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(57) ABSTRACT

A method of increasing production of a methylmalonyl-CoA
derivative in a bacterium is disclosed that includes providing
abacterium that produces a methylmalonyl-CoA derivative in
which methylmalonyl-CoA mutase function has been inhib-
ited and culturing the bacterium in a medium containing an
effective amount of methylmalonyl-CoA or a precursor
thereof to increase the production of the methylmalonyl-CoA
derivative by the bacterium. The production of the methyl-
malonyl-CoA derivative is increased when compared to pro-
duction of the methylmalonyl-CoA derivative by the bacte-
rium when cultured in a medium without the effective amount
of methylmalonyl-CoA or a precursor thereof.
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PROCESS OF INCREASING CELLULAR
PRODUCTION OF BIOLOGICALLY ACTIVE
COMPOUNDS

[0001] This application is a continuation-in-part applica-
tion of U.S. patent application Ser. No. 12/468,456, filed on
May 19, 2009, which is a divisional application of U.S. patent
application Ser. No. 10/637,159, filed on Aug. 8, 2003. This
application is also a continuation-in-part application of U.S.
patent application Ser. No. 11/466,364, filed on Aug. 22,
2006, which claims priority to U.S. Provisional Application
Ser. No. 60/710,412, filed on Aug. 22, 2005. Each of the
foregoing listed applications is incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The field of this disclosure is production of biologi-
cally active compounds by cells. More particularly, the
present disclosure provides a process for increasing produc-
tion of methylmalonyl-CoA and derivatives thereof.

BACKGROUND

[0003] Despite the world’s reliance on natural products
from plants and microbes to treat and cure serious diseases,
many fundamental questions remain to be answered as to how
and why these medicines are produced in nature. Knowing
more about the metabolism of these compounds will lead to
simpler and more rational strategies for strain improvement.
Strain improvement speeds up the drug development process
and helps to reduce the cost of new drugs (Mateles, 2000).
[0004] An enormous array of medically important chemi-
cal structures are made in nature, particularly by plants and
microbes. These structures fall into chemical classes based on
shared routes of biosynthesis. One well-studied class of com-
pounds is the polyketides, perhaps best characterized by the
macrolide antibiotics, of which erythromycin is an example.
Erythromycin and its derivatives, marketed under trade
names such Biaxin®, Rulid®, and Zithromax®, are in wide
use in the world today. Erythromycin’s biosynthesis has been
studied for over 50 years, and so it is a widely used model
system for secondary metabolite production.

[0005] Like many secondary metabolites, erythromycin is
a tailored polymer. The building blocks are one molecule of
propionic acid and 6 molecules of methylmalonic acid in their
CoA forms (Omura, 1984). Tailoring steps include the addi-
tion of two sugars, the addition of a methyl group to one sugar,
and the addition of two hydroxyl groups to the polyketide
polymer backbone. Despite agreement on the identity of the
chemical building blocks, scientists are still unsure of the
source of the propionic acid and methylmalonic acid that are
used to form the molecule. Knowing this key piece of infor-
mation would help lead the way to development of genetic
and process manipulations in order to boost production of the
antibiotic.

[0006] Originally it was reported that succinyl-CoA is the
major source of methylmalonyl-CoA via the enzyme meth-
ylmalonyl-CoA mutase (MCM) (Hunaiti and Kolattukudy,
1984). Propionyl-CoA was reported to come from decar-
boxylation of methylmalonyl-CoA (Hsieh and Kolattukudy,
1994). These early results implied that precursors for eryth-
romycin biosynthesis are taken at the expense of central
metabolism in a reverse-anaplerotic reaction. Consistent with
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these results, in a different macrolide producing host, when
the mutAB genes, coding for MCM, were overexpressed, a
macrolide antibiotic was overproduced (Zhang et al., 1999).
[0007] Amino acid catabolism has also been identified as
an important source of precursors for macrolide biosynthesis
(Omura et al.,, 1983, 1984; Dotzlaf et al., 1984). When
branched chain amino acids such as valine, isoleucine, leu-
cine, or valine catabolites (propionate and isobutyrate) and
threonine were added to the fermentation medium they
boosted production of a macrolide antibiotic and its
polyketide derived precursors (Omura et al., 1983, 1984,
Tang et al., 1994). Conversely, when valine catabolism was
blocked at the first step, (valine dehydrogenase, vdh), produc-
tion of two different macrolide antibiotics went down 4-to-6-
fold (Tang et al., 1994). These results pointed to amino acid
catabolism, in particular branched-chain amino acid (BCAA)
catabolism, as another vital source of macrolide antibiotic
precursors in actinomycetes.

[0008] Surprisingly, when the BCAA catabolic pathway
was blocked at a later step in propionyl-CoA carboxylase, it
did not lead to a reduction in macrolide production (Donadio
etal, 1996). These results conflict with those of Dotzlaf et al,
(1984), but they were obtained in a different macrolide-pro-
ducing host, and precursor feeding pathways have not yet
been shown to operate universally in different hosts. Other
workers also reported on this propionyl-CoA carboxylase
reaction (Hunaiti and Kolatukuddy, 1982). Hsieh and Kolat-
tukudy (1994) cloned a gene that recent BLASTX analyses
now show could not code for a carboxylase, and may have
been cloned by mistake.

[0009] Methylmalonyl-CoA mutase, coded for by the
mutAB gene pair, was originally cited by Hunaiti and Kolat-
tukudy (1984) to be the key enzyme to provide methylmalo-
nyl-CoA for erythromycin biosynthesis. According to the
conclusions of Hunaiti and Kolattukudy (1984) and Zhang et
al., (1999), whose results indicated the source of methylma-
lonyl-CoA to be from succinyl-CoA, one would predict that a
block in mutB should reduce or block production of the
erythromycin. This direction for methylmalonyl-CoA
mutase, though, is often referred to as the “reverse” direction,
because the forward, or anaplerotic, direction towards succi-
nyl-CoA is favored enzymatically by a factor of twenty to one
(Kellermeyer, et al., 1964; Vlasie and Banerjee, 2003).

BRIEF SUMMARY

[0010] In one aspect, the present disclosure provides a
method of increasing production of a methylmalonyl-CoA
derivative in a bacterium. The method includes providing a
bacterium that produces a methylmalonyl-CoA derivative in
which methylmalonyl-CoA mutase function has been inhib-
ited, and culturing the bacterium in a medium containing an
effective amount of methylmalonyl-CoA or a precursor
thereof to increase the production of the methylmalonyl-CoA
derivative by the bacterium. The production of the methyl-
malonyl-CoA derivative is increased when compared to pro-
duction of the methylmalonyl-CoA derivative by the bacte-
rium when cultured in a medium without the effective amount
of methylmalonyl-CoA or a precursor thereof.

[0011] Inanother aspect, the present disclosure provides a
bacterium that produces a methylmalonyl-CoA derivative
and that includes a mutation in a mutB gene that inhibits
methylmalonyl-CoA mutase function and increases produc-
tion of the methylmalonyl-CoA derivative when cultured in a
medium containing an effective amount of methylmalonyl-
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CoA or a precursor thereof compared to the production of the
methylmalonyl-CoA derivative by the bacterium when cul-
tured in the medium without the effective amount of methyl-
malonyl-CoA or a precursor thereof.

[0012] In a further aspect, a composition includes a meta-
bolically acceptable oil, an effective amount of a substantially
oil soluble methylmalonyl-CoA precursor, and at least one
exogenous ingredient to sustain microbial growth.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows a schematic diagram of methylmalo-
nyl-CoA metabolism;

[0014] FIG. 2 shows the effects of medium supplementa-
tion with methylmalonate and diethyl methylmalonate on
FL2267 wild type and F1.2281 mutB S. erythraea strains;
[0015] FIG. 3 shows the effects of stepped medium supple-
mentation with diethyl methylmalonate from 0-25 MMA in
OFM1 medium on FLL2281;

[0016] FIG. 4 shows the effects of multiple dosing with
diethyl methylmalonate;

[0017] FIG. 5 shows the effects of medium supplementa-
tion with methylmalonate on multiple strains;

[0018] FIG. 6 shows the effects of medium supplementa-
tion with diethyl methylmalonate on multiple strains

[0019] FIG.7 shows the effects of oil supplementation with
or without diethyl methylmalonate; and

[0020] FIG. 8 shows a TL.C analysis of culture extracts.
DETAILED DESCRIPTION
[0021] The methylmalonyl-CoA (MMCoA) metabolic

node was identified previously as a target for erythromycin
strain improvement manipulations in the wild type strains of
Saccharopolyspora erythraea and Aeromicrobium erythreum
(Reeves 2007, 2006, 2004). A schematic diagram showing
such node is shown in FIG. 1. The importance ofthe node was
originally discovered through random mutagenesis of A.
erythreum followed by reverse engineering (Reeves et al.,
2004). Knockouts of the mutB and cobA genes led to
improved erythromycin production in carbohydrate-based
medium. When tested in S. erythraea, the mutB knockout had
the same positive effect on production of erythromycin in the
carbohydrate medium. When an oil-based medium was used,
the opposite effect was achieved, that is, the polar mutB
knockout strain, FL.2281, showed a 60% lower capacity for
erythromycin production than the wild type strain. A meta-
bolic model was created to explain the results in which carbon
flows from succinyl-CoA to methylmalonyl-CoA in oil based
medium. Strains were then created with the desire to accel-
erate carbon flow into the methylmalonyl-CoA metabolic
node. One such construct in which the entire mutAB operon
was duplicated (strain F1.2385) achieved the desired result of
improving erythromycin production beyond the level of the
wild type strain (FL.2267) by 50% (Reeves et al., 2007).
However, it has now been demonstrated that inhibition of
methylmalonyl-CoA mutase function counterintuitively
leads to an increase of methylmalonyl-CoA derivative pro-
duction.

[0022] The present disclosure describes supplementation
of wild type and mutated strains of bacteria that have an
inhibited methylmalonyl-CoA mutase with one or more
methylmalonyl-CoA (MMCoA) precursors, such as methyl-
malonic acid (MMA) or diethyl methylmalonate (DiEMM) to
enrich the MMCoA pool and/or increase production of
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MMCoA derivatives. While not wishing to be bound by
theory, it is believed that DIEMM is converted to MMA
through the action of esterases within a cell. Therefore,
DiEMM feeds directly into the MMCoA metabolite pool.
Any MMCoA precursor and combinations thereof are envi-
sioned within the present disclosure. In one embodiment,
bacteria contemplated herein include, for example, Saccha-
ropolyspora, Aeromicrobium and Streptomyces species. In
another embodiment bacteria contemplated herein include
Saccharopolyspora erytirea, Aevomicrobium erythreum,
Streptomyces fradiae, Streptomyces avernitilis, Streptomyces
cinnamonensis, Streptomyces antibioticus, Streptomyces
venezuelae, Streptomyces violaceoniger, Streptomyces
hygroscopicus, Streptomyces spp. FR-008, and Strepromyces
griseus. The present disclosure further enables greater effi-
ciency of polyketide production that may, for example, lower
the cost of polyketide fermentation manufacturing. The addi-
tion of a low-cost chemical such as DiEMM may increase the
production of polyketides including, for example, erythromy-
cin, when a commercial organism is grown under conditions
where the polyketide precursor MMCoA is the limiting factor
for production.

[0023] The addition of MMA or DIEMM to strains that
have a block in the MCM reaction, through, for example,
insertion and/or deletion mutations in mutB and/or cobA,
and/or reduction in co-enzyme B, , availability, among other
methods, also has a positive effect on the strains growth and
vitality. Strains that have a block in the MCM reaction grow
less vigorously and appear less healthy than the normal strain.
The addition of MMA or diEMM to these cultures reverses
this phenotype and makes the strain healthy again, which may
lead to more efficient fermentation manufacturing through
greater strain resilience to stresses related to the fermentation
manufacturing process. This observation indicates that
MMCoA precursors may be reversing the deleterious effects
of the MCM metabolic defect in these strains.

[0024] Inone embodiment according to the present disclo-
sure, a method of increasing production of a methylmalonyl-
CoA derivative in a bacterium includes providing a bacterium
that produces a methylmalonyl-CoA derivative in which
methylmalonyl-CoA mutase function has been inhibited and
culturing the bacterium in a medium containing an effective
amount of methylmalonyl-CoA or a precursor thereof to
increase the production of the methylmalonyl-CoA derivative
by the bacterium. The production of the methylmalonyl-CoA
derivative is increased when compared to production of the
methylmalonyl-CoA derivative by the bacterium when cul-
tured in a medium without the effective amount of methyl-
malonyl-CoA or a precursor thereof.

[0025] In another embodiment of the method described
herein, the bacterium may be selected from the group con-
sisting of Aeromicrobium erythreum and Saccharopolyspora
erythraea.

[0026] In a further embodiment of the method described
herein, methylmalonyl-CoA mutase function may be inhib-
ited by one or more of an insertion mutation or a deletion
mutation of a mutB gene.

[0027] In a still further embodiment of the method
described herein, the precursor may include at least one of
methylmalonic acid and diethyl methylmalonate in an
amount sufficient to achieve an effective amount of at least
about a 1 mM concentration within the medium.
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[0028] In another embodiment of the method described
herein, a methylmalonyl-CoA derivative may include at least
one of a polyketide or a macrolide.

[0029] In another embodiment of the present disclosure, a
polyketide may be erythromycin, tylosin, niddamycin, spira-
mycin, oleandomycin, methymycin, neomethymycin, narbo-
mycin, pikromycin, lankamycin, tacrolimus, rapamycin,
FK520, FK506, candicidin, soraphen, ascomycin, avermec-
tin, monensin A, or monensin B.

[0030] In a variation of the method described herein, the
bacterium may be selected from the group consisting of Aero-
microbium erythreum and Saccharopolyspora erythraea, the
mutation may be at least one of an insertion mutation or a
deletion mutation, and the methylmalonyl-CoA derivative
includes at least one of a polyketide or a macrolide

[0031] Inasecond embodiment ofthe present disclosure, a
bacterium is provided that produces a methylmalonyl-CoA
derivative includes a mutation in a mutB gene that inhibits
methylmalonyl-CoA mutase function and increases produc-
tion of the methylmalonyl-CoA derivative when cultured in a
medium containing an effective amount of methylmalonyl-
CoA or a precursor thereof compared to the production of the
methylmalonyl-CoA derivative by the bacterium when cul-
tured in the medium without the effective amount of methyl-
malonyl-CoA or a precursor thereof.

[0032] In another embodiment of the bacterium described
herein, the bacterium may be selected from the group con-
sisting of Aeromicrobium erythreum and Saccharopolyspora
erythraea.

[0033] Inasecond embodiment of the bacterium described
herein, the mutation may include at least one of an insertion
mutation or a deletion mutation.

[0034] In a third embodiment of the bacterium described
herein, the precursor may include at least one of methylma-
lonic acid and diethyl methylmalonate in an amount sufficient
to achieve an effective amount of at least about a 1 mM
concentration or greater within the medium.

[0035] In a fourth embodiment of the bacterium described
herein, the methylmalonyl-CoA derivative may include at
least one of a polyketide or a macrolide.

[0036] Ina further embodiment of the bacterium described
herein, the bacterium may be Saccharopolyspora erythraea,
the mutation may be at least one of an insertion mutation or a
deletion mutation, and the methylmalonyl-CoA derivative
may inlcude at least one of a polyketide or a macrolide.
[0037] In a third embodiment of the present disclosure, a
composition for culturing or fermenting a bacterium is dis-
closed that includes a metabolically acceptable oil, an effec-
tive amount of a substantially oil soluble methylmalonyl-
CoA precursor, at least one ingredient to sustain microbial
growth, and an optional buffering agent

[0038] In a further embodiment of the composition dis-
closed herein, a metabolically acceptable oil may include at
least one of a plant oil, an animal oil, a synthetic oil, or
mixtures thereof.

[0039] In another embodiment of the composition dis-
closed herein, an effective amount of the substantially oil
soluble methylmalonyl-CoA precursor includes an amount
sufficient to achieve at least about a 1 mM concentration
within the composition.

[0040] In a further embodiment of the composition dis-
closed herein, a methylmalonyl-CoA precursor may include
diethyl methylmalonate.
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[0041] In another embodiment of the composition dis-
closed herein, an ingredient may include at least one of a
monosaccharide, a disaccharide, a polysaccharide, and a corn
steep liquor.

[0042] Instill another embodiment of the composition dis-
closed herein, the composition may include a polyketide-
producing bacteria.

[0043] The composition or medium for culturing or fer-
menting a bacterium may include any material used by a
microorganism as either a carbon source, a nitrogen source, or
a combined carbon-nitrogen source. In certain embodiments,
a monosaccharide, a disaccharide, a polysaccharide, or a
combination thereof from one or more exogenous source(s)
can be added to the composition or medium. In certain
embodiments at least one of glucose, fructose, sucrose, or a
combination thereof may be included. Polysaccharides that
may be used include, but are not limited to, soluble starch,
dextrin, corn starch, and combinations thereof. In certain
embodiments, monosaccharides, disaccharides, or polysac-
charides may be provided in the composition or medium
either individually or in aggregate at concentrations from
about 1 g/ to about 60 g/L. For example, ranges of monosac-
charides, disaccharides, or polysaccharides contemplated
include about 1 g/I. to about 2 g/, about 1 g/I. to about 4 g/L,
about 2 g/I. to about 5 g/I, about 5 /L to about 10 g/L, about
10 g/L. to about 15 g/L, about 20 g/L. to about 30 g/I, and
about 30 g/L. to about 60 g/L..

[0044] In certain embodiments, a metabolically acceptable
oil may include an essential oil, an organic oil, a mineral oil,
a synthetic oil, and combinations thereof. Some examples
include an animal oil or a plant oil which may be added to the
composition or medium. Plant oils used can include, but are
not limited to, coconut oil, corn oil, cottonseed oil, olive oil,
palm oil, peanut oil, rapeseed oil, safflower oil, sesame oil,
soybean oil, sunflower oil, and combinations or derivations
thereof. A synthetic oil may be any oil made by man, a mineral
oil, a modified animal or plant oil, or any non-plant or non-
animal derived oil, such as a petroleum-derived oil, a hydro-
carbon-based oil, chemically-based oil, and combinations
thereof. Corn steep liquor may also be included in a compo-
sition or medium as a substrate for microbial growth. In
certain embodiments, metabolically oils may be provided
either individually or in aggregate at any of about 1 ml/L. to
about 60 ml/L, or about 2 ml/LL to about 5 ml/L, or about 5
ml/L to about 10 ml/L, or about 10 ml/LL to about 25 ml/L, or
about 25 ml/L to about 60 ml/L in a composition or medium
contemplated herein.

[0045] In one embodiment, buffering agents may be
included in the composition or medium contemplated herein.
For example, various mineral salts that include, but are not
limited to, sodium chloride, calcium carbonate, magnesium
sulfate, ammonium salts, including ammonium sulfate,
potassium salts, phosphate salts, and/or iron sulfate may be
added to the composition or medium contemplated herein.
Sodium chloride may be added at a concentration of about 1
g/L to about 12 g/, (weight volume) or about 2 g/L. to about
8 g/L, or about 4 g/ to about 10 g/L.. Calcium carbonate may
be added at a concentration of about 1 g/ to about 12 g/I,
(weight volume) or at about 2 g/L. to about 8 g/L, or about 4
g/L to about 10 g/L.. In certain embodiments, trace elements
such as, for example, iron, borate, zinc, copper, molybdenum,
manganese, iodine, and/or cobalt may be added to the com-
position or medium at concentrations conducive to microbial
growth.
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[0046] In another embodiment, a fermentation medium
may include soybean meal, a soybean meal product, soy flour,
or a soybean meal product.

[0047] In another embodiment, a composition or medium
contemplated herein may be substantially free of an antimi-
crobial agent. In another embodiment, the composition or
medium contemplated herein may include selection agents
that may be used to select for specific bacteria and against
other bacteria. Selection agents contemplated herein include,
for example, antibiotics and/or selective nutrients, as are
known in the art.

Examples
Example 1

Culturing and Medium Supplementation of Bacterial
Strains

[0048] OFMI1 medium (Reeves et al., 2006) was used for
fermentation experiments. Seed fermentations were per-
formed in 25 ml of CFM1 medium (Reeves et al., 2006) in 250
ml shake flasks The seed cultures were incubated for 46 hrs
and then 1.25 ml of seed culture was used to inoculate 25 ml
of OFM1 broth in 250 ml shake flasks fermentations that were
incubated at 32° C. at 380 rpm and 65% humidity for 120 hrs.
The medium supplements of methylmalonic acid (MMA,
Aldrich M54058) and diethyl methylmalonate (DiEMM;
Aldrich #126136) were added at a concentration of 10 mM,
unless otherwise indicated. These same general conditions
were followed in subsequent examples, unless otherwise
indicated.

Example 2

Processing of Fermentation Samples for Bioassays
and TLC

[0049] Cells were removed from broth samples by centrifu-
gation, and each supernatant was passed through a 0.45-um
filter. A 50-ul portion of the filtered supernatant was removed
for bioassay analysis, and the remainder of the supernatant
was used for further analysis by thin-layer chromatography
(TLC). The remaining supernatant (700 pl) was extracted
with 500 pl of ethyl acetate. The extract was concentrated to
dryness, and the extract was then resuspended in 100 pl of
acetonitrile. A 10-pl portion of the acetonitrile solution was
used for analysis of polyketide production by TL.C. The sol-
vent used for visualization included isopropylether, chloro-
form, ammonium hydroxide (75:35:1) and an anisaldehyde
spray detection reagent.

[0050] Bioassays were performed to determine the eryth-
romycin yields in culture broth, and the methods used have
been described previously (Reeves et al.).

Example 3

Effects of Medium Supplementation with methylma-
lonate and diethyl methylmalonate

[0051] It had been previously reported that the mutB
knockout strain, F1.2281, showed a significant reduction in
erythromycin production (Reeves et al., 2006) in an oil-based
fermentation medium (OFM1). In this study, the deficiency in
erythromycin production is overcome and turned into a sur-
plus of production through the addition of 10 MMA DiEMM.
Addition of the unesterified precursor MMA also allows the
deficiency to be partially overcome.
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[0052] OFMI1 medium was supplemented with 10 mM
methylmalonate (MM) to see whether it would stimulate
erythromycin production as predicted by the metabolic model
(Reeves etal., 2007). Three other metabolites were also added
to the fermenation as controls: diethyl methylmalonate (Di-
EMM), a much less expensive ester-derivative of MM and
succinate and propionate, two other closely related metabo-
lites. Two different strains were used in this experiment, the S.
erythraea wild type strain FL.2267, and a S. erythraea mutB
knockout strain, F1.2281 having a reduction or inhibition of
MMCoA mutase function. The results (FIG. 2) show that the
mutB knockout strain F1.2281 was responsive to MMA
supplementation and unexpectedly highly responsive to
DiEMM supplementation. The F1.2281 strain showed a 60%
increase in erythromycin production with the MMA supple-
mentation and a 200% increase with DiIEMM supplementa-
tion. The 200% increase in production represented a 70%
molar conversion of DIEMM to erythromycin, assuming
seven DIEMM molecules are consumed by the polyketide
synthase to form one erythromycin molecule. This is an unex-
pected conversion efficiency considering the complexity of
the erythromycin biosynthesis process, and the theoretical
potential for DIEMM to be metabolized through other path-
ways of intermediary metabolism. These results are contrary
to an experiment where mutB strains were shown to be unable
to grow on MMA as a sole carbon source (Reeves et al., 2006)
indicating that MMA is not available to intermediary metabo-
lism but is solely used for secondary metabolite production.
Neither MM A nor DiEMM boosted erythromycin production
by the wild type strain, F1.2267, at these concentrations.
Succinate had the effect of reducing production levels in
FL2281 and F1.2267 by 50% and 25%, respectively. The
addition of propionate to the MM and DiEMM showed no
additional significant effect on production, as might be
expected due to its role in biosynthesis.

[0053] The present example illustrates the utility of supple-
mentation of oil-containing industrial fermentation media
with MMA and more importantly with DiEMM for
polyketide synthesis. These results further demonstrate con-
siderable economic potential of supplementation with
DiEMM, which is considerably less expensive than MMA or
MMCoA at quantities needed for industrial scale production,
to drive polyketide production in industrial scale fermenta-
tions. Moreover, precursor feeding may be a viable alterna-
tive to metabolic engineering when a strain is operating below
its maximal potential output. Still further, precursor feeding
along with metabolic engineering may create new rates of
production for industrial strains. These results indicate that
supplementation with a polyketide precursor, such as
DiEMM, removes MMCoA availability as a limiting factor
for production polyketide synthesis.

Example 4

Medium Supplementation with diethyl methylma-
lonate from 0-25 MMA in OFM1 Medium

[0054] Based on the results from the previous experiment,
supplementation of OFM1 medium with various levels of
DiEMM was performed in order to find the concentration of
DiEMM that had the maximal stimulatory effect. The initial
results (FIG. 3) showed that DIEMM stimulatory effect was
maximal at 15 mM; above that level production levels began
to drop-off significantly. Even the lowest level of DIEMM
supplementation of 5 mM showed a significant stimulation of
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erythromycin production. The conversion efficiencies of
DiEMM to erythromycin were highest at the 5 mM MMA and
10 mM MMA levels and as the DIEMM concentration went
above 10 mM MMA the efficiency of conversion began to
level off. While these results demonstrate that 5 mM MMA
and 10 mM MMA levels are effective amounts for increasing
polyketide synthesis, it is believed that amounts as low as
about 1 mM MMA will increase polyketide synthesis.

Example 5
Multiple Dosing of diethyl methylmalonate

[0055] Supplementation of OFM1 medium with DiIEMM
in multiple smaller doses, instead of adding DIEMM all at
once in the beginning of the fermentation, was tested next
(FIG. 4). Using this approach a larger total amount of
DiEMM (25 mM) was needed to achieve the same absolute
yield increase achieved on a single dose basis at 15 mM.
Furthermore, the efficiency of conversion of DIEMM to
erythromycin decreased as the fermentation progressed, so
that by the time the fifth dose was added, the resulting effect
on erythromycin production was nearly undetectable.

Example 6

Effects of methylmalonate in OFM1 Medium on
Multiple Strains

[0056] When additional strains, including F1.2302 (an in
frame mutB mutation) and F1.2385 (a mutAB operon dupli-
cation strain) were tested, MMA supplementation at varying
concentrations obtained similar results (FIG. 5). The MMA
tended to stimulate production of erythromycin by all strains.
These results demonstrate that various ways of inhibiting
MMCoA mutase function through mutB mutations are effec-
tive at isolating polyketide production from the TCA cycle,
effectively causing a short circuit in the MMCoA metabolic
node, in that, MMCoA precursors are shunted directed to
polyketide synthesis and are not lost to general metabolism
via the citric acid cycle. This conclusion is supported by the
observation that MMA and DiEMM added at the beginning of
the fermentation persist in the fermentation medium over the
course of the fermentation and are not immediately broken
down and used for metabolic energy. Combining supplemen-
tation of MMCoA precursors with bacterial or other strains in
which general metabolism has been separated from
polyketide synthesis pathways, such that all metabolites for
polyketide synthesis are only used for polyketide production
may significantly increase polyketide production efficiency.

Example 7

Effects of diethyl methylmalonate in OFM1 Medium
on Multiple Strains

[0057] Comparison among different strains of the effects of
supplementation of DIEMM at different concentrations
showed that wild type was unaffected by supplementation
(FIG. 6). Both mutB knockouts, F1.2302 and F1.2281 exhib-
ited boosts in erythromycin production, with the more notable
results for the FL.2281 strain. F1.2385 is hurt by diEMM
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addition and makes no erythromycin at 40 mM diEMM
despite showing growth, and shows enhanced production in 0
diEMM over all other strains.

Example 8

Effects of Oil Supplementation with or without
diethyl methylmalonate

[0058] The extent of DIEMM effect on various strains was
investigated in media with or without oil (FIG. 7). DiIEMM
addition consistently increases F1.2302 and F1.2281 produc-
tion off erythromycin with F1.2281 responding the most.
FL.2267 and FL2385 respond negatively to DiEMM. All
strains required oil for growth and erythromycin production,
but mostly for erythromycin production. Moreover, DIEMM
supplementation does not eliminate the need for oil in the
medium.

[0059] DiEMM has limited solubility in water but is sub-
stantially soluble in oil such that oil is an effective carrier of
DiEMM in a medium allowing at least an effective amount of
DiEMM to be added to the medium. Any means that would
increase the ability of DiEMM to be dispersed in media are
contemplated herein, such as through the use of one or more
emulsions among other means. For example, bacteria could
be cultured in an oil based medium or a medium having a
minimal amount of oil sufficient to deliver the DIEMM to the
culture. This minimum amount can be determine by incre-
mental supplementation of oil to a non-oil containing
medium until an increase in polyketide synthesis is observed
when other relevant medium components are not limiting.
Further, it is believed that oil or oil-like media may serve as a
reservoir for the DIEMM, therefore supplementation of
media with oil containing DiEMM may increase efficiency of
the fermentation process by reducing the number of steps for
introducing the DiIEMM. Further, to guard against reaching a
saturation point of DiEMM in the fermentation media, excess
oil may be added to ensure adequate solubility of the DiEMM
at any effective amount added.

Example 9
TLC Analysis of Culture Extracts

[0060] Insight into the mechanism responsible for the pla-
teauing effect of erythromycin production was sought
through thin chromatographic analysis (TLC) of extracts
from culture broths (FIG. 8). FIG. 8 illustrates a TLC chro-
matograph of solvent extracts from S. erythraea fermenta-
tions in OFM1 broth supplemented with DIEMM at 0, 10, 25,
and 40 mM concentrations. Shown are results from wild type
S. erythraea (F1.2267), two mutB knockout strains (FL.2302
and FL2281) and one MCM operon duplication strain
(FL2385).

[0061] The chromatograph indicates that in addition to the
expected erythromycin species A (ErA), B (ErB), and C
(ErC), the polyketides EB (erythronolide B) and MEB (3-al-
pha-mycarosylerythronolide B) are also apparent in our
screen. These results reveal that even more extensive stimu-
lation of polyketide production occurs in supplemented broth
as evidenced by the combined production of both EB, an early
stage polyketide intermediate, and ErA. This new informa-
tion reflects not only the power of medium supplementation
with the right precursor to stimulate yield (other metabolites
such as propionate or succinate did not stimulate yield), but
also revealed that methylmalonyl-CoA appears to not remain
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the limiting factor for erythromycin A production. Therefore,
these results indicate that supplementing fermentation media
with MMCoA or precursors thereof for production of
polyketides in bacteria with inhibited methylmalonyl-CoA
mutase function is an effective way to increase polyketide
synthesis, as under such conditions, MMCoA supply appears
to no longer be a limiting factor in polyketide production.
[0062] The present disclosure is representational of certain
concepts that may be employed to increase methylmalonyl-
CoA or a derivative thereof, the drawings and description
herein detail specific examples and embodiments thereof.
From the foregoing, it will be observed that numerous varia-
tions and modifications may be effected without departing
from the spirit and scope of the disclosure. It is to be under-
stood that no limitation with respect to the specific disclosure
herein is intended or should be inferred. All patents, patent
applications, and other references disclosed herein are incor-
porated by reference.
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1. A method of increasing production of a methylmalonyl-
CoA derivative in a bacterium, the method comprising

providing a bacterium that produces a methylmalonyl-

CoA derivative in which methylmalonyl-CoA mutase
function has been inhibited; and
culturing the bacterium in a medium containing an effec-
tive amount of methylmalonyl-CoA or a precursor
thereofto increase the production of the methylmalonyl-
CoA derivative by the bacterium,

wherein the production of the methylmalonyl-CoA deriva-
tive is increased when compared to production of the
methylmalonyl-CoA derivative by the bacterium when
cultured in a medium without the effective amount of
methylmalonyl-CoA or a precursor thereof.

2. The method of claim 1, wherein the bacterium is selected
from the group consisting of Aeromicrobium erythreum and
Saccharopolyspora erythraea.

3. The method of claim 2, wherein methylmalonyl-CoA
mutase function has been inhibited by one or more of an
insertion mutation or a deletion mutation of a mutB gene.

4. The method of claim 3, wherein the precursor comprises
at least one of methylmalonic acid and diethyl methylma-



US 2010/0143976 Al

lonate in an amount sufficient to achieve an effective amount
of at least about a 1 mM concentration within the medium.

5. The method of claim 1, wherein the methylmalonyl-CoA
derivative comprises at least one of a polyketide or a mac-
rolide.

6. The method of claim 5, wherein the polyketide is
selected from the group consisting of erythromycin, tylosin,
niddamycin, spiramycin, oleandomycin, methymycin, neom-
ethymycin, narbomycin, pikromycin, lankamycin, tacroli-
mus, rapamycin, FK520, FK506, candicidin, soraphen, asco-
mycin, avermectin, monensin A, and monensin B.

7. The method of claim 1, wherein the bacterium is selected
from the group consisting of Aeromicrobium erythreum and
Saccharopolyspora erythraea, the mutation is at least one of
an insertion mutation or a deletion mutation, and the methyl-
malonyl-CoA derivative comprises at least one of a
polyketide or a macrolide.

8. A bacterium that produces a methylmalonyl-CoA
derivative comprising a mutation in a mutB gene that inhibits
methylmalonyl-CoA mutase function and increases produc-
tion of the methylmalonyl-CoA derivative when cultured in a
medium containing an effective amount of methylmalonyl-
CoA or a precursor thereof compared to the production of the
methylmalonyl-CoA derivative by the bacterium when cul-
tured in the medium without the effective amount of methyl-
malonyl-CoA or a precursor thereof.

9. The bacterium of claim 8, wherein the bacterium is
selected from the group consisting of Aeromicrobium eryth-
reum and Saccharopolyspora erythraea.

10. The bacterium of claim 9, wherein the mutation com-
prises at least one of an insertion mutation or a deletion
mutation.

11. The bacterium of claim 10, wherein the precursor com-
prises at least one of methylmalonic acid and diethyl meth-
ylmalonate in an amount sufficient to achieve an effective
amount of at least about a 1 mM concentration within the
medium.
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12. The bacterium of claim 8, wherein the methylmalonyl-
CoA derivative comprises at least one of a polyketide or a
macrolide.

13. The bacterium of claim 12, wherein the polyketide is
selected from the group consisting of erythromycin, tylosin,
niddamycin, spiramycin, oleandomycin, methymycin, neom-
ethymycin, narbomycin, pikromycin, lankamycin, tacroli-
mus, rapamycin, FK520, FK506, candicidin, soraphen, asco-
mycin, avermectin, monensin A, and monensin B.

14. The bacterium of claim 11, wherein the bacterium
comprises Saccharopolyspora erythraea, the mutation is at
least one of an insertion mutation or a deletion mutation, and
the methylmalonyl-CoA derivative comprises at least one of
a polyketide or a macrolide.

15. A composition for culturing or fermenting a bacteria
comprising:

a metabolically acceptable oil,

an effective amount of a substantially oil soluble methyl-

malonyl-CoA precursor;

at least one ingredient to sustain microbial growth; and

an optional buffering agent.

16. The composition of claim 15, wherein the metaboli-
cally acceptable oil comprises at least one of a plant oil, an
animal oil, a synthetic oil, or mixtures thereof.

17. The composition of claim 16, wherein the effective
amount of the substantially oil soluble methylmalonyl-CoA
precursor comprises an amount sufficient to achieve at least
about a 1 mM concentration within the composition.

18. The composition of claim 17, wherein the methylma-
lonyl-CoA precursor comprises diethyl methylmalonate.

19. The composition of claim 18, wherein the at least one
ingredient comprises at least one of a monosaccharide, a
disaccharide, a polysaccharide, and a corn steep liquor.

20. The composition of claim 19, further comprising a
polyketide-producing bacteria.

sk sk sk sk sk



