy
pr adisat (gmﬁyaﬂo 116Wed BY CotRlusti @) &R induFaPseno kbila démifdd
Reilly D.E. 2004. Production Technol ogies for

MofRISFFion Aht corsting dcvahd he petios oF IR rsmEDW arar asdfptiows:
q:)b@! @.95,‘ lr.]O,%.@ Iu%%b E@b%y, u%qg %’level of 20 umol gCDW'lwhich 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
used to monitor product accumulation during induction and to calculate the specific

product formation rate (qPr) as follows:

(spec. F, - spec. F,)

qP; =
CDW, + CDW,

*(t,-t
2 )*(t,-t)

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 umol IPTG/gCDW) is fixed as maximum level of 100%
and the average qPr values obtained in the experiments with limited induction are

strongly correlated with the induction level (inducer concentration) following a
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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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contain the T7 RNA pol ynerase gene in their genone are
sel ected fromthe strains BL21(DE3), HVS174(DE3) or

W0 b@sn4xes i vati ves. 8) The net hod of claimb5, MIBEERI008/056062

10

15

20

said E. coli host cells containing the T7 RNA

pol ymerase gene in their genone are non-|ysogenic. 9)
The nmethod of claim2, wherein said inducible pronoter
is selected fromthe tac pronoter, the trc pronoter,
the lac pronoter, the lacUVs pronoter, the trp
pronoter, the |anbda pronoter pL, the phoA pronoter or
the PBAD pronoter. 10) The nethod of claim1, wherein
said pronoter is a constitutive pronmoter. 11) The

met hod of claim2, wherein safff®™pronoter is a |eaky
pronoter. 12) The nethod of claim1l1, wherein said
expression host cells contain said DNA construct
integrated at an attachnment site. 13) The net hod of
claim 12, wherein said attachnent site is the attTn7
site. 1A)mdhed fretphaticof ackedmbihantwphetewmi of istaiest on a

expr essi on Post cells contain said const ruct

i nt egr alBRHAFUHRAR S SOPPTISINEER S I%Er sequence t hat
is contained in the genone of the bacterial host cell
15) The Bﬂ&@ﬂ@@m@ aGJoplLIRieh oEbatdRal xprifdRInGodt &Rk d

mar ker sequence encodes a protein that provides
antibiotic resistance. 16) The nethod of claim 14,

wher ei n b3 ahavestipg dic nraieierf impess dadience encodes a
fluorescent protein. 17) The method of claim 1,
wherein i RPAR : | ns, as an additiona
elenentf§gwﬁ%r r squgﬁ%gngﬁ%% I ng a marker
protein.18) The nethod of claim 17, wherein said

mar ker irsedped)ncuilgvagiopiningi modhiheheroplopd dreddisiomnf a feeding

Chor eby BFUHEL G ER B 3F BEH SR hEE e R Fh. Semi-continous or
pr ot ot r @RihGeuskHdde] Bed WRERAChObx S aidh Hobt cMRQbRIamh, SRéSated

mar ker DNA sequence encodes a , .
in their genome, a DNA construct carrying the DNA sequence encoding the

protein of interest under the control of a promoter that enables expression of

said protein.
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

promoter is the T7 promoter.
5) The method of claim 4, wherein said E.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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protein that confers an antibiotic resistance. 20) The
nmet hod of claim 17, wherein said nmarker DNA sequence

wepwsded2s fl uorescent protein. 21) The net hodPOF/ER1083/086062

10

15

20

25

1, wherein cultivation is in the fed-batch node with a
predefi ned feedi ng node. 22) The nethod of claim 21,
wherein the predefined feeding node is perforned
according to an exponential function. 23) The nethod
of claim1l, wherein cultivation is in the fed-batch

noge W The ﬁ‘lefh%@%@ @Fﬁkm QophéRld @6l Eesdiehg Mﬁms@é@lls-ﬁlﬁ@e been

nmet’hod of cl wher ei n th expr
pr ot ei nolpinedh %}é irtkgrating iniRifeal hgys %ﬁ%ﬁlﬁ? %@H&emam tha T7
I nduct oORNA2p)lyrhbsérgéreda tiadfir @naime) 2ZBNAb@Tseuet thii@arries, as an

I nduct of a 1N Qus manner. 26) The

et hod SRl S 0p AR T oot er 1<

sel ected fromthe T7 pronoter, the tac pronoter, the

tré) pr ot excthotlieé clazn Sprw@tnes:ald Ehe/i msUhdls trad Aiveasly innately

and wheggidn hery m#(ggrm'eﬁsé g&fé in oir é@ﬂ@nﬁ%‘i@@ec@éd frorn the
claim?24 or 25 ere:M@lﬁ4 ﬁ omoter |S sel ected

the T7 preowoBksl(DEde H &F thegrylsrivatevesr onot er,

the lac pronoter, the |acUvs pronoter and wherein the

i ngluct oThé ﬁne’th@db@%ﬁlm 38)vh8'ﬂéﬁl suet Bogh/idfosCdatlis @obining the T7
wher ei n e i.nduct or | a_concentration that

is prop MR %?Pee Bi %b%%e&"mf ST S@O%eﬁ“c

constant ratio of inductor to biomass. 29) The net hod

of 9| ai hesicthod of 8laimRewbengin fael indnmabletpreimptonisstlerted Gom

in the ﬁl%lt&éldét%nﬁ?&' ‘M@chsrbrﬂﬁt%r rtﬁ@gz% g?ém@tfer Oheliae P9 pRmoter,

per g cell y wel |"ai m 29,

wher ei nth§ZAPTPERES, tfﬂ@ lwtsia-pr%owlpé e ghaebnormigr ot e Peap
met hod pifonftéi m 24, wherein the inductor is present in

t he batch phase

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

12)  The method of claim 1, wherein said expression host cells contain said

DNA construct integrated at an attachment site.
13)  The method of claim 12, wherein said attachment site is the attTn7 site.

14)  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.

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

encodes a protein that provides antibiotic resistance.

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

encodes a fluorescent protein.

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

additional element, a marker sequence encoding a marker protein.
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fromthe beginning of the cultivation. 32) The nethod

of claim23, wherein the protein of interest is
wGewsas®eB from the cytoplasminto the cul ture PEHER2908/056062
33) The nethod of claim1, wherein the reconbi nant
protein of interest is a heterodi mer and wherein the

DNA nol ecul es encoding the two nononers are present on
the same or on different DNA constructs.

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 claim 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

manncr.

The method of claim 24 or 25, wherein the promoter is selected from the
T7 promoter, the tac promoter, the trc promoter, the /ac 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
promoter, the fac promoter, the trc promoter, the /ac 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 is in a range of of 0.1 — 30 ug 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 ug per g CDW.

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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