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HIGH PURITY LIPOPEPTIDES

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. patent
application No. 11/739,180, filed Apr. 24, 2007, now U.S.
Pat. No. 8,058,238, which is a continuation of U.S. patent
application Ser. No. 10/747,485, filed Dec. 29, 2003, now
abandoned, which is a continuation of U.S. patent application
Ser. No. 09/735,191 filed Nov. 28, 2000, now U.S. Pat. No.
6,696,412, which claims the benefit of U.S. Provisional
Application No. 60/177,170, filed Jan. 20, 2000, all of which
are incorporated by reference herein in their entireties.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a highly purified form of
lipopeptides, including daptomycin, a lipopeptide antibiotic
with potent bactericidal activity against gram-positive bacte-
ria, including strains that are resistant to conventional antibi-
otics. The present invention also relates to a process for pre-
paring the highly purified form of the lipopeptide. The present
invention further relates to micelles of lipopeptides. The
present invention also relates to pharmaceutical compositions
of' the lipopeptide micelles and methods of using these com-
positions. The present invention also relates to methods of
making lipopeptide micelles from non-associated monomers
of'the lipopeptides, and for converting lipopeptide micelles to
non-associated monomers. The present invention also relates
to a process for preparing lipopeptides using micelles that is
easily scaled for commercial production.

BACKGROUND OF THE INVENTION

The rapid increase in the incidence of gram-positive infec-
tions—including those caused by antibiotic resistant bacte-
ria—has sparked renewed interest in the development of
novel classes of antibiotics. One such class is the lipopeptide
antibiotics, which includes daptomycin. Daptomycin has
potent bactericidal activity in vitro against clinically relevant
gram-positive bacteria that cause serious and life-threatening
diseases. These bacteria include resistant pathogens, such as
vancomycin-resistant enterococci (VRE), methicillin-resis-
tant Staphylococcus aureus (MRSA), glycopeptide interme-
diary susceptible Staphylococcus aureus (GISA), coagulase-
negative staphylococci (CNS), and penicillin-resistant
Streptococcus pneumoniae (PRSP), for which there are very
few therapeutic alternatives. See, e.g., Tally et al., 1999, Exp.
Opin. Invest. Drugs 8:1223-1238, hereafter “Tally”. Dapto-
mycin’s inhibitory effect is a rapid, concentration-dependent
bactericidal effect in vitro and in vivo, and a relatively pro-
longed concentration-dependent post-antibiotic effect in
vivo.

Daptomycin is described by Baltz in Biotechnology of
Antibiotics, 2nd Ed., ed. W. R. Strohl (New York: Marcel
Dekker, Inc.), 1997, pp. 415-435, hereafter “Baltz.” Dapto-
mycin, also known as LY 146032, is a cyclic lipopeptide
antibiotic that can be derived from the fermentation of Strep-
tomyces roseosporus. Daptomycin is a member of the factor
A-21978C, type antibiotics of S. roseosporus and is com-
prised of a decanoyl side chain linked to the N-terminal
tryptophan of a cyclic 13-amino acid peptide (FIG. 1). Dap-
tomycin has an excellent profile of activity because it is
highly effective against most gram-positive bacteria; it is
highly bactericidal and fast-acting; it has a low resistance rate
and is effective against antibiotic-resistant organisms. The
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compound is currently being developed in a variety of formu-
lations to treat serious infections caused by bacteria, includ-
ing, but not limited to, methicillin resistant Staphylococcus
aureus (MRSA) and vancomycin resistant enterococci
(VRE).

A number of United States patents describe A-21978C
antibiotics and derivatives thereof including daptomycin (LY
146032) as well as methods of producing and isolating the
A-21978C antibiotics and derivatives thereof.

U.S. Pat. Nos. Re. 32,333, Re. 32,455 and 4,800,157
describe a method of synthesizing daptomycin by cultivating
Streptomyces roseosporus NRL15998 under submerged
aerobic fermentation conditions. U.S. Pat. No. 4,885,243
describes an improved method of synthesizing daptomycin
by feeding a fermentation culture a decanoic fatty acid or
ester or salt thereof.

U.S. Pat. Nos. Re. 32,310, Re. 32,311, 4,537,717, 4,482,
487 and 4,524,135 describe methods of deacylating the
A-21978C antibiotic and reacylating the peptide nucleus and
antibiotic derivatives made by this process. All of these pat-
ents describe a purified deacylated A-21978C antibiotic
nucleus or a derivative thereof which was isolated from the
fermentation broth by filtration and then purified by Diaion
HP-20 chromatography and silica gel/C18 chromatography.

U.S. Pat. Nos. Re. 32,333 and Re. 32,455 disclose a puri-
fication method in which a filtrate of whole fermentation
broth was purified through a number of precipitation and
extraction steps to obtain a crude A-21978C complex. The
crude complex was further purified by ion exchange chroma-
tography on IRA-68 and two rounds of silica gel chromatog-
raphy. Individual A-21978C {factors were separated by
reverse-phase silica gel or silica gel/C18. U.S. Pat. Nos. Re.
32,333 and Re. 32,455 also disclose that A-21978C may be
purified by batch chromatography using Diaion HP-20 resin
followed by silica-gel column chromatography.

U.S. Pat. No. 4,874,843 describes a daptomycin purifica-
tion method in which the fermentation broth was filtered and
passed through a column containing HP-20 resin. After elu-
tion, the semipurified daptomycin was passed through a col-
umn containing HP-20ss, and then separated again on HP-20
resin. The *843 patent states that final resolution and separa-
tion of daptomycin from structurally similar compounds by
this method is impeded by the presence of impurities that are
not identifiable by ultraviolet analysis of the fermentation
broth. The *843 patent further states that attempts to remove
these impurities by reverse phase chromatography over silica
gel, normal phase chromatography over silica gel or ion
exchange chromatography also failed to significantly
improve the purity of daptomycin. The *843 patent also dis-
closes a “reverse method” for purification comprising the
steps of contacting an aqueous solution of the fermentation
product with a non-functional resin in aqueous phase, physi-
cally removing the water from the charged resin, rewetting
the charged resin with a polar organic solvent, washing the
resin with the organic solvent, eluting the fermentation prod-
uct from the resin by increasing the polarity of the solvent and
recovering the fermentation product. The *843 patent teaches
that this method improves the final purity from about 80% to
about 93% and increases the yield from about 5% to about
35%; however, the 843 patent does not disclose the type of
impurities present in the daptomycin preparation.

U.S. Pat. No. 5,912,226 describes the identification and
isolation of two impurities produced during the manufacture
of daptomycin. Daptomycin, an a-aspartyl peptide, becomes
transpeptidated to form a stable intermediate in which the
aspartyl group becomes an anhydro-succinimido group (FIG.
3). The °226 patent teaches that the presence of this interme-
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diate, designated anhydro-daptomycin, is more pronounced
at pH 4-6. Rehydration of the anhydro-succinimido form
produces a second degradation product that contains an [3-as-
partyl group and is designated the B-isomer form of dapto-
mycin (FIG. 2).

The ’226 patent discloses that the t-BOC derivative of
anhydro-daptomycin may be isolated by chromatography
over reverse phase silica gel/C-18 column, precipitated, and
repurified by reverse phase silica gel/C-18 chromatography.
The *226 patent also teaches that the f-isomer form of dap-
tomycin may be purified by chromatography over a Diaion
HP-20ss resin, desalted by chromatography over a Diaion
HP-20 resin, and further purified using a reverse-phase C-18
column followed by a HP-20 resin column in reverse mode.

Kirschet. al. (Pharmaceutical Research, 6:387-393, 1989,
hereafter “Kirsch™) stated that anhydro-daptomycin and the
p-isomer were produced in the purification of daptomycin.
Kirsch described methods to minimize the levels of anhydro-
daptomycin and the f-isomer through manipulation of pH
conditions and temperature conditions. However, Kirsch was
unable to stabilize daptomycin and prevent the conversion of
daptomycin to anhydro-daptomycin and its subsequent
isomerization to B-isomer. Kirsch was also unable to prevent
the degradation of daptomycin into other degradation prod-
ucts unrelated to anhydro-daptomycin and [-isomer.

The °226 patent states that daptomycin may be prepared
using these procedures so that the daptomycin contains no
more than 2.5% by weight of a combined total of anhydro-
daptomycin and f-isomer, but gives no indication of the lev-
els of other impurities. In the method taught in U.S. Pat. No.
4,874,843 and in large-scale preparations of daptomycin for
clinical trials, the highest daptomycin purity levels observed
has been about 90%-93%. There is a need for a commercially
feasible method to produce more highly purified daptomycin
and, if possible, to increase its yield after purification. Fur-
thermore, it would be desirable to obtain purified daptomycin
that contains little or none of anhydro-daptomycin and the
p-isomer form of daptomycin. It would also be desirable to
reduce the levels of a number of other impurities in daptomy-
cin. However, there has been no method available in the art
that has been shown to be able to further reduce the levels of
anhydro-daptomycin, f-isomer form and other impurities in
the daptomycin product.

SUMMARY OF THE INVENTION

The instant invention addresses these problems by provid-
ing commercially feasible methods to produce high levels of
purified lipopeptides. In a preferred embodiment, the
lipopeptide is daptomycin or a daptomycin-related lipopep-
tide. In one embodiment of the instant invention, commer-
cially feasible methods are disclosed that results in daptomy-
cin at a purity level of 95-97%. In another embodiment of the
instant invention, a commercially feasible method is dis-
closed that almost completely eliminates the major impurities
anhydro-daptomycin and p-isomer as well as other impurities
in preparations of daptomycin. In another embodiment of the
invention, commercially feasible methods are disclosed for
puritying lipopeptides, including daptomycin or a daptomy-
cin-related lipopeptide, comprising separating lipopeptide
micelles from low molecular weight contaminants and sepa-
rating non-associated lipopeptides from high molecular
weight contaminants. The invention also provides high per-
formance liquid chromatography (HPL.C) methods of analyz-
ing the purity of daptomycin and detecting and characterizing
other impurities in daptomycin, some of which were previ-
ously unknown.
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The invention also provides purified daptomycin that pos-
sesses a purity of at least 98% or that is substantially or
essentially free of anhydro-daptomycin and B-isomer. The
invention provides purified daptomycin that is free or essen-
tially free of anhydro-daptomycin and contains a much lower
level of the B-isomer and of other contaminants than was
previously possible to obtain in the prior art. The invention
also provides lipopeptide micelles. In a preferred embodi-
ment, the micelle comprises daptomycin or a daptomycin-
related lipopeptide. The invention also provides pharmaceu-
tical compositions comprising highly purified daptomycin or
a daptomycin-related lipopeptide micelles and methods of
using these compositions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the structure of daptomycin.

FIG. 2 shows the structure of impurity 8, CB-131010 (pre-
viously identified as the -isomer, LY213846).

FIG. 3 shows the structure of impurity 13, CB-130952
(previously identified as anhydro-daptomycin, .Y 178480).

FIG. 4 shows the proposed structure of impurity 1,
CB-131012 (previously identified as LY212218).

FIG. 5 shows the proposed structure of impurity 2,
CB-131011.

FIG. 6 shows the proposed structure of impurity 3,
CB-131008 (previously identified as [LY213928).

FIG. 7 shows the proposed structure of impurity 4,
CB-131006.

FIG. 8 shows the proposed structure of impurity 6,
CB-130989 (previously identified as [LY213827).

FIG. 9 shows the proposed structure of impurity 7,
CB-131005.

FIG. 10 shows the proposed structure of impurity 12,
CB-131009.

FIG. 11 shows the proposed structure of impurity 14,
CB-131078 (previously identified as LY 109208).

FIG. 12 shows an HPL.C chromatogram for a bulk prepa-
ration of daptomycin, including impurities 1 to 14.

FIG. 13 shows an HPLC chromatogram for a preparation
of daptomycin after purification on a Poros P150 resin.

FIGS. 14A-14C show micellar structures. F1IG. 14A shows
a spherical micelle, in which the hydrophobic tails of amphi-
pathic molecules are oriented toward the center of the sphere
while the hydrophilic heads of the amphipathic molecules are
oriented towards the outside of the sphere, in contact with the
aqueous environment. FIG. 14A shows an example in which
the hydrophilic heads are negatively charged. FIG. 14B
shows a lipid bilayer structure in which two layers of amphi-
pathic molecules assemble such that the hydrophobic tails of
each layer are oriented towards each other while the hydro-
philic heads on either side of the bilayer are in contact with the
aqueous environment. Lipid bilayers may be either spherical
or planar. FIG. 14C shows a liposome, in which a lipid
bilayer, such as that shown in FIG. 14B, forms a spherical
structure enclosing an aqueous interior. The hydrophilic
heads of the liposome face the aqueous interior and the exter-
nal aqueous environment.

FIG. 15 shows the results of an experiment to determine the
critical micellar concentration (cmc) of daptomycin at pH
4.0.

FIG. 16 shows the size distribution of daptomycin micelles
by light scatter. The daptomycin micelles have an average size
of 5.4 nm (54 A).
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DETAILED DESCRIPTION OF THE INVENTION

Objects of the Invention

One object of the present invention is to provide a method
for puritying lipopeptides that is easily scaled for commercial
production comprising a unique combination of anion
exchange chromatography and hydrophobic interaction chro-
matography. In a preferred embodiment, the method is used to
manufacture purified daptomycin that is greater than 95%
pure and exhibits reduced levels of impurities compared to
daptomycin prepared by prior art methods. In another pre-
ferred embodiment, the method is used to manufacture dap-
tomycin using reduced levels of solvents compared to those
used in prior art methods. In another preferred embodiment,
the method is used to manufacture purified daptomycin-re-
lated lipopeptides that are greater than 95% pure.

Another object of the present invention is to provide a
method for increasing the levels of a lipopeptide produced by
a microorganism by feeding the fermentation culture a
reduced level of a fatty acid. Using lower levels of decanoic
acid than those proposed for daptomycin fermentation in U.S.
Pat. No. 4,885,243 results in improved economics in addition
to producing a highly pure form of daptomycin or a dapto-
mycin-related lipopeptide. In a preferred embodiment, the
method is used to increase the concentration and amount of
daptomycin produced by Streptomyces roseosporus while
minimizing the production of related contaminants. Lower
levels of contaminants in the fermentation broth results in a
more efficient recovery and purification of daptomycin,
which provides for a manufacturing process with a higher
yield.

Another object of the present invention is to provide a
method for purifying daptomycin or daptomycin related
lipopeptides comprising the use of modified buffer enhanced
anion exchange chromatography. In a preferred embodiment,
the method is used to produce daptomycin that is at least 98%
pure or that is substantially or essentially free of anhydro-
daptomycin or p-isomer. In another preferred embodiment,
the method is used to purify daptomycin-related lipopeptides
to at least 98% purity.

Another object of the present invention is to provide a
process chromatography method to purity a lipopeptide com-
prising a novel combination of anion exchange chromatogra-
phy, hydrophobic interaction chromatography and modified
buffer enhanced anion exchange chromatography. In a pre-
ferred embodiment, the process chromatography method is
used to purify daptomycin or a daptomycin-related lipopep-
tide. The modified buffer unexpectedly permits a separation
of'anhydro-daptomycin from daptomycin not previously pos-
sible in prior chromatography methods.

Another object of the invention is to provide a method for
puritying lipopeptides that is easily scaled for commercial
production using lipopeptide micelles. In one embodiment,
the method comprises converting a lipopeptide solution from
a monomeric, nonmicellar state to a micellar state and back
again during purification procedures. In a preferred embodi-
ment, the method comprises subjecting the lipopeptides to
conditions in which micelles are formed, separating the
lipopeptide micelles from low molecular weight contami-
nants by, e.g., a size separation technique. In another pre-
ferred embodiment, the method comprises subjecting the
lipopeptides to conditions in which the lipopeptides are in
monomeric form and separating the monomeric lipopeptide
molecules from high molecular weight molecules or aggre-
gates by, e.g., a size separation technique. In a more preferred
embodiment, the method comprises both steps: subjecting the
lipopeptides to conditions in which micelles are formed and
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separating the lipopeptide micelles from low molecular
weight contaminants, and then subjecting the lipopeptide
micelles to conditions in which the lipopeptides are in mono-
meric form and separating the lipopeptide monomers from
high molecular weight molecules or aggregates. These two
steps may be performed in either order. In an even more
preferred embodiment, the size separation technique is ultra-
filtration or size exclusion chromatography.

A further object of the present invention is to provide
improved methods for measuring the purity of lipopeptides,
including daptomycin, by high pressure liquid chromatogra-
phy (HPLC).

Another object of the present invention is to provide puri-
fied lipopeptides, such as daptomycin or a daptomycin-re-
lated lipopeptide, and pharmaceutically acceptable salts or
formulations thereof. In a preferred embodiment, the present
invention provides daptomycin or a daptomycin-related
lipopeptide purified by one of the methods described in the
specification. The present invention also provides pharma-
ceutical compositions of a purified lipopeptide or its salts and
methods of administering these compositions. In a preferred
embodiment, the pharmaceutical composition comprises
purified daptomycin.

Another object of the present invention is to provide
lipopeptide micelles and pharmaceutically acceptable formu-
lations thereof. In a preferred embodiment, the present inven-
tion provides daptomycin micelles or a daptomycin-related
lipopeptide micelle and pharmaceutically acceptable formu-
lations thereof. In another embodiment, the invention also
provides methods of administering the lipopeptide micelles
or pharmaceutical formulations thereof to patients in need
thereof. In a preferred embodiment, the lipopeptide micelles
are administered intravenously, parenterally, intramuscularly
or topically.

Definitions

Unless otherwise defined, all technical and scientific terms
used herein have the meaning as commonly understood by
one of ordinary skill in the art to which this invention belongs.
The practice of the present invention employs, unless other-
wise indicated, conventional techniques of chemistry, bio-
chemistry and microbiology and basic terminology used
therein.

The term “isolated” refers to a compound or product that is
refers to a compound which represents at least 10%, prefer-
ably at least 20% or 30%, more preferably at least 50%, 60%
or 70%, and most preferably at least 80% or 90% of the
compound present in the mixture.

The term “lipopeptide” refers to a molecule that comprises
a lipid-like moiety covalently linked to a peptide moiety, as
well as salts, esters, amides and ethers thereof. The term
“lipopeptide” also encompasses protected forms of lipopep-
tides in which one or more amino, carboxylate or hydroxyl
groups are protected. See, e.g., “Protective Groups in Organic
Synthesis” by Theodora W. Greene, John Wiley and Sons,
New York, 1981 for examples of protecting groups. In a
preferred embodiment, the lipopeptide is an antibiotic. In
another preferred embodiment, the lipopeptide is LY 303366,
echinocandins, pneumocandins, aculeacins, surfactin, plip-
astatin B1, amphomycin or the lipopeptide derivative dis-
closed in U.S. Pat. No. 5,629,288. These lipopeptides are
known in the art. See, e.g., U.S. Pat. No. 5,202,309 and
International PCT Application WO 00/08197. In another pre-
ferred embodiment, the lipopeptide is a daptomycin-related
molecule, including, inter alia, daptomycin, A54145, a dap-
tomycin-related lipopeptide disclosed in U.S. Pat. Nos.
4,537,717, 4,482,487, Re. 32,311, Re. 32,310, 5,912,226,
currently in reissue as U.S. Ser. No. 09/547,357, U.S. Provi-
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sional Applications Nos. 60/170,943, 60/170,946 or 60/170,
945, filed Dec. 15, 1999, U.S. Provisional Application No.
60/208,222, filed May 30, 2000, all of which are specifically
incorporated herein by reference, or an A-21978 antibiotic in
which the n-decanoyl fatty acid side chain of daptomycin is
replaced by an n-octanoyl, n-nonanoyl, n-undecanoyl,
n-dodecanoyl, n-tridecanoyl or n-tetradecanoyl fatty acid
side chain. The daptomycin-related lipopeptides disclosed in
60/170,943, 60/170,946, 60/170,945, and 60/208,222 relate
to synthetic and semisynthetic lipopeptides in which the orni-
thine or kynurine residues or the fatty acid side chain of
daptomycin are modified. In a more preferred embodiment,
the lipopeptide is daptomycin. The term daptomycin-related
lipopeptide refers to compounds described above, and salts
thereof.

The term “daptomycin” refers to the n-decanoyl derivative
of the factor A-21978C,, type antibiotic, or a pharmaceutical
acceptable salt thereof. “Daptomycin” is synonymous with
LY146032. See FIG. 1.

The term “anhydro-daptomycin” refers to the daptomycin
derivative in which the a-aspartyl group of daptomycin is
transpeptidated to an anhydro-succinimido group. See FIG.
3.

The term “B-isomer” or “f-isomer of daptomycin” refers
to the daptomycin derivative that contains a -aspartyl group
instead of an a-aspartyl group. See FIG. 2.

Daptomycin or a daptomycin-related lipopeptide is “sub-
stantially pure” when at least 95% of a sample is daptomycin
or daptomycin-related lipopeptide. Preferably, daptomycin
or daptomycin-related lipopeptide is “substantially pure”
when at least 97% of a sample is daptomycin or daptomycin-
related lipopeptide.

Daptomycin or daptomycin-related lipopeptide is “essen-
tially pure” when at least 98% of a sample is daptomycin or
daptomycin-related lipopeptide. Preferably, daptomycin or
daptomycin-related lipopeptide is “essentially pure” when at
least 99% of a sample is daptomycin or daptomycin-related
lipopeptide.

Daptomycin or daptomycin-related lipopeptide is “sub-
stantially free” of another compound when the other com-
pound is present in an amount that is no more than 1% ofthe
amount of the daptomycin or daptomycin-related lipopeptide
preparation.

Daptomycin or daptomycin-related lipopeptide is “essen-
tially free” of another compound when the other compound is
present in an amount that is no more than 0.5% of the amount
of the daptomycin or daptomycin-related lipopeptide prepa-
ration.

Daptomycin or daptomycin-related lipopeptide is “free” of
another compound when the other compound is present in an
amount that is no more than 0.1% of the amount of the
daptomycin or daptomycin-related lipopeptide preparation.
Alternatively, daptomycin or daptomycin-related lipopeptide
is “free” of another compound when the compound cannot be
detected by HPLC under conditions of maximum sensitivity
in which a limit of detection is approximately 0.05% or less of
the amount of the daptomycin or daptomycin-related lipopep-
tide preparation. Exemplary HPLC methods are described
herein (Tables 1 and 2).

“Purified” daptomycin or daptomycin-related lipopeptide
refers to substantially pure daptomycin or daptomycin-re-
lated lipopeptide, essentially pure daptomycin or daptomy-
cin-related lipopeptide, or a salt thereof, or to daptomycin,
daptomycin-related lipopeptide, or a salt thereof which is
substantially free, essentially free, or free of another com-
pound.
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“Partially purified” daptomycin or daptomycin-related
lipopeptide refers to daptomycin, daptomycin-related
lipopeptide, or a salt thereof that is less than 90% pure.

The purity of daptomycin, daptomycin-related lipopeptide
or of another lipopeptide refers to the lipopeptide prior to its
formulation in a pharmaceutical composition. The purity may
be measured by any means including nuclear magnetic reso-
nance (NMR), gas chromatography/mass spectroscopy (GC/
MS), liquid chromatography/mass spectroscopy (LC/MS) or
microbiological assays. A preferred means for measuring the
purity of daptomycin is by analytical high pressure liquid
chromatography (HPLC).

The term “micelle” refers to aggregates of amphipathic
molecules. Inan aqueous media, the lipophilic domains of the
molecules of the aggregate are oriented toward the interior of
the micelle and the hydrophilic domains are in contact with
the medium. Micelle structures include, but are not limited to,
spherical, laminar, cylindrical, ellipsoidal, vesicular (liposo-
mal), lamellar and liquid crystal. See FIG. 14.

The term “mixed micelle” refers to a particular type of
micelle in which the micelle contains more than a single type
of amphipathic molecule. In the context of this invention,
mixed micelles contain a lipopeptide and at least one other
amphipathic molecule which may be another lipopeptide.
Mixed micelles contain at least 10% of the lipopeptide by
weight. In other embodiments, a mixed micelle contains at
least 20%, 30%, 40%, 50%, 60%, 70%, 80% or 90% of the
lipopeptide.

The term “micellar solution” refers to a solution in which
more than 50% of the lipopeptide molecules in the solution
are present in micelles, as measured by weight. Preferably, at
least 60%, 70%, 80%, 90% or 95% of the molecules are
present in micelles. A micellar solution is retained on a ultra-
filtration membrane that has a 10,000 dalton nominal molecu-
lar weight (NMW) cutoff.

The term “critical micelle concentration” (cmc) refers to
the particular concentration of molecules, which is dependent
upon temperature, salt concentration and the nature and type
of amphipathic molecule. Above the cmc, the unassociated
monomers and micelles exist in equilibrium.

The term “monomer” refers to an amphipathic molecule
that is not part of an aggregate but that exists as a single
molecule. In the context of this invention, the term monomer
refers to a non-associated lipopeptide.

The term “monomeric solution” refers to a solution in
which more than 50% of the lipopeptide molecules are
present as monomers as measured by weight. Preferably at
least 60%, 70%, 80%, 90% or 95% are present as monomers.
A monomeric solution is not retained on a ultrafiltration
membrane that has a 10,000 dalton NMW cutoff but rather
passes through the membrane.

The term “low ionic strength buffer” refers to a solution
that has a salt concentration below 50 mM; the term “medium
ionic strength buffer” refers to a solution that has a salt con-
centration between 50-250 mM; the term “high ionic strength
buffer” refers to a solution that has a salt concentration greater
than 250 mM.

Methods for Manufacturing Purified Lipopeptides

One embodiment of the present invention is drawn to a
process chromatography method that produces a purified
lipopeptide in a commercially feasible manner. In a preferred
embodiment, the lipopeptide is daptomycin or a daptomycin-
related lipopeptide. The process chromatography method
comprises sequentially using anion exchange chromatogra-
phy, hydrophobic interaction chromatography (HIC) and
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anion exchange chromatography to purify a preparation con-
taining a lipopeptide, such as daptomycin or a daptomycin-
related lipopeptide.

In a preferred embodiment of the instant invention, the
purification method further comprises altering the fermenta-
tion conditions in which the A21978C-containing crude prod-
uct is produced by Streptomyces roseosporus in order to
increase daptomycin production and decrease impurities and
related contaminants produced by the S. roseosporus fermen-
tation culture.

A preferred embodiment of the process chromatography
method is described below:

Streptomyces roseosporus is fermented with a feed of n-de-
canoic acid, as disclosed in U.S. Pat. No. 4,885,243, with the
modification that the decanoic acid feed is kept at the lowest
levels possible without diminishing the overall yield of the
fermentation. In a preferred embodiment, the residual
decanoic acid is maintained at less than 50 parts per million
(ppm) during aerobic fermentation. In a more preferred
embodiment, the residual decanoic acid is maintained
between one and 20 ppm during aerobic fermentation. In an
even more preferred embodiment, the residual decanoic acid
is maintained at approximately ten ppm during aerobic fer-
mentation. In a preferred embodiment, the concentration of
residual decanoic acid is measured throughout fermentation
and the feed level of decanoic acid is adjusted to continuously
keep the residual decanoic acid levels within the preferred
parameters. The prior art does not describe the in situ specific
and low residual constant decanoic acid concentrations
required to achieve optimal expression of daptomycin con-
taining lower levels of impurities.

After fermentation, the extracellular solution is clarified by
removing the mycelia from the fermentation broth. Remov-
ing the mycelia from the fermentation is performed by any
standard separation technique, such as centrifugation or
microfiltration. In a preferred embodiment, the fermentation
broth is clarified by microfiltration, such as by using a Pall
Sep™ membrane system. In a more preferred embodiment,
the fermentation broth is clarified using an industrial centri-
fuge, such as a Westfalia™ centrifuge, followed by a finishing
depth filter. Other devices, such as filter presses, rotary drum
filters or disposable depth filters, may be used to remove
mycelia from fermentation broth to produce a clarified broth
suitable for large-scale column chromatography.

In another embodiment, daptomycin may be extracted
from mycelial fermentation directly by using an organic sol-
vent such as butanol prior to clarification on a solvent sepa-
rating centrifuge or filter. Any alcohol with four carbons or
more may be used in the extraction according to this embodi-
ment. A preferred solvent is n-butanol. Using an organic
solvent results in an initial additional purification of dapto-
mycin compared to a purely aqueous separation of daptomy-
cin. For example, daptomycin partitions into n-butanol when
n-butanol is used in a concentration greater than 10% and
when the process is conducted under conditions in which the
n-butanol forms a separate phase, e.g., at a pH value of 4-5,
which is near the isoelectric point of daptomycin (see
Example 4).

In another embodiment, daptomycin is produced in an
immobilized reactor that uses preactivated mycelia for the
non-fermentation production of daptomycin using an energy
source, preferably a sugar, elemental components, such as
amino acids and ammonia, and decanoic acid. Production of
daptomycin in an immobilized enzyme reactor is then pro-
cessed by methods described herein.

After clarification of the fermentation broth, the levels of
daptomycin are enriched, (i. e. concentrated) in the clarified

20

25

30

35

40

45

50

55

60

65

10

solution by anion exchange chromatography. The clarified
solution is first contacted with an anion exchange resin under
conditions in which most or all of daptomycin binds to the
anion exchange resin. After binding, the resin is washed with
an appropriate ionic aqueous buffer to remove unbound mate-
rial and some of the daptomycin impurities. Finally, the puri-
fied daptomycin bound to the resin is eluted under conditions
in which daptomycin will dissociate from the resin.

The binding, washing and elution steps may be performed
according to this invention using bufters and methods known
in the art. For instance, elution may be performed by using a
buffer containing an elevated salt concentration compared to
the wash buffer, a buffer that has a lower pH compared to the
wash buffer, or a buffer that has both a higher salt concentra-
tion and a lower pH than the wash buffer. In a preferred
embodiment, daptomycin is bound to the anion exchange
resin that has been equilibrated in a buffer containing no
added salt or a low salt concentration at a pH that is neutral to
basic. The loaded resin is washed with three column bed
volumes of water and then three to six bed volumes of an
intermediate salt buffer containing 30 to 60 mM NaCl. Dap-
tomycin is eluted from the column with one to three column
volumes of an elevated salt and/or lower pH buffer containing
300 to 500 mM NaCl. Higher concentrations of sodium chlo-
ride and alternative salts such as potassium chloride will also
elute daptomycin from the resin. In a preferred embodiment,
a high flow rate anionic exchange resin is used. In a more
preferred embodiment, FP-DA 13 resin (Mitsubishi) is used.

The anion exchange chromatography may be performed by
column chromatography or may be accomplished in batch
mode. For commercial production, it may be preferred to use
batch mode. The anion exchange resin may be washed and
eluted with stepwise salt gradients or with a continuous salt
gradient. A suitable stepwise or continuous salt gradient is
any one that permits the separation of daptomycin from con-
taminants. In a preferred embodiment, a continuous salt gra-
dient is one which ranges from 0 to 1000 mM NaCl. In a more
preferred embodiment, a continuous salt gradient is one
which ranges from 100 to 500 mM NaCl or from 0 to 400 mM
NaCl. Radial flow chromatography may also be used, as
described in U.S. Pat. Nos. 5,756,680, 4,865,729, 4,840,730
or 4,708,782.

After anion exchange chromatography, the daptomycin
preparation is further purified by hydrophobic interaction
chromatography (HIC). One embodiment of this step is
described in U.S. Pat. No. 4,874,843, herein incorporated by
reference. The eluted aqueous daptomycin preparation is con-
tacted with a HIC resin under conditions in which most or all
of daptomycin will bind to the resin. The water content of the
daptomycin-loaded resin is reduced by contacting the resin
with an increased concentration of a non-polar solvent. The
resin is washed with an appropriate polar organic solvent
under conditions in which impurities dissociate from the resin
while daptomycin remains bound. Finally, the daptomycin
preparation is eluted under conditions in which daptomycin
dissociates from the resin. In general, daptomycin is eluted
using a solvent-containing buffer with a lower polarity
(higher polar solvent level) and/or higher pH than the wash
buffer.

In a preferred embodiment, the non-functional resin for
HIC is small particle HP-20ss (Mitsubishi). The bound dap-
tomycin is specifically removed from the HP-20ss resin with
an organic phase solvent, such as one containing isopropyl
alcohol, acetonitrile, butanol or other suitable solvent. In a
more preferred embodiment, daptomycin is bound to
HP-20ss resin that has been equilibrated in an acetate buffer
containing 10% acetonitrile or equivalent polar solvent, such
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as isopropyl alcohol. The daptomycin-loaded resin is washed
with at least three column bed volumes of equilibration
buffer. The daptomycin-loaded resin is further freed of addi-
tional impurities by washing with three to six bed volumes of
an acetate wash buffer containing a non-eluting concentration
of the polar solvent. In a preferred embodiment, the dapto-
mycin-loaded resin is washed with 30% acetonitrile or 45%
isopropyl alcohol. The daptomycin-loaded resin is eluted
with one to three bed volumes of acetate buffer containing
35% or more acetonitrile or greater than 50% isopropyl alco-
hol. In a preferred embodiment, daptomycin is eluted with
35% acetonitrile at pH 4.0-5.0 or 55-60% isopropyl alcohol.
In another embodiment, the daptomycin-loaded resin is
eluted with one to three bed volumes of buffer at an increased
pH. In this embodiment, the pH of the buffer is gradually
increased to elute different compounds from the column at
different rates due to charge differences. At elevated pH, e.g.,
pH 6.0-7.0, the elution concentration of acetonitrile is
reduced to 10-20%. Similarly, at elevated pH, e.g.,pH 6.0-7.0
the elution concentration of isopropyl alcohol is reduced to
20-25%. Control of the temperature under which chromatog-
raphy is performed also influences solvent concentration.
Elution at lower temperatures, i.e., under refrigerated condi-
tions, requires increased levels of solvent at all pH conditions.

After HIC, the organic solvent in the daptomycin prepara-
tion is reduced by anion exchange chromatography. In a pre-
ferred embodiment, FP-DA 13 is used as discussed supra.

After the second anion exchange chromatography, the
purified daptomycin is depyrogenated, filtered and concen-
trated under refrigerated conditions. Filtering daptomycin
may be performed by any method known in the art. In one
embodiment, filtering and depyrogenating may be performed
by:

i) providing a daptomycin solution under conditions in
which the daptomycin is in a monomeric and nonmicellar
state;

ii) filtering the daptomycin solution under conditions in
which the daptomycin will pass through the filter but pyro-
gens will not pass through the filter, e.g., having the dapto-
mycin solution at pH 6.0-8.0 and filtering the solution with an
ultrafilter that is rated between 3,000 NMW and 30,000
NMW;

iii) altering the daptomycin solution that has passed
through the filter such that the daptomycin aggregates, e.g.,
by changing the pH of the daptomycin solution to 2.5-4.5
such that daptomycin forms micelles;

iv) filtering the daptomycin solution under conditions in
which the daptomycin will be retained on the filter, e.g.,
concentrating the daptomycin on an ultrafilter of 30,000
NMW or less, such as a reverse osmosis membrane; and

v) collecting the depyrogenated daptomycin.

In a preferred embodiment, daptomycin of step (ii) is fil-
tered under pressure on a 10,000 dalton molecular weight
cutoff (MWCO) ultra-filter at a pH of approximately 7-8. In a
more preferred embodiment, daptomycin is at an initial con-
centration of less than 40 mg/ml, more preferably, at a con-
centration of approximately 31.25 mg/ml.. Under these con-
ditions, daptomycin passes through the filter but pyrogens
such as lipopolysaccharides (LPS) do not. After the initial
ultra-filtration, the pH of the filtrate is lowered topH 2.5 t0 4.5
and the filtrate is concentrated on a 10,000 MW CO ultra-filter
to approximately 120 mg/ml.. Under these conditions, dap-
tomycin is retained on the filter. In a preferred embodiment,
the pH of the filtrate is pH 3.5. Subsequent to concentration,
the concentration of daptomycin is adjusted to 105 mg/mlL.,,
checked for endotoxin levels, and used to fill vials under
aseptic conditions.
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In another embodiment, reverse osmosis nanofiltration is
performed at pH 1.5-3.0. The low pH and refrigerated condi-
tions are used to retard degradation of purified daptomycin.
Daptomycin may be further filtered through a 0.2 um filter to
reduce bioburden and then lyophilized either in bulk or in
vials.

As an alternative to the above ultra-filtration and concen-
tration step, the eluted fractions containing daptomycin are
mixed with butanol (either n-, iso- or t-butanol) at a pH of
approximately 4.5, in a ratio of greater than one part butanol
to nine parts daptomycin solution. In a preferred embodi-
ment, one part butanol is mixed with four parts daptomycin
solution to yield a 20% butanol solution. The butanol-dapto-
mycin solution is allowed to separate into organic and aque-
ous phases. Daptomycin partitions into the organic phase,
which is collected. The dehydration of daptomycin in the
organic solvent may stabilize daptomycin and prevent the
degradation of the purified daptomycin to anhydro-daptomy-
cin and subsequent formation of -isomer. Finally, daptomy-
cin can be returned to the aqueous phase by adding buffer at
pH 6.5-7.5 to the organic phase. After concentration or col-
lection of daptomycin, daptomycin is lyophilized.

In another embodiment of the instant invention, the process
chromatography method is used to purify lipopeptides other
than daptomycin, such as A54145, 1.Y303366, echinocan-
dins, pneumocandins, aculeacin, surfactin, plipastatin B1,
amphomycin or the lipopeptide derivative disclosed in U.S.
Pat. No. 5,629,288. In another embodiment, the process chro-
matography method is used to purify daptomycin-related
lipopeptides, including A54145, or a lipopeptide disclosed in
U.S. Pat. Nos. 4,537,717, 4,482,487, Re. 32,311, Re. 32,310,
5,912,226, currently in reissue as U.S. Ser. No. 09/547,357,
U.S. Provisional Applications Nos. 60/170,943, 60/170,946
or 60/170,945, filed Dec. 15, 1999, U.S. Provisional Appli-
cation No. 60/208,222, filed May 30, 2000, or an A-21978
antibiotic in which the n-decanoyl fatty acid side chain of
daptomycin is replaced by an n-octanoyl, n-nonanoyl, n-un-
decanoyl, -dodecanoyl, n-tridecanoyl or n-tetradecanoyl fatty
acid side chain.

In another embodiment of the instant invention, a “Salt
Cloud Method” [ Genetic Engineering News, Vol. 19, No. 20,
pages 1,34 and 43, (Nov. 15, 1999)] is used in the purification
of daptomycin or other lipopeptides. The Salt Cloud Method
is a membrane-based system that combines selective separa-
tions with high-volume throughput. The Salt Cloud Method
can be used in conjunction with those process steps disclosed
herein or separately to purify daptomycin or other lipopep-
tides.

Another embodiment of the instant invention is drawn to a
chromatography method that produces a highly purified
lipopeptide not achievable by prior art chromatography meth-
ods. The chromatography method comprises the use of modi-
fied buffer enhanced anion exchange chromatography to
purity a preparation containing a lipopeptide. In a preferred
embodiment, the method is used to produce highly purified
daptomycin or a daptomycin-related lipopeptide. This
method, when used with partially purified daptomycin, pro-
duces daptomycin that is at least 98% pure. The method also
produces daptomycin that is free or essentially free of anhy-
dro-daptomycin. The method comprises the following steps:

Partially purified daptomycin is prepared by any method
known in the art or as described herein. The daptomycin
preparation is then further purified by modified buffer
enhanced anion exchange chromatography. Daptomycin is
bound to anion exchange resin in the presence of an appro-
priate ionic modified buffer under conditions in which dap-
tomycin binds to the resin ion in a monomeric and non-






