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DESCRIPTION

[0001] This application claims the benefit of U.S. Provisional Patent Application No. 60/808,500, filed May 24, 2006.

FIELD OF THE INVENTION

[0002] The various embodiments of the present invention relate generally to plasmid DNA preparations and to methods for
producing and using them.

BACKGROUND OF THE INVENTION

[0003] Plasmid DNAs are potential therapeutic agents for many human and animal diseases. Many of these plasmid DNAs are
too large to produce by chemical synthesis and therefore are most efficiently produced by propagating them in a host cell, which
is in turn grown on a nutrient medium to high density. The DNA is subsequently recovered from the host cells. Isolation and
purification of plasmid DNA from complex mixtures involves multiple stages of purification. The first stage includes concentrating
the cells from fermentation media, which is composed of unconsumed nutrients as well as cellular waste products. The next stage
requires lysis or disruption of the cells, which results in a complex biochemical mixture of cellular constituents including the
plasmid DNA of interest. This is typically done in the presence of chaotropic salts to minimize enzymatic activity, which can
degrade plasmid DNA, or can be accomplished by mechanical means such as with a pressure cell, sonicator, hydrodynamic
shearing device, or bead beater in conjunction with an enzyme inhibitor to minimize DNA degradation. The next stage of plasmid
preparation involves physically separating soluble plasmid DNA from insoluble material such as membranes, denatured proteins
and large chromosomal DNA fragments by centrifugation, differential precipitation or filtration. This produces a cleared lysate
containing plasmid DNA, which can be further purified by direct precipitation, phase partitioning or by adsorption to various resins
via ion exchange or hydrophobic interaction methods and combinations thereof, which may be followed by precipitation or phase
partitioning of plasmid DNA. Chromatographic purification can be accomplished by batch or column chromatographic methods
and may involve indirect, via compatible ion, or direct adsorption methods. All these methods are well known to those skilled in the
art and each step is designed to remove impurities and contaminants from plasmid DNA. All purification regimens can be
improved by reducing the amount and complexity of the material from which the plasmid DNA is isolated. This includes potential
contaminants in the media as well as material produced by the host cell.

[0004] One significant impurity present in cellular preparations derived from bacterial cells is endotoxin, which is in part derived
from lipopolysaccharide (LPS) present in the outer membrane of bacteria. Gram-negative bacteria such as E. coli require at least
a minimal structural component of LPS for viability and wholesale deletion of genes that encode the pathways required for
biosynthesis of these structures is lethal. However, a few genes involved in LPS synthesis are not essential, and the cell can
tolerate deletion or loss of function of these specific genes. Many attempts have been made to manipulate such genes to improve
the endotoxin profile of bacteria without demonstrable success. One notable exception is the discovery that deletion of msbB,
which encodes myristoyl acyltransferase, produces a cell with a 1000-10,000-fold reduction in the ability to stimulate TNFa by
human tissue culture cells (Sommerville et al., J. Clin. Invest. 1996 97:359). The use of msbB mutants to produce LPS deficient
cells capable of producing DNA with lowered endotoxin levels and use of such cells as tumor targeted vectors is disclosed in a
number of US patents (e.g., 6,548,287; 6,080,849; and 5,997,881).

[0005] The chromosome of E. coli contains many cryptic prophage and insertion sequence (IS) elements that represent
horizontally transferred genes that have moved into E. coli over time. Removal of these horizontally transferred sequences and
other non-essential genes produces multiple deletion strain (MDS) variants such as that described by Blattner and co-workers
(Posfai et al., Science 2006 312:1044; U.S. Patent No. 6,989,265 and in PCT/LTS03/01800, published as WO 03/070880. These
cells are unique in that they lack significant numbers of genes relative to other E. coli strains commonly used in production of
plasmid DNA. However, these strains remain completely prototrophic and are capable of robust growth on defined minimal media.
Defined minimal media for E. coli typically includes the following (g/l): 5 g glucose, 6 g NagHPO4, 3 g KHoPO4, g NH4Cl, 0.5 g

NaCl. 0.12 g MgSO4 and 0.01 g CaCly.

[0006] Plasmid DNA preparations from cells grown in defined minimal media will lack many of the undefined components
entrained from the undefined components of rich media necessary for efficient growth of auxotrophic bacterial cell lines commonly
used to produce plasmid DNA. The use of defined minimal media, with a limited number of chemically known nutrient sources, for
growth of plasmid containing bacterial cells will result in lowering the number of media derived contaminants, as well as provide a
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more uniform cellular composition from which plasmid DNA must be subsequently purified. In addition, the lack of uncontrolled
lysis during fermentation of MDS strains due to removal of all cryptic prophage lysis functions, as well as the reduced biochemical
complexity of MDS cells due to removal of many genes from the chromosome, also reduces the number of proteins and other
biological components within the lysate. Indeed, plasmid DNA produced from MDS strains which remain completely proficient for
LPS production and retain all genes known to affect LPS synthesis, have significantly reduced levels of endotoxin by LAL assay
relative to other commonly used bacterial cell lines, even when grown in rich undefined media.

[0007] Production ofplasmid DNAs for use as human therapeutics requires minimizing the amount of bacterial endotoxin
remaining in the purified DNA product. Biological production of plasmid DNAs in bacterial hosts provides an efficient and scalable
method for producing large quantities of plasmids. However, purification of plasmid DNA from bacterial hosts, by any combination
of methods currently practiced does not completely eliminate endotoxin from the prepared DNA. If plasmid DNA could be
produced having lower levels of endotoxin than available by current methods, a significant advance in the art would result.

SUMMARY OF THE INVENTION

[0008] In one embodiment, the present invention provides plasmid DNA preparations. In another embodiment, the plasmid DNA
comprises reduced endotoxin levels. Methods for producing and using such plasmid DNA preparations are also provided. In one
embodiment, the plasmid DNA is prepared by a method comprising the steps of a) growing plasmid DNA in a multiple deletion
strain bacteria; b) lysing the multiple deletion strain bacteria to produce a lysate; c) isolating at least a portion of the plasmid DNA
from the lysate; and purifying the isolated plasmid DNA. Multiple deletion strain bacteria lacking genes involved in production of
lipoplysaccharide and/or enteric common antigen are also provided.

[0009] These and other embodiments of the present invention are described in more detail herein below.

DETAILED DESCRIPTION OF THE INVENTION

[0010] While the present invention is capable of being embodied in various forms, the description below of several embodiments
is made with the understanding that the present disclosure is to be considered as an exemplification of the invention, and is not
intended to limit the invention to the specific embodiments illustrated. Headings are provided for convenience only and are not to
be construed to limit the invention in any manner. Embodiments illustrated under any heading may be combined with
embodiments illustrated under any other heading.

[0011] The use of numerical values in the various ranges specified in this application, unless expressly indicated otherwise, are
stated as approximations as though the minimum and maximum values within the stated ranges were both preceded by the word
"about." In this manner, slight variations above and below the stated ranges can be used to achieve substantially the same results
as values within the ranges. As used herein, the terms "about" and "approximately” when referring to a numerical value shall have
their plain and ordinary meanings to one skilled in the pertinent art at issue. Also, the disclosure of ranges is intended as a
continuous range including every value between the minimum and maximum values recited as well as any ranges that can be
formed by such values. This includes ranges that can be formed that do or do not include a finite upper and/or lower boundary.
This also includes ratios that are derivable by dividing a given disclosed numeral into another disclosed numeral. Accordingly, the
skilled person will appreciate that many such ratios, ranges, and ranges of ratios can be unambiguously derived from the data
and numbers presented herein and all represent various embodiments of the present invention.

[0012] In various embodiments, the present invention provides methods for producing a plasmid DNA. In one embodiment, the
plasmid DNA has reduced endotoxin levels. In another embodiment, the method comprises the steps of a) growing plasmid DNAin
a multiple deletion strain bacteria; b) lysing the multiple deletion strain bacteria to produce a lysate; c) isolating at least a portion
of the plasmid DNA from the lysate; and purifying the isolated plasmid DNA.

[0013] The term "multiple deletion strain (MDS) bacteria" herein means a bacteria having about 1% to about 75% of its protein
coding genes deleted, for example about 5%, about 10%, about 20%, about 30% about 40%, about 50% or about 60% of the
protein coding genes deleted. In one embodiment, the term "MDS bacteria" refers to bacteria for which removal of the above
amounts of protein coding region does not unacceptably affect the ability of the organism to grow on minimal medium. Whether
removal of two or more genes "unacceptably affects" the ability of the organism to grow on minimal medium in the present context
depends on the specific application. For example, a 30% reduction in proliferation rate may be acceptable for one application but
not another. In addition, adverse effect of deleting a DNA sequence from the genome may be reduced by measures such as
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changing culture conditions. Such measures may turn an otherwise unacceptable adverse effect to an acceptable one. In one
embodiment, the proliferation rate is approximately the same as the parental strain. However, proliferation rates ranging from
about 5%, 10%, 15%, 20%, 30%, 40% to about 50% lower than that of the parental strain are within the scope of the invention.
More particularly, doubling times of bacteria of the present invention may range from about five minutes to about three hours.
Non-limiting examples of suitable MDS bacteria are disclosed in U.S. Pat No. 6,989,265, and U.S. Pat. Pub. Nos. 20060270043
and 2006/0199257.

[0014] Various bacterial strains can be used in embodiments of the present invention including, without limitation, E. colj,
Salmonella and other gram negative bacterium.

[0015] Various protein coding genes can be deleted to form MDS bacteria. In E. coli and other bacteria, as well as in higher
organisms, a type of DNA sequence that can be deleted includes those that in general will adversely affect the stability of the
organism or of the gene products of that organism. Such elements that give rise to instability include without limitation
transposable elements, insertion sequences, and other "selfish DNA" elements which may play a role in genome instability. For
example, insertion sequence (IS) elements and their associated transposes are often found in bacterial genomes, and thus are
targets for deletion. IS sequences are common in E. coli, and all of them may be deleted. For purposes of clarity in this document,
we use the term IS element and transposable element generically to refer to DNA elements, whether intact or defective, that can
move from one point to another in the genome. An example of the detrimental effects of IS elements in science and technology is
the fact that they can hop from the genome of the host E. coli into a BAC plasmid during propagation for sequencing. This artifact
could be prevented by deletion from the host cells of all IS elements. For a specific application, other specific genes associated
with genomic instability may also be deleted.

[0016] In one embodiment, the MDS bacteria lacks a functional msbB gene. In another embodiment, the MDS bacteria lacks one
or more genes implicated in or necessary for production of a lipopolysaccharide. The term "lipopolysaccharide" herein refers
generally to is a large molecule comprising a lipid and a polysaccharide (carbohydrate) joined by a covalent bond.
Lipopolysaccharides typically comprise a core oligosaccharide, Lipid A and polysaccharide (O) side chains.

[0017] Genes implicated in and/or necessary for production of a lipopolysaccharide are known in the art, for example as
disclosed in Reeves P, Wang L (2002). Genomic organization of LPS-specific loci. Curr Top Microbiol Immunol 264 (1): 109-35
and Patil P et al., (2004). Variation suggestive of horizontal gene transfer at a lipopolysaccharide (lps) biosynthetic locus in
Xanthomonas oryzae pv. oryzae, the bacterial leaf blight pathogen of rice. BMC Microbiol 4 (1): 40. In one embodiment, candidate
genes for deletion include msbB, as well as other LPS biosynthetic genes occurring in the rfa gene cluster between nucleotide
3792010 and 3806121 of the E. coli chromosome. Additional illustrative genes implicated in or necessary for production of
lipopolysaccharide include rfal, rfaJ, rfe genes (required for the biosynthesis of O side chains of the lipopolysaccharide).

[0018] Additional deletions to further reduce endotoxin levels may also include the genes associated with production of the
enteric common antigen (ECA), a repeating trisaccharide carbohydrate moiety that occurs in multiple forms including in
association with immunogenic glycolipids and as cyclic multimers either of which may constitute a variant form of endotoxin. The
ECA genes are generally clustered on the E. coli chromosome between nucleotide 3965939 and 3980295.

[0019] In one embodiment, plasmid DNA prepared according to methods of the invention have reduced endotoxin levels by
comparison with an otherwise similar comparative plasmid DNA grown in bacteria of the same bacteria as the multiple deletion
strain bacteria, but wherein the comparative bacteria does not contain multiple deletions. In various embodiments, plasmid DNA
prepared according to methods of the invention comprise an approximate 1% to about 95% reduction in endotoxin, for example at
least a 75%, at least a 60%, at least a 50%, at least a 40%, at least a 30%, at least a 20%, at least a 20%, at least a 5% or at
least a 2.5% reduction by comparison with an otherwise similar plasmid DNA grown in bacteria of the same strain as the multiple
deletion strain bacteria, but that does not contain multiple deletions.

[0020] While the exact chemical nature of endotoxin is imprecise, the designation is generally understood to include a range of
molecules which are typically composed of sugars, fatty acids and various other substituents. Endotoxin is frequently quantified
using FDA approved methods based on various assays involving the limulus amoebocyte lysate (LAL), which is derived from
Horseshoe Crab blood products and are well known to those skilled in the art. The limulus amoebocyte lysate method is described
in New England Journal of Medicine, Vol. 289, No. 18, 931-934 (1973) and U.S. Pat. No. 4,107,007. Limulus amoebocyte lysate is
an aqueous extract of blood cells (amoebocytes) from the horseshoe crab, Limulus polyphemus. The endotoxins activate an
enzyme in the Limulus amoebocyte lysate which then reacts with low molecular weight clottable proteins to form a gel. Typically,
0.1 ml solution of a freeze-dried Limulus lysate preparation sold commercially under the trademark Pyrotell® is mixed with 0.1 ml
of a test sample, then allowed to incubate undisturbed for one hour at 37 °C. A positive test is indicated by the formation of a gel
which does not collapse upon 180 degree inversion of the test tube. To quantify the amount of endotoxin in body fluid, serial
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dilution of test samples can be performed to determine the lowest dilution which will give the above-described positive result.
Samples can be prepared for detection according to methods disclosed in U.S. 4,276,050. Endotoxin can also be quantified
according to the LAL chromagenic kinetic assay (Endochrome-K™) as is well known in the art.

[0021] In another embodiment, the present invention provides plasmid DNA having an endotoxin concentration of less than about
200 EU/mg DNA, less than about 150 EU/mg DNA, less than about 100 EU/mg DNA, less than about 50 EU/mg DNA, less than
about 20 EU/mg DNA, less than about 10 EU/mg DNA, less than about 9 EU/mg DNA, less than about 8 EU/mg DNA, less than
about 7 EU/mg DNA, less than about 6 EU/mg DNA, less than about 5§ EU/mg DNA, less than about 4 EU/mg DNA, less than about
3 EU/mg DNA, less than about 2 EU/mg DNA, less than about 1 EU/mg DNA, less than about 0.5 EU/mg DNA, less than about 0.25
EU/'mg DNA, less than about 0.2 EU/mg DNA, less than about 0.15 EU/mg DNA or less than about 0.05 EU/mg DNA prior to any
treatment with an endotoxin removal agent. The term "endotoxin removal agent" herein typically refers to a borate-based or
borate-containing compound that interacts with sugar moieties associated with endotoxin. lllustrative purification kits and
compositions that include an endotoxin removal agent are the Wizard MagneSil Tfx™ System by Promega, EndoFree® by
Qiagen, and MiraCLEAN® by Mirus. In one embodiment, plasmid DNA is not contacted with an endotoxin removal agent in
carrying out the process of producing the above-described low endotoxin plasmid DNA. In another such embodiment, the plasmid
DNA is bacterially produced.

[0022] Plasmid DNAs according to various embodiments of the present invention have broad application. Such plasmid DNA can
illustratively be used as a vaccine for prevention of infectious disease, as cloning vectors to express genes coding for various
protein products, efc.

[0023] MDS bacteria lacking one or more genes involved in or necessary for production of a lipopolysaccharide or enteric
common antigen represent further embodiments of the invention.

EXAMPLES

Example 1

[0024] Cells were grown in yeast extract, tryptone based media in 1 liter shake flasks at 37 °C. Purified super-coiled plasmid was
prepared by low speed centrifugation, cell lysis and removal of insoluble debris using methods well known in the art (see, e.g.,
Current Protocols in Molecular Biology, Eds. Ausubel et al., John Wiley and Sons, 2001 ). Plasmid DNA was further purified by ion-
exchange chromatography followed by compatible ion separation on hydrophobic resin. The level of endotoxin in the resulting
plasmid DNAs was tested by LAL chromagenic kinetic assay (Endochrome-K™, Charles River Laboratories) as shown in Table 1.

Table 1. Endotoxin assay

Sample {Bacterial host Plasmid DNA concentration jEndotoxin concentration Effective endotoxin level
strain (mg/ml) (EU/mI) (EU/mg DNA)

1 DH10B 6.33 100 158

2 MDS42 recA 1.34 1.90 1.42

3 MDS42 1.23 1.28 1.04

4 MDS42 recA 1.25 0.162 0.129
lacZAM15

[0025] As can be seen from Table 1, plasmid DNA prepared from multiple deletion strain bacteria had much lower endotoxin
concentrations and effective endotoxin levels compared with strain DH10B.

Example 2

[0026] A plasmid containing a gene encoding Green Fluorescence Protein (GFP) transcriptionally coupled to a CMV promoter
and a gene encoding resistance to the aminoglycoside G418, was isolated from various bacterial host strains with a commercial
plasmid isolation kit that uses a silica gel membrane for the adsorption purification step (QlAprep Spin column, Qiagen, Valencia,
CA). These plasmid preparations were tested for toxicity in a COS1 monkey kidney cell transfection assay. The assay involves
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liposome mediated transfection of 4 pg of plasmid DNA added to 2.5 x 104 COS1 cells followed by 24 hour outgrowth in selective
media. The liposome mediated transfection reaction is well known in the art and is described by many sources, e.g., Current
Protocols in Molecular Biology, Eds. Ausubel et al., John Wiley and Sons, 2001). Ten randomly selected fields of microscope view
were selected from each culture dish and the total number of cells within each field counted. A FITC filter (488 nm cutoff) was
used to discriminate cells expressing GFP within each view and the overall transformation efficiency calculated by dividing the
number of GFP expressing cells by the total number of cells. Two trials were completed and the results are shown in Table 2.
Table 2. Transfection efficiency

Source of DNA DH5a MG1655 MG1655 AmsbB MDS42
Trial 1 50% 51% 59% 72%
Trial 2 51% - - 69%

[0027] As can bee seen from Table 2, transformation efficiency was higher in multiple deletion strain bacteria as compared to
control strains, including MG1655 having a mutated msbB gene.

Example 3

[0028] A further test of endotoxin-associated toxicity was carried out with the same plasmid and tissue culture system described

in Example 2. In this case transfection was carried out by adding 4 pg of plasmid DNA in lipofection reagent to 1.0 x 10° COS1
cells, followed by 24 hour outgrowth in non-selective media. The cultures were stained with 0.3% trypan blue dye and washed
three times with sterile phosphate buffered saline to remove dead cells. Ten randomly selected fields of microscope view were
selected from each culture dish and the total number of cells within each field counted. Two trials were conducted with results
shown in Table 3.

Table 3. Number of live COS1 cells post-transfection

Source of DNA no DNA DH5a MDS42 MDS42 msbhB
Trial 1 288 226 259 284
Trial 2 330 221 230 288

[0029] Deletion of LPS associated genes may lower endotoxin levels in plasmid DNAs recovered from such strains even further.

[0030] As shown in the examples, methods of the invention provide plasmid DNA isolated form bacterial strains lacking the ECA
genes. This plasmid DNA has very low endotoxin and therefore can be transfected into tissue culture cells with higher efficiency
and less cytotoxicity than plasmid DNA isolated from bacterial culture of cells that retain the ECA gene cluster. The cytotoxicity
appears to be most effectively reduced when the ECA gene cluster deletion is coupled with an msbB mutation. Use of the ECA,
msbB deletion strain for plasmid production, when the plasmids are to be used for subsequent transfection into tissue culture
cells, allows the researcher to work with standard plasmid recovery kits rather than the more expensive endotoxin reducing kits
(such as those marketed by Promega, Invitrogen and Qiagen) since the ECA, msbB strains have inherently reduced the
endotoxin in recovered DNA by genetic means.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European patent
document. Even though great care has been taken in compiling the references, errors or omissions cannot be excluded and the
EPO disclaims all liability in this regard.

Patent documents cited in the description

o USEH850006R (88011
o LJSBUR02655 [BHDS] (8013



DK/EP 2027272 T3

o LTSG301800VY [BG0S5]

o WQOO20780A {B005]

o US25060:270043A [8013]
o USZ0060199257A [8813]
o UISA107007A FRR20Y

o US4AZ76050A [B02G]

Non-patent literature cited in the description

e PATIL P et al.Variation suggestive of horizontal gene transfer at a lipopolysaccharide (Ips) biosynthetic locus in
Xanthomonas oryzae pv. oryzae, the bacterial leaf blight pathogen of riceBMC Microbiol, 2004, vol. 4, 140- {8847}

¢ Current Protocols in Molecular BiologyJohn Wiley and Sons20010000 {$@241 [3826]



10

15

20

25

DK/EP 2027272 T3

Patentkrav

1. E. coli, som mangler:

(a) et funktionelt msbB-gen; og

(b) et eller flere gener involveret i produktionen af enterisk almindeligt anti-
gen.

2. E. coliifglge krav 1, hvor E. coli er en multipel deletion-stamme.

3. Fremgangsméade til fremstilling af et plasmid-DNA med reducerede
endotoxinniveauer, omfattende:

a) at dyrke plasmid-DNA'et i bakterien ifalge et hvilket som helst af kravene
1-2;

b) at lysere bakterien til fremstilling af et lysat;

c) at isolere plasmid-DNA'et fra lysatet til dannelse af isoleret plasmid-DNA;
¢

e) at oprense det isolerede plasmid-DNA.

4. Fremgangsmade ifglge krav 3, hvor E. coli-stammen er prototrof i minimal-
medier.

5. Fremgangsmade ifolge krav 4, hvor plasmid-DNA'et indeholder mindre
end 200 EU/mg DNA af endotoxin fgr oprensning af plasmid-DNA'et med et
endotoxinfjernelsesmiddel, fortrinsvis mindre end 50 EU/mg, og mere for-
trinsvis mindre end 0,1 EU/mg DNA af endotoxin for oprensning af plasmid-
DNA'et med et endotoxinfjernelsesmiddel.

6. E. coli ifelge krav 2, hvorfra mellem 5 % og 20 % af de proteinkodende
gener er deleteret.



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

