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(57) ABSTRACT

A prokaryotic recombinant host cell comprising a heterolo-
gous replication initiation protein that activates a conditional
origin of replication and an extrachromosomal DNA mol-
ecule comprising a heterologous therapeutic gene and a con-
ditional origin of replication whose functionality in the
prokaryotic recombinant host cell requires a replication ini-
tiating protein which is foreign to the host cell is described.
The host cell may comprise a pir gene having at least one
mutation, which may occur in the pir gene copy number
control region, the pir gene leucine zipper-like motif, or the
pir gene DNA binding region.
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(SEQ ID NO: 21)

Met Arg Leu Lys Val Met Met Asp Val Asn Lys Lys Thr Lys lle Arg His Arg
1 ATG AGA CTC AAG GTC ATG ATG GAC GTG AAC AAA AAA ACG AM ATT CGC CAC CGA

Asn Glu Leu Asn His Thr Leu Ala GIn Leu Pro Leu Pro Ala Lys Arg Val Met
55 AAC GAG CTA AAT CAC ACC CTG GCT CAA CTT CCT TTG CCC GCA AAG CGA GTG ATG

Tyr Met Ala Leu Ala [Leu|lle Asp Ser Lys Glu Pro Leu Glu Arg Gly Arg Val
10 109 TAT ATG GCG CTT GCT|CTC|ATC GAT AGC AAA GAA CCT CTT GAA CGA GGG CGA GIT

Phe Lys lle Arg Ala Glu Asp Leu Ala Ala Leu Ala Lys lle Thr Pro Ser Leu
163 TIC AAA ATT AGG GCT GAA GAC CTT GCA GOG CTC GCC AAA ATC ACC CCA TCG CTT

15 Ala Tyr Arg Gin Leu Lys Glu Gly Gly Lys Leu Lue Gly Ala Ser Lys lle Ser
217 GCT TAT CGA CAA TTA AAA GAG GGT GGT AAA TTA CTT GGT GCC AGC AAA ATT TCG

Leu Arg Gly Asp Asp lle lle Ala Leu Ala Lys Glu Leu Asn Leu|Leu|Phe Thr
271 CTA AGA GGG GAT GAT ATC ATT GCT TTA GCT AAA GAG CTT AAC CTGICTCITTT ACT
20

Ala Lys Asn Ser Pro Glu Glu Leu Asp Leu Asn lle lle Glu Trp lle Ala Tyr
325 GCT AAA AAC TCC CCT GAA GAG TTA GAT CTT AAC ATT ATT GAG TGG ATA GCT TAT

25 Ser Asn Asp Glu Gly Tyr Leu Ser Leu Lys Phe Thr Arg Thr lle Glu Pro Tyr
379 TCA AAT GAT GAA GGA TAC TTG TCT TTA AAA TTC ACC AGA ACC ATA GAA CCA TAT

le Ser Ser Leu lle Gly Lys Lys Asn Lys Phe Thr Thr Gln Leu Leu Thr Ala

30 433 ATC TCT AGC CTT ATT GGG AMA AAA AAT AAA TTC ACA ACG CAA TTG TTA ACG GCA

Ser Leu Arg Leu Ser Ser GIn Tyr Ser Ser Ser Leu Tyr GIn Leu lle Arg Lys
487 AGC TTA CGC TTA AGT AGC CAG TAT TCA TCT TCT CTT TAT CAA CTT ATC AGG AAG

35 His Tyr Ser Asn Phe'lys Lys Lys Asn Tyr Phe lle lle Ser Val Asp Glu Leu
541 CAT TAC TCT AAT TIT AAG AAG AAA AAT TAT TIT ATT ATT TCC GIT GAT GAG TTA

FIG. 12.1
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Lys Glu Glu Leu lle Als Yyr Thr Phe Asp Lys Asp Gly Asn lle Glu Tyr Lys
595 MG GAA GAG TTA ATA GCT TAT ACT TTT GAT AAA GAT GGA AAT ATT GAG TAC AAA

5 Tyr Pro Asp Phe Pro lle Phe Lys Arg Asp Val Leu Asn Lys Ala lle Ala Glu
649 TAC CCT GAC TTT CCT ATT TIT AAA AGG GAT GTG TTA AAT AAA GOC ATT GCT GAA

lle Lys Lys Lys Thr Glu lle Ser Phe Val Gly Phe Thr Val His Glu Lys Glu

703 ATT AAA AAG AMA ACA GAA ATA TCG TTT GIT GGC TTC ACT GTT CAT GAA AAA GAA
10

Gly Arg Lys lle Ser Lys Leu Lys Phe Glu Phe Val Val Asp Glu Asp Glu Phe
15 757 GGA AGA AMA ATT AGT AAG CTG AAG TTC GAA TTT GIC GIT GAT GAA GAT GAA TIT

Ser Gly Asp Lys Asp Asp Glu Ala Phe Phe Met Asn Leu Ser Glu Ala Asp Ala
811 TCT GGC GAT AAA GAT GAT GAA GCT TTT TIT ATG AAT TTA TCT GAA GCT GAT GCA

20 Ala Phe Leu Lys Val Phe Asp Glu Thr Val Pro Pro Lys Lys Ala Lys Gly **
865 GCT TIT CTC AAG GTA TTT GAT GAA ACC GTA CCT CCC AM AAA GCT AAG G3G TGA

FIG. 12.2
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PLASMID PXI.3179 OR NV1FGF

[0001] This application is a continuation of application Ser.
No. 11/978,614, filed Oct. 30, 2007, which is a continuation
of application Ser. No. 10/684,830, filed Oct. 15, 2003, now
U.S. Pat. No. 7,364,894, all of which are incorporated by
reference in their entirety.

[0002] The present invention relates to a novel conditional
replication DNA molecule which can be used in gene therapy
or for the production of recombinant proteins. The novel
DNA molecules according to the present invention are des-
ignated pCOR™ herein after.

[0003] Gene therapy consists in correcting a deficiency or
an anomaly by introducing genetic information into the
affected organ or cell. This information may be introduced
either in vitro into a cell extracted from the organ and then
reinjected into the body, or in vivo, directly into the target
tissue. As a molecule of high molecular weight and of nega-
tive charge, DNA has difficulty in spontaneously crossing
phospholipid cell membranes. Various vectors are thus used
in order to enable gene transfer to take place: viral vectors, on
the one hand, and natural or synthetic chemical and/or bio-
chemical vectors, on the other hand.

[0004] Viral vectors (retroviruses, adenoviruses, adeno-as-
sociated viruses, etc.) are very effective, in particular for
crossing membranes, but present a certain number of risks
such as pathogenicity, recombination, replication, and immu-
nogenicity.

[0005] Chemical and/or biochemical vectors allow these
risks to be avoided (for reviews, see Behr, 1993, Cotten and
Wagner 1993). These are, for example, cations (calcium
phosphate, DEAE-dextran, etc.) which act by forming pre-
cipitates with DNA, which may be “phagocytosed” by the
cells. They may also be liposomes in which the DNA is
incorporated and which fuse with the plasma membrane.
Synthetic gene-transfer vectors are generally lipids or cat-
ionic polymers which complex the DNA and form with it a
particle bearing positive surface charges. As illustrations of
vectors of this type, mention may be made in particular of
dioctadecylamidoglycylspermine (DOGS, Transfectam™)
or N-[1-(2,3-dioleyloxy)propyl]-N,N,N-trimethylammoniun
(DOTMA, Lipofectin™).

[0006] However, the use of chemical and/or biochemical
vectors or naked DNA implies the possibility of producing
large amounts of DNA of pharmacological purity. The reason
for this is that in gene therapy techniques, the medicinal
product consists of the DNA itself and it is essential to be able
to manufacture, in suitable amounts, DNAs having properties
which are appropriate for therapeutic use in man.

[0007] In the case of non-viral vectorology, the vectors
used are plasmids of bacterial origin. The plasmids generally
used in gene therapy carry (i) an origin of replication, (ii) a
marker gene such as a gene for resistance to an antibiotic
(kanamycin, ampicillin, etc.) and (iii) one or more transgenes
with sequences necessary for their expression (enhancer(s),
promoter(s), polyadenylation sequences, etc.). However, the
technology currently available is not entirely satisfactory.
[0008] On the one hand, the risk remains of dissemination
in the body. Thus, a bacterium which is present in the body
can, at low frequency, receive this plasmid. There is a greater
likelihood of this taking place if it involves an in vivo gene
therapy treatment in which the DNA may be disseminated in
the body of the patient and may come into contact with

Jun. 11, 2009

bacteria which infect this patient or bacteria of the commen-
sal flora. If the bacterium receiving the plasmid is an entero-
bacterium, such as E. coli, this plasmid can be replicated.
Such an event then leads to dissemination of the therapeutic
gene. Insofar as the therapeutic genes used in gene therapy
treatments can code, for example, for a lymphokine, a growth
factor, an anti-oncogene or a protein whose function is defec-
tive in the host and which thus makes it possible to correct a
genetic defect, the dissemination of some of these genes
could have unforeseeable and worrying effects (for example
if a pathogenic bacterium acquired a human growth factor
gene).

[0009] On the other hand, the plasmids generally used in
non-viral gene therapy also possess a marker for resistance to
an antibiotic (ampicillin, kanamycin, etc.). The bacterium
acquiring such a plasmid thus has an undeniable selective
advantage since any antibiotic therapy, using an antibiotic
from the same family as that which selects the plasmid resis-
tance gene, will lead to selection of the plasmid in question. In
this respect, ampicillin belongs to the a-lactams, which is the
family of antibiotics which is most frequently used world-
wide. The use in bacteria of selection markers which are not
antibiotic-resistance genes would thus be particularly advan-
tageous. This would avoid the selection of bacteria which
may have received a plasmid carrying such a marker.

[0010] It is thus particularly important to seek to limit the
dissemination of therapeutic genes and resistance genes as
much as possible.

[0011] The subject of the present invention is specifically to
propose novel DNA molecules which can be used in gene
therapy or for the production of recombinant proteins in vitro
and which replicate only in cells which can complement
certain functions of these non-viral vectors.

[0012] The invention also relates to a particularly effective
method for preparing these DNA molecules.

[0013] The DNA molecules claimed have the advantage of
removing the risks associated with dissemination of the plas-
mid, such as (1) replication and dissemination, which can
lead to uncontrolled overexpression of the therapeutic gene,
(2) dissemination and expression of resistance genes. The
genetic information contained in the DNA molecules accord-
ing to the invention effectively comprises the therapeutic
gene(s) and the signals for regulating its (their) expression, a
functional conditional origin of replication which greatly lim-
its the host cell spectrum of this plasmid, a selection marker of
reduced size which is preferably different from a gene which
imparts resistance to an antibiotic and, where appropriate, a
DNA fragment which allows the resolution of plasmid mul-
timers. The probability of these molecules (and thus the
genetic information which they contain) being transferred to
a microorganism, and maintained stably, is very limited.
[0014] Lastly, the vectors according to the invention, also
referred to as miniplasmids on account of their circular struc-
ture, their reduced size and their supercoiled form, have the
following additional advantages: on account of their size
which is reduced in comparison with the ColE1-derived plas-
mids used conventionally, the DNA molecules according to
the invention potentially have better in vivo bioavailability,
and the DNA molecules or pCOR stay in a stable extrachro-
mosomal form in the host prokaryotic or eukaryotic cells that
do not contain the initiating protein. In particular, they have
improved capacities of cell penetration and distribution.
Thus, it is acknowledged that the diffusion coefficient in
tissues is inversely proportional to the molecular weight (Jain,
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1987). Similarly, in the cell, high molecular weight molecules
have poorer permeability across the plasma membrane. In
addition, in order for the plasmid to pass into the nucleus,
which is essential for its expression, the high molecular
weight is also a disadvantage, the nuclear pores imposing a
size limit for diffusion into the nucleus (Landford et al.,
1986). The reduction in size of the non-therapeutic parts of
the DNA molecule (origin of replication and selection gene in
particular) according to the invention also makes it possible to
decrease the size of the DNA molecules. The part which
allows the replication and selection of this plasmid in the
bacterium (1 kb) is decreased by a factor of 3, counting, for
example, 3 kb for the origin of replication and the resistance
marker vector part. This decrease (i) in molecular weight and
(i) in negative charge imparts improved tissue, cellular and
nuclear bioavailability and diffusion to the molecules of the
invention.

[0015] More precisely, the present invention relates to a
circular DNA molecule, which is useful in gene therapy, this
molecule comprising at least one nucleic acid sequence of
interest, characterized in that the region which allows its
replication comprises an origin of replication whose func-
tionality in a host cell requires the presence of at least one
specific protein which is foreign to the said host cell.

[0016] This DNA molecule may be in single- or double-
stranded form and advantageously possesses a supercoiled
form.

[0017] For the purposes of the present invention, the host
cells used can be of various origins. They can be eukaryotic or
prokaryotic cells. According to a preferred embodiment of the
invention, they are prokaryotic cells.

[0018] Thereplication ofbacterial plasmids conventionally
requires the presence of at least one protein, which is coded
for by the host cell, of the RNA polymerase, Rnase, DNA
polymerase, etc. type. For the reasons already explained
above, itis not possible to overcome entirely, with this type of
replication, any possible risks of dissemination in the treated
organism. Advantageously, the functionality of the origin of
replication of the DNA molecule according to the invention
requires the presence of a specific protein which is foreign to
the host cell. The significance of this characteristic is to
reduce the host spectrum of the claimed plasmid to specific
strains that express this initiator protein. The DNA molecule
developed within the context of the present invention thus
advantageously possesses a so-called conditional origin of
replication.

[0019] The conditional origin of replication used according
to the present invention may originate from plasmids or bac-
teriophages which share the following characteristics: they
contain in their origin of replication repeat sequences, or
iterons, and they code for at least one replication-initiating
protein (Rep) which is specific to them. By way of example,
mention may be made of the conditional replication systems
of the following plasmids and bacteriophages:

specific initiator

plasmid or bacteriophage protein
RK2 (Stalker et al., 1981) TrfA

R1 (Ryder et al., 1981) RepA
pSC101 (Vocke and Bastia, 1983) RepA

F (Murotsu et al., 1981) protein E
Rtsl (Itoh et al., 1982, 1987) RepA
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-continued

specific initiator

plasmid or bacteriophage protein
RSF1010 (Miao et al., 1995) RepC
P1 (Abeles et al., 1984) RepA

P4 (Flensburg and Calendar, 1987)
lambda (Moore et al., 1981)

phi 82 (Moore et al., 1981)

phi 80

alpha protein

protein O

protein O from phi 82
protein O from phi 80

[0020] According to a preferred embodiment of the inven-
tion, the origin of replication used in the DNA molecules
claimed is derived from anatural . coli plasmid referred to as
R6K.

[0021] The replication functions of R6K are grouped
together in a 5.5 kbp DNA fragment (FIG. 1) comprising 3
origins of replication a., 3, and y (y and a providing 90% of'the
replication) and an operon coding for the H replication-ini-
tiator protein and the protein Bis. The minimum amount of
genetic information required to maintain this plasmid at its
characteristic number of copies (15 copies per genome) is
contained in two elements: the 400 bp of ori y and the gene pir,
whose product is the II initiator protein.

[0022] Oriy may be divided into two functional parts: the
core part and the activator element (FIG. 1). The core part,
which is essential for replication, contains the iterons (7 direct
repeats of 22 bp) to which the IT protein represented in SEQ
ID No. 1 becomes bound, and flanking segments, which are
targets of the host proteins (IHF, DnaA).

[0023] According to a preferred mode of the invention, the
origin of replication of the vector claimed consists entirely or
partially of this y origin of replication of the plasmid R6K and
more preferably, entirely or partially of SEQ ID No. 1 or one
of its derivatives.

[0024] Theoriginofreplication described above, which has
the advantage of being of very limited size, is functional
solely in the presence of a specific initiator protein, protein Pi,
produced by the gene pir (SEQ ID No. 2). Since this protein
can act in trans, it is possible to physically dissociate the ori
gamma from the pir gene, which may be introduced into the
genome of the cell which is chosen as the specific host for
these plasmids. Mutations in IT may alter its inhibitory func-
tions (Inuzuka and Wada, 1985) and lead to an increase in the
number of copies of the R6K derivatives, up to more than 10
times the initial number of copies. These substitutions may be
within a domain of 40 amino acids, which therefore appears
to be responsible for the control by II of the number of
plasmid copies (FIG. 2), or in other regions of the IT protein.
[0025] According to an advantageous embodiment of the
present invention, the IT protein, expressed in the host cell,
results from the expression of the gene represented in SEQ ID
No. 2 or one of its derivatives as defined above and more
particularly of the gene pir 116 which comprises a mutation
when compared with the pir gene. This mutation corresponds
to the replacement of a proline by a leucine at position 106
from the start codon. In this context, the number of copies of
the R6K derivatives is about 250 copies per genome.

[0026] For the purposes of the present invention, the term
derivative denotes any sequence which differs from the
sequence considered, obtained by one or more modifications
of genetic and/or chemical nature, as well as any sequence
which hybridizes with these sequences or fragments thereof
and whose product possesses the activity indicated with
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regard to the replication-initiator protein I1. The term modi-
fication of the genetic and/or chemical nature may be under-
stood to refer to any mutation, substitution, deletion, addition
and/or modification of one or more residues. The term deriva-
tive also comprises the sequences homologous with the
sequence considered, derived from other cellular sources and
in particular cells of human origin, or from other organisms,
and possessing an activity of the same type. Such homolo-
gous sequences may be obtained by hybridization experi-
ments. The hybridizations may be performed starting with
nucleic acid libraries, using the native sequence or a fragment
thereof as probe, under conventional conditions of stringency
(Maniatis et al., cf. General techniques of molecular biology),
or, preferably, under conditions of high stringency.

[0027] Besides a conditional origin of replication as
defined above, the DNA molecules claimed contain a region
comprising one (or more) gene(s) which make it possible to
ensure selection of the DNA molecule in the chosen host.
[0028] This may be a conventional marker of gene type
which imparts resistance to an antibiotic, such as kanamycin,
ampicillin, chloramphenicol, streptomycin, spectinomycin,
lividomyecin or the like.

[0029] However, according to a preferred embodiment of
the invention, this region is different from a gene which
imparts resistance to an antibiotic. It may thus be a gene
whose product is essential for the viability of the host envis-
aged, under defined culturing conditions. It may be, for
example:

[0030] a gene coding for a suppressor tRNA, of natural or
synthetic origin. This is, more preferably, an amber codon
RNA (TAG)

[0031] a gene whose product is necessary for metabolism
of'the cell, under certain culturing conditions, namely a gene
involved in the biosynthesis of a metabolite (amino acid,
vitamin, etc.), or a catabolism gene which makes it possible to
assimilate a substance present in the culture medium (specific
nitrogen or carbon source), etc.

[0032] According to a preferred mode of the invention, this
region contains an expression cassette of a gene coding for a
suppressor tRNA for specific codons. This latter may be
chosen, in particular, from those coding for phenylalanine,
cysteine, proline, alanine and histidine amino acids. [tis more
particularly a suppressor tRNA for amber codons (TAG).
[0033] In this particular case, the system used to select, in
the host cells, the DNA molecules which are the subject of the
present invention includes two elements: 1) on the DNA
molecule, a gene coding for a suppressor transfer RNA for the
amber codon (TAG) which constitutes the selection marker,
known as (sup) gene and 2) a specific host, one of whose
genes, which is essential under certain culture conditions,
contains an amber TAG codon. This cell may grow, under the
culture conditions for which the product of the gene contain-
ing the TAG codon is essential, only if the plasmid allowing
the expression of sup is present in the cell. The culture con-
ditions thus constitute the pressure for selection of the DNA
molecule. The sup genes used may be of natural origin (Glass
et al., 1982) or may originate from a synthetic construction
(Normanly et al., 1986, Kleina et al., 1990).

[0034] Such a system offers great flexibility insofar as,
depending on the gene containing an amber mutation, it is
possible to determine various selective media. In the bacte-
rium Lactococcus lactis for example, the amber codon is
located in a purine biosynthesis gene. This allows the selec-
tion of the plasmid carrying the gene coding for the suppres-
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sor tRNA when the bacteria multiply in milk. Such a marker
has the advantage of being very small and of containing no
“foreign” sequences, originating from phages or transposons.
[0035] According to a particular embodiment of the inven-
tion, the DNA molecule also comprises a DNA fragment, the
target for site-specific recombinases, which allows the reso-
Iution of plasmid multimers.

[0036] Thus, such a fragment, introduced on to a DNA
molecule which is circular and whose origin of replication is,
for example, ori gamma, allows the resolution of multimers of
such a plasmid. Such multimers are observed, in particular,
when the DNA molecule is prepared in a strain carrying a
mutated allele of pir, such as pirl 16, which makes it possible
to increase the number of copies of the R6K derivatives.
[0037] This recombination may be achieved by means of
various systems which entail site-specific recombination
between sequences. More preferably, the site-specific recom-
bination of the invention is obtained by means of specific
intramolecular recombination sequences which are capable
of recombining with each other in the presence of specific
proteins, generally referred to as recombinases. In this spe-
cific case, these are the recombinases XerC and XerD. For
this reason, the DNA molecules according to the invention
generally also comprise a sequence which allows this site-
specific recombination. The specific recombination system
present in the genetic constructions according to the invention
(recombinases and specific recognition site) may be of dif-
ferent origins. In particular, the specific sequences and the
recombinases used may belong to different structural classes,
and in particular to the transposon Tn3 resolvase family or to
the bacteriophage lambda integrase family. Among the
recombinases belonging to the transposon Tn3 family, men-
tion may be made in particular of the resolvase of transposon
Tn3 oroftransposons Tn21 and Tn522 (Stark etal., 1992); the
Gin invertase of bacteriophage mu or alternatively plasmid
resolvases, such as that of the par fragment of RP4 (Abert et
al., Mol. Microbiol. 12 (1994) 131). Among the recombinases
belonging to the bacteriophage A integrase family, mention
may be made in particular of the integrase of the phages
lambda (Landy et al., Science 197 (1977) 1147), P22 and ®80
(Leong et al., J. Biol. Chem. 260 (1985) 4468), HP1 of Hae-
mophilus influenzae (Hauser et al., J. Biol. Chem. 267 (1992)
6859), the Cre integrase of phage P1, the integrase of plasmid
PSAM2 (EP350341) or alternatively the FLP recombinase of
the 2 pl plasmid and the XerC and XerD recombinases from
E. coli.

[0038] Preferably, the DNA molecules which form the sub-
jectof the present invention contain the fragment cer from the
natural . coli plasmid ColE1. The cer fragment used is a 382
bp Hpall fragment from ColE1 which has been shown to
bring about, in cis, the resolution of plasmid multimers (Sum-
mers et al., 1984; Leung et al., 1985). It is also possible to use
a Hpall-Taql fragment of smaller size (280 bp) or a smaller
fragment (about 220 bp), contained in the Hpall fragment,
which fragments possess the same properties (Summers and
Sherratt, 1988). This resolution takes place by way of a spe-
cific intramolecular recombination, which involves four pro-
teins encoded by the genome of E. coli: ArgR, PepA, XerC
and XerD (Stirling et al., 1988, 1989; Colloms et al., 1990,
Blakely et al., 1993). It was found that insertion of the frag-
ment cer from the natural E. coli plasmid ColE1 allows to
obtain a high resolution of plasmids multimers, thereby
resulting in high proportion of monomers in a reproducible
manner. This is particularly unexpected as it has been shown
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that the insertion of the cer site into a minicircle which con-
tains the ColE1 origin of replication from pBluescript SK+
did not result in efficient multimer resolution (Kreiss et al.,
Appl. Microbiol. Biotechnol, 49:560-567 (1998)), and thus
effective resolution in cis of plasmids is unpredictable and
seems to depend on the plasmid conformation. In the case of
the pCOR plasmid, an effective cis resolution is reached when
cer is present on the pCOR, thereby resulting in a unexpect-
edly high monomers of pCOR in a reproducible manner.

[0039] Inthis respect, it is particularly advantageous to use
all orpart of the cer fragment of ColE1 or one of its derivatives
as defined above.

[0040] According to an implementation variant, the DNA
molecules of the invention may also comprise a sequence
capable of interacting specifically with a ligand. Preferably,
this is a sequence capable of forming, by hybridization, a
triple helix with a specific oligonucleotide. This sequence
thus makes it possible to purify the molecules of the invention
by selective hybridization with a complementary oligonucle-
otide immobilized on a support (see application WO
96/18744 and WO 02/07727). The sequence may be naturally
present in the origin of replication of the plasmid as described
in US publication application 2003/186268 of the Applicant,
or naturally present in the transgene as described in WO
02/07727, and alternatively can be positioned at any site in the
DNA molecule of the invention, provided that it does not
affect the functionality of the gene of interest and of the origin
of replication. Formation of a triple helix by hybridization
thus occurs between the oligonucleotide and the specific
complementary sequence present in the DNA. In this connec-
tion, to obtain the best yields and the best selectivity, an
oligonucleotide and a specific sequence which are fully
complementary are used in the method of the invention.
These can be, in particular, an oligonucleotide poly(CTT) and
a specific sequence poly(GAA). For example, oligonucle-
otides containing repeated motifs such as CTT are capable of
forming a triple helix with a specific sequence containing
complementary units (GAA). The sequence in question can,
in particular, be a region containing 7, 14 or 17 GAA units,
and in the oligonucleotides a corresponding numbers of
repeat CTT. In this case, the oligonucleotide binds in an
antiparallel orientation to the polypurine strand. These triple
helices are stable only in the presence of Mg>* (Vasquez et al.,
Biochemistry, 34: 7243-7251 (1995); Beal and Dervan, Sci-
ence, 251: 1360-1363 (1991)).

[0041] As stated above, the specific sequence can be a
sequence naturally present in the pCOR, or may be a synthetic
sequence introduced artificially in the latter. It is especially
advantageous to use an oligonucleotide capable of forming a
triple helix with a sequence naturally present in the pCOR, for
example in the origin of replication of a plasmid or in a marker
gene. The synthesis of oligonucleotides capable of forming
triple helices with these natural homopurine-homopyrimi-
dine regions is particularly advantageous, as it may be applied
to unmodified pCOR plasmids. Particularly preferred target
sequences which can form triplex structures with particular
oligonucleotides have been identified in ColE1 and in pCOR
origins of replication. ColE1-derived plasmids contain a
12-mer homopurine sequence (5-AGAAAAAAAGGA-3")
(SEQ ID NO: 33) mapped upstream of the RNA-II transcript
involved in plasmid replication (Lacatena et al., Nature, 294:
623 (1981)). This sequence forms a stable triplex structure
with the 12-mer complementary 5'-TCTTTTTTTCCT-3'
(SEQ ID NO: 34) oligonucleotide. The pCOR backbone con-
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tains a homopurine stretch of 14 non repetitive bases (5'-
AAGAAAAAAAAGAA-3) (SEQ ID NO: 35) located in the
A+T-rich segment of the y origin replicon of pCOR
(Levchenko et al., Nucleic Acids Res., 24:1936 (1996)). This
sequence forms a stable triplex structure with the 14-mer
complementary oligonucleotide 5'-TTCTTTTTTTTCTT-3'
(SEQ ID NO: 36). The corresponding oligonucleotides
S-TCTTTTTTTCCT-3' (SEQ ID NO: 37) and
S-TTCTTTTTTTTCTT-3' (SEQ ID NO: 38) efficiently and
specifically target their respective complementary sequences
located within the origin of replication of either ColE1 ori or
pCOR (oriy). Also, use of an oligonucleotide capable of form-
ing a triple helix with a sequence present in an origin of
replication or a marker gene is especially advantageous, since
it makes it possible, with the same oligonucleotide, to purify
any DNA containing the said origin of replication or said
marker gene. Hence it is not necessary to modity the plasmid
or the double-stranded DNA in order to incorporate an arti-
ficial specific sequence in it.

[0042] Although fully complementary sequences are pre-
ferred, it is understood, however, that some mismatches may
be tolerated between the sequence of the oligonucleotide and
the sequence present in the DNA, provided they do not lead to
too great a loss of affinity. The sequence 5'-AAAAAAGG-
GAATAAGGG-3' (SEQ ID NO: 39) present in the E. coli
p-lactamase gene may be mentioned. In this case, the thymine
interrupting the polypurine sequence may be recognized by a
guanine of the third strand, thereby forming a G*TA triplet
which it is stable when flanked by two T*AT triplets
(Kiessling et al., Biochemistry, 31: 2829-2834 (1992)).
[0043] According to a particular embodiment, the oligo-
nucleotides used may comprise the sequence (CCT), (SEQ
ID NO: 41), the sequence (CT),, (SEQ ID NO: 42) or the
sequence (CTT), (SEQ ID NO: 43), in which n is an integer
between 1 and 15 inclusive. It is especially advantageous to
use sequences of the type (CT),, (SEQ ID NO: 42) or (CTT),,
(SEQ ID NO: 43). Oligonucleotides may also combine
(CCT), (CT) or (CTT) units.

[0044] The oligonucleotides used may be natural (com-
posed of unmodified natural bases) or chemically modified.
In particular, the oligonucleotide may advantageously pos-
sess certain chemical modifications enabling its resistance to
or its protection against nucleases, or its affinity for the spe-
cific sequence, to be increased.

[0045] As a DNA molecule representative of the present
invention, the plasmid pX1.2774 and its derivatives may be
claimed most particularly. For the purposes of the invention,
the term derivative is understood to refer to any construction
derived from pX1.2774 and containing one or more genes of
interest other than the luciferase gene. Mention may also be
made of the plasmids pX[.3029, pX[.3030, and plasmid
pXL3179 or NV1FGF containing an expression cassette of a
therapeutic gene. In a most preferred embodiment, the inven-
tion relates to a pCOR comprising the FGFa or FGF-1 gene as
described in U.S. Pat. No. 4,686,113 of the Applicant, which
is designated pXL 3179 or NV1FGF.

[0046] The present invention also relates to the develop-
ment of a process for the construction of specific host cells,
which are particularly effective for the production of these
therapeutic DNA molecules.

[0047] Another subject of the present invention relates to a
process for the production of a circular DNA molecule, char-
acterized in that a host cell is cultured containing at least one
DNA molecule as defined above and a protein, which may or
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may not be expressed in situ, which conditions the function-
ality of the origin of replication of the said DNA molecule,
which is specific and which is foreign to the said host cell,
under conditions which allow the selection ofhost cells trans-
formed by the said DNA molecules.

[0048] More preferably, the protein which conditions the
functionality of the origin of replication of the DNA molecule
is expressed in situ from a corresponding gene. The gene
coding for the replication-initiating protein may be carried by
a subsidiary replicon, which is compatible with the deriva-
tives of the conditional origin of replication used or which
may be introduced into the genome of the host cell by recom-
bination, by means of a transposon, a bacteriophage or any
other vector. In the particular case in which the gene express-
ing the protein is placed on a subsidiary replicon, the latter
also contains a promoter region for functional transcription in
the cell, as well as a region which is located at the 3' end and
which specifies a transcription termination signal. As regards
the promoter region, this may be a promoter region which is
naturally responsible for expressing the gene under consid-
eration when the latter is capable of functioning in the cell. It
may also be a case of regions of different origin (responsible
for expressing other proteins), or even of synthetic origin. In
particular, it may be a case of promoter sequences for
prokaryotic or bacteriophage genes. For example, it may be a
case of promoter sequences obtained from the cell genome.

[0049] As genes coding for the replication-initiating pro-
tein, use may be made either of wild-type genes or of mutated
alleles which make it possible to obtain an increased number
of copies of the plasmids (or derivatives) specific for the
initiator protein which conditions the functionality of the
origin of replication used in the DNA molecule.

[0050] Such mutants have been described in particular for
the plasmids R6K (Inuzuka and Wada, 1985; Greener et al.,
(1990), Rts1 (Terawaki and Itoh, 1985, Terawaki et al., 1990;
Zengetal., 1990),F (Seelkeetal., 1982; Helsberg et al., 1985;
Kawasaki et al., 1991), RK2 (Durland et al., 1990; Haugan et
al., 1992, 1995), pSC101 (Xia et al., 1991; Goebel et al.,
1991; Fang et al., 1993).

[0051] In the particular case in which the DNA molecule
used possesses an origin of replication derived from the plas-
mid R6K, the initiator protein is a derivative of the H protein
of this same plasmid. It is particularly advantageous to
express a mutated form of this protein which is capable of
increasing the number of initial copies appreciably. To do
this, the gene incorporated into the host cell is preferably
represented by all or part of the sequence represented in SEQ
ID No. 2 or one of its derivatives and more preferably by the
pirl16 gene. The associated mutation corresponds to the
replacement of a proline by a leucine. According to a particu-
lar embodiment of the invention, this pirl 16 gene is directly
incorporated into the host cell genome.

[0052] Advantageously, one of the genes of the specific
host cell, which is essential under the culture conditions cho-
sen, contains a specific codon which is recognizable by the
selected suppressor tRNA in the DNA molecule. According
to a preferred mode of the invention, this is an amber TAG
codon. In this particular case, the cell may grow, under culture
conditions for which the product of the gene containing the
TAG codon is essential, only if the plasmid allowing the
expression of sup is present in the host cell. The culture
conditions thus constitute the pressure for selection of the
DNA molecule.
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[0053] Preferably, the gene containing the amber codonis a
gene involved in the biosynthesis of an amino acid, arginine.
This gene, argE, codes for an N-acetylornithinase (Meinnel et
al., 1992) and in this case contains a TAG codon correspond-
ing to a point mutation Gln-53 (CAG)->TAG; the pressure for
selection of the plasmid carrying the sup gene is then pro-
vided by culturing in minimal M9 medium (Maniatis et al.,
1989). However, this could also be, for example, a gene for
biosynthesis of a vitamin or a nucleic acid base, or alterna-
tively a gene which allows a specific nitrogen or carbon
source to be used or any other gene whose functionality is
essential for cellular viability under the chosen culture con-
ditions.

[0054] The host cell is preferably chosen from E. coli
strains and is more preferably represented by the strain E. coli
XAC-I.

[0055] According to a specific embodiment of the inven-
tion, the host cell used in the claimed process is a cell of the £.
coli strain XAC-1, containing the pirl 16 gene in its genome
and transformed by the plasmid pX1.2774 or one of its deriva-
tives.

[0056] According to an advantageous variant of the inven-
tion, the host cell used in the process claimed is a prokaryotic
cell in which the endA1 gene or a homologous gene is inac-
tivated. The endA gene codes for endonuclease I of E. coli.
This periplasmic enzyme has a non-specific activity of cleav-
ing double-stranded DNA (Lehman, I. R., G. G. Roussos and
E. A. Pratt (1962) J. Biol. Chem. 237: 819-828; Wright M.
(1971) J. Bacteriol. 107: 87-94). A study carried out on vari-
ous strains of Escherichia coli (wild-type or endA) showed
that the degradation of plasmid DNA incubated in extracts of
these bacterial strains existed in the endA+ strains but not in
the endA mutants. (Wnendt S. (1994) BioTechniques 17:
270-272). The quality of the plasmid DNA isolated from
endA+ strains or from endA mutants was studied by the
company Promega using their purification system (Shoen-
feld, T., J. Mendez, D. Storts, E. Portman, B. fPatterson, J.
Frederiksen and C. Smith. 1995. Effects of bacterial strains
carrying the endA1 genotype on DNA quality isolated with
Wizard plasmid purification systems. Promega notes 53).
Their conclusion is as follows: the quality of the DNA pre-
pared from end A mutants is, overall, better than that of DNA
prepared in the end A+ strains tested.

[0057] The quality of the plasmid DNA preparations is thus
affected by any contamination with this endonuclease (rela-
tively long-term degradation of the DNA).

[0058] The deletion or mutation of the endA gene can be
envisaged without difficulty insofar as the mutants no longer
having this endonuclease activity behave on the whole like
wild-type bacteria (Dtirwald, H. and H. Hoffmann-Berling
(1968) J. Mol. Biol. 34: 331-346).

[0059] The endAl gene can be inactivated by mutation,
total or partial deletion, disruption, etc. Inactivation of the
endA gene of the E. coli strain chosen to produce the pCOR
plasmids can be achieved more particularly by transferring,
by means of the PI bacteriophage, the AendA::Tc® deletion
described by Cherepanov and Wackernagel (Cherepanov, P.
P. and W. Wackernagel. 1995. Gene disruption in Escherichia
coli: Tc® and Km”® cassettes with the option of Flp-catalyzed
excision of the antibiotic-resistance determinant. Gene 158:
9-14) or by exchanging the wild-type allele present in the
genome of the bacterium of interest with a mutated or deleted
allele ofendA, by homologous recombination. The use of this
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type of strain in the context of the present invention makes it
possible advantageously to improve the quality of the DNA
produced.

[0060] The invention also relates to any recombinant cell
containing a DNA molecule as defined above. This may be a
cell of various origins, of eukaryotic, prokaryotic, etc. type.
[0061] According to another embodiment of the invention,
the E. coli XAC-1 host cell used in the process claimed is
designated TEX1, and comprises a traD gene, or a homolo-
gous gene thereof, inactivated to abolish F' transfer. The traD
is at the 5' end of one of the tra operon and encodes a 81.7 kDa
membrane protein that is directly involved in DNA transfer
and DNA metabolism (Frost et al., Microbiology Reviews,
1994, 58: 162-210). traD mutants do not transfer DNA (Pan-
icker et al., J. Bacteriol., 1985, 162:584-590). The episomal
traD gene may be inactivated by mutation, total or partial
deletion, or disruption using methods well known to those of
skill in the art (See Example 9). One method of inactivating
this gene is described in Example 1, and the resulting E. coli
XAC-1 pirl16 endA™ traD~ strain so obtained is designated
TEXI1 (Soubrier et al., Gene Therapy, 1999, 6: 1482-1488).
[0062] According to one embodiment of the invention, the
host cell used in the claimed process is a cell of the E. coli
strain XAC-1, containing the pirl 16 mutation combined with
the pird2 mutation. The pirl16 and pird2 mutations affect
different domains of the pi protein. The pirl 16 mutation
affects the copy number control region, whereas the pir42
mutation affects the putative leucine zipper motif, as dis-
played in FIG. 11. The nucleotide and amino acid sequences
of'the pir gene containing the pirl 16 and pir42 mutations are
set forth in FIG. 12 and SEQ ID NOs: 21 and 22, respectively.
The pird2 mutation comprises a C to T transition at position
124 from the methionine initiator codon, and thus results in
substitution of the proline at position 42 by a leucine. The
pir42 mutation was described by Miron et al. (Proc Natl Acad
SciUSA, 1994.91(14): p. 6438-42; EMBO J, 1992. 11(3): p.
1205-16), and was reported to increase the copy number of an
“ori gamma R6K-Km®-pir42” plasmid by 2.5 fold as com-
pared to the same plasmid harboring the wild-type pir gene.
However the pird2 mutation was never used or described in
combination with the pirl 16 mutation and while other copy-
up mutations such as cop21 in the pir gene combined with the
pir116 do not exhibit an increase of the plasmid copy number,
combination of the pirl 16 and pir42 mutations in a k. coli
XAC-1 endA™ traD~ strain surprisingly showed a significant
increase of the plasmid copy number. Applicants have thus
shown unexpected results of this combination in terms of
copy number of the plasmids produced in E. coli host strains
comprising the mutated pirl116 and pir42 gene as compared
with strains harboring pir116 alone, or in a host cell compris-
ing the pirl 16 mutation combined with another mutation of
the pir gene, such as the mutation cop21 (Inuzuka etal., FEBS
Lett, 1988.228(1): p. 7-11). For example, E. coli TEX1pir42
(=XAC-1 endA~ traD~ pirl16 pir42) exhibited a 2-5 fold
increase in the number of plasmids, as compared to a pirl 16
strain, or strains comprising combined pirl16 and cop21
mutations (See Example 11). In other embodiments, the pir
gene comprises at least one mutation, which, for example,
may occur in the copy number control region, in the leucine
zipper-like motif, in the DNA binding region, or in one or
more of these regions or another region of the protein pi coded
by the pir gene.

[0063] The prokaryotic host cell according to the present
invention also comprises one or more mutations in the same
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or a different domain of the protein pi, coded by the pir gene
copy, such as the DNA binding domain, and/or the copy
number control region and/or the leucine-zipper motif. The
prokaryotic recombinant host cell may comprise the heter-
ologous pir gene is in a plasmid or in the genome of the host
cell.

[0064] Such mutations may be screened by using the fluo-
rescence-based screening method according to one aspect of
the present invention as described thereafter. As shown in the
Example 13, host cells comprising at least one mutation in the
pir gene, the mutation pirl16 and a mutation in the DNA
binding domain were screened using the fluorescence-based
screening method according to the present invention. Host
cells comprising mutations present in the DNA binding
domain in addition to the pirl16, i.e., as for example in the
construct 100B, wherein the tyrosine (K) at position 292 is
replaced by a methionine (M), in the construct 114C, wherein
aglutamic acid (E) at position 130 is replaced by a valine (V),
or in the construct 201C, wherein an aspartic acid (D) at
position 117 is replaced by a glycine (G) (FIG. 26) are tested
for their capacity to produce high copy number of plasmid
using the fluorescence-based screening method.

[0065] According to another embodiment of the present
invention, the host cell used in the process claimed is a
prokaryotic host cell in which the recA gene or a homologous
gene has been inactivated. Preferably, the host cell according
to the present invention is £. coli strain XAC-1 comprising
mutations pirl 16, pir42, endA~, traD ™' recap. Such a strain is
designated TEX2pir42. recA may be inactivated by methods
well known to those in the art. recA encodes a major recom-
bination protein and mutations in this gene reduce the fre-
quency of recombination-mediated alteration in plasmids and
intramolecular recombination that could lead to the multim-
erization of plasmids. As described in Example 12, a deleted
recA gene containing 3 translation stop codons (one in each
frame) at its 5' end may be obtained by PCR. The resulting
inactivated gene was then introduced by gene replacement
into TEX1 genome (Example 12.1).

[0066] These cells are obtained by any technique known to
those skilled in the art which allows the introduction of the
said plasmid into a given cell. Such a technique may be, in
particular, transformation, electroporation, conjugation,
fusion of protoplasts or any other technique known to those
skilled in the art.

[0067] Strain XAC-1pirl 16 was deposited under the terms
of the Budapest Treaty with the Collection Nationale De
Cultures de Micro-organismes (CNCM), Institut Pasteur, 28,
rue Dr. Roux, 75724 Paris Cedex 15, France, on Oct. 107,
2003 under accession no. 1-3108.

[0068] Strain TEX2pir42 was deposited under the terms of
the Budapest Treaty with the Collection Nationale De Cul-
tures de Micro-organismes (CNCM), Institut Pasteur, 28, rue
Dr. Roux, 75724 Paris Cedex 15, France, on Oct. 107, 2003,
under accession no. 1-3109.

[0069] The DNA molecules according to the invention may
be used in any application of vaccination or of gene and cell
therapy for transferring a gene to a given cell, tissue or organ-
ism, or for the production of recombinant proteins in vitro.
[0070] In particular, they may be used for direct in vivo
administration or for the modification of cells in vitro or ex
vivo, for the purpose of implanting them into a patient.
[0071] Inthis respect, another subject of the present inven-
tion relates to any pharmaceutical composition comprising at
least one DNA molecule as defined above. This molecule may
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or may not be associated therein with a chemical and/or
biochemical transfection vector. This may in particular
involve cations (calcium phosphate, DEAE-dextran, etc.) or
liposomes. The associated synthetic vectors may be cationic
polymers or lipids. Examples of such vectors which may be
mentioned are DOGS (Transfectam™) or DOTMA (Lipofec-
tin™),

[0072] The pharmaceutical compositions according to the
invention may be formulated for the purpose of topical, oral,
parenteral, intranasal, intravenous, intramuscular, subcutane-
ous, intraocular, or transdermal administrations. The claimed
plasmid is preferably used in an injectable form or in appli-
cation. It may be mixed with any vehicle which is pharma-
ceutically acceptable for an injectable formulation, in par-
ticular for a direct injection to the site to be treated. This may
involve, in particular, sterile, isotonic solutions or dry com-
positions, in particular freeze-dried compositions, which, by
addition, depending on the case, of sterilized water or of
physiological saline, allow injectable solutions to be made up.
This may in particular involve Tris or PBS buffers diluted in
glucose or in sodium chloride. A direct injection into the
affected region of the patient is advantageous since it allows
the therapeutic effect to be concentrated at the level of the
affected tissues. The doses used may be adapted as a function
of various parameters, and in particular as a function of the
gene, the vector, the mode of administration used, the pathol-
ogy concerned or the desired duration of the treatment.
[0073] The DNA molecules of the invention may contain
one or more genes of interest, that is to say one or more
nucleic acids (synthetic or semi-synthetic DNA, gDNA,
cDNA, etc.) whose transcription and, possibly, whose trans-
lation in the target cell generate products of therapeutic, vac-
cinal, agronomic or veterinary interest.

[0074] Among the genes of therapeutic interest which may
be mentioned more particularly are genes coding for
enzymes, blood derivatives, hormones and lymphokines:
interleukins, interferons, TNF, etc. (FR 92/03120), growth
factors, neurotransmitters or their precursors or synthetic
enzymes, and trophic factors (BDNF, CNTF, NGF, IGF,
GMF, aFGF, bFGF, NT3, NT5, VEGF-B, VEGF-C etc.; apo-
lipoproteins: ApoAl, ApoAlV, ApoE, etc. (FR 93/05125),
dystrophin or a minidystrophin (FR 91/11947), tumour-sup-
pressing genes: p53, Rb, RaplA, DCC, k-rev, etc. (FR
93/04745), genes coding for factors involved in coagulation:
factors VII, VIII, IX, etc., suicide genes: thymidine kinase,
cytosine deaminase, etc.; or alternatively all or part of a natu-
ral or artificial immunoglobulin (Fab, ScFv, etc.), an RNA
ligand (WO 91/19813), etc. The therapeutic gene may also be
an antisense sequence or gene, whose expression in the target
cell makes it possible to control the expression of genes or the
transcription of cellular mRNAs. Such sequences may, for
example, be transcribed, in the target cell, into RNAs which
are complementary to cellular mRNAs and thus block their
translation into protein, according to the technique described
in patent EP 140,308. A insert of interest that may be carried
by the pCOR of the invention is a RNAi, whose is capable of
interfering with the translation of a target gene (Wilson et al.,
Curr Opin Mol. Ther. 2003 August; 5(4):389-96) and thereby
regulating the expression of such gene.

[0075] The gene of interest may also be a vaccinating gene,
that is to say a gene coding for an antigenic peptide, capable
of generating an immune response in man or animals, for the
purpose of producing vaccines. These antigenic peptides may
in particular be specific antigenic peptides of Epstein-Barr
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virus, HIV virus, hepatitis B virus (EP 185,573), or pseudo-
rabies virus, or alternatively specific antigenic peptides of
tumours (EP 259,212).

[0076] Generally, in the DNA molecules of the invention,
the gene of therapeutic, vaccinal, agronomic or veterinary
interest also contains a promoter region for functional tran-
scription in the target organism or cell, as well as a region
located at the 3' end which specifies a transcription termina-
tion signal and a polyadenylation site. As regards the pro-
moter region, it may be a promoter region naturally respon-
sible for expression of the gene under consideration when this
region is capable of functioning in the cell or the organism
concerned. The promoter regions may also be regions of
different origin (responsible for the expression of other pro-
teins) or even of synthetic origin. In particular, they may be
promoter sequences from eukaryotic or viral genes. For
example, they may be promoter sequences obtained from the
genome of the target cell. Among the eukaryotic promoters
which may be used are any promoters or derived sequence
which stimulates or suppresses the transcription of a gene in
a specific or non-specific, inducible or non-inducible, strong
or weak manner. The eukaryotic promoters may in particular
be ubiquitous promoters (promoters of the genes for HPRT,
PGK, a-actin, tubulin, etc.), intermediate filament promoters
(promoters of the genes for GFAP, desmin, vimentin, neu-
rofilaments, keratin, etc.), therapeutic gene promoters (for
example the promoters of the genes for MDR, CFTR, factor
VIII, ApoAl, etc.) tissue-specific promoters (promoters of the
genes for pyruvate kinase, villin, intestinal fatty acid-binding
protein, ci-actin of smooth muscle, etc.) or alternatively pro-
moters which respond to a stimulus (steroid hormone recep-
tor, retinoic acid receptor, etc.). Similarly, they may be pro-
moter sequences obtained from the genome of a virus, such
as, for example, the promoters of the adenovirus EIA and
MLP genes, the CMV early promoter or alternatively the LTR
promoter of RSV, etc. In addition, these promoter regions
may be modified by addition of activating or regulatory
sequences or sequences which allow tissue-specific expres-
sion or expression which is predominantly tissue-specific.
[0077] Moreover, the gene of interest may also contain a
signal sequence which directs the synthesized product into
the secretory pathways of the target cell. This signal sequence
may be the natural signal sequence of the synthesized prod-
uct, but it may also be any other functional signal sequence or
an artificial signal sequence. Preferred signal sequence used
according to the present invention is the secretion signal
peptide of human interferon as described Taniguchi et al.
(Gene, 1980, 233 (4763):541-5)

[0078] Depending on the gene of interest, the DNA mol-
ecules of the invention may be used for the treatment or
prevention of several pathologies, including genetic diseases
(dystrophy, cystic fibrosis, etc.), neurodegenerative diseases
(Alzheimer’s disease, Parkinson’s disease, ALS, etc.), can-
cers, pathologies associated with coagulation disorders or
with dyslipoproteinaemias, pathologies associated with viral
infections (hepatitis, AIDS, etc.), or in the agronomic and
veterinary fields, etc.

[0079] According a preferred embodiment, the DNA mol-
ecules of the present invention are used for treating critical
limb ischemia pathologies such as for example peripheral
arterial occlusive disease and intermittent claudication.
[0080] Moreover, the present invention also relates to the
use of conditional replication DNA molecules for the produc-
tion of recombinant proteins. Bacteria can be used to produce
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proteins of various origins, eukaryotic or prokaryotic. Among
the bacteria, E. coli constitutes the organism of choice for
expressing heterologous genes on account of its ease of
manipulation, the large number of expression systems avail-
able and the large amounts of proteins which can be obtained.
Itis understood that the system of the invention can be used in
other organisms, the tropism being determined by the nature
of the origin of replication, as indicated above. For this use,
the nucleic acid sequence of interest comprises a coding
region under the control of expression signals that are appro-
priate for the host chosen, in particular a prokaryotic host.
These may be, for example, Plac, Ptrp, PT7, Ptrc, Ptac, PL,
Pz .p or PR promoters, the Shine-Dalgarno sequence, etc.
(this set constitutes the expression cassette). The nucleic acid
sequence of interest can be any sequence coding for a protein
which is of value in the fields of pharmacy, agri-foods, chem-
istry or agrochemistry. This may be a structural gene, a
complementary DNA sequence, a synthetic or semi-synthetic
sequence, etc.

[0081] The expression cassette can be introduced onto the
conditional replication vector which is the subject of the
invention, thus constituting a conditional replication vector
which allows the expression of proteins of interest in E. coli.
This vector has several advantages: no use of antibiotic to
select it in the bacterium (reduced cost, no need for a study
regarding the presence of antibiotic or of potentially toxic
derived products in the finished product), virtually no prob-
ability of dissemination of the plasmid in nature (conditional
origin of replication), possible fermentation in entirely
defined medium. The examples given show the advantageous
properties of these conditional vectors for the production of
recombinant proteins.

[0082] As described above, the DNA molecule according
to the present invention comprises an origin of replication
ORIy derived from R6K wherein the pir gene is removed and
is introduced into the genome of a specific host cell that is
used for the production of the DNA molecules at large scale.
There is always a need to produce increasing quantities of
plasmid for clinical trials and/or for use in DNA-based gene
therapy. Production host cells have been engineered to carry
the pir gene containing at least one mutation, such as the
mutation pirl 16 and/or pir42. Use of such mutated host strain
results in an increase of the plasmids copy number and thus
significantly raises the yield of production. Also, conforma-
tion of the plasmids so produced is very satistying.

[0083] According to a particular aspect, a novel fluores-
cence-based method of screening for copy-up mutant is pro-
vided. This fluorescence-based screening method is far supe-
rior to the classical method of screening based on the level of
resistance to antibiotic in the bacteria, which may not be used
when the basal copy number of plasmid is already very high
such as the one obtained using the mutant pir116, e.g., around
400 copies of plasmid per cell. The fluorescence-based
method of screening according to the present invention pref-
erably uses the cobA gene as red fluorescence reporter gene of
copy-up number. The cobA gene which is a gene from
Pseudomonas denitrificans (Crouzet et al., J. Bacteriol. 1999,
172: 5968-79) encodes uro 11l methyltransferase, an enzyme
of'the vitamin B12 pathway, which adds two methyl groups to
urogen 1l molecule. Wildt et al. (Nature Biotechnology, vol.
17, 1999, pp1175) has described the use of cobA as a fluo-
rescent transcriptional reporter gene for E. coli, yeast and
mammalian cells. For example, such fluorescent reporter
gene was used for the selection of recombinant plasmids
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containing F. coli strains which accumulate fluorescent
porhyrinoid compounds due to overexpression of the cobA
gene encoding the urolll methyltransferase. When illumi-
nated with UV light, the cells fluoresced with a bright red
color (Biotechniques, 1995, vol 19, no. 7, p. 760).

[0084] The Applicant has surprisingly found a close corre-
lation between the copy number of plasmid carrying the cobA
gene and the level of fluorescence from pink to red. The
fluorescence-based method of screening of copy-up mutants
according to the present invention is thus useful for screening
various mutants which can then be evaluated in the genome of
the production host cell, such as E. coli, or mutants of any
genes such as in the pir gene, which are inserted in the genome
of the production host cell or carried in a plasmid.

[0085] In addition to the correlation with the copy number
of plasmids, the fluorescence-based method of screening of
the present invention is easily and rapidly conducted as it is
only requires plating and culturing the transformed host cells
overnight and exposing to UV lights, to reveal intensity of the
fluorescence produced, thereby deducing directly the number
of copy of plasmids in the host cell.

[0086] Thus, the present invention provides for a method
for detecting a plasmid copy-up mutation comprising:

[0087] (a) introducing at least one mutation into a target
sequence;
[0088] (b)transforming the mutated target sequence into

a host cell comprising a plasmid, wherein the plasmid
comprises a nucleotide sequence encoding urolIl meth-
yltransterase and the copy number of the plasmid is
effected by the target sequence;

[0089] (c) growing the host cell under conditions
wherein the nucleotide sequence is expressed to produce
a culture of host cells;

[0090] (d) exposing the culture of host cells to UV light;
and
[0091] (e) detecting fluorescence produced by the cul-

ture of host cells.
[0092] According to the present invention, the method fur-
ther comprises comparing the fluorescence detected in (e)
with fluorescence produced by a culture of host cells com-
prising an non-mutated target sequence.
[0093] Preferably, the urolll methyltransferase gene is
coded by the cobA gene from Pseudomonas denitrificans.
[0094] The mutation may be present in a plasmid compris-
ing a heterologous pir gene comprising at least one mutation.
The plasmid may comprise at least one mutation in the pir
other regions such as in the copy control region and/or in the
DNA binding domain, and/or in the leucine-zipper motif
and/or in another region of the pir gene. Also, the plasmid
may comprise at least one mutation in the heterologous pir
gene copy number control region and the leucine zipper-like
motif. The plasmid may further comprise a mutation in the pir
gene DNA binding region. Furthermore, the plasmid may
comprise one or more mutations in the same or a different
region of the pir gene coding for the copy control region
and/or the DNA binding region, and/or the leucine zipper-like
motif, or other region of the protein H.
[0095] Within limitation, the prokaryotic recombinant host
cell according to the present invention comprises the pirl 16
mutation and a second mutation in the DNA binding region
such aspir292, pir130, or pir1 17 (FIG. 26).
[0096] Such mutated production host strain may be advan-
tageously produced using an universal plasmid tool such as
the minicircle. The minicircle technology is described inter



US 2009/0149406 A1l

alia in U.S. Pat. Nos. 6,143,530 and 6,492,164 of the Appli-
cant or in PCT application WO 96/26270.

[0097] Minicircles are recombinant DNA molecules that
do not contain any origin of replication, and thus represent
excellent suicide vector for gene replacement of the genome
of any microorganisms. In particular, the gene or genes of
interest are flanked by the two sequences permitting site-
specific recombination, positioned in the direct orientation in
the minicircle. The position in the direct orientation indicates
that the two sequences follow the same 5'-3' polarity in the
recombinant DNA minicircle. The minicircle genetic con-
structions are generally circular double-stranded DNA mol-
ecules devoid of origin of replication, but may also be in linear
form and contain the gene or genes of interest flanked by the
two sequences permitting site-specific recombination, posi-
tioned in the direct orientation. According to this particular
embodiment of the invention, the minicircle may be used to
transform any competent microorganisms for the purpose of
the gene replacement within the genome thereof (FIG. 31).
[0098] The minicircle for gene replacement is generated
from a parent plasmid comprising at least:

[0099] a) an origin of replication and, a selection marker
gene,
[0100] b) two sequences permitting site-specific recombi-

nation, positioned in the direct orientation, and,

[0101] c) placed between said sequences b), one or more
genes of interest.

[0102] The specific recombination system present in the
genetic constructions can be of different origins. In particular,
the specific sequences and the recombinases used can belong
to different structural classes, and in particular to the integrase
family of bacteriophage A or to the resolvase family of the
transposon Tn3. Among recombinases belonging to the inte-
grase family of bacteriophage A, there may be mentioned, in
particular, the integrase of the phages lambda (Landy et al.,
Science 197: 1147,1977),P22 and (D80 (Leong et al., J. Biol.
Chem. 260: 4468, 1985), HP1 of Haemophilus influenza
(Hauser et al., J. Biol. Chem. 267 6859, 1992), the Cre inte-
grase of phage P1, the integrase of the plasmid pSAM2 (EP
350,341) or alternatively the FLP recombinase of the 2u
plasmid. The minicircles are thus prepared by recombination
by means of a site-specific system of the integrase family of
bacteriophage A, the DNA molecules according to the inven-
tion generally comprise, in addition, a sequence resulting
from the recombination between two att attachment
sequences of the corresponding bacteriophage or plasmid.
[0103] Amongrecombinases belonging to the family of the
transposon Tn3, there may be mentioned, in particular, the
resolvase of the transposon Tn3 or of the transposons Tn21
and Tn522 (Stark et al., Trends Genet, 8, 432-439, 1992); the
Gin invertase of bacteriophage mu, or, alternatively, the
resolvase of plasmids, such as that of the par fragment of RP4
(Albert et al., Mol. Microbiol. 12: 131, 1994). When the
minicircles are prepared by recombination by means of a
site-specific system of the family of the transposon Tn3, they
generally comprise, in addition to the gene of interest that is
aimed to be inserted in a microorganism genome, a sequence
resulting from the recombination between two recognition
sequences of the resolvase of the transposon in question.
Sequences permitting site-specific recombination may also
be derived from the loxP region of phage P1, which is com-
posed essentially of two repeat sequences capable of recom-
bining specifically with one another in the presence of a
protein, designated Cre (Sternberg et al., J. Mol. Biol. 150:
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467, 1971). The plasmid used to produce the minicircle thus
comprises (a) a bacterial origin of replication and, a selection
marker gene; (b) the repeat sequences of bacteriophage P1
(loxP region); and (c), placed between said sequences (b), one
or more genes of interest that one’s wish to insert in a micro-
organism genome.

[0104] Minicircles may comprise sequences permitting
site-specific recombination are derived from a bacteriophage,
such as attachment sequences (attP and attB sequences) of a
bacteriophage or sequences derived from such attachment
sequences. These sequences are capable of recombining spe-
cifically with one another in the presence of a recombinase
referred to as an integrase with or without an excisionase. The
term “sequences derived from such attachment sequences”
includes the sequences obtained by modification(s) of the
attachment sequences of the bacteriophages that retain the
capacity to recombine specifically in the presence of the
appropriate recombinase. Thus, such sequences can be
reduced fragments of these sequences or, alternatively, frag-
ments extended by the addition of other sequences (restric-
tion sites, and the like). They can also be variants obtained by
mutation(s), in particular by point mutation(s). The terms attP
and attB sequences of a bacteriophage or of a plasmid denote,
according to the invention, the sequences of the recombina-
tion system specific to said bacteriophage or plasmid, that is
to say the attP sequence present in said phage or plasmid and
the corresponding chromosomal attB sequence. Attachment
sequences are well known in the art, and include inter alia the
attachment sequences of the phages A, P22, 80, P1, and HP1
of Haemophilus influenzae or, alternatively, of plasmid
PSAM?2 or the 2plasmid.

[0105] The minicircles are easily produced from the parent
plasmid described above. The method for the production of
the minicircle consists in bringing into contact culture of cells
that are transformed with the parent plasmid with the inte-
grase with or without the excisionase, so as to induce the
site-specific recombination. The culture and the integrase
with or without the excisionase are brought into contact either
by transfection or infection with a plasmid or a phage con-
taining the gene for said integrase and when applicable the
gene for the excisionase. Alternatively, for example, the
expression of genes coding for said integrase and when appli-
cable the excisionase, present in the host cell, are induced. As
mentioned below, these genes may be present in the host cell
in integrated form in the genome, on a replicative plasmid, or,
alternatively, on the plasmid of the invention, in the non-
therapeutic portion.

[0106] To permit the production of the minicircles accord-
ing to the invention by site-specific recombination in vivo, the
integrase with/without the excisionase used are introduced
into, or induced in, cells or the culture medium at a particular
instant. For this purpose, different methods may be used.
According to a first method, a host cell is used containing, for
example, the recombinase gene, i.e., the integrase gene with
or without the excisionase gene, in a form permitting its
regulated expression. The integrase gene with or without the
excisionase gene may, for example, be introduced under the
control of a promoter, or of a system of inducible promoters,
or, alternatively, in a temperature-sensitive system.

[0107] In particular, the integrase gene may be present in a
temperature-sensitive phage, latent during the growth phase,
and induced at a suitable temperature (for example, lysogenic
phage A Xis™ c1857).
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[0108] Alternatively, the gene may be under the control of
aregulated promoter, for example, the placUV 5 promoter, the
host cell is designated E. coli G6191.

[0109] Preferably, the integrase with or without the exci-
sionase gene may be under the control of a regulated pro-
moter, for example the Py, ,, promoter of the araBAD (arabi-
nose) operon, which is regulated by arabinose (Guzman et al.,
J. Bacteriol, 1995, 4121-4130; U.S. Pat. No. 5,028,530). Par-
ticularly, use of P, , ,, promoter allows sufficient expression of
excisionase and integrase in presence of arabinose, as the
inducing agent, and thus more than 90% of recombination of
the plasmids which are present in high copies number in the
bacteria, whereas in absence of arabinose, the promoter is
tightly inhibited. The cassette for expression of the integrase
with/without excisionase may be carried by a plasmid, a
phage, or even by the plasmid of the invention in the non-
therapeutic region. It may be integrated in the genome of the
host cell or maintained in replicative form. Such host cells are
in particular E. coli G6264 and E. coli G6289. According to
another method, the cassette for expression of the gene(s) is
carried by a plasmid or a phage used to transfect or infect the
cell culture after the growth phase. In this case, it is not
necessary for the gene to be in a form permitting its regulated
expression. In particular, any constitutive promoter may be
used. The DNA may also be brought into contact with the
integrase and when applicable the excisionase in vitro, on a
plasmid preparation, by direct incubation with the protein.
[0110] The minicircle so produced thus comprises an
expression cassette containing one or more genes of interest
to be inserted in the targeted microorganism, lacks an origin
of replication and comprises a sequence attR resulting from
site-specific recombination between an attB and an attP
sequence, or a sequence attl, resulting from site-specific
recombination between an attB and an attP sequence. The
minicircle may thus be used as universal suicide vector for
gene replacement in any microorganisms. In effect, the
minicircle carrying a gene for replacement flanked by
homologous sequences and a antibiotic resistance gene will
easily integrate in a targeted site of the genome of any micro-
organism by homologous recombination as represented in
FIG. 31. A second event of excision which may be triggered
by a second selection pressure may then efficiently select the
microorganisms only carrying the new inserted gene within
their genome.

[0111] The present invention thus also relates to a method
of gene engineering of a microorganism. This novel method
may used to engineer any microorganism regardless of their
origin. In effect, the minicircle does not contain any origin of
replication, and thus can be used universally for gene replace-
ment in any types of microorganisms. This method represents
an advantageous alternative to the use of the bacteriophage
M13 for gene replacement by double homologous recombi-
nation in a micro-organism.

[0112] According to a particular embodiment of the present
invention, the minicircle comprises a first selectable marker
such as an antibiotic resistance gene, allowing selecting for
the first recombination event. Preferred second selectable
marker is the gene 111 or the functional deleted gene III'. The
gene III or its functional variant is capable of conferring
sensibility to deoxycholate as described in Boecke et al. (Mol.
Gen. Genet., 186, 185-92, 1982) and thus allows for counter-
selecting the second event of recombination (FIG. 31). The
method thus consists in introducing the minicircle into the
microorganism by any transformation method well known in
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the art, and preferably by electroporation, selecting the event
of'integration of the minicircle in a culture supplemented with
an antibiotic or under another pression of selection, and
selecting a second event of excision by treating with deoxy-
cholate or another appropriate pression of selection.

[0113] The present invention will be described more fully
with the aid of the examples which follow, which should be
considered as non-limiting illustrations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0114] FIG. 1: Functional organization of the region of
R6K involved in replication.

[0115] FIG. 2: Organization of the functional domains of
the II protein of the plasmid R6k.

[0116] FIG. 3: Representation of the protocol for introduc-
ing the pfr gene into the genome of . coli XAC 1.

[0117] FIG. 4: Construction scheme for vectors pXL.2666,
2730 and 2754.

[0118] FIG. 5: Construction of pXI1.2774.

[0119] FIG. 6: Growth and production kinetics in a 2 L
fermenter.

[0120] FIG. 7: Growth and production kinetics in an 800 L.
fermenter.

[0121] FIG. 8: Construction of pXI1.3056.

[0122] FIG. 9: Visualization of the aFGF protein produced

by E. coli XAC-1pirl16 (pX1L.3056+PT7pol23) after induc-
tion. The denatured total cell extracts are deposited on 12.5%-
SDS polyacrylamide gel. M: molecular mass marker (Biorad,
Low range). Each band is identified by an arrow and a figure
which indicates its mass in kDaltons. 1: XAC-1pirl16
(pXL3056+pUC4K) not induced; 2: XAC-lpirll6
(pXL3056+pUC4K) induced at 42° C.; 3: XAC-1pirll6
(pXL3056+PT7pol23) clone 1, not induced; 4: XAC-1pirl16
(pXL3056+PT7pol23) clone 1, induced at 42° C.; 5: XAC-
1pirl16 (pXL3056+PT7pol23) clone 2, not induced; 6: X AC-
1pirl16 (pXL.3056+PT7pol23) clone 2, induced at 42° C.; t1:
1 pg of purified aFGF; t4: 4 ng of purified aFGF.

[0123] FIG. 10: Schematic representations for vectors
pXL3029, pXL.3030, and pX1.3179 or NVIFGF.

[0124] FIG. 11: Schematic representation of the functional
domains of R6K m initiator proteins.

[0125] FIG. 12: Nucleotide (SEQ ID NO: 21) and amino
acid (SEQ ID NO: 22) sequences of the pir gene comprising
the pir116 and pird2 mutations.

[0126] FIG. 13: Construction of pir116pir42 suicide vector
for homologous recombination.

[0127] FIG. 14: Schematic representation of the PCR prod-
ucts obtained when amplifying the region uidA::pirl16+/-
pird2.

[0128] FIG. 15: Agarose gel electrophoresis showing the
topology of pCOR plasmid pX[.3179 produced in TEX1 or
TEX1pird2.

[0129] FIG. 16: Schematic representation of the pX1.3749
suicide plasmid carrying pirl16cop21 gene.

[0130] FIG. 17: Agarose gel electrophoresis showing the
plasmid copy number of pX[.2979 when produced in E. coli
host cell TEX1cop21 (lines 1-4), in E. coli host cell XAC1pir
(lines 5-8), in E. coli TEX1 (lines 9-12).

[0131] FIG. 18: Representation of the cloning strategy for
the construction of the recA-suicide vector.

[0132] FIG. 19: Schematic representation of the PCR prod-
ucts obtained when amplifying regions of £. coli TEX2 strain.
FIG. 20: Agarose gel electrophoresis showing the topology of
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pCOR pX1.3179 produced in E. coli TEX2pird2 (line B), in
E. coli TEX1pird2 (line C), in E. coli TEX1 (line D).

[0133] FIG.21: Analysis of plasmid pX1.3179 produced by
fermentation in E. coli TEX2pir42.

[0134] FIG. 22: Fluorescence-based assay showing that
fluorescence increases with plasmid copy number.

[0135] FIG. 23: Diagram of plasmids screened in the fluo-
rescence-based assay.

[0136] FIG. 24: Diagram of plasmid pXI.3830.

[0137] FIG. 25: Agar plate demonstrating fluorescence-
based screening for copy-up mutants generated by random
mutagenesis.

[0138] FIG. 26: Evaluation of copy-up mutants identified
by the fluorescence-based screening method.

[0139] FIG. 27: Diagram of the strategy for evaluating
pirl16 mutants inserted into the bacterial genome.

[0140] FIG. 28: Evaluation of pX[.3179 copy number in
different pirl 16™ mutant £. coli strains.

[0141] FIG. 29: Construction of a plasmid used to generate
minicircle vectors for homologous recombination in E. coli.
[0142] FIG. 30: Construction of a minicircle vector used to
generate pirl 16* mutant . coli strains.

[0143] FIG. 31: Diagram of gene replacement by homolo-
gous recombination using a minicircle vector.

[0144] FIG. 32: Demonstration of double recombinant
clones grown on medium containing sodium deoxycholate.

[0145] FIGS. 33A and B: The results of control PCR on
double recombinants.
I
Materials and Methods
A) Materials
[0146] 1) Culture Media
[0147] Complete LB, 2xTY and SOC media and minimal

M9 medium (Maniatis et al., 1989) were used. Agar media
were obtained by addition of 15 g of Difco agar. Furthermore,
if necessary, these media were supplemented with antibiotics
(ampicillin or kanamycin) at respective concentrations of 100
mg/l and 50 mg/l. The chromogenic substrates X-Gal and
X-Gluc were used at a concentration of 40 mg/1.

[0148] 2) E. coli Strains, Plasmids and Bacteriophages
[0149] The E. coli strains, plasmids and bacteriophages
used are respectively identified in the examples below.

B) Methods
1) Manipulation of the DNA

[0150] The isolation of bacterial DNA (plasmid and
genomic) and phage DNA (replicative form of M13), diges-
tion with restriction endonucleases, ligation of the DNA frag-
ments, agarose gel electrophoresis (in TBE buffer) and other
standard techniques were carried out according to the manu-
facturers’ recommendations, for the use of enzymes, or in
accordance with the procedures described in “Molecular
Cloning: a Laboratory Manual” (Maniatis et al., 1989).
[0151] The DNA size markers used during the electro-
phoreses are as follows: 1 kb ladder (BRL) for the linear
fragments and the supercoiled DNA marker (Stratagene) for
the undigested plasmids.

[0152] Sequencing was carried out according to the Sanger
technique (Sanger et al., 1977) adapted to the automated
method using fluorescent dideoxynucleotides and Taq DNA
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polymerase (PRISM Ready Reaction DyeDideoxy Termina-
tor Cycle Sequencing Kit, Applied Biosystems).

[0153] The oligodeoxynucleotides used (designated by
“seq+no.”, see below) were synthesized on the “Applied Bio-
systems 394 DNA/RNA Synthesizer” by the phosphoramid-
ite method, using a-cyanoethyl protecting groups (Sinha et
al., 1984). After synthesis, the protecting groups are removed
by treatment with ammonia. Two precipitations with butanol
allow the oligonucleotide to be purified and concentrated
(Sawadogo et al., 1991).

Sequences of the Oligonucleotides used for the PCR Ampli-
fication:

SEQ ID No. 3 5'-GACCAGTATTATTATCTTAATGAG-3'

SEQ ID No. 4 5'-GTATTTAATGAAACCGTACCTCCC-3!

SEQ ID No. 5 5'-CTCTTTTAATTGTCGATAAGCAAG-3'

SEQ ID No. 6 5' -GCGACGTCACCGAGGCTGTAGCCG-3!

[0154] The PCR reactions (Safki et al., 1985) were per-
formed under the following conditions, in a total volume of
100 pl. The reaction mixture comprises 150 ng of genomic
DNA from the strain to be studied, 1 pg of each of the two
oligonucleotide primers (24-mer), 10 pl of 10xPCR buffer,
the composition of which is as follows “500 mM KCl, 0.1%
gelatin, 20 mM MgCl,, 100 mM Tris-HCl pH 7.5, and 2.5
units of Tag DNA polymerase (Amplitaq Perkin-Elmer). The
PCR conditions, on the Perkin-Elmer Cetus DNA Thermal
Cycler machine are as follows: 2 min at 91° C., 30 successive
cycles of denaturation (1 min at 91° C.), hybridization (2 min
at42° C.) and elongation (3 min at 72° C.), and finally 5 min
at 72° C. The products thus obtained, which are or are not
digested with a restriction enzyme, are analysed by agarose
gel electrophoresis.

[0155] Analysis of the various plasmid species by DNA
topoisomerases was performed according to the following
procedure: the enzymes, purified in the laboratory, are incu-
bated for 1 hourat37° C. The reaction mixtures (total volume:
40 pl) have the following composition: 150 ng of plasmid,
300 ng of DNA topoisomerase 1 or 150 ng of £. coli DNA
gyrase, or 160 ng of S. aureus DNA topoisomerase [V and 20
ul of buffer specific for each enzyme. The composition of
these buffers is indicated below:

for DNA topoisomerase I:

50 mM Tris-HC1pH 7.7, 40 mM KC1, 1 mM DTT, 100 pg/ml
BSA, 3 mM MgCl,, 1 mM EDTA; for DNA topoisomerase
Iv:

60 mM Tris-HC1 pH 7.7, 6 mM MgCl,, 10 mM DTT, 100
png/ml BSA, 1.5 mM ATP, 350 mM potassium glutamate;

for DNA gyrase:

50 mM Tris-HCI pH 7.7, 5 mM MgCl,, 1.5 mM ATP, 5 mM
DTT, 100 ng/ml BSA, 20 mM KCI.

[0156]

[0157] This was performed routinely according to the TSB
(Transformation and Storage Buffer) method described by
Chung and Miller (1988). For a strain such as TG1 (Gibson et
al., 1984), the transformation efficiency obtained is about
10°-10° transformants per ug of pUC4K (Vieira and Messing;
1982). When a higher transformation efficiency was neces-
sary, the bacteria were transformed by electroporation
according to the procedure recommended by the electropo-

2) Transformation of E. coli
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rator manufacturer (Biorad). This method makes it possible to
achieve efficiencies of from 10°® to 10'° transformants per pg
of pUC4K.

[0158] 3) Cellular Transfection Mediated by a Cationic
Lipofectant
[0159] The cells used are NIH 3T3 mouse fibroblasts

seeded the day before into 24-well plates, at a density of
50,000 cells per well. The culture medium used is DMEM
medium, containing 4.5 g/l of glucose and supplemented with
10% fetal calf serum and 1% of solutions of 200 mM
glutamine and antibiotics (5.10°w/ml streptomycin, 5.10°
pg/ml penicillin) (Gibco). The plasmid DNA (1 pugin 25 pl of
9% NaCl) is mixed, on a volume-for-volume basis, with a
suspension of lipofectant. Four “lipofectant charges/DNA
charges” ratios are tested: 0, 3, 6 and 9. These ratios are
calculated by considering that 1 ng of plasmid DNA carries
3.1 nmol of negative charges and that the lipofectant contains
3 positive charges per molecule. After a contact time of 10
minutes to allow formation of the DNA/lipid complex, 50 ul
of DNA-lipofectant mixture are introduced onto the cells in
serum-free culture medium (500 pul). The cells were prerinsed
twice with this same medium. Inhibition of transfection by
the serum is thus avoided. After incubation (2 hours at 37° C.
in the CO, incubator), 10% fetal calf serum is added to the
medium. The cells are then reincubated for 24 hours.

[0160] 4) Measurement of the Luciferase Activity of
Eukaryotic Cells

[0161] This is carried out 24 hours after the transfection.
Luciferase catalyses the oxidation of luciferin in the presence
of ATP, Mg®* and O,, with concomitant production of a
photon. The total amount of light emitted, measured by a
luminometer, is proportional to the luciferase activity of the
sample. The reagents used are supplied by Promega (lu-
ciferase assay system) and used according to the recom-
mended procedure. After lysis of the cells, the insoluble frac-
tion from each extract is eliminated by centrifugation. The
assay is carried out on 5 pl of supernatant, which may or may
not be diluted in the cell lysis buffer.

[0162] 5)Measurement of the Protein Concentration in the
Cell Extracts
[0163] This is carried out according to the BCA method

(Pierce) using bicinchoninic acid (Wiechelman et al., 1988).
The standard BSA range is prepared in the lysis buffer (cf.
111-B-4). The samples to be assayed and those of the range are
pretreated, on a volume-for-volume basis, with 0.1 M iodoac-
etamide/0.1 M Tris buffer, pH 8.2, for 1 hour at 37° C. This
treatment makes it possible to prevent interference, during the
assay, of the reducing agent (DTT) present in the lysis buffer.
The assay result is read at 562 nm.

EXAMPLE 1

Construction of XAC-1 pir and pirl 16 Host Strains
by Homologous Recombination

[0164] The strain used was the E. coli strain XAC-1 (Nor-
manly et al., 1980). The argE gene of this strain advanta-
geously includes a mutation of glutamine-53 (CAG) into the
amber codon (TAG) (Meinnel et al., 1992). The argE gene
belongs to the argECBH divergent operon and codes for an
arginine biosynthesis enzyme, N-acetylornithinase. XAC-1
cannot therefore synthesize arginine and, consequently, grow
in minimal medium. This auxotrophy will be relieved if the
strain harbors a plasmid which allows the expression of a
suppressor tRNA. It will thus be possible, by culturing in
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minimal medium, to select bacteria that carry such a plasmid.
In order to allow the replication therein of plasmids derived
from ROK, it was necessary to introduce, by homologous
recombination, the pir gene into the genome of XAC-1. The
pir gene (wild-type or mutated) is introduced at the uidA
locus by exchange between the wild-type uidA gene and a
copy interrupted by the pir (or pirl16) gene. The uidA gene
codes for B-glucuronidase, the enzyme for hydrolysis of
[-glucuronides. This gene may be inactivated without any
problem since it is not essential for growth in standard syn-
thetic media, in which -glucuronides are not used. Further-
more, the f-glucuronidase activity can be monitored by
means of a chromogenic substrate, X-Gluc, whose hydrolysis
releases a blue pigment.

[0165] 1) Construction of a Suicide Vector Carrying the
Cassette “Km®-uidA::pir (or pir116)

[0166] We used a strategy involving a single bacterial host
and minimizing the modifications to the genome of the strain
of interest. The phage M13 mp10 (Messing et Vieira; 1982)
was used as a suicide vector (Blum et al., 1989). An amber
mutation in the gene II, which is essential for replication,
reduces the host spectrum of this M13 to the strains, such as
TG1 (supE), which produce an amber suppressor tRNA; it
will therefore not be able to replicate in E. coli sup+ strains,
such as XAC-1.

[0167] The 3.8 kb BamHI cassettes, containing the kana-
mycin-resistance gene of Tn5 and _uidA::pir or pirl 16, were
respectively purified from M13wm34 and 33 (Metcalf et al.,
1994). They were cloned into M13 mplO linearized with
BamHI. The recombinant clones were selected by plating on
LB agar medium supplemented with kanamycin, after elec-
troporating the ligation mixtures into TG1. The conformity of
the clones obtained was shown by analysing the restriction
profile and by sequencing the region corresponding to the
pirl16 mutation.

[0168] 2) Introduction of the pir or pirl16 genes into the
genome of . coli XAC-1 by homologous recombination
[0169] The strategy adopted and the various events
involved are presented in FIG. 3.

[0170] a) First Recombination Event

[0171] The XAC-1 strain was transformed by electropora-
tion with 10, 100 or 2000 ng of each RF (mp10-_uidA::pir or
pir116). One-third of each expression mixture was plated out
on LB plates containing kanamycin and incubated overnight
at37° C. The mp10-_uidA::pir or pirl 16 phages cannot rep-
licate in the strain XAC-1 (sup+). The kanamycin resistance
(“Km®”) marker can therefore only be maintained by integra-
tion into the genome of the bacterium via a homologous
recombination with the wild-type copy of the gene uidA. The
results of the electroporations of XAC-1 are presented in
Table 1. The transformation efficiency obtained was 4.10°
transformants per ng of pUC4K.

TABLE 1
Number of colonies
obtained with
the amounts
of DNA transformed
CONSTRUCT 10 ng 100 ng 2000 ng
M13mpl0-_uidA::pir 1 41 146
M13mpl0-_uidA:pirll6 0 16 124
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[0172] Under the test conditions, the number of integrants
increased in a non-linear manner with the amount of DNA.
Given the transformation efficiency and the size of the RFs
(11.7 kbp), it was possible to have an approximate idea of the
level of recombination. By considering the point at 100 ng, a
recombination frequency of about 1106 was obtained.

[0173]

[0174] The second recombination event will then be
selected by the resistance of the strains to deoxycholate (“Doc
R™).

[0175] To do this, five integrants of each construct were
cultured in 2XTY medium supplemented with 0.2% sodium
deoxycholate. Two distinct populations appeared. Certain
clones gave quite visible cloudiness after about 8 hours at 37°
C. (two clones for the pir construction and three for the pirl 16
construction). The other clones gave a dense culture only after
one night at 37° C. They were virtually all sensitive to kana-
mycin (“Km™), as expected. For each of the electroporants
studied, 50 Km® descendants were streaked onto LB medium
supplemented with X-Gluc. After 48 hours at 37° C., the
UidA™ clones were pale blue whereas those which had under-
gone an allele replacement (case No. 1, FIG. 3) remained
white on this medium (UidA~). Table 2 summarizes the phe-
notypic analysis of the double recombinants obtained. From
18 to 30% of the double recombinants underwent an allele
replacement.

b) Second Recombination Event

TABLE 2
Number of Km® Percentage of UidA™
Strain among the Doc® among the Km®
XAC-1 pir-2 50/50 18
XAC-1 pir-3 50/50 24
XAC-1 pir-4 50/50 34
XAC-1 pirl16-1 50/50 32
XAC pirl16-4 35/50 30

[0176] Checking the Pir+ character nature of the strains
obtained by recombination

[0177] To ensure the Pir+ character of the strains obtained
by double recombination, we transformed three clones of
each construct with pBW30 (Metcalf et al., 1994). The fact
that transformants were obtained for all the test strains made
it possible to show the functionality of the pir and pirl16
genes, which were integrated into the genome of XAC-1.
Under the same conditions, no transformant was obtained
with the parental strain XAC-1. We continued to study two
XAC-1pir clones (B and C) and two XAC-1pirl16 clones (E
and D).

[0178] 4) Checking by PCR Amplification of the Strains
Obtained by Recombination

[0179] To confirm the allele replacement, we checked the
genomic regions on either side of the uidA locus by PCR
amplification. Each pair of oligonucleotides consisted of an
oligonucleotide corresponding to an internal region of pir and
a second oligonucleotide corresponding to a region, close to
chromosomal uidA, but not within the fragment which served
for the recombination. The sequence of the latter oligonucle-
otide was determined by means of the ECOUIDAA sequence
from Genbank (access number: M14641). We were thus able
to verify the exact location of the pir gene in the bacterial
genome. The nature of the amplified fragments, whose size is
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in accordance with that which might be expected, was con-
firmed by digestion with Mlul.

EXAMPLE 2

Construction of Plasmid Vectors Derived from R6K
Carrying the Selection Marker sup Phe

[0180] Vectors were constructed containing oriy from R6K
and the kanamycin-resistance gene (pXL.2666). The observa-
tion of pX1.2666 multimers in the strain BW19610 (pir1 16) 5
(Metcalf et al., 1993) led us to study the effect of the cer
fragment from ColE1 on this phenomenon. We then intro-
duced the expression cassette of the phenylalanine suppressor
tRNA (sup Phe) onto the vector ori y-Km®-cer (pXL2730).
This vector, pX1.2760, serves as a basis for the construction of
vectors which can be used in gene therapy.

[0181] 1) Construction and Analysis of Vectors Containing
ori y from R6K and the Kanamycin Resistance Gene

[0182] a) Constructs

[0183] Inthe first plasmid constructed, pX[.2666, the kana-
mycin resistance gene originated from pUC4K (Vieira and
Messing; 1982) and the origin of replication, contained in a
417 bp EcoRI-BamHI fragment, originated from the suicide
vector pUT-T7pol (Herrero etal., 1990) (FIG. 4). The transfer
of pX1.2666 into the strains BW 19094 and 19610 (Metcalf et
al., 1994) made it possible to show that the amount of plasmid
is indeed increased in a pirl 16 strain, when compared with
the same plasmid in a pir strain. However, electrophoretic
analysis of the undigested plasmids showed that this increase
goes hand in hand with the appearance of a few multimeric
forms. This phenomenon is quite probably associated with
intermolecular recombination between the multiple copies of
the plasmid. Thus, we constructed pX[.2730 by cloning the
cer fragment of the natural E. co/i plasmid, ColE1, which had
been shown to permit, in cis, the resolution of plasmid dimers
(Summers and Sherrat, 1984), into pX[.2666. The fragment
used corresponds to a 382 bp Hpall fragment from ColE1
(Leung et al., 1985). It contains a specific intermolecular
recombination site; in order to function, it involves only host
proteins including the recombinases XerC and XerD and the
accessory factors ArgR and PepA (Stirling et al., 1988, 1989;
Colloms et al., 1990). To ensure that the effects observed are
indeed due to the cer fragment, we also constructed the con-
trol plasmid pX1.2754, in which the cer fragment has a 165 bp
deletion. This deletion was shown to abolish the action of cer
on the resolution of the multimers (Leung et al., 1985). The
various cloning steps leading to the construction of these
plasmids are presented in FIG. 4.

[0184] b) Quantitative and Qualitative Analysis of the Plas-
mid Species

[0185] (i) analysis by Agarose Gel Electrophoresis

[0186] Electrophoretic analysis of the different plasmids

constructed allowed the demonstration of various plasmid
species, which are variable according to the strains used. The
size of the undigested plasmids was evaluated relative to a
supercoiled DNA marker. In the pir strain (BW19094), the
plasmids pX1.2666, 2754 and 2730 were almost entirely in
monomeric form. The bands above each main band corre-
spond to various slightly less supercoiled topoisomers, as
confirmed by the profile observed after the action of DNA
gyrase on pX1.2730.

[0187] In the case of the pirll6 strain (BW19610), the
profiles were different: with the plasmids pXI1.2666 and 2754
different species were observed ranging from the monomer to
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multimers (2, 3 or 4 units), the major form being the dimer.
After digestion with EcoRI, only the linear plasmid DNA was
found; these plasmid species correspond either to plasmid
multimers or to various topoisomers. However, since the size
of the forms determined according to the supercoiled DNA
marker was a whole product of that of the monomer plasmid,
it is highly probable that they are multimers. The formation of
multimers was most probably attributable to the pirl 16 muta-
tion, although the two strains BW19094 and BW19610 are
not strictly isogenic (BW 19610 is recA). The profile obtained
with pX[.2730 was different: although multimeric forms
were still visible, the major form is the monomeric form. The
cer fragment can thus facilitate resolution of the plasmid
multimers which we have constructed, independently of
recA, in BW19610.

[0188] (ii) analysis after Treatment with DNA Topoi-
somerases
[0189] To disprove the theory that the forms observed in the

strains carrying the pirl16 allele are specific topoisomers,
each plasmid preparation was subjected to the action of DNA
topoisomerases. The activities of the various enzymes under
the experimental conditions were as follows: relaxing of
DNA for E. coli DNA topoisomerase I, negative supercoiling
of'relaxed DNA for E. coli DNA gyrase, and disentanglement
of'interlaced DNAs and relaxation of supercoiled DNA by S.
aureus DNA topoisomerase [V. The action of DNA topoi-
somerase [V made it possible to show that the high-molecu-
lar-weight plasmid forms did not result from the entangle-
ment of several plasmid molecules; in this case, they would
then have been converted into the monomeric species. The
functionality of the enzyme was, of course, checked on a
preparation of kinetoplast DNA, composed of entangled
DNA molecules (not shown). The relaxation activity was also
visible since species are obtained which migrate less than in
the untreated controls. The action of DNA gyrase made it
possible to convert the slightly relaxed topoisomers into the
more supercoiled species extracted from the bacterium
(monomer or dimer mainly). Furthermore, it made it possible
to verify that the DNAs prepared were mainly in supercoiled
form. The samples thus treated allowed the above results to be
confirmed as regards the major species for each construct.
DNA topoisomerase I did indeed relax DNA, but only par-
tially. This could be due to the fact that the plasmids studied
contain only a few single-stranded regions, to which this
enzyme preferably binds (Roca, 1995).

[0190] 2) Introduction of the Selection Marker sup Phe into
pXL2730
[0191] We used the expression cassette of the synthetic

suppressor tRNA gene (Phe) (Kleina et al., 1990). This intro-
duced a phenylalanine into the growing polypeptide chain in
response to a TAG codon. Furthermore, it allowed the pro-
duction in XAC-1 of an ArgE protein that was sufficiently
active to allow good growth in arginine-deficient medium.
sup Phe was expressed constitutively on the plasmid pCT-2-F
(Normanly et al., 1986) from a synthetic promoter derived
from the promoter sequence, Plpp, of the E. coli lpp gene.
Downstream of this gene, transcription was stopped by the
synthetic terminator, T,,, -, of the E. coli operon rrnC (Nor-
manly et al., 1986). The various cloning steps are indicated in
FIG. 5.

[0192] The various subclonings were performed in XAC-1.
The functionality of the suppressor tRNA expression cassette
was thus checked by means of the a-galactosidase activity of
this strain, which only exists if there is suppression of the
amber codon of the gene lacZ,,; | 5., The final step consists of
the introduction of the sup Phe expression cassette into
pXL2730. The results obtained with the cer fragment (B-1-b)

14
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led us to select this plasmid rather than pXI[.2666. We retained
the kanamycin resistance gene for ease of subsequent clon-
ing, in particular in order to have available additional screen-
ing during the final cloning (loss of Km®).

EXAMPLE 3

Validation of the Plasmid Vector for Applications in
Gene Therapy by Transfection of Mouse Fibroblasts

[0193] 1) Construction of the Reporter Vector pX1.2774
[0194] To test the validity for gene therapy of the system for
producing plasmid DNA, we introduced a reporter gene,
which can be used in eukaryotic cells, into pX[.2760. We used
the gene luc, which codes for Photinus pyralis luciferase,
since the bioluminescence measurement test is very sensitive
and is linear over a large range, and the background noise due
to the endogenous activity of eukaryotic cells is very low. The
lIuc gene was controlled by promoter-enhancer sequences of a
human cytomegalovirus early gene (CMV promoter), which
allowed a high level of expression. There was an untranslated
region at the 3' end of luc, originating from the virus SV40,
which contained the polyadenylation signal (poly(A)+). After
intermediate cloning, which allowed the number of available
restriction sites to be increased, the “CMYV promoter-luc-poly
(A)+” cassette was introduced into the minimal vector ori
y-cer-sup Phe (pX1.2760) in place of the Km® marker. The
resulting plasmid has been named pX[.2774. FIG. 6 shows
the various cloning steps. The ligation mixtures were trans-
formed into XAC-1pirl16 by electroporation. Incubation
allowing the bacteria to express selection markers was carried
out in rich medium (SOC medium); it was thus necessary to
wash the cells twice with M9 medium before plating out. This
made it possible to remove the residual medium, which would
have resulted in culture background noise on minimal
medium.

[0195] The medium chosen to plate out the electroporated
cells was M9 minimal medium, which makes it possible to
select bacteria expressing a suppressor tRNA and thus the
presence of our plasmids. The addition of X-Gal made it
possible, by means of the blue colouration, to visualize the
expression of the suppressor tRNA. The dishes were analysed
after about 20 hours at 37° C. The absence of colonies on the
DNA-free control assures us that the selection was correct,
even with dense seedings. All the clones examined by restric-
tion (8) do indeed carry a plasmid, corresponding to the
expected profile. The plasmid thus constructed, pX[.2774,
was prepared from a clone cultured in one liter of liquid M9
medium (about 18 hours at 37° C.), by a technique involving,
inter alia, an ion-exchange step (Promega kit, MegaPreps).
The amount of DNA collected was 2 mg.

[0196] 2) Analysis of the Reporter Vector pX1.2774 Trans-
fected into Mammalian Cells.

[0197] The capacity of pXL.2774 to transfect eukaryotic
cells and to allow the expression of luciferase was evaluated
by transfection into NIH 3T3 mouse fibroblasts. The vector
chosen as reference was the plasmid pX[.2622 (this is the
plasmid pGL2 from Promega whose SV40 promoter has been
replaced by the CMV promoter), which carries the same
luciferase expression cassette as pX1.2774, but on a different
replicon. This is a 6.2 kb ColE1 derivative which carries the
ampicillin-resistance gene. This plasmid served as a control.
The luciferase activities (expressed as RLU, or relative lumi-
nescence units) are indicated in Table 3.

[0198] The best results were obtained with a “lipofectant
charges/DNA charges” ratio of 6; under these conditions,
pXL.2622 and 2774 appear to be equivalent.
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TABLE 3
pX12622 pX1.2774
RLU/ug of Coefficient RLU/pg of Coefficient
Charge proteins and of variation proteins and of variation
ratios per well Average (%) per well Average (%)
0 0.0 not 0.0 not
0.0 detectable 0.0 detectable
0.0 0.0
3 9910 7.6 106 22 3.310¢ 2.9 108 13
6.2 108 2.9 10
6.6 10° 24108
6 12107 1.5 107 19 9.4 108 1.0 107 7
1.5 107 9.9 106
1.9 107 1.1107
9  9510° 1.0 107 26 1.1 107 6.4 10° 13
7.510° 8.310°
1.4 107 8.5 108
EXAMPLE 4 expression cassette of the luc reporter gene under the control
. . .. . . of'the CMV promoter (Example 3). A high-productivity pro-
Verification of the Suicide Vector Nature in E. coli of cess for the production of plasmids of this type was devel-
the pCOR Plasmids oped.
[0199] The non-replicative nature of the pCOR-type plas- {g%gg} zsz(I}gg?lrlmMgel(\i/i[Eif and Conditions:
mids derived from R6K was verified by an electroporation . : .
Y p [0206] Composition of the medium defined used for the

experiment in JIM109 E. coli (Yanisch-Perron et al., 1985) of
plasmids pUC4K (ori ColEI-KmR, (Vieira and Messing,
1982)) and pXL.2730 (ori gamma from R6K-KmR, see
Example 2). The electroporator used was the Biorad Gene
Pulser and the electrocompetent IM109 cells were prepared
and used according to the manufacturer’s procedure (Bacte-
rial electro-transformation and pulse controller instruction
manual. catalog number 165-2098).

[0200] The electrotransformed cells were plated out on LB
medium supplemented with kanamycin (50 mg/l) and incu-
bated overnight at 37° C. The results obtained are presented
below.

Results
Efficacy
(number of

Amount transformed Number of transformants/
Plasmid (ng) transformants ng of plasmid)
pUC4K 0.01 >>2000 >2105
pXL2730 5 0 0
[0201] These results show that there was a minimum of 5

logs of difference between the efficacy of transformation of'a
ColEI derivative (pUC4K) and that of an R6K derivative
(pX1.2730) in a strain which does not express the pir gene. In
apir+ strain such as XAC-1pirl16, the electrotransformation
efficacy of R6K-derived plasmids conventionally reaches or
exceeds the 108 transformants/ug of plasmid.

EXAMPLE 5

Production of plasmid DNA by high-density cultur-
ing of the £. coli strain XAC-1pirl16 (pXL.2774):
fermentation process

[0202] 5.1 Strains:

[0203] Production in XAC-1pirl 16 E. coli (Example 1) of
a minimal plasmid, pX[.2774; this plasmid comprises the
following elements: ori R6K-cer-tRNAamsupPhe and an

inoculum cultures (g/1): Na,HPO, 6, KH,PO, 3, NaCl 0.5,
NH,C11,NH,H,PO, 3, glucose 5, MgS0O,.7H,0 0.24, CaCl,.
2H,0 0.015, thiamine HC1 0.010

[0207] Composition of the complex medium used for the
fed-batch cultures (g/1): KH,PO, 8, K,HPO, 6.3, Na,HPO,
1.7, (NH,),SO, 0.74, NH,C10.12, yeast extract 3, glucose 2,
MgS0,.7H,0 2.4 g/l, CaCl,.2H,0 0.015, thiamine 0.010,
solution of salts (Fe, Mn, Co, Zn, Mo, Cu, B, Al).

[0208] Composition of the medium defined for the cultures
in fed-batch medium identical to the complex medium, but
the yeast extract is replaced by 2.5 g/l of NH,Cl.

[0209] b) Conditions of Fed-Batch Culturing:

[0210] Studies in 2-liter fermenters (Setric France) contain-
ing 1 1 of medium were carried out in order to define the
optimum conditions for growing and producing plasmid
DNA. The fermenter was inoculated with 80 ml of an inocu-
lum culture arrived at the start of the stationary phase of
growth.

[0211] During the fermentation, the pH was controlled and
adjusted automatically between 6.9 and 7.0 with 10% (w/v)
aqueous ammonia; the temperature was maintained at 37° C.;
the acration was set at 75 I/h ((1.1 vvm) ata pressure of 0.2 bar
and the dissolved oxygen was adjusted to (40% of air satura-
tion by retroaction on the stirring rate and, if necessary, by
enrichment with pure oxygen.

[0212] All the parameters (pH, temperature, stirring, OD,
O, and CO, in the effluent gases) were collected and calcu-
lated in line via an HP3852 interface connected to a Hewlett-
Packard 9000.

[0213] The base composition of the supply medium was as
follows: 50% carbon source, 0.7% magnesium sulphate,
0.02% thiamine; for the complex medium, yeast extract was
added to a concentration preferably of between 5 and 10%.
[0214] To adapt the culture conditions to 800-liter ferment-
ers, production sequences composed of two successive inocu-
lum cultures were carried out, on a laboratory scale: inoculum
I in an agitated conical flask and inoculum II in a 2-liter
fermenter (batch culturing), followed by fed-batch produc-
tion culturing, in a 7-liter fermenter.
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[0215] 5.3 Results

[0216] Various culture conditions were studied in complex
medium, in defined medium, and at various growth rates. In
all cases, after initial batch culturing of the bacterial strain and
consumption of the carbon source, the supply medium was
added to the fermenter by means of a peristaltic pump coupled
to a pre-programmed addition profile. This profile was
deduced from previous experiments in which the supply rate
had been controlled either by the level of dissolved oxygen or
by a constant growth rate.

[0217] Furthermore, in order to extrapolate without diffi-
culty the 2-liter fermentation condition to an 800 1 fermenter
without overoxygenation of the medium, the maximum oxy-
gen demand at the end of the culturing was set at 2.5-3
mM/min. For this, the growth rate of the microorganism was
reduced, if necessary, by varying the supply rate of the
complementary charge.

[0218] As seen in Table 4, very good results were obtained
both in complex medium and in defined medium, both on the
laboratory scale and on the 800-liter fermenter scale; further-
more, the plasmid DNA growth and production kinetics are
entirely comparable (cf. FIGS. 6 and 7).

TABLE 4
Defined
Complex medium medium
2o0r71 800 | 21
fermenter fermenter fermenter
Duration of 40 39 48
fermentation (hours)
ph-1 0.130 0.132 0.124
OD (600 nm) 114 100 94
X gl a4 37 30
Plasmid DNA 115 100 100
(mg/l medium)
Plasmid DNA 2.6 2.7 3.3
(mg/gX)
X = Biomass (weight of dry cells)
[0219] From the overall results it emerges that:

[0220] changing the scale of the fermenter from 2 liters
to 800 liters can be carried out without any problem,
[0221] the oxygen consumed is strongly correlated to the
biomass produced (1.08 g O,/g of biomass produced),
[0222] the plasmid was stable for at least 50 generations

without selection pressure,

[0223] ahighbiomass, greater than 40 g of dry cells/liter,
can be obtained in complex medium,

[0224] the plasmid DNA production reaches 100 mg of
supercoiled DNA/I of medium,

[0225] there was very good correlation between the
DNA production and the biomass: the production can be
estimated to (1 mg of plasmid DNA/OD unit, or alter-
natively (2.7 mg of plasmid DNA/g of biomass, irre-
spective of the duration of fermentation,

[0226] the use of a defined medium also makes it pos-
sible to achieve a high biomass (30 g of dry cells/l) and
high plasmid DNA production (100 mg/1), without any
loss of productivity.

EXAMPLE 6
Transfer of pX1.2774 into Animal Cells, In Vitro and
In Vivo
[0227] 6.1 In Vitro Transfer of pX[.2774 into Animal Cells
[0228] The capacity of the minimal plasmid pX[.2774 to

transfect various cell lines was tested in vitro, on cells of both
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human origin and murine origin. The pX1.2784 plasmid was
used as control. It contains the same eukaryotic expression
cassette (CMV promoter-luciferase-polyA) as pX1.2774, but
this is a 6.4 kb ColE1 derivative which comprises the gene for
imparting kanamycin resistance in E. coli.

[0229] The cells tested are the following:
Atce ref./
Cells Type literature ref.
3LL Mouse pulmonary carcinoma
NIH 3T3 Mouse embryo fibroblasts CCL92
293 Human embryo renal cells transformed CRL1573
with type-5 adenovirus
Hela Human carcinoma from the neck of the CCL2
womb
Caco-2 Human colon adenocarcinoma HTB37
H460 Human lung carcinoma with no small HTB177
cells
ECV 304 Human umbilical cord endothelial cells Takahashi et
al., 1990
[0230] The transfection conditions were as follows:
[0231] D-1: Inoculation of the cells at a density of 100,000

cells per 2 cm well (24-well plate) in DMEM medium (Dul-
becco’s modified Eagle Medium) supplemented with 10%
fetal calf serum (FCS).

[0232] D-3: Transfection of the cells, by 10 ul of a trans-
fection solution containing: 0.5 pug of DNA, 150 mM NaCl,
5% glucose and 3 nmol of RPR120 535 lipofectant per pg of
DNA, in 250 pl of culture medium, which was or was not
supplemented with 10% FCS. After incubation for 2 hours,
the medium was replaced by 500 pl of DMEM medium
supplemented with 10% FCS.

[0233] D-4: Renewal of the culture medium

[0234] D-5: Washing of the cells with PBS, followed by
lysis with 100 pul of Promega lysis buffer (Promega Cell Lysis
Buffer E153 A). Assay of the luciferase activity was carried
out in a Lumat LB 9501 luminometer (Berthold) on 10 ul of
lysate, with a 10-second duration of integration. The reactant
used was that from Promega (Promega Luciferase Assay Sub-
strate). The results, collated in the following tables 5-8, are
expressed in RLU (Relative Lights Units) for 10 pl of lysate
(average of measurement on 4 wells). The coefficients of
variation (CV) are also given.

[0235] The results of transfections in the absence of serum
are presented below.

CELL TYPES
NIH 3T3 3LL 293
pXL2774 37 763 380 559270 1884200 RLU
16 25 73 cv
pX12784 113764 1723 546 RLU
24 101 cv
CELL TYPES
HelLa CaCo2 H460 ECV304
pXL2774 11 000 000 1108 422 1459 501 36 450
15 14 5 23
pX12784 557930 93 610 7563 168 795
87 40 11 40
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[0236] The results of transfections in the presence of serum
(10%) are presented below:

CELL TYPES
NIH 3T3 3LL 293
pXL2774 50 612 590 566 377 992 500
12 18 59
PX12784 12 693 780 436 704 2300 000
38 12 47
CELL TYPES
Hela H460 ECV304
pXL2774 9 490 000 857 385 18 021
25 16 30
PX12784 1508 480 433 023 32074
23 27 47
[0237] These results reveal the capacity of pXL.2774 to

transfect effectively, in vitro, various cell types of both
murine and human origin. The expression of the luc reporter
gene made it possible to show that its transfection efficacy is
at least as good as that of a “standard” plasmid, derived from
ColEl, which carries the same expression cassette of
luciferase.

[0238] 6.2. In Vivo Transfer in Animals (Mice), of
pXL2774

[0239] a) Model 1: Naked DNA in Mouse Cranial Tibial
Muscle

[0240] Nakedplasmid DNA, dissolved in “5% glucose, 150
mM NaCl” was injected into the cranial tibial muscle of OF 1
mice. The muscles were removed 7 days after injection,
chopped up, homogenized in 750 pl of lysis buffer (Promega
Cell Lysis Buffer E153A) and then centrifuged at 20,000xg
for 10 minutes.

[0241] Assay ofthe luciferase activity was carried outon 10
ul of supernatant after addition of 50 pl of reagent (Promega
Luciferase Assay Substrate). The reading was carried out on
a Lumat [.LB9501 luminometer (Berthold) with a 10-second
duration of integration.

[0242] The results are presented in the table below.
Plasmid

pXL2784  pXL2774 pXL2784 pXL2774
Number of 8 8 10 10
muscles:
Volume injected 30 30 33 33
(il):
pg of 19 13.5 10 6.25
DNA/muscle

RLU (for 10 pul)

Average 80 922 471 733 35329 30569
Standard deviation 104 573 402 602 37041 35774

[0243] These results show that a conditional replication
plasmid such as pX1.2774 was indeed capable of transfecting
mouse muscle cells in vivo and of doing so with comparable,
or even superior, efficacy to that of a “standard” plasmid
derived from ColE1, which carries the same expression cas-
sette of the luciferase gene.

17

Jun. 11, 2009

[0244]
[0245]

b) Model 2: 3T3 HER2 tumour model
The model is as follows:

[0246] Swiss/nude adult female type mice

[0247] Experimental tumours induced after injection of
107 3T3 HER2 cells subcutaneously into the flank.

[0248] Thetransfection mixture was injected 7 days after
injection of the cells.

[0249] Solutions injected: The DNA was first dissolved
in the buffer. After addition of all the products, the mix-
ture contained, besides the DNA, NaCl (150 mM) and
5% D-glucose in water or 5 mM HEPES buffer.

[0250] Two days after the injection, the tumour tissue
was removed, weighed and then chopped up and homog-
enized in 750 pl of lysis buffer (Promega Cell Lysis
Buffer E153 A). After centrifugation (20,000xg for 10
minutes), 10 pl of supernatant was removed and
luciferase activity was evaluated. This activity was
determined by measuring the total light emission
obtained after mixing with 50 pl of reagent (Promega
Luciferase Assay Substrate) in a Lumat LB 9501 lumi-
nometer (Berthold) with a 10-second duration of inte-
gration.

[0251] The resulting activity was expressed in RLU (Rela-
tive Light Units) estimated in the entire tumour lysis super-
natant.

Results
Plasmid

Buffer [DNA] RLU/tumour results
H20 or final in standard
HEPES reference  pg/tumour  inj.sol. average  deviation +/mn
HEPES pXL2784 10 0.5 pg/ul 744 150 682 434 6/6

pXL2774 10 0.5 pug/ul 1016380 1322500 5/6
H20 pXL2784 24 0.6 pg/ul 2906073 1745857 8/8

pXL2774 16.8 04 pg/ul 4292043 4995187 6/6
H20 pXL2784 7.5 0.3 pg/ul 702 554 552207 6/7

pXL2774 5 0.2ug/pl 3413430 4000875 6/6
[0252] These results show that a conditional replication

plasmid, such as pX1.2774, was indeed capable of transfect-
ing mouse tumour cells in vivo and of doing so with an
efficacy at least comparable to that of a “standard” plasmid,
derived from ColE1, which carries the same expression cas-
sette of the luciferase gene.

[0253] These various experiments demonstrate that the
conditional replication plasmids, and more particularly
pXL.2774, did indeed have animal cell transfection character-
istics that are essential for use in gene therapy. More pre-
cisely, the following were shown:

[0254] 1) the capacity of pXL[.2774 to transfect effi-
ciently, in vitro, various cell types of human or murine
origin;

[0255] 2) the capacity of pX[.2774 to transfect, in vivo,
mouse muscle;

[0256] 3) the capacity of pX[.2774 to transfect, in vivo,
tumour cells implanted into mice.

[0257] The electrotransformation, fermentation and trans-
fection experiments thus made it possible to validate condi-
tional replication plasmids as vectors which can be used in
gene therapy by showing:
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[0258] 1) that they did not replicate detectably in an E. coli
strain that does not express the pir gene (conditional origin of
replication)

[0259] 1ii) that they could be produced on a scale compatible
with industrial production, in a defined medium that does not
contain antibiotics;

[0260] 1iii) that these plasmids could transfect, in vitro and
especially in vivo, mammalian cells.

EXAMPLE 7
In Vitro Production of Recombinant Proteins

[0261] 7.1 Construction of the Expression Vector

[0262] To show the feasibility of such an approach, we
constructed an expression vector according to the criteria
described above (Examples 2 and 3). This vector, pXL3056,
contains:

[0263] 1)the bacterial part which comprises the conditional
origin of replication (ori gamma), the cer fragment of ColE1,
and the gene which ensures selection in bacteria (sup)
[0264] 2) the expression cassette, based on the system
described by Studier (Studier et al., 1990), comprising the
promoter of gene 10 of bacteriophage T7, the lacO operator,
the gene coding for aFGF 154 (acidic Fibroblast Growth
factor, form containing 154 amino acids) (Jaye et al., 1986),
and the TF terminator of bacteriophage T7. This expression
cassette is identical to the one present on the pX1.2434 plas-
mid, which is described in application WO 96/08572.
[0265] The construction of pXI.3056 is presented in FI1G. 8.
The EcoRI-Bglll fragment of pX1.2434 (1.1 kb) containing
the aFGF expression cassette was cloned in the pX1.2979
conditional replication vector (1.1 kb purified fragment) at
the BglII and EcoRI sites to generate pXL.3056.

[0266] pX1.2979 results from the ligation of 3 fragments: 1)
Accl-Xbal fragment of pX1.2730 (0.8 kb, which provides ori
gamma and cer), ii) Narl-Sall fragment of pX1.2755 (0.18 kb,
which provides the sup Phe gene), iii) Sall-Spel fragment of
pXL2660 (1.5 kb, which provides the kanamycin resistance
gene).

[0267] pXL.2660 results from the cloning of the 1.2 kb Pstl
fragment of pUC4K (Vieira and Messing, 1982) in pMTL22
(Chambers et al., 1988) linearized with Pstl.

[0268] 7.2 Production of the Expression Strain

[0269] Plasmid pXI.3056 was introduced by transforma-
tion into the XAC-1pirl116 strain. The resulting strain was
then transformed by the plasmid PT7pol23 (Mertens et al.,
1995), at 30° C. In order to express the gene of interest under
control of the T7 promoter, the bacterium must contain in its
genome, on a plasmid, or a bacteriophage, a cassette allowing
expression of the RNA polymerase of bacteriophage T7. In
the example described, we used the plasmid pT7pol23, which
is compatible with R6K derivatives such as pX[.3056, and
which allows the temperature-inducible expression of bacte-
riophage T7 RNA polymerase. However, it can also be envis-
aged to lysogenize the XAC-1pirl16 strain with lambda DE3
(Studier et al., 1990) to conserve only one plasmid and to
induce the production of T7 RNA polymerase by IPTG rather
than by temperature.

[0270] 7.3 Expression of aFGF

[0271] The XAC-lpirll6 strain (pXL3056+PT7pol23)
was cultured at 30° C. in M9 minimum medium supple-
mented with 0.2% of casamino acids (DIFCO) and kanamy-
cin (25 pg/ml), up to an optical density at 600 nm of 0.6-1.0.
Half of the culture was then placed at 42° C. (induction of the
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T7 RNA polymerase), while the other half remained at 30° C.
(negative control). The same experiment was carried out with
the XAC-1pirl116 (pXL.3056+pUC4K) strain which consti-
tutes a control for the expression of aFGF in the absence of T7
RNA polymerase.

[0272] The results obtained are presented in FIG. 9. They
show that the production of aFGF was comparable or superior
to that observed with BL21(DE3)(pXL2434) (WO
96/08572), which clearly shows the potential of conditional
replication plasmids for the expression of recombinant pro-
teins in vitro, especially in E. coli.

EXAMPLE 8

Construction of'a pCOR Vector which Expresses a
Wild-Type or Hybrid p53 Protein or the FGF1
Human Protein

[0273] This example describes the construction of condi-
tional replication vectors according to the invention contain-
ing a nucleic acid coding for a p53 protein. These vectors can
be used to restore a pS3-type activity in deficient (mutated,
deleted) cells such as, in particular, tumour cells.

[0274] The eukaryotic expression cassette contains the fol-
lowing elements:

[0275] 1) CMV “immediate early” promoter (positions
-522 to +72) followed by the leader sequence of the thymi-
dine kinase gene of type [ herpes simplex virus (position —60
to +1 of'the gene, with reference to the sequence in the article
by McKnight, S.¥L. (1980) Nucleic Acids Res. 8:5949-
5964);

[0276] 2a) a nucleic acid which codes for wild-type p53
protein or for a p53 variant, as described in application PCT/
FR 96/01111 (V325K variant=V325 with a Kozak sequence
with ATG);

[0277] 2b)a nucleic acid which codes for the human FGFa
or FGF-1 as described in Jaye M. (Sciences 1986; 233(4763):
451, U.S. Pat. No. 4,686,113, and European Patent No: 259
475,

[0278] c¢) a nucleic acid which codes for a fusion gene
between human fibroblast interferon secretion signal (Tan-
iguchi et al.) and the naturally occurring truncated form of
human FGF-1 from amino acid 21 to 154 as described by Jaye
etal., and U.S. Pat. No. 5,849,538.

[0279] 3) the polyA polyadenylation sequence of SV40.
[0280] These elements were placed in the form of a frag-
ment Ascl-Xbal on the pCOR vector pX[.2988 between the
sites BssHII and Spel. pX1.2988 is identical to pX1.2979
(Example 7.1.) apart from the presence of an additional ele-
ment, a sequence capable of forming a DNA triple helix
composed of 17 copies of the trinucleotide GAA, placed
alongside the gamma origin of replication.

[0281] The resulting plasmids were named pXL.3029,
pXL3030, pXL.3179 or NV1FGF (FIG. 10).

The nucleic acid sequence of pXL3179 is set forth
in SEQ ID NO: 40:

CGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACC
CCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATA
GGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCA

CTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACG
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-continued
TCAATGACGGTARATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA

TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTAC
CATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTG
ACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTG
TTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGC
CCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAA
GCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGC
TGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGTCTAGA
GCCTTCGAAGCTTGCCATGACCAACAAGTGTCTCCTCCAAATTGCTCTCC
TGTTGTGCTTCTCCACTACAGCTCTTTCCATGAATTACAAGAAGCCCAAA
CTCCTCTACTGTAGCAACGGGGGCCACTTCCTGAGGATCCTTCCGGATGG
CACAGTGGATGGGACAAGGGACAGGAGCGACCAGCACATTCAGCTGCAGC
TCAGTGCGGAAAGCGTGGGGGAGGTGTATATAAAGAGTACCGAGACTGGC
CAGTACTTGGCCATGGACACCGACGGGCTTTTATACGGCTCACAGACACC
AAATGAGGAATGTTTGTTCCTGGAAAGGCTGGAGGAGAACCATTACAACA
CCTATATATCCAAGAAGCATGCAGAGAAGAATTGGTTTGTTGGCCTCAAG
AAGAATGGGAGCTGCAAACGCGGTCCTCGGACTCACTATGGCCAGAAAGC
AATCTTGTTTCTCCCCCTGCCAGTCTCTTCTGATTAACTCGAGCATGCAT
CTAGGCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTA
GAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCT
TTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTG
CATTCATTTTATGTTTCAGGT TCAGGGGGAGGTGTGGGAGGTTTTTTAAA
GCAAGTAAAACCTCTACAAATGTGGTAGCCCGGGCGCGCAGATCTGTCAT
GATGATCATTGCAATTGGATCCATATATAGGGCCCGGGTTATAATTACCT
CAGGTCGACGCGTCTGCAGAAGCTTAAAAAAAATCCTTAGCTTTCGCTAA
GGATCTGCAGTGCCCGGACTCGGAATCGAACCAAGGACACGGGGATTTAG
AATCCCCTGCTCTACCGACTGAGCTATCCGGGCGCGTTACAAGTATTACA
CAAAGTTTTTTATGTTGAGAATATTTTTTTGATGGGGCGACCTGCAGGTC
GGGGCACAACTCAATTTGCGGGTACTGATTACCGCAGCAAAGACCTTACC
CCGAAAAAATCCAGGCTGCTGGCTGACACGATTTCTGCGGTTTATCTCGA
TGGCTACGAGGGCAGACAGTAAGTGGATTTACCATAATCCCTTAATTGTA
CGCACCGCTAAAACGCGTTCAGCGCGATCACGGCAGCAGACAGGTAAAAL
TGGCAACAAACCACCCGAAAAACTGCCGCGATCGCGCCTGATARATTTTA
ACCGTATGAATACCTATGCAACCAGAGGGTACAGGCCACATTACCCCCAC
TTAATCCACTGAAGCTGCCATTTTTCATGGTTTCACCATCCCAGCGAAGG
GCCATCCAGCGTGCGTTCCTGTATTTCCGACGGATCCGGCCACGATGCGT
CCGGCGTAGAGGATCTGAAGATCAGCAGTTCAACCTGTTGATAGTACGTA
CTAAGCTCTCATGTTTCACGTACTAAGCTCTCATGTTTAACGTACTAAGC

TCTCATGTTTAACGAACTAAACCCTCATGGCTAACGTACTAAGCTCTCAT
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-continued
GGCTAACGTACTAAGCTCTCATGTTTCACGTACTAAGCTCTCATGTTTGA
ACAATAAAATTAATATAAATCAGCAACTTAAATAGCCTCTAAGGTTTTAA
GTTTTATAAGAAAAAAAAGAATATATAAGGCTTTTAAAGCT TTTAAGGTT
TAACGGTTGTGCACAACAAGC CAGGGATGTAACGCACTGAGAAGCCCTTA
GAGCCTCTCAAAGCAATTTTGAGTGACACAGGAACACTTAACGGCTGACA

TGGGAATTCTAGTAAATGCC

[0282] Plasmid pXL[.3179, which is also referred to as
NV1FGF, was deposited in host strain TEX1 under the terms
of'the Budapest Treaty with the Collection Nationale de Cul-
tures de Microorganismes (CNCM), Institut Pasteur, 25, rue
du Docteur Roux, F-75724, Paris Cedex 15 France, on Feb. 2,
2006, under accession number CNCM 1-3569.

[0283] The functionality of these constructions was veri-
fied in vitro on p53-SAOS2 cells in culture by measuring the
transcriptional-activator activity of p53 or p53superWT, or by
measuring the secretion of FGF 1 for example by ELISA
experiments which is well known in the art.

EXAMPLE 9
Construction of TEX 1 (XAC1 pirl16, endA~, traD™)

[0284] The E. coli XAC-1pirl16 contains an F' episome, a
circular DNA molecule of approximately 100 kb, that carries
proB+lacl,;lacZ,,, | 4..,- Many male . coli laboratory strains
carry a traD36 mutation on their episome, but no mutation
affecting F' transfer ability has been described for XAC-1.
The gene traD is at the 5' end of one of the tra (transfer)
operons and encodes a membrane protein directly involved in
DNA transfer and DNA metabolism (Frost et al., BBRC,
1994, 58:162-210). A 2 kb central fragment from traD, com-
prising 92% of the gene, was replaced with the 2 kb omega
element (Genbank accession number M60473) from
pHP45Q (Prentki and Krisch, 1984, Gene, 29:303-313) by
homologous recombination in XAC-1pirl16 endA~. The
omega element contains the aadA antibiotic resistance gene
flanked by short inverted repeats. The gene aadA encodes
aminoglycoside-3 adenyltransterase and confers resistance to
streptomycin and spectinomycin (“Sp*”). The omega frag-
ment was used because it prematurely terminates RNA and
protein synthesis leading to the inactivation of the whole traD
operon. This new pCOR strain XAC-1pir116 end-traD::SpR
was designated TEX1. Transfer of any resident plasmids,
either pCOR or pUC, was undetectable when the donor was
TEXI.

[0285] The new pCOR host strain TEX1 was assessed in
fermentation experiments. Complex media containing yeast
extract were used for fed-batch fermentation with XAC-
1pirl16. pCOR stability (more than 50 generations) makes it
possible to use a non-selective media. Under these conditions,
XAC-1pirl 16 produced more than 40 g/1 dry cell weight and
100 mg/1 of pCOR pX[.2774 were obtained from 2-liter fer-
menters. pCOR copy number was estimated at 400-500 cop-
ies per cell and the rate of plasmid DNA synthesis was con-
stant throughout fermentation. These results were
extrapolated to an 800-liter fermenter suitable for manufac-
turing. The fermentation was also performed in the absence of
yeast extract or any raw material from animal origin. Similar
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results (30 g/l dry cell weight and 100 mg/1 of plasmid DNA)
were obtained using a defined medium in 2-liter cultures with
no loss of productivity.

EXAMPLE 10

Construction of XAC-1pirl16pir42 Host Strains by
Homologous Recombination

[0286] 1) Construction of a Suicide Vector Carrying the
Cassette “KmR-uidA:pirl 16:pird42”

[0287] The Km®-uidA::pir116 cassette from M13wm33 as
described in Example 1 (Metcalf W. et al. Gene, 1994, 138
(1-2): p. 1-7), was modified by site-directed mutagenesis
using PCR (QuickChange site-directed mutagenesis kit,
Stratagene, La Jolla, Calif.) to introduce the pir42 mutation
into the pir1 16 gene. The different cloning/mutagenesis steps
are described in FIG. 13

[0288] The oligonucleotides used for mutagenesis con-
tained the pir42 mutation along with a silent mutation that
created a Clal site to easily indicate the processing of pird2 by
restriction analysis when needed.

[0289] The sense and antisense oligonucleotides used are
as follows:

Sense oligonucleotide number 11076
(SEQ ID NO: 7)
5'-G TAT ATG GCG CTT GCT CTC ATC GAT AGC AAA GAA
pir42 Clal

cc-3!

Antisense oligonucleotide number 11077
(SEQ ID NO: 8)
5'-GG TTC TTT GCT ATC GAT GAG AGC AAG CGC CAT ATA
Clal pir42

c-3!

[0290] Thetechnique used to replace pirl16 by pirl16pird2
in the genome of £. coli pCOR host TEX1 was based on that
of Blum et al. (J. Bacteriol. 1989, 171, pp 538-46). The
recombinant bacteriophage pX[.3723 shown in FIG. 13 is a
suicide vector in all non-suppressor E. coli strains, because it
has a non-sense mutation in gene II encoding M13 nickase
that prevents viral genome replication.

[0291] Double recombination was performed as described
for the construction of XAC-1pirl116 (Example 1, point 2).
Clones that had undergone double homologous recombina-
tion events were screened by PCR to test for the presence of
the pird2 mutation in the genome of TEX1. Genomic DNA
isolated from double recombination candidates was used as a
template for PCR. Secondly, sequencing was done on each
unique amplified fragment, all of which were of the expected
size. The PCR fragments are shown in FIG. 14.

[0292] The PCR primers were the following:

Primer 11088 (SEQ ID NO: 9):
5' -GAGATCGCTGATGGTATCGG-3!

Primer 11089 (SEQ ID NO: 10):
5'-TCTACACCACGCCGAACACC-3!

[0293] This analysis showed that one out of the six double
recombinants tested had undergone the allele exchange. This
new strain, named TEX1pir42, was further evaluated for its
ability to replicate pCOR plasmids compared to the parental
strain TEX1.

Jun. 11, 2009

[0294] 2) Evaluation of TEX1pir42

[0295] pCOR plasmids were transformed in parallel into
TEX1 and TEX1pir42 and grown overnight in 2 ml of selec-
tive M9 medium. Then, the plasmid DNA was extracted with
the Wizard SV plus minipreps kit (Promega) to evaluate the
relative plasmid copy number and topology of the pCOR
plasmids in both strains.

[0296] A 2-fold increase in copy number was obtained
reproducibly in TEX 1pir42 transformed with the pCOR plas-
mid pX1.3516 (2.56 kb). To further characterize TEX1pir42,
the copy number and topology of pCOR plasmids such as
pXL3179 and pX[.2774 were evaluated by agarose gel elec-
trophoresis analysis after small scale purification of plasmid
DNA (4 to 6 clones/strain). Copy number was evaluated on
plasmids linearized with EcoRI restriction enzyme. A topol-
ogy test was run on non-digested plasmids, in the absence of
ethidium bromide. The resulting agarose gel is displayed in
FIG. 15, and clearly shows a higher plasmid copy number
when the plasmid pX1.3179 was produced in TEX1pir42,
than when produced in TEX1 strain. FIG. 15 also displays the
topology of'the plasmid pX1.3179, and shows that an increase
in plasmid copy number, which were essentially in the form
of monomers, with few plasmids in the form of multimers.
The results obtained with these pCOR plasmids are also sum-
marized in Table 5. Relative copy number was calculated in
comparison with the same plasmid in TEX1. A 2-3 fold
increase in plasmid copy number was observed with plasmids
pXL3179 and 2774 produced in TEX1pir42.

TABLE 5
Replication and copy number of pCOR plasmids produced in
TEX1pir42
RELATIVE COPY
PLASMIDS SIZE (kb) NUMBER*
pXL3179 24 X3
pXL2774 4.5 x2

*copy number was compared to the same plasmid in TEX1.

EXAMPLE 11

Comparative Experiments: Construction of
TEX1cop21 (XAC-1lendA-traD-pirl16cop21)

[0297] 1) Construction of TEX1cop21

[0298] The TEX1cop21 strain was constructed similarly as
that described in Example 10 for TEX1pir42. The following
oligonucleotides used to introduced cop21 into the pirl16
gene by directed mutagenesis were as follows:

Sense oligonucleotides: 11153
(SEQ ID NO: 11)
5'-CG CAA TTG TTA ACG TCC AGC TTA CGC TTA AGT AGC
cop21l

c-3!
Antisense oligonucleotide: 11154

(SEQ ID NO: 12)
5'-G GCT ACT TAA GCG TAA GCT GGA CGT TAA CAA TTG

CcG-3"

[0299] The cop21 mutation was introduced as a TCC serine
codon instead of the TCA serine codon to eliminate a HindIII
restriction site close to the mutation.
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[0300] The template used for directed mutagenesis was
pXL3395 (see FIG. 13). The resultant plasmid named
pXL3432 was used to construct the suicide M13 vector in a
similar way as to what is shown for pir42 in FIG. 13. The
suicide vector pX[.3749 is shown in FIG. 16.

[0301] The E. coli clones obtained after homologous
recombination with pX[.3749 were screened by PCR and
subsequent restriction with HindIII and sequencing to moni-
tor the cop21 and pirl 16 mutations. One clone out of the six
double recombinants tested had undergone the gene replace-
ment. The resulting strain was named TEX1cop21.

[0302] 2) Evaluation of TEX1cop21

[0303] TEXlcop2l was transformed by various pCOR
plasmids, including pX1.2979, a 2.5 kb Km® pCOR vector
(See Example 7.1), and assayed for increased copy number by
gel electrophoresis. Such an experiment with pX[.2979 is
shown in FIG. 17. Plasmid DNA from four independent
clones for each strain prepared with Promega miniprep kit
was linearized with EcoRI, electrophoresed on agarose gel
and then stained with ethidium bromide. Each sample repre-
sented a similar amount of bacteria, as measured by optical
density at 600 nm. The agarose gel electrophoresis obtained
for the pCOR plasmid pX[.2979 produced in E. coli
TEX1cop21, XAClpir, and TEX1 is displayed in FIG. 17. It
clearly shows there was no increase in plasmid copy number
when the plasmids are produced in the TEX1cop21 strain, as
compared with TEX 1.

EXAMPLE 12

Construction of TEX2pird2 (XAC-1pirl16 pird2
recA)

[0304] Firstly, a recA-derivative of TEX1 was constructed.
The pird2 mutation was then introduced into the resulting
strain named TEX2 to generate TEX2pir42.

[0305] 1) Construction of . coli TEX2, a recA-Derivative
of TEX1
[0306] A deleted recA gene containing 3 translation stop

codons (one in each frame) at its 5' end was obtained by PCR.
This deleted recA gene was introduced by gene replacement
(Blum et al., J. Bacteriol., 1989, 171, pp. 538-46) into the
TEX1 genome. The construction of the suicide vector for
homologous recombination is shown in FIG. 18.

[0307] PCR primers used for the amplification of recA
fragments are shown in the following Table 6:

TABLE 6

primers DNA sequences

seq 5' CCCTCTAGATCGATAGCCATTTTTACTCCTG 3
10930
SEQ ID
NO: 13

seq 5' CGGGATCCTGATTATGCCGTGTCTATTAG 3
10931
SEQ ID
NO: 14

seq 5' CCCAAGCTTCTTCGTTAGTTTCTGCTACGCCTTCGC 3'
10932

SEQ ID

NO: 15

seq 5 ' GGTCTAGAACGTGAAAGTGGTGAAGAACAAAATCG 3
10933

SEQ ID

NO: 16
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[0308] Restriction sites added to the recA sequence are
underlined.
[0309] To maintain the RecA+ phenotype necessary for

homologous recombination to occur, the recA function was
provided to E. coli TEX1 with a plasmid containing a heter-
ologous recA gene that can complement E. coli recA mutants,
such as for example the recA gene of the bacterium Agrobac-
terium radiobacter, and an antibiotic gene resistance, such as
the ampicillin resistance gene. After gene replacement, the
plasmid was eliminated from the recombinant strain by cul-
ture-dilution in non-selective medium (LB). The absence of
the plasmid was screened for the loss of antibiotic resistance.

[0310] The resulting strain was named TEX2. Gene
replacement was monitored by PCR in FIG. 19. PCR Primers
are described in the following Table 7.

TABLE 7

Primers 11355-11354 Primers 11355-11354

Wild type recA
Deleted recA

1117 bp
404 bp

1089 bp
376 bp

[0311] The first primer was based on the sequence of the
recA gene. The second one was based on a sequence close to
but outside the homology region present in the suicide vector
pXL3457 (immediately 5' or 3' of recA) to ensure that ampli-
fication can only occur on a genomic fragment. The sequence
of both oligonucleotides was chosen according to the
sequence of E. coli, which comprises the recA locus (Gen-
bank ECAE000354).

[0312] The PCR fragments obtained from a recA-deleted
strain were shorter as compared to those obtained with a
wild-type strain, as presented in the following Table 8.

TABLE 8

PCR primerg for amplication of rechA

primers 5'->3"' gequence

seq 11352-SEQ ID NO: 17 GCGACCCTTGTGTATCAAAC
seq 11353-SEQ ID NO: 18 GGTATTACCCGGCATGACAG
seq 11355-SEQ ID NO: 19 GTGGTGGAAATGGCGATAGG
seq 11354-SEQ ID NO: 20 GCGATTTTGTTCTTCACCAC

[0313] The PCR profile obtained was as expected and dem-
onstrated the presence of a truncated rec A gene in the genome
of TEX2. The recA-phenotype (sensitivity to UV light), as
well as phenotypic characteristics of TEX2, were checked.
Phenotypic characteristics of TEX2 were the same as those of
TEXI1 strain, i.e., ara-, Rif, Nal®, Sp%, UidA-, Arg-, Km®
Amp®), as expected.

[0314] B) Construction of £. coli TEX2pird2

[0315] A TEX2pir42 strain was constructed by double
homologous recombination, according to the strategy
described in Example 10, with the exception that recombina-
tion in TEX2 was carried out in presence of a plasmid carry-
ing a heterologous recA gene capable of complementing the
E. coli recA mutants, in order to maintain a reca+ phenotype
required for homologous recombination.
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[0316] Gene replacement was monitored by restriction
analysis of the PCR product digested with Clal (see FIG. 14).
Gene replacement had occurred in two out of the four-studied
double recombinant clones.

[0317] C) Evaluation of £. coli TEX2pird2
[0318] 1) Evaluation at Lab Scale Plasmid Production:
[0319] TEX2pird2 was transformed by the pCOR plasmid

pXL3179 (2.4 kb). Production of pX[.3179 in TEX2pir42
was intensively studied at the lab scale, in terms of reproduc-
ibility of the improvement of plasmid copy number, condi-
tions of culture, as well as stability (number of generations).
All the studies consistently showed a 2 to 5-fold increase of
plasmid copy number as compared to production of pX1.3179
in TEX1 under the same conditions. Plasmid copy number
was assessed further to the production of pXL3179 in
TEX2pir42, and TEX1pird2 and TEX1 as comparative
experiments. In this experiment, plasmids were extracted
from identical bacterial biomass, based on the OD at 600 nm,
and analyzed by agarose gel electrophoresis. The gel was
stained with ethidium bromide after electrophoresis. The aga-
rose gel electrophoresis, which is displayed in FIG. 20,
clearly shows that plasmids are produced in TEX2pir42 at
high copy number, and advantageously shows that plasmid
multimers are reduced when produced in TEX2pir42 instead
of TEX1pird2.

[0320] 2) Evaluation in Fermenters:

[0321] These results were confirmed at a larger scale in
7-liter fermenters, as described below.

[0322] a) Composition of Fermentation Media

[0323] The composition of the medium used for inoculum
cultures was: Na,HPO, 6 g/l, KH,PO, 3 g/l, NaCl 0.5 g/1,
NH,C11 g/1, NH,H,PO, 3 g/1, glucose 5 g/l, MgSO,,7H,0
0.24 g/1, CaCl,, 2H,0 0.015 pl, thiamine HC1 0.010 g/1.
[0324] The composition of the medium used for fed-batch
culture was as follows: KH,PO, 8 g/, K,HPO, 6.3 g/l,
Na,HPO, 1.7 g/1, NH,CI 2.5 g/l, glucose 10 g/l, MgSO,,
7H,0 2.6 g/1, thiamine 0.011 g/1, Biospumex36 antifoam 0.1
ml/], salt mix (see table 9) 2.5 ml/l.

TABLE 9

Composition of salt mix

Salt mix Solution Final concentration

(g/100 ml) in fed-batch medium
FeSO,,7H,0 1.6 40
CaCl,,2H,0 1.6 40
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TABLE 9-continued
Composition of salt mix
Salt mix Solution Final concentration
(g/100 ml) in fed-batch medium
MnSO,,H,0 0.4 10
CoCL,6H,0 0.16 4
ZnS0,,71,0 0.08
MoO,Na,,2H,0 0.072 1.8
CuCL, 21,0 0.04 1
H,BO, 0.02 0.5
AlCL,6H,0 0.04 1
[0325] The composition of the supply medium was as fol-

lows: 50% glucose, 0.7%, magnesium 0.02% thiamine-HCl,
1% Biospumex36 antifoam.

[0326] b) Fermentation Parameters

[0327] A 7-liter fermenter containing 3 liters of the fed-
batch medium was inoculated with 1.2% of the inoculum
culture. Inoculum was prepared as follows: 250 ml of the
inoculum medium in a 2-liter flask was inoculated with 0.25
ml of a frozen cell suspension of the . coli strain TEX2pir42
(pXL3179).

[0328] Flasks were incubated for 24 hours at 37° C. at 220
rpm. After 24 hours, different parameters were measured:
residual glucose: 0 g/1, OD,,,, Was 2.7 and pH 6.24.
[0329] During fermentation, the pH was controlled and
adjusted automatically between 6.9 and 7 with NH;. The
temperature was maintained at 37° C. and the dissolved oxy-
gen adjusted to a 45% pO2 by retroaction on the stirring rate.
[0330] Afterinitial batch culturing of the bacterial strain for
about 17 hours and consumption of the carbon source (glu-
cose), the supply medium was added. Glucose and acids, such
lactate and acetate, were maintained at a concentration close
to 0.

[0331] c) Results

[0332] Final results are presented in Table 10, as compared
to production in a 100-liter fermenter with E. coli TEX1
(pXL3179) in optimized conditions.

[0333] As for XAC-1pirl16, there was no difference
between 7-liter and 800-liter fermenters in terms of plasmid
copy number of pXI1.3179 produced in TEX1.

[0334] Plasmids pX[.3179 produced in a 7-liter fermenter
using a . coli TEX2pir42 was compared to the production of
pXL3179 in a 100-liter fermenter with E. coli TEX 1, in
optimized conditions. It was demonstrated that as for XAC-
1pirl16 (See Example 5.3), there is a stable plasmid produc-
tion rate in a 7-liter, 100-liter, or 800-liter fermenter in TEX1.

TABLE 10

Characteristics of the fermentation of TEX1 and
TEX2pird2 strains containing pXI.3179.

Estimated
Duration Concentration copy
of Final Cell of number
fermentation OD Dry DNA (copy/
Reference (h) (600 nm)  weight (mg/l) bacterium)
TEX1 OpGen 43.00 104 33.1 96 616-627
(pXL3179) 090
TEX2pir42  Opl32 48.47 72 27.1 205 1896-1904
(pXL3179) 885
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[0335] There were 3-fold more copies of plasmid pX1.3179
per bacterium in TEX2pir42 as compared to TEX1.

[0336] Plasmids corresponding to different fermentation
time points were extracted from identical bacterial biomass,
based on the OD at 600 nm, and analyzed by agarose gel
electrophoresis. FIG. 21 clearly shows an increase of the
plasmid copy number with the duration of the fermentation.
Also, FIG. 21 shows the topology of the pX[.3179 plasmid
produced in Op1328S5 TEX2pird2, which was nearly exclu-
sively in a monomeric form.

[0337] In conclusion, the E. coli host strain TEX2pir42
according to the present invention provided an unexpectedly
high plasmid copy number improvement of pCOR plasmids,
such as pX[.3179, of 2 to 5-fold in TEX2pir42 as compared to
TEX1, at a lab scale and in fermenters. Furthermore, while
the plasmid copy number was greatly improved, plasmids so
produced exhibited a monomeric topology, not only at lab-
scale but also at a larger scale (7-liter fermenter) compatible
with industrial production.

EXAMPLE 13

New Copy-Up Mutants of pirl 16 Identified by a
Novel Fluorescence-Based Screening Method

[0338] To increase pCOR plasmid copy number in bacterial
host cells, we have mutagenized the pirl16 gene, which
encodes a copy-up mutated version of the pir gene. To date all
of the mutations increasing the copy number of R6K-derived
plasmids, such as embodiments of pCOR, have been found
within the pir gene.

[0339] After random mutagenesis by PCR, mutated pirl 16
genes were introduced into a pCOR vector containing the
cobA reporter gene, which is described below. After fluores-
cence based screening, the copy number and topology of the
selected mutant plasmid were evaluated. We obtained three
different mutants of pirl 16 gene that increase plasmid copy
number. These novel mutations have not been described pre-
viously.

[0340] A classical screening method for copy-up mutants is
based on antibiotic resistance. In this method, the level of
resistance of a host bacterium to an antibiotic is a function of
the copy number of an antibiotic resistance gene located on a
plasmid within the cell. As the copy number of the plasmid,
and therefore the antibiotic resistance gene, increases, the
level of antibiotic resistance also increases. This method,
however, was not applicable for R6K-derived plasmids in
host cells containing the pirl16 mutation due to a too high
baseline copy number of the plasmid (about 400 copies/cell)
in these cells. Accordingly a new screening method based on
fluorescence to identify copy-up mutations of the pirl 16 gene
was developed.

[0341] For this new method, the cobA gene was introduced
into a pCOR vector to provide a simple means of monitoring
improvement in plasmid copy number. The cobA gene was
obtained from Pseudomonas denitrificans (Crouzet et al., J.
Bacteriol, 172:5968-79 (1990)). It encodes urolll methyl-
transferase, an enzyme of the vitamin B12 pathway that adds
two methyl groups to the urogen III molecule. When overex-
pressed in E. coli, cobA leads to the accumulation of red
products that are fluorescent under near UV light. When
exposed to UV, bacterial colonies overexpressing this gene
appear pink to red. We tested this gene to determine if it could
serve as a reporter gene for plasmid copy number in the pCOR
system.
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[0342] To evaluate the relationship between plasmid copy
number and level of fluorescence of transformed bacteria
exposed to UV light a control plasmid (pX[.3767) was con-
structed comprising cobA deleted of its own promoter (FIG.
22). This plasmid was transformed into three different host
strains (XAClpir, XAClpirl16 and TEX1pird2). These
strains were selected based on previous experiments showing
that the average copy number of a pCOR plasmid in XAC1pir
is 1, itis approximately five to ten fold higherin TEX1, and 15
to 30 fold higher in TEX1pir42.

[0343] Recombinant colonies were streaked on M9 mini-
mal medium and exposed to UV light on a transilluminator as
shown in FIG. 22. We observed that the fluorescence intensity
of the colonies was positively correlated with the plasmid
copy number, with XAClpirl16 exhibiting more fluores-
cence than X ACpir, and TEX1pir42 exhibiting more fluores-
cence than XAClpirl16.

[0344] The results shown in FIG. 22 demonstrate that this
fluorescence-based assay method easily discriminates
between the tested plasmid copy numbers, especially
between the plasmid copy number found in strains TEX1 and
TEX1pir42. That is, the intensity of red fluorescence
observed in this assay increases with the plasmid pCOR-
cobA copy-number.

[0345] Having demonstrated a positive correlation between
fluorescence and cobA copy number, we constructed a plas-
mid into which mutagenized pirl 16 genes were introduced
for screening. Four plasmids with different combinations of
constitutive modules, as shown in FIG. 23, were constructed
and tested. One of these plasmids demonstrated a signifi-
cantly different level of fluorescence when transformed into
pirl16 and pirl16pird2 isogenic strains. This plasmid,
pXL3830, is shown in pertinent part in FIG. 24.

[0346] Control plasmids were used during the screening
and evaluation experiments. First, a baseline level control
plasmid, pX[.3830, containing “wild type” pirl 16 was used
to set a baseline fluorescence level. Second, pX1.3795, that
contains the double mutation pirl 16-pird2 which increases
the copy number of the plasmid by 4 to 6 as compared to
pXL3830, was used as a positive control.

[0347] Random mutagenesis was performed on pirll6
gene using the Diversify PCR random mutagenesis kit (BD
Biosciences Clontech, Palo Alto, Calif., USA). Condition 1,
which introduced an average of 2 mutations per 1000 base
pairs, was used. A preliminary experiment run using “condi-
tion 1” has shown by sequencing of 12 mutants that the
mutation rate was actually about 2 mutations in the pirl 16
gene. The pirl16 gene was amplified as an EcoRI-Sstl frag-
ment with oligonucleotides C8832 (5-CTTAACGGCTGA-
CATGGGAATTC-3") (SEQ ID NO: 23) and C8833 (5'-
CGATGGGCGAGCTCCACCG-3") (SEQID NO: 24). After
digestion with EcoRI and Sstl, the mutagenized fragment
containing pirl 16 was cloned into pXI1.3830 in place of the
“wild-type” pir116 gene.

[0348] Plasmids carrying mutagenized pirl 16 (“pirl 16*”)
were transformed into . coli strain XAC-1, the parent of
pCOR host XACl1pirl16. Transformants were screened for
increased fluorescence under UV light and compared to
XAC1 (pXL3830) and XAC1 (pXL.3795) controls. A dupli-
cate plate was not exposed to UV to minimize secondary
mutations. A representative screening plate under UV light is
shown in FIG. 25.

[0349] The following flow chart summarizes the results of
the screening experiment.
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Random mutagenesis on pir (pi protein)
on a pCOR plasmid containing the reporter gene cobA

2200 clones were tested

24 candidates

16 confirmed and evaluated for plasmid copy number/topology/sequencing
of pir* (gel)

Best three were chosed for further study

[0350] The evaluation of the three selected mutants is sum-
marized in FIG. 26. Each mutant showed an increase in copy
number as compared to the pirl16 plasmid. In the case of
mutants 114C and 100B, the plasmid was essentially in
monomeric form. This could be an advantage as compared to
a pirl 16pir42 plasmid, which has an increased copy number
and a high multimer content, like mutant 201C.

[0351] The pirl16* gene of each mutant was sequenced.
Each clone contains a single non-isocodant mutation in
pir116 ORF. All three of the mutations affect the C terminus
of'the pi protein, which is involved in DNA binding. None of
these mutations have been described before.

[0352] Once detected by screening in a plasmid system,
these mutations were evaluated in a production system, that
is, where the pirl 16* gene is introduced into the genome of an
E. coli pCOR host strain. The strategy for this evaluation is
summarized in FIG. 27.

[0353] For this evaluation, plasmid pX1.3179 plasmid was
transformed into each of the three E. coli strains bearing the
mutations identified in FIG. 26, and assessed for plasmid
copy number and topology. The results of these experiments
are presented in FIG. 28. It was observed that plasmid copy
number was significantly increased relative to XAClpirl16
only for 201C mutant.

EXAMPLE 14

Minicircle with M13 Gene III as a Tool for Integra-
tion by Homologous Recombination in E. coli

[0354] 1. Suicide Vectors

[0355] Gene replacement by double homologous recombi-
nation in E. coli requires the use of a suicide vector. These
vectors are constructed and produced in a host capable of
replicating them and used subsequently for recombination
into the chromosome of a host unable to replicate them.
[0356] Bacteriophage M13 is a very useful genetic tool that
can be used in rep mutants (Metcalf, W., W. Jiang, et al., Gene
138:1-7 (1994)) or in non-suppressor strains of E. coli when
M13 mp 8 through 11 are used (Blum, P. et al., J. Bacteriol.,
171:538-46 (1989)). Certain limitations in terms of construc-
tion, insert size, and instability are frequently encountered.
Plasmids carrying the R6K gamma DNA replication origin
are well known suicide vectors (Miller, V. and J. Mekalanos,
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J. Bacteriol., 170:2575-83 (1988)), but they are not useful for
modifying E. coli strains that express the pi protein, which
permits such plasmids to replicate.

[0357] A universal suicide vector was engineered with a
novel counter selectable marker and used to construct . coli
strains wherein mutants of the pirl16 gene (pirl16*) are
inserted into a bacterial genome by homologous recombina-
tion. The strategy presented here is demonstrated for mutant
114C, but has also been used to produce strains bearing other
pirl16* mutants.

[0358] 2. Counter-Selectable Marker

[0359] Different markers can be used to select for bacteria
having undergone a second recombination event. This event
leads to the loss of this marker and in some cases to gene
replacement after recombination between the chromosome
and a suicide vector. For instance, the SacB gene from Bacil-
lus is lethal when bacteria expressing the gene are plated on a
medium containing sucrose (Ried, J. L. and A. Collmer, Genre
57:239-46 (1987)). As another example, the tetracycline
resistance gene confers sensitivity to fusaric acid (Bochner,
B. R, et al.,, J. Bacteriol. (1980)). The infection by the bac-
teriophage M13 confers the sensitivity to the detergent
deoxycholate (Blum, P., et al., J. Bacteriol. 171:538-46
(1989)).

[0360] Due to alack of efficiency in some E. co/i strains, a
positive selection method for double recombinants was
developed. Gene III from bacteriophage M13 was evaluated
as a counter-selectable marker. This gene encodes a minor
virion component responsible for the infectivity of the par-
ticles. When overexpressed from the multicopy plasmid
pBR322, gene III confers deoxycholate sensitivity on the
cells dueto insertion of the gene I1I protein into the membrane
of'the bacteria (Boeke, J. D. et al., Mol Gen Genet. 186:185-
92 (1982)). No report indicated if this gene could be used as
an efficient counter-selectable marker when present as a
single copy in the genome of the F. coli. Therefore, we tested
this hypothesis with a minicircle suicide vector.

[0361] 3. Amplification by PCR of the Deleted Version of
Gene III from M13

[0362] To reduce the size of the minicircle vector to be
constructed, a deleted version of gene 11 (gene I11") that is still
able to confer sensitivity to deoxycholate (Boeke, J. D., P.
Model, et al., Mol Gen Genet. 186:185-92 (1982)) was cho-
sen. It was amplified by PCR along with its own promoter
from M13 mp18 (Yanisch-Perron, C., J. Vieira, et al., Gene
33:103-19 (1985)) as a Bglll-Xhol fragment (see FIG. 29).

[0363] The oligonucleotides were as follows:
C19519:
(SEQ ID NO: 25)
5! -GGCAGATCTTAAACCGATACAATTAAAGG-3 '
BglII
€19520:
(SEQ ID NO: 26)
5! - CCGCTCRAGTTACGATTGGCCTTGATATTCACARAC- 3
XhoI
[0364] The amplified fragment was cloned by T-A cloning

into pGEMT-easy (Promega Corporation, Madison, Wis.,
USA) to generate pXL4230 (FIG. 29). The nucleotide
sequence of the insert was found to agree with that described
in GenBank under accession no. VB0018. pX1.4230 confers
sensitivity to deoxycholate when transformed in . co/i strain
DHI10B (Invitrogen), indicating that it functions as expected.
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[0365] 4. Minicircle-Based Suicide Vector

[0366] As it does not contain any origin of replication, a
minicircle plasmid may be used as a universal suicide vector.
For this purpose, a selectable marker such as the kanamycin
resistance gene must be added to select for a first homologous
recombination event. To counter-select for bacteria that have
not undergone a second event of recombination, the gene I1I'
was added to the minicircle vector. The construction of the
plasmid used to produce minicircle for recombination is
shown in FIG. 29.

[0367] The minicircle is generated from a plasmid, such as
pXL4235, after induction of the bacteriophage lambda inte-
grase, which recombines between attP and attB on the plas-
mid (Darquet, A. M et al., Gene Ther 4(12): 1341-9 (1997)).
This recombinase is expressed under the control of P;,,ina
arabinose-dependent manner in . coli strain G6264, which is
described in U.S. application Ser. No. 09/981,803. The result-
ing minicircle contains attl,, a TH (triple-helix) forming
sequence for purification, the selectable marker Tn903 kana-
mycinresistance gene, the counter-selectable marker gene I1I'
and the fragment of interest for homologous recombination,
cloned in the multi-cloning site of pX[.4235 (FIG. 29).
[0368] As an example, the constructs used to generate E.
coli strains expressing a copy-up mutation of pirl16 are
described in FIG. 30. These strains can be used to produce
pCOR plasmids (Soubrier, F. et al., Gene Ther 6:1482-1488
(1999)). Since there is no homology between pir and the
bacterial genome, the pirl16* sequences were inserted into
the E. coli chromosomal uidA gene, which encodes p-D-
glucuronidase. This gene provides sufficient sequence simi-
larity with the E. coli genome for homologous recombination
to occur.

[0369] The protocol for the purification of minicircle and
recombination occurred as follows. Plasmid pX1.4256 (FIG.
30) was transformed in F. coli strain G6264 to generate
G6656. Fifty ml of LB medium supplemented with ampicillin
(100 mg/i) were inoculated with 0.5 ml of an overnight cul-
ture of G6656 and incubated at 37° C., with shaking at 200
rpm until the optical density at 600 nm reached 0.7.
Minicircle production was induced by the addition of 25011
of asterile solution of 10% arabinose to the medium. After 30
minutes at 37° C., 200 rpm, total plasmid DNA was extracted
using the Wizard Plus Midipreps DNA Purification system
(Promega Corporation, Madison Wis., USA).

[0370] Six pg of the plasmid DNA preparation were loaded
onto a 0.8% agarose preparative gel. A supercoiled DNA
ladder (Promega Corporation, Madison Wis., USA) was used
as a molecular weight standard. After electrophoresis over-
night at 50V, the supercoiled minicircle construct (5.1 kb) was
extracted and purified from the gel using an SV gel purifica-
tion kit (Promega Corporation, Madison Wis., USA).

[0371] 5. Double Homologous Recombination with
Minicircle 4256 (uidA::pirl 16* Minicircle Suicide Vector)
[0372] The recombination steps for constructing the strains
and the corresponding phenotypes are described in FIG. 31.
[0373] Forthe firstrecombination event (integration), 0.2, 1
and 5 pl of purified minicircle 4256 were electroporated in E.
coli strain XAC1 (Normanly, J et al., Proc Natl Acad Sci USA
83:6548-52 (1986)), which is the parental strain for pCOR
hosts. Kanamycin resistant colonies were obtained on LB
Agar supplemented with kanamycin (50 mg/1) after overnight
incubation at 37° C.

[0374] To evaluate the number of colonies potentially con-
taining contaminant non-recombined pX[.4256, 50 KmR
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colonies were streaked in parallel on LB Agar supplemented
with kanamycin or ampicillin. Only 4 colonies out of 50 were
resistant to kanamycin and ampicillin and were shown by
plasmid restriction analysis to contain non-recombined
pXL4256. This indicated that 46 colonies out of 50 obtained
by electroporation were actually minicircle 4256 integrants.
[0375] For the second recombination event (excision), all
of the 46 KmR integrants were isolated on freshly prepared
LB Agar plates containing 1.5% sodium deoxycholate
(“Doc”; Sigma) and incubated at 37° C. overnight. Only a few
deoxycholate-resistant (DocR) colonies (1 to 15) were
obtained for each integrant, as shown in FIG. 32. This result
was consistent with the selection of a relatively rare event,
such as the second recombination event. 100 DOc” colonies
obtained from 15 integrants were patched in parallel on LB
Agar with 1.5% Doc and LB Agar plus kanamycin to screen
for Doc® and Km?® double recombinants. 86% of the screened
colonies were Km?®, indicating that they had lost the suicide
vector.

[0376] To screen for allele replacement, the chromosomal
uidA locus was amplified by PCR. If allele replacement has
occurred, the expected PCR fragment size is 1.3 kb. The
fragment size corresponding to wild-type uidA locus, that is,
without an integrated pirl16* mutation, is 0.85 kb. The
results presented in FIG. 33-parel A indicate that allele
replacement has occurred in 30% of the double recombinants.
This was confirmed by phenotypic analysis because these
clones are also UidA- (beta glucuronidase-) and give white
colonies on LB agar supplemented with Xgluc.

[0377] The integrity of the bacterial genome in the region
close to the site of homologous recombination was checked
by PCR on two independent recombinants. The first primer
(seq6113 or seq6115) was based on the sequence of the pir
gene and the second (seq6112 or seq6116) had a sequence
based on a sequence close to, but outside of, the homology
region (immediately 5' or 3' of uidA). XAC1 DNA was used
as a negative control, whereas XAClpirl16 or TEX1 (Sou-
brier, F. et al., Gene Ther 6:1482-1488 (1999)) were used as
positive controls.

[0378] The oligonucleotides used as PCR primers were the
following:

Seql1088:

5' -GAGATCGCTGATGGTATCGG-3 " (SEQ ID NO: 27)
Seql1089:

5'-TCTACACCACGCCGAACACC-3! (SEQ ID NO: 28)

Seg6112:
5'-GACCAGTATTATTATCTTAATGAG-3' (SEQ ID NO: 29)

Seg6113:
5'-GTATTTAATGAAACCGTACCTCCC-3! (SEQ ID NO: 30)

Seg6115:
5'-CTCTTTTAATTGTCGATAAGCAAG-3' (SEQ ID NO: 31)

Seg6llé:

5' -GCGACGTCACCGAGGCTGTAGCCG-3! (SEQ ID NO: 32)

[0379] The expected size for the PCR product is 0.83 kb
using primers seq6112 and seq6113, and 0.88 kb when using
primers seq6114 and seq6115. Results are presented in FIG.
33-panel B. The two double recombinants obtained with the
minicircle suicide vector showed the expected PCR profile.
This demonstrates that double homologous recombination
can be easily achieved in E. coli using minicircle plasmids as
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suicide vector and the M13 gene III' as a counterselectable
marker. This gene replacement technique can be directly uni-
versally carried out in any micro-organisms genetic back-
ground.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 43

<210> SEQ ID NO 1

<211> LENGTH: 389

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 1

tgtcageccegt taagtgttcc tgtgtcactg aaaattgcett tgagaggcte taagggette 60
tcagtgegtt acatccctgg cttgttgtece acaaccgtta aaccttaaaa gctttaaaag 120
ccttatatat tctttttttt cttataaaac ttaaaacctt agaggctatt taagttgctg 180

atttatatta attttattgt tcaaacatga gagcttagta cgtgaaacat gagagcttag 240
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-continued
tacgttagee atgagagett agtacgttag ccatgagggt ttagttcegtt aaacatgaga 300
gcttagtacyg ttaaacatga gagcttagta cgtgaaacat gagagcttag tacgtactat 360
caacaggttg aactgctgat cttcagatc 389
<210> SEQ ID NO 2
<211> LENGTH: 960
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 2
tatacagaat gatgaggttt ttttatgaga ctcaaggtca tgatggacgt gaacaaaaaa 60
acgaaaattc gccaccgaaa cgagctaaat cacaccctgg ctcaacttee tttgeccgea 120
aagcgagtga tgtatatggc gettgctecee attgatageca aagaacctcet tgaacgaggg 180
cgagttttca aaattagggc tgaagacctt gcagcgcteg ccaaaatcac cccatcgett 240
gcttatcgac aattaaaaga gggtggtaaa ttacttggtg ccagcaaaat ttcgctaaga 300
ggggatgata tcattgcttt agctaaagag cttaacctgce cctttactgce taaaaactcce 360
cctgaagagt tagatcttaa cattattgag tggatagett attcaaatga tgaaggatac 420
ttgtctttaa aattcaccag aaccatagaa ccatatatct ctagecttat tgggaaaaaa 480
aataaattca caacgcaatt gttaacggca agcttacget taagtagcca gtattcatct 540
tctectttate aacttatcag gaagcattac tctaatttta agaagaaaaa ttattttatt 600
atttcecgttyg atgagttaaa ggaagagtta acagcttata cttttgataa agatggaaat 660
attgagtaca aataccctga ctttcctatt tttaaaaggg atgtgttaaa taaagccatt 720
gctgaaatta aaaagaaaac agaaatatcg tttgttgget tcactgttca tgaaaaagaa 780
ggaagaaaaa ttagtaagct gaagttcgaa tttgtegttg atgaagatga attttctgge 840
gataaagatg atgaagcttt ttttatgaat ttatctgaag ctgatgcagc ttttctcaag 900
gtatttaatg aaaccgtacc tcccaaaaaa gctaaggggt gatatatggce taaaatttac 960

<210> SEQ ID NO 3

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 3

gaccagtatt attatcttaa tgag 24

<210> SEQ ID NO 4

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 4

gtatttaatg aaaccgtacc tccce 24

<210> SEQ ID NO 5
<211> LENGTH: 24
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 5

ctcttttaat tgtcgataag caag

<210> SEQ ID NO 6

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 6

gegacgtcac cgaggctgta gecg

<210> SEQ ID NO 7

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 7

gtatatggcg cttgctctca tcgatagcaa agaacc

<210> SEQ ID NO 8

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 8

ggttctttge tatcgatgag agcaagcgcc atatac

<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 9

gagatcgetyg atggtatcgg

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 10

tctacaccac gccgaacacc

Synthetic

24

Synthetic

24

Synthetic

36

Synthetic

36

Synthetic

20

Synthetic

20
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<210> SEQ ID NO 11

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 11

cgcaattgtt aacgtccage ttacgcttaa gtagec

<210> SEQ ID NO 12

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 12

ggctacttaa gcgtaagcetg gacgttaaca attgeg

<210> SEQ ID NO 13

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 13

ccctetagat cgatagecat ttttacteet g

<210> SEQ ID NO 14

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 14

cgggatcctyg attatgeegt gtctattag

<210> SEQ ID NO 15

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 15

cccaagette ttegttagtt tetgetacge cttege

<210> SEQ ID NO 16

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 16

ggtctagaac gtgaaagtgg tgaagaacaa aatcg

Synthetic

36

Synthetic

36

Synthetic

31

Synthetic

29

Synthetic

36

Synthetic

35
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<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 17

gcgacccttyg tgtatcaaac 20

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 18

ggtattaccc ggcatgacag 20

<210> SEQ ID NO 19

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 19

gtggtggaaa tggcgatagg 20

<210> SEQ ID NO 20

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 20

gcgattttgt tcettcaccac 20

<210> SEQ ID NO 21

<211> LENGTH: 918

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(915)

<400> SEQUENCE: 21

atg aga ctc aag gtc atg atg gac gtg aac aaa aaa acg aaa att cgc 48
Met Arg Leu Lys Val Met Met Asp Val Asn Lys Lys Thr Lys Ile Arg
1 5 10 15

cac cga aac gag cta aat cac acc ctg get caa ctt cet ttg cec geca 96
His Arg Asn Glu Leu Asn His Thr Leu Ala Gln Leu Pro Leu Pro Ala

aag cga gtg atg tat atg gcg ctt gct ctc atc gat agc aaa gaa cct 144
Lys Arg Val Met Tyr Met Ala Leu Ala Leu Ile Asp Ser Lys Glu Pro
35 40 45
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ctt gaa cga ggg cga gtt ttc aaa att agg gct gaa gac ctt gca gcg 192
Leu Glu Arg Gly Arg Val Phe Lys Ile Arg Ala Glu Asp Leu Ala Ala
50 55 60

ctc gcc aaa atc acc cca tcg ctt gect tat cga caa tta aaa gag ggt 240
Leu Ala Lys Ile Thr Pro Ser Leu Ala Tyr Arg Gln Leu Lys Glu Gly
65 70 75 80

ggt aaa tta ctt ggt gcc agce aaa att tcg cta aga ggg gat gat atc 288
Gly Lys Leu Leu Gly Ala Ser Lys Ile Ser Leu Arg Gly Asp Asp Ile
85 90 95

att gct tta gct aaa gag ctt aac ctg ctc ttt act gct aaa aac tcc 336
Ile Ala Leu Ala Lys Glu Leu Asn Leu Leu Phe Thr Ala Lys Asn Ser
100 105 110

cct gaa gag tta gat ctt aac att att gag tgg ata gct tat tca aat 384
Pro Glu Glu Leu Asp Leu Asn Ile Ile Glu Trp Ile Ala Tyr Ser Asn
115 120 125

gat gaa gga tac ttg tct tta aaa ttc acc aga acc ata gaa cca tat 432
Asp Glu Gly Tyr Leu Ser Leu Lys Phe Thr Arg Thr Ile Glu Pro Tyr
130 135 140

atc tct age ctt att ggg aaa aaa aat aaa ttc aca acg caa ttg tta 480
Ile Ser Ser Leu Ile Gly Lys Lys Asn Lys Phe Thr Thr Gln Leu Leu
145 150 155 160

acg gca agc tta cgc tta agt agc cag tat tca tct tet ctt tat caa 528
Thr Ala Ser Leu Arg Leu Ser Ser Gln Tyr Ser Ser Ser Leu Tyr Gln
165 170 175

ctt atc agg aag cat tac tct aat ttt aag aag aaa aat tat ttt att 576
Leu Ile Arg Lys His Tyr Ser Asn Phe Lys Lys Lys Asn Tyr Phe Ile
180 185 190

att tcc gtt gat gag tta aag gaa gag tta ata gct tat act ttt gat 624
Ile Ser Val Asp Glu Leu Lys Glu Glu Leu Ile Ala Tyr Thr Phe Asp
195 200 205

aaa gat gga aat att gag tac aaa tac cct gac ttt cct att ttt aaa 672
Lys Asp Gly Asn Ile Glu Tyr Lys Tyr Pro Asp Phe Pro Ile Phe Lys
210 215 220

agg gat gtg tta aat aaa gcc att gct gaa att aaa aag aaa aca gaa 720
Arg Asp Val Leu Asn Lys Ala Ile Ala Glu Ile Lys Lys Lys Thr Glu
225 230 235 240

ata tcg ttt gtt gge ttc act gtt cat gaa aaa gaa gga aga aaa att 768
Ile Ser Phe Val Gly Phe Thr Val His Glu Lys Glu Gly Arg Lys Ile
245 250 255

agt aag ctg aag ttc gaa ttt gtc gtt gat gaa gat gaa ttt tct ggc 816
Ser Lys Leu Lys Phe Glu Phe Val Val Asp Glu Asp Glu Phe Ser Gly
260 265 270

gat aaa gat gat gaa gct ttt ttt atg aat tta tct gaa gct gat gca 864
Asp Lys Asp Asp Glu Ala Phe Phe Met Asn Leu Ser Glu Ala Asp Ala
275 280 285

gct ttt ctc aag gta ttt gat gaa acc gta cct ccc aaa aaa gct aag 912
Ala Phe Leu Lys Val Phe Asp Glu Thr Val Pro Pro Lys Lys Ala Lys
290 295 300

ggg tga 918
Gly
305

<210> SEQ ID NO 22

<211> LENGTH: 305

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 22
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Met Arg Leu Lys Val Met Met Asp Val Asn Lys Lys Thr Lys Ile Arg
1 5 10 15

His Arg Asn Glu Leu Asn His Thr Leu Ala Gln Leu Pro Leu Pro Ala
20 25 30

Lys Arg Val Met Tyr Met Ala Leu Ala Leu Ile Asp Ser Lys Glu Pro
35 40 45

Leu Glu Arg Gly Arg Val Phe Lys Ile Arg Ala Glu Asp Leu Ala Ala
50 55 60

Leu Ala Lys Ile Thr Pro Ser Leu Ala Tyr Arg Gln Leu Lys Glu Gly
65 70 75 80

Gly Lys Leu Leu Gly Ala Ser Lys Ile Ser Leu Arg Gly Asp Asp Ile
85 90 95

Ile Ala Leu Ala Lys Glu Leu Asn Leu Leu Phe Thr Ala Lys Asn Ser
100 105 110

Pro Glu Glu Leu Asp Leu Asn Ile Ile Glu Trp Ile Ala Tyr Ser Asn
115 120 125

Asp Glu Gly Tyr Leu Ser Leu Lys Phe Thr Arg Thr Ile Glu Pro Tyr
130 135 140

Ile Ser Ser Leu Ile Gly Lys Lys Asn Lys Phe Thr Thr Gln Leu Leu
145 150 155 160

Thr Ala Ser Leu Arg Leu Ser Ser Gln Tyr Ser Ser Ser Leu Tyr Gln
165 170 175

Leu Ile Arg Lys His Tyr Ser Asn Phe Lys Lys Lys Asn Tyr Phe Ile
180 185 190

Ile Ser Val Asp Glu Leu Lys Glu Glu Leu Ile Ala Tyr Thr Phe Asp
195 200 205

Lys Asp Gly Asn Ile Glu Tyr Lys Tyr Pro Asp Phe Pro Ile Phe Lys
210 215 220

Arg Asp Val Leu Asn Lys Ala Ile Ala Glu Ile Lys Lys Lys Thr Glu
225 230 235 240

Ile Ser Phe Val Gly Phe Thr Val His Glu Lys Glu Gly Arg Lys Ile
245 250 255

Ser Lys Leu Lys Phe Glu Phe Val Val Asp Glu Asp Glu Phe Ser Gly
260 265 270

Asp Lys Asp Asp Glu Ala Phe Phe Met Asn Leu Ser Glu Ala Asp Ala
275 280 285

Ala Phe Leu Lys Val Phe Asp Glu Thr Val Pro Pro Lys Lys Ala Lys
290 295 300

Gly
305

<210> SEQ ID NO 23

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 23

cttaacggct gacatgggaa ttc 23

<210> SEQ ID NO 24
<211> LENGTH: 19
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 24

cgatgggega gctccaceg

<210> SEQ ID NO 25

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 25

ggcagatctt aaaccgatac aattaaagg

<210> SEQ ID NO 26

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 26

cegetegagt tacgattgge cttgatatte acaaac

<210> SEQ ID NO 27

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 27

gagatcgetyg atggtatcgg

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 28

tctacaccac gccgaacacc

<210> SEQ ID NO 29

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 29

gaccagtatt attatcttaa tgag

Synthetic

19

Synthetic

29

Synthetic

36

Synthetic

20

Synthetic

20

Synthetic

24
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<210> SEQ ID NO 30

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 30

gtatttaatg aaaccgtacc tcce

<210> SEQ ID NO 31

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 31

ctcttttaat tgtcgataag caag

<210> SEQ ID NO 32

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 32

gegacgtcac cgaggctgta gecg

<210> SEQ ID NO 33

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 33

agaaaaaaag ga

<210> SEQ ID NO 34

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 34

tecttttttte ct

<210> SEQ ID NO 35

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 35

aagaaaaaaa agaa

Synthetic

24

Synthetic

24

Synthetic

24

Synthetic

12

Synthetic

12

Synthetic

14
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<210> SEQ ID NO 36

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 36

ttcttttttt tett

<210> SEQ ID NO 37

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 37

tecttttttte ct

<210> SEQ ID NO 38

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 38

ttcttttttt tett

<210> SEQ ID NO 39

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 39

aaaaaaggga ataaggg

<210> SEQ ID NO 40

<211> LENGTH: 2420

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 40

Synthetic

14

Synthetic

12

Synthetic

14

Synthetic

17

Synthetic

cgttacataa cttacggtaa atggcccgece tggctgaceg cccaacgace cccegeccatt 60

gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttece attgacgtca 120

atgggtggag tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgec 180

aagtacgcce cctattgacg tcaatgacgg taaatggccce gectggeatt atgcccagta 240

catgacctta tgggacttte ctacttggeca gtacatctac gtattagtca tcgctattac 300

catggtgatg cggttttgge agtacatcaa tgggegtgga tageggtttyg actcacgggg 360
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atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacc aaaatcaacg 420
ggactttcca aaatgtcgta acaactccgc cccattgacg caaatgggeg gtaggegtgt 480
acggtgggag gtctatataa gcagagctcg tttagtgaac cgtcagatcg cctggagacg 540
ccatccacge tgttttgacce tccatagaag acaccgggac cgatccagec tccegtctaga 600
gccttcgaag cttgeccatga ccaacaagtg tctcoctccaa attgctctec tgttgtgett 660
ctccactaca gctctttcca tgaattacaa gaagcccaaa ctcctctact gtagcaacgg 720
gggccactte ctgaggatcce ttcecggatgg cacagtggat gggacaaggg acaggagcga 780
ccagcacatt cagctgcagce tcagtgcgga aagcgtgggg gaggtgtata taaagagtac 840
cgagactggc cagtacttgg ccatggacac cgacgggctt ttatacggct cacagacacc 900
aaatgaggaa tgtttgttcc tggaaaggct ggaggagaac cattacaaca cctatatatc 960

caagaagcat gcagagaaga attggtttgt tggcctcaag aagaatggga gctgcaaacg 1020
cggtcctegg actcactatg gcecagaaagce aatcttgttt ctcccecctge cagtctette 1080
tgattaactc gagcatgcat ctaggcagac atgataagat acattgatga gtttggacaa 1140
accacaacta gaatgcagtyg aaaaaaatgc tttatttgtg aaatttgtga tgctattgcet 1200
ttatttgtaa ccattataag ctgcaataaa caagttaaca acaacaattg cattcatttt 1260
atgtttcagg ttcaggggga ggtgtgggag gttttttaaa gcaagtaaaa cctctacaaa 1320
tgtggtagcce cgggcgcgca gatctgtcat gatgatcatt gcaattggat ccatatatag 1380
ggccegggtt ataattacct caggtcgacg cgtctgcaga agcttaaaaa aaatccttag 1440
ctttcgctaa ggatctgcag tgcccggact cggaatcgaa ccaaggacac ggggatttag 1500
aatccecectge tctaccgact gagctatccg ggcecgcgttac aagtattaca caaagttttt 1560
tatgttgaga atattttttt gatggggcga cctgcaggtc ggggcacaac tcaatttgceg 1620
ggtactgatt accgcagcaa agaccttacc ccgaaaaaat ccaggctgct ggctgacacyg 1680
atttctgegg tttatctecga tggctacgag ggcagacagt aagtggattt accataatcc 1740
cttaattgta cgcaccgcta aaacgcgttc agcgcgatca cggcagcaga caggtaaaaa 1800
tggcaacaaa ccacccgaaa aactgccgcg atcgcgectg ataaatttta accgtatgaa 1860
tacctatgca accagagggt acaggccaca ttacccccac ttaatccact gaagctgceca 1920
tttttcatgg tttcaccatc ccagcgaagg gccatccage gtgcgttcect gtattteccga 1980
cggatcegge cacgatgegt ccggcecgtaga ggatctgaag atcagcagtt caacctgttg 2040
atagtacgta ctaagctctc atgtttcacg tactaagctc tcatgtttaa cgtactaagc 2100
tctcatgttt aacgaactaa accctcatgg ctaacgtact aagctctcat ggctaacgta 2160
ctaagctctce atgtttcacg tactaagctc tcatgtttga acaataaaat taatataaat 2220
cagcaactta aatagcctct aaggttttaa gttttataag aaaaaaaaga atatataagg 2280
cttttaaagc ttttaaggtt taacggttgt ggacaacaag ccagggatgt aacgcactga 2340
gaagccctta gagcectcectca aagcaatttt gagtgacaca ggaacactta acggctgaca 2400
tgggaattct agtaaatgcce 2420
<210> SEQ ID NO 41

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

oligonucleotide
<220> FEATURE:

<223> OTHER INFORMATION: This sequence may encompass 1 to 15

‘cct!' repeating units.
<400> SEQUENCE: 41

cctectecte ctectectee tectectect cctectecte ctect

<210> SEQ ID NO 42

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

45

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

oligonucleotide
<220> FEATURE:

<223> OTHER INFORMATION: This sequence may encompass 1 to 15

'ct' repeating units.
<400> SEQUENCE: 42

ctctetetet ctetetetet ctetcetetet

<210> SEQ ID NO 43

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

30

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

oligonucleotide
<220> FEATURE:

<223> OTHER INFORMATION: This sequence may encompass 1 to 15

'ctt' repeating units.
<400> SEQUENCE: 43

cttettette ttettettet tettettett cttettette ttett

45

1-49. (canceled)

50. Plasmid pXL1.3179.

51. A composition comprising the plasmid of claim 50 and
a vehicle.

52. A pharmaceutical composition comprising the plasmid
of claim 50 and a pharmaceutically acceptable vehicle.

53. A recombinant host cell comprising the plasmid of
claim 50.

54. The recombinant host cell of claim 53, wherein the host
cell expresses a n initiator protein.

55. The recombinant host cell of claim 54, wherein the host
cell is Escherichia coli.

56. The recombinant host cell of claim 54, wherein the host
cell is TEX1, as deposited under Collection Nationale de
Cultures de Microorganismes accession number CNCM
1-3569.

57. A method of producing plasmid pX[.3179, comprising

a) culturing a recombinant host cell according to claim 53

under conditions permitting replication of the plasmid,
and

b) isolating the plasmid produced by the host cell.

58. A plasmid comprising the nucleotide sequence set forth
in SEQ ID NO: 40.

59. A composition comprising the plasmid of claim 58 and
a vehicle.

60. A pharmaceutical composition comprising the plasmid
of claim 58 and a pharmaceutically acceptable vehicle.

61. A recombinant host cell comprising the plasmid of
claim 58.

62. The recombinant host cell of claim 61, wherein the host
cell expresses a 7 initiator protein.

63. The recombinant host cell of claim 62, wherein the host
cell is Escherichia coli.

64. The recombinant host cell of claim 62, wherein the host
cell is TEX1, as deposited under Collection Nationale de
Cultures de Microorganismes accession number CNCM
1-3569.

65. A method of producing a plasmid comprising the nucle-
otide sequence set forth in SEQ ID NO: 40, comprising

a) culturing a recombinant host cell according to claim 61

under conditions permitting replication of the plasmid,
and

b) isolating the plasmid produced by the host cell.

66. A plasmid consisting of the nucleotide sequence set
forth in SEQ ID NO: 40.

67. A composition comprising the plasmid of claim 66 and
a vehicle.

68. A pharmaceutical composition comprising the plasmid
of'claim 66 and a pharmaceutically acceptable vehicle.

69. A recombinant host cell comprising the plasmid of
claim 66.
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70. The recombinant host cell of claim 69, wherein the host 73. A method of producing a plasmid consisting of the
cell expresses a T initiator protein. nucleotide sequence set forth in SEQ ID NO: 40, comprising
71. The recombinant host cell of claim 70, wherein the host a) culturing a recombinant host cell according to claim 69
cell is Escherichia coli. under conditions permitting replication of the plasmid,
72. The recombinant host cell of claim 70, wherein the host and
cell is TEX1, as deposited under Collection Nationale de b) isolating the plasmid produced by the host cell.

Cultures de Microorganismes accession number CNCM
1-3569. ko ooR k%



