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introduced into an organism is the need to produce highly purified, often

pharmaceutical grade, nucleic acid. Such purified nucleic acid must meet drug
quality standards of safety, potency and efficacy. In addition, it is desirable to
have a scaleable process that can be used to produce multi-gram quantities of
DNA. Thus, it is desirable to have a process for producing highly pure nucleic
acid that does not require toxic chemicals, mutagens, organic solvents, or other
reagents that would compromise the safety or efficacy of the resulting nucleic
acid, or make scale-up difficult or impractical. It is also desirable to prepare
nucleic acids free from contaminating endotoxins, which if administered to a
patient could elicit a toxic response. Removal of contaminating endotoxins is

particularly important, for example, where plasmid DNA is purified from gram
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(DO&H L 90, SAUPRACS CHOnNEGpn) £ 08 (1998), 31-45) and size
exclusion chromatography (Prazeres, D. M., Biotechnology Techniques Vol. 1,
No. 6, June 1997, p 417-420), coupled with the use of additives such as
polyethylene glycol (PEG), detergents, and other components such as hexamine
cobalt, spermidine, and polyvinylpyrollidone (PVP). Additional methods of
separating DNA from contaminants rely on size-exclusion chromatography,
which involves separation of the nucleic acid from endotoxins and other
contaminants based on the small difference in size. These methods are
generally acceptable, but may be unable to provide an efficient and cost effective



rel axed)) at the desired |level of purity. [0007] Also,

pl asm d DNA preparations, which are produced from
whawvasiodd preparati ons and often contain a mRECTOS2009/042382

rel axed and supercoiled plasmd DNA frequently

require endotoxin renoval, as required by the FDA, as
sepalrtationidﬁﬂupkednjaddsl (&yg.,BNA, mattding alipdérostied ane/ok naked (or

(% infla orly eactions, such as fever or
@?S% g}e‘ij‘ﬁs' a%{e@Jr@éath in the host receiving

t he Iasm These _endot oxi ns are generally

i poﬂ@lo)ogécc/h'ﬁ?i olasTidPNA BesRae 4o YU o Pratiuged from
gef&%f‘ﬁa rétlo r¥shaeno°Hft§rﬁ c{iﬁﬂlé’ﬁ{ i %%? Felakedd hy ‘éﬁg?ro})ned

act er are presen prepara I on
ptdsenitd RN A cleédserdlydeljose enelbtomirermnwx—:ésasnreqwred by the FDA, as

RSB PHUERA DR AT POR T tpREs QD xigs can he a

réé’tﬁfoﬁ@%ﬁdf?a@fe\lérr %P@ét)ﬁgt bCinUne ERSKY QXatR fnet'ﬁ@"rﬁﬂst receiving
from pl asm d DNA solutions primarily uses th

theeglasmie DNAhAhgeel esdeoigxing: @‘e(gertelﬁélyelwaﬁsharldes or
ver al so | at i vel and

ragfERE 6ot RS pafioRRpl o iR AU S meriRBhE BEa M negative
(SXR0RNEE ahe Sire praviirt in BiONROslephhRm GRthe BokeselrRNghd host

under certain conditions, preferentially elute plasmd
C@\\W%bﬂa@eﬁl%dn@f@j’omﬁée%%ﬁ)t ornee. regivil af ergripyins &an be a key

S ol Pnetlon BRIbLRlq DRIDKEInaRoBL BTG biaplRTBYRES

ox ns e "as Ver

Emdotoxire cardeval fafm plmnidd)fﬂ».l&omloasrprmv@ﬂy use9 a8 negatively
Smal | - and | arge scale isolation and purifi catl on

of
cRpraes %rwequ he spepioxits. | Rlageid BINAvd Qv euepnalgP is negatlvely
cﬁﬁ%ﬁ'@ir‘é Pétldnelghﬁer nﬂg%cﬁ%‘(/@&l %Wé“loﬁ exBRange resins
| mprove t 1s also

asm prepar at rocess.
wiheeH biatiltmtth thregsl melecdidsaarel] unelse aedainacunditiversa pyefetemdielly

ol sl FiraNB SR P08 inE PROE T Suelt PisepefAlioaresults in
oﬁﬂﬁbérﬂa%%va‘l as %ﬁ@ilﬁ%é@%nﬂﬂ)fﬁé §?eﬁtﬁc§t@ﬁhs%ﬁutbrﬁﬂw tHe' pﬂﬁsmld

on nanmmal i an body,” the nucl eic acids are required

DNy endipsia \easp poar eecaviety pliplasmidi DINA tscadtiigitedour i t y

[0009] Plasm d DNA used for gene therapy is typically
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plasmid-based research and therapy, that the nuclelc aC|ds can be separated
and purified keeping the same structure in a reproducible manner, and in order
to avoid the adverse effect of impurities on mammalian body, the nucleic acids

are required to have been separated and purified up to high purity.

[0009] Plasmid DNA used for gene therapy is typically isolated from E.
coli K-12. Endotoxins, also known as lipopolysaccharides (LPS), are known to
be prominent cell membrane components of gram-negative bacteria such as E.
coli. In fact, some reports suggest that the lipid portion of the outer membrane of
E. coli is completely composed of endotoxin molecules. (Qiagen Plasmid
Purification Handbook, July 1999).
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and their tendency to form micellar structures initially led to the copurification of
LPS and plasmid DNA. For example, DNA is often copurified with LPS in CsCl
ultracentrifugation procedures because the LPS and the plasmid DNA have a
similar density in CsClI. In addition, micellar LPS separates on size exclusion
resins with large DNA molecules. Likewise, the negative charges present on
LPS molecules interacts with anion-exchange resins in a manner that leads to

their copurification with DNA on anion-exchange resins.

[0013] Cell wall polysaccharides have been reported to contaminate
DNA isolated from a variety of sources including bacteria, yeast, plants, blue-
green algae, protozoa, fungi, insects, and mammals (Edelman, M. . 1975. Anal.
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[0016] Several metho ave "been devel oped
stamdeedj ptasrmd\ysglathﬁ procedures. Thus, these polysaccharides are not
removed from DNA by the currently used methods that deplete endotoxin based

on hydrophobicity (i.e., the presence of Lipid A binding).

[0016] Several methods have been developed to reduce levels of
endotoxin-positive LPS in DNA isolated from E. coli (Neudecker, F. and S.
Grimm. 2000. Biotechniques 28:107-110), including several commercially
available kits (Qiagen, Inc., Valencia, CA; Sigma Chemical Co., Inc., St. Louis,
MO). DNA purified using the Qiagen kit is generally considered to be the “gold
standard” of clean plasmid DNA. Not only is the Qiagen kit designed to remove
LPS, but it also includes RNase to digest the RNA in plasmid DNA preparations.
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polysaccharides present in DNA caused with restriction enzyme digestion. None
of these methods, however, successfully removed all polysaccharides found in
plasmid DNA.

[0020] WO 95/20594 and U.S. Patent 5,969,129 describe a method for
batch purification of genomic DNA, from corn and other plants. This purification
process used polymer gels containing boronate groups to isolate DNA from
DNA/polysaccharide mixtures.
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[0023] Briefly, therefore, the present invention is directed to gram
negative bacterial plasmid composition. The composition comprises gram
negative bacterial plasmid DNA and less than about 0.1 mg of colanic acid per
mg of gram negative bacterial plasmid DNA. In one embodiment, for example,
the composition comprises less than about 0.05 mg of colanic acid per mg of
gram negative bacterial plasmid DNA. In another embodiment, the composition
comprises no detectable colanic acid. In these and other embodiments, the
composition may also comprise less than 0.1 mg of uronic acid per mg of gram
negative plasmid DNA, and/or less than 0.1 mg of fucose per gm of gram
negative plasmid DNA. In one embodiment, for example, the composition further
comprises less than 0.05 mg uronic acid per mg of gram negative plasmid DNA.

In another embodiment, the composition comprises less than 0.05 mg fucose per



ng of gram negative bacterial plasmd DNA. In one
enbodi nent, for exanple, the conposition conprises

WO 2®9/18308 about 0.05 ng of col anic acid per NMCDUSHOHN2382
negati ve bacterial plasm d ®ONA |n another enbodi nent,
the conposition conprises no detectable colanic acid.
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plHPMHOR&I d and/or fucose. [0024] Another aspect of
the invention is directed to a gram negative bacteri al
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bpeteriabplatngd aompegaibnweenigeridirey gedm plegativel bBdariabpldsmid DNA,
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bbateriat plasmid &3¥A.d IrDdire ehdxaslimaai the oo position egmyifrises no
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RNARDroegat dndfobasdstokial coptamattONA. 1 n one
enbodi nent, the conposition conprises no detectable
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genori ¢ NA, protein, and/or endotoxin . .
pudficatitinneimiasrhebREA. Andireeemhegisentothet process/eomptises treating

oS sh AR T P A BB b o lhe S st
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pol ypeptide to digest colanic acid and separating the

COMPO/I®NDNA from the treated agueous conpositi on.
[ 0027] Anot her aspect of the invention is directed to
a prdoeg31f ohnather pspédtiof the mweofiopisdindade®itna proeess for the

pBlr*iﬁc(::ae’quSr’m gfo p'fgsrr'nlsdJ BRIA {ﬁ"g pPorc%éts rc%?ntpir%%g"’:l?a)a&%?t?gasting an aqueous
composition containing plasmid DNA by combining the aqueous composition
with an anion exchange resin; (b) treating the pre-treated aqueous composition
with a polypeptide to digest colanic acid; (c) separating the plasmid DNA from
the treated aqueous composition, the separation comprising combining the
treated aqueous composition with an affinity chromatography resin, and
thereafter combining the treated aqueous composition with a hydrophobic
interaction chromatography resin; and (d) filtering the plasmid DNA.

[0028] Another aspect of the invention is directed to a polypeptide
having at least 90% homology to SEQ ID NO: 1, and conservative amino acid

substitutions thereof. In one embodiment, the polypeptide has at least 95%



conmposition containing plasnm d DNA by conbining the
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[0032] Other aspects of the invention are directed to a vector
comprising a polynucleotide, wherein the vector is selected from the group
consisting of a plasmid, a virus, and a bacteriophage. In one aspect, the
polynucleotide shares at least 90% sequence identity with SEQ ID NO: 7, or the
complement thereof. In another aspect, the polynucleotide shares at least 90%
sequence identity with SEQ ID NO: 8, or the complement thereof. In one
embodiment of either aspect, the vector is a plasmid or a bacteriophage. In a

preferred embodiment of either aspect, the vector is a bacteriophage.

[0033] Another aspect of the invention is directed to a process for
digesting colanic acid in a biological material, the process comprising contacting
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spirit and scope of the invention as set forth in the appended claims

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Figures 1A, 1B, 1C, and 1D shows the nucleotide and amino
acid sequence of a colanic acid-degrading enzyme according to one

embodiment.

[0038] Figure 2 shows a gel where several different DNA plasmid
samples were tested using this gel electrophoretic method for polysaccharide

visualization and quantification.



and the specific enbodi nent disclosed mght be readily
utilized as a basis for nodifying or redesigning the
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1gquanti fication.[0039] Figures 3-8 show the pol ypepti de
sequences of SEQ ID NOS: 1-6. [0040] Figures 9-1 0
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SEQ ID NO' 8 . [0041] Fi %gre_ 11 shows the polypeptide
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purified according to the processes descri bed herein.
ARBFREVIANTONSSANTDDBERNNIIDININS [ 0043] Unl ess ot herwi se
defined, all terns of art, notations and ot her

sci eroiofaiag tlgnless othdraisy defiregy allse@indef it matations and other
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A B SRRy B Rof il e Tt ARER I, inveryion pertains.
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techni ques and procedures described or referenced
wiheit é gerzeralliyw hdlenstaist isttbe drndaoy ofrtire iecbnigluegeuhd procedures

described or referenced herein are well understood and commonly employed

using conventional methodology by those skilled in the art, such as, for example,
the widely utilized molecular cloning methodologies described in Sambrook et
al., Molecular Cloning: A Laboratory Manual 2nd. edition (1989) Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y. As appropriate, procedures
involving the use of commercially available kits and reagents are generally
carried out in accordance with manufacturer defined protocols and/or parameters

unless otherwise noted.

[0044] The term "analog" refers to a molecule which is structurally
similar or shares similar or corresponding attributes with another molecule (e.g. a
CAE-related protein). For example an analog of a CAE protein can be
specifically bound by an antibody or T cell that specifically binds to CAE.



usi ng conventional methodol ogy by those skilled in the
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cl ones thereof (includi ng goni st, antagoni st and
neut &I04ZI ngThetaresdingBridiaad 4 "Byeridizing’. ARypridiags” and the like,
t t Y, The
BETRP ISRt K5, S heBRPE gt cony Bt

hiporidizaton tm@ﬁ@rﬁéqurefmélﬁy wueh abmyfbaduz@ﬂanm 60"/&1avn ng
sequences of chem cal residues that are
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nt econtext 0 nucl I'cC aclids, are freant to
SrDS are albowmHyunt i onal hybri di zati on conditi ons,
preferably such as hybridization in 50%

f or mywiode/ 6 XE HArabe¥o"BofRitdd'06r "idlogicahPpiive” irefents ataterial
tenperatures for hybridi zation are above 37C and
whighhisrsstogkasdiathy or gasentiadyifieeoirasamepnentg which normally

accompany the material as it is found in its native state. Thus, isolated peptides
in accordance with the invention preferably do not contain materials normally
associated with the peptides in their in situ environment. For example, a nucleic
acid or polynucleotide is said to be "isolated" when it is substantially separated
from contaminant polynucleotides that correspond or are complementary to
genes other than the target genes or that encode polypeptides other than the
target gene product or fragments thereof. A skilled artisan can readily employ
nucleic acid isolation procedures to obtain an isolated polynucleotide. A protein
is said to be "isolated," for example, when physical, mechanical or chemical
methods are employed to remove the target proteins or polypeptides from
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percent sequence identity, and not considering any conservative substitutions as
part of the sequence identity. Alignment for purposes of determining percent
amino acid sequence identity can be achieved in various ways that are within the
skill in the art, for instance, using publicly available computer software such as
BLAST, BLAST-2, ALIGN, ALIGN-2, or Megalign (DNASTAR) software.

Persons of ordinary skill in the art can determine appropriate parameters for
measuring alignment, including any algorithms needed to achieve maximal
alignment over the full length of the sequences being compared. For instance,

percent amino acid sequence identity may be determined using the sequence
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sequence | ty can I - vari ous
comparison program may be obtained from the Natlonal Institute of Health,

Bethesda, Md. NCBI-BLAST2 uses several search parameters, wherein all of
those search parameters are set to default values including, for example,
unmask=yes, strand=all, expected occurrences=10, minimum low complexity
length=15/5, multi-pass e-value=0.01, constant for multi-pass=25, dropoff for
final gapped alignment=25 and scoring matrix=BLOSUMG62.

[0053] The term "polynucleotide" means a polymeric form of
nucleotides of at least 10 bases or base pairs in length, either ribonucleotides or
deoxynucleotides or a modified form of either type of nucleotide, and is meant to
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conditions more stringent, while lower temperatures less so. For additional
details and explanation of stringency of hybridization reactions, see Ausubel et
al., Current Protocols in Molecular Biology, Wiley Interscience Publishers,
(1995).

[0057] "Stringent conditions" or "high stringency conditions", as
defined herein, are identified by, but not limited to, those that: (1) employ low
ionic strength and high temperature for washing, for example 0.015 M sodium
chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sulfate at 50°C.;
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amino acid residues in the corresponding position(s) of a specifically described
protein (e.g. the CAE-protein shown in FIG. 1 or FIG. 2). An analog is an
example of a variant protein. Splice isoforms and single nucleotides
polymorphisms (SNPs) are further examples of variants.

[0059] The polypeptides having colanic acid-degrading (CAE) activity
of the invention include those specifically identified herein, as well as allelic
variants, conservative substitution variants, analogs and homologs that can be
isolated/generated and characterized without undue experimentation following
the methods outlined herein or readily available in the art. Fusion proteins that
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DNA preparations, processes for their preparation, and

enzymed eagefAiinong other things, therefore, the present invention provides

isolated, purified, and recombinant polypeptides having colanic acid-degrading
activity, and processes involving their use. The invention also provides isolated
polynucleotides encoding such polypeptides. The polypeptides described herein
have a range of uses, and enable processes for digesting colanic acid in a
biological material, and processes for removing endotoxins from compositions
including biological macromolecules. Significantly, the polypeptides also enable
the preparation of plasmid DNA preparations, preferably gram negative bacterial
plasmid DNA, comprising less than about 0.1 mg of colanic acid per mg of
plasmid DNA, and more preferably less than about 0.05 mg of colanic acid per

mg of plasmid DNA. In certain preferred embodiments, no detectable colanic
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erEnSo%%%ieﬁgi, %ecgilo‘ogsléarl%é}%rialqg%eﬁgfoggca?glime. In accordance with
these embodiments, for example, the colanic acid may be present in the cellular
membrane of the intact bacteria. In other embodiments, the biological material
may be a crude bacterial lysate, a partially purified bacterial lysate, or an
aqueous solution comprising extracted bacterial nucleic acid. In another
embodiment, the biological material may be a biofilm. In another embodiment,
the biological material may be pulp or pulp derivative (e.g., such as those
mechanically or chemically prepared from wood or fiber sources). As noted
above, in accordance with other aspects of the invention, the polypeptides
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One key aspect of the present disclosure is hi (r;;

pur i 08451 The plasmid compositions of the present invention may include
any types of vectors with any sizes. For instance, the size range of plasmid DNA
that may be purified by the processes described herein may be from
approximately 0.3 kbp (mini-circle or minimal transcription unit) to approximately
50 kbp, typically 3 kbp to 20 kbp, or larger (e.g., 5 to 100 kbp, or larger, such as
phage-derived shuttle vectors, HACs, YACs, MACs, and episomes derived from
EBV or other non-integrating viruses). In certain embodiments, the DNA
includes a vector backbone of approximately 0.3 kbp, 0.5 kbp, 0.75 kbp, 1 kbp, 3

kbp, 5 kbp, 10 kbp, 15 kbp, or 20 kbp, a therapeutic gene, and associated
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bacterial plasmid DNA composition. As described herein, an efficient
enzymatically-based process has been developed that allows for the removal of
colanic acid contamination from a variety of bacterial materials, such as plasmid
DNA samples. In various embodiments, the first step in the process may involve
detection of colanic acid as a source of contamination (e.g., plasmid DNA
contamination). This may be directly or indirectly accomplished, for example, by
assaying for the presence of fucose in the sample (described below), since
fucose is known to make up about 22% of colanic acid.
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[0070] In combination, the gram negative bacterial plasmid DNA

composition may comprise less than about 0.1 mg of colanic acid per mg of
gram negative bacterial plasmid DNA, and less than about 0.1 mg of uronic acid
per mg of gram negative bacterial plasmid DNA. For instance, the gram
negative bacterial plasmid DNA composition may comprise 0.05 mg of colanic
acid per mg of gram negative bacterial plasmid DNA, and less than about 0.05
mg of uronic acid per mg of gram negative bacterial plasmid DNA. Preferably,
no detectable colanic acid and no detectable uronic acid is present in the gram
negative bacterial plasmid DNA composition.
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aBBRINfNESR di¥uRRL IR the plasmid compositions described herein may
also include, for example, less than 0.01 mg chromosomal or genomic DNA,
RNA, protein, and/or endotoxin contaminants per mg of gram negative bacterial
plasmid DNA; more preferably, the composition includes less than 0.001 mg,
less than 0.0001 mg, or less than 0.00001 mg chromosomal or genomic DNA,
RNA, protein, and/or endotoxin contaminants per mg of gram negative bacterial
plasmid DNA. In one embodiment, for example, the plasmid compositions may
comprise less than 0.1 mg (more preferably, less than 0.05 mg; still more
preferably, no detectable amount) of colanic acid per mg of gram negative
bacterial plasmid DNA, and less than 0.01 mg (more preferably, less than 0.001
mg; still more preferably, 0.0001 mg) host cell chromosomal DNA or genomic
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of gram negative plasmid DNA (e.g., 0.04, 0.03, 0.02, or 0.01 mg), and more
preferably no detectable uronic acid, as measured by a uronic acid assay. In
general, the uronic acid content of a plasmid DNA sample is measured using
standard curves generated with heparin sulfate or glucuronic acid as standards.
For instance, heparin sulfate resembles the polysaccharide contaminants from
E. coli, because uronic acid comprises about 25% of the total weight of heparin
sulfate. Heparin sulfate consists of 50% sugars by weight. Half of these sugars
are glucosamine and the other half of the sugars are iduronic acid and
glucuronic acid; the rest of the heparin sulfate is contributed by modifications of
the sugars including sulfates and acetylamides. Alternatively, glucuronic acid
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assay have also been published (Passonneau, J.V. and O.H. Lowry. 1974. In:
Methods of Enzymatic Analysis, U.H. Bergmeyer (ed.), 2nd edition, Academic
Press: New York, volume 4, pp. 2059-2072). Using this method, the fucose
levels of plasmid DNA samples were determined and the concentration of
colanic acid levels calculated. As described elsewhere herein, colanic acid was
found to be the primary contaminant in plasmid DNA from a variety of sources,
even GMP grade plasmid DNA. An exemplary fucose assay for measuring
fucose levels is found in Example 16.
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composition is increased by at least 25%; more preferably in this embodiment,
by at least 50%. By further reductions in the levels of colanic acid (and other
polysaccharides), and optionally similar reductions in the levels of other
contaminants such as chromosomal or genomic DNA, RNA, protein, and/of
endotoxin, the corresponding LDsp of the plasmid composition may be increased
by at least 50%, by at least 75%, or by at least 100%. By way of another
example, by reducing the level of colanic acid to less than 0.05 mg per mg of
gram negative bacterial plasmid DNA and the level of chromosomal or genomic
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described herein include genotyping microorganisms, DNA fingerprinting of
plants and animals, detecting pathogens and beneficial microorganisms in soils,
water, plants and animals, forensic identification of biological samples and
environmental samples contaminated with different biological entities, and
molecular studies such as, for instance, building chromosomes, analyses of
transcriptional information, X-ray crystallography, and DNA structural studies.
The plasmid compositions may also be used in conjunction or in combination
with solid substrate chip formats that detect, among other things, genes,
mutations or mMRNA expression levels such as nucleic acid microarrays and

molecular detection chips employing, for example, fluorescence, radioactivity,
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[0084] A polypeptide is used to digest colanic acid present in the
sample; thus, the polynucleotide has colanic acid-degrading activity, or is
otherwise a colanic acid-degrading enzyme. In one particular embodiment, the
process involves digesting in a biological material and the process comprises
contacting the biological material with a polypeptide capable of digesting colanic
acid. The biological material may be, for example, a crude bacterial lysate, a
partially purified bacterial lysate, and an aqueous solution containing extracted
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were unable to identify the levels of contaminating polysaccharides, the certain

steps may be performed to quantify the polysaccharide levels in DNA samples,
allowing the investigator to assure the removal of polysaccharides from the DNA
sample.

[0086] In general, any of the polypeptides described herein may be
employed. For example, the polypeptide may comprise an amino acid sequence
having at least 90% homology to SEQ ID NO: 1, or the polypeptide may
comprise an amino acid sequence having at least 90% homology to SEQ ID NO:
2. In one particular embodiment, the polypeptide has the amino acid sequence
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[0089] Typically, the biological material is a bacterial lysate, or a
derivative thereof. Thus, bacterial starting material (e.g., bacterial cells, etc.)
must be lysed or disrupted to form the lysate. In general, the bacterial lysis step
involves any conventional method for breaking open bacterial cells, thus
liberating nucleic acids and other cell components therefrom. The lysis
procedure may involve the use of mechanical methods, lysing agents or

solutions, or combinations thereof.
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bacterial cells, and in particular grampositive (+)
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[0093] Alkaline lysis and mechanical techniques for lysing bacterial
cells to release and extract proteins and nucleic acids are generally well known,

and are described, for example, in Sambrook et al., supra.

[0094] In some embodiments, it may be desirable to form a cleared
lysate preparation, in which the chromosomal DNA, proteins, and membrane
portions of the host cells have been at least partially removed, such as by

chemical treatment or centrifugation of the lysate, thereby leaving a solution
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techniques can be employed.

[0097] The biological material may also be combined with
chromatographic material following treatment with the polypeptide. This
generally involves affinity chromatography and/or hydrophobic interaction
chromatography. In a particular embodiment, the biological material or aqueous
composition is combined with an anion exchange chromatography resin, treated
with the polypeptide, combined with an affinity chromatography resin, combined
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bacterial I'ysate as descri bed above, it is
chromatographic separations are employed. Thus, for example, at various times
during the process, the biological material or composition may be combined with
a chromatographic material. Suitable chromatographic materials include, for
example, ion exchange chromatography resins (such as anion exchange
chromatography resins and cation exchange chromatography resins),
hydrophobic interaction chromatography resins, and affinity chromatography
resins, among a range of others. In one embodiment, the chromatographic
material is selected from the group consisting of an anion exchange
chromatography resin, a cation exchange chromatography resin, a hydrophobic

interaction chromatography resin, and an affinity chromatography resin.
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chromatography In general, any available chromatography protocol involving
nucleic acid separation can be adapted for use. In addition, any one or more of
the steps or techniques can employ high performance chromatography
techniques or systems. Thus, the method of the invention comprises an colanic
acid digestion step with one or more step of ion exchange chromatography and
further may include affinity chromatography, hydrophobic interaction
chromatography or gel permeation chromatography, and/or filtration (such as
tangential flow filtration (TFF) or size exclusion filtration). The step of ion
exchange chromatography, for example, may be both in fluidized bed ion
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proteins, endotoxins, and colanic acid contaminants are preferably undetectable.

[0104] As noted above, the method of the present invention may also
use further steps of size exclusion chromatography (SEC), reversed-phase
chromatography, hydroxyapatite chromatography, and/or other available
chromatography technigues, methods, or systems in combination with the steps
described herein in accordance with the present application.
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pbﬁﬁémmmcéee teanefene, tHeobarpplef MBYBROSRIFEUONES 68 P MYore of

t echni ques or systens. Thus, the nethod of the
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filtration). The step of ion exchange chromatograph
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steps to result in a purity

material, and discarding undeS|red portlons of the sample. Depending on the

nature of the chromatographic material, the desired portions may be retained

within the chromatographic material and eluted in a separate step while the

undesired materials flow through the material, or the undesired materials may be

retained in the chromatographic material while the desired portions flow through

the chromatographic material.

[0108] At a variety of places in the above protocol, analytical
determination of nucleic acid yield and purity are advantageously performed.
Typically, such assays are performed before and after each purification step, as

well as to each nucleic acid-containing fraction from, e.g., preparative ion



product containing plasmd DNA. It may, for exanple,
be conbined with at | east one of floccul ate renoval
w@ sweh3wgs | ysate filtration, settling, or PCT/US2009/042382
centrifugation), ion exchaldge chromatography (such as
cation or anion exchange), and hydrophobic interaction
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Host cell DNA and R protei ns, endotoxins, and
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conmbination with the steps described herein in

dgserdrasandertaet ﬂefﬁﬂ@eb?%sent appl i cation.[0105] A
floccul ate renoval step may al so be enployed to
provi de high&xcpangeyChmmatographyti ng pl asnm d DNA
product. This step may be used to renove a | arge
porti[6d1df phzoofEdc atet, mat exdreingefdnoomatagraphy Came be

el & Rty R PRI sengic kit o hEguhavh g Solfkketice,
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depth filtration as a polishing filtration step.

inienaniedd! lysate or tisate tledeativedtemcomntaninating enldptmgh trace

OB PS4 S Bl S Ao Bcnange may e
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n8Gati¥i§ cRbrged (or acidic) molecules to a support which is positively charged.

The use of ion-exchange chromatography, then, allows molecules to be
separated based upon their charge. Families of molecules (acidics, basics and
neutrals) can be easily separated by this technique. Stepwise elution schemes
may be used, with many contaminants eluting in the early fractions and the
plasmid DNA eluted in the later fractions. lon exchange chromatography is a
relatively common method for removing proteins and endotoxin from plasmid
DNA preparations. The ion exchange chromatography or any one or more of the

other chromatography steps or techniques used can employ stationary phases,



i on exchange chromat ography (e.g., anion or cation

exchange chronmat ography), affinity chromatography,
whweopteedbi c i nteracti on chromat ography, and fPECT/D82009042382
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chromat ographi ¢ naterial. [0108] At a variety of , ,
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l«ic,,acid-containjng fraction 2., _
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nBERRA SRARKI o B RINEs | RIeal@rtherBsiRgs blkpswasidiytéd §alwith

det erm nations i ncl ude HPLC anal ysis of purity,
segiecn hy@ioxidente allew cepeatadiusa. of yiel d, silver

stai ning and SDS-PACE for protein analysis, and
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predom nantly supercoiled or other plasm d DNA) of
funationelizashyith suifogoRy!, 853extenunaionairnalized avitibd gulfopropyl
g?(?l.?{g ot'a &fr?a%teecgdated with a polyhydroxylated polymer functionalized with
sulfoethyl. Examples of strong cationic ion exchange columns using each of
these materials include, respectively, a POROS HS™, a POROS S™, and a SP-
Sephadex™ column, among others. Relatively weak cationic exchange columns
typically have a dextran matrix functionalized by carboxymethyl or an acrylic
matrix functionalized by a carboxylic group. Examples of weak cationic
exchange columns using each of these materials include, respectively, CM-

Sephadex™ and Bio-Rex 70™.,



[0109] Additionally, it is also generally desirable to
analytically determ ne the presence of polysaccharides

WG ewk/13®4& 0l ani ¢ acid, uronic acid, and/or fucPGEURI009/042382
the internediate or end pré8ucts. Suitable assays for
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Healthearee(Riscataay, M) Aod orthﬁr suppbersag proteins and

endot oxin from plasm d DNA preparations. The ion
exchd0da 53 hr bymtallyr Hpghgaropleanycoorened withram ioh excbange

th h t y St t echni d
oBrasSLadrTl G20k, 26585 B LB Mot Eeng 05 m
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continuous bed colums or systens. [0112] The ion

mdoohamgea ¢ 60 upheolumat a 28R rlecalyinn aéa‘@ourn colempy, acE¥:®S

e 0GR Bl SRR L A8bEnLoBR, §p 308 mi courn,
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IS ani on exchange chr omat ogr aphy resin. For exanple
colaarf 0L eRERh@A0L column, a SOL column, a 60L column, a 70L

column, an 80L column a 90L column, a 100L column, or a column with a
capacity greater than 100L, as well as any other column with a capacity between

the volumes listed above.

[0116] Typically, the ion exchange chromatography material is
equilibrated prior to use at a pH ranging from about 6.0 to about 7.2 and at a salt
concentration that can range from about 100 mM to 200 mM. Therefore, the
column can be equilibrated at a pH of about 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7,
6.8,6.9,7.0,7.1,7.2 or any other pH in between these pH values and at a salt
concentration of about 100 mM, 125 mM, 150 mM, 175 mM, 200 mM or any

other concentration in between the salt concentration values listed above.



chromat ography material resin may conprise
di et hyl am noet hyl cell ul ose (DEAE),
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(QAE), or polyethyl imde @PEI) resins. In one
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functionalized wth sulfopropyl, dextran matri x
pfefacatlp Al fozH0 mMh a sul f opropyl group, or a surface
coated with a pol yhydroxyl ated pol yner functionalized
wi t h [gaffoget\Whien dpplying ése pfotsinrafnyecsst t@anani@nexchange
change oI unns usi ngDeach of thes mat eri al s
i} KRS,
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ange colums typicall'y have
dasirylr(@rhyiaoxypropyl jarainoatiyi, zteelthlygarmaomeklw‘mhrumylamm.propyl
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(tm and Bi 0- Rex 114] Rel ati vel % weak ani onic
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surface ionization up to a pH of about
Pigcatamay.dY vi)ninergnrene Oééﬁ?ﬁsyll’fﬁ‘ied@ﬁr%@]ﬁ%@ 3% DM B10-GEL

AH18-BAPRRrQlled E8X) BREAE-SEPHAROSE CL-6B and Q-SEPHAROSE
Fast Flow (Pharmacia), the synthetic organic polymers, such as MONO Q
(Pharmacia), DEAE-5-PW and HRLC MA7P (BIO-RAD) and the coated silica
matrices such as DEAE Si5500 and TEAP Si100. Desirably, the anion exchange
matrix is equilibrated in very low salt concentrations and employed at an alkaline
pH (e.g., pH 8.0 to 11.5) to facilitate binding of acid and mildly basic

contaminants.

[0120] When applying the protein of interest to a cation exchange
maitrix, it is contemplated that any matrix functionalized with carboxymethyl,



matri x functionalized by diethylam noethyl. Exanples

of weak ani oni ¢ exchange col ums using each of these
woreioenssks i ncl ude, respectively, a POROS Pl (tPgT/US2009/042382
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Sﬁﬂ{ an 800 m colum, a 900 m columm, a 1000 m (
%Icolunn a 2000 n (2L) a 10L colum, a 2CL col um,

coI mialllfmah é’gﬁnc a#%@s?%oﬁrﬁd’ég ?Q'QOf including the

nliBieic a@dpmtyplcallwlo@dbdmmtavtrtéc@lumaca b)adm@taliffﬂr ddmlsmg a
100L, as wel g other colum with a cap
I

SBLCABRA AN R GBS POES ABOE, w'p'@fﬂfe? nwglsicc%@lﬁ yvould elute
ORPHHEEbIGHAN %@Qﬁer%w Ctﬂétsgﬁfc%ﬂt%nqgﬁcﬁ{ Witlbe B certain

equi ated prior t'o Usé at angi ng rom about
embbdﬁmealsdmm‘ab:buamﬂ taﬁOamSadepMUQonrthe|re$1ntU$ed daugeneral,
f m abouyt 100 mM t mM |, Th. f
S P DR S Ao ToPted G ORCRI SR Vi Sautn el e pised,
whefeadfo? str@néer Snidn- &cﬁan&e Fesﬁs % h@h%r c@n@UctKnt} soluzloﬁ will

or any other pH in betweeh these pH val ues and
bealsede orfseeelvani wil taen Seovashegovitivseuaral mmrrmsvzplwmes of buffer

' el B0 1o AR BB R0, AR hen
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chr omat o?ra phy material include NaCl, KCI or any other

cgayentt Meafodse faipasiRle. vengaircl 1.8 Nagl i@ %FF'éT‘F@Q'beﬁer

S%ﬁnpkfgfractlons are collected from the column. For intermediate scale
preparations (e.g., from about 100 mg to about 3 grams nucleic acid), fractions
will typically be at least 50 ml to 2 liters where the nucleic acid peak is expected,
with increases in volume in the fractions past the expected peak. Analytical
determinations of nucleic acid yield and purity are performed on single or
multiple fractions. In addition, Limulus ameobocyte lysate (LAL) assays (e.g., to
detect the Lipid A portion of endotoxin) may be performed on each fraction to
determine residual endotoxin and/or other assays described herein may be
performed on each fraction to determine residual polysaccharide contaminant
levels, such as colanic acid or related polysaccharides (as described below), in



[0117] For the ion exchange chromatography, packing
mat eri al and nethod of preparing such material as well
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functionalizing anion and d&ati on exchange
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ligand.

[0127] The specific buffering conditions used for equilibrating the
affinity column in preparation for sample application should reflect the specific
properties of the interacting system being used. The nature of the buffer used,
including its pH and ionic strength, should be optimal for the ligand-target
molecule system. The target sample applied to the column should preferably be
contained in the same buffer used to equilibrate the column. After sample
application and adsorption, the column may be washed with the starting buffer to
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[0130] Ligands used for affinity chromatography are structurally and

biologically closely related to the target molecule to be purified. For the
purposes of the present invention, any suitable affinity chromatography material
and ligand thereof can be employed for binding and eluting the sample of
interest (i.e., plasmid DNA). In general, this makes the selection of the ligand

specific for each case.

[0131] Preferably, the ligand used in the affinity chromatography
material has specificity for diol complexes, preferably vicinal or cis-diols.
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and 3-succinamido-4-nitro-benzeneboronic acid, among others. One preferred

boronate ligand is 3-aminophenylboronic acid (3aPBA).

[0134] A range of support matrices for the affinity chromatographic
materials disclosed herein, including boronate affinity chromatographic materials,
are not critical, however, support matrices based on dextran, cellulose, agarose,
polyacrylamide, silica, polystyrene, and polymethacrylate are conventional in the
art and suitable for use herein. Boronate affinity matrices are commercially
available from a variety of vendors, including for example, Sigma-Aldrich Inc.
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interaction chromatography is beneficial as it is at least partially removes open
circular plasmid forms and other contaminants, such as genomic DNA, RNA, and

endotoxin.

[0138] For the purposes of the present invention, any suitable
hydrophobic interaction matrix can be employed for binding and eluting the
sample of interest (e.g., plasmid DNA). Such hydrophobic interaction matrices
include, but are not limited to, natural or artificial surfaces containing uncharged
groups, such as methyl, ethyl, or other alkyl groups. These groups form
hydrophobic bonds with proteins which are passed through the matrix and result
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entirety).
Filtration

[0143] According to certain preferred embodiments, one or more
filtration, ultrafiltration, or diafiltration steps may also be performed, including
tangential flow filtration. Filtration through size exclusion filters can be used to at

least partially remove endotoxin and other contaminants while resulting in
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slze 0 be séparated’and the co
atidesadations, nlugetosrrﬂll,er foldeep vokeimes, mureased)flux;mgrmrwlelds and
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BaEEpRperaio it SaBgaricRg R G4l etk itk and
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relatively large pore dianeter for nucleic acids with
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using relatively high salt concentrations (e.
Reterttion ofi the contaminant may occur by mechanical stralnlng or electroklnetlc
particle capture and adsorption. In mechanical straining, a particle is retained by
physical entrapment when it attempts to pass through a pore smaller than itself.
In the case of electrokinetic capture mechanisms, the particle collides with a
surface within the porous filter and is retained on the surface by short-range
attractive forces. To achieve electrokinetic capture, charge-modifying systems
can be used to alter the surface charge characteristics of a filter (see, e.g., WO
90/11814). For example, where the contaminant to be removed is anionic, a
cationic charge modifier can be used to alter the charge characteristics of the

filter such that the contaminant is retained by the filter.



amoni um sul fate) and eluted in the presence of
aqueous buffers using relatively |l ow salt
W@ oveasiost i ons (e.g., a decreasi ng anmoni um SRCT/HS2909/042382
gradient from1.2 Mto 0.54%). As such,
pol ynucl eoti des and pol ypepti des are sel ectively
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iand
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gbydratipselsated Mtﬁreanbllenmlarhn@g‘at agrcﬁpw\/\KKS) ﬂr@t wwbstantually
avai I able from Sigma- Al drich, |nc

IGHSTghan Hexmekeu BN ok MelsUies p;oe BLABRdAgeneral rule
isTtol ket %e%ﬁﬁé_mﬁﬁe s ze&;‘ilglf \e(g@'ﬂe Pﬁﬁ@gﬁ@ﬁﬁo@q}hes lower

ave varlous parfic
th{er Heanaleayl|ar MBigliteofghe nidlSculesto @beal;aine‘eCT(Ha memiorane is

'%?%Y@A;E# @l{_{g?ﬁ @\I,;tfow r %ﬁ@p sip Sg?;]l%f (ﬁ Kté(plca,:y flushed with
wWaIEH SRheRi&d fdtivedtactitrate iGN rhk SRNinesyrg), Saripidisidded a

step-w se or linear gradient. Suitable elution buffers
ceassflowl is ertebhahed fepe aadtreteRliateatieesweb @ie sst, 2ael fifrate is

gﬁ%ﬁ%?%%ﬁﬁve%stlrgﬁo(gq%g%h?ﬁ%wog gol'ﬁ?rh ssrgsgrgﬁ‘ R Process is

sttipeds aAd it shmelesdeepsredc i nteraction

chromat ographi ¢ materials disclosed herein are not

critirgalagyhomgy %’refeﬁ‘é@ﬁﬁ’t?étudﬁ%tf?&ﬁs%&ﬁﬁ‘aﬁ’éh dsixgraan,
cel l ul ose, cross-linked agarose, synthetic organic

utitafwtmim meowirane Qavmgaﬁ molﬁgmrcw,@lght eutotniv e rangsl ofi 30,000

BSO %‘bb I\ﬁWbéu S oeng 8h tHé%lasmlg size. This step of diafiltration
allows for buffer exchange, followed by concentration. The eluate is typically
concentrated 3- to 4-fold by tangential flow filtration as described above using,
for example, 30 kDa membrane cut-off, to a target concentration, and the
concentrate is buffer exchanged by diafiltration at constant volume and adjusted
to the target plasmid concentration. The resulting plasmid DNA solution may
then be further filtered, e.g., through a 0.2 uym filter, and is typically divided into
several aliquots, which are stored in containers at a relatively cold temperature
(e.g., ~0°C) until further processing.



[0142] Synthesis of base materials for hydrophobic

i nteracti on chromat ography, as well as process for
wWEe@pasionsy, pol ynerizing and functionalizing PCT/US2009/042382

hydr ophobi ¢ i nteracti on chis®mat ography and el uting and

separating sanples such as plasm d DNA therethrough
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According to certain preferred enbodi nents, one or
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i
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a‘ggw?@ﬁﬁjr‘?r@fﬁﬁ&ﬂ%&nd| I ng conceﬁtrat ed nucleic acid

sl Uty dHe il el Paldl HnNal B chigl 8656

f 1 ux rylre {8 & er processing

c&h@érdmmdd gélofimation aldtiyody@iel alding &isider @idl@s‘lo@@blromatography
diafiltration materials are suitable for use in this
MAtedals Mayke BrpIoHed 0588 fhaarGse! Filtration Principles and Methods,

Edition Al, Amersham Biosciences, 2002.

[0153] The polypeptides described herein may additionally or
alternatively used in a variety of industrial processes requiring or benefiting from
the digestion of colanic acid and other polysaccharides. In general, this may
involve treating machinery, product and/or effluent pipelines, and the products,
intermediates, or effluents themselves with the polypeptides described herein in
order to, for instance, remove or prevent corrosion, fouling, or other build-up
resulting from these industrial processes. One particular example is the removal
or prevention of biofilms (e.g., those containing bacteria, such as gram negative



techni ques known in the art. [0145] Filtration of fine
particle size contamnants from flui ds has been
waecwonpdoushed by the use of various porous filPEF/UN®A9/G42382
t hrough whi ch a contam nat él conposition is passed
such that the filter retains the contam nant.
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69%4% é VPTRY hﬁleylgbm?'ﬁf“gZWTTERGEl\rr(r) 3-1 2,
ZWTTERGENT(r) 3-1 4, ZWTTERGENT(r) 3-1 6, CHAPS,
CHAPSO, and others. [0147] In one preferred

enbo@orwpepTibbse sanple is filtered using tangenti al
flow filtration. The principles, theory and devices

used [foqr54t]arm§nbte@l addvantiid bte"s@ht PiveAlicn ASISRII tBgDIyJeptides
Mchaels, S. L. et al., "Tangential Flow Filtration'

that aS@ﬁéPﬁb'ﬁdﬁﬁegé@ﬁﬂglc@b%ﬂlc peidrthalcay ibeapuaddfor example, in
bf%i {f(\ﬁsgglﬂﬁrg r%(P rse's‘gr%'n‘?%; ln‘&gﬁl}ef géf égx&ngavléoglp |Iﬁ¢s ? 15%%?rlal.[nuclelc
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h@ilyepureagnwmbegata/emadteaalrpjasmd IaNAme@htatmms of f that
is 3to 6 tines |lower than the nol ecul ar wei ght of the

mol eqoheS 1t dnlueriaéd embedimdiits, thendslgweptlde comprises an amino
acid sequence generally corresponding to SEQ ID NO: 1, and conservative
amino acid substitutions thereof. This polypeptide generally corresponds to a
full-length colanic acid-degrading polypeptide having a molecular weight of about
84,354 Daltons. In general, the polypeptide is an isolated polypeptide. In certain
embodiments, the polypeptide is isolated from a bacterial source organism and
purified. Typically, the polypeptide has a purity of at least 70%, more preferably
at least 80%), more preferably at least 90%, more preferably at least 95%, more
preferably at least 98%, and more preferably at least 99%.



installed, the tangential flow filtration systemis
initialized (typically flushed with water and tested
WO oomsitodgs filtrate flowrate and integrity), BERPEM09/642382
added, a crossflow is estabtished, feed and retentate
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ter nma e one I'c”aci
ed.) onvim@demuf@t amrogrlanedwmmrdecamr@@snamm pblyppptide DNA,
through the filt he undesirable materi al s
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and Thernmo Scientific Pierce (Rockford, ILl).
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pre-filtered (e.g., using a 0.45 mm f ter) prior to
oot , 934 ﬂweby)fnqolﬁreoret&obhmefgreamewewemf inlitsrentirety))s t\éariations
mdaeyS & 'abs%%spﬁtlgn deletion or insertion of one or more codons encoding the
polypeptide that results in a change in the amino acid sequence of the
polypeptide as compared with the native sequence polypeptide. Optionally the
variation is by substitution of at least one amino acid with any other amino acid in
one or more of the domains of the polypeptide. Guidance in determining which
amino acid residue may be inserted, substituted or deleted without adversely
affecting the desired activity may be found by comparing the sequence of the
polypeptide with that of homologous protein molecules and minimizing the

number of amino acid sequence changes made in regions of high homology.



[0151] Where DNA purified according to the above
protocol is to be conplexed with a lipid carrier for

W@ g@issogene t herapy, for exanple, it may al soP@EUS2009/042382
desirable to exchange the BWA into a | ow conductivity
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2

fLﬂ'l"@B@Ehs@rstrU@?ée%ﬁp{MD@QP degeniRackherein. herdiaadlyap petypeptide
Er[lgl)(te\ﬂ il h%'@/ecgt |é’és‘% boUFSé% gmln e%actgg(rdegllt]?é [Hteﬂgty aIternatlver

teria, such as gram negati v
at ast dooutdyl % eenipb it seguericeodentity akernbtivdly Iameaen dbout

| ar materials can constrict or block passageways
83r(m agHRIBFIESeaIENEe ieniide alieraively @%ﬁ?sﬁ%ﬁ namyno acid
s@ﬁuéﬁcé’be@ﬁﬁé?ﬁ?mfa n&use s?‘ia'b}qﬁ@t 85“%“:%&1‘0% i) 58§ Ger&Sidentity,

at may
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I |
Iz obp e R PRARS Seg e FER, BRemelinsh ds 3Bgut 87%
aﬁhrﬁl@%bldoée?qdefncé%émlt& aﬂ@rhé&ﬁ/eﬁngt lebYOassUt:88% amino acid

petrochem cal refinihg and waste renedi ati on, high .
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least about 96% amino acid sequence identity, alternatively at least about 97%
amino acid sequence identity, alternatively at least about 98% amino acid
sequence identity and alternatively at least about 99% amino acid sequence
identity to a full-length polypeptide sequence as disclosed herein (e.g., SEQ ID
NO: 1).

[0160] For truncated polypeptide variants, the polypeptide variant will
ordinarily have at least about 80% amino acid sequence identity, alternatively at

least about 81% amino acid sequence identity, alternatively at least about 82%



PCLYPEPTI DES [ 0154] As noted above, the present
invention relates to polypeptides that are capable of
waelegpasiony)y col anic acid that nay be found, forPERHAPIL)42382
in biological materials. Th#s may include, for
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thereof. In another embodiment, the polypeptide comprises an amino acid
sequence having at least about 99% amino acid sequence identity to SEQ ID
NO: 1, and conservative amino acid substitutions thereof.

[0162] In one embodiment, the polypeptide comprises an amino acid
sequence having at least about 90% amino acid sequence identity to SEQ ID
NO: 2, and conservative amino acid substitutions thereof. In another
embodiment, the polypeptide comprises an amino acid sequence having at least
about 95% amino acid sequence identity to SEQ ID NO: 2, and conservative
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the amino acids have hydropathic indices within £1. Most preferred substitutions

are those wherein the amino acids have hydropathic indices within £0.5.
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side-chain properties: (1) hydrophobic: norleucine, met, ala, val, leu, ile;
(2) neutral hydrophilic: cys, ser, thr; (3) acidic: asp, glu; (4) basic: asn, gin, his,
lys, arg; (5) residues that influence chain orientation: gly, pro; and (6) aromatic:

trp, tyr, phe.

[0169] Non-conservative substitutions will generally entail exchanging
a member of one of these classes for another class. Such substituted residues
also may be introduced into the conservative substitution sites or, more

preferably, into the remaining (non-conserved) sites.

[0170] Inone embodiment, for example, in the amino acid sequences
described in SEQ ID NO: 1, 2, 3, 4, 5, and/or 6, the amino acid leucine (L) may
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Mol. Biol., 150:1 (1976)). If alanine substitution does not yield adequate
amounts of variant, or the colanic acid-degrading ability of the resulting
polypeptide is diminished or non-existent, another amino acid can be used.

[0172] Covalent modifications of the polypeptides described herein are
also included within the scope of this invention. One type of covalent
modification, for example, includes reacting targeted amino acid residues of a
polypeptide with an organic derivatizing agent that is capable of reacting with
selected side chains or the N- or C-terminal residues of the polypeptide.
Derivatization with bifunctional agents is useful, for instance, for crosslinking the
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moieties that may be present.
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[0179] Additionally or alternatively, the polypeptides of the present
invention may also be modified in a way to form a chimeric molecule comprising

the polypeptide fused to another, heterologous polypeptide or amino acid
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[0181] To facilitate isolation and/or purification, for example, an amino
acid tag can be added to the polypeptides described herein using genetic
engineering techniques that are well known to practitioners of the art. In certain
embodiments, for example, the polypeptide(s) may include one, and more
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intervening positions within the polypeptides.

[0182] In an alternative embodiment, the chimeric molecule may
comprise a fusion of the polypeptide with an immunoglobulin or a particular
region of an immunoglobulin. For a bivalent form of the chimeric molecule (also
referred to as an "immunoadhesin”), such a fusion could be to the Fc region of
an IgG molecule. The Ig fusions preferably include the substitution of a soluble
(transmembrane domain deleted or inactivated) form of a polypeptide in place of
at least one variable region within an Ig molecule. In a particular embodiment,

the immunoglobulin fusion includes the hinge, CH2 and CH3, or the hinge, CH1,
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Mammalian Cell Biotechnology: a Practical Approach, M. Butler, ed. (IRL Press,
1991) and Sambrook et al., supra.

[0185] Methods of eukaryotic cell transfection and prokaryotic cell
transformation are known to the ordinarily skilled artisan, for example, CaCly,
CaPOQ., liposome-mediated, and electroporation. Depending on the host cell

used, transformation is performed using standard techniques appropriate to such
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enzymes. For example, the strain may be modified to effect a genetic mutation
in the genes encoding proteins endogenous to the host (see, e.g., U.S. Pat. No.
4,946,783). Alternatively, in vitro methods of cloning, e.g., PCR or other nucleic

acid polymerase reactions, are suitable.

[0187] Preferred host cells for producing polypeptides of the invention
are prokaryotes, and more preferably bacteria, including eubacteria and
archaebacteria. Preferred of these are eubacteria, including gram-positive and
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[0191] Suitable host cells for the expression of glycosylated
polypeptides are generally derived from multicellular organisms. Examples of
invertebrate cells include insect cells such as Drosophila S2 and Spodoptera
Sf9, as well as plant cells. Examples of useful mammalian host cell lines include
Chinese hamster ovary (CHO) and COS cells. More specific examples include
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[0193] The polypeptide may be produced recombinantly not only
directly, but also as a fusion polypeptide with a heterologous polypeptide, which
may be a signal sequence or other polypeptide having a specific cleavage site at
the N-terminus of the mature protein or polypeptide. In general, the signal
sequence may be a component of the vector, or it may be a part of the
polypeptide-encoding DNA that is inserted into the vector. The signal sequence
may be a prokaryotic signal sequence selected, for example, from the group of
the alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotoxin Il leaders.
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cells are those that enable the identification of cells competent to take up the
colanic acid-degrading polypeptide-encoding nucleic acid, such as DHFR or
thymidine kinase. An appropriate host cell when wild-type DHFR is employed is
the CHO cell line deficient in DHFR activity, prepared and propagated as
described by Urlaub et al., Proc. Natl. Acad. Sci. USA, 77:4216 (1980). A
suitable selection gene for use in yeast is the trp1 gene present in the yeast
plasmid YRp7 (see, e.g., Stinchcomb et al., Nature, 282:39 (1979); Kingsman et
al., Gene, 7:141 (1979); Tschemper et al., Gene, 10:157 (1980). The trp1 gene
provides a selection marker for a mutant strain of yeast lacking the ability to grow
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Proc. Natl. Acad. Sci. USA, 77:421 6 ( 1980)); hunan
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transcription controlled by growth conditions, are the promoter regions for acid
phosphatase, alcohol dehydrogenase 2, degradative enzymes associated with
nitrogen metabolism, enzymes responsible for maltose and galactose utilization,
glyceraldehyde-3-phosphate dehydrogenase, isocytochrome C, and
metallothionein. Suitable vectors and promoters for use in yeast expression are
further described in EP 0 073 657.

[0199] Target polypeptide transcription from vectors in mammalian
host cells is controlled, for example, by promoters obtained from the genomes of
viruses such as adenovirus (such as Adenovirus 2), avian sarcoma virus, bovine

papilloma virus, cytomegalovirus, fowlpox virus (see, e.g., UK 2,211,504),
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secretion, for exanple, the signal sequence may be,
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other methods, vectors, and host cells suitable for adaptation to the synthesis of
polypeptides in recombinant vertebrate cell culture are described in Gething et
al., Nature, 293:620 625 (1981); Mantei et al., Nature, 281:40 46 (1979);

EP 0117 060; and EP 0 117 058.

[0202] Gene amplification and/or expression may be measured in a
sample directly, for example, by conventional Southern blotting, Northern blotting
to quantitate the transcription of mRNA (see, e.g., Thomas, Proc. Natl. Acad.
Sci. USA, 77:5201 5205 (1980)), dot blotting (DNA analysis), or in situ
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purify the polypeptlde(s) from recombinant cell proteins or polypeptides.
Exemplary of suitable purification procedures are ammonium sulfate
precipitation; chromatofocusing; chromatography on silica or on a cation-
exchange resin such as DEAE; ethanol precipitation; fractionation on an
ion-exchange column; gel filtration using, for example, Sephadex G-75; metal
chelating columns to bind epitope-tagged forms of the polypeptide; protein A
Sepharose columns to remove contaminants such as IgG; reverse phase HPLC;
and SDS-PAGE. Various methods of protein purification may be employed and
such methods are known in the art and described for example in Deutscher,

Methods in Enzymology, 182 (1990); Scopes, Protein Purification: Principles and
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Transcription of a DNA encodin arget pol peptld
peptide synthesis using solid-phase technlques (see, e.g., Stewart et al., Solid-
Phase Peptide Synthesis, W.H. Freeman Co., San Francisco, Calif. (1969);
Merrifield, J. Am. Chem. Soc., 85:2149 2154 (1963)). In vitro protein synthesis
may be performed using automation, or by manual techniques. Automated
synthesis may be accomplished, for instance, using an Applied Biosystems
Peptide Synthesizer (Foster City, Calif.) in accordance with the manufacturer's
instructions. Various portions of the polypeptides described herein may be
chemically synthesized separately and combined using chemical or enzymatic

methods to produce the full-length, truncated, or other variant polypeptides.
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full-length or truncated polypeptide having colanic acid-degrading activity, as
disclosed herein or any other fragment of a full-length or truncated polypeptide
sequence as disclosed herein. Variants preferably exhibit at least about 85%,
87%, 88% or 89% identity and more preferably at least about 90%, 92%, 95%,
96%, or 97% identity to a portion of a polynucleotide sequence that encodes a
polypeptide having endotoxin-degrading capabilities. The percent identity may
be readily determined by comparing sequences of the polynucleotides to the
corresponding portion of the target polynucleotide, using any method including

using computer algorithms well known to those having ordinary skill in the art,



dupl exes or DNA-protein dupl exes. The anti bodies in

turn may be | abel ed and the assay may be carried out
wobk@pa3toke dupl ex is bound to a surface, so thBCT/URHNI/042382
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of anti body bound to the duplex can be detected.
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iR e RN BRISN e S5t Ebout®E8 nGHE|PddidSe§ObrEERIchty,

bi nd epi tope-tagged forms of the pol ypeptide; protein
alies@pivaly s deasilabont 96% nesteicacitbaecurneendsnidycaltersatively at

R PRI AR Bl Sl g el IRt A86LR oas
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i n Deutscher, Methods in Enzynol ogy, 182 ( 1990);
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pSfpEBAGE selfihtas MRHIoXEherdATRly. SECPRIRTT7). e

[0211] For polynucleotides encoding truncated polypeptides, the
polynucleotide variant will ordinarily have at least about 80% nucleic acid
sequence identity, alternatively at least about 81% nucleic acid sequence
identity, alternatively at least about 82% nucleic acid sequence identity,
alternatively at least about 83% nucleic acid sequence identity, alternatively at
least about 84% nucleic acid sequence identity, alternatively at least about 85%
nucleic acid sequence identity, alternatively at least about 86% nucleic acid
sequence identity, alternatively at least about 87% nucleic acid sequence
identity, alternatively at least about 88% nucleic acid sequence identity,



performed wi Il depend, for exanple, on the nature of
the production process, the particul ar pol ypeptide
w@e@duswds and the downstream use(s) of the  PCT/US2009/042382
pol ypepti de. [0205] Altern&$ively, for instance,
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atteeativalyl at |s3sitdvesit 8%, nucleicwcibsequancacdentityr alteraatively at

) Bl S S e SR St s GBS 4 Bast about 91%
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PCR. Were the pol ypepti de ol ypepti de fragnent,
idarutoWIt Femaeie AcidhepRUANGereconi 3 Tonapies RalyReRiide sequence

agfbf?s(ﬁ)éégloo}gér%ﬁ{ d/S‘E"Q 'IEW%@%()' gical activity with the

native (1. I -l en ypepti de di scl osed

= ei#@eelbﬁr E'ﬁif‘effe' b O iR ARl TR e

99% seqEricdeidentity wth iblehfuoneis aclkesetpiente zed farth lrﬂSEQ\/IBJlNO: 7.
relatlvetothefull-length polypetldewgozo O her
For examgle. Je pEEIRiRCId ! ﬁulsrr@aswé'n § ﬁ@qbl?"t‘ce

|d(??ﬂf%§ﬁéﬁﬁ nBERIC, 6‘ sbﬁu@ﬁ@é’@étefof’tﬂ% @I@Idyﬁpﬁgﬁdl)gg,sor may share

erein, or I'nst ance
at Epst 8%, sequenoetidentty Witbrtaefnuctey abiel segpeacedebiorth in SEQ

O PGB B8 Bl R R e
%%ﬁ&%@t foM¥ i sﬁ@m (0-thatSanthie ARde i€ &Rid t‘ﬁ@\écfme éxhibits
Merrifield, J. ‘Chem  Soa , 85:2149 4 (

1@9%8$9quen¢evderntdy Mltbt t@emuﬂmc A @chéep&rrtmmr&m ID NO:
7using aut omation, or by manual techniques. Automated
synthesis nmay be acconplished, for instance, using an

Applied Bi osystens Pe esi Fost

ol 18R e hpd mentehRahisele eticdnoeu stdres at
Iédé‘?bb%&édﬁbﬁwce\q’aéhmyﬁmﬂpﬂh*e' rﬂJ&eu@%cH‘@ec{?ﬁr%@%‘t ksHSin SEQ ID

descri bed herein may be chem cal hesi zed
NE&phr Boeeyaraple, dunbicleid anid ﬁg)lmtémm share @t Igaaii9bdo
sequence identity with the nucleic acid sequence set forth in SEQ ID NO: 8, or
may share at least 98% sequence identity with the nucleic acid sequence set
forth in SEQ ID NO: 8. In a particular embodiment, the nucleic acid molecule
has the sequence set forth in SEQ ID NO: 8; that is, the nucleic acid molecule
exhibits 100% sequence identity with the nucleic acid sequence set forth in SEQ

ID NO: 8.

[0214] Certain polynucleotide and variants thereof are substantially
homologous to a portion of a native gene that encodes a desired target

polypeptide. Single-stranded nucleic acids derived (e.g., by thermal



nmet hods to produce the full-length, truncated, or

ot her variant pol ypepti des. POLYNUCLEOTI DES [ 0207]
weawvhas4aaspect of the di sclosure provides PCT/US2009/042382
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del etl ons, and/or insertjons such that the activity
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r%%du f
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pobmieolsstide tatihay U2 60, éaaasom 680, BBntdGIA00, 300, 400,
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Sl E 300 TBpts. SolenilemalRqiEs siical fus Fegtivate qasepting a

PBRAUENGE oF MERNE> &, Eubd pdetlbhcind EBRRIAK.degrading actviy,

ol ypepti de havi hg col anic aci d-degradi ng activity, as
such, e dkesr desaibeddrerainy, thetanentneagingrirarme of the polynucleotide

sallios B s san e TR Sra b ioE R R LR I BEBraR ! fne,gliowing
chheitter®tits: @Y ¥ BBUCHC BB didY rbf(nmaE!QI? 1P b&t no greater than
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2+H@fhﬂ 2% 92)t&ﬁ AAFERLGIBAtiGE ORa Sdh dinuelaadide ¢ t&%éu@%@) an
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I es
melting temperature of less than 37°C (melting temperature calculations as

described in (3) and (4) can be determined using computer software known to
those skilled in the art); (5) a sequence of at least 10-20 consecutive nucleotides
not identified as being present in any other known polynucleotide sequence
(such an evaluation can be readily determined using computer programs
available to a skilled artisan such as BLAST to search publicly available
databases). Alternatively, a polynucleotide sequence may be designed and
chosen using a computer software available commercially from various vendors

(e.g., OligoEngine™ (Seattle, Wash.); Dharmacon, Inc. (Lafayette, Colo.);



be readily determ ned by conparing sequences of the
pol ynucl eoti des to the correspondi ng portion of the
W@ 20093500l ynucl eoti de, using any nethod i ncl uBETES2009/042382
usi ng conmputer algorithnms véll known to those having
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[0217] The polynucleotide may also comprise a codon optimized
sequence; that is, a nucleotide sequence that has been optimized for a particular
host species by replacing any codons having a usage frequency of less than
about 20%. Nucleotide sequences that have been optimized for expression in a
given host species by elimination of spurious polyadenylation sequences,

elimination of exon/intron splicing signals, elimination of transposon-like repeats



alternatively at |east about 83% nucleic acid sequence
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acid sequence identity, alternatively at |east about

abpEF{lt12#é8pdathsaiovivolt aré Herebytipcorporaied dyiretdrenes in their
| east, about 97% nucl ei ¢ aci d sequence identity,
egﬁ'feiWnat ively at | east about 98% nucl ei c acid sequence
ternatively at |eas 99% nuc

i dentity an I ab eic .
e o 93 R PR tde S 7 FRSMRGS BEredr e preaerEvention
: _nue . .
BRIl SLipled RS g pormer e
mdiecuies Lader eertaln wrcemstancehafes exampiadwodlsie ggishce

identity with.the nucleic,acid. ence. set, forth i ,
mighécips feg'S54 1028, e S8 BBE-RE @ (i Snifer i he
W YnS8&lIEs ate bapatie ¥ torpnay eRGmti-gerallélt YoublebstidiRied nucleic

nucl ei ¢ acid sequence set forth in SEQ I D NO

7, or
aﬁiﬁ‘;ﬁtﬂﬁé@ €. & nuelgi a@@w@i@qwgm é)q|36b#¢{ﬂqti¢eviﬁ SRid tee the

o . . i .
oHHBlFhEo s DA AT SRl Bl b B G firg) B
cohplete poenstiemeatarftpr MoléculsEard Sl exhibithimplste t he

nucl ei ¢ acid nol ecul e exhi bits 100% sequence identity

cRMPeraRtaRCVEER exendnueaelidael arg of %\etrﬁoﬁﬁ:_u@E@_l D NO.
c nmplérﬁ%ﬁrt%}%{d“a AeidoRbe U rwidolutel & &reaéfeiiqlI fo be

ecul e shares at | east Oéo sequence i1 dentity w
nihiailyadoen ol emeintiary éthen cangdytoritiet th ane SieghéDvRIOsuBicient

sfoiley S BBSL R 48 a1 R4 [P SR cRORRE-BORE Flfeast
cORGIRINARI RR-strigERcY BoEifbhE Bfphildty, Bfe FYe&I&S Sre?daid to be

| east 98% sequence 1dentity with the nuclelic acid
ceeyplamertasyeif they can hybridize to one another with sufficient stability to
permit them to remain annealed to one another under conventional high-
stringency conditions. Conventional stringency conditions are described
elsewhere herein and by Sambrook et al., Molecular Cloning, A Laboratory
Manual, 2nd Ed., Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (1989)
and by Haymes et al., Nucleic Acid Hybridization, A Practical Approach, IRL
Press, Washington, D.C. (1985), each of which is herein incorporated by
reference. Departures from complete complementarity are therefore
permissible, as long as such departures do not completely preclude the capacity
of the molecules to form a double-stranded structure. Thus, in order for a



forth in SEQIDNO 8 . In a particular enbodi nent,
the nucleic acid nol ecul e has the sequence set forth
WO p00SES0kD NO. 8; that is, the nucleic acid noPEEUS209/042382
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ecl |c po ynuc des o resent ‘i nvention
pbB/ndemlogdesi mes/ ng aopdified vrmp@ymbrmemah reznmttoerr(P&;RFdFor this

ag)é% eS%%}?e%%SISF%: ?%&?Jn)énuc” eg)t | gﬁérﬁl%ggsaesg)éror trge)gequences
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characteristics: (1) an A+T/G+tC ratio of
paEpBre s itaklelfgr amplificationo Ryetesably, atikrary i sige-selecteq &9 include

e [
Pl MG TRehde s e foRe Tt P P o eltfed iardhinying
5t dadh upStcearh4egimnB@TY@nesr Genomic libraries are preferred for obtaining
introns and extending 5' sequences. Suitable sequences for a polynucleotide
contemplated by the present invention may also be selected from a library of

polynucleotide sequences.

[0222] For hybridization techniques, a partial sequence may be labeled
(e.g., by nick-translation or end-labeling with *P) using well known techniques.
A bacterial or bacteriophage library may then be screened by hybridizing filters
containing denatured bacterial colonies (or lawns containing phage plaques) with
the labeled probe (see, e.g., Sambrook et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratories, Cold Spring Harbor, N.Y., 2001).
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[0224] Nucleotide sequences as described herein may be joined to a
variety of other nucleotide sequences using established recombinant DNA
techniques. For example, a polynucleotide may be cloned into any of a variety
of cloning vectors, including plasmids, phagemids, lambda phage derivatives,
and cosmids. Vectors of particular interest include expression vectors,

replication vectors, probe generation vectors, and sequencing vectors. In
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using an antibody, by methods known to those having ordinary skill in the art.

[0225] In other embodiments, one or more promoters may be
identified, isolated and/or incorporated into recombinant nucleic acid constructs
of the present invention, using standard techniques. The present invention
provides nucleic acid molecules comprising such a promoter sequence or one or
more cis- or trans-acting regulatory elements thereof. Such regulatory elements
may enhance expression of a polynucleotide or polypeptide described herein . A
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above, and the effect of the mutation on reporter gene expression is evaluated.
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(such as (F(ab'), F(ab').sub.2), or single-chain immunoglobulins producible, for
example, via recombinant means. It is understood that practitioners are familiar
with the standard resource materials which describe specific conditions and
procedures for the construction, manipulation and isolation of antibodies (see, for
example, Harlow and Lane, In: Antibodies: A Laboratory Manual, Cold Spring
Harbor Press, Cold Spring Harbor, N.Y. (1988), the entirety of which is herein
incorporated by reference).

[0231] Asdiscussed elsewhere herein, such antibody molecules or
their fragments may be used for diagnostic purposes. Where the antibodies are

intended for diagnostic purposes, it may be desirable to derivatize them, for



ol i gonucl eoti des) are preferably 15, 16, 17, 18, 19,

20, 2 1, 22, 23, 24, 25, 26, 27, 28, 29, 30, 3 1 or 32
woewbastosgles in | ength, have a GC content of apRCT/E8219/042382

40% and anneal to the targé# sequence at tenperatures

of about 54C. to 72C. The anplified region my be
exemptmwéh adgahelsgroup dsucbay bjotiandr avdetéetpplengarker group (such

q,rllljences sserrb edcl nto a conti ous eﬂijenc. ,
E& TUARSERT GERAYR B ARG IYERIOPE A AT Y oy %@b'ﬁ%@é}ﬁf’d“ce

ahﬂM@dléé tHhbtBiYd trf@bro‘%élﬁ%rgieﬁléé gl e@uﬂ’@@%‘f ffﬁi‘bﬁasehﬁmentlon

| engt hs of 10, , 15, 16, 17,

permits dx |d23t|f|(za¢|onz§3‘ mlmtlcchmmnc@gof ttaose moiecuigs Generally,

5-40.  41-4 46-50,. 56- 6 6 1-7.
i6RE g RS SR CPmptass o328t i derdBpief gbmPount of
wﬁéﬁmeW%Sfragm@assfﬂhbedompbah@ ummlﬂeh jneheeiéss @hibits an
vari ety of ot her nucl eoti de sequences us

[
apiitale sracdically ddibionanitbodigs dierdied ggainst litﬁ% C@Rfkﬂ%'lné lg one
o4 a variety of
Prfﬂom néht\e/grﬁ: gﬁts' |n|gleau@b%r{%% .%Za?}\t’lbﬁé 'em ds, | anbda
phage derivatives, and cosm ds. Vectors of particul ar
i nterest include expression vectors, replication
vect 15§ probe generation vectors, and sequencing
vectors. Ingeneral, a suitable vector contains an
or i gi[02@R]r e@the:caatspeotsfomlce invealion mratdireetedtto&ite useful in
ani s conveni ent trjiction endonuc se. sjtes, ..
3G ghe REESsEr epdite ferewhr & Sqrsdal, 155 fits asgractice of
tHé‘uFr@’tHl\%dé 8\/%% irﬁ’%%h&oﬂ%re?‘@a@l&’k%@é%m@\maﬂ dhtf@r‘re'iﬁfﬂ’drf=’f1’i;al
depehdmgppn tReir ie0dedGOTIBDS( each of whi ch s her eby
i ncorporated by reference hereinin its entirety).
O her[02Baent iz Witd Wildgpraldy bpackhged eadirduds gessaisl

LGS AT SRR SR b B
afforR by PR RSMidrieror SAHENERSKit B rblR). PTIRP e &dIOWilPdenerally

reconbi nant nucleic acid constructs i ncluding vectors
irfabude biee Ok prage seagenis usetie C@"dymgrqwéthmpwqppems described
such as _a . CAE pol ypeptide: the_ invent
gl e 15 PR wrREOY BRI e it PRE R BliS R ana. the ki
wfc%dé‘s fe@gBntis &fitainedG@the §aMBRS sebbffte veEséls N EB@aTHled bf
gani snms in which expression of one or nore desired

vggspgjggpﬂmdmg)u@ argynot limited gz;tsn'pﬁzjl glpg@ppa@)nqrg, plastic containers,
oF § ynu fEth%{ co%\s/gah%' NTH é%’ng & PQHTEP(@%seIsngrI%\]Ntthe efficient

ornula ed so as
trenbfey off néayemts o Orfle aommtaﬁenta@dnetrwr,emtbcyonh@etr@rrv/essel,

sﬁgr? ?hgt?rqu/gﬁébso ggm?)lre% adr Eela%ueln?sr tlarye not cross-contaminated and the
agents or solutions of each container can be added in a quantitative fashion from
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polynucleotide of the disclosure, a container which contains host cells or other
materials for producing the polypeptides described herein (e.g., a vector, virus,
or bacteriophage), containers which contain chromatography materials (such as
one or more of the ion exchange, affinity, and hydrophobic interaction

chromatography resins described above), containers which contain wash
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For larger scale applications, a tangential-flow filter can be provided.

[0236] In one particular embodiment, the kit includes one or more of
the polypeptides described herein. For example, the polypeptide included in the
kit may be a purified polypeptide comprising an amino acid sequence having at
least 90%, 98%, 99%, or 100% homology to SEQ ID NO: 1, and conservative
amino acid substitutions thereof. In a particular embodiment, the polypeptide
may have the amino acid sequence of SEQ ID NO: 1. Additionally or
alternatively, the polypeptide included in the kit may be a purified polypeptide
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EXAMPLES

[0239] Colanic acid is present at significant levels in all plasmid DNA
preparations, including clinical grade (cGMP) preparations. Colanic Acid
comprises about 25% of the bacterial cell wall of gram negative bacteria.
Colanic acid must be removed in order to provide the greatest safety, especially
when mixed with cationic carriers for delivery in animals and in humans.

Removal of colanic acid also increases gene expression from each plasmid
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(OARYhadtonty belerppa&fallylmnﬁed byeegesichaly. ETHareftee] inadrdeeto
t hem forexanf)l e wwth a |Iigand roulgggsuch as biotin)
dgrelapfemediamhios remPxal OTHAURTHC s LAR Bezyme must be

pAFifeP, Seﬁu@ﬁg%@g] tse(;(?ﬁeat ban enzyne). The ability to

produce anti ind the protein or peptide
I ¢ , .
TSP A REPEBRERE ASYTDLAI0AR el s e avity o

lysel the . &3/ staire8al1bP78 a e&bimtheoowq@m@sa:mn@@umﬁhe
that is not the particul ar conpound of interest, or

NS HhesienIophageas (HRIBEHEANCREd RS BIPONERRIHEPES a purified
I i R2retdr] ook PORRBEI ik tdce 0l e o°

agal nst t oun Inone’e iment, the
irenubiabionl yvitinsa apetab@polypad:gharmieadegtad||ngc&nzyme| ('Si‘;ltl[]@fl’a}ﬁ] [.W.

er as ect tion are directe i
16627 BTt A4y SabBY s ded bl s cantin Be oAE
wele @fHRfigl byt thgir oty {PafiEEtasddosRy F samples containing colanic
acid. It was found that the purified CAE isolated from NST1 had high levels of

CAE activity as demonstrated by its ability to decrease the viscosity of colanic

acid.

[0242] Once the purified CAE was isolated, as identified by bioassay of
the ability to decrease sample viscosity, it was subjected to mass spectrometry
and Edman degradation. Using Edman degradation, 15 amino acids were
identified. By mass spectrometry, 8 additional protein fragments were
sequenced, with each fragment containing between 6 to 16 amino acids.
Screening of publicly available protein databases, including bacteriophage
databases, did not reveal a single match with any of the peptide fragments.



the nethods of the invention preferably have somewhat
different forns depending on their intended functions
WO oR333s09he kits will typically be packaged aneCT/ngioogies2382
vessel s containing reagent$8 the solution vol unes of
which will vary based on the anobunt of preparations
for ViloRaB3]t e skt of degersraie. olifjoauciestides was|dreganeelrtzddey on
i ncl ude one reagents useful in carrying out
tiGepick Sediscgss desE PTHERF ROUGSR Werk Ustp to Ssquence the
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beeiealpahege’eé’@@l@enmeadmge‘same (O&@e}fihe fAWes determined.
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bgmm|forasubs@qﬁeahclon|nfgrmm @yeastaarpaedsiemyettor.anot her.
Such containers can include a contai ner which wll

acceqbzulag tﬁﬁbtlﬁanmb@curﬁng%taﬁtﬂ@ééudvdug@émﬁgr@n@ym (OXE) has
polypeptl e or pol ynucl eotrde of the disclosure,

begh apdiegedirerrrasipriannageribat iscenewlydeenifias pr@éﬁl@;g%n%’ally,
o e SR 52 BT B BR S0 L R P2 e -

VI rus

baotetrual growth o retabpitauihyclomrd| entisbdy (e thid pasteinrteasoalsotieen
of the jon exchange, affinj t%t and hydr ophobi c . ,
pr@ﬂt&egéf‘%'ﬁ TheRS %%i?%[a Hosly T ANBRAKISUE)ly active
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ction o sacc €s such as tco
f@rm of CAEQha@S:réd’ﬂe@ mmmlfbﬂlden purifpiegasiasyikl DRAapriepdrations.
bel ow i n Exanp he kit can 1 nclude sources and

Prion aERIS 1D H@dé'f:etw&le@g@ Eﬁﬂoﬂﬁﬁ@mo@élzdgsygﬁﬁtbgécu|0V'rUS and
bBEfe‘?l'ar\N?r%og? ncﬁ"f‘%lg}eeunmlegsﬁp Hdiedsd We dlB%o ‘ﬁ'ng?osdé ggct)teln

gener al simlar reagents and sol uti
foldlnlgar/g‘mr exaaniningythe [p@@ﬁél]edrﬂjruotwretdrhhe CAmandichymmjrypsin

SR i eb ot or e BlesSUR LR bR ack® cou b
réﬁ‘hb@é@%m’ﬂe\’amﬁfb@te%h N 1RGNS of Hﬁ% QNEYM@élﬁ%t%%% loss
ol ypepti des therrBe ves. The kit may al so

of acﬂl\ufde Cmetrypsie M/a@sthe omheproeasseies clepyed the natural full-

Ietng ”%roCHe{H A9nisSSE R 3 acrln%oeasmds 106 — 107. The recombinant

CAE protein is not cleaved by any protease and is extremely stable (>2 years).
We produced the functional truncated form of CAE in bacteria using the
expression vector pET28a (Invitrogen; see Example 9). The truncated protein is
produced in Escherichia coli, BL21(DE3) grown at 16°C overnight and then
purified. About 10 mg of CAE recombinant protein from 1 L of growth can be

produced.

[0246] Any plasmid DNA preparation can then be digested with
recombinant CAE and further purified. Briefly, plasmid DNA is digested with



I nto expression vectors. The kit may al so include

medi a (such as broth) for bacterial expression of the
w@iypspes des of the invention. The kits may aP@DUS2009/042382

include a set of three com8dn al kaline lysis buffers

as described in the Q agen product manual and in
CSEETTDT@IKO@‘S aiI37°6$ar&Jﬂhehianlﬁ$) C,fot 21 hanoek. | Piotéin. |erem85ed and

Tris HCO with 10 nmM EDTA at pH 8.0, 1% SDS and
th@ RM-IS fﬁﬁ‘dplg'fmdp@f Bergnifaee &“é@r@a&g%@ﬁ% Ehe plasmld DNA
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Pol SFererisas) FiedoNArPUSBeRS NS TRanLPsi e & Macrosep
199;@édtﬁfﬂ@@| EohE&ntrattt hhit ROfHR ;S?%%@ﬁé@bf AitteRhdrte "r'rféazwuttergent

ddition, or by way an alternative, filters
izgendrelly prafedted berause aolenis qxa@ lappiestsdtol bing tightly to the plasmid
| ul ose or polyner/plastic material in a centrifuge
other filter nmechanism(e.g., a disc). Ceramc

RS - P A R ST T
rédUideUtng. reEBmMOitdASTAS ¢ah &IPRE pfRlddiFa s%lld support that can be

tangential -flow filter can be provided. [0236] Tn one
reganaraigdzancerensed mewltiplettineeki t i ncl udes one or nore of

t he pol ypepti des descri bed herein. For exanple, the

poI ynept4isx;le By tHeudeshyssrddsicebéd hengly, we fiadma déteetdble levels of

e .Comris an no aci d sequence having
pEst%E Wc'gg%g %g)a'C@F 00% horol ogy to SEQ I D NO
1, and conservative am no acid substitutions thereof.
In a particul ar enbodi nent, the pol ypeptide may have

the E¥ampLAGE PREPAREIOR ORICEEMIE MK 1. Addi tional Iy
or alternatively, the polypeptide included in the kit

may [@2aoRuUrCHiaflt R WRRRIrePRRNMMING ISTH 207 8aEdY A Bacterial
sequence having at |east 90% 98% 99% or 100%

stisifothetip kOWSER oVBrroduze Qﬂ*ﬁnl@ éaislerAy faw geloairsef Seil 3078

RS Bl EaEied MR biae Bt R et 2L AIRECOTR8 ko
0N Fycerdingorivgihiregloreien prevical ¢ I0udint NeT he baﬁt@y’aad/ér@ allowed

include a tag for isolation or purification
tCP-IQEQW abBBrC Y @@ﬂd“?') mpg@tor ?h%@ r@rﬁé)%%'l“gbbp heygrowth was

eyt e s e BRR PG 0T g B! Hbout

415 &bdutrmy. | ncl ude reagents and conpositions that may
be used to form such tagged pol ypeptides, along with

t he pokwpgptPAEEStodEmoving the bacteria by centrifugation, the flasks of
bacteria were briefly shaken to increase the amount of colanic acid released into
the culture medium. The bacteria were pelleted by centrifugation at 6,000 x g for
15 min at 4°C. The bacterial pellet was discarded and the supernatant saved
and concentrated using an Amicon filter apparatus with a YM30 membrane.

[0251] The colanic acid was precipitated from the concentrated
supernatant by adding 3 volumes of ice cold ethanol to one volume of
supernatant and letting the mixture sit on ice for 15 min. The precipitate was
collected by centrifuging the mixture at 10,000 x g for at least 15 min at 0°C, or



SEQID NGO 1 or SEQID NO 2, and variants thereof.
[0237] The kits will also typically include

WO p@bn8roes ons for use. The instructions w il geEEDS2009/042382
be suitable to enable an e user to carry out the
desired preparation or assay. The instructions wll
ugélrtheeslulpprrtz&ahhisa:leasrng'ﬁel Ereeiiatswasdisselgd, in a minimal amount

o 5251 Bl o R SRR B D Tl B ke Bt
anount of reagent and sanple to be adm xed

mai ntlOR3Rde bre QW&{P@QﬁQﬂH'QW Yf8s b@ﬂhat;@dfterdryness being sure to
?@r?ﬁ'@ t/uﬁérméteth %Idﬂol% \Eés tdrﬁg%‘?lre@t i bR rdre A ésfblt?ﬁon in

erences, the nstructi ons
omerrtoeieétmnlneme)u&ghtmf thensampleaafkergreezeadryinige ®nce then

SER D3 oK Pl Tt e foSe P A8 ok a 2% soluton

Oyﬁ»%s@bﬁh“@@d ge@@id n the kit. [0238] Having described
the invention in detail, it will be apparent that

:jmd' floak O@olﬂqgm\’rﬂ%%'%t@wﬁ %%ég bl{p é"g%h%’ipﬂon of the
eparting t he scope of the Frvention ned 1 n t he
lyeobéized csachze e actieve Red0Braanmioniush eulfaitelmtwpecbsblatierd The
oRPovrianiad HReTs seilrag Dikm eCrRRIRNED BoBgep and the
c@%‘nﬂf‘ééﬁd aqgingd pracipits&RNbolfdacthanyés GrRé cbﬂ‘é’cﬁéé b'yrbeﬂ'trﬁfugatlon

plasm d DNA preparations, Including clinical gfade
at ¢@0eP g écpraatdeastn‘éi m@obto Gz, Ot ndii ttmmxpereataabws s The

b b
BletkileogB i endis S0y e g HEPaTL O dus e
oYERRG IR Hgaiit &k Yoast #iresichlahie ¥ Wardrx afd \Mdd‘h iI-@tito’irgness.

carrrers for delivery in animals and in humans.

Remd\alh 5Q1] cﬂﬁ@lﬂlgggﬁ‘&b%é’é 8i3sbNEH §RY S@ AT, ?Mlégélﬁhpn

fromeach plasm cause colanic acid is an inhibitor
pbbspine pdd Vrier dbe catanio acig. was peecgmtated frop the Igophifadé d

soiiibf rading 37 oL e hex i ehE A& i haniym bramige (also

cBdd CtalioreorR@dtimidd) THeEBignitiaeid preichsitatedWasicolfedfed by
DNA- | i posone con&l exes has been observed. Because

cgatr@geﬁlog]catdl 0,80k aipr gi([e‘aét-réﬁymn@t@ecaﬁauntll the supernatant

\A%rsa(ggg}ed chain, it typically nust be degraded in order
2 effectlvely renoved. [0240] Wth the

' dentiDie3t AN, 9L G2 AL ot bt aRsBVLIR: X00 mi of 1M NaCl.
The colanic acid is reprecipitated by adding 3 volumes of ice cold ethanol to the
1M NaCl solution and letting the mixture sit on ice for 15 min. The colanic acid
precipitate was collected by centrifuging the mixture at 10,000 x g for at least 15
min at 0°C, or until the supernatant was clear. The colanic acid precipitate was
dissolved in a minimal amount of sterile water and dialyzed in a cold room

overnight against at least three changes of water.

[0256] The dialyzed solution was lyophilized to dryness, being sure to
weigh the tube that the solution was to be dried in before adding the solution in
order to determine the weight of the sample after freeze drying. Once the



cont am nating conponent of plasm d DNA

pol ysacchari des, experinents were perforned to devel op
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specific enzynme, referred 9 hereafter as colanic acid

degradi ng enzyne (CAE), had been reported to be
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ot den ol uR WaEE A SR 2 onl y been
partially purified by researchers. Therefore, in order
to develop a nethod for renpval of colanic acid using

a CAExampEe 20 MSTE! PM&GE PROPUETIDNED, sequenced and
expressed. [0241] A bacteriophage (NST1 ) was
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strain SC12078, a strain that overproduces colanic
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igotate eapurfiedCAR. a specific poI ysacchari de degradi ng
enzyme (Sutherland, |I.W 1967. Bi ochem J.

104: 3685835)A fd EBlorieoPEQt 2078 pabRriasvérenthReMfragh G
were identified by their ability to affect viscosity

psites angliracutalRg ntai twg t@be&ﬁpatamimw mt ofe-gfkserel nnecia
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adeﬂ(e@%rrt@lﬁ tyippeparety phage slozRithatas <$er{aDal4|lﬂ]on@(de1 0%, 1:10",
he Eurlfl ed CAE,was isolated, as identified by
15! addy éf‘dﬂheo a)b"-irﬁRr9p@r@dd€éh%§§69§élt@ﬂkeCQﬂt%'Btﬁ!ﬂ fiyg different

§ A daq'é‘géﬁfégﬁur‘iﬂa théﬂﬁt%dn%”é“‘rbrﬁés%g%gfnﬂ ﬁg&; phage stock

man degr adati on
storee ait ée(ﬂtoohteemilng E;O?r;ﬂmgesmmht:lee)reﬂ'hg ov8rragluli groatra (200 ul) is

t t h f t
A TR e e L R S YAt T
ApidRlong) ¥ilgieris! #B!Rade eéﬁt'anwyﬂ 802§ 8P overify h‘t"?)'aE!%rla rTgrowth

bact eri ophage dat abases not reveal a single
nvikedh withy2(otil aftibe pept higber cengenttation @2 #BRge. Jée ighest

degener.ate ol onuc repared bhase n the
HEFFTARLS alddd {Fﬁo tbé%qsh 5% 6BEEY HE 85 el e o

sequence th anl d De radl n me fromthe

GenortP2sala P (s ALREHEE RSIASIE GrPg KRGS Sasd into 3
R LE LB t6 ( aho8d af DoLARIBE S8aL LT TR Rfha

The nuc?g) If’)l%Ea()@!g:vv%s gequence and ?EE anﬁpno Hre was
qaiokly mlqadmmo bB CBhloramphenicol (10 ug/ml) plates. The mixing and
pouring is preferably done quickly to avoid solidification of the top agar. The
plates were then incubated upside down at 37°C for 5 hours. After incubation,
plates were wrapped with parafiim and stored at 4°C. Plates that do not contain

plaques are discarded.

EXAMPLE 3: LARGE SCALE PRODUCTION OF NST1 PHAGE SUPERNATANT

[0260] The bacterial strain SC12078 (a strain overproducing colanic
acid) was maintained on LB-containing chloramphenicol (10ug/ml) agar plates
and stored at 4°C. Several plates of NST1 phage, as described in Example 2,



determ ned using the universal genetic code. These
sequences are shown in Figure 1. PCR priners nmade to
w0 b@obagiuni ng and end of the CAE ORF were useRICT/US2009/042382
anplify the ORF sequences P2omthe NST1 bacteri ophage
genom ¢ DNA by PCR for subsequent cloning into a yeast
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for use in further "purifying plasm d DNA preparations.
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renoved fromthe amno termnus (N-term nus)
aCBF Giroa shaked inholbator (230 oim pior iabbul/2 - éryauss wpbﬁhe smstlon

t hat_c| d the natural fulllength
npRareoRoop" eﬁﬁeé‘éﬁﬁﬁ 084 anino acids 106 - 107
br ot 48283 nlatn Bk Basie L inaguBiea snfatils ™ @be plugs and
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bacteria using the expression vecto
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produced. [024 Hﬁl Any plasm d DNA preparation can then
bplilegi gt suparngiant. comtainingrihe dIET ﬁha@@rWﬁ%DO\éEﬁd infaesterile
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thieehastedal cald driteddBWA werd dissardedr i fied by boronic acid
chromat ogr aphy. The plasm d DNA fl ows through and does
not bind the colum. Most pol ysacchari des except for

EXAMPLE 4: ISOLATION OF THE COLANIC AcIiD DEGRADING ENZYME

[0264] Phage supernatant was prepared as described in Example 3.
Phenyl methyl sulfonyl fluoride (PMSF) was added to the phage supernatant to a
final concentration of 0.1 mM PMSF to prepare the starting solution and then
stored at 4°C.

[0265] The starting solution for CAE purification was centrifuged in the
table-top centrifuged at about 4200 rpm for 20 min at 4°C. The resulting
supernatant was removed and saved and the pellet discarded. Using an Amicon
filter apparatus and a YM30 membrane, the supernatant volume was reduced



extrenmely small fragnents bind to the colum. To

renove the snall est, digested pol ysaccharides, the DNA
waempas®ion is finally purified by a Macrosep RODUS2009/042382

Centrifugal Concentrator u@t in the presence of

zwittergent. The zwittergent is generally preferred
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oB Aot et e 4ok o LG SRE oL ot 68 minutes at 4°
J.STRaBLARE wadBiAFFeRbE Rt M BREEDIANoGMSRIdifkt Sl REAS3

that can be regenerated and reused nultiple tines.
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aci d.[ 0BsAYPLA (I SepRaiesBATd SDN@w ColuAi (1 CAGDIiGI0219])cm

cleeet S eblBrehsi O milIAS oioel b OB IR BRisH unti e
pfedneAulCuuaRG fin? hebollioh WAY & Harhe il He Sudirhkieft was
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laddeld antadbgyeguidbrdted sotuaimandg thé coluammpweahedwith 2 column

el labou R s B TarMaBTuR S0 7 Bt RSO "
e 05 Mo o 08 S R BT Bom 10 mn T
HA128A17 57 0. @"miePIESIDMIsRaNn e 208GhKr Trds PICI, pH 6.5, 0.1 mM PMSF

centrifugation, the flasks of bacteria were briefly
(Bakdncallecting deakfeactionsdifb dractions teibhat @ fhov thte of @askper

into-the cul ture,medi,um_ The teria wer elleted b
el I Tetons oy EE Sy gBre S g 16 Bbiafic &€ sBGraas Soty
ubmgt £ visabmieedrl test, Wascriberrpalgadn Exdniple 5 dRartRgééthctions

saved and concentrated using an Am con filter

capigiriag ¢ARPEtviy WREBOPeRla®r ane. [0251] The col anic
acid was precipitated fromthe concentrated
superlf2683t Dye pddieddCAE astiverfacténg were tleth earteantrbtadon a

CRRSeHREFDh AR adith 1 The ol bl e
réSMind Eviidhratd & o deteringinall ahd D98mledof the cdhckhirate Was

mnat O C, oruntil the supernatant is clear. The

efsicoppPiescd ama Jirdisol ReYacTiamiae giehtt —d@det The
eFieobhreRbserdne Br Eved Bue bR ed sl ution

nas l[%%%gi]l iﬁ?ed pFo ei%r%%%%ﬁtrapee\}vgsq tﬁc’eunr seepga?’ated by size on a 120
cm column containing Toyopearl HW-50F resin equilibrated with phosphate
buffered saline (PBS), pH 7.3 — 7.4, containing 0.1 mM PMSF. The column
eluate was collected in 1 ml fractions. Each fraction was tested for CAE activity

and the active fractions were pooled.

[0270] The pooled fractions were concentrated on a disposable
Amicon filter by centrifugation. The protein concentration of the concentrate was
determined and a sample of the concentrate was electrophoresed on a gradient
polyacrylamide gel (4 — 12%). A single protein band was obtained that had a
molecular weight of about 84,000 Daltons.
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x g for at least 15 min at O C, or until the

super 02783t ANSYNAQAYANGBEBHA (ThE BeNstBHd precipitate
was di ssolved in 100 M of 1M NaCl. The colanic acid

I S rgoeadipi Batrexsstypeatidmedry3 8\anidbtrm'ml pfotéma‘raglhdnts were
et hanol  tq the 1M NaCl sol ution

SRAENHSD. With €EH FagMERt Qantaning er%‘l éafﬂ &gém"ao acids as set

obf BSbRi-t ate was col l ected by centhfuging the m xture
at 10,000 x g for at |east 15 mn at 0C, or until the

supenpabant Wasoehedia THEVIM fkG BAE, Ropei pi tate

|ssol a mni eririe water and

03 Y oo LP BREN PR PR BEGTBM 248 coruti on
= ! Ry FETEAR S SN G AN beiore

addi n gthe solution in order to determ ne the weight
of t HE2d&kpI ESREBAFN (SEL NG hg) Once thesanpl e was

totally dried, the colanjc acid was dissolved in a

m ni 8278 o RtLOPTARLEY (SEQilQudted into sterile tubes,
and stored at -25C. EXAVPLE 2: NST1 PHAGE PRODUCTI ON
[0280] APYQVDDNL (SEQ ID NO: 15)

[0281] FGAYLPDD (SEQ ID NO: 16)
[0282] LGTLGG (SEQ ID NO: 17)

[0283] In each of these peptide fragment sequences the amino acid
leucine (L) may actually be either leucine (L) or isoleucine (), the amino acid
aspartic acid (D) may actually be aspartic acid (D) or asparagine (N), the amino
acid glutamine (Q) may actually be glutamine (Q) or lysine (K), and the amino
acid phenylalanine (F) may actually be phenylalanine (F) or oxidized methionine.



[0257] The NST1 bacteriophage was identified as a good

source of CAE by its ability to lyse E. coli strain
wWEBDI28EPE a strain that overproduces col ani ¢ BCT/US20091@42382

NST1 bact eri ophage was i solbated and used as a source

to isolate a purified CAE. [ 0258 | A few col oni es of

SCl1 EXxA#iPha6t e QLonmes THE GbeANIKCrACDIEGRADING E8/Z¥mME

i noculated into two tubes containing 5 m of

LB- gl[pesdql AxeicpacativreoiDegerierdtd Ohfommipdtels Bomets

10ug/ M ). The bacteria were allowed to grow at 37C

over o2k ]t dDegersare dligdnegrotitepfinidratare pre@edalsing

di [ utions 1:102, 1:101, 1:10, 1:1 01, and 1:1 O 2
deganerate é@é@%owet&mlnﬁm%sng&%d‘mrautw REpteinfeagments of

f ticle nunbers. The dilutions
tig ChE! asede'on-%cmp&gsbgﬁ%

are ge stock stored at 4C

(200 PR oAy e EoanaCoRih BlaDie  ne

mde 102800 e, S8ad i DRR o aR Hagte abhebe NS T ¥ raseiprified
uﬁinéeéiat%érﬁ BAABuraliee nisoad! Fhetegensiens bﬁq&ﬂﬂzléﬁtlde

p age. I hest concentrations containin _
pt‘lmQﬁSJ g\terwsegat@ hiybridize avith tb\eﬁzﬁmt@rmphapemormh@mb\h@ identify

tly EoF oo 35 58 TbE Eéa?“'(ﬁégoé"exgt”goe?&? ot at

55C). The m re was qu LB +

ol iRt CobequdtiagAns P BEELSH of £ e ramyGenomic
pppuring is preferably done quickly to avoid
solidification of the top agar. The plates were then

i ncu ﬁ%b%@A u p%%(%fee%o%eea&f@ﬁFﬁN%oﬂéﬁo Pﬂ“%cf Sirre%fly on the

I ncubati o re wapped wt ara
NSTor baictatloptﬁagd?gem@sld DA siartlmgtwmmtheade’gqﬂeaqteemmeﬁs and

di ded. EXAMPLE 3: LARGE SCALE
A G P BT AR LI e A8 TP P URSHORP R el 23
SbudHi A4 NTAKTSAE QIE Wi ) 381 Gorittln VB SRTAOMAG NST

B- cont ai ni ng chl oranpheni col ( 10ug/m ) agar
bpb@trlephagelgenoreratA 40C. Several plates of NST1
phage, as described in Exanple 2,were maintained on
LB- gl[peeng| I?rmpeeagmadéa’g&ln@begmmm and eye 0é theoGAFOP R

SSRGS, WaT S iDPae A0 BeT-8ab e A e Sasicsahine G&E gene
Rl the Q8§ aa&é[cndrghtap Q{%o‘rﬁué DA luising the Pd}\}r%Fase Chain

bacteria with orage tinme périods.
Reaction (PCR) using the Deep Vent DNA Polymerase (New England BiolLabs)
to avoid errors during amplification. The amplified DNA was then

electrophoresed and the appropriate band was excised and purified from the gel.

EXAMPLE 7. SEQUENCE OF THE COLANIC AciD DEGRADING ENZYME

[0291] The nucleotide sequence of the CAE was determined as set out
in Figure 9:



[0261] A few colonies of the SC1 2078 bacteria were

i nocul ated into four 50 m sterile tubes, each tube
w@omwasioeng 15 m of LB-gl ycerol chl or anpheni coPCT/US2009/042382

(10ug/ M) nedia. The col on¥es were all owed to grow

overni ght at 370C in a shaker incubator. [0262] Three
AHCEGGAACAQCAA T TRE T BAGH @ﬁcﬁr?é(@@ﬁﬁﬁcé‘& ARAERCAATTIHCTERTGHME 60

r ni cont ai_ni 5 Ii
R B SR e R N SR e hbansh bl o
G@%?A@Ad&'ACQR&ﬁ?b? %A&@A&cﬁb L9Yee T fE QMRS BFcbiedhe 180
shaker i ncubator (230 rpm for about 2 - 4 hours until
crbereotochorcdradcanACAdi0T batuerTcO TERAGMNETO TEECCAAGAC 240
[0263] Each flask was then inoculated with 30 NST1
Gﬁlﬁ@\@(éTTQA GHESCaPCAATEC T CASTAG MEUDH BB A8 Gl Y tCAaﬁGQWG’ 300
shaki n the SC1

G@Mﬂ?ﬁgg‘ Aﬁﬁg%{ﬁ G&Tec(?pc\l‘fli?cPﬁCVh%“cﬁg?fcgﬁ AGECTHALC W%TCCGAA 360
GTRRMDGER ché’/ﬁrrgbg E%A@ggg %%HFEQC@&%&’)@%GEXH ﬁ%&%TGAC 420

bet ween 4 cultures were cent

AGCRALr daponatcdBicalr erThcaTehnc Bstararet gecadtdoee @T@GCGATT 480
centrifuge bottles. The supernatant, containing the

GNBITCGshag @GCV@@CM@@MGmfbA@’[@@ﬁAC@ TEIRCHAGSCLARGHTCCTC 540

stored at - or |mred|atel¥%[§%|f|ed The pellets
CeENTHATCY A?ﬂ%TCHQ&CéPT%‘FGAc%TTl% AFEBFT GCRIEY @ CCTCTGTC 600

R S U A By

catclerddd bestraBeEXaBRM cReT cThERMrcBRESY TATTER E@lﬂ&’éTCGGC 720
fluoride (PMSF) was added to the phage supernatant to

GaTACGTEGCOMECEALE@E TOACATTCEC CTENVIGRMBFCCAC PTeParLRACTNEGTG 780
starting solution and then stored at 4C. [0265] The
C&LHFChY TSEPLIRTICER CfTé?TQ%Cpﬁéﬁq%G@aﬁP@ﬁAW%T% NIAGEHC 840

A&EACE%%A%%@@HM& C %H#A%%T%&C%% CAECQCQCAAQ!R'I’%8EC%(:OG 900

e resu I'ng superna was renove

G%@X@@TA@%@C%%A&A'&bTQT&‘A@WﬂATé@#A%T@BGMT%‘?C&MdA@r 960

apparatus and a YM30 nenbrane, the supernatant vol une
caascTasthacesiorameat dAstecsGt AR CETEECS aToaTGAThEGATAMECAG 1020

sanpl e was further centrifuged in a pol ycarbonate
G@éﬁwcﬁcﬁﬁ‘d @Gt‘\@leGAé.\tCQT GAW@CN@CRWA&Q ASEIICFHATGICTEOFTHBE 1080

nut es at was di al yzed overn
AF%TCEB?%T Gé\%‘% ??1%‘&6 ?.??\CFéé%?c%ccéﬁﬁﬁa‘é%”&mf@gﬁﬁ@ﬁﬁc 1140

A aTaREL &1 Rrcce?BE RERASE R cTENEPMRIG ATecTaCTEA GACGCAGTAT 1200
GCGAAGAACG TCACTGTCCG TAACGTCCAT GCTCCGCGTG GTGTGCGTCA GGTCGTCCAC 1260
TTCGAGGTTA CGCGTGACAG CACCTGCGAG AACGTAGTGG CCAACCCTGA CCTGTCCGTC 1320
TCCATTGGTA CTGGCCTGAC TGCCGCTGGT GTAATCACGT ACGGCTGCAA GCGCATGACC 1380
ATTGACGGTG TAGTCGGTGA GCCTATGAAC ACCGGAGCAA CCTCTCCGAA CGATATTCGT 1440
ATCGTGATGT TGGAGTGGGG TGCGAACCAA GCAGGTGCTG GCGGTACGCC GGGTGCAGCT 1500
TGCCCATCGT TCGACATGAC CGTGCGTAAC GTGCAGACCC GTACCGGGCG CTTCTATGCT 1560
GGTGTCGGCT CCGACGATGA CAACACCAAC ACATATCACC TTGAAAACAT TCACTGTTAC 1620
AAGATGACGC TGTTTGGTGT GGCAACTCTG CTGAACATGA CCAACGTGAC TGGTGTGGTG 1680
TTCGACGCTG TAGGCGATGA CTCCAGCGGC GGTACGTCCT CCAACGGTCT GTACCCGCGT 1740

AAGAAGACTG TTCTCAACAT GGTGAACGTG AACTTCTACG GGCCGGGCAT GACCGAGGGT 1800



[0266] A Q Sepharose Fast Flow colum ( 10 cm hi gh,

1.5 cmdianeter) was equilibrated with 10 nM Tris HC,
W@R09/155040. 1 nM PMSF unti|l the pH of the fl ui dPE&l/US1002/042382
fromthe colum was 7.5. THe dial yzed supernat ant was

| oaded onto the equilibrated columm and the col um

G s Held Chi GTAA SCETRIAUTMC TP @ifed COaBRHC BART GC/f COIGCRIVECT 1860

lieatCherRidor sl an @Ew#%?n%gﬂs%e%?'@wﬁgH1920

TZCA%GCQG% C@ME&@:CT(CGEETQC@&QT éAQ:G%QQATMGFﬁ'béCCB&g GGdEZlAﬁGK’G 1980

150 M) collecting 4 M fractions (7

Tf(lST&ID‘GIAQGSTA@]tCﬂ'IG):T atT@AAfdAowemm@mcebTmecmeﬂmceTJm 2040
fractions collected were tested for colanic acid
C@@@T%Tﬁgmﬁeﬂ\chﬁw Gh@G%T MEABTEAANCATES BTG ESENGCEEET 2100

r@ ose fractions contain CAE
G&EPA?/*Q%I ‘\E&F% (RN C‘é“d\CC[f%@%sﬁCGﬁ?JGB%FE%%&ET%E%W%GTGG 2160
Mﬁ?g‘ﬁ?&Iﬁ?%%AEA%B{“@?&T%Q%?%@P&&?&T%QA%ET%C@G%Q% BBEBccoace 2220

y centrifugation. e protern

GeeBcerddcatdrencIEAC derdaTsubt GOTCEEIRECAEE RIGACMABAACATCGGA 2280
deternmi ned and a sanple of the concentrate was

ABLEIATAPIFCAESRLAT TAACCRERICATT GPOAGRITEAATEAT TRC GeBANCECAG 2340

12"/% The el ectrophoresed san‘pl e contained five
Chrd ceqqugg%%cchqu TTAHY CdABt ei n concentrate was then

separ.at ed by 20 cm col umm cont ai ni ng

Toyo leglzll—ws?éi??i@@% qui librated with phosphate
buffered saline (PBS), pH 7.3 - 7.4, containing O nmv
PIVSF. [O?ISPé"]coTQﬁrﬁ”@?QJQP'Q SRAYIEREE Mastdqiefmingd ysing the universal

oEREEL L39S anEE Sy00A A ER AR CRaGA ARG Fioure
1p didiecamincatermons ofdhe GAlh cmaithed g Bdmandiexpadatimreresults,
ation

A filt b t i h ot ei L
exbsidRe B s dadradabon si ot o oliet (adeRRel matuaniasg 'a
2BBIIBC ¥ mb BBURPWSOR BF o\ BAESH S LERRHEP REbOB4 54 and

gradi ent pol yacryl am de gel (4 1299 . A single
cprreseonddashiodheasolebular mmghthxittheh atbteinreAnscsgquensed gist

b . | h in band
Rieafurhon o SORHER A B uedy UeLRI Cbmi  od Tor s

spectronetric anal ysis and Edman degradati on. EXAMPLE

5. I DENTIFI CA TI ON OF THE PARTI AL AM NO ACI D SEQUENCE

OF CHxavieLE 8T BISINGCHL BC 1AGID DA RADINGENZYME IN THE PURIFICATION
OF PLASMID DNA

[0294] A plasmid DNA sample is tested for the presence of colanic
acid. If colanic acid is present in the plasmid DNA sample then the sample of
plasmid DNA is incubated with the recombinant colanic acid degrading enzyme
of the present invention. The CAE will digest the colanic acid into a number of
smaller polysaccharides that can be separated from the plasmid DNA by a
variety of methods known in the art. The plasmid DNA sample will then be
separated from the CAE and further purified as described herein.



[0272] The CAE protein was purified as described

previously. The purified CAE protein was subjected to
wore®e/1339dxt ronetry using the Applied Bi osyst enBCRPUSIN%S@42382

Sequencer PROCI SE-cLC for 29 cycles and Edman

degradation. Using Edman degradation, 15 am no acids

of t IEXAMPLE OrO0ws TREC BON dFrRECOMBINANT EAE, ABNAhALIBS 1@7-790

[ 027 3y~ by WAEDING\6 HEEGDINES NOTHE N-TERMIAUS By vEGSOR PET-

spectagargt).y, 8 additional protein fragnents were

sequence wi th each fragnment containing between 6 to

16 a Q@S@ClﬂﬁnrﬂﬁAél@% GuHtaipetamihd B3RStruct: [(Nco1)

LLEQGTCEALTDGVLR (SEQ I D NGO 10) [0276]

iE 4t NAL PIStapR( ID NO 11) [0277] LADYEFTSAPSNSK
(SEQ ID NO 12) [0278] YSDLSTLN (SEQ ID NGO 13) [0279]
QLLFDUABIA (IR H IBHHHEDARIT2BAN RAFMIYBUSINASPNV AT RRNKALGE

S CESA P SENROR A SEQNG ] A282F L S 0 SFG i

_I-l/ L\JLUU LI b.(A\JII Ul .Lllbob P\z T u Iluyl LILJ
NTRSIVASYARA AN BABFDYARANG K\AYDARGWEG THYSTYL NI GE\PEGGTWH

el t her I eucl ne L) or |1 SO| eucl ne (| the am no acid
iLNS FF BNFMASTRYRMAY Y Rl \P

[I(’»‘GULIHMFF]LENII(BTtNAI?IF’).SMNCHGM;H&(B@G@H:(B‘V\@HAETFQMAH\IVTVRN
\_/t or oxi di zHed rrethl onl ne gPLE 6. CLONI NG THE

SIS TGl EAABMITEECHRMTID
Rﬂ'@l@ﬁ&!AGV(ESIm)N'ﬁNTH(HLcEI\HH@WESFG\MIIUM\AWNMT@WFDAVGD

E?’MN?G ‘ r\ﬂFFh?/RAL@lﬁ/G%(N&%% e3de ﬁéﬁﬂl\ﬁgﬁRNVQT

ISAGTRLNVPGAGPSGGTLTVTVVRAPYQVDNNIGNPVRIDITPAIVTAIPAGTQL
AATYPVAYI stop (SEQ ID NO: 4).

[0297] The PCR amplified region of CAE from amino acids 107 to 790,
including 8 additional amino acids at the N-terminus, was digested with
restriction enzymes Nco1 and Xho1, and ligated into the multiple cloning site of
vector pET-28a-c (+) that was also digested with Nco1 and Xho1. This
construct was transformed and grown in expression host BL21 (DE3) in Hyper
Broth medium containing 50mg/liter kanamycin. The large-scale culture was
grown at 37°C with shaking at 225 rpm until ODego reached 0.5 (about 2 to 4
hours). The temperature was changed to 16°C, and growth was continued for 30
min. Then IPTG was added to a final concentration of 0.015 mM, and growth
continued for an additional 20 hours. The recombinant CAE is then purified on a
Ni-NTA column that selectively binds the 6 histidines at the N-terminus. The
bound protein is then eluted, concentrated, reconstituted in storage buffer, and
stored in the refrigerator at 4°C.



primers were used to hybridize with the bacteriophage

genomc DNA to identify the CAE gene as descri bed
wh2000mssopH288] C. Sequenci ng and Anpl i fi cati onPGF/USAREY/042382

gene from Genonmi ¢ DNA [ 0289 Sequenci ng of the CAE ORF

was performed directly on the NST1 bacteri ophage

genoiaxamvbBhA 16t ARANSFKDRM RECOMBINANT EIAEE &L eNB INTOBEXPRESSION HOST

t hen BIM@HAB)i ners based on known sequences for

subsequent rounds of sequencing. The CAE ORF was fully

sequqnee@]oﬁrw bnSt:é andvigfof Ore SiEdt® BR21 ¢DEGPBEIE Add 10
genom ¢ Priners nade to the be i nni ng and

nGrﬂi %SW'HQME'@FO@Q&J@M&5Mf@ tﬁﬁ&@”%ﬁa Mg PYi8eRINg
Eﬂtl o hBﬁn‘ﬁ*‘@el&e@}‘wﬁ@%%m‘)fInwﬁat@‘ﬁe%@%n |Eé"?6rlﬁgﬂﬁ}fés.

erlop age gen usi ng the ner ase
Iiedate for €xBCR) 30siengnts e beef? @ewatelbmétrPo Dymest asie of Sbake.

RERGP RN IPETBNR" el BR Gk PSR Lcea Asueoal S pre-

m%?ﬁ\%ﬁ%@@trﬁeéﬁﬂ?td% \ﬁ‘éIC'Fﬂﬁ@e adyvigpin 5 hﬁ&oEéﬁ!F"flﬁd’@rack and
SEQUENCE OF THE COLANI

ge
SEJEGQADB I\mlENZMGEa[C@Z@fD] ta'plae Rlace tst iagks weltzpuadeen afshatking

nepal i abet Heay Bt S et axBohiehs 81228 sapo@iaipn20 to

EREEt D tra ST MESAr LG bHid\wd BB tEs¥entaining 80
2T ETACCTCA ACTCCRRACT | COAGACCGAA 120

HetuTienauYrcARAiETEP difersaisoiie esTIDAaSITEw Slesrecedatonies

LR A, ST P A o s

GOCEHGASHAR dSult TRACBRCI ATTIIERAC 1ACEYT TR PlateSanGiiclBAte at
300 GAAACTCAGG AAGCATGCGCT CGCGCCACTT GACCGCGCCG

3fHcOvenigitt: GAACTCCGAA 360 GTCTCCATCAACGCATTACC
GAACGTCGCT GGOCGCOGCA ACAAGGCACT GGGCTTTGAC 420
AGCAATGGTCAGOCGTTCAT GATTCCTCTG GTCGATATCC CGGACTCCGC

CCTCEarbl £ 48%%%&9@@%5& %@%%ﬁ@ﬁm CAE
ATTGGTACTC T CACGI TCCTC 540 GACCGICA

o Lghabe ! Q%&T JigtCAsinble okt C@/&@W@z%@@ﬂr@o 30
MACEE0AEET COBETEAGEOMGier KOTBGETIEEBUAGETARIST with shaking

a%ﬁ%%rr%@&dﬂ % m overﬁ”ﬂéﬁ%ul%%% glegyper Broth

medium containing 50mg/liter kanamycin. Grow the culture at 37°C with shaking
at 225 rpm until ODgg reaches 0.5 (2~4 hours). Change temperature to 16°C,
continue shaking for 30 min. Add IPTG to the final concentration 0f 0.015 mM,
continue growing for 20 hours. Harvest cell by centrifugation at 4800xg for
15min and store the pellet at -80°C.

ExXAMPLE 12: PURIFICATION OF RECOMBINANT CAE
[0300] Make solutions. Add PMSF just before use.

[0301] A.20mM Tris-HCI pH 8.0, 0.25M NaCl, 10% Glycerol, 10 mM
Imidazole, 0.1 ml/liter B-mercaptoethanol, TmM PMSF.



GGTACGIGECACGGCAAGEC TGACATTCGC CTGCTGAACT CCACCTTCCG

CAACTTCGIG 780 GCCTCTACTG TCCGIGICGC CTACTGEEEC
WOHOGASIBASC GTATTGCTGA CTATGAGITC 840 ACCAGCGOACK/US2009/042382

CGAGCAACTC CAAGGTTACG TCTATECTGI TCCAAGGCAA CATCGCCGEEG

900 GGCAGCTACGTCATTGAGAA CGGTATCCAC CGCAATGGTA

AGTTCGR0AT TETZIPAKCAG-815) pBE3 ACOEBMENAETT AT%AGlycerol, 125 mM

T i GCCA TGAT T G 1020
PG TR AT RS ARTOARE. uﬁ@@ T ATGTecccr
GCTGATIGAG 1080 AMCATCTICCTTGAGAACA
HARHEEE- a@Md\laCI 10% Glycerol 500 mM

'@é@@ﬁ%ﬁ%@aﬁ%@%ﬁ%&@%&@ww
CooctEAAE DRFRERE RRSrARTE SRE el Breatrg

PMSP. TCCATTGGTACTGGCCTGAC TGCOGCTGGT GTAATCACGT
ACGGCTGCAA GOGCATGACC 1380 ATTGACGGTG TAGTCGGTGA

CGflt Gg} i-NFRCE 20GATHEd CoTlinded 46 2 liter
ATCGTGATGITGOAGT GGG TOLGAACCAA GGTGCTG GOGGTACGCC
CUBTEEHABR00LH Of PEFTAATCEaNGIHRCRIRRRDJGeE et paliet (from 2 liter

RN EENA ek ReLRec e e A R R

PREZOESSGR ot TG (@€ cé#dimy oTr ﬁﬁ@ﬁlﬁﬁ&é«@qﬁ%ctlons) and

CC‘AACGTGAC TGGTGTGGTG 1680 TTCGACGCTG TAGGCGATGA
SRt atanioteedsHPemaant to Ni-NTA

B e A R R oS

EAREAGUAGEECBANGHCCHE WiEh GOGH0TBAB&0C. Add elutant to Amicon

iR ATN R D0ler AP B AHIRSRT LA AR C 1o

cEREEARNE EfetART Tﬁ%&%t&@@%@ﬁ%té%%e@@ﬁﬁ%@% volume
GTACTGIGCI GI TCAAGACC GATGECTCCG GI GECAA

wiihA8U fEEEY.TBeGEa (s potESEthBeAN@R IS amKCARETIDEA proteln
é@r GC TGCTGCCGCT 2 100 GGCCAGACGTATCTGGAGCA

0 "GACT CCGGCTGGTA CTCAGGCTTC CACCTCGTGG 2 160
CTGTACCATAAGCCAATCTC TGCTGGTACT CGACTCAATG TTCCGGGTGC
CGGGCCGAGC 2220 GGCGGTACGCTCACTGTGAC GGTGGTGCGT
GCTCEXAMPLE AGEIDIEESTAN GIAPCASMIDBN A 241PH RECOMBINANT CAE
AACCCGGTACGCATCGACAT TACCCCGGECC ATTGTGACGG CAATCCCTGC
GCGAAOG0OBS 3uir @TWA freseh ACEXd LBW@ltlASOding TAtoF ree

0292] (SEQ ID NO. 7) [0293] The ami no acid sequence
|geq3|g|ad{|h@aj:cgg¢ﬂ@ te mEnuhGidresxinstructions). Dissolve plasmid

DNA in 4 ml of 0.05 M potassium phosphate buffer, pH 6.5. Add a suitable
amount of recombinant CAE (plasmid DNA: CAE = 10:1), incubate at 37 °C for 3

hours. Change temperature to 50 °C and incubate for 21 hours.

EXAMPLE 14: BORONATE AFFINITY CHROMATOGRAPHY

[0307] Boronate chromatography has been used to purify samples
containing RNA, mononucleotides, oligonucleotides, thymine glycol-containing
DNA, and benzo(a) pyrene: DNA adducts (Schott, H. et al. 1973. Biochemistry
12:932-938; Singh, N. and R.C. Wilson. 1999. J. Chromatography 840:205-213;
Jerkovic, B. et al. 1998. Anal. Biochem. 255:90-94; Pruess-Schwartz, D. et al.



genetic code and is shown in alignment with the
nucl eoti de sequence in Figure 1. The am no term nus of
W@ b@9/TFdB48mat ched t he Edman degradati on resul t SPCEKSMPY/042382
t he Ednman degradation did Hdt detect the term nal
nmet hionine. In addition, the nolecular weight for the
188& GascereRes.nitddd Odet 1) 8 BoB&datartthramatoaspomd ddweayver, has

ngbBefhiae i ket S RiackRSuRb AP ST betuse no
oR&ENAdLiEeStifiddShbiprEsE M S HataMdRADENGidN Pty d ¥ chbbides
PURI FI CATI ON OF PLASM D DNA [ 0294] A plasmd

peeagpit & plesmed DNA Aod thééoxie ederisof dtessopalysaccherides during

[ an acid i resent in the plasm d DNA sanpl e t hen
Q%ﬁ%?@%r%wel ofI ZI gsm'sd DNIA i s ingubZt ed vvithstﬂg
nhi t | ani c. aci d di of th .
br 0 AABOBLy RT B Sl 2Rl POl 851 ARG el Bind
c@ﬁip@uhﬂ& %oﬁtdWH@%Ts-@ifol §|‘Bﬂds?VA ?)FI\&&&Z@@ %B?érﬁi_@'%%idt éTﬂhit;ﬁé‘dSlumn

be separated fromthe plasmd \ by a variety of
captoecatgukedviror Pierice, Rockfomhdl. pT ks mogorbblaciheqiUmntiad a

then ,be separated fromthe,CAE and furfher purjfie
ohUSRe T aiTREP AR RN 06 1S Bon@RRiea e sitaehital bedds 8100
nitEEISNRIf NOMINdt8km| AeNO ACI DS 107- 790 ((UNDERLI NED)

| NCLUDI NG 6 HI STI DINESAT THE N- TERM NUS, | N VECTOR

PET- (38694 *The b8 adill ddRurAR ks igraRRMini 2 @mmonium
Construct: [(Ncol ) MEHHHHHH stop (Xhoi )] [0296]
amHate-HHHB APL DRAVRSANS IBIGA ISanies\GRRA KR airtated in ethanol and the

R R R A O T S e
irﬁﬁém/l RirhiNo hitriNa A& T A EVCCENRIDNDY BbILBOR S ERl Ib&&EdNbnto a
bersse/pERGARRGEt PrENetely 1RV RS A PRDRMN vsnateigeumn
ittt e et AE e whYRWith A 2 BN HIH At i 6 8.

THEATSR(ARGA8HRNT BERECENIVAGEHIAS\G dIheLdpdaltdnSEyRVDI. Yo f
GWGEPMNTGATSPNDI Rl VML EWGANQAGAGGT PGAACPSFDMTVRNVOT
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column was washed with 0.2 M ammonium acetate, pH 8.8. Fractions from the
column wash were collected and each of their O.D. 260 nm measured. The
fractions having the highest O.D. 260 nm were pooled and the DNA precipitated
with ethanol. The precipitate was washed with 70% ethanol and resuspended in
10 mM Tris buffer, pH 8.0. The DNA sample was filter sterilized and stored at

-20°C until it was used.

[0310] Plasmid DNA did not bind to the boronate column and flowed
through the boronate column with the wash buffer. On the other hand, the
polysaccharide contaminants, RNA, and LPS bound or adsorbed onto the
boronate column. Eluting the polysaccharide fractions with 0.1 M formic acid
regenerated the boronic acid columns. The boronic acid columns were then
washed and stored in 0.1 M sodium chloride and 0.02% sodium azide.
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| & 70")@6th%'$1@>l rgplrpfat mmi‘ﬂ?ﬁ%r%nﬁmw r;t!g}éta%dtr’é@ué’ﬂ)éﬂd the pellet

Place the vial in m crocentrifuge r secure

in hé n%qiﬂ@ Ml 'tl'h%rHCéicRHvﬁ OhCQrﬁ@I@lng:‘D dezwittergenik Innybatesat 37
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zwittergent. Spin at 3500 rpm for 1 hour at 30°C. Repeat this process three
times. Reconstitute the retentate to the original sample volume with 10 mM Tris-
HCI, pH 8.0. Spin at 3500 rpm for 1 hour at 30°C. Repeat this process two times.
Precipitate plasmid DNA with 2 volume of 100% cold ethanol, and 1/10 volume
of 3M sodium acetate, pH 5.2. Incubate at -20 °C (1 hour to O/N). Spin at 13000
rpm for 15 min at 4 °C. Wash the pellet twice with 1 ml of 70% ethanol, spin at
13000 rpm for 5 min. Air dry and resuspend the plasmid DNA pellet in sterile
water and adjust the final concentration to 5 mg/ml.
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c&MIBh#y NkedTEThe Lipid A associated polysaccharides are characteristically
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polysaccharides that are not associated with Lipid A exist as high and low

molecular weight variants.

[0316] Each of these E. coli capsular polysaccharides, particularly the
long-chain and branched polysaccharides found in plasmid DNA preparations,
contains uronic acid. For example, colanic acid is approximately 11 weight %
uronic acid. Enterobacterial common antigen (ECA) consists of about 33 weight
% uronic acid and the O- and K-antigen associated polysaccharides have about
25 weight % uronic acid.

[0317] The uronic acid content of a plasmid DNA sample was

measured using standard curves generated with heparin sulfate and glucuronic
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[0319] The polysaccharide content of the plasmid DNA sample can
then be extrapolated by multiplying the amount of uronic acid by a number
ranging from 3.3 to 9.1 (depending on the prevalence of colanic acid, ECA and
the O- and K-antigens in the sample). The uronic acid content of plasmid DNA
samples was calculated from standard curves generated with heparin and
glucuronic acid standards. The results generated from the two standard curves

were substantially equivalent.

[0320] This method was used to assess the uronic acid content of
many plasmid DNA preparations; such DNA preparations included GMP grade
DNA prepared by certain companies for use in human drug trials, as well as
clinical grade DNA. “GMP” is a term used by the U.S. Food and Drug
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weasieat disclosMpVPLE 15: MACROSEP CLEAN- UP [ 0312] After
Boroni ¢ Aci d chromatography, pool the fractions having
t he hi ghest OD260. Precipitate plasmd DNA with 2

vol unme of 2160¢0selAssaynanol, and 1/1 O vol une of 3M
sodi um acetate, pH 5.2. Incubate at -20 0OC ( 1 hour to
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zwittergent. Incubate at
of fucose present per mg of DNA. Colanlc acid consists of 22% fucose in the

ratio of 2:2:1:1:3 (fucose: galactose: glucose: uronic acid:other modifications),
whereas the other polysaccharide contaminants do not contain fucose, or only
small amounts of fucose. Thus, the fucose assay allowed for identification of the
amount of colanic acid contamination in a purified plasmid DNA preparation.

[0323] For example, a plasmid DNA preparation containing about 0.7
mg polysaccharide per mg of DNA, as estimated by the uronic acid assay, had
0.14 mg of fucose per mg of DNA or about 0.64 mg of colanic acid. It was
generally found that the primary polysaccharide contaminant in plasmid DNA

preparations was colanic acid.
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[0328] The tubes are placed on ice and 50 ul of a 1 mg/ml fucose
dehydrogenase solution is added, followed by 50 ul of 200 uM NAD+. The tubes
are mixed and incubated for 3 hours at 4° C. To stop the enzymatic reaction, 50
ul of 1 N NaOH is added to each tube, mixed, and incubated for 10 minutes at
60° C. The tubes are then cooled on ice and the samples are mixed with 50 ul of

1 M hydrochloric to neutralize the samples.
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cool, and the absorbance of the solution at 530 nmis
epdsgion filter. The fluorescence of the standards and samples is read and the
fluorescence of the blanks subtracted out. The fluorescence readings of the
standards are graphed as a standard curve and the amount of fucose in the

plasmid DNA samples is determined by interpolation from the standard curve.

[0333] Using this method, the fucose levels of plasmid DNA samples
were determined and the concentration of colanic acid levels calculated. Colanic
acid was consistently found to be the primary contaminant in plasmid DNA from

a variety of sources, even GMP grade plasmid DNA.
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pb@a@hwtegedtiﬁhﬁesp@@ff@ltvma TAFRDe® erreﬁéabe_lg‘qnts

o ipbERhLE AR SRR R BORBRBL AT Wtichh RTAF was
udes &y tHeDBaRodb e esentnegsitione oha of ekillavaue ukdemtartidthat

consi st of approximately 25% col anic acid, plasm d DNA
apy dparescenns laRal éhadirsevidas fercragificly oh |9é¢§%'&9 begween

pS%QEQ?ar@%fsdandTBﬁlA%bé‘l'@i't?e asa ﬁ%ﬁé@%ég&??ﬁ@ Re%eﬁq'i‘e

ucose present per acid
iro@msiost s of 22%fucose|ntherat|o of 2:2:1:1 :3
(fucose: gal actose: glucose: uronic acid: other

nodi fioeale] ONBNA aMtpeigsaddherride e tﬁm{/tsaamzémahlgéeallel samples
cont ami nants do not contain fucose, or onl

B0 RNe G- DNAissoretivaled Wil aibes bearsip (StB0 peiordding
& %Vnplésct thepf PB@ rl@éﬁ%‘é@ks%e%’éﬂé@?\&/nﬂ%ﬁAF A plasmid DNA

con | onvIn a plasm preparati
sample can be run in two lanes on one gel with the sample in one lane stained
with EtBr and the sample in the other lane stained with DTAF; thereby, allowing

one to visualize the polysaccharide and DNA content of a plasmid DNA sample.

[0337] DNA and polysaccharide standards (40ul of a 2 mg/ml solution)
were precipitated by the addition of 10 ul of 3M sodium acetate, pH 5.2, followed
by 200 ul of cold ethanol. The samples were incubated for 30 minutes at -20° C,
then centrifuged 4 minutes at 10,000 rpm in an Eppendorf microfuge. The
precipitates were then suspended in 10 ul sodium acetate plus 200 ul ethanol
and recentrifuged. The precipitates were then resuspended in 200 ul ethanol,
recentrifuged and dissolved in 50 ul 0.1 M sodium carbonate, pH 10.5.



[0323] For exanple, a plasm d DNA preparation

contai ning about 0.7 ng pol ysaccharide per ng of DNA,
w@g0oedsiomaat ed by the uronic acid assay, had 0.BRAI/b#§2009/042382

fucose per ng of DNA or abbtyt 0.64 ng of col anic acid.

It was generally found that the primary pol ysacchari de

cont d0idsant Afreshd3TAld sDbpemsiepa priepared basuspdrading 60 mg/ml

Ao caroba Pliferr e ey 2 S DTAE Wik o Ron, ne
ré&ﬂt‘ﬁ@@uéc/?etrféldt‘ﬁ@tfdﬁte&@étbe%% iEeadisbrpfo £6H Shrmplel o 501

| asm | e successfully renpoves virtually
sample)of me‘reathlaiﬁfrmﬁpegswl(mmqh ke deerrhast derkraétdmmd) is

aiffho 37 st e BF iSRS B D3PiaBlas BELRFLES, and

9bG1iAbtesT hepbasheh RHERGHWTERe tnTAFagt;f@per@forf lﬂl@@ﬁéactlon mlxture is
content in sanples can be found aper by

verexed and plagedlajggomptemperet%e Hethe (1@ 1 Ttlezr@actmus terminated

oi8t 918 Bl rbERANTy Bch S Wihahe BUSRBR N 3B

orage COI’] ns an

assihty ahd\B@5aJ|I:e®hémtn Irmtjtjatlageldes(d?e@mpmse‘au%Jnitdutaru:t -20° C
Met hods, of Enz mat i ¢, Anal ysi s,

O H Low 1974, |n: ,
e0cpuragep é%%?@rc'@?&' Dissapplessre t S@ﬂq”@gfrde%@d theew
D &.&taté@h@gﬁié 3 tﬁ’rFI s %%%Egglzs;t%dét#rﬁtg%%ﬂte% 56 @tﬁaﬁ@l The

e assaye are tra vials and
shypids tanezfmtallyﬂm&mthﬁaBﬁO e ef@doubnadthdn 8ridd for 20 minutes at
trifluorogcetic acjd is added and the reaction vials
repra tgr@ge@? Ul PHhg d’?élfl on-1ined cap. Hydrol yS| S i s

acconpl i shed_by heating the sanples for 4 hours 10Q

c. AflP88% ool @/afslaeql ggmpd%?n%r peRlyed {40 ul Tris Acetate EDTA

(FAES be?éPét&F?'zs%ﬁﬁ'z‘é | %{tﬁé@g rrglé"%@ap?pléb gl g(el al‘f)%b(‘

gas’ under a ood. he remal ni ng resi ue I
sapgiesihlat ere nolrebzted wah EAF Weee\aﬂlded o Otfier 120es lml the gel in

1 pisranEa Pt FUPF o Bl oNA-H 88 UL By 32 DRk e

Vare F33€lqeVeidrtrershe nmet hod described by Mrris (
1982. Anal. Biochem 12 1:1 29-1 34), 200 ul of the

Sa”p'[%%ggd fﬁ@g%&ﬁ% %r%a%é’@trhg%d I eét?ﬁégseé,%? 8%,

centri t ube he st ahdards use
Nedithet thengelmeom dihé gunming boffencorgainogthfdiwm tﬁom@é utbsegetis
100

ofagbe 805 1 B A0 ts, alsIEORANL 15 Aot Dt the

s8@phe Bufi®y milst b€ 888 of bromophenol blue, which will quench the DTAF
fluorescence, except in the Lambda Hind Il marker lane.

[0341] Figure 2 shows a gel where several different DNA plasmid
samples were tested using this gel electrophoretic method for polysaccharide
visualization and quantification. LPS (Sigma Chemical Company, St. Louis, Mo.)
and “detoxified” LPS, where the fatty acid portions of the Lipid A have been
removed, (Sigma Chemical Company, St. Louis, Mo.) were added as controls in
lanes 10 and 8 respectively of the gel. Lanes 1-4 and 12 illustrate the DTAF
staining of plasmid DNA samples for which the uronic acid content is given in
Table 1. Lane 5, 7, 9, 11 and 13 have no sample loaded. Lane 6 illustrates the



dehydr ogenase solution is added, followed by 50 ul of
200 uM NAD+. The tubes are m xed and i ncubated for 3
wohowwpa3aes 4 C. To stop the enzynmatic reacti on, PEDUSI0096042382
1 N NaOH i s added to each tWbe, m xed, and i ncubated
for 10 mnutes at 60 C. The tubes are then cool ed on
O ahaadhimgl of addipyes eadetaxirkrde \WMNA sathpleé (@frrehtiyiconsidered the

c ta.n rall e sanpl es.[0329] From
oakEH38an of plegs aasgr'ﬁii;ﬁW s Compeed: and
transferred to a fresh mcro centrifu

To ed8ﬁ4§énﬂ+9é7esz%thﬁpugﬁ 29;% thé gel ilugfeaied d@gdﬂdﬁgﬂ%%h%” the
%’dlt% &b Etég %@g‘gﬁa_ﬁ%@glﬁﬂﬂté’am&eé THEPR Y- P9 Me same

act at e; ut arate; units/m |actate
Dib‘ln;sdmpa@staétedzﬂitm BitBrsthat agg stoareat withl ENyxH ogleareese)-4i d.ane

S50 SHBb bt S 2 B0l B 8 i BN

stdin BPtHé Q%g‘%téﬁdo‘%éﬂﬁﬁfréethW?éfﬁﬁlb' §h&WAGH LaRe 8fsthiked with
cycling reagent. [0330] The tubes are cooled on ice

DArfer.t hame 280s almixfurp\of ingit @nd g OMNA (rdecuian weighhpeirkers
uf f er 6.2; 0.45 mM NADH, 0.06 units/nl | actate
l%&%%aﬁgge) is added and the tubes m xed. The tubes
arethen warped for es at omte r at
el i et tshoeaBREmE ol SarchAtes AR o DA

nﬁgfa@é a?-e.ﬂ@rémt@éat.omeorpwetb/é}ta%drtﬁapbrrmr ity Msemagd by
ding 200 ul of to each sanpl e and m Xi ng

poryeasmande@mor{t@eed]m theeDblé\nsmp@sm‘nde@tbldlwmlmom@ only

A RB AT g5 DR, FERRTG, I EIRB figpSinee DNA,
hba@e@@étgﬂleﬂ@\rxelé%fﬁbry@ta@éhemdeéo LPS Aht let®afdd DBStASo

nples to roomtenperature, 4 mM of sterile water is

CQGWQ deteatable lavels ofirolysasshariges Thareiore. aliapugh the
%&#{Bié@(% eEP%,gﬁ edrtﬂ% @%&ﬁ?ﬁlec%ﬁ%ge’\??&{)u% g/’r’bg)zﬂwa$ﬁﬁ@§5$edly had

afGipivve e\ thdrerwgreadtitl. sigiifiemtievdls vepobascharrigles detected
filled with sterile water and used as bl anks. The

i Lan® §vhieh cpataingd the drjoxified b Pmsaxeler ation filter
and a 465 nmemssion filter. The fluorescence of the
st and@3dd lanthesengiataaire rowdded Salow ieTablad escence of
the bl anks subtracted out. The fluorescence readi ngs
of tHO345dndbABLEaY e graphed as a standard curve and
t he anobunt of fucose in the plasnm d DNA sanples is

Dol Prasaitl by i nt er galethadhof r om t hel PbRyhechatideve.
Preparation Detection Detected

(mg/mg DNA)
Boronate-purified uronic acid assay undetectable, < 0.05
plasmid DNA
Boronate-purified DTAF/EtBr gels undetectable by
plasmid DNA visualization

4. Toxicity of Polysaccharides Found in Plasmid DNA Samples

[0346] To determine whether the levels of polysaccharide detected in
plasmid DNA samples were clinically significant, acute toxicity studies of the
samples were performed in animals. Balb/c mice, six weeks old, were injected
intravenously with DNA-liposome complexes, where the liposomes were



[0333] Using this nethod, the fucose levels of plasmd
DNA sanpl es were determ ned and the concentration of
wa@loansw4daci d | evel s cal cul ated. Col ani ¢ aci d REBUS2009/042382
consistently found to be thd primary contam nant in
plasm d DNA froma variety of sources, even GW grade
ppdEes et dcDbi tohpuldished emocdahires {(NencySn@th Templeton, et al.

I D i Bk Era ol | SR 155! Jeabbiiite dedtn group were

wi}éété&‘a%d%\ﬁédiﬂ%ﬁ@né \W/lé@k y8gt-f ||ohn9rh@‘ res(Rs ATBh&EN in
a substance capabl e of selectively |abeling

Tablwéaccharl des in a plasm d DNA sanple. One such
substance i s DTAF, (4, 6-dichlorothazinyl)
am ndoli34dar eskesuits( Vimveslithait tHe iniras endusy eectioBR)f. 1 0DTUMOT DNA

cBREJH b6 GG esar b RS BRI SR alSt e B%e
WitB#e1 8 nBUE pbstdrRENbn gTrPékE%%refsQ uing |hj’écﬂ@r|1 %580 ‘PJ'I" 8f ihéesame DNA
or carbohydrates and is therefore a probe wt

dighnpdti ceauseanybefitbe @numaISatssda@s wibhincal wesk @temromttorac&mllar
0€es | abel si nc

oS e Yo D3R R OB e st SBviart aBr &R o

e s 303as o BiaSiid, VA sdidiiRg | ellelababs 024 mg

f | f
B LEEH AR g CNA WL g it ticEferiel dMprbddion when 50 ug

DN wesse rjelcted! lmﬂoerrmmmmmpmmrseddransgaelcaﬁlcemnde a week for
woul d uor.escenc

YR oS T s TiRL DR e B R b @ Binotitable tevels of
p@?f‘sﬁémw pétatg IMIA PR 9B M), Prré Sefehol dtviehse aBéd8Gh the

t he present |nvent|on [ 36] DNA and
aptNgisacchari de can be visualized in parallel sanples
run on one gel. DNA is pretreated with ethidium
br omi[@8 40t BTABbEf4ore addi ng the sanples to the gel.
Pol ysaccharides are | abeled with DTAF. A plasm d DNA

s@miree oDNFe r Un [DNAIWO | aselslicen one#d®dadWMide 18 # Dead Mice 1 Wk
sanpl e in one | ane stained w.lsgdne&t Br IﬁmﬂoéthlﬁJébihﬁm ePodt-Injection

he—ather—ane—stainedwth—BTAR—thereby—alew Ry
C;l)‘ﬁ@n visualize t1QQMIQnI \/qar‘raer de and content of 0
Gleqn BA'd DNA sanpGug [ 0337] BNA and| pol ysdbchari de 0
GlagerdBnde-Hrééul oﬂoaug ng/ m 20l ution) wer 20 NA
QRAGEN Ehaglpqgeby h‘gq if[tron of 10 ul of 3N sodium 0
acet ate, pH 5 f wed by 200 ul jof cold ethanql.

o AtAad fAyr 2N 4 1t A Nt 20 (1t

GMﬁ, C rﬂﬁa?]? #I)[C L I bbﬁgal Cu 1 UQO\JU LILIL TUT TS QO —J G,y NA
GMP, Company #1 50ug 20 0 0
GMP, Company #2 100ug 20 20 NA
GMP, Company #2 50ug 20 0 0
Clean DNA + 0.4mg 100ug 20 20 NA
polysaccharide/mg
DNA
Clean DNA + 0.4mg 50ug 20 0 0
polysaccharide/mg
DNA
Liposomes** 0 20 0 0

[0350] * Clean DNA contains no detectable polysaccharide as

measured by the uronic acid assay or staining with DTAF.



then centhfuged 4 mnutes at 10,000 rpmin an

Eppendorf m crofuge. The precipitates were then
waempasidrl in 10 ul sodi um acetate plus 200 ul PET/H82909/042382

and recentrifuged. The preti2pitates were then

resuspended in 200 ul ethanol, recenthfuged and

di ssqlodéd]i n*Sheuqudntity df kpahonmes mjduied ivere phuivalent to the

10.5.[.0338], A.fresh DTAF suspension is prepared by
qga%té‘rﬂ'ﬂﬂ?ﬁtfdéﬁ'”hﬁsaﬁl @&Ai n carbonate buffer. Since

not all of the DTAF will go into solution, the
r esull0B8@ 1s ubiectise earfPENed edeitienabsfbr@siudiesdadniceda test our

ohfh SR ARRRrefb R g P Potel G i Bupti rotein
Taddedtudies Werelpesotrned irsaomphal raicet(Bettdc), ahariv SGIDahice with or

m nutes, 45 mnutes, and 90 m nutes. Upon each , ,
M@@Pt Pcreatie Hé“@’ﬁAFSQl%B'éﬁ?%ﬁ%mof%ée'ﬂ%H& FQ)PP'ﬁM@tQH*% and die
oL B, RIS ot 4934 & od OBIGAIRTRLLEE o hTA
cpmpiexact tatlipogor@srarnsbothee catidric theieas dvihéreas ddalli/@ mice die at

sodi um acet aLe an 25 ul hangq| . ,1.ncubati ng t hese

SRIUEL 353YE 56 Bt lanid Dy 1o tas e JReWIRE GUTES 12-14, we
sREREH AR I8! of iR PRIENGSIVEE hidhaBs&S8E DNIAUERAIS b mal

the precipitates washed 3 tinmesswth 25 ul sodi um
caowlexes rost-ibDfedaiions: parfid adiosdisgripltks proaestes af the

.vv_as?ed with 500 ul ethanol and then dried for 20

"hEHUPRs at roomtenperature in the dark. [0339] The

washed sanpl es are di ssolved.in 40 ul _Tris Acetate
EoTA CTACH. ASPRRoL Agtecting b AR uSME,BCA REAESGhapI ¢

li ed th | .  DNA I hat,

FeactBaSalt HBPICWEOENIRIAGI | EIY5tS 46 XIHIRKGA Hath ethes
RS R BTG ERESnE R e b el BFBScates.
The3vinjatThzedykighlyssenslideageincbenimic acid¢BCAY) eedITing yelue assay,
oo Bl Sl PO O e B AL 8% 25301 2 oo
ustA¥drah e tetEQiondftall cdrbothydrb S8 BEGRHI iﬁ@arﬁ‘@%lél ggﬁéém%&itrfg% :

sanpl e buffer nust be free of bronopheno .
efizymeg watceithen @nmEF of lendpe perfeneeaepnsi foweeer caution

SHRMRIR PO iblia PR o dForiddirdbrh B Sansed BT iRidre
mMeBlRd prséing dndi subgelated. ect rophoretic nmethod for
pol ysaccharide visualization and quantification. LPS

(Si g 35agM MaterePBR@Muisthent:oui s, M.)

[0355] Colanic Acid (CA): 2 ug/ul in 0.05 M potassium phosphate
buffer pH 6.5

[0356] 6 x His-CAE: 0.5 pg/ul in 0.05 M potassium phosphate buffer
pH 6.5

[0357] Bovine Serum Albumin (BSA): 0.5 ug/ul in 0.05 M potassium
phosphate buffer pH 6.5

[0358] Buffer: 0.05 M potassium phosphate buffer pH 6.5

[0359] Micro BCA Protein Assay Kit (Pierce Product # 23235)



and "detoxified" LPS, where the fatty acid portions of
the Lipid A have been renoved, (Si gna Cheni cal
W@vpassp48 St . Louis, Mp.) were added as contr oPGI/US2009/042382
| anes 10 and 8 respectivel y13of the gel. Lanes 1-4 and
12 illustrate the DTAF staining of plasm d DNA sanpl es
for VileB&l ]t heplical 9ice\Wad iReanbinh guhdtei (Apglied Biogystabs, 6P drt #
4@82 f)r 7, 9, 11 and 13 have no sanple | oaded. Lane 6
3fk ates t heDTAF st ai ni ng of a Q agen endot oxin
e (currently considered the

d
st andgaélﬂor@"q)wqw Fed relniicoste ot t%g;gq]eglopgter:ile PVC
Fﬁréeiglsj ?F %E%Iﬁ#%:%ﬁr%) r?g F@%%ﬁ grﬂﬁtt san%\feh 3% teBlear,

PSames- s]teﬂlﬂa (Cat#E2505604ame DNA sanpl es stained with
Et Br that are stained with DTAF in Lanes 1-4. Lane 18

i's the3edA sAonickashewipétn Lane 12 stained with EtBr.
Lane 19 is the EtBr stain of the Q agen endotoxin-free

DNA gampiag. sdpvd) p@té_pg@gd@r stained with DTAF. Lane 20
is a mxture of high and | ow DNA nol ecul ar wei ght

mar k l430 B 3] The results showed
t hat f{:o%g 30%@%‘3?95‘35 %Jndg@(t%ﬁe DNA nmigrate at

F;L‘;ﬁog'&%&l ysgﬁtjgﬂ‘gfe \&Eg%g@rr]?ﬁ lsﬁ%ﬂg g@%twgbﬂgtés)glnﬁl es

S Ampo3es], 6%' RS O B lR bRt éd . 36 et ToRn with
edeh @xﬁéll&i@iﬂ@&h@‘é&hﬁ(t@% ¢TQ Ng a€ Cla (THEST) chFf§SAF(BLANK) 100 ug

detoxified LPS al so contal ned detectable | evel s of

Goliry edetah ypiuges of THe pbebBelferavhigh igincuhateddel HKG fosd hours,
ST SIS by SOy 0 ey

trangferﬁedctanat néw\gs Wekbblawl tpsatticha00qe of ﬁeslelqtmdpanedma
8 which contained the detoxified LPS s

rqq{l?ﬁ% IadeedpRd GYleved da ribsie ?‘hﬁ'&bf% 23 OUr[SOgQ@Fd to RT for
E

i adt) T i e

e PSR Bt ST i

(Appl(ﬁdeBloetlstéh%)Sﬂlr‘qucﬁfBlw &)t@ardmhm 110 ph(ierBusier + CA +
Bal b/c mce, six weeks old, were injected

BiS*ﬁ)r”&\VéQ{@@EQ%/ .&i apd qu"pww)w@heé@m%ﬁ%%uemﬁé M Ruffer + 50
ing to published
“L?gcelgtﬂF PCW : I?P?@WEB%@H on, et al.
[0368] Allquot Test total volume is 110 pl (i.e. Buffer + CA + 6 x His

CAE) in triplicates, i.e. add the following in the sequence, 56 ul Buffer + 50 ul of
2 ug/ul CA + 4 pl of 0.5 ug/ul 6 x His-CAE.

[0369] Seal all the wells using the strip caps provided. Spin the plate at
1500 rpm at RT for 1 min. Remove caps from the wells, and mix by gently
pipeting up and down three times using Multichannel pipet. Reseal the wells
using the caps and incubate plate in 37°C incubator for 3 hours.

[0370] Shift plate to 50°C incubator and incubate overnight for a total

of 21 hours.



July 1997. Nature Bi otechnol ogy 15:647-652). Twenty
mce in each group were injected and foll owed for one
WOR@®R/1p0$8 - i nj ection. The results are shown i nPOEDF091042382
[0347] Results showed thét4 the intravenous injection
of 100 ul of DNA containing 0.4 ng polysaccharide per
ng DNIa3gagsespialglatefattb®0mpoeat BTdoe1 wiinhi n 18 hours
post-injection. In contrast, the injection of 50 ul of

t he Jamg2PNAUsk d molticleanss pipet toflighet 00 pledfedod iklesample
within a week after ection. Simlar results were

QB tEW: 80 Wl m@te[ﬁlﬁN@é‘n"lﬁﬂ FishernosaRdar i ous sour ces.
[0348] Pl asm d DNA cont ai ni ng | evel s of about 0.26 ngy .
pol yd88dRar i Ia@ppée B\ mragene by nisingdhe dhieedgagegierwovided in

PGB MPL, A UMBNAHET 2 LSRG 189 GATTIRG enougn to

hsgenl C mce

b@tywmﬁent\szleall tHeaweH@I ADdfopr ep il af tmmﬁesmptpaep@r@d BCA reagent
undet ect abl e | evel s of pol ysaccharide p

tgeaeh ﬁﬁshe VALbE NG @ isPaaD8! BIBSLMIEBEDaNY By Peling three
tug{@t i Bg%gbuﬂ‘@h \L/Qﬁggfgte "arfd %g%%ﬁ@h%ﬁ% no

e pol ysaccharide aS neasure € uronic
waxubdtcas‘elay hourstht platg cook &t rBEISA(Fte[nQSﬁ:irM 5minsTlaed take reading

Egﬁt it l? @? ard njected were equivalent to the
E i S'i”ﬂj'“@!d B@'%®aFeloom of DNA. [0352] Ve al so
performed additional in vivo studies in nmce tote

our DRA74dr i FQ 84t iN6nVahve BbEiFeacidity gUPHAck YQJH%%PE@'SGAEFOFT‘

t
TR R, YBLERE) Bhe TORFoR S EF wRER RS T Mdiiace
rq;milmrdaemsi rmttauow(rj)&); t8ChKke mit 660 aing, Farrexasepis |at 1548 hrm, 570 nm,
ani ¢ aci d. an ie i v ipnjections containing 40 ug
ég ePeINGy %?&&éﬁ@aarptpégﬁﬁ O conpl exed t o
i posones and other cationic carriers, whereas Balb/c

m ce [@3d53t Refpeercesyt-JdbdVeewusery off- Mingkand Gugeldman and
@9:1 t\/%*?%&% d,how URivErEHY %%ga%i:r’or]sc?'eemﬁg %?B%_@I@fraﬁes for

ot al m ceé survive doses
chrbmbwdraﬁesc@rpwxemepgsegi(ﬂO(DGn)J, ppt 10,09 MerhioefR, Beldman G,

to f ot t
Sp%{%%&%eg{ilfq@%@i@pégﬁq]y%@Q%ggagg/,érgggﬁ AIGonCharacter|83¥|0n ofa
1,4-beta-fucoside hydrolase degrading colanic acid. Carbohydr Res. 2005 Aug
15;340(11):1780-1788.

6A. Viscosity Assay for the detection of CAE in plasmid DNA
preparations

[0376] Principle: Colanic Acid (CA) is viscous, and there is a reduction
of its viscosity when it is catalytically degraded by Colanic Acid Enzyme (6 x His-
CAE). This drop in viscosity can be accurately measured using a viscometer and
can be used to calculate activity of CAE by comparing it to the values obtained

using a Control reaction i.e., containing CA but in the absence of the enzyme.
[0377] Material and Equipment:

[0378] Colanic Acid (CA) 1.2 mg/ml in 0.05 M Potassium Phosphate
Buffer pH 6.5



[0353] Principle: Colanic Acid Enzyne (6 x H s- CAE)

and ot her carbohydrases increase the reduci ng ends
wob@n/18d8 adi ng their substrates. The nmi ni at ur P@BUS2009/042382

hi ghly sensitive bicinchoninic acid (BCA) reducing

val ue assay, presented in this protocol detects

r edudiong 9e}no@olahics®gdrt'snzyﬂi‘rd © asbsC A .0qggden Of@h M

the detectio al.l carbohydrases degradi ng any
A @W%pgég eR ﬁ?/rn‘é@qafth ei ther an exo- or endo-
type of nechanjsns. However cautjon shoul d be

exer di0384 1t PyiuOOWMIRepssiHE RBeNsia EuTier pkkohy

cul ture nmedium proteins and substrates. [0354]

Mat erli0381dndNetgri Batbrat 3776355] Col anic Acid (CA): 2
ng/mM in 0.05 M potassi um phosphate buffer pH 6.5

[ 035436827 HBrookAEld [OVA+fgadmeter 0. 05 M pot assi um
phosphate buffer pH 6.5 [0357] Bovi ne Serum Al bum n
(BSA)[03833 nBrookfield OPB30Ngadiassi um phosphat e buffer
pH 6.5 [0358] Buffer: 0.05 M potassi um phosphate

buf f g3 6. BriéfZ28kdiMecr 0 BCA Protein Assay Kit
(Pierce Product # 23235)[0360] Optical 96-Well

React 'o@'@sﬁ' 0 ( ned rﬁi'x@éwﬁihemg EREN %e”ré%@%@é of 0.05 M
[0361] 96 Well, Fl at bottom Non TiSsue Culture tested

Pt Phpephate BufteriibbRid! i PlojaleOiane of #3EBPIL Mix aprincubate at

bsherb d Fl at tt | at
3o LUl £ Petercits oG B R b 4Bsf iy and 1R reriias walno o
visedmdterd G hidis|corhRired Re ad®enttd) 364dtion/i th8@bsBnée of CAE.
I ncubator [0365] Centrifuge with rotor for spinning 96

vel | ghal§ [I@%@%d &rb@édd:’éocedure Briefly, this assay

uses a 96 " well format, wth each well contains a

QA?“ iLt?%ggllot a(FFg?/ F\l urre oflﬁﬁgbﬁre%u@t@ﬂ%% |sd'1§rnI of1.2

mgioligs eb0anl BIEM Bot Bhbepinste Bufteripkt 8/5.at 50 C for 2
1 hours. Subsequently 100 ml of each reaction mx is

[0388] For TEST, ina 1.5 ml eppendorf tube, aliquot 0.5 ml of 1.2
mg/ml CA + 1 pl of 6 x His-CAE (1.0 pg/ul) + 49 pl 0.05 M Pot Phosphate Buffer
pH 6.5.

[0389] Mix by gently pipeting up and down, and incubate at 37°C for 1
hour using a water bath. Remove tubes from water bath and let cool to RT for 10

min.

[0390] Measure Viscosity of Test and Control using a Brookfield DV+
Viscometer, set at 100 rpm, for 30 seconds using 0.5 ml of the respective
reaction mix aliquoted into a CPE 40 spindle.

[0391] Note down Viscosity values as CentiPoise (cP) for both Test
and Control, and calculate CAE activity using cP values as follows: The
calculation is based on the fact that water which has no viscosity has a cP value
of 1.00. If CAE has 100 % activity it would reduce the viscosity of CA to a cP
value of 1.00. Hence for eg If the CONTROL has a cP value of 1.57, we would
substract 1.00 from it to get a value of 1.57 — 1.00 = 0.57 which represents 100



transferred to a new 96 well plate, to which 100 m of
freshly prepared BCA reagent is added and allowed to

W0 p@ab3iods at 37C for 2 hours, cooled to RT forPABURINY/042382
and readi ngs at 550 nm ar el¥aken using a nmultiplate
reader. [0367] Detailed Procedure: In an Opti cal

%Jéeu'nélyl (tHeeag ffitbe cpl \atlee dkmsl tye@.58i in tlys testsl) woult ihgvet100%

CAE BN e TEBT nad 2P vRlud b Togs W Fomd sniarnpStbstract

trﬁ@%F”e\Hsﬁ@e frof Hat Eﬂfﬁee@)or‘rtrélol 8l 1.8 21 1g/vp A this%igire Q\fould
ng/ BSA. [0368] Aliquot Test total volune is 11

bm used te. camxmateraotumAbE @chvity as lByvsi A.57% ispl00Saeetivity, hence

ol bR Y 30,2 BBy M B 87 £ 012

%Q}'}!@}actﬁﬁ@_ all the wells using the strip caps
provi ded. "Spin the plate at 1500 rpmat RT for 1 mn.

Remove cagg, \Vigcomber |¥‘éﬂ§tﬁ1 P&dld@h’ﬁfl%tlaﬂrﬁﬂ dAE'AQ@lthﬂQ

up and down three ti using Ml ti channel pi pet
Reseal I~ | &t
Fosegloatiag YR biesial HeddlfrGaBRB8d i INBLES! i aci
sampldsawes usad to detdshCARY Ardaageased the \asq;amtalof eblanidacid
hours 0371 e at. m_ a for

caibiero A mst Vi ate SRRy Sieaunif ogic

sﬁﬁ‘@l‘eé’\@elforéadﬂ@i Shtdran@uBERnGitVBh lenpl MesrddtidhC @RAsPheasured
Fi sher br and) . ][0373] Prepare BCA reagent by m xing the

usmeaéweélag%r@pk @dmrﬁealatﬁ vissemeter witBe/ACREL40 ¢one.| T

v%gmﬁ?%f)\e/@ea th (%t% ngtl \As(?n‘laSSuR?rQ% §+ %eq%%qghistc%sity in

shrizlls/oluraes bf/abo@uomcfdl Blécoraate riccmoyasds alonitbredisy |
using a mul ti channel pipet, mxing gently by pipetin

eASSENG e YISGRSIBnel AGWRCTaPaY SANEH 208 CRENNAr g readag with
th{RH&ﬁﬁ%q%éftffdr%ﬁéré?dnncUbatOf for 2 hours. Let

roomtenp for 15 mns, and take reading

2 5303 SRR 50 oL EH % 23 i ccid
sbheion e Tilutdpeezynie sarles BKeortrRsIS saDIEE, b@t\n@én 50 to 100 ul,
wavel engths if _the Miltiplate reader does not allow

W Addsktabe dt S%IIaNG a6t SRR GORIroSar i ez hApsays
wPe pPeBarB by SRS & GiiRel &ALy MEXant fed A5 0aRE A8 by adding
non-proteinaceous samples to the 1.5% colanic acid solution. Each test sample
(enzyme samples or control samples) was incubated for one hour at 37°C. After
the one hour incubation, the test samples were allowed to adjust to room

temperature for 10 minutes.

[0394] The viscosity of all test samples was taken at room temperature
for 30 seconds at 100 rpm. All test samples having CAE activity, isolated and
purified as described above, demonstrated a significant decrease in viscosity, as
compared to the control samples that showed no change in viscosity. The CAE
test samples decreased the viscosity of the 1.5% colanic acid solution from 1.51
to 0.99, where 0.99 was the lowest viscometry reading obtainable using the
Wells-Brookfield Cone Plate viscometer and was equal to the viscometry reading

of the buffer controls.



[0375] References: P.J.A Meeuwsen, J.-P. Vincken, G

Bel dman and A . G J. Voragen, J. . A Universal Assay for
W@ 200easiong) expression libraries for carbohydr aBEBUS2009/042382

Bi osci. Bioeng. 89 (2000),1¥p. 107-1 09; Verhoef R

Bel dman G Schols HA, Siika-aho M Ratt M Buchert J,

Vor ages 9AaG. 'Dhm'eﬁ:creehhleqa‘esemt inVergtioh, grobetes-datic asindtihod of

dRRe o8 B e catehe o Re Pgies LB DAT Rarplis and &
rﬁélﬁo@’%ﬁ%H&thJbol%dHérlﬂb&% %Ié@%dﬂ])ﬁﬂ%%%bl@@%o levels of

376] Princi lanic Acid (CA) is viscous, and
poryéaecnaﬂoheSrtmﬂQthe\c&is 61at|ptr@dw¢esdwt;¢ally sigrificant toxicity.
catal ytically degraded by Col anic Acid Enzyne (6 X
H s- [CABp] Thisstodveopndersidosictbat thys tevenben eéccapadt e biother

cESHRInar s S FUPeiJ0 FFociResiAy LN oMb Yooy ways. Also, tis

toY BE UPReRiIbEd R the bReasko éirft! terRdI6§Y empfoyed hereln is for
containing CA but in the absence of the enzyne. [0377]

thenperpiosks af deseniptiomeand srﬁ@ﬂd&pt@elremr@leslcasdlromg 1.2
rrg/ m in 0.05 M Pot assi um Phosphate Buffer pH
5[ q839}7] CoAlaaf meﬁcmmipdz'sﬂzqnnsamtﬁ metlhlods dl8Elpséd @naglaitmed
05 M Pot assi um Ph hat e Buf

H 6.5
hBEF?“f‘ &AN g ’@é‘dﬁ/laIBSIted@P WA HAY Regim %OrS'”] light of the
présEt Histstire Bahile #e §3ﬁpbgﬁgﬁi aﬁBQﬁgtfhbﬁls%f Ws Im*\/e]ntlon have

Vi sconeter [ 0383] Brookfield CPE 40 spindle
bBen @Ifesanmdaumheems[c@@wprredcem@ocﬂmm itrivikl e awpafemt fothose of

siftan e, 8 ol ER RO s Riavohe BadlarT lo PSRtk afbobfethoas
aRdGn Use 8@p8 ohai BHe HajUbnceast st of Biefflethots HesBlibed RBEEIN

t ake readi ngs using a visconeter. This is conpared to
witheghéerarting Ao die conaemd, %@@%S@pmhe[lmﬁ n. More

P [

BB AR B8 M rah JFeT et PGy Rl iy anc
pAy$ibloyid20y rélatshhalyeheBsuidtitutett for. the agents described herein while
the same or similar results would be achieved. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the

spirit, scope and concept of the invention as defined by the appended claims.



[0388] For TEST, in a 1.5 m eppendorf tube, aliquot
0.5mM of 1.2 ng/mM CA+ 1 mM of 6 x Hs-CAE ( 1.0
worguoad13so48 49 ml 0. 05 M Pot Phosphat e Buf fer pH®I/8S2009/042382
[0389] M x by gently pipeti8g up and down, and
i ncubate at 37C for 1 hour using a water bath. Renove
f CRIEDHS .bath and let cool to RT for 10 mn.
scosity of Test and Control using a
Brookfi el d Dv+ Visconeter, set at 100 rpm for 30
seconds using 0.5 nm of the respective reaction m x
al i quotedramtnegatiédbaéteriappladihned cOpBiohidoenHamy gram
Vi scosity val ues as_Centi Poi se (cP) for both Test and
negatiyebactgrial Riasmid BINA angElasstthan @pousP dgnemfealanisasid per

@%1' ; [ ' ed on the fact that

rﬁ\g{ﬁe mp%ﬁ%\%ﬁﬂ)ﬁ%ﬁé@%lﬁ%ﬁ@y@ as a cP val ue of 1.00.

If CAE has 100 % activity it would reduce the

Vi SCQsSi of CAto a_cP value of 1 00. Hence for eg If

t he %aﬂ%ciornaeS' o pf ¢laim ,&%eie@fhewemmrt@ns%@@ Sfstless
I i : - 3 i

o ROH SRR PLOTRAT AR P 9 drgrdrndodtielidife plasmic

DNA.ue drops by 0.57 in the test it would have 100% CAE

activity). If the TEST has a cP value of 1.05, we

would simlarly substract this cP value fromthat of

the @O”FHé)éomPésitién o7 chairh-108r Z Wh&Bin fHai SorhpEBiich vembelises

be used to cal cul ate actual CAE activity as follows:

no.detectgbleomignieicid- 1y, hence 0.52 is how much %

activity ? 0.52 nmultiplied by 100 and divided by 0.57

=9 1.22 % CAE activity. 6B. Visconetry Testing for

| denyi fireaterapositioCAEciAirhiy miheréif3Be lcomposiimps@mprises no

nmeasuri ng changes in the viscosity of col anic acid

detagiatle chianiciaed. 8o mprasered bye bigingaeniaigsacid RBCA) assay.

viscosity of colanic acid sanples was indicative of

CAE activity. The viscosity of the colanic acid

sanpbeshheécedrapesition ot hg one rof whetnis o4 ywvh aredm trenegmposition

fraction, was neasured [ a Wl |s-Brookfield Cone .
sl PR SSae Tr ap O BB SCiFIReE Mg Ot egative
bBERYiABBshik® DIIS! sensitive neasurenent of changes in
viscosity in small volumes of about 500 ul. Visconeter

accuracy was nonitored by measuring the viscosity of a
M negalnQl Lombafish 9r RY or 2 Rdine £ 5ewh&RSH B &hBosition
further comprises less than about 0.05 mg uronic acid per mg of gram negative

bacterial plasmid DNA.

7. The composition of any one of claims 1-5, wherein the composition

comprises no detectable uronic acid.

8. The composition of any one of claims 1-5, wherein the composition

comprises no detectable uronic acid, as measured by a uronic acid assay.



the known viscosity for mneral oil. [0393] The CAE
assay utilized a 500 ul sanple of a 1.5% col anic acid
waloatows Di |l uted enzyne sanples or control s BERpPE289/042382
between 50 to 100 ul, was &dded to the 1.5% col anic
acid solution. Controls for the enzyne assays were
pr epdr ekhebgorapdsitign bhengiohatod dlzemsyir@, wherglirethet composition

ffer and by ad g .non ot e] naceous sa les to the
1ty bortiines eds Bt b MeLosESET s arttnhsgiive
b§§!@P||aC§|a§Fn|@QJNA.0| sanpl es) was incubated for one hour
at 37 After the one hour incubation, the test

nples were allowed to adj ust to roomterrperature for

10 Ty B3 e BEEE PRl e B gBostor

fuirrer o6|rrhprts@%tle§s’im%in3§?odm‘0| O®nigrfacass per g of gi@hﬁh@@btlve
and purified _as described above, denonstrated a

barighipt Pleamid Bdttease in viscosity, as conpared to the
control sanples that showed no change in viscosity.

The CAE test sanpl es decreased the viscosity of the

1. 5%1dolTar corapositismbibhponéodelalms 1 -0 owhe@sh thehesraposition
0.99 was the | owest visconetry readi ng obtainabl e
CQRIRRiges e ARAEFI8DB 1H6R$E el d Cone Pl ate viscometer and

was equal to the visconetry reading of the buffer
controls.[0395] Therefore, the present invention

pr ovi1ﬁesTHmo¢dma0$i’éd)moﬂany odetoéctaime 1a9;dwhemiﬂ tHe cahposition
of pol ysacchar.i es and a net hod
P S DO e HERHE B oR P T a8 TSN Bl e

to |l evel s of pol ysacchari des bel ow | evel s t hat produce
clinically significant toxicity. [0396 is to be
undef St dd¢ eapositivr of aneANE e CIasmsapé \ whmenrbtheecpomposmon

o ARPEhE e e RbRha AR e LB TR Wi

pblysas&ritysalpdtivieciapened agantenpl oyed herein is for the
pur poses of description and should not be regarded as

limting. [0397] Al of the conpositions and net hods

di scly ﬁs%ea&ﬂné&é}hgﬁ g El?hﬁhg; \ﬁﬁé}eﬂ?trﬁ?&gy&{}%hﬁﬁﬁé-‘é@f’e{&ive

wi t hout undue ‘experi ninilig e presen
Iecbe$|og @geneis (Wo-dehtdretreaimytantinofuoresceim¢DnAES. of this
i nvention have been described in terns of preferred
enbodi ments, it will be apparent to those of skill in

the g5t A gﬁatm Yié ﬁ\t/é Bﬁéﬁ?ﬁgb’p@@m‘l"cp%rinﬁgsﬁientcB?nprising gram
conposi tions an nmet hods

negative bacterial plasmld DNA, less than about 0.1 mg of colanic acid per mg of

gram negative bacterial plasmid DNA, and less than about 0.1 mg uronic acid

per mg of gram negative bacterial plasmid DNA.

16. The composition of claim 15 wherein the composition further
comprises less than about 0.1 mg fucose per mg of gram negative bacterial
plasmid DNA.

17. The composition of claim 16 wherein the composition comprises no

detectable colanic acid, uronic acid, and fucose.



and in the steps or in the sequence of steps of the
nmet hods descri bed herein without departing fromthe
W@ apt048 spirit and scope of the invention. MEBUS2009/042382
specifically, it will be ap9arent that certain agents
whi ch are both chem cally and physiologically rel ated
rmy Bé. Fupstn negetivé bactehiel [aigemmidscdaposirtibed:ohm'rhsiirrg gram

et hicera Masmid DA, fes 6ol Aronb Bl it Sl §6d per mg

oﬂ@ﬁbﬁ‘ﬁ ‘h’é afife bAORAaPHabhRADNA 1M 1854 tHdLaseR205 ey RRose
he spirit, scope and concept of the invention

aa@I mfmg@iﬂgmm@@aﬁp@@adt@cmatp@smdw |'S CLAIMED | S:
1. A gramnegative bacterial plasm d conposition
conprising gram negative bacterial plasm d DNA and

| ess 1phameagsposltidn tmcl@fm el \mmer@ramedcdmpommfurmeam
negati ve bacteri al BI asm d 2 . The conposition of

C@F@i”ﬁﬁi lesgrBrBia®oLh O@dﬁﬁwpwpcﬁmd:@%mgg@‘sgra%@egaiw bacterial
Eag RS ny of colanic acid per ng of gram negative

cteri aI plasmd DNA. 3 . The conposition of claiml
or 2, wherein the conposition conprises no detectable
colanic_acid. 4 . The conpasition of claim1, vvhereln
t he 39&@ ¢QrBROSitipR Pf §'@gﬁ ﬂ§ vaerein e corppsifion fugthed,
GRETREs N PtlaBIX AT B o Mgt Trambsomialor
genmpmsDNAorRrﬂArpnmeemcaquor erdotoescarttamirsendst 0. 1 ng
uronic acid per ng of gram negative bacterial plasmd
DNA. 6 . The conposition of any one of clains 1-5,
wher ein A @c@@gwsthb'&mfuf:&trér’ﬂ@f pI‘é@ﬁ‘ﬁH DRES the proddi@ncomprising
about 0.05 mg uronic acid per mg of gramnegative

tneating AN quUeHSs mpmwlon?contmnmgc@ﬁ@m PNghwish capglyeretide to

et bl 9 s SaBlcafe WARAR AR GATHe s 8leq Baygous

compokaions 1-5, wherein the conposition conprlses no
detectabl e uronic acid, as neasured by a uronic acid
assay.9 . The conposition of any one of clains 1-8,

wher gihn f
tbou22% MR EPERESL bl A ANl ERRUCES AR soloced
frphaa ruddbécterial lysate, a partially purified bacterial lysate, and an aqueous

solution containing extracted bacterial nucleic acid.

23. The process of claim 21 wherein the aqueous composition is a crude
bacterial lysate.

24. The process of claim 21 wherein the aqueous composition is a
partially purified bacterial lysate.

25. The process of claim 21 wherein the aqueous composition is an

aqueous solution containing extracted bacterial nucleic acid.



10 . The conposition of any one of clainms 1-9, wherein
the conposition further conprises |ess than about 0.05
worgobagwse per ng of gram negative bacterial pPEBEEBH09/042382
DNA. 11. The conposition of2lany one of clains 1-9,
wherei n the conposition conprises no detectable

fucog6é. T2 proEbes obappene iobclarhs @1y2mbhecdin ctma'sefpaﬂati@n

wher ei n th 0s n co ses no.dete
oPGESES oS BIAE G HeBeLAd HRbise oty oy it Sreffomatographic
neRERAS tion of any one of clainms 1- 12, wherein the

conposition conprises no visually detectable
polysaccharides when conmbined with a

28',%22, t'i Fg%f%_e§$ lgfeﬁl]ta %@h\@t&%leipnﬁﬁg erg%at&gdi’aphrll& Mmaterial is

Sé@c}/étfm@rlﬂathb@?o@@béﬁélst\(ﬁg besebhite @&ﬁ@hgb%hromatography resin,
6-di chl orotriazi nyl ) am nof |l uorescei n ( DTAF)

agﬁé‘ﬁﬂ@‘@ﬁﬁﬂ% CB'ES&F@PQ@EFP*’M rgsin, @ YSHPRIRGRIC BHEE6HPR | si ng
iR BORB Rl S Pl S e dRey Ve o
bacterl al plasm d DNA, and | ess than about 0.1 ngy
B T EceBoShi MRS S BB Lemoning
BRI oL conTioshRITI 80 S RIS, STRT A abny aém?'”d

thiefeaft@heorobimpigsihei toeated aguaous témplsitienrwittha hydrophobic

on _conprises no detectable colanic acid,
”ﬁ?%?e”&b [QMaRGERNCESE 18 . A gram negati ve bacteri al

pl asm d conposition conprising gram negative bacteri al
pl asm d DNA, |ess than about 0.05 of colanic acid
per dihegereses: ghany ene &f cainal21p2d viveceimitire agreous

h@é@éﬁ@@%%ﬁ? trelb’ R S Aok Toingpfllbqus

cOmpokRiof pkor Wb &eatriehhwitls cr@pélypepﬂ"de‘ lﬂlﬁé bmtremmht 86 prising
| ess than about 0.05 ng uronic acid acng% ram

Cﬁ@@ﬂ'ﬂ@@%é@@%@@%@”ﬁ%@'ﬁ?@“ﬂm@ chr@matﬁgr @”%n of
claim19 wherein the conposition further conprises no
det ect abl e col anic acid, fucose, uronic acid
chr oB80sdia process of claim 28 wherein the affinity chromatography resin

comprises a boronic acid-based or boronate-containing compound.

31. The process of claim 29 wherein chromatographic material is an

anion exchange resin.

32. The process of claim 31 wherein the anion exchange resin comprises

a quaternary ammonium resin.

33. The process of any one of claims 21-33 further comprising filtering
the aqueous composition to further separate endotoxin from the plasmid DNA.

34. The process of claim 33 wherein the filtering is performed after

eluting the treated aqueous composition from the chromatography material.



genom ¢ DNA, RNA, protein, and/ or endotoxin

contamnants. 2 1. A process for the purification of
WEL@SMBW4ONA, the process conprising treating BET/US2009/042382

aqueous conposition contai ®2ng plasmd DNA with a

pol ypepti de to digest colanic acid and separating the

plasm d DNA fromthe treated aqueous conposition. 22.

The ocess of clajm2 1 erein the aqueau .

conpad (1MerPocese PLepane B FlaIme Alad BREraitag pplyogptide is a

récambihbAl polypelstidd. ed bacterial [ysate, and an aqueous

sol ution contai ning extracted bacterial nucleic acid.

23. The process of claim2 1 wherein the aqueous

conpasi t4,on j e cterial,lysate. 24. The. .

or ocabs T0E wpkedy 8f d8f 2t bR R ARl Xoma i
pré-traaftdf tol Fartidllyoremdvecendistokierfrarh they agti€ous2bompbsition prior to

process of claim2 1 wherein the agqueous conposition
trﬁ@”ﬁﬂh%%&%p@'w%@ﬁ'dﬂa the pieireatmgnecemrEsieg Q%’_%@'@Wigdhe
2G50, ot kipR vl P e hiC Mat8ha, ComblrRld By an afinity
chraradted lra;ﬂngg«esf?ha:fmm:aétMenn ]\Cnmhltthe @oglgjeghﬂde,o@mcamﬁreaﬁer

mat eri al , . e process of claim erein the _
ceﬁﬁoap%f Wih AfdEoRRRIE N{Praciiog ShEMBIPIr ARNNY Fasin: @i fitered to
flrtHEr!s@ be&e%Emd%fbm lig ﬁ?é%éé\&hﬁdyBWAO&ﬁérO&ﬁ hd @%Eﬁ‘é" DNA

a cat1on exchange chromat ograp resin, a rop
friont tvesftydrophathic artetamgioamityomeatignaptanesim affinity
chromat ography resin. 28. The process of claim26
wherein the separation conprises conbining the treated

aquegys THHOeEES BNaMy bRe ¥ cRfirhs D136 GREPIRLRE HBRPEptide
resin, and thereafter” conbining the treated aqueous
cemppises endaMiniotacic segurngshivaving ahteashBvomomology to SEQ ID

NG RESE R BB B ocritervalfe BRREaRD sy Bl RRE Rereor

pre-treated to partially renove endotoxin fromthe
aquequs _conposition prior to treatnent with the

pol yg8ptlingeprocaes pf any eae b /tairns Ard& Wherein ine rPiy§eptde
CBFTSHS OIED s Setd By B8] 980 M 6l5e o
N porSagr Hp MO :r2 sind conservative amino acid substitutions thereof.

39. The process of any one of claims 21-36 wherein the polypeptide is
SEQ ID NO: 1.

40. The process of any one of claims 21-36 wherein the polypeptide is
SEQ ID NO: 2.

41. The process of claim 1 wherein the plasmid DNA is a gram negative

bacterial plasmid DNA.

42. A process for the purification of plasmid DNA, the process

comprising:



conpri ses a boronic acid-based or boronate-containing
conpound. 3 1. The process of claim29 wherein

W@ boorsiodgyyr aphi ¢ material is an ani on exchangePCEEB1909/042382
32. The process of claim312B wherein the anion
exchange resin conprises a quaternary anmoni um resin.
33. T&eprprioeainng af aamomeompos:itiam ceniring pldsumidHANA by

) filt t t
cPGIH '@5’ 't@%aga'i%cetg ehileh ﬁ?ﬁ'ﬁﬁ&”ﬂseﬁ@ﬁ%’xﬁbﬂbé’g B 34,
The fgC’tee Jraitreadsd wheesi cdhpositibh Wl!hr@ pbf/peptide to

performed a r eluting the treated aqueous
dmoelanimaplﬁ;romthe chr omat ogr aphy rraterl aI 35. The

pol y Eeracine B8Btml AN raaih s Sbded sqmpositon

tmf @@@érﬁtl@lﬁ cohRiriging dormbiaigy thettfgated @qgééuéi@ bitibAWith an
pre-treated to partially renove endotoxin fromthe

aﬁtﬁlﬁé‘cﬁﬁo@étﬁ%@ﬁ)fﬁy Eﬁ’i?'rbrar&thﬁbe&ﬁeéﬁpﬁ%@'nm“ﬂfhtrﬁﬁéed aqueous
£ L the
it iR E e e e
conmbidefilteningithamplashhidrdXpx. chr onat ogr aphy resin af t er
treatment with the pol ypeptide, and thereafter
conbi ned wi th a hydrophobic interaction chromatography
resi | fyr. i
the BPaomd RS T e e R o RS 15 bRbrises
ahydtepaocpamnmaoniemaesinon chr omat ogr aphy resin. 37. The
process of any one of clainms 2 1-36 wherein the
pol ypepti de conprises an am no aci d sequence having at

| easy490hHRESYYf EQINPER erﬂ\%eﬂelmheSE@nh ch\%mgtography

and conservative am no acid substitutions tﬁereo

ragie CPMPESEs adporanic anid-based oabaroate-ceptainag sompaad.
pol ypepti de conpri ses an am no aci d sequence having at
| east 98% honmology to SEQ ID NO 1 or SEQ ID NO 2,

and aensEievgocess aNhiMpoAg iofl cRiras Ui2t44 vbiseih hies Qefypeﬁﬂde
The process of any one of clains 21-36 (\)Nherel n the
cgmpylﬁémanoemn@ @E{gsewme having at tepst 99 écfé@ﬁo@gydﬂﬁEQ ID

NI §f SECISCE = 2R BVl Db REPL B sy
DNA is a gram negative
46. The process of any one of claims 42-44 wherein the polypeptide
comprises an amino acid sequence having at least 98% homology to SEQ ID

NO: 1 or SEQ ID NO: 2, and conservative amino acid substitutions thereof.

47. The process of any one of claims 42-44 wherein the polypeptide is
SEQ ID NO: 1.

48. The process of any one of claims 42-44 wherein the polypeptide is
SEQ ID NO: 2.

49. The process of any one of claims 42-48 wherein the plasmid DNA is
a gram negative bacterial plasmid DNA.



bacterial plasm d DNA. 42. A process for the
purification of plasm d DNA the process

W@ vpn3®iusg: (a) pre-treati ng an aqueous conposPECT/U2009/042382
cont ai ni ng plasm d DNA by &3nbi ni ng the aqueous
conposition with an ani on exchange resin; (b) treating
t he phe-Tthegarioedsaqlieny sne aimplasins i4@r4 Svmhierein plod ppypeptde is a
to digest colanigc acid; (c) separating the plasm d DNA
r?%ﬂ?'ﬂﬁ@t FP‘i?Ilé@l?&@peaqueous conposition, the separation
conprising conmbining the treated aqueous conposition
wth an affinity chromat ography resin, and thereafter
conbbiti MypolypeplidercenpagingAsamnepasitisequense hawng at least

OB bR RS EAETNG B SRR B egp R ns
tvdrepei n t he ani on exchange resin conprises a

guat ernary ammoni umresin. 44. The process of claim42
or 43 wherein the affinity chromat ography resin

CONMPEhHS ejg&%%gﬂo% &‘P&lg'ihpéf %\%ne)?éintmé %ﬁhﬁgﬁ%éﬁdéﬁ has at

conpound. process o one
ledse 06PN hodMmelquyl to&HQIIDENOCopans esnservativeramato dcid substitutions
segu&nce having at |east 90% honology to SEQID NGO 1
thgreaEQ ID N0 2, and conservative am no acid

substitutions thereof. 46. The process of any one of

claims 42-44 wherein the pol ypeptide conprises an

am nd3aclihe palypepicke dfanlaingd dtwHeseaistthd @¥inomoidggguance has at

SERb B Morohedr oS RBAG, 1 e Bl i Bittions
tdrest ai N8 42-44 wherein the pol ypeptide is SEQ I D NO
1.

48. The process of any one of clains 42-44 wherein
the pol ypeptide is SEQ ID NO 2. 49. The process of

o anehegdie BBt ot Taibl 8 a8 Rk ol Syt nes at
Y 997Eheinofigy tAESEQ-IBAN@her ghd cohserpalivpemlinslgcidsudstitutions

reconbi nant pol ypeptide. 5 1. A pol ypeptide conprising
thgfe@hi no aci d sequence having at | east

55. The polypeptide any one of claims 51-54 wherein the amino acid
sequence is SEQ ID NO: 1.

56. A polypeptide comprising an amino acid sequence having at least
90% homology to SEQ ID NO: 2, and conservative amino acid substitutions

thereof.

57. The polypeptide of claim 56 wherein the amino acid sequence has at
least 95% homology to SEQ ID NO: 2, and conservative amino acid substitutions

thereof.

58. The polypeptide of claim 56 wherein the amino acid sequence has at
least 98% homology to SEQ ID NO: 2, and conservative amino acid substitutions

thereof.



90% honol ogy to SEQ ID NO 1, and conservative am no
acid substitutions thereof. 52. The pol ypepti de of

W@ L@I3®H48. wherein the am no aci d sequence hasPEI/UBMaF042382
95% honol ogy to SEQ I D NO 125, and conservati ve am no
acid substitutions thereof. 53. The pol ypeptide of
claim5 1 wherein the am no acid sequence has at | east

aci d5unLE RV PeRIER B SO RN TR eIchesdience has at
st 0O hdmblRfyabBEQADATONY, 86d BoSSVEMELadto atid! sedstitutions
99% honol ogy To SEQ ID NO 1, and conservative am no

theyedf.substituti ons thereof. 55. The pol ypeptide any
one of clainms 51-54 wherein the am no acid sequence is
SEQ ID NO 1. 56. A polypeptide conprising an am no

aci 0|66@9quff%sn[ﬁ(ﬁEIy[!57@f)‘tid%wﬂof<’3ényl &7 bf 8 d8eWPENeteh Hieimido acid
NO 2, and conservative am no acid substitutions

sefeerest is F7Q IPNOpE| ypepti de of claim 56 wherein the

am no acid sequence has at |east 95% honol ogy to SEQ

ID NO 2, and conservative am no acid substitutions

t her éaf .THeBpolfbeptivd oftmpt ortkeodElaivhsibmedowhbirethe pdigpeptide
_am no,_a(%i d segu,(gnce has at | east 98% honol ogy to SEQ

Ig HPNEYiICP POlYREPEGRser vati ve ani no acid substitutions

t hereof.59. The pol ypeptide of claimb56 wherein the

am no acid sequence has at | east 99% honol ogy to SEQ

| D N62. A heapalypepitier afedanywenaof cdainas bd-Glulwberieinutheopalypeptide
.thereof.. 60, The pol|ypeptide of any one of clains

iS58 ree@MBARE PP'VR%B ‘no aci d sequence is SEQ ID NO 2

. 6 1. The pol ypeptide of any one of clains 5 1-60
wherein the Folype tide is a purified polypeptide. 62.

The P38l yiseisoladed oplyangleotide 6pmeIrisingsa pucleic agidsednenterthat

sﬂgiéépﬁqéég%o% sequence identity with SEQ ID NO: 7, or the complement

thereof.

64. The polynucleotide of claim 63, wherein the nucleic acid sequence
shares at least 95% sequence identity with SEQ ID NO: 7, or the complement

thereof.

65. The polynucleotide of claim 63, wherein the nucleic acid sequence
shares at least 98% sequence identity with SEQ ID NO: 7, or the complement

thereof.

66. The polynucleotide of claim 63 wherein the nucleic acid sequence
shares at least 99% sequence identity with SEQ ID NO: 7, or the complement

thereof.

67. The polynucleotide of any one of claims 63-66 wherein the nucleic
acid sequence is SEQ ID NO: 7.



is a reconbi nant polypeptide. 63. An isol ated
pol ynucl eoti de conprising a nucleic acid sequence that
WG bapa3sosd | east 90% sequence identity with SBETT/DSINEN/042382
7, or the conplenent theret¥%. 64. The pol ynucl eoti de
of claim 63, wherein the nucleic acid sequence shares
at | é8stArBuaed polyoaciedtde icoynpristiy SEQCleie N séquence that

shigsAdeestak seRSeRE isanty wis st YRR dfa omnigment
therast. 98% sequence identity with SEQ 1D NO 7, or the

conpl enent thereof. 66. The pol ynucl eoti de of claim®63
wherein the nucl eic acid sequence shares at | east 99%

S S9UBRES5A eFed Be W e L SBRns
sAareBGatibastaav, SBaUBNGES RihipOVIh SEDID MO 8, R bBridRment

68. An isol ated pol ynucl eotide conprising a nucleic
thﬁfﬁ@ -sequence that shares at |east 90% sequence
identity with SEQID NO 8, or the conpl enment thereof.
69. The pol ynucl eotide of claim 68, wherein the

nucl 0c Taa pblgeugtiestite shelaies 681 whersih t%%demm@eequence
|dent|tgvv|th SEQID NO 8 orthe? emant t her eof .

sharesaidesdi e @PSH?”%'d@P“E’I WithSES &-Prithe complement

tm;g ghei c acid sequence shares at |east 98% sequence
entity with SEQID NO 8, or the conpl enment thereof.
7 1. The poI ynucl eoti de of claim 68 wherein the

nucl [ en res t | east,, 99% equence

dent i T RSO o\ B 68 WHEERahBINURA: Sphcassience
sﬁgresTJthzﬁ’éﬂQgW %baeéh&?.d%nwutw sE@ID ‘N@' Sfb‘orfiﬁe ?:émplement
wherein the nucleic acid séquence is SEQ I

th/geofd vector conprising the pol ynucl eoti de of cl a| m
63, wherein the

72. The polynucleotide of any one of claims 68-71 wherein the nucleic
acid sequence is SEQ ID NO: 8.

73. A vector comprising the polynucleotide of claim 63, wherein the
vector is selected from the group consisting of a plasmid, a virus, and a

bacteriophage.

74. The vector of claim 73 wherein the vector is a plasmid or a

bacteriophage.
75. The vector of claim 73 wherein the vector is a bacteriophage.

76. The vector of claim 73 wherein the nucleic acid sequence shares at
least 99% sequence identity with SEQ ID NO: 7, or the complement thereof.

77. The vector of any one of claims 73-76 wherein the nucleic acid
sequence is SEQ ID NO: 7.



vector is selected fromthe group consisting of a

plasm d, a virus, and a bacteriophage. 74. The vector
wW@Rooghzdons 73 wherein the vector is a plasm d oPCEUS2009/042382

bact eri ophage. 75. The vectXr of claim 73 wherein the

vector is a bacteriophage. 76. The vector of claim 73

wherein the nucleic acid sequence shares at | east 99%

sequence, identity with SEQ |D NO .7 r the. conpl enent
Cher dBr A Y460 holsng e polyRy et 0T claim e, SaTergm the
vEBRr & SelbbRdTHETh #hé gRRUFCHRIBRICS d plaski | Pvitks, ahd o8-
A vector conprising the polynucl eotide of claim68,
bakteriebhagée vector is selected fromthe group
consisting of a plasmd, a virus, and a bacteriophage.
79. The vector of claim 78 wherein the vector is a

pl asrod Tole wedicCoedlainPha dther8id. thé Ve ctor od fol@émi@i'cw'dn 78
wherein the vector is a bacteriophage. 8 The vector

bgfetetioRNAEE8 wherei n the nucl ei c acid sequence shares
at | east 99% sequence identity with SEQ ID NO 8, or
the conpl enent thereof. 82. The vector of any one of
cl ai 88. TheBlecidresfadiaint @ whereiai the aectdrie g ainteriopha§eQ
IDNO 8 . 83. The vector of any one of clains 73
wherein the vector is a reconbi nant expression vector.

84. Bhe MROIohf @V P8 SvHtre il tBE FRiciERe %‘i@rs?gﬂehﬁé shares at

vector is a reconbl nant expression vector.

|garsd ©88s séquerdiegdeniitygvitoBEAQ IO NEI: @, on thee bdroplegnerdithereof.
material, the process conprising contacting the

bi ol ogi cal material with a pol ypepti de capabl e of

di gegbi N AR 6 A6 he 8Pclailhe 7BIPCKRAEreM tHe RiidTeBcid
wherein the biological material is a bacterial sline.
sequeteeisgplo@dBDNEf 8¢l ai m 85 wherein the bi ol ogi cal
material is selected froma crude bacterial |ysate, a
partially purified bacterial |ysate, and an aqueous

83. The vector of any one of claims 73 wherein the vector is a

recombinant expression vector.

84. The vector of any one of claims 78 wherein the vector is a

recombinant expression vector.

85. A process for digesting colanic acid in a biological material, the
process comprising contacting the biological material with a polypeptide capable

of digesting colanic acid.

86. The process of claim 85 wherein the biological material is a bacterial

slime.

87. The process of claim 85 wherein the biological material is selected
from a crude bacterial lysate, a partially purified bacterial lysate, and an aqueous

solution containing extracted bacterial nucleic acid.



sol ution containing extracted bacterial nucleic

aci d. 88. The process of claim85 wherein the

whe@bostoesal material is a crude bacterial |ysar&r/us8®9/042382

The process of claim85 wh&8ein the biologica

material is a partially purified bacterial |ysate. 90.

The |8806I'ehesprobes$ af alaib Sohenarem thiedbibliogicadinederial is a crude
IS an aqueous sol ution containing extracted

bBS@W@l@éPEhuclelc acid. 9 1. The process of any one of

claims 85-90 wherein the pol ypeptide is a reconbi nant

pol ypepti de. 92. The process of claim86 wherein the

col aBBc Tas procespotelam dowhereircie hiblegioak maternial i9f partially

th The process of claim85 wherein the

pHPﬁ?@E%@%ﬂaﬁﬁFg is a biofilm 94. The process of

any one of clalnB 85 93 wherein the pol ypeptide

conprises an anmi no_ acid sequence haV|ng at | east 90%

honoPBgy NeoPraeess of slaim 50xhegen 1he elogical mierial is an aqueous
s6fnDhR oAl .P{uﬁﬁae'}?tr% e%fbﬁ’cftéHQ%%dgcgéiggefas thereof. 95. The
one O Clal ns -

process o wherein the
polypept|de conprises an am no acid sequence havi ng at
| east. 98% honol ogy. to SEQ I D NO. 1 or

e B die oPees B PR oBe 0 Sials Ebr I MDA P s e pestide s a

S BheRESSvOEniRYy one of clainms 85-93 wherein the
rp%peptf%ey'?sp@@é IDNO 1. 97. The process of any

one of clains 85-93 wherein the pol ypeptide IS SEQID
tox

f t
A a8Beddie ORBREPL FalN EE R RIhG eRaap paid s Presenti e

cERGEPHRNRSHhE f thd'BadteAgess conprising digesting
col anicacid in the aqueous conposition and thereafter

conbi ni ng the agueous conposition with a

The. Bt Beckat Phiblr s e BT HoRRERL Bt dheif Fnjprim.

98 wherein the aqueous conposition is derived froma

bacterial |lysate. 100. The process of claim99 wherein

t he B4ctldre Rocegs at any eneoé clairea 8O3 whereinithg polypeptide
céﬁbﬁ%gﬁgﬂgﬁ]‘w%'e{bué g@&&ér&% hviRY &t RlasPB0dOndrhERGTRE'SEQ 1D

ypept
NO: 1 or SEQ ID NO: 2, and conservative amino acid substitutions thereof.

95. The process of any one of claims 85-93 wherein the polypeptide
comprises an amino acid sequence having at least 98% homology to SEQ ID
NO: 1 or SEQ ID NO: 2, and conservative amino acid substitutions thereof.

96. The process of any one of claims 85-93 wherein the polypeptide is
SEQ ID NO: 1.

97. The process of any one of claims 85-93 wherein the polypeptide is
SEQ ID NO: 2.

98. A process for the removal of endotoxin from an agqueous composition

containing bacterial macromolecules, the process comprising digesting colanic



10 1. The process of claim 100 wherein the
pre-treatnent conprises conbining the bacterial |ysate
wowRaok/1350¢hr omat ographic material. 102. The pr oR€BES2909/042382
any one of clainms 98-1 0 112fherein the bacterial
macr onol ecul e conprises plasm d DNA. 103. The process
aoid ialtae qLédus shepesition emdpthassafbr Dbk bising tiye aqueous

negative bacterial plasnm.d DNA. 104. The process of

o3posHianar T SHETaBIFaRNC ARRIPHALIOSSPAHtE SRBoPAIS Tom the
bet@eat fAacRYmbleeald Ng t he aqueous conposition wth a

pol ypepti de havi ng col ani ¢ aci d-degradi ng activity.

105. The process of any one of clains 98-1 04 wherein

t he r t oar aphi Lial 1s lected fromthe . ,

ot ouf S T SBERS BF offh S5 e ey e A eHim et s cerived
froBP & bacteriilysafe.exchange chromat ography resin, a

hydr ophobi ¢ i nteracti on chromat ography resin, and an
affinity chromatography resin. 106. The process of

cl ai 0 | - ' rdal .d

ani o8 Ay BoFat of i SOUFRBR AR et Rl sl i freeated o
patt@iigiremiobe emdiotoxire rohathgdysateipriot torfreaasntawith the polypeptide.
quat ernary ammoni umresin. 108. The process of claim

105 wherein the affinity chromat ography resin

conpypge I WaF. i

100, PR TR L8 b1 @Rl 108w R PR DB AR RF topises
cooping itmegybéctietiel liysgtetaign agqpheanatogpapius inaterialkt o

further separate endotoxin fromthe biol ogical

macr onol ecul e after eluting the biol ogi cal

macr q@p! qh §otesdTh Qrgy 6hE JFBLAES ABMO MRheFdiRkhe Ba&erial
The process of claim98 wherein the aqueous

MANPHOIaCUENCORIPFises PlastihiDiNVAL with an affinity
chromat ography resin, and thereafter conbined with a
hydr ophobi ¢ interacti on chromat ography resin. 111. The

process. dthecpracazs dciutmern opnwhbreidtie piakinid DNA is a gram
chr omat og[r aphy resin conprises a boronic acid- or
nggalrrabactpeglRlas@i] RNAL12. The process of any one of

clainms 98-1 11 wherein the pol ypeptide is

104. The process of any one of claims 98-104 wherein colanic acid is
digested by treating the aqueous composition with a polypeptide having colanic
acid-degrading activity.

105. The process of any one of claims 98-104 wherein the
chromatographic material is selected from the group consisting of an anion
exchange chromatography resin, a cation exchange chromatography resin, a
hydrophobic interaction chromatography resin, and an affinity chromatography

resin.

106. The process of claim 101 wherein the chromatographic material is

an anion exchange resin.



a reconbi nant pol ypeptide. 113. The process of any one

of clains 98-1 12 wherein the pol ypeptide conprises an
W@rion03#des d sequence having at | east 90% honol BGHUS2909/042382

SEQID NGO 1 or SEQ ID NO 1®, and conservati ve am no

acid substitutions thereof. 114 . The process of any

one d0D7clTaenprod8sslofidainnd06iwherb thecomdn eacttange resin

Bg@i@ gtl de .conprises an am no acid sequence having at

¢ €3 ST EED B8N 1 or SEQ ID NO 2,

and conservative am no acid substitutions thereof.

115. The process of any one of clains 98-1 12 wherein

t he OBy ﬂ'é}@t wroeess%o’sﬂejnn Dowheremllbe affinitypefyossogaphy resin

%Eé”%%gﬁ%orén%'amd & oorsRatdiSi&ltLhe pol ypeptide is

109. The process of any one of claims 98-108 further comprising filtering
the aqueous composition to further separate endotoxin from the biological
macromolecule after eluting the biological macromolecule from the

chromatography material.

110. The process of claim 98 wherein the agueous composition is first
combined with an affinity chromatography resin, and thereafter combined with a
hydrophobic interaction chromatography resin.

111. The process of claim 110 wherein the affinity chromatography resin

comprises a boronic acid- or boronate-based resin.

112. The process of any one of claims 98-111 wherein the polypeptide is
a recombinant polypeptide.

113. The process of any one of claims 98-112 wherein the polypeptide
comprises an amino acid sequence having at least 90% homology to SEQ ID
NO: 1 or SEQ ID NO: 2, and conservative amino acid substitutions thereof.

114. The process of any one of claims 98-112 wherein the recombinant
polypeptide comprises an amino acid sequence having at least 98% homology to
SEQ ID NO: 1 or SEQ ID NO: 2, and conservative amino acid substitutions

thereof.

115. The process of any one of claims 98-112 wherein the polypeptide is
SEQ ID NO: 1.
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116. The process of any one of claims 98-112 wherein the polypeptide is
SEQ ID NO: 2.



