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EUBACTERIUM PROBIOTICS AND METHODS OF TREATING OR

PREVENTING HEART DISEASE

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application Serial No.
62/351,124 filed June 16, 2016, which is expressly incorporated herein by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
This invention was made with Government Support under Grant No. GRT8275000
awarded by the National Institutes of Health and Grant No. DEFG0291ER20042 awarded by the

Department of Energy. The Government has certain rights in the invention.

FIELD
The present disclosure relates to probiotic compositions and methods of treating or

preventing heart disease.

BACKGROUND

In the last few years it has been found that certain human intestinal microbes contribute to
cardiovascular disease, thereby increasing the risk of heart attack, stroke, and death. Gut microbes
convert quaternary amines (QAs), e.g. carnitine, butyrobetaine, choline, and glycine betaine, to
trimethylamine (TMA). TMA enters the bloodstream and once converted by liver enzymes to
trimethylamine-N-oxide (TMAO), can trigger macrophage mediated lipid deposition in the
vascular system. Serum TMAO levels accordingly correlate with arteriosclerosis and the above
catastrophic health events. What is needed are novel compositions and methods for reducing levels
of trimethylamine (TMA) to improve heart health.

The compositions and methods disclosed herein address these and other needs.

SUMMARY

The inventors have found that Fubacterium strains can demethylate each quaternary amine
(QA) that would otherwise form trimethylamine (TMA) and/or trimethylamine-N-oxide (TMAO).
Therefore, Fubacterium limosum and members of Clostridial Clade XV, which are close relatives
of E. limosum including E. aggregans, E. barkeri, and E. callanderi, can be taken as a probiotic

supplement to treat or prevent against heart disease.
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In one aspect, disclosed herein is a probiotic composition comprising an isolated
Fubacterinm spp. and a pharmaceutically acceptable carrier

in one embodiment, the isolated Fubacterium spp. {species) strain s selected from
Fuhacterium limosum, Fubacterium ageregans, Fubacierium barkeri, Fubacieriuom callanderi. In
one embodiment, the tsolated Frbacterivm spp. 18 fubacierivm limosum. In one embodiment, the
isolated Fubacterivm spp. 18 Lubacterium ffmosum ATCC B486.

ir one embodiment, the isolated Fubacierinm spp. is present at 1 to 108 ofu Fubacierium
per gram.

In one erobodituent, the probiotic composition 18 in the form of a suspension, capsule,
tablets or a microencapsnlated product.

In one embodiment, the probiotic composition further comprises an additional probiotic
sirain.

In one aspect, disclosed herein is a method of treating or preventing heart disease,
comprising administering to a subject in need thereof an effective amount of a probiotic
composition, whersin the probiotic composttion comprises an isclated fubacrerium spp. and a
pharmacentically acceptable carrier.

In ancther aspect, disclosed herein iz a method of reducing trimethylamine or
trimethylamine-N-oxide levels in a subject, comprising admurstering to the subject an effective
amount of a probiotic composition, wherein the probiotic composition comprises an isolated
Fubacterinm spp. and a pharmaceutically acceptable carrier

in one embodiment, the isolated Fubacierivm spp. is selected from Eubacterivm limosum,
Fuhacterium aggregans, FLubacterium barker:, Eubacierium callonderi. In one embodiment, the
isolated Fubacterinm spp. 18 Rubacterium lmosam. To one embodiment, the 1solated fudacterivm
spp. 18 Fubacrerium fimosm ATCC 8480

ir one embodiment, the isolated Fubacierinm spp. is present at 1 to 108 ofu Fubacierium
per gram.

In one embodimnent, the probiotic composition 18 i the form of a suspension, capsule,
tablets or a microencapsnlated product.

in one embodimment, the probiotic composition further comprises an additional probiotic
sirain.

The details of one or more embodiments of the invention are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages of the invention will

be apparent from the description and drawings, and from the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, which are incorporated in and constitute a part of this
specification, illustrate several aspects described below.

Fig. 1. Flux of quaternary amines (QAs) in the gut towards (black arrows) and away (white
arrows) from trimethylamine-N-oxide (TMAQO). Known trimethylamine (TMA) generating
enzymes found in microbes are indicated over the black arrows. The QA demethylating reactions
as typified by E. limosum 8486 are indicated by white arrows. Glycine betaine is demethylated by
MtgB, a TMA MT family member without pyrrolysine (non-Pyl MttB). The data herein indicating
the carnitine and choline demethylations carried out by £. /limosum are QA demethylases of the
TMA MT family. The remaining QA demethylation reactions can be carried out by other non-Pyl
TMA MT family members. The ratio of QA demethylating microbes and TMA generating
microbes present in the gut may predispose an individual towards or away from TMAO production
and heart disease. This further shows that QA demethylating organisms such as £. limosum can
serve as a microbial therapeutics (probiotics) to ameliorate the risk of heart disease.

Figs. 2A-2B. Example three component systems. Fig. 2A) Three component systems in
methanogenic archaea. Fig. 2B) Three component systems in acetogens such as Fubacterium
limosum. MT I methylates the corrinoid protein (CP) with substrate. MT II demethylates CP and
methylates Coenzyme M or THF for subsequent catabolism. Only 3-component systems are
known to initiate metabolism of methanogens or acetogens on N-methyl or O-methyl substrates.
For example, the methanogen methanol MT 1is also found in the genome of E. /imosum. Members
of the TMA MT family could mediate the demethylation of quaternary amines such as choline,
carnitine, butyrobetaine, and glycine betaine by a human gut isolate of £. /imosum.

Fig. 3. Demethylation can divert compounds away from trimethylamine (TMA)
production. Several members of the human intestinal microflora encode MtgB homologs. L-
carnitine is another substrate for some members of the MttB superfamily.

Fig. 4. Growth of E. limosum on L-carnitine (50 mM), demonstrating that L-carnitine can
serve as the sole fixed carbon and energy source for £. /imosum. Points represent the means of
three cultures.

Fig. 5. Catabolic stoichiometry. In a simple defined medium, £. limosum coverst L-
carnitine and carbon dioxide to norcarnitine and a mixture of even-chain short fatty acids.
Although the fermentation is complex, it is consistent with knowledge that £. limosum is an
acetogen that also produces butyrate.

Figs. 6A-6C. Carnitine corrinoid methyltransferase activity in £. limosum cell extracts. Fig.

6A) Time course of free cob(I)alamin methylation dependent on the addition of L-carnitine and
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extract from carnitine-grown F. [imosum. Specific activity was 94.2 + 26.9 nmol/min/mg protein
(n = 3 preparations). Fig. 6B) Spectral profile of the reaction. Each line represents a timepoint and
unlabeled arrows indicate the direction of spectral shift over time. The distinct isosbestic point at
578 nm is indicative of cob(I)alamin methylation. Fig. 6C) Schematic of the reaction catalyzed.

Figs. 7A-7B. Extract catalysis of L-carnitine: tetrahydrofolate (THF) methyl transfer. Fig.
7A) Time course of the methylation of THF measured by HPLC. The reaction was dependent on
the presence of extract, carnitine, THF, ATP and Ti(Ill)citrate. Specific activity was 12.6
nmol/min/mg protein (average of two preparations). Fig. 7B) Schematic of the reaction catalyzed.

Figs. 8A-8C. Demethylation reaction catalyzed by MtcB. Fig. 8A) Time course of
cob(Dalamin spectral changes catalyzed by MtcB. Fig. 8B) Double reciprocal plot showing the
Michaelis-Menten kinetics of MtcB. Each point represents a mean of at least three reactions. Fig.
8C) Schematic of the reaction catalyzed by MtcB.

Figs. 9A-9B. Demethylation reaction catalyzed by MtcA. Fig. 9A) Time course of
methylcobalamin spectral changes catalyzed by MtcA. A decrease in absorption at 526 nm with
an apparent isosbestic point at 487.5 nm is indicative of conversion of methylcob(Ill)alamin to
cob(Il)alamin. S mM DTT is included in the reaction to convert cob(I)alamin (the direct product
of demethylation) to cob(Il)alamin. Specific activity was 7.88 nmol/min/mg protein. Fig. 9B)
Schematic of the probable reaction catalyzed by MtcA.

Fig. 10. Schematic of a 3-component methyl transfer pathway.

Fig. 11. Growth of E. limosum on quaternary amines (QAs). Also scored by letter is growth
on each substrate for: (a), L. aggregans, (b), L. barkeri;, and (c), E. callanderi.

Fig. 12. MttB methylation of Co(I)-MttC. Top: Spectra after TMA added. Arrows show
movement of spectra with time. Bottom:Rxn traces for conversion of Co(I) to methyl-Co(III)
MttC. (LP.) Isosbestic point, (A) Absorbance.

Figs. 13A-13B. In vitro demonstration of the carnitine:tetrahydrofolate (THF)
methyltransferase reaction mediated by MtcB (MttB family member), corrinoid protein MtcC, and
methyl-corrinoid: THF methyltransferase MtcA. (Fig. 13A) Methylation of THF by reactions
containing the indicated components (inset box) in 50 mM potassium phosphate buffer, pH 7.2
incubated at 37°C. At the indicated times, aliquots were removed from the reaction vial and
acidified prior to analysis by liquid chromatography. Each data point is an average of 3
independent assays with standard deviation represented by error bars. Separate control
experiments demonstrated methylation of THF was dependent on addition of MtcB, MtcC, MtcA,
and carnitine. Addition of RamC stimulated the reaction by approximately 50%, but was not
necessary, suggesting Ti(IlT)citrate is sufficient for activation of the corrinoid protein. (Fig. 13B)
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Schematic of the reaction, the roles of the two methyltransferases MtcB and MtcA were
demonstrated in separate reactions.

Figs. 14A-C. Carnitine:MtcC methyltransferase is mediated by MtcB, an MttB family
member. Fig. 14A) UV-Vis spectroscopic time course of L-carnitine:MtcC methyl transfer
reaction recorded at 37°C. The complete reaction contains 50 uM MttC (reduced to the Co(I) form
usingTi(IlD)citrate, 10 mM ATP, and 0.3 uM RamC), as well as 0.1 pM MtcB and 10 mM
carnitine. Traces were taken 1 min apart. Arrows indicate the direction of peak movement during
the reaction. Fig. 14B) Absorbance traces at 540 nM indicative of Co(I)-MttC methylation, while
585 nm is the isosbestic point between Co(I)-MtcC and methyl-Co(III)-MtcC. Methylation was
dependent on both camnitine and MtcB. MtcB has an apparent Vmax of 16.6 umol min™ mg™ and
Km of 100 uM carnitine. Fig. 14C) Schematic of L-carnitine:Co(I)-MtcC methyl transfer reaction
catalyzed by MtcB.

Fig. 15. Schematic of the initial steps of quaternary amine catabolism in £. /imosum. Each
MittB family member shown is not detectable in cells grown on lactate, but upregulated specifically
in cells grown on the indicated quaternary amine. However, MtcC, MtcA, and RamC are
upregulated on all quaternary amines. The biochemical roles of MtcB, MtcC, and MtcA in carrying
out carnitine:THF methyl transfer have been shown by in vifro assays. In addition, MtpB can
methylate MtcC with proline betaine.

Fig. 16. Strain adaptation of E. limosum cultures to growth on choline. Cultures were
successively transferred to fresh medium on the dates indicated and adaptation to growth by

demethylation of choline was examined.

DETAILED DESCRIPTION

The inventors have found that Fubacterium strains can demethylate each quaternary amine
(QA) that would otherwise form trimethylamine (TMA) and/or trimethylamine-N-oxide (TMAO).
Therefore, Fubacterium limosum and members of Clostridial Clade XV, which are close relatives
of £. limosum including Fubacterium aggregans, Eubacterium barkeri, and Fubacterium
callanderi, can be taken as a probiotic supplement to treat or prevent against heart disease.

Reference will now be made in detail to the embodiments of the invention, examples of
which are illustrated in the drawings and the examples. This invention may, however, be embodied
in many different forms and should not be construed as limited to the embodiments set forth herein.

Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood to one of ordinary skill in the art to which this invention



10

15

20

25

30

WO 2017/218889 PCT/US2017/037869

belongs. The following definitions are provided for the full understanding of terms used in this

specification.

Terminology

29 <C

As used in the specification and claims, the singular form “a,” “an,” and “the” include
plural references unless the context clearly dictates otherwise. For example, the term “a cell”
includes a plurality of cells, including mixtures thereof.

As used herein, the terms “may,” “optionally,” and “may optionally” are used
interchangeably and are meant to include cases in which the condition occurs as well as cases in
which the condition does not occur. Thus, for example, the statement that a formulation “may
include an excipient” is meant to include cases in which the formulation includes an excipient as
well as cases in which the formulation does not include an excipient.

As used here, the terms “beneficial agent” and “active agent” are used interchangeably
herein to refer to a chemical compound or composition that has a beneficial biological effect.
Beneficial biological effects include both therapeutic effects, i.e., treatment of a disorder or other
undesirable physiological condition, and prophylactic effects, i.e., prevention of a disorder or other
undesirable physiological condition. The terms also encompass pharmaceutically acceptable,
pharmacologically active derivatives of beneficial agents specifically mentioned herein, including,
but not limited to, salts, esters, amides, prodrugs, active metabolites, isomers, fragments, analogs,
and the like. When the terms “beneficial agent” or “active agent” are used, then, or when a
particular agent is specifically identified, it is to be understood that the term includes the agent per
se as well as pharmaceutically acceptable, pharmacologically active salts, esters, amides, prodrugs,
conjugates, active metabolites, isomers, fragments, analogs, etc.

As used herein, the terms “treating” or “treatment” of a subject includes the administration
of a drug to a subject with the purpose of preventing, curing, healing, alleviating, relieving,
altering, remedying, ameliorating, improving, stabilizing or affecting a disease or disorder, or a
symptom of a disease or disorder. The terms “treating” and “treatment” can also refer to reduction
in severity and/or frequency of symptoms, elimination of symptoms and/or underlying cause,
prevention of the occurrence of symptoms and/or their underlying cause, and improvement or
remediation of damage.

As used herein, the term “preventing” a disorder or unwanted physiological event in a
subject refers specifically to the prevention of the occurrence of symptoms and/or their underlying
cause, wherein the subject may or may not exhibit heightened susceptibility to the disorder or

event.
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By the term “effective amount” of a therapeutic agent is meant a nontoxic but sufficient
amount of a beneficial agent to provide the desired effect. The amount of beneficial agent that is
“effective” will vary from subject to subject, depending on the age and general condition of the
subject, the particular beneficial agent or agents, and the like. Thus, it is not always possible to
specify an exact “effective amount.” However, an appropriate “effective” amount in any subject
case may be determined by one of ordinary skill in the art using routine experimentation. Also, as
used herein, and unless specifically stated otherwise, an “effective amount” of a beneficial can
also refer to an amount covering both therapeutically effective amounts and prophylactically
effective amounts.

An “effective amount” of a drug necessary to achieve a therapeutic effect may vary
according to factors such as the age, sex, and weight of the subject. Dosage regimens can be
adjusted to provide the optimum therapeutic response. For example, several divided doses may be
administered daily or the dose may be proportionally reduced as indicated by the exigencies of the
therapeutic situation.

As used herein, a “therapeutically effective amount” of a therapeutic agent refers to an
amount that is effective to achieve a desired therapeutic result, and a “prophylactically effective
amount” of a therapeutic agent refers to an amount that is effective to prevent an unwanted
physiological condition. Therapeutically effective and prophylactically effective amounts of a
given therapeutic agent will typically vary with respect to factors such as the type and severity of
the disorder or disease being treated and the age, gender, and weight of the subject.

The term “therapeutically effective amount” can also refer to an amount of a therapeutic
agent, or a rate of delivery of a therapeutic agent (e.g., amount over time), effective to facilitate a
desired therapeutic effect. The precise desired therapeutic effect will vary according to the
condition to be treated, the tolerance of the subject, the drug and/or drug formulation to be
administered (e.g., the potency of the therapeutic agent (drug), the concentration of drug in the
formulation, and the like), and a variety of other factors that are appreciated by those of ordinary
skill in the art.

As used herein, the term “pharmaceutically acceptable” component can refer to a
component that is not biologically or otherwise undesirable, i.e.,, the component may be
incorporated into a pharmaceutical formulation of the invention and administered to a subject as
described herein without causing any significant undesirable biological effects or interacting in a
deleterious manner with any of the other components of the formulation in which it is contained.
When the term “pharmaceutically acceptable” is used to refer to an excipient, it is generally

implied that the component has met the required standards of toxicological and manufacturing
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testing or that it is included on the Inactive Ingredient Guide prepared by the U.S. Food and Drug

Administration.

Also, as used herein, the term “pharmacologically active” (or simply “active”), as in a
“pharmacologically active” derivative or analog, can refer to a derivative or analog (e.g., a salt,
ester, amide, conjugate, metabolite, isomer, fragment, etc.) having the same type of
pharmacological activity as the parent compound and approximately equivalent in degree.

As used herein, the term “mixture” can include solutions in which the components of the
mixture are completely miscible, as well as suspensions and emulsions, in which the components
of the mixture are not completely miscible.

Asused herein, the term “subject” or “host” can refer to living organisms such as mammals,
including, but not limited to humans, livestock, dogs, cats, and other mammals. Administration of
the therapeutic agents can be carried out at dosages and for periods of time effective for treatment
of a subject. In some embodiments, the subject is a human. In some embodiments, the
pharmacokinetic profiles of the systems of the present invention are similar for male and female
subjects.

As used herein, the term “controlled-release” or “controlled-release drug delivery” or
“extended release” refers to release or administration of a drug from a given dosage form in a
controlled fashion in order to achieve the desired pharmacokinetic profile in vivo. An aspect of
“controlled” drug delivery is the ability to manipulate the formulation and/or dosage form in order

to establish the desired kinetics of drug release.

"non
2

The phrases "concurrent administration", "administration in combination”, "simultaneous
administration" or "administered simultaneously" as used herein, means that the compounds are
administered at the same point in time or immediately following one another. In the latter case, the
two compounds are administered at times sufficiently close that the results observed are
indistinguishable from those achieved when the compounds are administered at the same point in

time.

Eubacterium Probiotics

Disclosed herein are human intestinal isolates that catabolically remove the N-methyl
groups of quaternary amines (QAs) during growth. Importantly the demethylated QA products are
not known to generate trimethylamine (TMA). This suggests that the total amount of TMA
produced in the gut may depend on competition between two groups of microbes for a common
pool of QAs (see Fig. 1). One group produces TMA from QA, while the other (typified by E.
limosum) demethylates QAs, thus removing the precursor from pathways that could produce

proarteriosclerotic TMA. Fubacterium limosum ATCC 8486 (a human gut isolate) was determined
8
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herein to demethylate each of the known QA precursors that would otherwise form TMA. This
makes F. limosum an excellent choice for a microbial therapeutic (probiotic). Properly formulated,
E. limosum, or other bacteria with similar QA demethylation activities carried out by MttB family
members, can be taken as a microbial therapeutic (probiotic) for those at high risk for
atherosclerosis and resultant heart disease.

As disclosed herein, F£. [limosum can utilize carnitine, choline, glycine betaine,
gammabutyrobetaine, or proline betaine as growth substrates. Thus, £. /imosum can demethylate
each quaternary amine (QA) that would otherwise form trimethylamine (TMA) and
trimethylamine-N-oxide (TMAOQ). During growth, it produces the demethylated products of each
of these QAs as shown using TLC and/or mass spectrometry. F. limosum demethylates QAs in
complex medium, supplemented with Yeast Extract and casamino acids; or in a defined medium
(Fig. 4). Demethylation in these diverse nutrient conditions suggests F. limosum demethylation
can be robust in the nutrient rich environment of the human intestine. Only the demethylation of
glycine betaine by strains of £. /imosum was previously demonstrated in a 1987 paper. The same
paper claimed choline demethylation but this was not documented with data figures, and the study
was never reproduced in the literature.

Demethylation of carnitine or gamma butyrobetaine by F. /imosum has not been previously
asserted in the literature. The demethylation of all known precursors of TMA (and TMAO) by gut
strains of £. /imosum was previously unsuspected. The use of F. limosum as a probiotic for
prevention of heart disease has never before been proposed.

Additional experiments were performed with carnitine as a sole growth and energy
substrate, and demonstrated that norcarnitine (demethylated carnitine) is produced, concomitant
with production of acetic, butyric, and caproic acids. Such small acids are known to lower
intestinal inflammation, which underlie the widespread belief that F. limosum is a beneficial
organism. Indeed, one study found that £. limosum is more widespread among centenarians than
the general population and suggested this microbe was associated with long life. These positive
traits allow use of Fubacterium limosum a probiotic for prevention of heart disease. In addition,
members of Clostridial Clade XV, which are close relatives of F. /imosum including E. aggregans,
E. barkeri, and E. callanderi, are also capable of demethylating examples of dietary QAs that
would otherwise form TMA (Fig. 11). Thus, £. limosum and/or close relatives can be taken as a
supplement to defend against heart disease.

Additionally, it has been demonstrated that members of the TMA methyltransferase (TMA
MT) family of proteins underlie demethylation of quaternary amines (QAs) by Fubacterium

limosum. The first described representative of this family of proteins was MttB, shown to be a
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TMA methyltransferase in the mid-1990s. MttB begins metabolism in methanogens and other

anaerobes demethylating TMA. The MttB homolog is teamed with a methyl-carrying corrinoid
protein and a tetrahydrofolate (in acetogens) or Coenzyme M (in methanogens) methylating
protein (see Fig. 2). The methyltransferase methylates the corrinoid protein with the methylated
amine, the methylated corrinoid protein then donates a methyl group to the cofactor methylating
protein. Recently, for the first time, it was demonstrated that not all TMA MT family members are
specific for TMA, and that a TMA MT family member uses glycine betaine as substrate.

Disclosed herein is an MttB family member that is a specific carnitine:corrinoid
methyltransferase, which is made when FE. limosum grows on carnitine. Further, another MttB
homolog, corrinoid protein, and tetrahydrofolate methylating enzymes have been identified that
are induced in cells grown on choline. These proteins act to mobilize the methyl group of QAs into
the central pathways of this acetogenic bacterium. Thus, TMA MT family members underlie the
molecular mechanism by which Fubacterium limosum can demethylate proatheriosclerotic QAs.
TMA MT family members, corrinoid proteins, and tetrahydrofolate methyltransferases can
underlie demethylation of butyrobetaine as well. These newly discovered abilities of the MttB
family members and associated proteins are advantageous to using an organism as a probiotic for
prevention of arteriosclerosis and subsequent heart disease.

The inventors have found that Fubacterium strains can demethylate each quaternary amine
(QA) that would otherwise form trimethylamine (TMA) and trimethylamine-N-oxide (TMAOQO).

Therefore, Eubacterium limosum and members of Clostridial Clade XV, which are close
relatives of £. limosum including . aggregans, E. barkeri, and E. callanderi, can be taken as a
probiotic supplement to treat or prevent against heart disease. Other nonlimiting examples of
Eubacterium spp. (species) strains are known in the art, for example, in US Patent No. 6,056,978.
FEubacterium 1s a genus of Gram-positive bacteria in the family Eubacteriaceae. These bacteria
have a rigid cell wall and may either be motile or nonmotile.

In one aspect, disclosed herein is a probictic composition comprising an isclated
Fubacierium spp. and a pharmaceutically acceptable carrier.

in one embodiment, the 1solated Eubdacterivm spp. is selected from Fubacterium limosum,
Eunbacterinm agpregans, Fubacterinm bavkeri, Fubacterium callonderi. In one embodiment, the
incated fubacieriion app. is Aubacterium Gmosum. In one embodiment, the tsolated Fabacterivm
spp. 18 Fubacterium fimosuwm ATCC 8486, In one embodiment, the isclated Fubacterium spp. 15
Faehacterivm Bmoxum ATCC 10825, As used heremn, the term “lubacterivm spp.” simply refers
o the species that fall within the genus Hubacterium. See Wade, W. Prokaryotes (2006} 4:823

{Chapter 1 2.28 “The Genus Eubacterium and Related Genera”.
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in pne embodiment, the isclated Eubacterinn spp. is present at 107 to 10+ ofu Fubacterium
per gran.

in one embodiment, the probiotic composition is w the form of a suspension, capsule,
tablets or & microencapsulated product.

In one embodiment, the probictic composition further comprises an additional probiotic
strain.

In one aspect, disclosed herein is a method of treating or preventing heart disease,
comprising administering to a subject in need thereof an effective amount of a probiclic
composition, wherein the probictic composition comprises an isolated fubacterium spp. and 3
pharmaceutically acceptable carrier

In another aspect, disclosed herein 13 a method of reducing trimethylamine or
trimethylamine-N-oxide levels in a subject, comprising administering 1o the aubject an effective
amount of a probiotic composition, whergin the probiotic composition comprises an isolated
Fubacterinm spp. and a pharmaceutically acceptable carrier.

in one embaodiment, the isclated Fubacterizm spp. is selected from Fubacterium limosum,
Fubacterinm aggregans, Fubacterivm borkeri, Fubacterivm collonderi. Tn ove embodiment, the
isolated fubacterinm spp. 1s Bubacterium fimosum. In one embodiment, the tsolated fubacterium
spp. is Fuedacterivm Hmosim ATCC 3486

In one embodiment, the isolated Eubacteriun spp. is present at 10710 107 ofu Lubacterivm
per gran.

in one embodiment, the probiotic composition is w the form of a suspension, capsule,
tablets or a microencapsulated product. In one enthodiment, the microbial culture is vophilized or
freeze dried. In ooe embodiment, the microbial culiure 16 10 the form of g spray-dried powder. In
one embodiment, the composition can be administered o the subject as a feedstuft, fond product,
dietary supplement, mutritional supplernent or food additive.

In one embodiment, the isclated Eubacrerizmm spp. is a biclogically pure microbial culture.
In one embodiment, the composition comprises a biologically pure microbial culture of
Foubacterinm fimosum. In one embodiment, the composition comprises a biologieally pure

microbial culture of fubacterivm {imosum ATCC 3486,
Combination Therapy with Additional Probiotics

In one embodiment, the Eubacterium probioiic composition disclosed herein further

comprises an additional probiotic strain.
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Probiotics are a class of microorganisms defined as live microbial organisms that
beneticially atfect the animal and human hosts. The beneficial effects include improvement of the
microbial balance of the intestinal microflora or improving the propertigs of the indigenous
microfiora. The beneficial effects of probiotics may be mediated by a direct antagonistic effect
against specific groups of organisms, resulting in a decrease in numbers, by an effect on their
metabolism or by stimulation of immunity. The mechanisms underlying the proposed actions
remain vastly unknown, partly as a consequence of the complexity of the gastro-intestinal
ecosystem with which these biotherapeutic agents are expected to interact. Probiotics may suppress
viable counts of an undesired organism by producing antibactenial compounds, by competing for
nutrients or for adhesion sites. Further, they may alter microbial metabolism by increasing or
decreasing enzyme activity or they may stimulate the immune system by increasing antibody levels
or increasing macrophage activity. Probiotics may have antimicrobial, immunomodulatory, anti-
carcinogenic, anti- diarrheal, anti-allergenic and antioxidant activities. Probiotic strains known in

the art include, for example, Bifidobacteria, Lactobaciilus, Lactococcus, Saccharomyces,

Streptococcus thermophilus, Enterococcus and E. coli

Non-limiting examples of additional probiotics for use in combination with the
Eubacteriumm spp. probiotic sirain for the treatment or prevention of heart disease include, but are
not limited to species of: Lactobacillus, Bifidobacterium, Non-difficile Clostridium, Non-toxigenic
Clostridium difficile, Saccharomyces, Streptococcus Propionibacterium, or Bifidus.

In one embodiment, the probiotic is selected from the group consisting of Lactobacillus
species, Bacillus species, Bifidobacterium species, Saccharomyces species, and Streptococcus
species. In one embodiment, the probiotic is Lactobacillus species. In one embodiment, the
probiotic is Bacillus species. In one embodiment, the probiotic is Bifidobacterium species. In one
embodiment, the probiotic is Saccharomyces. In one embodiment, the probiotic is Streptococcus.
In some embodiments, the &ubacterizan spp probiofic strain and the additional probiotic are

combined in a single dosage form (for example, in a single oral tablet).

Compositions

Compositions, as described herein, comprising a £ dacterius spp. probiotic composition
and an excipient of some sort may be useful in a variety of applications, for example, in treating
or preventing heart disease.

“Excipients” include any and all solvents, diluents or other liquid vehicles, dispersion or
suspension aids, surface active agents, isotonic agents, thickening or emulsifying agents,

preservatives, solid binders, lubricants and the like, as suited to the particular dosage form desired.
12



10

15

20

25

30

WO 2017/218889 PCT/US2017/037869

General considerations in formulation and/or manufacture can be found, for example, in
Remington's Pharmaceutical Sciences, Sixteenth Edition, E. W. Martin (Mack Publishing Co.,
Easton, Pa., 1980), and Remington: The Science and Practice of Pharmacy, 21st Edition
(Lippincott Williams & Wilkins, 2005). The pharmaceutically acceptable excipients may also
include one or more of fillers, binders, lubricants, glidants, disintegrants, and the like.

Exemplary excipients include, but are not limited to, any non-toxic, inert solid, semi-solid
or liquid filler, diluent, encapsulating material or formulation auxiliary of any type. Some
examples of materials which can serve as excipients include, but are not limited to, sugars such as
lactose, glucose, and sucrose; starches such as corn starch and potato starch; cellulose and its
derivatives such as sodium carboxymethyl cellulose, ethyl cellulose, and cellulose acetate;
powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter and suppository waxes;
oils such as peanut oil, cottonseed oil; safflower oil; sesame oil; olive oil; corn oil and soybean oil;
glycols such as propylene glycol; esters such as ethyl oleate and ethyl laurate; agar; detergents
such as Tween 80; buffering agents such as magnesium hydroxide and aluminum hydroxide;
alginic acid; pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol; and phosphate
buffer solutions, as well as other non-toxic compatible lubricants such as sodium lauryl sulfate and
magnesium stearate, as well as coloring agents, releasing agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the
composition, according to the judgment of the formulator. As would be appreciated by one of skill
in this art, the excipients may be chosen based on what the composition is useful for. For example,
with a pharmaceutical composition or cosmetic composition, the choice of the excipient will
depend on the route of administration, the agent being delivered, time course of delivery of the
agent, etc., and can be administered to humans and/or to animals, orally, rectally, parenterally,
intracisternally, intravaginally, intranasally, intraperitoneally, topically (as by powders, creams,
ointments, or drops), bucally, or as an oral or nasal spray.

Exemplary diluents include calcium carbonate, sodium carbonate, calcium phosphate,
dicalcium phosphate, calcium sulfate, calcium hydrogen phosphate, sodium phosphate lactose,
sucrose, cellulose, microcrystalline cellulose, kaolin, mannitol, sorbitol, inositol, sodium chloride,
dry starch, cornstarch, powdered sugar, etc., and combinations thereof.

Exemplary granulating and/or dispersing agents include potato starch, corn starch, tapioca
starch, sodium starch glycolate, clays, alginic acid, guar gum, citrus pulp, agar, bentonite, cellulose
and wood products, natural sponge, cation-exchange resins, calcium carbonate, silicates, sodium
carbonate, cross-linked poly(vinyl-pyrrolidone) (crospovidone), sodium carboxymethyl starch

(sodium starch glycolate), carboxymethyl cellulose, cross-linked sodium carboxymethyl cellulose

13



10

15

20

25

30

WO 2017/218889 PCT/US2017/037869

(croscarmellose), methylcellulose, pregelatinized starch (starch 1500), microcrystalline starch,
water insoluble starch, calcium carboxymethyl cellulose, magnesium aluminum silicate (Veegum),
sodium lauryl sulfate, quaternary ammonium compounds, etc., and combinations thereof.

Exemplary surface active agents and/or emulsifiers include natural emulsifiers (e.g. acacia,
agar, alginic acid, sodium alginate, tragacanth, chondrux, cholesterol, xanthan, pectin, gelatin, egg
yolk, casein, wool fat, cholesterol, wax, and lecithin), colloidal clays (e.g. bentonite [aluminum
silicate] and Veegum [magnesium aluminum silicate]), long chain amino acid derivatives, high
molecular weight alcohols (e.g. stearyl alcohol, cetyl alcohol, oleyl alcohol, triacetin monostearate,
ethylene glycol distearate, glyceryl monostearate, and propylene glycol monostearate, polyvinyl
alcohol), carbomers (e.g. carboxy polymethylene, polyacrylic acid, acrylic acid polymer, and
carboxyvinyl polymer), carrageenan, cellulosic derivatives (e.g. carboxymethylcellulose sodium,
powdered cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose, hydroxypropyl
methylcellulose, methylcellulose), sorbitan fatty acid esters (e.g. polyoxyethylene sorbitan
monolaurate [Tween 20], polyoxyethylene sorbitan [Tween 60], polyoxyethylene sorbitan
monooleate [Tween 80], sorbitan monopalmitate [Span 40], sorbitan monostearate [Span 60],
sorbitan tristearate [Span 65], glyceryl monooleate, sorbitan monooleate [Span 80]),
polyoxyethylene esters (e.g. polyoxyethylene monostearate [Myr) 45], polyoxyethylene
hydrogenated castor oil, polyethoxylated castor oil, polyoxymethylene stearate, and Solutol),
sucrose fatty acid esters, polyethylene glycol fatty acid esters (e.g. Cremophor), polyoxyethylene
ethers, (e.g. polyoxyethylene lauryl ether [Brij 30]), poly(vinyl-pyrrolidone), diethylene glycol
monolaurate, triethanolamine oleate, sodium oleate, potassium oleate, ethyl oleate, oleic acid,
ethyl laurate, sodium lauryl sulfate, Pluronic F 68, Poloxamer 188, cetrimonium bromide,
cetylpyridinium chloride, benzalkonium chloride, docusate sodium, etc. and/or combinations
thereof.

Exemplary binding agents include starch (e.g. cornstarch and starch paste), gelatin, sugars
(e.g. sucrose, glucose, dextrose, dextrin, molasses, lactose, lactitol, mannitol, etc.), natural and
synthetic gums (e.g. acacia, sodium alginate, extract of Irish moss, panwar gum, ghatti gum,
mucilage of 1isapol husks, carboxymethylcellulose, methylcellulose, ethylcellulose,
hydroxyethylcellulose, hydroxypropyl cellulose, hydroxypropyl methylcellulose, microcrystalline
cellulose, cellulose acetate, poly(vinyl-pyrrolidone), magnesium aluminum silicate (Veegum), and
larch arabogalactan), alginates, polyethylene oxide, polyethylene glycol, inorganic calcium salts,

silicic acid, polymethacrylates, waxes, water, alcohol, etc., and/or combinations thereof.
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Exemplary preservatives include antioxidants, chelating agents, antimicrobial
preservatives, antifungal preservatives, alcohol preservatives, acidic preservatives, and other
preservatives.

Exemplary antioxidants include alpha tocopherol, ascorbic acid, acorbyl palmitate,
butylated hydroxyanisole, butylated hydroxytoluene, monothioglycerol, potassium metabisulfite,
propionic acid, propyl gallate, sodium ascorbate, sodium bisulfite, sodium metabisulfite, and
sodium sulfite.

Exemplary chelating agents include ethylenediaminetetraacetic acid (EDTA) and salts and
hydrates thereof (e.g., sodium edetate, disodium edetate, trisodium edetate, calcium disodium
edetate, dipotassium edetate, and the like), citric acid and salts and hydrates thereof (e.g., citric
acid monohydrate), fumaric acid and salts and hydrates thereof, malic acid and salts and hydrates
thereof, phosphoric acid and salts and hydrates thereof, and tartaric acid and salts and hydrates
thereof. Exemplary antimicrobial preservatives include benzalkonium chloride, benzethonium
chloride, benzyl alcohol, bronopol, cetrimide, cetylpyridinium chloride, chlorhexidine,
chlorobutanol, chlorocresol, chloroxylenol, cresol, ethyl alcohol, glycerin, hexetidine, imidurea,
phenol, phenoxyethanol, phenylethyl alcohol, phenylmercuric nitrate, propylene glycol, and
thimerosal.

Exemplary antifungal preservatives include butyl paraben, methyl paraben, ethyl paraben,
propyl paraben, benzoic acid, hydroxybenzoic acid, potassium benzoate, potassium sorbate,
sodium benzoate, sodium propionate, and sorbic acid.

Exemplary alcohol preservatives include ethanol, polyethylene glycol, phenol, phenolic
compounds, bisphenol, chlorobutanol, hydroxybenzoate, and phenylethyl alcohol.

Exemplary acidic preservatives include vitamin A, vitamin C, vitamin E, beta-carotene,
citric acid, acetic acid, dehydroacetic acid, ascorbic acid, sorbic acid, and phytic acid.

Other preservatives include tocopherol, tocopherol acetate, deteroxime mesylate,
cetrimide, butylated hydroxyanisol (BHA), butylated hydroxytoluened (BHT), ethylenediamine,
sodium lauryl sulfate (SLS), sodium lauryl ether sulfate (SLES), sodium bisulfite, sodium
metabisulfite, potassium sulfite, potassium metabisulfite, Glydant Plus, Phenonip, methylparaben,
Germall 115, Germaben II, Neolone, Kathon, and Euxyl. In certain embodiments, the preservative
is an anti-oxidant. In other embodiments, the preservative is a chelating agent.

Exemplary buffering agents include citrate buffer solutions, acetate buffer solutions,
phosphate buffer solutions, ammonium chloride, calcium carbonate, calcium chloride, calcium
citrate, calcium glubionate, calcium gluceptate, calcium gluconate, D-gluconic acid, calcium

glycerophosphate, calcium lactate, propanoic acid, calcium levulinate, pentanoic acid, dibasic
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calcium phosphate, phosphoric acid, tribasic calcium phosphate, calcium hydroxide phosphate,
potassium acetate, potassium chloride, potassium gluconate, potassium mixtures, dibasic
potassium phosphate, monobasic potassium phosphate, potassium phosphate mixtures, sodium
acetate, sodium bicarbonate, sodium chloride, sodium citrate, sodium lactate, dibasic sodium
phosphate, monobasic sodium phosphate, sodium phosphate mixtures, tromethamine, magnesium
hydroxide, aluminum hydroxide, alginic acid, pyrogen-free water, isotonic saline, Ringer's
solution, ethyl alcohol, etc., and combinations thereof.

Exemplary lubricating agents include magnesium stearate, calcium stearate, stearic acid,
silica, talc, malt, glyceryl behanate, hydrogenated vegetable oils, polyethylene glycol, sodium
benzoate, sodium acetate, sodium chloride, leucine, magnesium lauryl sulfate, sodium lauryl
sulfate, etc., and combinations thereof.

Exemplary natural oils include almond, apricot kernel, avocado, babassu, bergamot, black
current seed, borage, cade, camomile, canola, caraway, carnauba, castor, cinnamon, cocoa butter,
coconut, cod liver, coffee, corn, cotton seed, emu, eucalyptus, evening primrose, fish, flaxseed,
geraniol, gourd, grape seed, hazel nut, hyssop, isopropyl myristate, jojoba, kukui nut, lavandin,
lavender, lemon, litsea cubeba, macademia nut, mallow, mango seed, meadowfoam seed, mink,
nutmeg, olive, orange, orange roughy, palm, palm kernel, peach kernel, peanut, poppy seed,
pumpkin seed, rapeseed, rice bran, rosemary, safflower, sandalwood, sasquana, savoury, sea
buckthorn, sesame, shea butter, silicone, soybean, sunflower, tea tree, thistle, tsubaki, vetiver,
walnut, and wheat germ oils. Exemplary synthetic oils include, but are not limited to, butyl
stearate, caprylic triglyceride, capric triglyceride, cyclomethicone, diethyl sebacate, dimethicone
360, isopropyl myristate, mineral oil, octyldodecanol, oleyl alcohol, silicone oil, and combinations
thereof.

Additionally, the composition may further comprise a polymer. Exemplary polymers
contemplated herein include, but are not limited to, cellulosic polymers and copolymers, for
example, cellulose ethers such as methylcellulose (MC), hydroxyethylcellulose (HEC),
hydroxypropyl cellulose  (HPC), hydroxypropyl =~ methyl cellulose  (HPMC),
methylhydroxyethylcellulose (MHEC), methylhydroxypropylcellulose (MHPC), carboxymethyl
cellulose (CMC) and its various salts, including, e.g, the sodium salt,
hydroxyethylcarboxymethylcellulose (HECMC) and its various salts,
carboxymethylhydroxyethylcellulose (CMHEC) and its various salts, other polysaccharides and
polysaccharide derivatives such as starch, dextran, dextran derivatives, chitosan, and alginic acid
and its various salts, carageenan, varoius gums, including xanthan gum, guar gum, gum arabic,

gum karaya, gum ghatti, konjac and gum tragacanth, glycosaminoglycans and proteoglycans such
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as hyaluronic acid and its salts, proteins such as gelatin, collagen, albumin, and fibrin, other
polymers, for example, polyhydroxyacids such as polylactide, polyglycolide, polyl(lactide-co-
glycolide) and poly(.epsilon.-caprolactone-co-glycolide)-, carboxyvinyl polymers and their salts
(e.g., carbomer), polyvinylpyrrolidone (PVP), polyacrylic acid and its salts, polyacrylamide,
polyacilic acid/acrylamide copolymer, polyalkylene oxides such as polyethylene oxide,
polypropylene oxide, poly(ethylene oxide-propylene oxide), and a Pluronic polymer,
polyoxyethylene (polyethylene glycol), polyanhydrides, polyvinylalchol, polyethyleneamine and
polypyrridine, polyethylene glycol (PEG) polymers, such as PEGylated lipids (e.g., PEG-stearate,
1,2-Distearoyl-sn-glycero-3-Phosphoethanolamine-N-[Methoxy(Polyethylene glycol)-1000], 1,2-
Distearoyl-sn-glycero-3-Phosphoethanolamine-N-[Methoxy(Polyethylene glycol)-2000], and 1,2-
Distearoyl-sn-glycero-3-Phosphoethanolamine-N-[Methoxy(Polyethylene glycol)-5000]),
copolymers and salts thereof.

Additionally, the composition may further comprise an emulsifying agent. Exemplary
emulsifying agents include, but are not limited to, a polyethylene glycol (PEG), a polypropylene
glycol, a polyvinyl alcohol, a poly-N-vinyl pyrrolidone and copolymers thereof, poloxamer
nonionic surfactants, neutral water-soluble polysaccharides (e.g., dextran, Ficoll, celluloses), non-
cationic poly(meth)acrylates, non-cationic polyacrylates, such as poly(meth)acrylic acid, and
esters amide and hydroxyalkyl amides thereof, natural emulsifiers (e.g. acacia, agar, alginic acid,
sodium alginate, tragacanth, chondrux, cholesterol, xanthan, pectin, gelatin, egg yolk, casein, wool
fat, cholesterol, wax, and lecithin), colloidal clays (e.g. bentonite [aluminum silicate] and Veegum
[magnesium aluminum silicate]), long chain amino acid derivatives, high molecular weight
alcohols (e.g. stearyl alcohol, cetyl alcohol, oleyl alcohol, triacetin monostearate, ethylene glycol
distearate, glyceryl monostearate, and propylene glycol monostearate, polyvinyl alcohol),
carbomers (e.g. carboxy polymethylene, polyacrylic acid, acrylic acid polymer, and carboxyvinyl
polymer), carrageenan, cellulosic derivatives (e.g. carboxymethylcellulose sodium, powdered
cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose, hydroxypropyl methylcellulose,
methylcellulose), sorbitan fatty acid esters (e.g. polyoxyethylene sorbitan monolaurate [Tween
20], polyoxyethylene sorbitan [Tween 60], polyoxyethylene sorbitan monooleate [Tween 80],
sorbitan monopalmitate [ Span 40], sorbitan monostearate [ Span 60], sorbitan tristearate [ Span 65],
glyceryl monooleate, sorbitan monooleate [Span 80]), polyoxyethylene esters (e.g.
polyoxyethylene monostearate [Myrj 45], polyoxyethylene hydrogenated castor oil,
polyethoxylated castor oil, polyoxymethylene stearate, and Solutol), sucrose fatty acid esters,
polyethylene glycol fatty acid esters (e.g. Cremophor), polyoxyethylene ethers, (e.g.
polyoxyethylene lauryl ether [Brij 30]), poly(vinyl-pyrrolidone), diethylene glycol monolaurate,
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triethanolamine oleate, sodium oleate, potassium oleate, ethyl oleate, oleic acid, ethyl laurate,
sodium lauryl sulfate, Pluronic F 68, Poloxamer 188, cetrimonium bromide, cetylpyridinium
chloride, benzalkonium chloride, docusate sodium, etc. and/or combinations thereof. In certain
embodiments, the emulsifying agent is cholesterol.

Liquid compositions include emulsions, microemulsions, solutions, suspensions, syrups,
and elixirs. In addition to the active compound, the liquid composition may contain inert diluents
commonly used in the art such as, for example, water or other solvents, solubilizing agents and
emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol,
benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in particular,
cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl
alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. Besides inert
diluents, the oral compositions can also include adjuvants such as wetting agents, emulsifying and
suspending agents, sweetening, flavoring, and perfuming agents.

Solid compositions include capsules, tablets, pills, powders, and granules. In such solid
compositions, the particles are mixed with at least one excipient and/or a) fillers or extenders such
as starches, lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and acacia, c)
humectants such as glycerol, d) disintegrating agents such as agar-agar, calcium carbonate, potato
or tapioca starch, alginic acid, certain silicates, and sodium carbonate, e) solution retarding agents
such as paraffin, f) absorption accelerators such as quaternary ammonium compounds, g) wetting
agents such as, for example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin
and bentonite clay, and 1) lubricants such as talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In the case of capsules, tablets,
and pills, the dosage form may also comprise buffering agents. Solid compositions of a similar
type may also be employed as fillers in soft and hard-filled gelatin capsules using such excipients
as lactose or milk sugar as well as high molecular weight polyethylene glycols and the like.

Tablets, capsules, pills, and granules can be prepared with coatings and shells such as
enteric coatings and other coatings well known in the pharmaceutical formulating art. They may
optionally contain opacifying agents and can also be of a composition that they release the active
ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally, in a delayed
manner. Examples of embedding compositions which can be used include polymeric substances

and waxes.

18



10

15

20

25

30

WO 2017/218889 PCT/US2017/037869

Solid compositions of a similar type may also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugar as well as high molecular weight

polyethylene glycols and the like.

Heart Disease/Cardivvascular PHsease

In one aspect, disclosed herein is a method of treating or preventing heart disease,
comprising adnunisteniog 1o a subject 1o need thereof an effective amount of a probiotic
composition, wherein the probiotic composition comprises an isclated Fubacterinm spp. and a
pharmaceutically scceptable cammer. The probiotic compositions of the present invention are
usefil 1o preventing, inhibiting or reducing risk of heart diseases resuliing from arterioacierosis
and/or atherosclerosis, such as cardiac and/or corebral ischemia, myocardial infarction, angina,
peripheral vascular disease, or stroke. The compositions of the present invention are also useful in
preventing, inhibiting or reducing risk of heart diseases such as congestive heart disease, coronary
heart disease, carotid artery disease, chronic kidney diseasse, which can arise from atherosclerosis,

in one embodiment, a method 15 provided for preventing, inhibiting or reducing risk of
heart diseases resulting from arteriosclerosis or atheroscleross in 2 host by administering to a
subject in need thereof an effective amount of a probiotic composition, wheretn the probiciic
composition corprises an isolated Mubacterivm spp. strain.

In one embodiment, a method s provided for preventing, inhibiting or reducing risk of
heart diseases resulting from anteriosclerosis or atherosclerosis in a host by administering to a
subvject in need thereof an effective amount of a probiotic composition, wherein the probiotic
composition comprises an isolated Fuhacierfum spp. stratn, in combination or alteration with an
anti-atherosclerotic agent.

Examples of anti-atherosclerotic agents include, but are not limited to, HMG UoA
reductase imhibitors, microsomal triglveende transfer protewn (MTP) wnhubitors, fibric acid
derivatives, squalene synthetase inhibitors and other kpown cholesterol lowering agents,
iipoxygenase inhibitors, ACAT inhibutors, PPAR o/y dual agonists, anti-platelet medications, beta-
blockers, angiotensin-converting enzyme (ACE) inhibitors, calcium channel blockers, and
diuretics. The anti-atherosclerotic agent rmay be an HMG CoA reductase inhibitor, which includes,
but 19 not mited to, mevastatin, pravastatin, simvastatin, lovastatin, fhavastatin, cerivastatin, and
atorvastatin, The squalene synthetase inhibitors suitable for use herein include, but are not limited
to, a-phosphono-sulfonates disclosed 10 U.S. Pat. No 5,712,390 Other cholesterol lowerning drugs

suitable for use herein include, but are not limited to, antithyperlipoproteinemic agents such as
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fibric acid derivatives, such as fenofibrate, gemfibrozil, clofibrate, bezafibrate, ciprofibrate,

chinotibrate, probucol, probucol and gemtibrozil,

EXAMPLES

The following examples are set forth below to illustrate the compositions, methods, and
results according to the disclosed subject matter. These examples are not intended to be inclusive
of all aspects of the subject matter disclosed herein, but rather to illustrate representative methods
and results. These examples are not intended to exclude equivalents and variations of the present

invention which are apparent to one skilled in the art.

Example 1. Demethylation of quarternary amines by Eubacterium limosum to diminish the
risk of arteriosclerosis and subsequent heart disease.

Evidence is accumulating that certain human intestinal microbes contribute to
cardiovascular disease, and increase the risk of heart attack, stroke, and death. Gut microbes
convert quaternary amines (QAs), e.g. carnitine, butyrobetaine, choline, and glycine betaine, to
trimethylamine. Trimethylamine (TMA) enters the bloodstream and once converted by liver
enzymes to trimethylamine-N-oxide (TMAQ), can trigger macrophage mediated lipid deposition
in the vascular system. Serum TMAQO levels accordingly correlate with arteriosclerosis and the
above catastrophic health events. TMA production by QA lyases or reductases has long been
considered the sole route of microbial degradation of QAs under the anaerobic condition prevalent
in the gut; but recent evidence indicates a more complex microbial ecology of QAs exists. In this
example, Fubacterium limosum intestinal isolates have been shown to catabolically remove the N-
methyl groups of QAs during growth; and the demethylated QA products do not generate TMA.

As disclosed herein, QA demethylation serves to moderate microbial TMA production in
the human intestine, providing a mechanism for homeostasis or probiotic control of TMAO levels;
and thereby a means to decrease the risk of cardiovascular disease. As disclosed herein, the gut
isolate Lubacterium limosum can grow by demethylating each QAs known to otherwise form
TMA.

Quaternary amines (QAs) such as glycine betaine, choline, carnitine, and y-butyrobetaine
are found in a variety of foods (1-4). Once QAs enter the intestine, they can be absorbed by the
host, or converted by certain gut microbiota to trimethylamine (TMA) via known enzymes (Fig.
1) (5-8). TMA enters the bloodstream and is oxidized to TMAQ by liver monoxygenases (4, 9).
Higher levels of circulating TMAO correlate with adverse cardiovascular events including heart

attack, stroke, and death in large clinical populations (10, 11). The involvement of the gut
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microbiota was demonstrated with germ-free (or antibiotic treated) ApoE-/- mice, which produced
little TMAO upon dietary challenge with choline, carnitine, butyrobetaine, or glycine betaine.
However, the same strain with an introduced or normal gut microbiome produced TMAQO and had
a concomitant increase in atherosclerotic lesions upon QA challenge (3, 8, 10). These experiments
have supported the idea that gut microbiota greatly contribute to heart disease by converting QAs
to TMA (3, 12). How TMAO may cause disease is yet unknown, but several proatherogenic
pathways are up-regulated by TMAO, which may increase lipid deposition by foam cell
macrophages on vascular tissue (12).

Carnitine or choline levels predict increased risk for adverse cardiac events, but only in the
presence of increased levels of TMAO. TMAO independently has the strongest predictive risk,
suggesting that the flux of QAs to TMA can be modulated (10, 11). Diet can influence the fate of
QAs, as vegetarians fed carnitine have resultant lower serum levels of TMAO than meat-eaters
(10). Supporting the idea that microbiota influence TMAO levels, introduction of ‘humanized’ gut
microbiomes into germ-free mice led to differential production of TMAO (13). This observation
led to the idea that different microbes might hinder or contribute to net synthesis of TMA (14).
Only one ‘hindering’ group of microbes have been previously proposed (15), methanogenic
archaea having MttB with the 22° amino acid, pyrrolysine (Pyl) (16-18). MttB demethylates TMA
to methylate a corrinoid protein as the first step of methane formation (16, 19). However, other
groups of gut microbes that would act to hinder TMA (or TMAO) formation have been unknown.

Disclosed herein, the inventors have identified certain intestinal gut anaerobes that can
demethylate QAs as part of their catabolic pathways. Importantly, these products of demethylation
are not converted to TMA (Fig.1). As most anaerobes turn over large amounts of substrate to
extract energy for growth, relatively large amounts of QA may be demethylated by a relatively
small number of bacteria. QA demethylation can keep in check the amount of TMA generated by
other gut microbes, and serve as a mechanism of serum TMAQO homeostasis. Indeed, QA
demethylating organisms can thus provide a means to therapeutically control TMAO levels in at-
risk individuals.

QA demethylation products are found in mammalian urine (20-22). For example, proline
betaine is associated with citrus intake in humans (2), and the demethylation product, N-methyl-
proline has been detected in serum and the colonic lumen from conventional, but not germ-free
mice (21, 22). Serum N-methyl-proline is associated with changes in physical functioning in older
humans (22). Breakdown of phosphatidylcholine from meat or dairy products generates choline,
which can lead to glycine betaine (23) (Fig. 1, dotted arrows). Carnitine is involved in fatty acid

transport into the mitochrondria and abundant in dairy products and meats (1). Carnitine can be
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microbially converted to y-butyrobetaine (Fig. 1, dotted arrows) (1) and what may be the complete
demethylation product, y—aminobutyrate is found at higher concentrations in the gut lumen of
conventional, but not germ free mice (21). Via y-butyrobetaine, carnitine can also lead to glycine
betaine (Fig. 1, dotted arrows) (1). Glycine betaine (trimethylglycine) itself is a common osmolyte
and found at high concentration in seafoods, wheat germ, or bran (20). The demethylation products
of glycine betaine, dimethylglycine and monomethylglycine, have been noted in human urine, but
had been attributed to the actions of host enzymes such as betaine:homocysteine methyltransferase
or betaine dehydrogenase (2). However, in recent years it has been demonstrated that
monomethylglycine and dimethylglycine are formed from microbiome replete, but not germ-free,
mice (21, 24).

Aerobes typically oxidatively demethylate C-1 substrates. Anaerobes (e.g. methanogens,
acetogens, and other anaerobic respirers) instead employ 3-component methyltransferase systems
to initiate the catabolism of methylated compounds (16, 17, 25-33). At the heart of 3-component
systems lies a family of corrinoid-binding proteins interacting with two discrete
methyltransferases. The first methyltransferase (MT I) methylates the corrinoid protein with the
growth substrate. The second methyltransferase (MT II) demethylates the corrinoid protein and
methylates a cellular one-carbon carrier, e.g. coenzyme M (CoM) in methanogenic archaea, and
tetrahydrofolate (THF) in acetogenic bacteria (Fig. 2). The corrinoid protein and MT II proteins
belong to a few recognizable families (27, 30, 34-36). In contrast, MT I come from a number of
different families (17, 27, 31), but not always. A single family comprises MT I proteins for
different methoxylated aromatics (37). Similarly, members of the MttB family can be MT 1
proteins with active sites that have diversified to bind different QAs.

The inventors and others have discovered and characterized the three 3-component systems
that methanogens use to demethylate TMA (16, 17), dimethylamine (17, 28), or monomethylamine
(25-27,36). Although each MT Iis specific for its own methylamine and cognate corrinoid protein,
all three methyl-corrinoid proteins are demethylated by a single CoM methylase, the MT II protein
MtbA. In vivo, the 3-component system requires substoichiometric RamA, an activase that reduces
the corrinoid proteins to the active cobalt (I) state (38). MttB is the pyrrolysine (Pyl) containing
MT I protein of the TMA methyltransferase system (termed Pyl-MttB) (17, 18). The Pyl imine
bond is thought to form a covalent bond with TMA, converting TMA from a fertiary amine to a
quaternary amine. The TMA-Pyl adduct is thought to position TMA for methyl transfer to the
docked cognate corrinoid protein, MttC (33, 39, 40). Yet, genes for most MttB family members
lack Pyl codons (termed non-Pyl MttBs). This suggested that Pyl-MttB is actually part of a family

of quaternary amine (QA)-dependent methyltransferases. Most QAs have multiple functional
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groups, and would not require Pyl for proper binding and orientation in the active site for methyl
transfer. This idea was applied to Desulfitobacterium hafniense, which encodes four non-Pyl
MttBs. It was found that D. hafniense grew by demethylating glycine betaine, then coupling
oxidation of the methyl group to reduction of nitrate (41). It was found the nonPyl-MttB gene migh
was upregulated during growth on glycine betaine. Recombinant MtgB demethylated glycine
betaine (but not TMA) while methylating free cobalamin and producing dimethylglycine (41).
MtgA, a possible MT II enzyme, is encoded next to MtgB along with a corrinoid protein. MtgA
proved a methylcobalamin: THF methyltransferase; and it was concluded that MtgB was the MT 1
of the first known 3-component system specific for demethylation of a QA (41). Subsequent
analysis of the active site residues showed complete conservation within the MtgB clade, but not
in other clades, supporting the idea of expanded functional diversification within the MttB family.

A number of isolated human gut microbes were found to encode non-Pyl MttB homologs.
Of particular interest is Fubacterium limosum 8486 (42-44), which encodes 42 non-Pyl MttBs
(Table 1).

Table 1. MttB homologs

Organism # MttB Homologs
Butyricicoccus pullicaecorum 1
Intestinibacter bartlettii DSM 16795 1
Pseudoflavonifractor capillosus 1
Kineosphaera limosa 1
Bilophila wadsworthia3 1 6 3
Blautia product DSM 2950 4
Ruminococcus gauvreauii 4
Desulfitobacterium hafniense DP7 4
Eubacterium limosum ATCC 8486 42

E. limosum was known to grow by demethylating glycine betaine or choline (45), and the
inventors have now found that £. /imosum also grows by demethylating carnitine, y-butyrobetaine,
and proline betaine. The only QAs known to generate TMA in the gut are shown in Fig. 1, and £.
limosum grows on each, making demethylated products incapable of serving as precursors to TMA
by known reactions. F. /imosum is an acetogen (45) and considered a beneficial gut microbe (46-
48). The acetate and butyrate it produces from methylated substrates are thought to underlie the
microbe’s ability to quiet gut inflammation in model systems (Fig. 5) (48). A metagenomic study
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found that £. /imosum and close relatives of Clostridium cluster XV are enhanced in the gut
microbiome of centenarians. The authors correlated abundance of gut E. limosum with longetivity
(47). In a study identifying microbes associated with TMAO levels and atherosclerosis,
Eubacterium spp. were noted as significantly increased in fecal samples from healthy human
controls relative to those with high TMAO levels and onset of cardiovascular disease (49).

Gut microbes can grow by demethylation of QAs. This finding reveals a novel
understanding of the ecology of methylamines in the gut. The fate of QAs during gut microbial
metabolism is more complex than previously appreciated. While some members of the gut
community can produce TMA from QAs, other members might decrease net TMA production by
QA demethylation. The ratios of organisms mediating these two alternative routes of QA
degradation in an individual gut could determine the net level of TMA produced from QAs, and
thereby an individual’s proclivity for hepatic TMAQO production and subsequent risk for
cardiovascular disease. In some embodiments, the individual’s predisposition towards heart
disease is modulation of the ratios of these two different groups of organisms. Thus, a rational
probiotic can diminish the risk of heart disease.

E. limosum uses many QA substrates (Fig. 11). Growth was negligible in the absence of
QAs, and growth on QA did not require yeast extract or trypticase. The slower growth on 50 mM
choline may reflect toxicity, and faster growth was observed at lower concentrations. No growth
was obtained on any QA demethylation product. Other members of Clostridium cluster XV also
use QAs (Fig. 11).

The demethylation of QAs using silica gel TLC stained with bromocresol green (41). The
identity of the carnitine and butyrobetaine demethylation products has also been confirmed by
MS/MS analysis at the OSU Campus Chemical Instrumentation Center. The measured m/z values
were within 3 ppm of theoretical. This marks the first time that Z-norcarnitine has been identified
as a microbial product.

Sporomusa ovata is an acetogen (54) encoding five non-Pyl MttBs, one is in a gene cluster
with a corrinoid protein, a THF methylase homolog, and a homolog of the proline/betaine
transporter PutP. E. limosum has a close homolog of the same non-Pyl MttB. Proline betaine was
not known to be a substrate of either organism, but is expensive. S. ovata grew on L-proline
betaine, which it converted to N-methyl-proline. It was also found that £. /imosum grows just as
robustly on proline betaine.

A round of label-free proteomics (a single culture extract in a single lane) was performed
with £. limosum grown on choline versus lactate. Members of a 3-component system were among

the most abundant proteins detectable after growth on choline. A corrinoid protein was
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approximately 8% of the detected proteins, while a MetH-like THF methylase was 4%. A non-Pyl

MttB homolog was 0.12%. However, inspection of genomic context showed these same three
proteins were encoded next to each other, along with a putative choline/betaine transporter. Each
member of this putative 3-component system was not detectable in lactate-grown cells.

In this same experiment, carnitine-grown cells were also analyzed. The putative choline 3-
component system was not detected. Instead, in carnitine-grown cells, a distinct corrinoid protein,
THF methylase, and non-Pyl MttB were upregulated. The non-Pyl MttB was not detectable in
lactate-grown cells, while the corrinoid protein and THF protein were 20 and 7 fold more abundant
in carnitine-grown versus lactate-grown cells. These three proteins were encoded in different part
of the genome. However, a blast search revealed that outside of Fubacterium limosum strain KIST
612, the nearest homolog of the carnitine-upregulated non-Pyl MttB was in Acefobacterium
dehalogenans where it was in a gene cluster also encoding a highly homologous corrinoid protein
and THF methylase.

Biochemical characterization of QA demethylation enzymes.

L. limosum, like many anaerobes from the gut, does not have an established heuristic
genetic system, but much can be learned by biochemical experiments. Such techniques allowed
first elucidation of the methylamine-dependent 3-component systems (16, 25, 26, 28).

MtgB, the glycine betaine MT I, methylates the corrinoid cofactor cob(I)alamin. No other
methylamine was a substrate (41). Analogous activities in £. limosum cell extracts were tested
using the same spectral assay. Carnitine-grown, but not lactate-grown, cell extracts had a robust
carnitine:cob(I)alamin activity. No other QAs were substrates. This activity suggests that an MtgB-
like enzyme is upregulated in carnitine cells, perhaps the non-Pyl MttB discussed above. A
butyrobetaine-grown extract also was seen to have a similar activity, but specific for butyrobetaine.

The Methanosarcina barkeri Pyl-MttB can methylate cognate Co(I)-corrinoid protein
MttC, but not free cofactor. Recombinant MttB was already in hand, but only the MttC apoprotein
was produced in £. coli. This was solved by expression in the methanogen Methanosarcina
acetivorans, which yielded corrinoid bound to MttC in unit stoichiometry. Unlike some corrinoid
proteins, MttC cannot be reduced to the active Co(I) state by Ti(IIl)citrate but must be reduced in
an ATP-dependent reaction by the oxygen sensitive iron-sulfur protein RamA. Expression in
aerobically grown L. coli produced an apo-protein lacking the two tetranuclear iron-sulfur clusters,
however, anaerobic growth in the presence of fumarate, iron chloride, and cysteine allowed
anaerobic purification of RamA as an active protein.

The structure of MtgB, as a putative methyltransferase, was solved previously by the Joint

Center for Structural Genomics (pdb id: 2QNE). The MtgB active site cavity was identified by
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comparison to structurally homologous corrinoid dependent methyltransferases with known active
sites. Q-site finder (69) was used to identify probable ligand binding residues highly conserved
within the MtgB clade creating a putative glycine betaine motif. At the active site bottom, it was
noted that the motif’s R and H could interact with the betaine carboxyl, while Y and F placed
above could enter into pi interactions with the cation. Substitution of these residues with dissimilar
ones found at the same position in distant MttB relatives decreased activity by 99%.

Determining the relative abundance of QA degradation genes in the human gut microbiome.

A vast amount of uncultivated diversity exists in the gut (74, 75), a portion of this
diversity involves a previously unsuspected ecology surrounding QAs and their derivatives.
Recent studies have focused on taxonomic groups that might generate TMA from QAs, but not
QA demethylation. Microbial taxa identified by 16S rRNA in mice whose diets are supplemented
with carnitine and choline were correlated with increased TMA and TMAO concentrations (3, 6,
10). Choline diet-dependent atherosclerosis and TMAO levels in mice are transmittable via cecal
microbiome transplantation (76) Most of the microbial taxa highly correlated to TMAO levels lack
cultivated or genomically-sampled representatives, for example, uncultivated order RF39 (76),
whose metabolism is unknown. The lack of knowledge about the metabolic potential of
uncultivated microbes catalyzing QA transformations that are benign (demethylation) or
detrimental (TMA generation) hinders the ability to discern a causal role between the presence or
absence of different gut microbes and atherosclerosis susceptibility.

Metagenomics is cultivation independent and enables metabolic analyses, in a community
context, of the 99% of microbes in nature that are uncultivated. One approach can reconstruct
genomes of members comprising only 0.05% of community abundance in human stool (74, 77).
The advancement of sequencing and informatics tools enables read assembly and accurate
assignment of genome fragments to specific microbes from complex microbial communities like
the human gut (74, 78, 79).

Several lines of evidence suggest that normal microbiota can use QA demethylation
pathways. First, E. /limosum demethylates multiple QAs and is an integral member of the
microbiome (83). Second, the Human Microbiome Project (HMP) isolate database (PRINA28331)
was mined for genes encoding Pyl and non-Pyl MttBs using Blast searches with custom-built
hidden Markov models. Non-pyl MttB homologs were found in D. hafniense DP7, Clostridium sp
D5 and barletti, Bilophila wadsworthia, Blautia producta, Kineosphaera limosa, Butyricicoccus
pullicaecorum, Pseudoflavonifractor capillosus, and Ruminicoccus gauvreauii, while the
methanogen Methanomassiliicoccus spp, and B. wadsworthia and D. hafniense also contained Pyl

containing MttB that could likely convert TMA to DMA.
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Example 2. Proteomics reveals that E. limosum grown on quaternary amines upregulates
genes encoding MttB family members and other proteins of three component
methyltransferase systems.

E. limosum was cultivated on defined medium containing one of the indicated quaternary
amines as the sole source of fixed carbon. Cells cultivated on lactate served as a control substrate,
as these should not require MttB family proteins. Total protein was extracted from the cell pellets,
digested with trypsin, and the peptide fragments analyzed by 2-dimensional mass spectrometry.
Total abundance of the parent proteins identified with the peptide sequences were estimated using
emPAl values calculated for each gene product. The mol % abundance for a particular protein was
calculated using summed emPAI values for the circa 1500-1800 proteins detected in each sample.

Values are the averages of four biological replicates.

Table 2. Abundance of mole percentage of each protein grown on each quaternary amine.

Abundance (% mol total protein)
Gly Pro
Protein | Genbank Acc.# | MW | Lactate | Carnitine | Betaine | Betaine | Butyrobetaine | Choline
MtcB [ WP 038351887.1 kga 0.0000 2.1397 0.0000 | 0.0000 0.0000 0.0001
MtpB | WP 038353400.1 kga 0.0000 0.0029 5.6496 | 3.7734 0.0128 0.0056
MtyB | WP 013382626.1 kga 0.0000 0.0001 0.0000 | 0.0000 0.8848 0.0030
MtcC | WP 0383525451 kzDza 0.0085 0.5839 0.3438 | 0.2222 0.4631 0.2355
MitcA | WP 038351870.1 k%)a 0.1000 3.5774 1.3168 | 1.6207 1.8328 1.0547
RamC | WP 038351871.1 k?;ta 0.0096 0.1364 0.0761 | 0.0218 0.0269 0.0329
MthB | WP 038350935.1 k5D33 0.0004 0.0001 0.0000 | 0.0000 0.0000 2.6974
MthC | WP 038350932.1 kzDza 0.0000 0.0001 0.0000 | 0.0000 0.0000 5.7573
MthA | WP 038350933.1 k2D93 0.0003 0.0000 0.0000 | 0.0000 0.0000 0.7839

One of four different MttB family members was abundant in cells grown on each
quaternary amine (MtcB with carnitine, MtpB with proline betaine and glycine betaine, MtyB with
gamma butyrobetaine, or MthB with choline) but not in cells grown with lactic acid. Additionally,
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corrinoid protein and methyl-corrinoid: THF methyltransferase homologs are also abundant in
quaternary amine grown cells, but not cells grown on lactate. MtcC and MtcA are abundant in all
quaternary amine grown cells, but MthC and MthA are abundant specifically in choline grown
cells. Additionally, RamC, is upregulated and it is a homolog of proteins which activate corrinoid
proteins for methyl transfer. These findings suggest that MttB homologs have evolved specificity
for the different quaternary amines, and demethylate a specific quaternary amine as parts of three-
component methyltransferase systems that underlie the ability of £. /imosum and other organisms
to demethylate proatherogenic quaternary amines.

During growth on carnitine, an MttB homolog (“MtcB”), two corrinoid proteins (“MtcC1”
and “MtcC2”) and a putative methylcorrinoid: THF methyltransferase (“MtcA”) are upregulated

when compared to growth on lactate.

Table 3. Genes upregulated by growth on carnitine

Protein L-carnitine Lactate Fold
emPAI Mole % emPAI Mole % upregulation
protein protein on carnitine
MtcA 22 1.6 13 0.090 17
MtcB 0.51 0.036 Not detected N.A.
MtcC1 10 0.71 1.7 | 0.12 6.1
MitcC2 0.31 0.022 Not detected N.A.

Example 3. Analysis of products of QA metabolism in E. limosum cultures.

Previously, culture supernatants were analyzed by thin layer chromatography, and it was
found that all cultures accumulated the product of a single demethylation of the QA added to the
medium. That is, when growing on either glycine betaine, L-carnitine, y-butyrobetaine, or choline,
cultures respectively produced N,N-dimethylglycine, N,N-dimethylethanolamine, or norcarnitine,
v-dimethylaminobutyrate, or dimethylaminoethanol. Each demethylation product was identified
by co-migration with authentic standards in TLC. In addition to TLC, the identitiy of norcarnitine
and gamma-dimethylaminobutyrate have been confirmed by mass spectrometry. In addition, the
identity of the choline demethylation product as dimethylethanolamine has also been identified by
mass spectrometry. For each of the three demethylation products, the m/z values obtained for the
demethylation product eluted from TLC plates was within 3 ppm of the theoretical value. In other
words, it was a very good match that gave further proof of the identity.

Additionally, all cultures of F. /imosum growing on glycine betaine, carnitine, choline, or

g-butyrobetaine have been analyzed. It was shown that none produce trimethylamine during QA
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metabolism. Analysis was done by gas chromatography and had an estimated lower limit of

detection of 0.05 mM TMA.

Example 4. Strain adaptation of E. limosum cultures to growth on choline.

Unlike growth with other QAs, growth on choline is initially slower with £. limosum.
However, as cultures are successively transferred to fresh medium, adaptation to growth by
demethylation of choline occurs. Once fully adapted to growth on choline, the culture retains the

ability to rapidly consume and grow on choline with successive transfers (Fig. 16).

Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of skill in the art to which the disclosed invention
belongs. Publications cited herein and the materials for which they are cited are specifically
incorporated by reference.

Those skilled in the art will appreciate that numerous changes and modifications can be
made to the preferred embodiments of the invention and that such changes and modifications can
be made without departing from the spirit of the invention. It is, therefore, intended that the
appended claims cover all such equivalent variations as fall within the true spirit and scope of the

invention.
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CLAIMS

We claim:

1. A probiotic composition corprising an isolated Fubacterium spp. and a pharmaceutically
acceptable carrier,

2. The probiotic composition of claira 1, wherein the solated fabacrerium spp. is selected from
Lubacterizmm  Hmosum,  Fubacterivm  aggregovs,  Fabacterivm  boarkeri,  FRubacterium
caltandert.

3. The probiotic composition of claim 2, wherein the isolated Fubacterram spp. is Fubactoriwm
fimosym.

4. The probioctic composition of claim 3, wherein the wolated fubacierinm spp. 18 Lubocterion
fimosum ATCC 8486

5. The probiotic composition of any one of olaims 1 to 4, wherein the isolated Eubacrerium spp.
is present at 107 to 10V ofu Eubacierium per gram.

6. The probiotic composition of any one of claims 1 to 3, in the form of a suspension, capsule,
tablets or 3 muicroencapsulated product

7. The probictic composition of any one of claums 1 to 6, further comprising an additional
probiotic stran.

8. A method of treating or preventing heart disease, compsising administering 1o a subject in need
thereof an effective amount of & probiotic composition, wherein the probiotic composition
comprises an isolated Fudacterivm spp. and a pharmacentically acceptable carrier.

9. The method of claim 8, wherein the isolated Fubacierium spp. 1s selected from Fubacterium
fimosam, Eubacterivm aggregons, Eubacterivm bavkeri, Fubacterinm callonderi.

10. The method of claim ¥, wherein the isolated funbacrerion spp. 18 Pubacierium limosum.

11. The method of claim 10, wherein the isolated Fuhacierium spp. 18 Fabacterivm Hmosm
ATCC 8480,

12. The method of any one of claims § 1o 11, wheretn the solated fubacrerion spp. s present at
10 10 109 ofu Eubacterizm per gram.

13. The method of any one of claims § to 12, in the form of a suspension, capsule, tablets or a
microencapsulated product.

14. The method of any one of claims § 1o 13, further comprising an additional probiotic sirain.

15. The method of any one of claims B 1o 14, wherein the heart disease is selected from cardiac
ischemia, nyyocardial infarction, angina, penipheral vascular disease, or stroke.

16. A method of reducing trimethylamine or trimethylamine-N-oxide levels in a subject,

comprising adnunistering to the subject an effective amount of a probiotic composifion,
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wherein the probictic composition comprises an isclated Ffubactferinm spp. and 2

pharmaceutically acceptable carnier.

17. The method of claim 16, wherein the tsolated Fubacterinm spp. 13 selected from Fubacterivm

fimosum, Fubacterium aggregans, Fuhacterium barkeri, Fubacterivm callanderi.
18.

The method of claim 17, wherein the tsolated fubacierium spp. is Fabacterivm limosum,
19.

The method of claim 18, wherein the isolated Fubacierivm spp. is Eubacterium limosum
ATCC 8436,

20. The method of any one of claims 10 1o 19, wherein the isolated Fubocterivm spp. is present at
107 10 10% ofy fakacieriian per gram.

21. The method of claims 16 to 20, v the form of a suspession, capsule, tablets or a
nucreencapsulated product.

22. The method of claims 16 {o 21, further comprising an additional probiotic stratn,
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