CVO 2005/097990 PCT/EP20051003599 5 Fed-batch fermentation
process and culture medium for the production of plasmid DNA in E. cols

whiumRsacturing scale 10 Field of the invention 15 The igygitiaes/no3seo
relates to the fermentation of Escherichia coli for the production of
plasmid DNA (pDNA), in particuiar for pDNA intended for the use in gene
therapy and DNA vaccination. 20 introduction The requirement for
industrial fermentation of pPDNA came up by the clinical success of gene
therapy and DNA vaccination during the last decade. 25 Gene therapy is
the treatment or prevention of disease by the administration, delivery and
expression of genes in mammalian cells. The ultimate goal of gene
therapy is to cure both inherited and acquired disorders by adding,
correcting, or replacing genes. Basically, there are two types of gene

5 therapy vectors to achieve these goals, i.e. viral vectors based on
inactivated viruses and non-viral vectors 30 based on plasmid DNA. The
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plasmid 35 DNA has become of particular importance. The desired
efficiency of a fermentation process for manufacturing plasmid DNA is
characterized by a high yield of pDNA, either per volume fermentation
broth (volumetric yield) or per biomass aliquot (specific yield). In the
meaning of the WO 2005/097990 PCT/EP2005/003599 present invention,
yield is the concentration of plasmid DNA per volume or cell weight.
Bekisid of Highinjetiahe plasmid has to be present in its intact covalently
15 closed circular (ccc) or supercoiled form. In the meaning of the invention,
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20  Introduction

The requirement for industrial fermentation of pPDNA came up by the clinical
success of gene therapy and DNA vaccination during the last decade.

25  Gene therapy is the treatment or prevention of disease by the administration,
delivery and expression of genes in mammalian cells. The ultimate goal of gene
therapy is to cure both inherited and acquired disorders by adding, correcting, or
replacing genes. Basically, there are two types of gene therapy vectors to achieve
these goals, i.e. viral vectors based on inactivated viruses and non-viral vectors

30  based on plasmid DNA. The present invention relates to the production of
non-viral plasmid DNA.

Since it was demonsirated that intramuscular injection of pDNA encoding an
antigen elicits both a humoral and a cellular immune response, naked plasmid
35  DNA has become of particular imporiance.

The desired efficiency of a fermentation process for manufacturing plasmid DNA is
characterized by a high yield of pDNA, either per volume fermentation broth
(volumetric yield) or per biomass aliquot (specific yield). In the meaning of the
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consequently not desired during fermentation. Therapeutic plasmids
consist of three essential parts, i.e. the therapeutic gene (the 10 "gene of
interest") under the control of an eukaryotic promoter, mostly the

vipmeastoyirus (CMV) promoter, an origin of replication (odeii360s/003599
autonomc us propagation in the prokaryotic cell, and a selection marker,

usually an antibiotic resistance gene. While the therapeutic gene is of
clinical and medicinal relevance, both the on and the selection marker
play a crucial role during plasmid production, 15 eﬁﬁaciaﬂy during
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and selection’ of plasm boring cells. However, antibiotic selection
pressure should be avoided during industrial man,ufacturing. Itis 25
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Th@election pressure should be avoided during industrial manufacturing. It is
therefore desirable to develop fermentation processes allowing a stable
propagation of the vector without plasmid loss.

The choice of the bacterial host strain is another important factor to be conside red
for fermentation of pDNA. Desirable host phenotypes include those with the ab ility
to grow to a high cell density, to achieve high plasmid copy numbers, to generaate
a minimum of plasmid-free cells, to have a minimum potential for genetic
alterations of the plasmid, the production of plasmids being predominantly
supercoiled, and the compatibility with common purification procedures. Most
strains of E. coli can be used to propagate pDNA, although the strain may haves an
effect on the quantity and quality of the obtained pDNA (Schoenfeld et al., 1995).
Currently there is no consensus on the genotypic or phenotypic characteristics that
would be ideal for bacterial strains used for pDNA manufacture. Frequently, thes
strain DH5-alpha was used before for fermentation of pDNA.



proposed methods differ with regard to the level of control imposed upon
the cells 5 and the numerous factors that influence fermentation.
Low-level control simply allows plasmid-bearing cells to grow, whereas

RighAgxsbiightly-controlled fermentations reach high yields Qf{REMNARY 03500

specific measures which enhance replication. 10 For pDNA production on
a laboratory scale, cultivation of plasmid-bearing cells in shake flasks is
the simplest method, which however normally achieves low yields .
Plasmid yields obtained.from shake flask cultivations are in the range of
1.5Backgreppdrafl tdtimebtioth (O"Kennedy et al., 2003; Reinikainen et al.,
1988; O'Kennedy et al., 2000). In shake flask cultivations, several
drawhaeksrssicippeddhgoametgenianster fankihedadkobnassitiyefor
PH praf &PRiEHobEIHEBRR Nand @idndne\bs & a8l odrpuplAWR tik

seveminshakadask su BY@E&%E‘M@&P&P%%E!%BR UhiR08 %Mkl%ﬂﬂp‘%ﬁ
ac*hlf@ 5 "%&%%@éﬂn 8959 ﬁ%mpfig&'&% le%ﬁ?rm —con .%'l figns.: 20

ef

t Itivat
e R e g R A e N e

all ﬁ?HV@tJ%‘are provided from the beginning and in which no nutrients are
added during cultivation, is termed "batch-cultivation" or "batch
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hydrolysate. Culture media consisting exclusively or predominantly of
20compleitsiarnjghaentardite s pernats, toaydexmsedigstddadieuthataties cel Is
compesabridrihanteinedipgidienmiseinetearsanisauigeasalisichacae
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25  volume. Depending on the plasmid/host combination and on the culture medium,
the yield of pDNA obtained from such batch fermentations can vary strongly.
Typical plasmid yields reported are in the range between 3.5 and 50 mg/L.
(O’Kennedy et al., 2003; WO 96/40905; US 5,487,986; WO 02/064752;
Lahijani et al., 19986). These cultivations were carried out with culture media
30  containing so-called “complex components” as carbon and nitrogen sources.
These components are obtained from biological sources; they include e.g. yeast
extract, soy peptone or casein hydrolysate.

Culture media consisting exclusively or predominantly of complex components are
35  termed “complex media”. Media that are composed of both a defined portion

(defined carbon source, salts, trace elements, vitamins) and a complex portion

(nitrogen source), are termed "semi-defined" media. According to US 5,487,986,

a very high amount of various complex components (50 g/L in total) was used.



WO 2005/097990 PCT/EP2005/003599 Culture media containing
complex components have the disadvantage that these components
originate from biological materials; therefore, the composition of the
wedsuderlies normal natural deviations that make the cpltivaiifs/nozsoo
process less reproducible. The same applies when a manufacturer
changes the production 5 process or when there is a change of supplier.
Further disadvantages of using complex medium components are the
uncertainty about the exact composition (presence of undesired
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15 composition is exactly known. This allows better process analysis,
fermentation monitoring and the speC|f|c addition of partlcular substances
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{ up mass balance calculations, Wthh acllitate the predcc’uon of growth and the
1dent1f!catx0n of possibly lacking nutrients. Compared to complex media,
fermentations with defined media show enhanced process consistency and
improved results during scale-up. Further practical aspects of defined media are
better solubility, the absence of inhibiting by-products upon sterilization, and less
30  foam formation during cultivation (Zhang and Greasham, 1999).

25

Synthetic media, that were not specifically developed for pDNA production, such
as M9 (Sambrook and Russel, 2001), may result in a low pDNA vyield
(WO 02/064752). In batch fermentations with defined culture media that were
35  specifically designed for pDNA production, a higher yield of pDNA was obtained
(Wang et al., 2001; WO 02/064752). The latter demonstraied that pDNA
homogeneity was more than 80 % ccc form. The enhanced yields of pDNA
according to WO 02/064752 and Wang et al. (2001) were achieved by
supplementation of amino acids that are biosynthetic building blocks of
40  nucleosides, or by the direct addition of nucleosides.



(WO 02/064752). In batch fermentations with defined culture media that

were 35 specifically designed for pDNA production, a higher yield of

pDNA was obtained (Wang et al., 2001; WO 02/064752). The latter
31%%;6%9 that pDNA homogeneity was more than 90 % gce farm . 003509

The enhanced yields of pPDNA according to WO 021064752 ancf Wang et
at (2001) were achieved by supplementation of amino acids that are
biosynthetic building blocks of 40 nucleosides, or by the direct addition of
nucleosides. 4 WO 2005/097990 PCT/EP2005/003599 Although batch
fermentations are usually simple and short, they have fundamental
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developed. A fed-batch fermentation is a process in which, after a batch
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nutrients in order to control a process parameter at a defined set point.

15 eqd-ack ¢ r%téOJ s F%\Qe nence directly relafed o Fe?-'r%%%%{.%‘e%#gf ogppout
fermentaton. o_%?ro 'arametgrs WhICh have been used Tor feed-back
cortFef & ATaNtHABAS include pH value, on-line measured cell density
or dissolved oxygen tension (DOT). These methods have the benefit that
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have the benefit that high biomass concentrations can be obtained with a reduced
risk of overfeeding the culture with the fed nutrient.
25
For pDNA fermentation, a feed-back algorithm for controlling the dissolved oxygen
tension at a defined set point by the feeding rate was used (WO 99/61633).

When applying another, more complex algorithm, both the DOT and the pH were

30  used as control parameters for a feed-back cultivation method (US 5,955,323;
Chen et al., 1997). In that method, the DOT was controlled by the agitation rate
and feeding of a concentrated complex medium (glucose, yeast extract), whereby
the pH was concomitantly maintained with ammonium hydroxide.

35  The application of feed-back algorithms is accompanied by a humber of
disadvantages. One is, that the feeding rate depends on current process
parameters such as the DOT. Irritation of the process due to whatever reason may
influence the control parameter and has therefore an impact on the feeding rate
and consequently on growth and pDNA vyield. For instance, when an antifoam

40  agent has to be added, the DOT changes (normally decreases), which results in a



30 used as control parameters for a feed-back cultivation method (US
5,955,323; Chen et al., 1997). In that method, the DOT was controlled by
the agitation rate and feeding of a concentrated complex medium
Glucesesymast extract), whereby the pH was concomitantlypaiziReaised3599
with ammonium hydroxide. 35 The application of feed-back algorithms is
accompanied by a number of disadvantages. One is, that the feeding rate
depends on current process parameters such as the DOT. Irritation of the
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on growth. However, for pDNA 10 fermentation, a strong dependence of
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high fpiaeemisi diNAsy e8ecticD e obiginset higslyirip et hipmags (68cHeS W Jow
pDNgny et WeBimgér L0, 86 mgghesry loellpDNA yield (18 mg/L; 0.36 mg/g dry cell
weight). In another example for exponential feeding, a plasmid yield of 30 mg/L
25  and 6 mg/g DCW was achieved (O’Kennedy et al., 2003). A higher pDNA yield of
220 mg/L. was obtained by Lahijani et al. (1996) by combining exponential feeding
with temperature-controllable enhancement of plasmid replication. In these
examples of exponential feeding, only O’Kennedy et al. (2003) gave details on
pDNA homogeneity, which was 50-70 % ccc form. Currently, all exponential
30 fed-batch processes, use complex components in both the batch medium and the
feed medium.

In summary, the current state of the art in fermentation for manufacturing
therapeutic plasmid DNA can be characterized as follows:

35  Batch fermentations that are widely applied for pDNA production are associated
with technological and economical drawbacks. For batch fermentations, complex
or semi-defined media are mostly used, resulting in a pDNA yield that ranges
between 3.5 and 68 mg per L culture broth. Fed-batch processes that apply feed-
back control either use semi-defined media or a complex pre-culture medium

40  followed by a defined medium in the main culture. With feed-back algorithms,



weight). In another example for exponential feeding, a plasmid yield of 30

mg/L 25 and 6 mg/g DCW was achieved (O'Kennedy et at., 2003). A

higher pDNA yield of 220 mg/L was obtained by Lahijani et al. (1996) by

combining exponential feeding with temperature-controllable

enhancement of plasmid replication. In these examples of exponential

feeding, only O'Kennedy et al. (2003) gave details on pDNA
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mostly used, resulting in a pDNA yield that ranges between 3.5 and 68
mg per L culture broth. Fed-batch processes that apply feed- back control
Setfreansefstxmbdaditesthmedia or a complex pre-culture medium 40
followed by a defined medium in the main culture. With feed-back
algorithms, 6 plasmid yields between 100 and 230 mg/L can be obtained,
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Summary of the Invention Accordlngly, there is provided a process for
préducihg prtsraiedium ohtrerhatehfolczasiagd Seartwrenemivm addedelising
that bedreaf¢gdinmichesegiaghem@abyafsinedesndmehfirstgrown in a
pre-culture and subsequently fermented in a main culture and the
obiainethplasims medidiisreecetrathpnedeurified, wherein said main
culture is a fed-batch process comprising a batch phase and a feeding

phase, whegeina) the spitureimedueidhpbatch phase and the culture

medium added durlng the feeding phase are chemically defined, and

Whereln[)b) dhe d8“ g' Iunlla e mgt eﬁao Ingfch)' a??eas)t S9ug f&? &the feeding
e

rowth-limit]
g Qgse a pre fme exponential function, thereby maintaining the specific
growth rate at a pre-defined value, wherein said exponential function is

F, = conste", wherein

Fiis the flow rate [L/h] of the feed medium;

W is the specific growth rate [h™'], and

tis the time interval [n] from start of the feeding phase,
wherein said fraction of said feeding phase is such that more than ca. 20% of the total
dry cell weight to be obtained in the feeding phase are generated during said fraction.

The present disclosure relates to a process for producing plasmid DNA on a
manufacturing scale, wherein E. coli cells that bear a plasmid carrying a gene of interest
are first grown in a pre-culture and subsequently fermented in a main culture, wherein
the main culture is a fed-batch process comprising a batch phase and a feeding phase.
The culture medium of the batch phase and the culture medium added during the
feeding phase are chemically defined, and the culture medium of the feeding phase is
added, at least for a fraction of the feeding phase, at a feeding rate that follows a pre-
defined exponential function, thereby maintaining the specific growth rate at a pre-
defined value.



ii) is added at a feeding rate that follows, for at least a fraction of the
feeding phase, a pre-defined exponential function, thereby maintaining
the specific growth rate at a pre-defined value, wherein said exponential
function is Ft = const-et, wherein Ft is the flow rate [Uhl of the feed
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t ﬁ‘HaE |§'S§YF%%P?§8 etfan os 5 GrINe! %ﬁaﬁ @Pf el ?Ne|ght to be
obtained in the feeding phase are generated during said fraction. The
ln@@é@ﬁﬁ@ﬁg@m&ﬂi@?&aﬂ&ffaoaqsyeg%@é‘q@?lmma%& MDAt gf the
feathmatianioheysdareewneestiifundivrisisugidnpeaete Has Akl e afpmipial
drigert wéigiterest craifiestigrtbefeariagpbaseltsicenerdtsdivsenaenttyfraction of
thtefeseiniggtias® main culture, wherein the main culture is a fed-batch
process comprising a batch phase and a feeding phase. The culture

InBefinel dhs LA PR ARG BER e RReRivsRddethdpring the
Céﬁﬁ _P&g@ﬁgﬁiggﬁgz%qm&ﬁlly defined, and the culture medium of the

eeding phase is ed, at least for a fraction of the feeding phase, at a

feeding rate that follows a pre- defined expanential function, thereb .
I S O BT G Il gf%%@ﬁ&%ﬁﬁ%aﬁfaﬂfu%%ﬁ?ﬁ%ng useful
e ASARRYEITRY PRUSERY JRUDAS R RtPSHEIAIBY PAGIIHPIER R 15 a
IPRESITEH BRECLRXERSR PR BRRITEE B EABRAEIMG Y &fifisPisFgRyre. the £
celbriipiretrIMM0S prefepagiamBiirpentsee fraction of the feeding phase
during which addition of the feed medium follows the exponential function
insheyehctatafrtbeaidwos @@, 2ngithentot tlaidrynae plivatiy httmbe alstaindd ao/i
ciheéasdinPriiasadipiganideaitadet Ol sayddaigionfobdhatiegding phase.
In a preferred embodiment, all media, including the medium used in the
pre- culture, are chemically defined. In the process of the disclosure, any
strain of E. coli may be used. Host strains useful in the disclosure may
have any genotype; preferred host strains have mutations in the genes
relA, endA, and recA. A the most preferred embodiment of the disclosure,
the E. colt strain K12 JM108 or a derivative thereof is used. In the
process of the disclosure, any plasmid that can replicate autonomously In
E. coli can be used. Preferred plasmids have a ColE1-type origin of
replication, 7a

7a



most preferably a replicon derived from a pUC plasmid (originally
described by Vieira and Messing, 1982, Yanisch-Perron et at. 1985). In
the process of the disclosure, the medium of the batch phase and the
medium of the feeding phase are chemically defined, preferably, all
cultivation media, including the one used in the pre-culture, are
chemically defined, which means they do not contain any complex
u mponents. The culture used in the ess. of
T R B e sreed (o3 NG el AR SR el e
Mﬁﬁ%n%(;?ggfmgarﬂi%%epr?%ﬂr@‘e@ 1&&monium salts. Further
components are inorganic salts containing macro and micro elements. In
Indbg ereressdifhescifigiesvp e fopdiuspeldite balehdaase gng eammdilireo the
fegingnirhassr aip eirainicaliyidedinet, asefawihe alhedbvaidrsretiesratedalgdhe
oz esedirinhéhprenadiung . fPeafesraiiy| i iefowty rhite diaaofktire dikctas coataire
arifemmbrRatikalics esmpameally TIseculfariMmENsing-a BElRSHRItEIEStNE on
intAsENdrRANBe SRfimideaeteiirg aRbRadiNRIILCRR AHRBIEAIR LR
iSRS EYARSARRNIRE 2RARSRIG SMINAARKH BUXOSRPRY als HEKEIRE-
saltiSMERARS AL alRHARR ’é]é%&ﬂspfﬁ%sgé AL ﬂ%a%ﬁé APHR RS
S %%T%tﬁ%%ﬁtf%r IS8 lv?\%%«?r? fi klg t%laerr? ﬁg%rt At %]lsr;[(r)alrcln % ch as é)rc?r ne, these
eucine au 1( § ly tlsoLeucm(i eferd y present in a concentration
SL{E FexceRqSMReE" ﬁ16‘ur§’t NeCes 3??/ for complementing said auxotrophy.
The growth rate - and thus the feeding rate by which the growth rate is
Prefgiabiintg cyidy mesiahiheiselenereana firesa Riilioteize eemaingsed
foplanesingapiriation trasasreap s ig-brasingoefie that the method of the
disclosure results in a pDNA yield of more than 600 mg/L and a specific
IneDAeyriedpibapitteds thegfgidry eeliweighitand erabysadddNA a possible
ahiPRaEIERRILREFRQr R RARINE TSGR PriBBRNIRMd hayelsEssht also
wRERRPLmE L L3} %)&9% H?BPEB[@I?&K@ 45 t@?e%agglw&% gﬁ&h%@% an
R T R
NERMAY Q‘?Cﬁi?\; &%“WW%%?&%&H@O f%{%W{ld copy number. When
retA-negative E. coli strains are used, the cells cannot respond to amino
T%ﬁ%ﬂéﬁ&éﬁd@ﬁ?t@%%ﬁ%ﬁ%@i&'Qi’dMW\QPéBQIaERYﬂh caigda firinained -
malakaRIaRpIRiag Hiri SeavemeetTpha gelis gl Rapply WwRlicaisieucine
supports the disturbance of the amino acid metabolism and increases the
It pE\Arpiilic gty eachufthed tat thasiasiesy stitpasisglysirenestiatithepDusessld
ofhthe HiscBIBLR e sHS: ishasific pDNA vield of up to 45 mg/g dry cell weight,
whereby a pDNA homogeneity of more than 90 % ccc can be reached.

In a preferred embodiment, high-copy-number piasmids (e.g. derived from pUC) are
used in fermentations that are operated at low specific growth rates.

In fermentations operated at low growth rates, due to amino acid starvation, uncharged
tRNAs arise which increase the plasmid copy number. When relA-negative E. coli
strains are used, the cells cannot respond to aminc acid starvation in ferms of
metabolic down-regulation, consequently plasmid replication is enhanced. The
additional supply with isoleucine supports the disturbance of the amino acid metabolism
and increases the pDNA yield even further.



outstandingly high specific and volumetric yield of plasmid DNA,
accompanied by a high homogeneity of the pDNA throughout the
fermentation time. Detailed Description of the Invention Host Strain in the
method of the invention., any strain of E. col/ may be used that can be
cultivated in a defined medium. Preferably, a strain derived from K-12 is
used, The selection of an appropriate host strain may be based on the
hosts genotype i.e. the specific mutations characterizing the strain,

nor. gp systematic comparison. of.several siine n.experimental
fer RS %’ferr mbodiD E=t fothe inve (t)S(')n the strain

h
m&%tﬁtﬁ?ﬁ‘f‘ﬂ% TEPASBRAES T MBS MEbHRIASit N S REABETLR DY @ high
gUa%%?éﬁﬁﬁmﬁwﬁfe’m(ﬁw&ﬂ)t'%?§ﬁjﬁ§l”?ﬁ3%&ﬂ@whlch triggers the

so-called "stringent response” in the cell upon amino acid limitation, in

relA+ strains, amino and limitation leads to a down-regulation of essential
metralieppisyapsidavelre iveNAreplication and transcription (Wrobel
and Wergrzyn, 1998). Strains having a mutation in the re/A gene therefore
continyestp,grow and to replicate plasmids upon amino acid limitation,

which has been shown to be an important prerequisite for growing cells in
a chemicall deflr}ed medium with high plasmld r%%ycatlon rates (Hofmann

et dl "FOFE I & H}?HBY%F%%H% Bodfimeit of theOHVERTiBR! FasPe
streE"RIRAG, AT SiE Shecib: FpReRBtatoATALERIYAG TRTHE Holrasest The
endRiecHon Alieleae Ry atedeftr@iein (reydmibrratorndpeternljssgenated, i.e.
sinteethpediin otattingsicorsaseritig stra ctural, antégrity eftleenaiasmigarison
Examngplesriokssritahlechpsiiatistin scateeBEtlorl@HS, DH5-alpha, DH10B,
JM108, JM109 and HB101. In the method of the invention, the most

pre ﬁrée&&er@&' éﬁn@;gmel@dﬁﬂMﬂﬂ%WﬁgsNQm‘h%%% miAE i NBe

558 i;’éy FH?\ '&gé s re A?F%%]gret ’s;t/féré is 0 gu\%&jfggmzégﬁh? Vp die
tha %%'?3 rﬁ% ?gneg rH%ﬁﬁB&“&tF&nCSF%‘M BRI ARSPOoNSe” in the
200%%9?9@6'%%@5 IO 3EIG ARG RIS SERiRG TRTER Radih Erial
ferrfenrafiemdaion©isssetisimaihelits sty iy aheddredb At rRisaiionand
Jmlr@gsgﬁgimdwmgee}dtWergh@ﬁBpmains having a mutation in the .
relA gene therefore continue to grow and to replicate plasmids upon amino acid
limitation, which has been shown to be an important prerequisite for growing cells
in a chemically defined medium with high plasmid replication rates (Hofmann

et al., 1989).

in a further preferred embodiment of the invention, host strains having, in addition
to a relA mutation, mutations in the genes of endA (endonuclease A) and of recA
(recombination system) are used, since these mutations increase the structural
integrity of the plasmid.

Examples for suitable host strains are DH1, DH5, DH5-alpha, DH10B, JM108,
JM109 and HB101.

in the method of the invention, the most preferred E. cofi K-12 strain is JM108
(ATCC No. 47107, DSMZ No. 5585; genotype: F , recA1, endA1, gyrA96, thi-1,

hsdR-17, supE44, relA1, . and A(lac-proAB), Yanisch-Perron et al., 1985) or a
JM108 derivative that has been obtained by genetic manipulation of JM108.



yield (both volumetric and specific). 5 Plasmids The method of the
invention can be used for the manufacture of any plasmid that is capable
of autonomous replication in E. coll, irrespective of the replication origin,
WO andopespective of the intended use, e.g. as a gene therapy/¥eolgvo05899
vector to be used as a DNA vaccine. Suitable plasmids are, for example
derived from pBR322, pUC18, pUC19, pcDNAS (Invitrogen). In a
preferred embodiment of the invention, a plasmid having a ColE1-type

orig 3 pheRleaion gsed Fsionaleesind tis s oo
tat h
amiF gaégg e i ‘ﬂ%duﬁ?é'ﬁé%t?%'im?tﬁ@ @i EoNA

repwséﬁ’.6%8}.\5%%%('&,3%:%3??&%3 to an enhanced replication rate of the

plasmid. This effect is stronger when a relA- strain is used (Wrobel and

5SWergrzyn, 1998). 20 In a particularly preferred embodiment of the

invetsgienida ColE1 -derived plasmid of the pUC type (Vieira and Messing,
1982; Yanisch-Perron et al., 1985) is used. The pUC plasmids have a

mum%@%@@&%&m RSO IS INRAMARG oASNEY S mid that
the{segy Bid %ﬂ@ﬁw %rﬂx&ﬁ%mgeé han e %E%aéﬁﬁéﬁ %Bﬁo% Brigin,

oP! S th n-enhancing effect Of rom-
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pre?m% ‘?H ?ﬁ‘e 18f H?QNﬁ@éHWBWgﬁD)Deflned Culture Medium A

chemically defined culture medium is used during the batch phase and the
feellirgnéfasedéthieodiraintoltbeeinprefierakl platsod idin g eeColbtity eTdr ign

15in aB&epleftored esadolimenticnaCosnple ROBPeneys arerapritelitation,
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30

35

40

thrauglasHrta e (A IR AHORP FAGRES! W HAIRRQIGH4N gy effbed
emmaua@e& RMAStbiotes fan selestien Ripm%ﬁaw%ngﬁ%' 09,56 RAISHSES
throy r,%%a SIS OISR AR B S Wond 35 D e

Pre:s Falf |seUes<9 ro IoHGR Wergrzyn 1998).

In a particularly preferred embodiment of the invention, a ColE1-derived plasmid of
the pUC type (Vieira and Messing, 1982; Yanisch-Perron et al., 1985) is used. The
pUC plasmids have a mutation in the copy number-decreasing protein Rom and
achieve therefore a higher plasmid copy number than the normal ColE1-type
plasmids. Since the replication-enhancing effect of rom- plasmids was especially
shown at low specific growth rates (Atlung et al., 1999), the combination of pUC

plasmids with a low growth rate cultivation is preferred in the method of the
invention.

Defined Culture Medium

A chemically defined culture medium is used during the batch phase and the
feeding phase of the main culture, preferably also in the pre-culture. Thus, in a

preferred embodiment, no complex components are applied throughout the entire
fermentation process.

Furthermore, in a preferred embodiment, no antibiotics for selection of plasmid-
bearing cells are used throughout the main culture. Preferably, also the medium
used in the pre-culture is free of antibiotics.

10



WO 2005/097990 PCP/PP2005/003599 The culture medium used in the
pre-culture and in the main culture may have identical or different
composition. 5 An organic carbon source is used in the pre-culture, in the

Redchd¥eAus, and in the feed medium. The carbon source gea¥%:PR)0s/003599
selected from glucose, fructose, lactose, sucrose, arabinose, glycerol or

any other carbon source that can be metabolized by E. colt, as well as
mixtures of different carbon sources. Preferably, the carbon source is
glucose. 10 The carbon source used in the different phases of the process
and in the feed medium may be identical or different. Usually the carbon

sourdie ipHtiecReim ypethid Jie atewbieenthis Beerainedivr oethiave

maiiveoftaleadifficenticanprefiorably, the same carbon source is also

contained in the feed medium. 15 In the batch medium, the concentration

of thenGaEpaR saHSER $HatE3H 06REHVRS Preauli@dNthaRe BAROMedium, and in

prefgaRlyCRed iR, 6Re32:80n JNPERSE DY AURRSH Hish @’%‘%@% SRIEEe,

ma)ﬂé%‘?ogées%%fi ”é%%»% & E}éreem’i‘ fdny BP Q?&SFbH%es%tH%‘e%é gar%%m
et

culturef %fg swe a';-,[ IS e cal 8{} en{ Arbon soureas, Pr Preferably,

erat%)/ SV 28 IRtHrRRA S stracte o contr
speg‘ﬁcca%%ﬁ(?‘a\'@e R ERRst simple variant of the process, the feed

18edium contains only the carbon source. 25 The concentration range of
the daroesbsnreries thretdadhamdifferenipbeterceiihe aragesant datiegeed
glL.mediasengdyceectisiisg dy thigecaricEntialycheofaglywesoliroedy ttengedium of
fromnkQfdadie grd thehateasdmadivmnhe reiarabliurt e caidonasptEReably,
is glyeasnavbichds Rigsens s edeamanedinerid @ memagntration
1between ca. 300 to ca. 500 gIL. 30 In a preferred embodiment of the
Invemtkﬂn ?&f?ﬁgdmr%d{Hm 5RE é l[ra%é;) omgtrhe\:thQrblcl)mltlnlgceanr’ltéon?s%:é e‘tween
and, N Iflon lum compong Eare %{% Q ?}/
pro<Bh b agh e R 0 A SR i SR GRS RIGR e
salt§€?f PERAYAE H??%‘?&El?u@%"‘p?@f&ﬁtﬂk&'@%ﬁ% i dpgebaichiipgium of the

nitrd§8R §8itiHSe in the pre-culture and in the
20

In the feeding phase, it is the carbon source of the feed medium that preferably
serves as the limiting substrate to control the specific growth rate. In the most
simple variant of the process, the feed medium contains only the carbon source.

25  The concentration range of the carbon source in the feed medium is between
ca. 100 and ca. 750 g/L.. In case glycerol is used, the concentration of glycerol
may range from 100 to 1000 g/L in the feed medium. Preferably, the carbon
source is glucose, which is present in the feed medium in a concentration between
ca. 300 to ca. 500 g/l..

30
In a preferred embodiment of the invention, the feed medium contains the growth
limiting carbon source and, in addition, some or all medium components that are
additionally present in the batch medium.

35 According to the invention, ammonium salts or ammonium hydroxide are
preferably used to serve as initial nitrogen source in the pre-culture and in the
batch medium. Usually, ammonium chloride is used, but also ammonium sulfate,
ammonium carbonate, ammonium phosphate or ammonium hydroxide or any
other ammonium salt are suitable. The concentration of the nitrogen source may

40  be chosen such that the ammonium concentration is in the range of ca. 0.1 to

11



batch medium. Usually, ammonium chloride is used, but also ammonium
sulfate, ammonium carbonate, ammonium phosphate or ammonium
hydroxide or any other ammonium salt are suitable. The concentration of
e pétrogemeource may 40 be chosen such that the ammonidgimEP2005/003599
concentration is in the range of ca. 0.1 to 11 WO 2005/097990
PCT/EP2005/003599 ca. 8 g NH4 per L, preferably, the ammonium
concentration is ca. 0.5 to ca. ZglL most preferably itisca. 0,6 g/L.Ina

preferr bodiment on of ammonlum dr xide is s Iled
separa%e%?{ﬁ hbputéfﬁelrag’ Atire AR UK B 3r Lnd fgg 9/ L
vaIJ@%ﬁB@SFa@&h‘ﬁﬁuﬁ?rs Kiffbty with nitrogen, both during the batch

phase and the feeding phase. This has the advantage that not all the
amrioapmaiesgerewvieediimetiiesinttiatiob afchmmedivrmh et enays trzplieda
Foxicafteatrittlagtvitiriel artis nedieuiade eoth doli et thietianpreniuenand
conggnisatinmin fipgReditiiteainscasaemtiathe Beansian theoughesting
the ferxBentations GRNUIL{iHae pHLYRIUA WERAMBMHUD pRYHOXIAGHS initial
ek RAERANSIR| ARg ARRAITddodn g Rl SOMEN YA ﬁgf‘%m%

he acc
pOta nh‘é/ %?ﬁ[%%%?uurg%é%ls Nk aSSO(%!’\ate um l” mg'ms essel] 10(1{%

Of S SIUM_ 10NS 1IN the meaium e osm
tresgrg ﬂﬁwgq%w%mﬁéegaﬁa@f%m%@ r%céa? mﬂﬁmm&% Al
hyd FYIQEIHE iR dapishaerrelis bt fiFe! reermRred FeratS IRy diseside
not PRPCESHIETTEEdIPK dagbrearseTHR “@bﬁ%‘-iﬂ@t?ﬁiﬂ)wltﬁf reagavnulalion of
solutiwhium apdbeolsstiapriora.ib tiadnedivad Yhintymapcauenasmolicstegsdend
necéssainhilin tiecctsecoBarathinagelidvatvatiophiyefiisdas siradepspdent
13hatdhednestivmsaanigrasinagdiiangena AP PR 68IRYAYAMIROThe

acids,nWeRIACEPIING R Gh IR SRR S RP AU BE N REROSLANRD If) 9 r/m
JM]aQﬁnH%ME‘:%d which requires for its growth the amino acid proline, the

use of proline in the culture media is essential. It is further essential that
the guxotro hic amino acids are also present in the feed medium. In the

cas Be ERERTRHY dOile srsos ﬁ&é@mﬁ‘%ﬂéﬂr’é%%\ﬁﬁ&wetﬁa strafn,
2heitHtt JBR/EL PRAEONHRIRRG TREIE oS R IFROFRIBIRYEE, ARIPRAsids.
theyMpgeneReg N grid aneeslsehrmbegiicatioleTiost sbriodntidion irvrpd.of
the @bichtrephiicsaniite gcidth ieyebinchaibprdipeydenusa. @ O5loeda iz g/L
anddsliprefieraizyscasigilt 3Gunharyefeitatiembrcinenbphibigmino acids
invesdais dp-suiftUraHBedBE MEaIRINS the case that such amino acids are
25  presentin the feed solution, they neither serve as rate limiting factors to control the
growth rate, nor are they intended to enhance plasmid replication. The
concentration range of the auxotrophic amino acids may be chosen between
ca. 0.05 to ca. 2 g/l. and is preferably ca. 0.2 g/L.

30 In a preferred embodiment of the invention, the culture medium contains,
independent of a possible amino acid auxotrophy of the host, the amino acid
isoleucine, which is present in the medium of the batch culture and preferably also
in the feed medium. Optionally, isoleucine is also present in the pre-culture
medium. E. coli K-12 strains have a mutation of a gene involved in the

35  biosynthesis of isoleucine. This results in the repression of isoleucine biosynthesis
when isoleucine is absent and when, at the same time, valine is present (Lawther
et al., 1981). Consequently, valine is toxic for isoleucine-starved cells. Interaction
with the isoleucine metabolism by valine was found even upon intracellular
generation of valine, but this effect was abolished by supply of isoleucine

40 (Andersen et al,, 2001). In the course of the experiments that have led to the
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independent of a possible amino acid auxotrophy of the host, the amino
acid isoleucine, which is present in the medium of the batch culture and
preferably also in the feed medium. Optionally, isoleucine is also present

Wi @Rig-eyiture medium. E. col/i K-12 strains have a mutatpen @b a&aiieseo
involved in the 35 biosynthesis of isoleucine. This results in the repression

of isoleucine biosynthesis when isoleucine is absent and when, at the
same time, valine is present (Lawther et al., 1981). Consequently, valine
is toxic for isoleucine-starved cells. Interaction with the isoleucine

me IR UemrBIAREIB Py AR iSRRI PAREH LR SSUHBRATRI Ghat
valinéhasightiie @fete opald hoNdn daeetgpiyesiuspitiqrbismeysigeien
et ayr@004h Indleacivuirsecek tdhex piefiheé niasthidt Pidesigaifieatiiy. T2WO
2007432109 0f RCEICR 0D 03T pretantidituention, dhestoxielty febture in a
svaliperscanbisaednionas fvshesinund Sateatrhoughaie oulbdeuepidithay
gropigdhe delinrdmedios Wihout iHoleurioprdReasiyREIOWIE isPleycine
!”Cfﬁ%éﬁﬁré%?ﬁé'ﬁ' aqg.@gﬁ_mlq DN_A significantly. The presence of_
isoleucine in the defined”medium is therefore an essential feature in a 5
preferred embodiment of the invention. The conceptration range of
isolBLEAL ARal e K Larr ERGRERIES TS 2RS WHCRRENS ARatctaRy
10ca. ith foaske glgngnts @ﬁééﬁ'ﬁ'&%ﬁé?ﬁb?yr'téé’.‘r@?? @‘P@ﬁ’i‘%(ﬂﬂ%ﬁ?%@@lﬁﬂﬂ‘f@mc
med@ihsiamesine prsiteiiciarsiiehioptakairamad Hreuepsy 10 it asiseld
elermstsfancdamigtoes| ethernitsa(tfacareiemmits) ¢ an djtaption #iky retgsmic
substiaseesdhaiasitivellieifenidie imeaiabolisr abthercalishe gnbitiment of
acidnnneaspRhrieaisen lieheth i Hiamieo@minentedasadby kassinsin the
1 sthe LEiRYa R SHRSRNGSMATE Adtiiangiydaciided dBhe GHlist e SRRHE,. 0.1
In t%%&&“aﬁ%’é’ﬂq‘?g%,%o%*%‘EH&X?%HW‘%*H'SPC&E{?&%%'?%rﬁgzﬁlrﬂﬂg}h’.' 108,

thiamine has to be present in the 15 culture medium. Thiamine'is
preferably present in a concentration between ca, 0.1 and ca. 100 mg/L,

moNFHBFSIBIF PuplbrvePddd G iaBB gl Wﬁ‘@/{’ 7 k?%ﬁ@éﬁﬁﬁ?"is"ﬁﬁiany
sUpPIRSISAIRESRIhA SN 44RO, RBRESRSENTRIGn RidbRERaRsY-Issalt(s)
20are iedpsablyhetabis, CPh 8. tendaatratith afdienieiryablicm SaB(g)L-20 is
usually between ca. 0.1 and ca. 5 g/L and is preferably ca. 0.25 g/L.
Phaspbupitsis gretgenityy supplietiiiteedonarofsPOP4/andHPO,*12H,0,
NaZidPspd" a2 thodiHoprlsa AiBenah as RO AR, SRESISSS R KPR R, H.PO,
NaH2BQANNAZEIRD 4,y B4 SR O 8 BOKRL ANIHANZH BRAMRABIRSG 145Efl(s) may
25Theb% NG&A rr?gg Bgﬁéhc%pi?soilﬁf‘%ﬁe%%'ﬁ(séar“% to ca.15 g/l., most preferably

ca. 5.0 g/l. KH,PO, or ca.14.0 g/L. NaHPO,*12H,0, respectively.

Elements like calcium, iron, cobalt, manganese, copper and zinc are usually
present in the culture media as follows: CaCly*2H.0 in the range between ca. 1

30  and ca. 20, preferably ca. 7.5 mg/L; FeS0O,*7H,0 in the range between ca. 1 and
ca. 20, preferably ca. 5.5 mg/L; CoCl,*6H,0 in the range between ca. 0.5 and
ca. 10, preferably ca. 2.5 mg/L; MnSO,*H,0 in the range between ca. 0.1 and
ca. 5, preferably ca. 2.0 mg/L, CuSQO,*5H,0 in the range between ca. 0.05 and
ca. 2, preferably ca. 0.25 mg/L, and ZnS0O,*7H,0 in the range between ca. 0.05

35 and ca. 2, preferably ca. 0.3 mg/L. Any other salt containing the respective
element can be used in the respective concentration ranges.

The above-defined medium components and their concentrations refer to the

medium used in the batch culture. Usually, the concentration of the nutrients in the
40 feed medium, except for the nitrogen source (which is added separately during the
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25 be between ca 0.5 to ca. 25 g/L, preferably ca. 2.0 to ca.15 g/L, most
preferably ca. 5.0 g/L KH2P04 or ca.14,0 g/L Na2HPO4*12H20,
respectively. Elements like calcium, iron, cobalt, manganese, copper and
wiocasusaally present in the culture media as follows: Ca@td2bba6sv3599
the range between ca. 1 30 and ca. 20, preferably ca. 7.5 mg/L;
FeS0O4*7H20 in the range between ca. 1 and ca. 20, preferably ca. 5.5
mg/L; CoC12*6H20 in the range between ca. 0.5 and ca. 10, preferably

S04* the I Ween ca. 0.1 an

pretzg?d plﬁasf? Srﬁa/?%d %@fﬁ) Q ?5%%8%9\78 fod % %ﬁ%hand
ca. '?e% érably ca. 0.25 mg/L and ZnS0O4*7H20 in the range between
ca. 0.05 35 and ca. 2, preferably ca. 0.3 mg/L. Any other salt containing
the Aé spaEIVRNElepvERheah be gsddrndherespeiohibcarsirtationally the
Srangabof iseuatyn e atedimechiriieati sy resvitploniéings landitiiein cothredmbittipns
referstbdheounaditinfase chiithe hayctoptdib ks rbéstiadly nib@ sRREATHEALNE
of tie:rurigRisi heetiecddnariun), SKernkioL eSS ISHY fsd

gvchlggﬁ% ooss9ﬁ?ﬂ?ﬁﬁ%ﬁﬁ%ﬂ?&yﬁgﬁ%&f A

1038 compared to the batch medium. As a minimum requirement, the feed
medium contalns the substrate, usual%the 5 carbon source, in an

amGUtEhal RYRBIGHNTRIABOH i festhariveg asdriBniagplusose
the 88 ISR RS CBRE Soriotins BlofiddisplPusinssdabntbiamieare
pre8etierhigiisd atomene gltimadd, 2:i5bitKhs 101 esbgite NarBR Qe T8l
meditfrofha@astsiRiinCegRivalgint Resaponests] /@ endliffereot, sitoOof 2hey/L,
15sannSEeHaD st #Q/Byousp pEmEm PRy the ¢ oRBOSiHRI0S the/feed
medium is as following: glucose 300 g/L; MgSO4k7H20 7.2 g/L; L-proline

694|ﬁ AR IR 0184 H%@W*ﬁl%n%%f%%‘té’é%e 3&1@%%&%@1 %{%cﬁ{cmg
L .

Cugg EH@ i /E g??éf“?nSON?HZO 9 mg/L In a further aspect, the
present invention relates to a culture medium for producing plasmid DNA
in E. c8li G areaisutadeniseysestelerird fiaaighcese. dhiwerdafiyctistined

medium thestesmgunese, arabinose, or a mixture thereof;

b) an inorganic nitrogen source selected from ammonium salts and
25 ammonium hydroxide, wherein the nitrogen source is present as a
component of the medium and/or or added to the medium during
fermentation;

c) inorganic ions that serve as a supply with macro and micro elements;
30

d) optionally one or more substances that complement an auxotrophy of the
E.coli strain, and

e) isoleucine.
35
The culture medium of the invention is useful in the batch phase and/or the
feeding phase of the method of the invention or as a medium in any other method
for cultivating E.coli for producing plasmid DNA on a manufacturing scale, i.e. for
fermentation of E.coli in any batch or fed-batch culture.
40
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20 a) an organic carbon source selected from glucose, glycerol, fructose,
lactose, sucrose, arabinose, or a mixture thereof; b) an inorganic nitrogen
source selected from ammonium salts and 25 ammonium hydroxide,

WhE s8R/ geitrogen source Is present as a component of theciestivd%roossoo
and/or or added to the medium during fermentation; c) inorganic ions that
serve as a supply with macro and micro elements; 30 d) optionally one or
more substances that complement an auxotrophy of the E.coli strain, and
e) isoleucine. 35 The culture medium of the invention is useful in the

batch BRAGSLABRSEIREN DGR SHER! Be LIS OFRRL FsEiBAaHS
as aPfrediitiAl hedisristh Pat RINSoiptem TR ipES istiofdh p Rsdeltftpse of a
plastedebBINAsmentaignfadioeiigintale, i.e. for fermentation of E.coli in
any batch or fed-batch culture. 40 14 WO 2005/097990

P CT/ER20904363 2P riteatfattnasregbodieergothe medium of the
invention is a batch medium that is present at the start of a batch

fermentaion, gr.Atdhe-Slk of IRERAIGH RIS  fedshatahdasmaniation
and contaie 5 3) gligges, i conaentalon giea, 194 ca. 30 il b) an
ammonium salt or ammonium hydroxide in'a concentrdtion such that the
ammonium concentration is ca. 0.5 to ca. 2g/L; 10 c) inorganic ions that
1@erve a® a'eRigBRISARIT HAEFE 4R AT RICHDRYSHIB MEATS BRHOHSIR HRESES:
more substances that complement an auxotrophy of the E.coli strain; and
15 e) isdleapiitedlympncemiatidrstthces hdt coroplan®ry/bBn kuasiothky of the
embodimentgtiiatramdiana of the invention is a feed medium that is added
during the feeding phase of a fed-batch fermentation and contains 20

15 e) isoleucine in a concentration of ca. 0.1 to ca. 0.3 g/L..

In another embodiment, the medium of the invention is a feed medium that is
added during the feeding phase of a fed-batch fermentation and contains

20
a) glucose in concentration of ca. 300 to ca. 500 g/L;
b} inorganic ions that serve to supply with macro and micro elements;
25 c) optionally one or more substances that complement an auxotrophy of the
E.coli strain; and
d) isoleucine in a concentration of ca. 6 g/l..

- 30

Exponential Feeding Procedure

According to the invention, addition of culture medium (*feed medium”) during at

least a fraction of the feeding phase is done by following an exponential function in
35  order to allow the culture to grow at any desired, pre-defined specific growth

rate .

In its most general definition, the exponential function may be defined by the

equation V; = const.e" or Fy = const.e™, respectively. This equation also
40  encompasses a function V, = conste™ + A or F, = conste + A, wherein Ais a
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a) glucose in concentration of ca. 300 to ca. 500 g/L; b) inorganic ions that
serve to supply with macro and micro elements; 25 c) optionally one or
more substances that complement an auxotrophy of the E.coli strain; and
sosobawemenin a concentration of ca. 6 g/L. 30 Exponentialdeaatings/003599
Procedure According to the invention, addition of culture medium ("feed
medium"”) during at least a fraction of the feeding phase is done by
following an exponential function in 35 order to aIIow the culture to grow

at an ir re-def specific growth rate s mos eral
defln%llf)er? }%&e erﬁvarxé"rq%al Fu\'r?ése ranﬁ% b ¥ e med) B fREC gl%if%rﬁn@?tahon
conbtElr AR %n\é"{’gﬁs Peﬁﬂé‘éﬁx’)blﬁ‘/a*?ﬂt‘g%’&ﬂé?@dsﬁﬁtﬁ upwards (A > 0)
encOhfPRsEEds {rc bRy Eemearest e funaion WhereinAsEdut + A, wherein
Aisa 15 WO 2005/097990 PCT/EP2005/003599 value that can vary
Swithim apreifdersd rge thirheleps dsiethen scaleratiter roe dtatian thy efecally,
A = fdfaluesiéecnidarsdlisiasasiBurction that is shifted upwards (A > 0) or
downwards (A > 0) as compared to a function wherein A=0.51In a
preferred emRpdiment of the invention the function for defining the mode
for ggding thefeed, predium is as follows: Xe Vt _ e E,t ws" s ~. 10 In this
function, Vifigshe¥olume [L] of the feed medium to be added at the time
interval t [h] calculated from the start of the feed. Xo is the total amount of

1iomrasss MReEs! weight lliahshe) bmeneid Rt star (08d - iW&isthe time
biomassayiald CRefbeantda ﬁﬁ@’s‘t"gfy o/ ﬁJQ Iﬁée%e 5(9 |§ldpe${@5q’)a%%?8f'§l£%ss

congmgﬂ\ﬁ; é@ei %8"%{9%;‘ Vi us;uz{)hléi(1 ane a%amc 15ard on
mogeden i By Rl MRS ARGl et

20 ErORT R RGSHRSERSN “ﬂ’i@’tﬁe ﬂ@ﬁ)‘f‘éfé‘r[‘iﬂ’ﬁ]sc%‘fﬁ%)flébt&erﬁ%%ﬁum to
I%e deriddmhigthe time point t [h] calculated from the start of the feed.

The function for defining the feeding mode can also be characterized by the flow
rate of the feed medium;

— AU*XO ut
0 F= e

In this function, Fis the flow rate [L/h] of the feed medium to be added at the time
point { [h] calculated from the start of the feed.

25  The specific growth rate p [h™"] can be chosen at any desired pre-determined value
and/or as determined to be optimal in previous fermentations or based the results
of experimental fermentations. The biomass vield coefficient can be taken from the
literature or determined in preliminary cultivation experiments. The amount of
biomass at the start of feeding X, can be determined by measuring the optical

30  density or by taking a value of previous experiments or by calculation of the
theoretical value via the initial substrate concentration in the batch medium and
the biomass yield coefficient.

The characteristic feature of such a feeding mode is that the feeding profile, which
35 follows an equation as given above, exclusively depends on the period of time
between the start of feeding and a given point of time. With such a feeding profile,
the specific growth rate can be pre-defined at any desired value.

16



5

10

15

20

25

30

35

40

25 The specific growth rate p [h-] can be chosen at any desired
pre-determined value and/or as determined to be optimal in previous
fermentations or based the results of experimental fermentations. The

RioMasRYisdg coefficient can be taken from the literature or gietarmifsaoizoo
preliminary cultivation experiments. The amount of biomass at the start of

feeding Xo can be determined by measuring the optical 30 density or by
taking a value of previous experiments or by calculation of the theoretical
value via the initial substrate concentration in the batch medium and the
biomass yield coefficient. The characteristic feature of such a feeding

moldt MR ROINE TR e BN pIBAIESA RR-MPBFHEIIENIS B Kejirttfoneys: Hivem be
abolresasxicl hsiveRn dépriaiin of trecpdivodofitmie thehetdbnmpdymasf
feetlitegrainedebgivefirpo rtadf-fima endAsthesueit of ibe dmyqor sfilecetbenspabidiion,
grawiy eaitheradecofrensl esedeat iy slesineidnaltizh36di84Es depletion of the
203 4540999RRE EBROG/PBIRRPorHE HBEaRI i HaBiRgdh e B elate
can,fe ASIRLRIBBHBMAIRIS NS hFiR B SFIRRES BG4 RRo-ARBILN b
of {he CaIon souree 1 fth% pRIehmeding. g determined oy 8{}?!5”3 or
off-line m asuremen{l% e Carbon sourte concentration, gaor y an
incﬁ%g?é‘tgf'ﬂﬁ'e dissolved oxygen tension, which indicates depletion of the

substrate. The time point for the start of the feed can further be chosen to
corfelegeneiitpdLtiheninveionssrRlief the detemiteirpy Badive apcording to
offdimexprrastistvesitiol div eags)iereadoortingstoay pre-defiefedaime
intervabiormthud thtathoétherfchm nriditignatd B hotheumelhedlafidiel and
invesHiaeguRnhe ok tha suitreovi faadnmedisiMaats0 BHa Shwfabing rate is
exaemm&lsiymﬁigﬁ_m&mﬁ@im@&%%@%m: herasglersebntrol of
emhadiment Of J6 LN ehAim e SeaAINg @ﬁ?e@%]%a%‘é%%w fFRicVRieds
ang %Ocré}rﬁf%!%ﬁé’r bé/r {Rg Brogess,conton Sf{pemm%mtu £ A2naINet, %”d&%‘?gm of
feedin i CORtnboUSlY Tcrease oﬁlowmgrqhe exponen 4]

rate IS 1
funt@ﬁtfﬁ.eq'ﬁ%?mrtﬂé‘a@&ﬁ?gl r2HEHRs flow of feed medium is

controlled either via a mass flow meter (mass flow controller) or via a

putiFietesgspietingrnhebthamvectondihg fectieovrir)btssimitrefirip usly

cornainesan b surea bipaibstmese2@ dnrdingtieehe mipodaniéitfofdive . For

inviertiorethiecfedding ratedsseifdecontinuousiyy increasedbietnar giesingrite

Stept¥fisgsas R EIng tadhe SxpeBeRliRidsmet onehPadjusted to the required
value. Although the increase of the feeding rate is step-wise, the resulting profile of
feeding is still exponential.

In yet another embodiment of the invention, the feeding rate is discontinuously
increased. This can be achieved by calculation of the required amount of feed
medium at a defined time point and the following pulse-wise addition of increasing
amounts of the feed medium (either pre-defined or calculated, at selected time
intervals, based on the current biomass). Although the cells are not contimuously
fed, this method still results in an exponential feeding profile leading to a constant
specific growth rate..

In the method of the invention, any specific growth rate p that ensures growth and
plasmid replication can be pre-defined for exponential feeding. The maxirnum and
the optimum specific growth rate may depend on the particular host/plasrnid
combination and can be determined on a case-by-case basis for each host-
plasmid system in experimental fed-baich or continuous (chemostat)
fermentations. The specific growth rates suitable for fermentation of E. coli range
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instance, the volume or mass of feed medium may be re-calculated at
given time intervals, e.g. every hour, and the new feeding rate is adjusted
to the required value. Although the increase of the feeding rate is
Skh2005e9789@ resulting profile of 25 feeding is still exponenthalTAEPyEts/003599
another embodiment of the invention, the feeding rate is discontinuously
increased. This can be achieved by calculation of the required amount of
feed medium at a defined time point and the following pulse-wise addition
of GRasINg IS 0f [e feg gr dium. (gither pr bq%fb'é]%q/e%rﬁ n, a low
calcueI%lInecd r%%%elg et%gt\tn'/r%en (lznt%rggl S, pase ﬁg'ﬁ e curégnt I0Mass). o
AIRRUAN tHe COllS SIS ot CominuOUly fd Cthis mENSE TRk QURE P Nn the
exFEnERAIG S ENG bPofil ARl IdRYER fPagic e iowies ia b agthe
In feSHEtITGHVTIA EiFRRIRRISHO ATYsE RE B IRS HatdiphtFRauln Bupdygher
5 granasiimalapraigriridrepliviatimissdmntlbprediefitree fottetponergalive pUC

fequanyidhevhivioaneymefandd theheptiocarssspdeifiowgnaiuth shter mlayatepend
on reigaidical vhgsitplagroithcambinalivn ansl.caodos URiRNMbwRERR, a
?ad%eo%@%ﬁ‘é@ﬁ@éﬁ?;h @%ﬁ%m tﬁ¥$5?%ﬁbﬁ’%?§§ﬁl@u%_lch are rtlﬁt
edshasy QRACIHAY QLS CERMORAN-FQ JeHRARRNONS, [ he RRESHIC. grow

10 "G IARIE [aLSHTPLPRA £l ENae ] rw?éﬁéé%ﬁf%g%
PCT/EP2005/0 % etween ca.d(f. and ca. 1 5m AR pre]%rred
embodiment of the invention, a low specific growth rate between ca. 0.05

and'& YPSHmROLRILLe Invtione fapdBRdirtrairdoliprintyss exparantal The
ad (4R eBP SRR dhreeificedroffhagtes is that the plasmid is allowed to

replicate to a higher copy number, which results in a higher 5 specific
15 pla&migidingltb pepthioraassditroth tedesanthge isoihptisosaregaiaion &t an
plaspisienudiginssenielpres nHieiPrecaniy ¢ HomBMRMRRashow
eleaﬁéﬁ@lfﬁmmﬁﬂp&%?@miﬁ%eﬁwggﬁgg% Lates Al %P%&&ﬁéck%%%%%gué/@sft
im 1 rovo e formation.o
A e A L M U
th the [

inte ac't wi plication 10 origin of the plasmid in a way that leads to
enhanced replication activity. In an embodiment of the invention, the
feddifig FRME AR SrstienbauRisatsAtdc sueprial éerinee feed
phase. 15 According to another embodiment, the feed phase comprises a
coMpihearivboginagnt ekiperievidioplibsicantbasphasthwhergionteeidirgdsa non-
noexpxrpertenhfeadd phase, the overall feeding mode is such that more than ca. 20 %
25 of the total dry cell weight to be obtained ir the feeding phase is generated during
the exponential feeding phase. By way of example, if the specific growth rate in
the exponential phase is high, i.e. the exponential function is steep, the proportion
of the ultimately desired biomass (total dry cell weight), e.g. 50 %, is achieved at
an earlier point of time than when the feeding phase is run at a low specific growth
30 rate.

In the case of a linear feeding mode, this mode can be linear constant, i.e. the flow
rate of the feed is constant over time, or it can be linear increasing, i.e. the flow
rate increases over time by a constant slope.

35
With this combined feeding mode, growth and plasmid formation are decoupled.
During exponential feeding, a high amount of biomass is obtained (approximately
30 g dry cell weight per liter) within a short period of time. During linear feeding,
accumulation of plasmid is due to a low specific growth rate. With this feed

40 method, plasmid titers of 500 — 800 mg /L. can be obtained.
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Examples for non-exponential feeding modes are linear or
feedback-controlled feeding modes, e.g controlled by the pH value, by
on-line measured cell density or by dissolved oxygen tension (DOT). 20
Ryefaiahlysonen-exponential feeding is subsequent to expongigtiaseqdingsoo
In the embodiment of the invention that comprises both an exponential

and a non- exponential feed phase, the overall feeding mode is such that
more than ca. 20 % 25 of the total dry cell weight to be obtained in the
feeding phase is generated during the exponential feeding phase. By way
of example if the specmc growth rate in the exponential phase is high,

. © pagritatiotion is steep, the proportion of the ultimately
desired blomass (total dry cell weight), e.g. 50 %, is achieved at an earlier
poiriofiHERMas: Whemhinefectin e phasai s amba fewehspesils, akpatding
304RtRe UpLRACRSSIOLAHIB SR BEAIRE: RRAS NS BMAAB G R 1880 ction
Co%ﬁtgmah&a%ﬂ&\é’cﬁétﬁsﬂgw?a&%%éﬁtc@%% RVElEMfa rggllk&?cﬂ\ Bring

Iln?ar INcr asm ﬁ ]rat increases over time Dy ac fft BNA
slope 3a ARt TR b MDA fEaa PrbTe BPowWAls and PIASTIRT fBhaton
aré’&lé’dB&bﬁéH‘ ddiﬁfﬁ@%?ﬁtﬁ?@ﬂﬁﬁle\‘e@mﬂ R ﬁ%[ﬁ%lﬂﬁ‘ﬂ’af KehLesiic
obgittig ihplRam it nureess arhedar f!ﬁéﬁlt%f)%mmoaf@ﬁ%w'th the
peHigtiest ﬂméibﬁmﬁgelﬁﬁr@ﬁ@ﬁ@édlﬁ@ﬂ@@élﬁ‘m@ﬂ@tif@fmﬁfmgmi@fhé?aue to a
lowespéeifed gt dvigtimeteoMiithhibisafegdkitly) mdtaothgelasnmiogtiter swiseqlent
80@ikagnk lysaamepobiritre. ThWigh@08m3Q £280:RHitnR2 GRbHMHNEEAR9
Enebaaiirabler paikaimimelaimaaeintioeiesmnalionuphéifore, the

fer%%@&ﬂf@%ﬁ%%fﬁ%ﬁ%ﬁ%%@s?BQEWMﬂs%@%Bﬁe?peC'f'c needs of

the manufacturer. Fermentations for plasmid production on a

ufac r|n scal usyally take 51to 20 h. Plas re
e e e e
spé’Eﬁ?EspBﬂW%%fﬂciW?ﬁ@QrﬂB ‘Eﬂ*‘f@ﬁﬁéﬁfﬁi@ﬁ%n‘%“t ﬁﬁﬁ?@ﬁ‘%‘?‘&?”ts
mabapiriResy WA 99k R TeeEtsevaie AaReipi fisskidfegigossible total
feraneeiatifpizstoidbidfa ioraaisganithathee EXthitlesstpbssiftitation stops.
cordiantrattioot of pEadmnich DAspitvdfi ferime atathimiaian ffeserof fieatedtatiohis
timgtippigtierthis hasrstoking adiratagesaliingsthe. subsequent

This replication behavior provides a high degre e of process flexibility, which allows
to choose between a high specific or a high volumetric yield, simply dependent on
fermentation time. No substantial decrease of the plasmid homogeneity is
observed during the later phase of the fermentztion.

Plasmid DNA obtained according to the method of the invention is recovered and
purified according to known methods. Plasmid purification typically starts with the
disintegration of the harvested cell mass, usually by alkaline lysis. Thereby, cells
are subjected to high alkaline pH values together with detergents, so that the cells
" are lysed and the plasmids are released. Upon the following precipitation step with
acetate buffer, proteins and genomic DNA get precipitated, whereas the plasmid
DNA remains in the clarified supernatant. The subsequent purification steps
comprise mainly filtration (ultrafiltration, diafiltration) and chromatographic
techniques. The chromatographic methods may be selected from, for example,
hydrophobic interaction, ion exchange or gel filtration chromatography.
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alkaline lysis and purification. The higher pDNA concentration in the
biomass results in lower lysate volumes and shorter process times.
Furthermore, the concentrations of pDNA in the process bulk liquids are
higheesasBeyond the point of maximum specific pPDNA coneemERties/003599
pPDNA replication still occurs, leading to increasing pDNA concentration

per L, but decreasing contents per g biomass. When the goal of the
process is to obtain the highest possible total amount of plasmid DNA,
ferénenta}tl n may be extended until replication stops. 20 Although not at
maxmdom he specific yield at this later phase of fermentation is still

h| her than in any of the methods known in the art. This replication

P ERiNeRIaAY P Fegrdd i O cerve 9iBa RS IR RERZMMHE 1to

choose between a high specific or a high volumetric yield, simply
5 deperdenteotiallbddatvbritatienttifive. e saristantidh defréasests frenenter

plastirielhamkoganeaiiyvit asered iurngrihelies paaseiobthe: plasmid
fersreniatcmy Riasmish i A ehtgjned aseridiver ithexmethed gbihe)
inveption;is 5%9&@{@9@%%%%4@@%@9 &%J&@PWM@,@&R@%R&@&M
e R

10 alkalng ’cran '\%{ Ues toy oge exrevﬁ ac%(t)ergents ¥ Ofﬂ%{ﬁ e CaR pé? §ed
and the plasmlds are released. Upon the following precipitation step with

acEeare BefElUBrReIesplcP geh ahiite Bika R0kl iHerdaD the
pl&airy TINAmEshake fiashecokatified WekrimdeflMeersabienuéhis was
pucifittetion istepstdy swrkprEad0aimty diltradoa. (Uksafikrailanredhadiitrai om)s

15 anebatpssmategtaphic NBeDNGESMGBe ehmoeatrosaphicdaskhadgmay be
selegterhérom ofpr iexaniithe BySEAPhRRiIHRIAIACIAHHAN £XRhANeR LRl
f "tﬁaémnmﬂﬂm%taﬂ ’ hMaﬁ‘W 40, 20054097990 RGIIEP2AQR 98&’3?18

atc erm n of E co/
%ﬁp’l’} [?CG e emen Z‘;. Cg ?Ecn@ ?ag E/vas Cgl’rlé% Ut in &
Ad e ferrgén et (@%% r) Wit 96|W9£§969{Jr
20 IV R RIBSR B ﬁr}%ﬁ‘ﬁ%ﬁﬁzﬂm&m Thls plasmid (4.9 kb) is a
derlvatlve of pcDNA3TM (Invitrogen) containing a pUC on and a
kaVénerydia pesictivres atadanherian gotieabdenséyestaproxirnately OD = 1, it
was transferred into the fermenter and the fermentation was staxted. The main
culture batch medium contained the same components at the seame concentrations
25  as in the pre-culture. The fermenter contained 7 L of batch medi um at the onset of
the fermentation.

The temperature was controlled at 37°C and the fermentation was operated with a
back pressure of 0.35 bar. The fermenter was aerated with a process air mass

30  flow rate of 1 vvm (volume air per volume medium and minute = 7 L/min). When
the dissolved oxygen tension dropped to 30 %, it was maintaine d at this defined
point by increasing the agitation rate of the stirrer (500-1000 rpm). In case the
increase of the agitation rate was not sufficient to maintain the DO, the oxygen
concentration of the air was enriched with pure oxygen. The pH was controlled at

35  the set point of 7.0 + 0.2 with a solution of ammonium hydroxide (25 %), which
concomitantly served as source of nitrogen throughout the fermesntation. If
necessary, the pH was further controlled with 25 % H,SO,.

In Figure 1, the volumetric and specific plasmid yield and the growth curve are
40 shown. At the end of the fermentation, an exceptionally high volumetric pDNA
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pRZ-hMCP1 is monocyte chemoattractant protein 1 (Furutani et al., 1989)
under 10 the transcription control of the eukaryotic CMV (cytomegalo
virus) promoter. For a pre-culture, a glycerol stock of the strain (300 pL)
WAS IhRidiated into a baffled 1000 mL shake flask containing 30Pp3bskil 890
defined medium. This was cultivated in a rotary shaker at 300 rpm and 37
C. The pre-culture medium was 15 composed as follows: NH4CI 2 g/L,
MgSO04*7H20 0.24 g/L, glucose 10 g/L, L-proline 0.2 g/L, L-isoleucine
0.2 g/L, thiamine hydrochloride 1 mg/L, citric acid 2 glL, KH2PO4 5.44

o/ lvieNES PO MR IIAI3B g addiioraeé A drabierseniaimn ez, ife/L.
Theptretite pElisim giatdelation comtaineantdCi4 2 P)NA Gegd drSatel 2420
0.4¢hfis BRSQH SKEHIEhBR, Bibh Gatsl 2EHIHRO Belehg /s, MRS Othe
0. Jsgeg,fhc FRIEUSEATRD ErDEhloRil ISR 20 koroe kpdtietrihe

pr%‘? %#f? fe‘&ﬁ%ﬁ&@%%%ﬂs ghde ﬁ%%&fbw&ég‘?ﬁﬂ%@%mn@oﬁwe
W Ee eentri mte?n g ermeqte[g natg%rr(rj]eepnetaéloq Wat Staé uwements
malin cu ture aQCﬁ‘l dpum onents a tch

G B
babérPRigBranafeHERIG vF e fermibBAtediBie A% drspE FatL Avas
corptomsd iayBREMP e fetiribaRveesharrbp dratdigheval waekic yield, the
préssusetatidd. 88nier pidien ferimytedwa s agretedwith ia grocesidaimgihsisut
30lewsiedpeafiit wem (volume air per volume medium and minute =7
L/min). When the dissolved oxygen tension dropped to 30 %, it was

malfiaingd 8t soisdeReRoROIRYINCIRAE Mt e AGARN gL she
stiy @ﬁ?e TR0 R G %% W% INSIeRSERkL %%5‘&1 é\’r‘] ﬁ%%ﬂ%"%s(%ﬁow
suflicient malntg ‘% Y ra lor,

crEH S R e P 00 el el g ooy =
7.0 69 f‘f’f’H‘%&l IS‘Pa‘?ﬁ?ﬁBﬁ'Uﬂ‘. fi ﬁfﬂ%ﬁaés 5 Bgyefimhicrpd o was
coRORRESARP Selowe 94eeRA 8 hit red F}%Q{Ltﬂeﬁ’éﬂ’ﬁ@rﬁa&{bn If
nebdsgangingé g iisnfuriiye qshtroie vk R itHRE @4/ In Kiduite.l,
thes vohumBitritl RO g B eCifitdplaginidageia g tengrhnte S0 V& ldg@ W0 mg/L;
showol,AHIE endeL e STmetainmgan coseptenally high \wpliimetric
PONE X6 MIE 2Rr/097990 PCT/EP2005/003599 vyield of 590 mg/L was
obtained. In addition at 20 h of fermentation time, the specific pDNA yield

reacsd &&@ae’fé 2 ?‘eec’ﬂ%ﬁ% %Rﬁ f%cqa% @%’” We&@é‘st cé’Vn'CW‘s'?s U300
an ﬁxc];elptlo g é een ? 6
the Termenter, as d on |omass a 1me of gluoose deple ion ( lmated via
optical density).

The feeding rate was chosen to obtain a pre-defined specific growrth rate u of

0.1 h™. The control of the feeding rate was accomplished by a mass flow meter.
Throughout the entire fermentation, glucose was limiting, which waxs a prerequisite
for exact growth rate control. Acetate, which would be a signal for glucose
overflow, was not generated in significant amounts throughout mo st of the feeding
phase (bslow 0.5 g/L until 40 h). As shown in Figure 1, the biomasss followed
exactly the pre-defined exponential function. Beyond 40 h fermentation time, the
predicted and actual biomass course deviated (not shown), and so the
fermentation was terminated. Figure 2 shows the current specific growth rate p,
which was calculated from the obtained dry cell weight, and which follows the
pre-defined specific growth rate over most of the fermentation times.

Figure 3 shows the percentage of the various plasmid forms over £ he fermentation
time, analyzed with an anion exchange high performance liquid ch romatography
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specific yield decreased to 15 mg/ g DCW. This special course of specific
and 5 volumetric yield offers the advantage of several options as to which
point of time the fermentation can be chosen to be terminated, dependent
vthesieguerements of the manufacturing process. If biomasswithdda®ossoo
highest content of pPDNA must be obtained, the fermentation can be
terminated after 20 h, resulting in a volumetric yield of 300 mg/L. If the
process goal is the highest vol umetric yield, the 10 fermentation can be

4 which ults in abqut. 600 mga ower
ﬁgLQ? ter{fo-rh a(l)tL(': Cu|tl\)a{I8aR %g‘%geérln %dt medium
w &f&@g 8&’(&?&?}%‘ oA GRS AP GRAVS A PO RS
mééﬁé@?é?ﬁ@ﬁttrﬂ‘{é@m ?%(?I Hf 45 @ﬁfﬁw@%‘@iﬁ@%@étﬂﬁh&ﬁ@wwoo
Sdleenaipasage pldioplafoila dyeessrobiafrirnidtiem(4a e sheundt the

exponential feeding phase. The feed medium was composed as follows:
glucose 300 g/L; MgSO4*7H20 7.2 g/L; L-proline 6 g/L; L-isoleucine 6
g/trnté '@@M@M@@h&@@@e’ﬁ@nﬂ}gé&w%ﬁﬁqaw}de&ﬁhmw&%'ﬁjﬂn%é

NagHBRAHEZIRRD dédh GG PR gROA"7H20 170
mg/L; 20 CoC12*6H20 72 mg/L, MnSO4'H20 51 mg/L uSO4*5H20 8

mg/L and ZnS04*7H20 9 mg/L. Continuous exponential feeding was
controlled via the process co ntrol system of the fermenter, based on
biGREE%f the time of glucose depletion (estimated via 25 optical
density). The feeding rate was chosen to obtain a pre-defined specific
gréitienegebssieuchgwnThe Matinidlyisid-e foedimyeatielieaktatdomplished
byfetmeassifionf Fetef JMHI®ughout the entire fermentation, glucose was
limiting, which was a prerequisite 30 for exact growth rate control. Acetate,
which meald Qﬁ@ﬁw@kmn@mwe@/&réhmwam@eﬁ GRIRASRE Phsmid
SIQRIERA AMAUMSHRIRHANRH i‘?ﬁ’é bridhe B%%@#mgdeﬁﬁsn%@qw 059/l

u%@ﬁ%gﬂ%@&%‘%@ Q <’:: g%qe ¢} % blomasv?]a an gscr;[%eg {n )éxample 1,

Le 2d, é&Pnen I nctlon $ @(
Dot Hag AL a&e&% L0 gR0iavsY ﬁﬂ?g%@v\”{?eﬁﬁf g?)etﬂt@eéS
e AR U N FATFERS ﬁ@l&f&@%ﬁ%&t%r@%ﬂ%&mw
rafi® Besiihen EsTana hasrbas the @bisatien erydiismsvenighbeanedwhich
folspes ehdalfredirdinbiis pavificrgionith rid blefmdsedingrettenamentation
tinne{drigilice!l@ cnbmiethégpe edmtagendfitéstzticqusrplasmid forms over the
feMmetitasioourd® dinte; errbizedamthranianionexeiasgeghdsemmance
liopighehtEOBABIREFRINWIN Figure 5 (with isoleucine) and Figure 6 (without
isoleucine). Growth of both fermentations was nearly identical with an average
specific growth rate of i = 0.09 h™ during the exponential feeding period. The
volumetric pDNA yield was 633 mg/L with the medium containing isoleucine,
whereas without isoleucine 398 mg/L were obtained. Table 1 gives a summary on
the fermentation parameters. In both process variants the pDNA homogeneity wass
around 90 % ccc. The maximum specific pDNA vield with isoleucine was more
than twice as high as compared without isoleucine.
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2S WO 2005/097990 PCT/EP2005/003599 (AEX-HPLC) method.
Throughout the major part of the fermentation, the percentage of

covalently closed circular pDNA was above 90 % and was maintained at
%iaim&%ﬂ&)(% until 42 hours of cultivation time. An analyticg - xp2005/003599
chromatogram of the plasmid at the end of the fermentation (42 h) is

shown in 5 Figure 4. This Example shows the excellent results of the
invention in terms of volumetric and specific yield, accompanied with a

high pDNA homogeneity. 10 Example 2 Influence of isoleucine on the
plababid Yield in an exponential fed-batch fermentation of E. coliJM108 15
In 1 L scale screening fermenters, the effect of isoleucine on growth and

PlagBhhPERH IR IVAS SN RY SRPHENEANEIEARASEHRPEAIRRPE With and
Examle: hal weasiermpentatigns.were carried out in the same way as

described in Example 1, with the only difference that one medium

contained isoleucine whereas the other 20 medium did not. The
remainina.composition.of the culture_medium.was. identical.as described.in

Ex5AIBEAYs well as the cultiafion conditionﬁl\’ﬁﬁa“i‘?\g’imode Mf”"di”m without
exponential feeding at the growth rate of p 0.150FUFNE feeding?gféc\?v%s

autelhEriehlly controlled via a-balance and pefdtaltic pumps. §he time
coussecel adgpptinal density gnd the volumetrig pDNA yield ophgth 25
fer eenc'r,l I;[:io?]s [ srht%wn in Fiq%re 5 (with isoleu.dcane) and Figure g (without
iso%)&};&ﬁq%; &vfgegfn ?th fermentations was hgarly identica?\%'th an
average “specific growth rate of{g = 0.09 h-' during the exponential feeding
pe?&&éﬁﬂ@cVaUﬁﬁéﬁ% pDNAWitId was 633 rBgAL with the m&dfum

co aln?ng isoleucine, whereas without isoleucine 398 mg/L were
obtBRFEHCPANE Vi§ides a sumAIEHPENV30 the fErmentation paf8meters. In
bottTBRYHRY variants the pDNA homogeneity was around 90 % ccc. The
mﬁWff@rmm yieldhg/aiigviébcine &8s more tharRtdvice as
higf# ‘ﬂ)éred without isoleucine. 22 WO 2005/097990

P CH 086051008508 A % ccc form 90 91

This Example demonstrates that the presence of isoleucine in the culture leads to
higher volumetric and specific yields than obtained from cultures without
isoleucine. However, even without isoleucine the pDNA vyield of fermentations is
still superior to known methods.

Example 3

Fed-batch fermentation of E. coli JM108 carrying the plasmid pRZ-hMCP1
(20 L fermenter), using an exponential feeding algorithm, succeeded by a linear
feeding mode

In this Example, E. coli JM108 cells carrying the plasmid pRZ-hMCFP1 are
prepared and cultivated as described in Example 1. Other than in Example 1, the
feeding phase is divided into two different parts:

(1) an exponential feeding phase, where the feeding rate follows an
exponential feeding function in order to maintain a specific growth rate

of y=0.25h", and
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Table 1: Comparison of the characteristics of exponential fed-batch
fermentations with and without the presence of isoleucine. 5 Parameter
Unit Medium with Medium without isoleucine isoleucine OD final - 81 87
By aebweight final gIL 21.7 23.0 Specific growth rate p h-Ip@H8re089003599
(average during feeding) Volumetric pDNA yield mg/L 633 398 (final)
Specific pDNA yield mg/g DCW 45 20 (maximum) Specific pDNA
formation mg/g DCW *h 8.4 2.4 rate max (gp) Homogeneity of pDNA %
cce form 90 91 This Example demonstrates that the presence of
isoleucinéz?natﬂ'éeéﬁﬁﬁ‘?éj‘?@gﬁ%‘gﬂf‘?ﬁ@h‘%ﬁfﬁIhﬁ%gﬁﬁ@'%@b"eﬁiﬂ@tﬁéﬁﬁ
than obtaine® RéAPEaRtYab WGt Msbleucine. However, even without
isoleucine the pDNA yield of fermentations is still superior to known
méthe tselmikanmplesBitchitkdiadahdgrmmeniationimafir feoilndVikes maceyisg
themiasnibeR &rbicithi20dedpnemiansatsinging shraensohisdresing
jllg%geméﬁygsgﬂ%@ﬁ%ﬁm%ﬁ%%%gf&%@ HriiEraople, E. colt
- r n
A R N o 0 ARO[ g pow.
feeding phase is divided into two different parts: 25 (1) an exponential
feeding phase, where the feeding rate follows an exponential feeding
function in order to maintain a specific growth rate ofp=0.25h"1,and 23
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WO 2005/097990 PCT/EP2005/003599 (2) a linear constant feeding
phase, where the feeding rate is maintained at a constant value of 200
mL/h. The time point, when switching from exponential to linear feeding

ta}@%&l%g%g[; S after 10 hours of exponential feeding. The He?ﬁ_rﬁ%ﬁ’g&@%w

phase is chosen to be 10 hours. By such fermentation, volumetric and
specific plasmid yields are obtained that range from 500 to 800 mg
pDNA/L or 20 to 30 mg pDNA / g DCW. 24 WO 20051097990
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Zhang and Greasham (1999). Chemically defined media for commercial
35 fermentations. Appl. Microbial. Biotechnol. 51, 407-421. 26 Claims 5 1.
A process for producing plasmid DNA on a manufacturing scale, wherein
E. coli cells that bear a plasmid carrying a gene of interest are first grown
in a pre-culture and subsequently fermented in a main culture and the
obtained plasmid DNA is recovered and purified, wherein said main
culture is a fed-batch process comprising a batch phase and a feeding
phase, wherein 10 a) the culture medium of the batch phase and the
culture medium added during the fedd@i§phase are chemically defined,
and wherein 15 b) the culture medium of the feeding phase i) contains a
growth-limiting substrate and ii) is added at a feeding rate that follows, for

at feask 3 {5aclion, J0 QRS BRAING RIRSPRE: Hﬁ%@ﬁﬂu@‘@@é\@%& rein E.

functlon th%rel%\é alntalnfn%he spemflc

%i._ét)r%to ntgre faar%rﬁrg -l na
value, W {&fem sal exp hoRent funcY {3 ? %"H
the floR ¢t T POF tﬂ@?@@&%%fﬁ%‘e?ﬁg thé spRiBife E%vﬁ'?fjrﬁt% THt"]'”ed
and t ilasenithieNAtisrieddng fedranctattriittheviesding pH aseln aiigreiis said
fractiofeaftzaith ieedng pbapedn §uchatbatme sharn dee@0dpafsavidiiein
total dry cell weight to be obtained in the feeding phase are generated

d f I
et € be- S FEEESH ALAK bie g @“f%%é“&gﬁ%.am

1, wherein an E. a&&?@tﬁéﬂfﬁ"ﬂ/fﬁ??ﬁ%'ﬂ&ﬂﬁaﬁ?tﬂ@ @ﬁm§@H% Jelinasy 2

wherein
b)  the culture medium of the feeding phase
i) contains a growth-limiting substrate and

i) is added at a feeding rate that follows, for at least a fraction
of the feeding phase, a pre-defined exponential function,
thereby maintaining the specific growth rate at a
pre-defined value, wherein said exponential function is

F, = const.e™, wherein

F. is the flow rate [L/h] of the feed medium;

W is the specific growth rate [h™'], and

tis the time interval [h] from start of the feeding phase
wherein said fraction of said feeding phase is such that more than ca. 20 % of the
total dry cell weight to be obtained in the feeding phase are generated during said
fraction.

2. The process of claim 1, wherein also the medium used in the pre-culture is
chemically defined.

3. The process of claim 1, wherein an E. coli strain with a mutation in the relA
gene is used.

27



10

15

20

25

30

35

27 4. The process of claim 3, wherein the E. coli strain is K-12. 5. The
process of claim 4, wherein the E. coli K-12 strain is JM108 or a derivative
thereof. 5 6. The process of claim 1, wherein the plasmid has a
ColE1-type origin of replication. 7. The process of claim 6, wherein the
plasmid is a pUC plasmid. 10 8. The process of claim 1, wherein said
exponential function is u*Xo Ft - wherein ,yx-/S-. Cs 15 Ft is the flow rate

[L/h] of the feed me D is the ot unt of bi ss dry cell weight
[g]4at thertpf)?(tﬁas %ﬁ’ﬂ%%fe@ hoe %?t%ﬁl%éss yieTd coefficient (g

dry cell weight per g substrate) Csis the concentration of said substrate

in Said fiegutonestwicgith]4 antie2€iptizthe apetifie ghamtrs il 08"pra déryative
procegsefigtlaim 1, wherein the feeding rate is increased continuously by
continuously adding the medium following said exponential function. 10.

The process of clai L wher in the fee |n rate is i d in a semj 25
coﬁtlnmugrﬁtcgée & B Ctlatd‘g ng &R g})gg}/}se nﬁS@%ﬁ? REqrigin ol

exporf@ﬁt‘i%ft‘“ﬂfhctlon 11. The process of claim 1, wherein the feeding rate
is increased in a discontinuous mode by adding the medium pulse-wise
followirtge: saute3d expanestiahtiantitr. JidsmhhiripeosesSspmstadm 1,
wherein the exponential function of the feeding rate is based on

TepSYEERie Al e AR P ER AANELPRIR B (e 35 13
The process of claim whereln e grow Iting substrate is a carbon
source. 14. The process of claim 13, wherein said carbon source is

glucose. 28 L+ Xo st
Fo = —=e" herein
Yxis«Cs , Where

Fiis the flow rate [L/h] of the feed medium;
X, is the total amount of biomass dry cell weight [g] at start of the feeding
phase;
Yys is the biomass yield coefficient (g dry cell weight per g substrate);
Cs is the concentration of said substrate in said feed medium [g/L], and
W is the specific growth rate [h™']. 9. The process of claim 1, wherein the feeding
rate is increased continuously by continuously adding the medium following said
exponential function.

10. The process of claim 1, wherein the feeding rate is increased in a semi-
continuous mode by adding the medium step-wise following said exponential
function.

11. The process of claim 1, wherein the feeding rate is increased in a
discontinuous mode by adding the medium pulse-wise following said

exponential function.

12. The process of claim 1, wherein the exponential function of the feeding rate is
based on measurements of the amount of biomass at given points of time.

13. The process of claim 1, wherein the growth limiting substrate is a carbon
source.

14. The process of claim 13, wherein said carbon source is glucose.
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15. The process of claim 1, wherein the growth rate is ca. 0.03 to ca. 0.2
h-'. 16. The process of claim 1, wherein the medium of the batch culture
contains isoleucine. 5 17. The process of claim 16, wherein the medium
of the feeding phase also contains isoleucine. 18. The process of claim 1,
wherein the medium of the batch culture contains, at 10 start of
fermentation, one or more ammonium salts as the nitrogen source. 19.
The process of claim of claim 18, wherein the ammonium salt is

amimoH TR CREHRES1AEJo WASKSHREMOR QY HIARIR 15 Gl i thepPi 3 e
of the main culture is controlled by addition ammonium hydroxide, which

at tite Bean@doess St olais) Wthiberte imtieng giowtbf #s thaichtrogere sootems
duringdhie degding phase. 21. The process of claim 1, wherein said culture
media are free of antibiotics. 20 22. The process of claim 21, wherein

alsq the culture medium used in the pre- culture is free of antibjotics. 23.
o T e st AR R RS s aee
carboRYBRNSIEARMABE: from glucose, glycerol, fructose, lactose, sucrose,

arabinose, or a mixture thereof; b) an anorganic nitrogen source selected
froms arnepritesssaltgamdt  Itharsmamiuebivei ofide, vdiereintthe odeges at

SOUrcgis-PERREMAR RS OSRRUIERLY ANGBGHH TS added oy merivg

during fermentation; c) inorganic salts that serve to supply with macro and
micro elements; 35 d% optionally one or more substances that complement
an SXOETPRGESP ' ERO SRETh ! Sty FELIRBAREN YU S§his Brpmagum
of claiahi28devhich is a batch medium present at the start of a batch
fermentation or at the start of the batch phase of a fed-batch fermentation

andanaineh @) gluchseinsrRrsaNHatpNaf ok FaindAUBlks is controlied

by addition ammonium hydroxide, which at the same time serves, without
limiting growth, as the nitrogen source during the feeding phase.

21. The process of claim 1, wherein said culture media are free of antibiotics.

22. The process of claim 21, wherein also the culture medium used in the pre-
culture is free of antibiotics.

23. The process of claim 1, wherein said medium contains

a) an organic carbon source selected from glucose, glycerol, fructose,
lactose, sucrose, arabinose, or a mixture thereof;

b) an anorganic nitrogen source selected from ammonium salts and
ammonium hydroxide, wherein the nitrogen source is present as a
component of the medium or added to the medium during fermentation;

c) inorganic salts that serve to supply with macro and micro elements;

d) optionally one or more substances that complement an auxotrophy of the
E.coli strain; and

e) isoleucine.
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b) an ammonium salt or ammonium hydroxide in a concentration such that
the ammonium concentration is ca. 0.5 to ca. 2g/L; 10 c) inorganic ions
that serve as a supply with macro and micro elements; d) optionally one or
more substances that complement an auxotrophy of the E.coli strain; and
15 e) isoleucine in a concentration of ca. 0.1 to ca. 0.3 g/L. 25. The
process of claim 23, which is a feed medium that is added during the

feedi h f a_fed-batch f tati d ins_ 20 | '
cobte MRS oL D e L b P A bR s s O
supplPaeh RS aion RiietdhasiREREINS) Rkt RAfS BREAEHBRLCH

substéeTonthtiricendptentaimsan auxotrophy of the 25 E.coli strain; and c)
isoleucine in a concentration of ca. 6 g/L. 30 30

a) glucose in concentration of ca.10 to ca. 30 g/L;

b) an ammonium salt or ammonium hydroxide in a concentration such that
the ammonium concentration is ca. 0.5 to ca. 2g/L;

c) inorganic ions that serve as a supply with macro and micro elements;

d) optionally one or more substances that complement an auxotrophy of the
E.coli strain; and

e) isoleucine in a concentration of ca. 0.1 to ca. 0.3 g/L.

25. The process of claim 23, which is a feed medium that is added during the
feeding phase of a fed-batch fermentation and contains

a) glucose in concentration of ca. 300 to ca. 500 g/L;
a) inorganic ions that serve to supply with macro and micro elements;

b) optionally one or more substances that complement an auxotrophy of the
E.coli strain; and

c¢) isoleucine in a concentration of ca. 6 g/L.
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