
WO 2005/097990 PCT/EP2005/003599  5 Fed-batch
fermentation process and culture medium for the
production of  plasmid DNA in E. coli on a
manufacturing scale 10 Field of the invention  15 The
invention relates to the fermentation of Escherichia
co/i for the production of  plasmid DNA (pDNA), in
particular for pDNA intended for the use in gene
therapy  and DNA vaccination. 20 Introduction The
requirement for industrial fermentation of pDNA 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 demonstrated 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
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 1 WO 2005/097990 PCT/EP2005/003599  present
invention, yield is the concentration of plasmid DNA
per volume or cell  weight. Beyond a high yield, the
plasmid has to be present in its intact covalently
closed circular (ccc) or supercoiled form. In the
meaning of the invention, the  percentage of ccc form
is termed "plasmid homogeneity". The concentration of
5 other plasmid forms such as open circular (oc),
linear and dimeric or multimeric  forms, should be
reduced to a minimum in the purified plasmid bulk, and
are  



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  cytomegalovirus (CMV) promoter, an origin of
replication (on) for the autonomous  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 especially during fermentation.
For construction of a therapeutic plasmid, a key
factor is the choice of an origin of replication that
replicates to a high number of  plasmid copies per
cell. Most therapeutic vectors bear the ColE1-type on.
Plasmids having a ColE1 origin derived from pBR322 may
reach copy numbers of  50 - 100 plasmids per cell,
plasmids derived from pUC can reach copy numbers of
20 several hundred. The antibiotic selection marker
and the use of antibiotics are necessary during
transformation and selection of plasmid harboring
cells. However, antibiotic  selection pressure should
be avoided during industrial manufacturing. It is 25
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 ability  30 to grow to a high
cell density, to achieve high plasmid copy numbers, to
generate  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 have an 35 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, the  strain DH5-alpha was used before for
fermentation of pDNA. 2 WO 2005/097990
PCT/EP2005/003599  Background of the invention A
number of approaches have been described for
fermentation of pDNA. The  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 high-level
tightly-controlled  fermentations reach high yields of
pDNA by 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 1.5 to 7
mg per L culture broth (O'Kennedy et al., 2003;
Reinikainen et al., 1988;  O'Kennedy et al., 2000). In
shake flask cultivations, several drawbacks such as 15
poor oxygen transfer and the lack of possibility for
pH value control, limit the pDNA  yield. In US
6,255,099 it was shown that, even in shake flask
cultivations, a pDNA  yield of up to 109 mg/L can be
achieved with certain medium compositions and
buffering conditions. 20 To obtain higher quantities
of plasmids, it has been suggested to cultivate the
cells  in controlled fermenters. A simple fermentation
method, in which all nutrients are  provided from the
beginning and in which no nutrients are added during
cultivation,  is termed "batch-cultivation" or "batch
fermentation". The application of batch  processes in
controlled fermenters has led to an increase of pDNA
yield per 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., 1996). 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.  3 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  medium underlies
normal natural deviations that make the cultivation
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 substances), the impossibility to do
stoichiometric yield  calculations, the formation of
undesired products upon sterilization, difficult
handling due to poor dissolution, formation of dust as
well as clumping during 10 medium preparation. During
fermentation, complex media more readily tend to
foaming. Complex components of animal origin (meat
extracts, casein  hydrolysates) are in particular
undesired for pDNA production due to the risk of
transmissible spongiform encephalopathy and their use
is therefore restricted by  pharmaceutical authorities
(CBER 1998). 15 Because of the drawbacks of complex
medium components, media have been  developed that do
not contain any complex components. Such culture
media,  which are termed "defined" or "synthetic"
media, are composed exclusively of  chemically defined
substances, i.e. carbon sources such as glucose or
glycerol, 20 salts, vitamins, and, in view of a
possible strain auxotrophy, specific amino acids  or
other substances such as thiamine. Chemically defined
media have the  advantage that their composition is
exactly known. This allows better process  analysis,
fermentation monitoring and the specific addition of
particular substances  which enhance growth or product
formation. The well-known composition allows to 25 set
up mass balance calculations, which facilitate the
prediction of growth and the  identification 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). Synthetic
media, that were not specifically developed for pDNA
production, such  as M9 (Sambrook and Russel, 2001),
may result in a low pDNA yield (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 demonstrated that pDNA  



homogeneity was more than 90 % 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.
4 WO 2005/097990 PCT/EP2005/003599  Although batch
fermentations are usually simple and short, they have
fundamental  disadvantages that result in limited
plasmid DNA yields. This is due to substrate
inhibition and salt precipitation at high nutrient
concentrations in the batch 5 medium. Furthermore, the
growth rate in batch fermentations cannot be
controlled  directly; it is therefore unlimited, while
steadily changing during fermentation, and  ceases
only when one or more nutrients are depleted or if
metabolic by-products  (such as acetate) inhibit
growth of the cells. 10 Consequently, in order to
increase biomass and plasmid yield in pDNA production,
fed-batch fermentations have been developed. A
fed-batch fermentation is a  process in which, after a
batch phase, a feeding phase takes place in which one
or  more nutrients are supplied to the culture by
feeding. 15 Different strategies have been pursued for
fed-batch fermentation of E. coli to  produce plasmid
DNA: One method is the application of a feed-back
control algorithm by feeding nutrients  in order to
control a process parameter at a defined set point.
Feed-back control is  20 hence directly related to
cell activities throughout fermentation. Control
parameters which have been used for feed-back control
of fermentations include pH value,  on-line measured
cell density or dissolved oxygen tension (DOT). These
methods  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 number 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 yield. For
instance, when an antifoam 40 agent has to be added,
the DOT changes (normally decreases), which results in
a  5 WO 2005/097990 PCT/EP2005/003599  lower feeding
rate. This makes the fermentation process less
reproducible. Further  difficulties arise during
scale-up of the process, since fermenters of different
geometry or size show different oxygen transfer rates.
Since the oxygen transfer  rate is coupled to the DOT,
the feed-back controlled feeding rates of fermenters
of  5 varying size will differ, and therefore the
process will not be directly scaleable. Another
disadvantage of feed-back control is that the specific
growth rate can not  be exactly predefined nor
controlled, resulting in suboptimal yields in
processes,  where the product formation is dependent
on growth. However, for pDNA 10 fermentation, a strong
dependence of the volumetric and specific plasmid
yield on  the specific growth rate was shown (WO
96/40905; O"Kennedy et al., 2003).  Control of the
specific growth rate can be achieved by another
fundamental  feeding mode based on the supply of feed
medium following an exponential 15 function. The
feeding rate is controlled based on a desired specific
growth rate p.  When a defined medium is applied,
growth can be exactly predicted and  pre-defined by
the calculation of a biomass aliquot X to be formed
based on the  substrate unit S provided (under
consideration of the biomass yield coefficient  Yws)
20 The invention described in WO 96/40905 uses an
exponential fed-batch process  for plasmid DNA
production and obtains a high yield of biomass (50 g
DCW, dry cell weight per L), but reaches a low pDNA
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,
6 WO 2005/097990 PCT/EP2005/003599  plasmid yields
between 100 and 230 mg/L can be obtained.
Exponentially fed  fermentations use semi-defined
culture media. The plasmid yield of exponential
fermentations is in a broad range between 18 and 220
mg/L. In general, many  pDNA fermentation processes
suffer from poor homogeneity (i. e. percentage of 5
supercoiled plasmid). Exceptions are fermentations
that use a defined medium in  the main culture, where
a percentage of ccc form over 90 % can be obtained.
Brief Description of the Invention 10 The present
invention 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 15 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 20
maintaining the specific growth rate at a pre-defined
value. In the meaning of the present invention, the
term "defined medium" refers to a  medium that is
exclusively composed of chemically defined single
components.  25 In a preferred embodiment, the
fraction of the feeding phase during which addition of
the feed medium follows the exponential function is
such that more than 20 % of  



the total dry cell weight to be obtained in the
feeding phase is generated during  said fraction of
the feeding phase. 30 In a preferred embodiment, all
media, including the medium used in the  pre-culture,
are chemically defined. In the process of the
invention, any strain of E. coli may be used. Host
strains  useful in the invention may have any
genotype; preferred host strains have 35 mutations in
the genes relA, endA, and recA. A the most preferred
embodiment of  the invention, the E. coli strain K12
JM108 or a derivative thereof is used. In the process
of the invention, any plasmid that can replicate
autonomously in  E. coli can be used. Preferred
plasmids have a CoIE1-type origin of replication,  7
WO 2005/097990 PCT/EP2005/003599  most preferably a
replicon derived from a pUC plasmid (originally
described by  Vieira and Messing, 1982, Yanisch-Perron
et al. 1985). In the process of the invention, the
medium of the batch phase and the medium of  5 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 medium components. The
culture media used in  the process of the invention
contain an organic carbon source, preferably glucose,
and one or more inorganic nitrogen sources like
ammonium salts. Further 10 components are inorganic
salts containing macro and micro elements. In case the
strain is auxotrophic for a specific nutrient, e.g. a
vitamin like thiamine or an amino  acid such as
proline, these substances are also present in the
medium.  Preferably, the culture media of the
invention are free of antibiotics as normally 15 used
for imposing a selection pressure on plasmid-bearing
cells. In a preferred embodiment of the invention, the
culture medium contains,  independent of a possible
amino acid auxtotrophy, isoleucine. This means that
isoleucine may be present also when a strain is not
auxotrophic for isoleucine. In 20 the case that a
strain does have an isoleucine auxotrophy, isoleucine
is preferably  present in a concentration that exceeds
the amount necessary for complementing  said
auxotrophy. The growth rate - and thus the feeding
rate by which the growth rate is 25 maintained - may
have any value that ensures growth of the cells and
plasmid  replication. 



It has surprisingly been found that the method of the
invention results in a pDNA  yield of more than 600
mg/L and a specific pDNA yield of up to 45 mg/g dry
cell  30 weight, whereby a pDNA homogeneity of more
than 90 % ccc can be reached. In a preferred
embodiment, high-copy-number plasmids (e.g. derived
from pUC)  are used in fermentations that are operated
at low specific growth rates. 35 In fermentations
operated at low growth rates, due to amino acid
starvation,  uncharged tRNAs arise which increase the
plasmid copy number. When  re/A-negative E. coli
strains are used, the cells cannot respond to amino
acid  starvation in terms of metabolic
down-regulation, consequently plasmid replication  is
enhanced. The additional supply with isoleucine
supports the disturbance of the 40 amino acid
metabolism and increases the pDNA yield even further.
8 WO 2005/097990 PCT/EP2005/003599  It has been
surprisingly found that the process of the invention
results in an  outstandingly high specific and
volumetric yield of plasmid DNA, accompanied by  a
high homogeneity of the pDNA throughout the
fermentation time. 5 Detailed Description of the
Invention  Host Strain 10 In the method of the
invention, any strain of E. coli 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 host's
genotype, i.e.  the specific mutations characterizing
the strain, and/or on systematic comparison 15 of
several strains in experimental fermentations. In a
preferred embodiment of the invention, the strain has
a mutation in the relA gene. This gene is responsible
for the synthesis of guanosine tetraphosphate
(ppGpp), a signal molecule which triggers the
so-called "stringent response" in the  20 cell upon
amino acid limitation. In relA+ strains, amino acid
limitation leads to a down-regulation of essential
metabolic pathways involved in DNA replication and
transcription (Wrobel and Wergrzyn, 1998). Strains
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  25 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  30 (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. 35 In the method of the
invention, the most preferred E. coli K-12 strain is
JM108  (ATCC No. 47107; DSMZ No. 5585; genotype: F-,
recAl, endAl, gyrA96, thi-1,  hsdR-1 7, supE44, relAl,
X and O(lac-proAB); Yanisch-Perron et al., 1985) or a
JM108 derivative that has been obtained by genetic
manipulation of JM108. 9 WO 2005/097990
PCT/EP2005/003599  During host screening in
experimental fermentations done in preliminary tests
leading to the present invention, JM108 showed
consistently the highest pDNA  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. coli,
irrespective of the replication origin, 10 and
irrespective of the intended use, e.g. as a gene
therapy vector or a vector to  be used as a DNA
vaccine. Suitable plasmids are, for example derived
from  pBR322, pUC18, pUC19, pcDNA3 (Invitrogen). In a
preferred embodiment of the invention, a plasmid
having a ColEl-type origin  15 of replication is used.
The rationale behind this is that upon amino acid
limitation,  transfer RNAs (tRNAs) which are not
charged with amino acids, arise. These  uncharged
tRNAs interact with the ColE1 replication origin in a
way that leads to  an enhanced replication rate of the
plasmid. This effect is stronger when a re/A- strain
is used (Wrobel and Wergrzyn, 1998).  20 In a
particularly preferred embodiment of the invention, a
CoIE1-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 ColEl -type 25 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. 30 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 35 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  40 used in the pre-culture is free of
antibiotics. 10 WO 2005/097990 PCT/EP2005/003599  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 batch medium, and in  the feed medium. The
carbon source may be selected from glucose, fructose,
lactose, sucrose, arabinose, glycerol or any other
carbon source that can be  metabolized by E. co/i, 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 source in the medium of
the pre-culture and the batch medium of the main
culture are identical, preferably,  the same carbon
source is also contained in the feed medium. 15 In the
batch medium, the concentration of the carbon source
may range between  ca. 1 and ca. 100 g/L, preferably
ca. 10 to ca. 30 g/L. The concentration of the  carbon
source may be the same in the pre-culture and in the
batch medium of the  main culture. 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 WO 2005/097990
PCT/EP2005/003599  ca. 8 g NH4 per L, preferably, the
ammonium concentration is ca. 0.5 to ca. 2g/L,  most
preferably it is ca. 0.6 g/L. In a preferred
embodiment, a solution of ammonium hydroxide is
supplied 5 separately throughout the entire main
culture both for control of the pH value and  for
continuous supply with nitrogen, both during the batch
phase and the feeding  phase. This has the advantage
that not all the ammonium is provided in the initial
batch medium, which may have a toxic effect on the
culture. In this preferred  embodiment, the ammonium
concentration in the medium remains essentially 10
constant throughout the fermentation. Control of the
pH value with ammonium  hydroxide is further more
beneficial as compared to the use of sodium hydroxide
or potassium hydroxide, because it is not associated
with the accumulation of  sodium and potassium ions in
the medium, which may cause osmotic stress and  thus
inhibit the culture. Since the supply with ammonium
hydroxide is independent 15 of the feed, it is not
growth rate limiting and not part of the feeding
algorithm. The  



concentration of the ammonium solution may be between
ca. 5 and ca. 40 % m/m  ammonium. It may be necessary,
in the case of an amino acid auxotrophy of the host
strain,  20 that the medium contains, in addition, one
or more of the relevant amino acids.  when, according
to a preferred embodiment, the host strain is JM108 is
used,  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
auxotrophic amino acids  are also present in the feed
medium. In the case that such amino acids are 25
present in 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  12 WO 2005/097990
PCT/EP2005/003599  present invention, the toxicity of
valine was confirmed. It was further found that
although the culture could grow in the defined medium
without isoleucine, the  supply with isoleucine
increased the yield of plasmid DNA significantly. The
presence of isoleucine in the defined medium is
therefore an essential feature in a 5 preferred
embodiment of the invention. The concentration range
of isoleucine may  be chosen between ca. 0.05 to ca. 2
g/L and is preferably ca. 0.1 to ca. 0.3 g/L,  most
preferably ca. 0.2 g/L. In addition, the culture
medium contains inorganic salts which serve as a
supply  10 with macro elements and micro elements
(trace elements), and, optionally organic  



substances that positively effect the metabolism of
the cells, e.g. citric acid. In  case of auxotrophies
other than for amino acids, e.g. vitamins, the
relevant  substances are additionally included in the
culture medium. In the embodiment of  the invention
which uses the host strain JM108, 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, most preferably in a concentration
of about 1 mg/L. Magnesium is usually supplied in the
form of MgSO4*7H20, however, other  magnesium salts
are equally suitable. The concentration of the
magnesium salt(s)  20 is usually between ca. 0.1 and
ca. 5 g/L and is preferably ca. 0.25 g/L. Phosphorus
is preferably supplied in the form of KH2PO4 and/or
Na2HPO4*12H20,  but also other phosphorus salts such
as K2HPO4, NaH2PO2, Na2HPO4, NH4H2PO4  and/or
(NH4)2HP04 may be used. The concentration of the
phosphorus salt(s) may 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 KH2PO4 or ca.14.0 g/L Na2HPO4*12H20,
respectively. Elements like calcium, iron, cobalt,
manganese, copper and zinc are usually  present in the
culture media as follows: CaC12*2H20 in the range
between ca. 1  30 and ca. 20, preferably ca. 7.5 mg/L;
FeSO4*7H20 in the range between ca. 1 and ca. 20,
preferably ca. 5.5 mg/L; COCI2*6H20 in the range
between ca. 0.5 and  ca. 10, preferably ca. 2.5 mg/L;
MnSO4*H20 in the range between ca. 0.1 and  ca. 5,
preferably ca. 2.0 mg/L, CuSO4*5H20 in the range
between ca. 0.05 and  ca. 2, preferably ca. 0.25 mg/L,
and ZnSO4*7H20 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  13 WO 2005/097990
PCT/EP2005/003599  feeding phase) is ca. 2-fold to ca.
100-fold higher as compared to the batch  medium. As a
minimum requirement, the feed medium contains the
substrate, usually the  5 carbon source, in an amount
that is growth limiting. In addition to the limiting
carbon source, the feed medium may contain some or all
medium components  that are present in the batch
medium, or, albeit this is less preferred, the feed  



medium may contain equivalent components, e.g.
different salts of the same  elements. 10 By way of
example, the composition of the feed medium is as
following: glucose  300 g/L; MgSO4*7H20 7.2 g/L;
L-proline 6 g/L; L-isoleucine 6 g/L; thiamine
hydrochloride 30 mg/L, citric acid 2 g/L; KH2PO4 5.4
g/L; Na2HPO4*12H20 14.4 g/L; CaCI2*2H20 220 mg/L;
FeSO4*7H20 170 mg/L; COCI2*6H20 72 mg/L,  15 MnSO4*H20
51 mg/L, CuSO4*5H20 8 mg/L and ZnSO4*7H20 9 mg/L. In a
further aspect, the present invention relates to a
culture medium for producing  plasmid DNA in E. coli
on a manufacturing scale. The medium is a chemically
defined medium that contains 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, 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 14 WO
2005/097990 PCT/EP2005/003599  In a further
embodiment, the medium of the invention is a batch
medium that is  present at the start of a batch
fermentation or at the start of the batch phase of a
fed-batch fermentation and contains 



5 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; 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. 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 p. In its most
general definition, the exponential function may be
defined by the  equation Vt = consteut or Ft =
const*ePt, respectively. This equation also 40
encompasses a function Vt = const*eut + A or Ft =
const*eut + A, wherein A is a  15 WO 2005/097990
PCT/EP2005/003599  value that can vary within a wide
range that depends on the scale of fermentation.
Preferably, A = 0. Values A # 0 result in an function
that is shifted upwards (A > 0)  or downwards (A > 0)
as compared to a function wherein A = 0. 5 In a
preferred embodiment of the invention the function for
defining the mode for  adding the feed medium is as
follows: Vt = XD eut  x/s* s 10 In this function, Vt
is the volume [L] of the feed medium to be added at
the time  



interval t [h] calculated from the start of the feed.
X0 is the total amount of biomass  dry cell weight [g]
at the time point of start feed. YwS is the biomass
yield  coefficient (g dry cell weight per g substrate)
and Cs is the concentration of the  growth-limiting
substrate (usually an organic carbon source) in the
feed 15 medium [g/L]. The function for defining the
feeding mode can also be characterized by the flow
rate of the feed medium: x pt  20 Ft = *e  /s s In
this function, Ft is the flow rate [L/h] of the feed
medium to be added at the time  point t [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 yield
coefficient can be taken from the  literature or
determined in preliminary cultivation experiments. The
amount of biomass at the start of feeding X0 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 WO 2005/097990
PCT/EP2005/003599  The time point for starting the
feed can be determined in various ways. It can be
chosen to be upon depletion of the carbon source in
the batch medium, as  determined by on-line or
off-line measurement of the carbon source
concentration, 5 or by an increase of the dissolved
oxygen tension, which indicates depletion of the
substrate. The time point for the start of the feed
can further be chosen to correlate  with a certain
biomass value (as determined by on-line or off-line
measurement of  biomass) or according to a pre-defined
time interval from the start of the fermentation.  



10 In the method of the invention, supply of the
culture with feed medium according to  an exponential
function can be achieved in various ways. In a
preferred  embodiment of the invention, the feeding
rate is continuously calculated and  controlled by the
process control system of the fermenter, and the
feeding rate is 15 continuously increased following
the exponential function. Thereby, the control of  the
mass flow of feed medium is controlled either via a
mass flow meter (mass  flow controller) or via a pump
that supplies the medium according to the weight of
the feed container measured by a balance. 20 In
another embodiment of the invention, the feeding rate
is semi-continuously  increased by increasing it
step-wise according to the exponential function. For
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 step-wise, the resulting profile of  25
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 30 amounts of the feed medium
(either pre-defined or calculated, at selected time
intervals, based on the current biomass). Although the
cells are not continuously  fed, this method stil I
results in an exponential feeding profile leading to a
constant  specific growth rate  35 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 maximum and  the optimum
specific growth rate may depend on the particular
host/plasmid combination and can be determined on a
case-by-case basis for each host- plasmid system in
experimental fed-batch or continuous (chemostat) 40
fermentations. The specific growth rates suitable for
fermentation of E. co/i range  17 WO 2005/097990
PCT/EP2005/003599  between ca. 0.03 and ca. 1.5 h"1.
In a preferred embodiment of the invention, a low
specific growth rate between ca. 0.05 and ca. 0.15 h-'
is used, most preferably, the  growth rate is ca. 0.1
h-1. The advantage of lower specific growth rates is
that the  plasmid is allowed to replicate to a higher
copy number, which results in a higher 



5 specific plasmid yield per biomass. Another
advantage is that rom-negative pUC  plasmids, which
are preferred in the process of the invention, show
elevated  replication at low specific growth rates (At
lung et al., 1999). Most importantly,  growth at low
specific growth rates provokes the formation of tRNAs
which are not charged with amino acids. Such uncharged
tRNAs interact with the replication  10 origin of the
plasmid in a way that leads to enhanced replication
activity. In an embodiment of the invention, the
feeding rate follows such exponential  function
throughout the entire feed phase 15 According to
another embodiment, the feed phase comprises a
combination of an  exponential phase and a phase
wherein feeding is non-exponential. 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 Preferably,
non-exponential feeding is subsequent to exponential
feeding. 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
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 feed ing 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 I
L can be obtained.  is WO 2005/097990
PCT/EP2005/003599  



End point of Fermentation The time point for
termination of the fermentation can be freely chosen,
depending  5 on the specific needs of the
manufacturer. Fermentations for plasmid production  on
a manufacturing scale usually take about 15 to 20 h.
Plasmid replication during  fermentation is highly
dynamic, leading to a strong increase of the specific
pDNA  yield in the middle of fermentation time.
Although not at maximum, the volumetric  yield is
high. When the purpose of the fermentation is to
obtain biomass with the  10 highest possible
concentration of plasmid DNA, the fermentation can be
terminated at this time point. This has striking
advantages during the subsequent  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 higher. 15 Beyond
the point of maximum specific pDNA concentration, pDNA
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,
fermentation may be extended until replication stops.
20 Although not at maximum, the specific yield at this
later phase of fermentation is  still higher than in
any of the methods known in the art. This replication
behavior provides a high degree of process
flexibility, which allows  to choose between a high
specific or a high volumetric yield, simply dependent
on  25 fermentation time. No substantial decrease of
the plasmid homogeneity is observed during the later
phase of the fermentation. Plasmid DNA obtained
according to the method of the invention is recovered
and  purified according to known methods. Plasmid
purification typically starts with the  30
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 35
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. 40 



19 WO 2005/097990 PCT/EP2005/003599  Example 1
Fed-batch fermentation of E. coli JM108 carrying the
plasmid pRZ-hMCP1 5 An exponential fed-batch
fermentation was carried out in a 20 L scale fermenter
(stirred tank reactor) with the E. coli K-12 strain
JM108 harboring the plasmid  pRZ-hMCP1. This plasmid
(4.9 kb) is a derivative of pcDNA3TM (Invitrogen)
containing a pUC on and a kanamycin resistance marker.
The gene of interest of  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 inoculated
into a  baffled 1000 mL shake flask containing 300 mL
of a 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, MgSO4*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
g/L, KH2PO4 5.44 g/L, Na2HPO4*12H20 14.38 g/L and
trace element solution  16.7 mL/L. The trace element
solution contained HCI (25 %) 14.6 g/L, CaCl2*2H20
0.44 g/L, FeSO4*7H20 0.33 g/L, CoCl2*6H20 0.14 g/L,
MnSO4*H20 0.10 g/L, 20 CuSO4*5H20 15 mg/L and
ZnSO4*7H20 17 mg/L. When the pre-culture had reached
an optical density of approximately OD = 1, it  was
transferred into the fermenter and the fermentation
was started. The main  culture batch medium contained
the same components at the same 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 37C 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 I vvm (volume air per volume medium and minute
= 7 L/min). When  the dissolved oxygen tension dropped
to 30 %, it was maintained 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 fermentation. If  necessary, the pH was
further controlled with 25 % H2SO4. 



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
20 WO 2005/097990 PCT/EP2005/003599  yield of 590 mg/L
was obtained. In addition, at 20 h of fermentation
time, the  specific pDNA yield reached a maximum of 44
mg pDNA per g dry cell weight,  which is also an
exceptionally high value. Towards the end of
fermentation, the  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 on the
requirements  of the manufacturing process. If biomass
with the highest content of pDNA 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 prolonged beyond 40 h, which
results in about 600 mg/L, but  a lower specific
yield. After 10 h of batch cultivation, glucose in the
batch medium was depleted (Figure 2). This was
determined with a rapid off-line measurement method
(Yellow  15 Springs Glucose Analyzer, YSI 2700
Select). The depletion of glucose served as  the
signal for the start of 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/L; thiamine hydrochloride 30 mg/L;
citric acid 2 gfL; KH2PO4 5.4 g/L; Na2HPO4*12H20 14.4
g/L; CaCI2*2H20 220 mg/L; FeSO4'7H2O 170 mg/L;  20
COCI2*6H20 72 mg/L, MnSO4*H20 51 mg/L, CuSO4*5H20 8
mg/L and  ZnSO4*7H20 9 mg/L. Continuous exponential
feeding was controlled via the process co ntrol system
of  the fermenter, based on biomass at the time of
glucose depletion (estimated via  25 optical density).
The feeding rate was chosen to obtain a pre-defined
specific growth rate p of  0.1 W. The control of the
feeding rate was accomplished by a mass flow meter.
Throughout the entire fermentation, glucose was
limiting, which was a prerequisite 30 for exact growth
rate control. Acetate, which would be a signal for
glucose  overflow, was not generated in significant
amounts throughout most of the feeding  phase (below
0.5 g/L until 40 h). As shown in Figure 1, the biomass
followed  exactly the pre-defined exponential
function. Beyond 40 h fermentation time, the  



predicted and actual biomass course deviated (not
shown), and so the 35 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 time. Figure
3 shows the percentage of the various plasmid forms
over the fermentation  40 time, analyzed with an anion
exchange high performance liquid chromatography  21 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 minimum 89 % until
42 hours of cultivation time. An analytical
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 plasmid yield in an
exponential fed-batch  fermentation of E. co/iJM108 15
In 1 L scale screening fermenters, the effect of
isoleucine on growth and plasmid  production was shown
by applying the process described in Example 1. Two
fermentations 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 remaining composition of the
culture medium was identical as described in Example 1
as well as the cultivation conditions and the mode of
exponential feeding at the growth rate of p = 0.1 W.
The feeding rate was  automatically controlled via a
balance and peristaltic pumps. The time course of the
optical density and the volumetric pDNA yield of both
25 fermentations is shown in Figure 5 (with
isoleucine) and Figure 6 (without  isoleucine). Growth
of both fermentations was nearly identical with an
average  specific growth rate of p = 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 



30 the fermentation parameters. In both process
variants the pDNA homogeneity was  around 90 % ccc.
The maximum specific pDNA yield with isoleucine was
more  than twice as high as compared without
isoleucine. 22 WO 2005/097990 PCT/EP2005/003599  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 Dry
cell weight final g/L 21.7 23.0  Specific growth rate
p h-' 0.09 0.09  (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 (qp) Homogeneity of pDNA %
ccc form 90 91 This Example demonstrates that the
presence of isoleucine in the culture leads to  10
higher volumetric and specific yields than obtained
from cultures without  isoleucine. However, even
without isoleucine the pDNA yield of fermentations is
still superior to known methods. 15 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 20 In this Example, E. coli JM108 cells
carrying the plasmid pRZ-hMCP1 are  prepared and
cultivated as described in Example 1. Other than in
Example 1, the  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  of p=0.25h"1, and
23 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 takes place, is  5 after 10 hours of
exponential feeding. The linear feeding 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 2005/097990 PCT/EP2005/003599
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PCT/EP2005/003599  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 feeding 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 least
a fraction  20 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 = consteut, wherein
25 Ft is the flow rate [L/h] of the feed medium;  p is
the specific growth rate [h"'], and t is the time
interval [h] from start of the feeding phase.  30 2.
The method of claim 1, wherein said fraction of said
feeding phase during  which said feeding rate follows
said exponential function is such that more  than ca.
20 % of the total dry cell weight to be obtained in
the feeding phase is  generated during said fraction.
35 3. The process of claim 1, wherein also the medium
used in the pre-culture is  chemically defined. 4. The
process of claim 1, wherein an E. coli strain with a
mutation in the re/A  



gene is used. 40 27 WO 2005/097990 PCT/EP2005/003599
5. The process of claim 4, wherein the E. coli strain
is K-12. 6. The process of claim 5, wherein the E.
coli K-12 strain is JM108 or a derivative  thereof. 5
7. The process of claim 1, wherein the plasmid has a
ColE1-type origin of  replication. 8. The process of
claim 7, wherein the plasmid is a pUC plasmid.  10 9.
The process of claim 1, wherein said exponential
function is  Ft = *e , wherein P 41 X0 x-Gs 15 Ft is
the flow rate [L/h] of the feed medium; X0 is the
total amount of biomass dry cell weight [g] at start
of the feeding  phase; Yx1s 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  20 p is the specific growth rate
[h"']. 10. The process of claim 1, wherein the feeding
rate is increased continuously by  continuously adding
the medium following said exponential function. 25 11.
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.
12. The process of claim 1, wherein the feeding rate
is increased in a 30 discontinuous mode by adding the
medium pulse-wise following said  exponential
function. 13. 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. 35 14. The process of claim 1, wherein the
growth limiting substrate is a carbon  source. 15. The
process of claim 14, wherein said carbon source is
glucose.  



28 WO 2005/097990 PCT/EP2005/003599  16. The process
of claim 1, wherein the growth rate is ca. 0.03 to ca.
0.2 h-1. 17. The process of claim 1, wherein the
medium of the batch culture contains  5 isoleucine.
18. The process of claim 17, wherein the medium of the
feeding phase also  contains isoleucine. 10 19. The
process of claim 1, wherein the medium of the batch
culture contains, at  start of fermentation, one or
more ammonium salts as the nitrogen source.  20. The
process of claim of claim 19, wherein the ammonium
salt is ammonium  chloride. 15 21. The method of claim
1, wherein the pH value of the main culture is
controlled  by addition ammonium hydroxide, which at
the same time serves, without  limiting growth, as the
nitrogen source during the feeding phase. 20 22. The
process of claim 1, wherein said culture media are
free of antibiotics.  23. The process of claim 22,
wherein also the culture medium used in the pre-
culture is free of antibiotics. 25 24. A culture
medium for producing plasmid DNA in E. coil on a
manufacturing  scale, which is a chemically defined
medium that contains a) an organic carbon source
selected from glucose, glycerol, fructose,  lactose,
sucrose, arabinose, or a mixture thereof; 30 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; 35 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 40 e)
isoleucine. 29 WO 2005/097990 PCT/EP2005/003599  25.
The culture medium of claim 24, which 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 and contains  5 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; 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. 26. The culture medium of
claim 24, which 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; a) inorganic ions that serve to supply
with macro and micro elements; 25 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.  30 30 


