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REGULATION OF PROTEIN ACTIVITY BY REV]E]RS][]B]LE
ACETYLATION

CROSS-REFERENCES TQ RELATED APPLICATIONS

[0001] This application claims benefit of U.S. provisional application Ser. No. 60/813,275,
filed June 12, 2006, and U.S. application Ser. No.: 11/761,198, filed June 11, 2007, the

disclosures of which are incorporated herein in their entireties by reference.

FIELD OF THE INVENTION

[0002] This invention discloses the first cellular acetylated substrate protein of SIRT3,
Acetyl-CoA synthetase 2 (AceCS2), which is a mitochondrial matrix protein. The *
mitochondrial sirtuin SIRT3 interacts with AceCS2 and directly controls the activity of this
metabolic enzyme via reversible lysine acetylation. Modulators of the acetylation status or
the activity of AceCS2 are useful for the treatment of pathological conditions, such as type II
diabetes, hypercholesterolemia, hyperlipidemia, and obesity.

BACKGROUND OF THE INVENTION

[0003] Reversible lysine acetylation is a highly regulated post-translational protein
modification, which is controlled by protein deacetylases and acetyltransferases (Han and
Martinage, 1992, Int J Biochem 24:19-28; Yang, 2004, Bioessays 26:1076-87). While'’
originally linked to transcription and chromatin dynamics, reversible lysine acetylation is
emerging as a regulator of cellular functions such as cell motility, immune synapse
formation, programmed cell death, and protein trafficking (Hubbert et al., 2002, Nature
417:455-458; Kawaguchi et al., 2003, Cell 115:727-38; Serrador et al., 2004, Immunity
20:417-28; Cohen et al., 2004, Science 305:390-2; Cohen et al., 2004, Mol Cell 13:627-3 8).
While the importance of reversible lysine acetylation of nuclear non-histone and histone
proteins is well established, the role of protein modification by reversible lysine acetylation in
mitochondria is unknown. However, the importance of post-translational modification of
mitochondrial proteins such as phosphorylation and ADP-ribosylation, is becoming
increasingly clear, and it is likely that reversible acetylation of mitochondrial proteins also

plays an important role in the regulation of mitochondrial functions.



WO 2007/149270 PCT/US2007/013804

[0004] The nicotinamide (NAM) adenine dinucleotide NAD+-dependent deacetylase silent
information regulator 2 (Sir2) is an important mediator of longevity in response to caloric
restriction (CR) signals in Saccharomyces cerevisiae, Caenorhabditis elegans and
Drosophila melanogaster (Kaeber]ein etal, 1999, Genes Dev 13:2570-80; Tissenbaﬁm and
Guarente, 2001, Nature 410:227-30; Lin et al., 2000, Science 289:2126-8; Rogina and
Helfand, 2004, Proc Natl Acad Sci U S A 101:15998-6003; Lin et al., 2004, Genes Dev
18:12-6; Lin et al., 2002, Nature 418:344-8; Anderson et al., 2003, Nature 423:181-5).
Seven mammalian Sir2 homologs (SIRT1-7) are known (Frye, 1999, Biochem Biophys Res
Commun 260:273-9; Frye, 2000 Biochem Biophys Res Commun 273:793-8; Blander and
Guarente, 2004, Annu Rev Biochem 73:417-35; North and Verdin, 2004, Genome Biol 5:224).
The recent discovery that SIRT3, SIRT4 and SIRTS are found in mitochondria (Shi et al.,
2005, J Biol Chem 280:13560-7; Michishita et al., 2005, Mol Biol Cell 16:4623-35; Onyango
et al., 2002, Proc Natl Acad Sci U S A 99, 13653-8; Schwer et al., 2002, J Cell Biol 158:647-

57) suggests the existence of mitochondrial sirtuin substrate proteins.

J0005] The present invention discloses the identification of the first cellular acetylated
substrate protein of SIRT3, Acetyl-CoA synthetase 2 (AceCS2), which is a mitochondrial

matrix protein.

[0006] AceCS catalyzes the ligation of acetate with CoA to produce acetyl-CoA, an
essential molecule utilized in various metabolic pathways including fatty acid and cholesterol
synthesis and the tricarboxylic acid cycle (for review, see, Bremer and Osmundsen, 1984, in
Fatty Acid Metabolism and Its Regulation (Numa, S. ed), 113-154, Elsevier Science
Publisher, Amsterdam).

[0007] AceCS from various microorganisms and higher organisms indicates a superfamily
(Toh, 1990, Protein Sequences Data Anal 3:517-521; Toh, 1991, Protein Sequences Data
Anal 4:111-117), includihg the mammalian long chain acyl-CoA synthetases, ACS1-ACSS5
(Fujino and Yamamoto, 1992, J Biochem 111:197-203; Fujino et al., J Biol Chem 271:16748-
16752; Kang ét al., 1997, Proc Natl. Acad Sci USA 94:2880-2884; Suzuki et al., 1990, J Biol
Chem 265:8681-8685; Oikawa et al., 1998, J Biochem 124:679-685). All enzymes in this
superfamily contain a common sequence motif of Ser-Gly-(small hydrophilic residue),-Gly-
(any residue)-Pro-Lys-Gly (SEQ ID NO:1) and catalyze common two-step reactions:
adenylation of substrates and subsequent thioester formation (Toh, 1990, Protein Sequences
Data Anal 3:517-521; Toh, 1991, Protein Sequences Data Anal 4:111-117).
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[0008] Recently bovine and murine AceCS cDNAs were cloned and characterized. Two
functionally distinct murine AceCSs were described: a cmdiac AceCS and a hepatic AceCS.
The hepatic type enzyme, termed AceCS], is a cytosolic enzyme, whereas the cardiac
enzyme, termed AceCS2, is located in the mitochondrial matrix (Fujino et al., 2001, J Biol
Chem 276:11420-11426). Based on the finding that AceCS2 mRNA is induced after fasting,
it was suggested that AceCS2 provides acetyl-CoA that is utilized mainly for oxidation under
ketogenic conditions, such as starvation and diabetes (Fujino et al., 2001, J Biol Chem
276:11420-11426). This suggestion is supported by the finding that the level of AceCS2
mRNA in Zucker diabetic rats is increased (Fujino ef al., 2001, J Biol Chem 276:11420-
11426). While Fujino et al. described the induction of AceCS2 under certain conditions, they
did not investigate the precise function and regulation of AceCS2 (Fujino et al., 2001, J Biol
Chem 276:11420-11426).

[0009] In order to better understand and treat pathological conditions, such as ketogenic
conditions, characterized by elevated levels of acetate, a substrate for AceCS2, it is important
to elucidate these regulatory mechanisms. The present invention provides one such
regulatory mechanism by identifying Acetyl-CoA synthetése 2 (AceCS2) as a mitochondrial
enzyme and as a cellular acetylated substrate of the mitochondrial sirtuin SIRT3. AceCS2 is
reversibly acetylated at lysine 642 (Ly5642) in the active site of the enzyme. SIRT3 interacts
with AceCS2 and deacetylates Lys642 both in vitro and in vivo. Deacetylation of AceCS2 by
SIRT3 activates the acetyl-CoA synthetase activity of AceCS2.

[0010] It would be advantageous to identify agent§ that activate a level or deacetylase
activity of SIRT3 or agents that modulate a level, acetylation status, or activity of AceCS2.
Such agents would have therapeutic utility in treating pathological conditions characterized
" by elevated levels of acetate and other diseases or disorders that are at least partially caused
by such elevated acetate levels. Here, the present invention provides methods for the .
identification of such agents, compositions comprising such agents and methods using such
agents for the treatment of type II diabetes, hypercholesterolemia, hyperlipidemia, and
obesity.

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention discloses that a mammalian sirtuin, SIRT3, directly controls
the activity of a metabolic enzyme, acetyl-CoA synthetase 2 (AceCS2), via reversible lysine

acetylation. Provided herein are methods, compositions and kits for identifying agents that
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increase a level or deacetylase activity of a SIRT3 polypeptide. The invention also provides
methods, compositions and kits for identifying agents that modulate a level, acetylation
status, or activity of an acetyl-CoA synthetase 2 (AceCS2) polypeptide. The inve;,ntion also

_ relates to the use of such agents in methods, compositions and kits for reducing acetate levels
in an individual and for the treatment of a disorder characterized by elevated levels of acetate,

such as Type II diabetes, hypercholesterolemia, hyperlipidemia, or obesity.

[0012] More specifically, in one aspect, the present invention provides a method for
identifying an agent thai increases a level or deacetylase activity of a SIRT3 polypeptide. In
a preferred embodiment of the present invention, this method comprises the steps of (a)
contacting a cell expressing a SIRT3 polypeptide and an AceCS2 polypeptide with a
candidate agent and (b) determining the effect, if any, of the candidate agent on the level of
acetylated AceCS2 in the cell. Step (b) may comprises an immunological assay using an
antibody specific for acetylated AceCS2. Optionally, this method comprises the step of
identifying a structure or sequence of the candidate agent.

[0013] A preferred cell is a mammalian cell, preferably a human cell. In some
embodiments, the mammalian cell is selected from the group consisting of a heart cell; a

muscle cell, and a brain cell.

[0014] In another aspect of the present invention, the method for identifying an agent that
increases a level or deacetylase activity of a SIRT3 polypeptide comprises the steps of (a)
contacting a SIRT3 polypeptide and an acetylated AceCS2 polypeptide in an assay mixture
comprising NAD" with a candidate agent and (b) determining the effect, if any, of the
candidate agent on the level of acetylated AceCS2 in the assay mixture. A decrease in a first
level of acetylated AceCS2 in the assay mixture relative to a second level of acetylated
AceCS2 in an assay mixture, which has not been treated with the candidate agent, is
indicative of an agent that increases the level or deacetylase activity of the SIRT3

polypeptide.

[0015] In a preferred embodiment of this method, the acetylated AceCS2 polypeptide
comprises a '*C-labeled acetyl group and step (b) is performed by measuring release of the

'4C-labeled acetyl group.

[0016]) In another aspect of the present invention, a method for identifying an agent that
modulates a level, acetylation status, or activity of an AceCS2 polypeptide, is provided. In a

preferred embodiment of the present invention, this method comprises the steps of (a)

4
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contacting a cell expressing an AceCS2 polypeptide with a candidate agent and (b)
determining the effect, if any, of the candidate agent on the level, acetylation status, or
activity of the AceCS2 in the cell.

[0017] In another aspect of the present invention, the method for identifying an agent that
modulates a level, acetylation status, or activity of an AceCS2 polypeptide comprises the
steps of (a) contacting an AceCS2 polypeptide in an assay mixture with a candidate agent
and (b) determining the effect, if any, of the candidate agent on the level, acetylation status,

or activity of the AceCS2 in the assay mixture.

[0018] In a further aspect of the present invention, biologically active agents identified by

one of the subject screening methods of the present invention, are provided.

[0019] In yet another aspect, the present invention provides a method for modulating the
acetylation status of an AceCS2 polypeptide. In a preferred embodiment of the present
invention, this method comprises the step of contacting a cell expressing an AceCS2
polypeptide with an agent obtainable according to a subject method of the present invention,
such as a method for identifying an agent that increases a level or deacetylase activity of a
SIRT3 polypeptide or a method for identifying an agent that modulates a level, acetylation
status, or activity of an AceCS2 polypeptide.

[0020] This invention also provides a method for treatment of a pathological condition in
an individual, wherein the pathological condition is characterized by an elevated acetate
level. In a preferred embodiment of the present invention, this method comprises the step of
administering to the individual a therapeutically effective amount of an agent that increases a
level or deacetylase activity of a SIRT3 polypeptide which deacetylates AceCS2. Thereby

the pathological condition is treated.

[0021] In a preferred embodiment of the present invention, the pathological condition is
selected from the group consisting of type II diabetes, hypercholesterolemia, hyperlipidemia,

and obesity.
[0022] * Preferably.the individual treated is a human or non-human animal.

[0023] In yet another aspéct, the present invention provides a pharmaceutical composition
for increasing a level or deacetylase activity of SIRT3. In a preferred embodiment of the
present invention, a pharmaceutical composition comprises (i) an agent obtainable according

to a subject method of the present invention, such as a method for identifying an agent that
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increases a level or deacetylase activity of a SIRT3 polypeptide, and (ii) a pharmaceutically

acceptable carrier.

[0024] This invention also provides pharmaceutical compositions for modulating a level,
acetylation status or activity of an AceCS2 polypeptide. In a preferred embodiment of the
present invention, a pharmaceutical composition comprises (i) an agent obtainable according
to a subject method of the present invention, such as a method for identifying an agent that
modulates a level, acetylation status, or activity of an AceCS2 polypeptide, and (ii) a

pharmaceutically acceptable carrier.

[0025] In yet another aspect of the present invention, kits are provided. A preferred kit for
increasing a level or deacetylase activity of SIRT3 comprises (i) a container containing an
agent obtainable according to a method of the present invention, such as a method for
identifying an agent that increases a level or deacetylase activity of a SIRT3 polypeptide, and
(ii) instructions for contacting the agent to a cell expressing a SIRT3 polypeptide and an
AceCS2 polypeptide and determining the effect, if any, of the agent on the level of acetylated
AceCS2 in the cell.

[0026] In another aspect of the present invention, a kit for modulating a level, acetylation
status, or activity of an AceCS2 polypeptide is provided. In a preferred embodiment of the -
present invention, the kit comprises (i) a container containing an agent obtainable according
to a subject method of the present invention, such as a method for identifying an agent that
modulates a level, acetylation status, or activity of an AceCS2 polypeptide, and (i)
instructions for contacting a cell expressing an AceCS2 polypeptide and determining the

effect, if any, of the agent on the level, acetylation status, or activity of the AceCS2.

[0027] Useful agents to be included in pharmaceutical compositions and kits are agents that
increase a level or deacetylase activity of a SIRT3 polypeptide and agents that modulate a

leVel', acetylation status, or activity of an AceCS2 polypeptide.

[0028] Methods, compositions, and kits of the present invention embrace the specifics as

fully described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029] Figure 1 shows that human Acetyl-CoA Synthetase 2 (AceCS2) is a soluble

mitochondrial protein. (A) Human AceCS27€ wag transfected into Hela cells. Cells were

co-stained with anti-Flag antibodies and antibodies against the endogenous mitochondrial
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marker protein MnSOD and analyzed by confocal laser scanning microscopy. The
fluorescent signals from AceCS2" (left) and MnSOD (middle) in the same focal plane are
shown. (Right) The merged image demonstrates that AceCS2™® localizes to the
mitochondria. (B) Subcellular fractions were prepared.from HEK293 cells stably expfessing
AceCS2F128, Equal amounts (30 pg)-of total cell extract (Total), mitochondria, light
membranes (LM) and cytosolic proteins were analyzed by immunoblotting using the
antibodies indicated. (C) Submitochondrial localization of AceCS27“8, Mitochondria from
HEK?293 cells stably expressing AceCS2"€ were converted into mitoplasts by hypotonic
swelling and treated with proteinase K. After incubation (20 min at 0°C), mitoplasts were
reisolated by centrifugation and analyzed by immunoblotting using the antibodies indicated.
Rupture of the outer mitochondrial membrane was confirmed by immunoblotting against the
intermembrane space protein cytochrome ¢ (Cyt. C). The integrity of the inner mitochondrial
membrane was confirmed by immunoblotting against the matrix protein markers SIRT3 and
GDH. AceCS2F2 was detected with anti-Flag antibodies. (D) AceCS2F*€ is a soluble
protein. Mitochondria were isolated from HEK293 cells stably expressing AceCS2"2¢ and
either directly solubilized in SDS sample buffer (T, total) or extracted with sodium carbonate
(Na;COs, pH 11.5). The alkaline extract was separated into 2 membrane fraction (P, pellet)
and a fraction containing sodium carbonate sbluble proteins (S, supematani) by
ultracentrifugation. The efficiency of the alkaline extraction was followed or monitored by
immunoblotting of the different fractions for the presence of the well-characterized marker
proteins COX-IV, MnSOD, and SIRT3. Details are presented in Example 3.

[0030] Figure 2 shows the identification of the N-terminal sequence of human AceCS2.
(A) The N-terminus of human AceCS2 contains an amphipathic a-helix. A region of
AceCS2 (amino acid residues 3—20; SEQ ID NO:2) predicted by computational secondary
structure analysis to form an a-helix was plotted as a helical wheel. R, basic residues; T, L,
V, and A, hydrophobic residues; G and S, neutral residues. (B) Illustration of the
mitochondrial presequence and cleavage site of human AceCS2 as détermined by N-terminal
protein sequencing and LC/MS-MS analysis. MPP, mitochondrial matrix processing

peptidase. Details are presented in Example 4.

[0031] Figure 3 shows that mutation of the conserved Lys642 in AceCS2 abolishes
AceCS2 enzymatic activity. (A) Multiple sequence alignment of the active site region of
acetyl-CoA synthetases from different species (ACS S. enterica, SEQID NO:3; ACS2p S.
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cerevisiae, SEQ ID NO:4; ACS C. elegans, SEQ ID NO:5; ACS D. melanogaster, SEQ ID
NO:6; AceCS2 R. norvegicus and AceCS2 M. musculus, SEQ ID NO:7) and human AceCS2
(SEQ ID NO:7). The active site lysine is marked by an open triangle. (B) Lys642 is critical
for AceCS2 function. Mutation of Lys642 of AceCS2 inactivates the enzyme. AceCS2" or
AceCS2-K642Q"A (a mutant of AceCS2 in which Lys642 had been replaced by glutamine
(Q)) were expressed in HEK293 cells, immunoprecipitated, and the specific acetyl-CoA
synthetase (ACS) activity was determined. Data are means + SD from three independent
acetyl-CoA synthetase activity assays. (C) Coomassie blue staining of immunoprecipitated
AceCS2™ and AceCS2-K642QMA. AceCS2"2 or AceCS2-K642Q"* were indistinguishable
by Coomassie blue staining and were expressed at equal levels. Details are presented in

Example 5.

[0032] Figure 4 shows that human AceCS2 is acetylated in vivo at Lys642. HEK293 cells
stably expressing AceCS278 were transfected with SIRT3-specific siRNAs and AceCS2FH4¢
was immunoprecipitated five days later. Immunoprecipitated AceCS2" was separated by
SDS-PAGE and prepared for mass spectrometry. Liquid chromatography coupled tandem
mass spectrometry (LC/MS-MS) was performed on tryptic digests to identify lysine
acetylation sites. acK, acetylated lysine. SGacKVoxMR, SEQ ID NO:8. Details are

presented in Example 6.

[0033] Figure 5 shows that human AceCS2 expressed in E.coli lacking the sirtuin CobB
gene or protein is hyperacetylated. (A) Removal or inhibition of the bacterial sirtuin CobB
results in hyperacetylation of the active site lysine of human AceCS2 in bacteria. Knockout
mutant or wild-type E.coli K-12 were used to express C-terminally myc-His-tagged
recombinant human AceCS2 (AceCS2:KR). Equal amounts of purified recombinant human
myc-His-tagged AceCS2 (WT) or AcéCSZ-K642R (KR) from CobB™ or CobB" E. coli were
analyzed by immunoblotting with an acetyl-lysine-specific antibody. (-Ac—AceCSZmyc'His). |
Blots were stripped and reprobed with a-myc antibodies to show total levels of AceCS2
(AceCS2™* M) " (B) The anti-acetyl-lysine antibody specifically recognizes a synthetic
peptide of AceCS2 containing an acetylated Lys642 residue (acK642) but does not crossreact
with a non-acetylated Lys642 containing peptide (K642). Synthetic peptides (Elim
Biopharmaceuticals, Inc., Hayward, CA) were coupled to carrier protein CP39 using a
peptide coupling kit (NEB). The AceCS2 peptides used were: NH,-
CPKTRSG(ac)KVMRRLL-CONH, (acK642, SEQ ID NO:9) and NH,-
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CPKTRSGKVMRRLIL-CONH; (K642, SEQ ID NO:10). The N-terminal cysteine residue
was added for coupling purposes. 150 ng of CP39-coupled K642 or acK642 were resolved
by SDS-PAGE and analyzed by immunoblotting using a polyclonal anti-acetyl-lysine
antibody (Cell Signaling Technology, Beverly, MA). Details are presented in Example 7.

[0034] Figure 6 shows that inhibition of sirtuin activity by nicotinamide (NAM) results in
hyperacetylation of recombinant human AceCS2. (A) Inhibition of bacterial sirtuins by
nicotinamide during expression of recombinant human AceCS2 protein causes ‘
hyperacetylation of human AceCS2 at Lys642. E. coli DH50 bacteria were used to express
myc-His-tagged AceCS2:WT or AceCS2:KR. Equal amounts of the purified recombinant

" proteins were analyzed as in (5A). (B) Liquid chromatography coupled tandem mass
spectrometry of tryptic digests of recombinant AceCS2:WT purified from nicotinamide-
treated E. coli confirmed acetylation of Lys642 (acK). The tandem mass spectrum of the
doubly charged ion at m/z 368.1948 is shown. SGacKVoxMR, SEQ ID NO:8. Details are

presented in Example 8.

[0035] Figure 7 shows that reduction of endogenous SIRT3 levels by siRNA-mediated
knockdown increases the acetylation level of AceCS2™8. Double-stranded siRNAs directed
against human SIRT3 (siSIRT3) or firefly luciferase GL3 (siControl) were transfected into
HEK293 cells stably expressing AceCS2"8. Cells were lysed and acetylation of
immunoprecipitated AceCS27?8 was analyzed by immunoblotting with antibodies to
acetylated lysine (Ac-AceCS2™8). Membranes were stripped and reprobed for total AceCS2
amounts (AceCS277%). Irnmunoblbtting of total cell extracts with anti-SIRT3 and anti-actin
antibodies confirmed the efficiency and specificity of the siRNA treatment. Details are
presented in Example 9.

[0036] Figure 8 shows that SIRT3 but not SIRT5 deacetylates AceCS2 in vitro. (A)

Recombinant human AceCS2™* i

purified from nicotinamide-treated E. coli was incubated
with Flag-tagged SIRT3 or SIRTS immunoprecipitated from HEK293 cells. As a control,
anti-Flag immunoprecipitates from pcDNA™ expressing HEK293 cells were used in the
reactions (left lane). Deacetylation reactions were incubated for 3 h at 32°C in the presence
or absence of nicotinamide adenine dinucleotide (NAD+; 1 mM). All reactions were carried

out in the presence of trichostatin A (TSA, 500 nM). Reactions were stopped by the addition

myc-His

of SDS sample buffer, boiled and analyzed by immunoblotting. Acetylated AceCS2

myc-His

was detected with acetyl-lysine-specific antibodies (Ac-AceCS2 ). Blots were stripped
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and probed for total levels of AceCS2 with a-myc antibodies (AceCS2™° ). The presence
of Flag-tagged SIRT3 and SIRTS was verified by immunoblotting with anti-Flag antibodies
(lower panel; Input (Sirtuins)). (B) Recombinant human AceCS2 purified from
nicotinamide-treated E. coli was incubated with purified recombinant sirtuins in the presence
or absence of NAD" (1 mM) and in the presence of TSA (500 nM) for 3 h at 32°C and
analyzed as described in (A). Recombinant SIRT3 or SIRTS proteins were detected by
probing with anti-myc-antibodies (lower panel; Input (Sirtuins)). (C) SIRT3, but not a
catalytically inactive mutant of SIRT3, deacetylates AceCS2 in vitro. Deacetylation assays
were performed and analyzed as described above. Where indicated, nicotinamide (NAM; 10

mM) was included during the incubation. Details are presented in Example 10.

[0037] Figure 9 shows that SIRT3 coimmunoprecipitates with AceCS2 and deacetylates
AceCS2 in cells. (A) Overexpression of SIRT3 decreases the acetylation of ectopically
expressed AceCS2. COS-1 cells were co-transfected with AceCS2"* and either pcDNAE,
SIRT3""€ or SIRT57°%. Acetylation of immunoprecipitated AceCS2"* was analyzed by
immunoblotting with antibodies to acetylated lysine (Ac-AceCSZHA). Membranes were
stripped and reprobed for total AceCS2 amounts (AceCS2H4) by probing with an anti-HA
antibody. The expression of SIRT378 and SIRTS5"8 in the total cell lysate was verified by
immunoblotting with anti-Flag antibodies (Sirtuins (Flag)). (B) AceCS2 and SIRT3 co-
immunoprecipitate from cells. Anti-Flag immune complexes from HEK293 cell lines stably
expressing AceCS2%8 or an empty Flag-control vector (pcDNA8) were analyzed for the -

presence of endogenous SIRT3. Details are presented in Example 11.

[0038] Figure 10 shows that acetylation of Lys642 controls the acetyl-CoA synthetase
activity of human AceCS2. (A) Recombinant human AceCS2 was expressed in bacteria in
the presence or absence of nicotinamide (NAM). Acetylation levels and total amounts of
AceCS2 were analyzed by immunoblotting v.vith acetyl-lysine-specific antibodies or anti-myc
antibodies. (B) Specific activity of purified AceCS2 expressed in the presence or absence of
NAM. The data are means + SD from three independent experiments. (C) NAD+-dependent
deacetylation of AceCS2 by SIRT3 but not by SIRT3-H248Y. The lower.panel indicates that
equal amounts of SIRT3 or SIRT3-H248Y were added to the deacetylation reactions. (D)
Deacetylation of AceCS2 by SIRT3 activates its acetyl-CoA synthetase activity. Equal
amounts of AceCS2 were incubated in the absence or presence of SIRT3 or a catalytically

- inactive SIRT3 mutant (SIRT3-H248Y). Where indicated, NAD" (1 mM) was added during

10
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the incubatibn. ‘Afier 3 h at 32°C, the deacetylation reaction was stopped by the addition of
nicotinamide (NAM; 10 mM) and the specific activity of AceCS2 was determined. Data are
means =+ SD from three independent activity determinations. (E) Time-dependent activation
| of AceCS2 by SIRT3. Recombinant human AceCS2 purified from NAM-treated bacteria
was incubated with recombinant SIRT3 or SIRT3-H248Y. Samples were brought to 32°C
and NAD" (1 mM) was added. At the indicated time points, aliquots of the reaction were
removed, mixed with NAM and incubated on ice. The immunoblots show the progressive
deacetylation of AceCS2 by SIRT3 but not by SIRT3-H248Y. (F) The specific activity of
AceCS2 after incubation with recombinant SIRT3 or SIRT3-H248Y for the indicated time
was determined. Means + SD from three independent activity assays are shown. Details are

presented in Example 12.

[0039] Figure 11 shows a schematic illustration of AceCS2 regulation by reversible lysine
acetylation of Lys642. Deacetylation of AceCS2 by SIRTS3 activates its acetyl-CoA
synthetase activity. The identity of the protein acetyltransferase of AceCS?2 is unknown and
is therefore labeled Acetyltransferase X. Details are presented in Example 13.

DETAILED DESCRIPTION OF THE INVENTION
L DEFINITIONS

[0040] Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this invention belongs.
The following references provide one of skill with a general definition of many of the terms
used in this invention: Singleton et al., Dictionary of Microbiology and Molecular Biology
(2nd ed. 1994); The Cambridge Dictionary of Science and T echnology (Walker ed., 1988);
The Glossary of Genetics, 5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale &
Marham, The Harper Collins Dictionary of Biology (1991). As used herein, the following -

terms have the meanings ascribed to them unless specified otherwise.
[0041] As used herein "AceCS2" means acetyl CoA synthetase 2.

_[0042] .As used herein, "AceCS2" or "Acetyl CoA Synthetase 2" refers to and includes
mammalian AceCS2 polypeptides and nucleic acids encoding mammalian AceCS2
polypeptides. In certain embodiments, an AceCS2 polypeptide or AceCS2 nucleic acid is
from yeast, Drosophila, zebrafish, trypanosome, C. elegans, and others. Exemplary AceCS2

polypeptide sequences can be found at GenBank, for example, human (GenBank accession
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number Q9NUB1 ; mouse (GenBank accession number BAB21612); bovine (GenBank
accession number BAB21611). Exemplary AceCS2 nucleic acid sequences can be found at
GenBank, for example, human (GenBank accession number BC039261); mouse (GenBank
accession number AB046742), and bovine (GenBank accession number AB046741).

[0043] As used herein, "acetylation status” refers to the presence or absence of an acetyl

group on a polypeptide, preferably an acetyl CoA synthetase 2 (AceCS2) polypeptide.

[0044] As used herein, "activator” refers to an agent that, e.g., induces or activates the
expression of a polypeptide of the invention or binds to, stimulates, increases, opens,
activates, facilitates, or enhances activation, sensitizes or up regulates the activity of a
polypeptide of the invention. Activators include nucleic acids that encode SIRT3 or AceCS2,
as well as naturally occurring and synthetic comp’oun&s or agents, small chemical molecules
and the like. Assays for activators include, e. g., applying a candidate agent to a cell
expressing SIRT3 or AceCS2 and then determining the functional effects. Samples or assays
comprising SIRT3 or AceCS2 that are treated with a potential activator are compared to
control samples without the activator to examine the extent of the effect. Control samples
(untreated with candidate agents) are assigned a relative activity value of 100%. Activation
of the polypeptide is achieved when the polypeptide activity value relative to the control is
110%, optionally 130%, 150%, optionally 200%, 300%, 400%, 500%, or 1000-3000% or

more higher. .

[0045] As used herein, "activity of AceCS2" or "activity of an AceCSZ polypeptide" refers
to (i) binding of AceCS2 to a polypeptide or peptide, preferably a SIRT3 polypeptide, (ii)
interaction of AceCS2 with a polypeptide or peptide, preferably a SIRT3 polypeptide, (iii)
assembly of AceCS2 into a multiprotein complex, comprising a SIRT3 polypeptide, (iv)
localization of AceCS2 in mitochondria, or (v) enzymatic conversion of acetate, ATP and
CoA into acetyl-CoA and AMP (adenosine monophosphate), i.e., using acetate, ATP and
CoA as a substrate to generate acetyl-CoA and AMP.

[0046] As used herein, "activity of SIRT3" or "activity of a SIRT3 polypeptide" refers to (i)
binding of SIRT3 to a polypeptide or peptide, preferably an AceCS2 polypeptide, (ii)
interaction of a SIRT3 with a polypeptide or peptide, preferably an AceCS2 polypeptide, (iii)
assembly of SIRT3 into a multiprotein complex, comprising an AceCS2 polypeptide, (iv)
localization of SIRT3 in mitochondria, (v) deacetylation of a polypeptide or peptide,

12
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preferably an AceCS2 polypeptide, or (vi) ADP-ribosylation of a polypeptide or peptide,
preferably an AceCS2 polypeptide.

[0047] As used herein, an "agent” or "candidate agent" can be any chemical compound, for
example, a macromolecule or a small molecule. The candidate agent can have a formula
weight-of less than about 10,000 grams per mole, less than 5,000 grams per mole, less than
1,000 grams per mole, or less than about 500 grams per mole. The candidate agent can be
naturally occurring (e.g., a herb or a nature product), synthetic, or both. Examples of
macromolecules are proteins, protein complexes, and glycoproteins, nucleic acids, e.g., DNA,
RNA and PNA (peptide nucleic acid). Examples of small molecules are peptides,
peptidomimetics (e.g., peptoids), amino acids, Aamino acid analogs, polynucleotides, '
polynucleotide analogs, nucleotides, nucleotide analogs, organic or inorganic compounds
€.g., heteroorganic or organometallic compounds. A candidate agent can be the only
substance assayed by the method described herein. Alternativ.ely, a collection of candidate

agents can be assayed either consecutively or concurrently by the methods described herein.

[0048] Candidate agents encompass numerous chemical classes, typically synthetic, semi-
synthetic, or naturally-occurring inorganic or 6rganic molecules. Candidate agents may be
small organic compounds ha‘ving a molecular weight of more than 50 and less than about
2,500 daltons. Candidate agents may comprise functional groups necessary for structural
interaction with proteins, particularly hydrogen bonding, and may include at least an amine,
carbonyl, hydroxyl or carboxyl group, and may contain at least two of the functional
chemical groups. The candidate agents may comprise cyclical carbon or heterocyclic
structures and/or aromatic or polyaromatic structures substituted with one or more of the
above functional groups. Candidate agents are also found among biomolecules including
peptides, saccharides, fatty acids, steroids, purines, pyrimidines, derivatives, structural

analogs or combinations thereof.

[0049] As used herein, "antagonist" means a chemical substance that diminishes, abolishes
or interferes with the physiological action of a polypeptide. The antagonist may be, for
example, a chemical antagonist, a pharmacokinetic antagonist, a non-competitive antagonist,
or a physiological antagonist, such as a biomolecule, e.g., a polypeptide. A preferred

antagonist diminishes, abolishes or interferes with the physiological action of an AceCS2

polypeptide.
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[0050] Specifically, an antagonist may act at the level of the interaction between a first
polypeptide, e.g., a SIRT3 polypeptide and a second polypeptide, for example, a binding
partner, such as an AceCS2 polypeptide. The antagonist, for example, may competitively or
non-competitively (e.g., allosterically) inhibit binding of the first polypeptide to the second
polypeptide. A "pharmacokinetic antagonist” effectively reduces the concentration of the
active drug at its site of action, e.g., by increasing the rate of metabolic degradation of the
first polypeptide. A "competitive antagonist” is a molecule which binds directly to the first
polypeptide in a manner that sterically interferes with the interaction of the first polypeptide
with the second pol&pcptide. Non-competitive antagonism describes a situation where the
antagonist does not conipctc directly with the binding, but instead blocks a point in the signal
transduction pathway subsequent to the binding of the first polypeptide to the second
polypeptide. Physiological antagonism loosely describes the interaction of two substances
whose opposing actions in the body tend to cancel each other out. An antagonist can also be
a substance that diminishes or abolishes expression of a first polypeptide. Thus, an AceCS2
antagonist can be, for example, a substance that diminishes or abolishes: (i) the expression of
the gehe encdding AceCS2, (ii)‘the translation of AceCS2 mRNA, (iii) the post-translational
modification of AceCS2, or (iv) the interaction of AceCS2 with other polypeptides in the

formation of a multi-protein complex.

[0051] The term “antisense-oligonucleotides™ as used herein encompasses both nucleotides
that are entirely complementary to a target sequence and those having a mismatch of one or
more nucleotides, so long as the antisense-oligonucleotides can speciﬁcaliy hybridize to the
target sequence. For example, the antisense-oligonucleotides of the present invention include
polynucleotides that have a homology (also referred to as sequence identity) of at least 70%
or higher, preferably 80% or higher, more preferably 90% or higher, even more preferably
95% or higher over a span of at least 15 continuous nucleotides up to the full length sequence
of any of the nucleotide sequences of ari AceCS2 gene. Algorithms known in the art can be
used to determine the homology. Furthermore, derivatives or modified products of the
antisense-oligonucleotides can also be used as antisense-oligonucleotides in the present
invention. Examples of such modified products include lower alkyl phosphonate
modifications such as methyl-phosphonate-type or ethyl-phosphonate-type, phosphorothioate

modifications and phosphoroamidate modifications.

[0052] As used herein, "associated with” means contact, interact or bind to.
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[0053] As used herein, the term "biologically active” when referring to an agent is art-
recognized and refers to a form of an agent that allows for it, or a portion of the amount of
agent administered, to be absorbed by, incorporated to, or otherwise physiologically available

to a subject or patient to whom it is administered.

[0054]) As used herein, “biological sample” means a sample of biological tissue or fluid that
contains nucleic acids or polypeptides. Such samples are typically from humans, but include
tissues isolated from non-human primates, or rodents, e.g., mice, and rats. Biological
samples may also include sections of tissues such as biopsy and autopsy samples, frozen
sections taken for histological purposes, cerebral spinal fluid, blood, plasma, serum, sputum,
stool, tears, mucus, hair, skin, etc. Biological samples also include explants and primary
and/or transformed cell cultures derived from patient tissues. A “biological sample” also
refers to a cell or population of cells or a quantity of tissue or fluid from an animal. Most
often, the biological sample has been removed from an animal, but the term “biological
sample” can also refer to cells or tissue analyzed in vivo, i.e., without removal from the
animal. Typically, a “biological sample” will contain cells from the animal, but the term can
also refer to noncellular biological material, such as noncellular fractions of blood, serum,
saliva, cerebral spinal fluid or urine, that can be used to measure expression level of a
polynucleotide or polypeptide. Numerous types of biological samples can be used in the
present invention, including, but not limited to, a tissue biopsy or a blood sample. As used
herein, a “tissue biopsy” refers to an amount of tissue removed from an animal, preferably a
human, for diagnostic analysis. “Tissue biopsy” can refer to any type of biopsy, such as

needle biopsy, fine needle biopsy, surgical biopsy, etc.

[0055] “Providing a biological sample” means to obtain a biological sample for use in
methods described in this invention. Most often, this will be done by removing a sample of
cells from a subject, but can also be aécomplished by using previously isolated cells (e.g.,
isolated by another person, at another time, and/or for another purpose), or by performing the
methods of the invention in vivo. Archival tissues, having treatment or outcome history, will

be particularly useful.
[0056] As used herein, "CoA" means coenzyme A.

[0057] As used herein, a "combinatorial chemical library” refers to a collection of diverse
chemical compounds generated by either chemical synthesis or biological synthesis, by

combining a number of chemical "building blocks" such as reagents. For example, a linear
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combinatorial chemical library such as a polypeptide library is formed by combining a set of
chemical building blocks (amino acids) in every possible way for a given compound length
(i.e., the number of amino acids in a polypeptide compound). Millions of chemical
compounds can be synthesized through such combinatorial mixing of chemical building
blocks.

[0058] As used herein, the term "decreased expression" refers to the level of a gene
expression product that is lower and/or the activity of the gene expression product is lowered.
Preferably, the decrease is at least 20%, more preferably, the decrease is at least 30%, at least
40%, at least 50%, at least 60%, at least 70%, at least 80%, or at least 90% and most

preferably, the decrease is at least 100%, relative to a control.

[0059] Synonyms of the term, "determining" are contemplated within the scope of the
| present invention and include, but are not limited to, detecting, measuring, assaying, or
testing for the presence, absence, amount or concentration of a molecule, such as a an
AceCS2, a SIRT3, a label, or a small molecule of the invention and the like. The term refers

to both qualitative and quantitative determinations.

[0060] As used herein, "detérmining the effect” or "determining the functional effect"
means assaying for an agent that increases or decreases a parameter that is indirectly or
directly under the influence of the agent, e.g., functional, enzymatic, physical and chemical
effects. Such effects can be measured by any means known to those skilled in the art, e.g.,
changes in spectroscopic characteristics (e.g., fluorescence, absorbance, refractive index),
hydrodynamic (e.g., shape), chromatographic, or solubility properties for the protein,
measuring inducible markers or transcriptional activation of a gene, such as SIRT3 or
AceCS2; measuring binding activity, e.g., binding of a SIRT3 to an AceCS2; assaying for
deacetylation activify of SIRT3; determining the acetylation status of an AceCS2; measuring
cellular proliferation, measuring apoptosis, measuring subcellular localization of a
polypeptide, such as SIRT3 or AceCS2; measuring the production of acetyl-CoA or AMP;
méésuring the reduction of an acetate level, ATP level or CoA level, or the like.
Determination of the functional effect of an agent on a disease, disorder, cancer or other
pathology can also be performed using assays known to those of skill in the art such as in
vitro assays, e.g., cellular proliferation; growth factor or serum dependence; mRNA and
protein expression in cells, and other characteristics of cells. The effects can be evaluated by

many means known to those skilled in the art, e.g., microscopy for quantitative or qualitative
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measures of alterations in morphological features, measurement of changes in RNA or
protein levels, measurement of RNA stability, identification of downstream or reporter gene
expression (CAT, luciferase, B-gal, GFP and the like), e.g., via chemiluminescence,
fluorescence, colorimetric reactions, antibody binding, inducible markers, ligand binding
assays, apoptosis assays, measuring the production of acetyl-CoA and AMP, and the like.

“Functional effects” include in vitro, in vivo, and ex vivo activities.

[0061] As used herein, "disorder”, "disease" or "pathological condition" are used
inclusively and refer to any deviatioh from the normal structure or function of any part, organ
or system of the body (or any combination thereof). A specific disease is manifested by
characteristic symptoms and signs, including biological, chemical and physical changes, and
is often associated with a variety of other factors including, but not limited to, demographic,
environmental, employment, genetic and medically historical factors. Certain characteristic
signs, symptoms, and related factors can be quantitated through a variety of methods to yield

important diagnostic information.

[0062] As used herein, "effective amount”, "effective dose”, "sufficient amount", "amount
effective to", "therapeutically effective amount” or grammatical equivalents thereof mean a
dosage sufficient to produce a desired result, to ameliorate, or in some manner, reduce a
Symptom or stop or reverse progression of a condition. In some embodiments, the desired
result is an increase in mitochondrial localization of a SIRT3. In other embodiments, the
desired result is an increase in mitochondrial localization of a AceCSZ.' In yet other
embodiments, the desired result is an ihcrease in the deacetylation activity of SIRT3. In
another embodiment, the desired result is an increase or decrease in the acetylation status of
AceCS2. In yet other embodiments, the desired result is an increase or decrease in the
generation of acetyl-CoA and AMP using acetate, ATP and CoA as a substrate (see Figure
11). In yet another embodiment, the desired result is a decrease in the level of acetate.
Amelioration of a symptom of a particular condition by administration of a pharmaceutical
composition described herein refers to any lessening, whether permanent or temporary,
lasting or transient that can be associated with the administration of the pharmaceutical

composition. An "effective amount" can be administered in vivo and in vitro.

[0063] A “full length” polypeptide or nucleic acid refers to a polypeptide or polynucleotide
sequence, or a variant thereof, that contains all of the elements normally contained in one or

more naturally occurring polynucleotide or polypeptide sequences. The “full length® may be
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prior to, or after, various stages of post-translation processing or splicing, including

alternative splicing and signal peptide cleavage.

[0064] The term "heterologous"” when used with reference to portions of a nucleic acid
indicates that the nucleic acid comprises two or more subsequences that are not found in the
same relationship to each other in nature. For instance, the nucleic acid is typically
récombinahtly p.roduced, having two or more sequences from unrelatefi genes arranged to
make a new functional nucleic acid, e.g., a promoter from one source and a coding region
from another source. Similarly, a heterologous protein indicates that the protein comprises
two or more Subsequences that are not found in the samé relationship to each other in nature

(e.g., a fusion protein)

[0065] A *host cell” is a naturally occurring cell or a transformed cell that contains an
expression vector and supports the replication or expression of the expression vector. Host
cells may be cultured cells, explants, cells in vivo, and the like. Host cells may be
prokafyotic cells such as E. coli, or eukaryotic cells such as yeast, insect cells, amphibian
cells, or mammalian cells such as CHO, 293, 3T3, HeLa, and the like (see, e.g., the American
Type Culture Collection catalog).

[0066] For the purposes of this invention the terms "hybridize" or "hybridize specifically"
are used to refer to the ability of two nucleic acid molecules to hybridize under "stringent
hybridization conditions." The phrase “stringent hybridization conditions” refers to
conditions under which a nucleic acid molecule will hybridize to its target sequence, typically
in a complex mixture of nucleic acids, but not detectably to other sequences. Stringent
conditions are sequence-dependent and will be different in different circumstances. Longer
sequences hybridize specifically at higher temperatures. An extensive guide to the

. hybridization of nucleic acids is found in Tijssen, Technigues in Biochemistry and Molecular
Biology--Hybridization with Nucleic Probes, “O\'/erview of principles of hybridization and
the strategy of nucleic acid assays™ (1993). Generally, stringent conditions are selected to be
about 5-10°C lower than the thermal melting point (Ty,) for the specific sequence at a defined
ionic strength pH. The Ty, is the temperature (under defined ionic strength, pH, and nucleic
concentration) at which 50% of the probes complementary to the target hybridize to the target
sequence at equilibrium (as the target sequences are present in excess, at Tm, 50% of the
probes are occupied at equilibrium). Stringent conditions may also be achieved with the
addition of destabilizing agents such as formamide. For selective or specific hybridization, a

positive signal is at least two times background, preferably 10 times background

i
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hybridization. Exemplary stringent hybridization conditions can be as follows: 50%
formamide, 5x SSC, and 1% SDS, incubating at 42°C, or, 5x SSC, 1% SDS; incubating at
65°C, with wash in 0.2x SSC, and 0.1% SDS at 50°C. The antisense-oligonucleotides and
derivatives thereof act on cells producing, e.g., a protein encoded By an AceCS2 gene, by
binding to the DNA or mRNA encoding the protein, inhibiting transcription or translation
thereof, promoting the degradation of the mRNAs and inhibiting the expression of the
protein, thereby resulting in the inhibition of the protein function.

[0067] The term "hypercholesterolemia” refers to a state in a subject in which the level of

cholesterol in the bloodstream is abnormélly high.

[0068] The term "hyperlipidemia” refers to a state in a subject in which the level of fatty
substances in the blood is higher than normal. Fatty substances include cholesterol,

cholesterol esters, phospholipids, an& triglycerides.

[0069] The terms "individual,” "subject,” "host," and "patient," used interchangeably
herein, refer to a mammal, including, but not limited tb, murines, simians, felines, canines, ‘
equines, bovines, mammalian farm animals, mammalian sport animals, and mammalian pets
and humans. Preferred is a human. In certain embodiments, the terms also include Xenopus,

zebrafish, trypanosome, C. elegans, Drosophila, and yeast.

[0070] As used herein, "inhibitor" refers to an agent that, e.g., represses or inactivates the
expression of a polypeptide of the invention or binds to, decreases, closes, inactivates,
impedes, or reduces activation, desensitizes or down regulates the activity of a polypeptide of
the invention. Inhibitors include nucleic acids such as siRNA, antisense RNA, and ribozymes
that interfere with the expression of, e.g., AceCS2 as well as naturally occurring and synthetic
compounds and agents, small chemical molecules and the like. Assays for activators (see
above and herein) can also be used as assays for inhibitors. Samples or assays comprising
AceCS2 that are treated with a potential inhibitor are compared to control samples without
the inhibitor to examine the extent of the effect. Control samples (untreated with candidate
agents) are assigned a relative activity value of 100%. Inhibition of the polypeptide is
achieved when the activity value relative to the control is reduced by 10%, optionally 20%,
6ptiona11y 30%, optionally 40%, optionally 50%, 60%, 70%, 80%, or 90-100%.

[0071] As used herein, "in vitro" means outside the body of the organism from which a cell

or cells is obtained or from which a cell line is isolated.
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[0072] As used herein, "in vivo" means within the body of the organism from which a cell

or cells is obtained or from which a cell line is isolated.

[0073] As used herein, the term "ketogenic condition” refers to a condition in an individual
characterized by the liver releasing substantial amounts of acetate into the bloodstream
(Buckley and Williamson, 1977, Biochem J 166:539-45; Seufert et al., 1974, Biochem
Biophys Res Commun 57.:901-9; Yamashita et al., 2001, Biochim Biophys Acta 1532:79-87).
A ketogenic condition can be the effect of prolonged fasting or diabetes. In addition, the
hepatic acetyl-CoA hydrolase, which produces acetate, is activated under ketogenic
conditions (Matsunaga et al., 1985, Eur J Biochem 152, 331-6).

[0074] A “label” or a “detectable moiety” is a composition detectable by spectroscopic,
photochemical, biochemical, immunochemical, chemical, or other physical means. F or

125) 32p C_fluorescent dyes, electron-dense reagents,

example, useful labels include *H,
enzymes (e.g., as commonly used in an ELISA), biotin, digoxigenin, or haptens and proteins
or other entities which can be made detectable, e.g., by incorporating a radiolabel into a
SIRT3, an AceCS2, a substrate of SIRT3 (e.g., NAD or a polypeptide) or a substrate of
AceCS2 (e.g,, acetate), or a small molecule compound. A preferred label is '*C, preferably in

an acetyl group.

[0075] As used herein, "level of an mRNA" in a biological sample refers to the amount of
mRNA transcribed from a gene that is present in a cell or a biological sample. Thé mRNA
generally encodes a functional protein, although mutations may be present that alter or
eliminate the function of the encoded protein. A “level of mRNA” need not be quantified,
but can simply be detected, e.g., a subjective, visual detection by a human, with or without
comparison to a level from a control sample or a level expected of a control sample. A
preferred mRNA is a SIRT3 mRNA or an AceCS2 mRNA.

[0076] As used herein, "level of a polypeptide” in a biological sample refers to the améunt
of polypeptide translated from an mRNA that is present in a cell or biological sample. The
polypeptide may or may not have protein activity. A “level of a polypeptide” need not be
quantified, but can simply be detected, e.g., a subjective, visual detection by a human, with or
without comparison to a level from a control sample or a level expected of a control sample.

A preferred polypeptide is a SIRT3 or an AceCS2 polypeptide.
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[0077] As used herein, "mammal” or "mammalian” means or relates to the class mammalia
including the orders carnivore (e.g., dogs and cats), rodentia (e.g., mice, guinea pigs, and

rats), and primates (e.g., humans, chimpanzees, and monkeys).

[0078] The terms "modulate,” "modulation,” or "modulating" are art-recognized and refer
to up-regulation (i.e., activation, stimulation, increase), or down regulation (i.e., inhibition,

suppression, reduction, or decrease) of a response, or the two in combination or apart.

[0079] As used herein a "modulator” of the level or activity of a polypeptide, such as an
AceCS2, includes an activator and/or inhibitor of that polypeptide and is used to refer to
agents that activate or inhibit the level of expression of the polypeptide or an activity of the

polypeptide. A preferred polypeptide is AceCS2.

[0080] As used herein, a "multi-protein complex" refers to the binding and non-covalent

attachment of two or more polypeptides to each other.

[0081] As used herein, a "naturally-occurring” nucleic acid molecule refers to an RNA or
DNA molecule having a nucleotide sequence that occurs in nature. For example a naturally

occurring nucleic acid molecule can encode a natural protein.

[0082] As used herein, a "nafurally—occun‘ing" polypeptide refers to a polypeptide molecule

having an amino acid sequence that occurs in nature.

[0083] As used herein, “nucleic acid” or “oligonucleotide™ or “polynucleotide” or
grammatical equivalents thereof, means at least two nucleotides covalently linked together.
Oligonucleotides are typically from about 5, 6, 7, 8, 9, 10, 12, 15, 25, 30, 40, 50 or more
nucleotides in length, up to about 100 nucleotides in length. Nucleic acids and
polynucleotides are polymers of any length, including longer lengths, e.g., 200, 300, 500,
1000, 2000, 3000, 5000, 7000, 10,000, etc. A nucleic acid of the present invention will
generally contain phosphodiester bonds, although in some cases, nucleic acid analogs are
included that may have alternate backbones, comprising, e.g., phosphoramidate,
phosphorothioate, phosphorodithioate, or O-methylphophoroamidite linkages (see, Eckstein,
Oligonucleotides and Analogues: A Practical Approach, Oxford University Press); and
peptide nucleic acid backbones and linkages. Other analog nucleic acids include those with
Vpositive backbones; non-ionic backbones, and non-ribose backbones, including those
described in U.S. Patent Nos. 5,235,033 and 5,034,506, and Chapters 6 and 7, ASC
Symposium Series 580, Carbohydrate Modifications in Antisense Research, Sanghui &
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Cook, eds. Nucleic acids containing one or more carbocyclic sugars are also included within
one definition of nucleic acids. Modifications of the ribose-phosphate backbone may be done
for a variety of reasons, e.g. to increase the stability and half-life of such molecules in

- physiological environments or as probes on a biochip. Mixtures of naturally occurring
nucleic acids and analogs can be made; alternatively, mixtures of different nucleic acid

analogs, and mixtures of naturally occurring nucleic acids and analogs may be made.

[0084] A variety of references disclose such nucleic acid analogs, including, for example,
phosphoramidate (Beaucage et al., Tetrahedron 49(10):1925 (1993) and references therein;
Letsinger, J. Org. Chem. 35:3800 (1970); Sprinzl et al., Eur. J. Biochem. 81:579 a977);
Letsinger et al., Nucl. Acids Res. 14:3487 (1986); Sawai et al., Chem. Lett. 805 (1984),
Letsinger et al., J. Am. Chem. Soc. 110:4470 (1988); and Pauwels et al., Chemica Scripta
26:141 91986)), phosphorothioate (Mag et al., Nucleic Acids Res. 19:1437 (1991); and U.S.
Patent No. 5,644,048), phosphorodithioate (Briu et al., J. Am. Chem. Soc. 111:2321 (1989,
O-methylphosphoroamidite linkages (see, Eckstein, Oligonucleotides and Analogues: A
Practical Approach, Oxford University Press) and peptide nucleic acid backbones and
linkages (see, Egholm, J. Am. Chém. Soc. 114:1895 (1992); Meier et al., Chem. Int. Ed. Engl.
31:1008 (1992); Nielsen, Narure 365:566 (1993); Carlson et al., Nature 380:207 (1996), all
of which are incorporated by reference). Other analog nucleic acids include those with
positive backbones (Denpcy et al., Proc. Natl. Acad. Sci. USA 92:6097 (1995), non ionic
backbones (U.S. Patent Nos. 5,386,023, 5,637,684, 5,602,240, 5,216,141 and 4,469,863,
Kiedrowshi et al., Angew. Chem. Intl. Ed. English 30:423 (1991); Letsinger et al., J. Am.
Chem. Soc. 110:4470 (1988); Letsinger et al., Nucleoside & Nucleotide 13:1597 (1994);
Chapters 2 and 3, ASC Symposium Series 580, “Carbohydrate Modifications in Antisense
Research”, Ed. Y.S. Sanghui and P. Dan Cook; Mesmaeker et al., Bioorganic & Medicinal
Chem. Lett. 4:395 (1994); Jefts et al.; J. Biomolecular NMR 34:17 (1994); Tetrahedron Lett.
37:743 (1996)) and non ribose backbones, including those described in U.S. Patent Nos.
5,235,033 and 5,034,506,' and Chapters 6 and 7, ASC Symposium Series 580, “Carbohydrate
Modifications in Antisense Research”, Ed. Y.S. Sanghui and P. Dan Cook. Nucleic acids
containing one or more carbocyclic sugars are also included within one definition of nucleic
acids (see, Jenkins et al., Chem. Soc. Rev. pp 169 176 (1995)). Several nucleic acid analogs
are described in Rawls, C & E News June 2, 1997 page 35. All of these references are hereby

expressly incorporated by reference.
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[0085] Other analogs include peptide nucleic acids (PNA) which are peptide nucleic acid
analogs. These backbones are substantially non-ionic under neutral conditions, in contrast to
the highly charged phosphodiester backbone of naturally occurring nucleic acids. This
results in two advantages. First, the PNA backbone exhibits improved hybridization kinetics.
PNAs have larger changes in the melting temperature (T, for mismatched versus perfectly
matched base pairs. DNA and RNA typically exhibit a 2-4°C drop in Ty, for an internal
mismatch. With the non-ionic PNA backbone, the drop is closer to 7-9°C. Similarly, due to
their non-ionic nature, hybridization of the bases attached to these backbones is relatively
insensitive to salt concentration. In addition, PNAs are not degraded by cellular enzymes, |

and thus can be more stable.

[0086] The nucleic acids may be single stranded or double stranded, as specified, or contain
portions of both double stranded or single stranded sequence. As will be appreciated by those
in the art, thé depiction of a single strand also defines the sequence of the complementary
strand; thus the sequences described herein also provide the complement of the sequence.

The nucleic acid may be DNA, both genomic and cDNA, RNA or a hybrid, where the nucleic
acid may contain combinations of deoxyribo- and ribo-nucleotides, and combinations of
bases, including uracil, adenine, thymine, cytosine, guanine, inosine, xanthine hypoxanthine,
isocytosine, isoguanine, etc. “Transcript” typically refers to a naturally occurring RNA, e.g.,
a pre-mRNA, hnRNA, or mRNA. As used herein, the term “nucleoside” includes nucleotides
and nucleoside and nucleotide analogs, and modified nucleosides such as amino modified
nucleosides. In addition, “nucleoside” includes non-naturally occurring analog structures.
Thus, e.g., the individual units of a peptide nucleic acid, each containing a base, are referred

to‘herein as a nucleoside.

[0087] As used herein, "pharmaceutiéally acceptable" refers to compositions that are

| physiologically tolerable and do not typically produce an allergic or similar untoward
reaction when administered to a subject, preferably a human subject. Preferably, as used
herein, the term "pharmaceutically acceptable” means approved by a regulatory agency of a _
Federal or state government or listed in the U.S. Pharmacopeia or other generally recognized_

pharmacopeia for use in animals, and more particularly in humans.

[0088] As used herein, “polypeptide” and “protein” are used interchahgeably herein to refer
to a polymer of amino acid residues. The terms also apply to amino acid polymers in which
one or more amino acid residues is an artificial chemical mimetic of a corresponding

naturally occurring amino acid, as well as to naturally occurring amino acid polymers, those
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containing modified residues, and non-naturally occurring amino acid polymers. Preferred
polypeptides are SIRT3 and AceCS2.

[0089] The term "promoter” refers to a nucleic acid sequence comprising one or more
regulatory regions that control transcription of a SIRT3 gene or an AceCS2 gene. In some

embodiments, a promoter is a human promoter.

[0090] A "purified" or "isolated" polypeptide or protein is substantially free of cellular
material or other contaminating proteins from the cell or tissue source from which the protein
is derived, or substantially free from chemical precursors or other chemicals when chemically
synthesized. "Substantially free” means that the protein of interest in the preparation is at
least 10% pure. In one embodiment, the preparation of the protein has less than about 30%,
20%, 10% and more preferably 5% (by dry weight), of a contaminating component (e.g., a
protein not of interest, chemical precursors, and so forth). When the protein or biologically
active portion thereof is recombinantly produced, it is also preferably substantially free of
culture medium, i.e., culture medium represents less than about 20%, more preferably less
than about 10%, and most preferably less than about 5% of the volume of the protein

preparation.

[0091] The term “recombinant” when used with reference tb, €.g., a cell, nucleic acid,
protein, or vector, indicates that the cell, nucleic acid, protein or vector, has been modified by
the introduction of a heterologous nucleic acid or protein or the alteration of a native nucleic
acid or protein, or that the cell is derived from a cell so modified. Thus; e.g., recombinant
cells express genes that are not found within the ‘native (non-recombinant) form of the cell or
express native genes that are otherwise abnormally expressed, under-expressed or not
expressed at all. By the term “recombinant nucleic acid” herein is meant nucleic acid,
originally formed in vitro, in general, by the manipulaﬁon of nucleic acid, e.g., using
polymerases and endonucleases, in a form not normally found in nature. In this manner,
operable linkage of different sequences is achieved. Thus an isolated nucleic acid, in a linear
form, or an expression vector formed in vitro by ligating DNA molecules that are not
normally joined, are both considered recombinant for the purposes of this invention. It is
understood that once a recombinant nucleic acid is made and reintroduced into a host cell or
organism, it will replicate non-recombinantly, i.e., using the in vivo cellular machinery of the
host cell rather than in vitro manipulations; however, such nucleic acids, once produced

recombinantly, although subsequently replicated non-recombinantly, are still considered
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recombinant for the purposes of the invention. Similarly, a “recombinant protein” is a protein
made using recombinant techniques, i.e., through the expression of a recombinant nucleic

acid as depicted above.

[0092] As used herein, the term “salts™ refers to salts of an active compound or agent of the
;present invention, such as a SIRT3 activator or an AceCS2 modulator, which are prepared
with relatively nontoxic acids or bases, depending on the particular substituents found on the
~compqunds described herein. When cdmpounds, agents, and small molecules of the present
invention contain relatively acidic functiorialitieé, base addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired base,
either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable base
addition salts include sodium, potassium, calcium, ammonium, organic amino, or magnesium
salt, or a similar salt. When compounds, agents, and small molecules of the present invention
contain relatively basic functionalities, acid addition salts can be obtained by contacting the
neutral form of such compounds with a sufficient amount of the desired acid, either neat or in
a suitable inert solvent. Examples of pharmaceutically acceptable acid addition salts include
those derived from inorganic acids like hydrochloric, hydrobromic, nitric, carbonic,
monohydrogencarbonic, phosphoric, monohydrogenphosphoric, dihydrogenphosphoric,
sulfuric, monohydrogensulfuric, hydriodic, or phosphorous acids and the like, as well as the
salts derived from relatively nontoxic organic acids like acetic, propionic, isobutyric, maleic,
malonic, benzoic, succinic, suberic, fumaric, mandelic, phthalic, benzenesulfonic, p-
tolylsulfonic, citric, tartaric, methanesulfonic, and the like. Also included are salts of amino
acids such as arginate and the like, and salts of organic acids like glucuronic or galactunoric
acids and the like (see, e.g., Berge et al., 1977, J Pharm Science 66:1-19). Certain specific
agents of the present invention contain both basic and acidic functionalities that allow the

agents to be converted into either base or acid addition salts.

[0093] The neutral forms of the agents and small molecules of the present invention may be
regenerated by contacting the salt with a base or acid and isolating the parent compound in
the conventional manner. The parent form of the agent and small molecule differs from the .
various salt forms in certain physical properties, such as solubility in polar solvents, but
otherwise the salts are equivalent to the parent form of the compound, agent, and small

molecule for the purposes of the present invention.
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[0094] As used herein, the term "sirtuin” refers to a member of the sirtuin deacetylase
protein family, preferably to the Sir2 family, which includes yeast Sir2 (e.g., GenBank
Accession No. P536835), C. elegans Sir-2.1 (e.g., GenBank Accession No. NP _01912), and
human SIRT1 (e.g., GenBank Accession Nos. Q96EB6, NP_036370, and AAD40849), and
human SIRT2 (e.g., GenBank Accession Nos. NM_030593, AF083107, AAD40850,
CADA43717, ABB72675, NP_085096, AAHO3 547) proteins. Other family members include
the four additional yeast Sir2-like genes termed "HST genes" (homologues of Sir2) HSTI,
HST2, HST3 and HST4, and the five other human homologues hSIRT3 (e.g., GenBank
Accession Nos.NP_036371, AAH01042, AAD40851, and QONTG?7), hSIRT4 (e.g., GenBank
Accession Nos. NP_036372, AAI09321, AAI09320, AAD40852, and Q9Y6E7), hSIRTS
(e.g., GenBank Accession Nos. CAI19838, CAI19837, NP_112534, NP_036373, and
AAHO001216), hSIRTS (e.g., GenBank Accession Nos. NP_057623, AAH05026, AAH04218,
and AAH28220), and hSIRT7 (e.g., GenBank Accession Nos. NP_057622, AAH173 05,
AAI01794, and AAI01792) (Brachmann et al., 1995, Genes Dev 9:2888-902 and Frye, 1999,
Biochem Biophys Res Commun 260(1):273-279; Frye, 2000, Biochem Biophys Res Commun

- 273(2):793-798). Preferred sirtuins are those that share more similarities with SIRT3, more
preferably a hSIRT3.

[0095] As used herein, the term "SIRT3" refers to nucleic acids, polypeptides and
polymorphic variants, alleles, mutants, ~and interspecies homologues thereof and as further
described herein, that: (1) have an amino acid sequence that has greater than about 60%
amino acid sequence identity, 65%, 70%, 75%, 80%, 85%, 90%, preferably 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99% or greater amino acid sequence identity, preferably over
aregion of at least about 25, 50, 75, 100, 150, 200, 250, 300, 350, or 400 or more amino
acids, to a SIRT3 sequence as deposited under GenBank Accession Nos. NP_036371,
AAHO01042, AAD40851, NM_001017524, or Q9NTG7; (2) bind to antibodies, e.g.,
polyclonal antibodies, raised against an immunogen comprising an amino acid sequence as
deposited under GenBank Accession Nos. NP_036371, AAHO01042, AAD40851,
NM_001017524, or Q9NTG7 or conservatively modified variants thereof or a fragment
thereof; (3) bind to an AceCS2 polypeptide; (4) modulate at least partially and indirectly the
production of acetyl-CoA and AMP; (5) deacetylate an acetylated AceCS2 polypeptide, (6)
specifically hybridize under stringent hybridization conditions to a nucleic acid sequence as
deposited under GenBank Accession Nos. NP_036371, AAH01042, AAD40851 , and

QINTG7, or conservatively modified variants thereof; (7) have a nucleic acid sequence that
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has greater than about 90%, preferably greater than about 96%, 97%, 98%, 99%, or higher
nucleotide sequence identity, preferably over a region of at least about 30, 50, 100, 200, 500,
1000, 1,500, 2000 or more nucleotides, to nucleic acid sequences as deposited under
GenBank Accession Nos. NM-012239, BC001042, or AF083108; (8) have at least 25, often
50, 75, 100, 150, 200, 250, 300, 350, or 400 contiguous amino acid residues of a polypeptide
the sequence of which is deposited under GenBank Accession Nos. NP_036371, AAH01042,
AADA40851, or Q9NTG7; and/or at least 25, often 50, 75, 100, 150, 200, 250, 300, 350, 400,
500, 600, 700, 800, 900, 1,000, 1,200; 1,500, 2,000 or more contiguous nucleotides of a
nucleic acid sequence as deposited under GenBank Accession Nos. NM_012239, BC001042,
or AF083108.

[0096] A SIRT3 polynucleotide or polypeptide sequence is typically from a human, but
may be from other mammals, but not limited to, a non-human primate, a rodent, e.g., arat,
mouse, or hamster; a cow, a pig, a horse, a sheep, or other mammal. In certain embodiments,
it is desirable to use a SIRT3 from yeast, Drosophila, trypanosome, chicken, C. elegans, or
Xenopus. A “SIRT3" polypeptide and polynucleotide includes both naturally occurring or
recombinant forms. Therefore, in some embodiments, a SIRT3 polypeptide and a SIRT3
subdomain polypeptide as described herein can comprise a séquence that corresponds to a
human SIRT3 polypeptide sequence. Thus, exemplary SIRT3 polypeptide sequences are
provided herein and are known in the art. For example, GenBank accession numbers for
human SIRT3 polypeptides are NP_036371, AAH01042, AAD40851, NM_001017524, and
QINTG7. GenBank accession numbers for mouse SIRT3 polypeptides are, for example,
CAT18608, Q8R104, AAH25878, and NP_071878; for rat SIRT3, XP_215124; for bovine
SIRT3, XP_869883 and XP_879073; for dog SIRT3, XP 848300, XP_855809, and
XP_856096; for zebrafish SIRT3, XP_684225 and XP690925. Exemplary SIRT3
polynucleotide sequences are provided herein and are known in the art. For example,
GenBank accession numbers for human SIRT3 nucleic acids are NM_012239, BC001042,
NM_001017524, and AF083108. GenBank accession numbers for mouse SIRT3 nucleic
acids are, for example, CT010402, BC025878, and NM_022433; for rat SIRT3, XM_215124;
for bovine SIRT3, XM_864790 and XM_873980; for dog SIRT3, XM_843207, XM 850716,
and XM_851003; and for zebrafish SIRT3, XM_679133 and XM_685833.

[0097] In some embodiments the SIRT3 polypeptide can be a "full len gth" SIRT3
polypeptide. The term "full length" as used herein refers to a polypeptide that has at least the
length of a naturally occurring SIRT3 polypeptide. A "full-length" SIRT3 polypeptide or a
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fragment thereof can also include other sequences, e. g., a purification tag (such as FLAG or

HA), or other attached compounds (such as an attached fluorophore, a label, or cofactor).

[0098] By "small interfering RNA", "short interfering RNA", or "siRNA" is meant an
isolated RNA molecule, preferably greater than 10 nucleotides in length, more preferably
greater than 15 ﬁucleotides in length, and most preferably 18, 19, 20, 21, 22, 23, 24, 285, 26,
27, 28, 29, or 30 nucleotides in length that functions as a key intermediate in triggering
sequence-specific RNA degradation. A range of 19-25 nucleotides is the most preferred size
for siRNAs. siRNAs can also include short hairpin RNAs (shRNA) in which both strands of
an siRNA duplex are included within a single RNA molecule. Double-stranded siRNAs
generally consist of a sense and anti-sense strand. Single-stranded siRNAs generally consist
of only the antisense strand that is complementary to the target gene or mRNA. siRNA
includes any form of RNA, preferably dsRNA (proteolytically cleaved products of larger
dsRNA, partially purified RNA, essentially pure RNA, synthetic RNA, recombinantly
produced RNA) as well as modified RNA that differs from naturally occurring RNA by the

addition, deletion, substitution, and/or alteration of one or more nucleotides.

[0099] A "small molecule” is a molecule having a molecular weight of less than 5, 2, 1, or
0.5 kDa. In many embodiments, such small molecules do not include a peptide bond or a
phosphodiester bond. For example, they can be non-polymeric. In sore embodiments, the
molecule has a molecular weight of at least 50, 100, 200, or 400 Daltons.

[0100] The terms "subdomain", "domain ", "functional domain", or grammatical
equivalents thereof in the context of a protein, such as a SIRT3 or AceCS2, referto a
fragment of that protein, such as a fragment of SIRT3 or AceCS2, which participates in an
interaction, e.g., an intra-molecular or an inter-molecular interaction, e.g., a binding or
catalytic interaction. An inter-molecular interaction can be a specific binding interaction or
an enzymatic interaction (e.g., the interaction can be transient and a covalent bond is formed
or broken). An inter-molecular interaction can be between the protein and another protein,
between the protein and another compound, or between a first molecule and a second
molecule of the protein (e.g., a dimerization interaction). Biologically active
portions/functional domains of a protein include peptides comprising amino acid sequences
sufficiently homologous to or derived from the amino acid sequence of the protein which
include fewer amino acids than the full length, natural protein, and exhibit at least one

activity of the natural protein. Biologically active portions/functional domains can be
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identified by a variety of techniques including truncation analysis, site-directed mutagenesis,
and proteolysis. Mutants or proteolytic fragments can be assayed for activity by an
appropriate biochemical or biological (e.g., genetic) assay. In some embodiments, a
functional domain is independently folded. Typically, biologically active fragments comprise
a domain or motif with at least one activity of the proteins, e.g., a SIRT3 or AceCS2 core
catalytic domain. A biologically active portion/functional domain of a protein can be a
polypeptide which is, for example, 10, 25, 50, 100, 200 or more amino acids in length.
Biologically active portions/functional domain of a protein , such as a SIRT3 (i) can bind to
an AceCS2 polypeptide, (ii) have deacetylation activity, (iii) assemble into a multiprotein
complex, comprising e.g., AceCS2 or (iv) can deacetylate AceCS?2. Biologically active
portions/functional domain of a prbtein » such as an AceCS2 (i) can bind to a SIRT3
polypeptide, (ii):have enzymatic activity, (iii) assemble into a multiprotein complex,
comprising e.g., SIRT3, (iv) generate acetyl-CoA and AMP using acetate, ATP and CoA as a

substrate, or locate to the mitochondria.

[0101] A " related" polypeptide as used herein, refers to a homolog, an isoform, an

ortholog, a fusion protein or fragments of a polypeptide or any combination thereof.

[0102] A "SIRT3 homolog" or AceCS2 homolog” refers to a polypeptide that comprises an
amino acid sequence similar to that of SIRT3 or AceCS2, respectively, but does not

necessarily possess a similar or identical function as SIRT3 or AceCS2.

[0103] A "'SIRT3 isoform" or "AceCS2 isoform" refers to a variant of SIRT3 or AceCS2,
respeétively,, that is encoded by the same gene, but differs in its pl or MW, or both. Such
isoforms can differ in their amino acid composition (e.g., as a result of alternative splicing or
limited proteolysis) and in addition, or in the alternative, may arise from differential post-

translational modification (e.g., glycosylation, acetylation or phosphorylation).

[0104] A "SIRT3 ortholog" or "AceCS2 ortholog" as used herein refers to a non-human
polypeptide that (i) comprises an amino acid sequence similar to that of human SIRTS3 or
human AceCS2, respectively and (ii) possesses a similar or identical function to that of

human SIRT3 or human AceCS2, respectively.

[0105] A "SIRTS3 fusion protein” as used herein refers to a polypeptide that comprises (i) an
amino acid sequence of a SIRT3, a SIRT3 fragment, a SIRT3 subdomain polypeptide, a '
SIRT3 related polypeptide or a fragment of a SIRT3 related polypeptide and (ii) an amino
acid sequence of a heterologous polypeptide (i.e., a non-SIRT3, non-SIRT3 fragment or non-
SIRT3 related polypeptide). Similarly, an "AceCS2 fusion protein” as used herein refers to a

29



WO 2007/149270 PCT/US2007/013804

polypeptide that comprises (i) an amino acid sequence of an AceCsS, an AceCS2 fragment,
an AceCS2 subdomain polypeptide, an AceCS2 related polypeptide or a fragment of an
AceCS2 related polypeptide and (ii) an amino acid sequence of a heterologous polypeptide
(i.e., a non-AceCS2, non-AceCS2 fragment or non-AceCS2 related polypeptide).

[0106] As used herein, the term “solvate” refers to compounds, agents, and small molecules
of the present invention that are complexed to a solvent. Solvents that can form solvates with
the compounds, agents, and small molecules of the present invention include common
organic solvents such as alcohols (methanol, ethanol, etc.), ethers, acetone, ethyl acetate,
halogenated solvents (methylene chloride, chloroform, etc.), hexane and pentane. Additional
solvents include water. When water is the complexing solvent, the complex is termed a

“hydrate.”

[0107] As used herein, "subject" or "patient” to be treated for a pathological condition,
disorder, or disease by a subject method means either a human or non-human animal in need
of treatment for a pathological condition, disorder, or disease. The term "non-human animal”
includes all vertebrates, e.g., mammals, such as non-human primates (particularly higher
primates), sheep, dog, rodent (e.g., mouse or rat), guinea pig, goat, pig, cat, rabbit, cow, and
non-mammals, such as chickens, amphibians, reptiles, etc. Ina preferred embodiment, the
subject is a human. In another embodiment, the subject is an experimental animal or animal

suitable as a disease model.

[0108]  As used herein, the terms "treat", "treating”, and "treatment" include: (1) preventing
a pathological condition, disorder, or disease, i.e. causing the clinical symptoms of the
pathological condition, disorder, or disease not to develop in a subject that may be
predisposed to the pathological condition, disorder, or disease but does not yet experience
any symptoms of the pathological condition, disorder, or disease; (2) inhibiting the
pathological condition, disorder, or disease, i.e. arresting or reducing the development of the
pathological condition, disorder, or disease or its clinical symptoms; or (3) relieving the
pathological condition, disorder, or disease, i.e. causing regression of the pathological
condition, disorder, or disease or its clinical symptoms. These terms encompass also

- prophylaxis, therapy and cure. Treatment means any manner in which the symptoms of a
patholdgical condition, disorder, or discase are ameliorated or otherwise beneficially altered.

Preferably, the subject in need of such treatment is a mammal, more preferable a human.

30



WO 2007/149270 PCT/US2007/013804

I, IDENTIFICATION AND TESTING OF ACTIVATORS FOR SIRT3 AND
MODULATORS FOR AceCS2

[0109] The present invention identified AceCS?2 as the first cellular target for SIRT3. In
addition, the present invention also discloses that SIRT3 deacetylates AceCS2 in vitro and in
vivo . Further, it is described herein that the acetylation status of AceCS2 determines the
enzymatic activity of AceCS2, i.e., generating acetyl-CoA and AMP using acetate, ATP and
CoA as a substrate. Based on the ﬁridings described herein, the present inventors have
devised a variety of methods for identifying agents increasing a level or activity of SIRT3

and agents modulating a level, acetylation status, or activity of AceCS2.

[0110] Agents activating a SIRT3 or agents modulating an AceCS2 are identified using
methods known in the art and described herein. A number of different screening protocols
can be utilized to identify agents that increase a level or activity of a SIRT3 or modulate a
level or activity of an AceCS2. The terms "identifying" and "screening" are used herein _

interchangeably.

[0111] Preferred are agents that selectively increase, selectively activate or selectively
modulate a level, acetylation status, 6r éctivity of a subject polypeptide. Thus, in certain
embodiments, an agent which is suitable for use in a subject treatment method as described
herein and which increases (i) a level or activity of SIRT3 or (ii) modulates a level,
acetylation status, or activity of AceCS2, is a selective activator of SIRT3 or a selective
modulator of AceCS2, respectively. Thus, an agent that is a selective activator of SIRT3. is
an agent that does not substantially inhibit or activate other enzymes, including, e.g., other
sirtuins, e.g., at the ICsy for SIRT3, the agent does not result in more than about 5%, more
than about 10%, or more than about 25% inhibition or activation of another sirtuin enzymatic
activity. Further, an agent that is a selective modulator of AceCS2 is an agent that does not
substantially inhibit or activate other enzymes, including, e.g., other AMP-forming enzymes,
e.g., at the ICsq for AceCS2, the agent does not result in more than about 5%, more than

about 10%, or more than about 25% inhibition or activation of other AMP forming enzymes.

[0112] In certain embodiments of the present invention, a screening protocol is used in
vitro. Other preferred screening protocols can be used in cells, particularly mammalian cells,
and preferably in human cells. Particularly preferred cells for use in the screening methods of

the present invention are a heart cell, a muscle cell, or a brain cell.
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[0113] The subject polypeptides used in the method of the present invention may be
-naturally occurring polypeptides or recombinant polypeptides. In certain embodiments the
subject polypeptide is a SIRT3 related polypeptide and/or an AceCS2 polypeptide.

[0114] As described herein, a SIRT3 or AceCS2 polypeptide for use in a subject method
-can be from various species, including, but not limited to, human, mouse, or rat. Preferred
SIRT3 and AceCS2 polypeptides are human SIRT3 and AéeCSZ polypeptides.

[0115] As further described herein, a SIRT3 or AceCS2 polypeptide may be a full-length
SIRT3 or AceCS2 or a fragment or domain thereof. In addition, a SIRT3 and AceCS2 related
polypeptide, SIRT3 and AceCS2 homologs, SIRT3 and AceCS2 isoforms or SIRT3 and

. AceCS2 orthologs can be uséd to practice methods.and compositions of the present invention.
A preferred AceCS2 polypeptide fragment of the present invention comprises the sequence
NH,-KRLPKTRSGKVMRRLLRKII-COOH (SEQ ID NO:7) (Figure 3A). In other preferred
embodiments, an AceCS2 polypeptide comprises the sequence NH,-
CPKTRSG(ac)KVMRRLL-COOH (SEQ ID NO:11) having an acetylated lysine (acK642) or
NH,-CPKTRSGKVMRRLL-COOH (SEQ ID NO:12).

[0116] Assays of the invention usually include one or more controls. Thus, a test sample
includes a candidate agent, and a contro} sample has all the components of the test sample
except for the candidate agent. Generally a plurality of assay mixtures is run in parallel with
different agent concentrations to obtain a differential response to the various concentrations.
Typically, one of these concentrations serves as a negative control, i.e. at zero concentration

or below the level of detection.

[0117] As one of ordinary skill in the art will appreciate, screening assays may comprise a
variety of reagents, other than the subject polypeptides. These reagents include buffers, salts,
stabilizing agents, detergents, protease inhibitors, nuclease inhibitors, anti-microbial agents,

etc. as described in the Examples herein and known in the art.

[0118] Candidate agents for increasing a level or activity of a SIRT3 or candidate agents
modulating a level, acetylation, or activity of an AceCS2 as described herein can be
identified, tested and verified using a variety of assays as described herein, These assays
include, but are not limited to, for exarﬁple, (1) Northern blot assays, (ii) in situ hybridization,
(ii1) Western blot assays, (iv) immunoprecipitation assays, (v) immunohistochemistry, (vi)

cell-based assay, and (vii) an in vivo assay, and the like. [n vitro assays may use a purified
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SIRT3 and/or AceCS2 polypeptide or a multiprotein complex comprising a SIRT3 and/or
AceCS2 polypeptide as further described herein.

[0119] Agents that increase or decrease an activity of a subject polypeptide to the desired
extent may be selected for further study, and assessed for cellular availability, cytotoxicity,

-biocompatibility, etc.

[0120]. A candidate agent is assessed for any cytotoxic activity it may exhibit toward the
cell used in the assay, using wcll-kﬁown assays, such as trypan blue dye exclusion, an MTT
([3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide]) assay, and the like.
Agents that do not exhibit cytotoxic activity or agents that do not exhibit a si gnificant

cytotoxic activity are preferred.

10121] Once a candidate agent has been identified in one of the screening methods of the
present invention, and is further used in a method, composition or kit of the present invention,
it 1s typically referred to as an agent or as a biologically active agent, rather than a candidate

agent.

{0122] In some embodiments, of particular interest is an agent which (i) increases SIRT3
activity, (ii) increases a level of a SIRT3 polypeptide in a cell, or (iii) increases a level of a
SIRT3 mRNA in a cell. Also of particular interest is an agent which (i) increases AceCS2
activity, (ii) increases a level of an AceCS2 polypeptide in a cell, or (iii) increases a level of
an AceCS2 mRNA in a cell. Such agents are useful for treating pathological conditions
characterized by an aberrant high level of acetate or aberrant low level of acetyl-CoA, e.g.,

type II diabetes, hypercholesterolemia, hyperlipidemia, and obesity.

[0123] In some embodiments, of particular interest is an agent which (1) decreases AceCS2
activity, (i) decreases a level of an AceCS2 pblypeptide in a cell, or (iii) decreases a level of
an AceCS2 mRNA in a cell. Such agents are useful for treating pathological conditions
characterized by an aberrant high level of acetyl-CoA.

A.  Agents Activating STRT3
[0124] In general terms, the screening methods for identifying an agent that increases a
level or activity of a SIRT3, preferably a deacetylase activity of SIRT3, involve screening a
variety of agents. A screening method generally comprises the step of (a) contacting a
candidate agent with (i) a SIRT3 and/or an AceCS2, (ii) with a biological sample comprising
a SIRT3 and/or an AceCS2 or (iii) a mammalian cell expressing a SIRT3 and/or an AceCS2;
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and (b) assaying a level or activity of the SIRT3 and/or a level or activity of an AceCS2 in
the presence of the candidate ageni. An increase in the level or activity of SIRT3 measured
in comparison to the activity of the SIRT3 in a suitable control (e.g., a SIRT3 in the absence
of the candidate agent, a biological sample comprising a SIRT3 in the absence of the
candidate agent or a mammalian cell expressing a SIRT3 in the absence of the candidate

compound) is an indication that the candidate agent activates an activity of the SIRT3.

[0125] In one aspect, the screening methods involve screening candidate agents to identify
an agent that increases a level or activity of a SIRT3. The term " increase a level or activity
of a SIRT3" encompasses an in-crease in the measured level of a SIRT3 polypeptide, a SIRT3
nucleic acid, or SIRT3 activity, e.g., a SIRT3 deacetylase activity, when compared to a

suitable control.

[0126] In one aspect, the present invention provides a method for identifying an agent that
increases a level or deacetylase activity of a SIRT3 polypeptide. In a preferred embodiment

_ of the present invention, this method comprises the steps of (a) contacting a cell expressing a
SIRT3 polypeptide and an AceCS2 polypeptide with a candidate agent and (b) determining
the effect, if any, of the candidate agent on the level of acetylated AceCS2 in the cell.
Thereby a candidate agent increasing a level or deacetylase activity of a SIRT3 polypeptide is
identified.

[0127]) In another aspect of the present invention, a method for identifying an agent that
increases a level or deacetylase activity of a SIRT3 pol&peptide comprises the steps of (a)
contacting a SIRT3 polypeptide and an acetylated AceCS2 polypep_tide in an assay mixture
with a candidate agent and (b) determining the effect, if any, of the candidate agent on the
level of acetylated AceCS2 in the assay mixture. Thereby a candidate agent increasing a
level or deacetylase activity of a SIRT3 polypeptide is identified. A decrease in a first level
of acetylated AceCS?2 in the assay mixture relative to a second level of acetylated AceCS2 in
an assay mixture, which has not been treated with the candidate agent, is indicative of an

agent that increases the level or deacetylase activity of the SIRT3 polypeptide.
[0128] In a preferred embodiment, the assay mixture comprises NAD".

[0129] Determining the effect of the candidate agent on the level of acetylated AceCS2 in
the cell or in an assay mixture can be performed in a variety of ways. In a preferred

embodiment, this step comprises an immunological assay using an antibody specific for
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acetylated AceCS2 as described herein. A decrease of acetylated AceCS2 polypeptide in the

presence of a candidate agent is indicative of an agent activating a SIRT3.

[0130] In another preferred embodiment of the present invention, the AceCS2 comprises a
label, such as labeled acetyl group, preferably a '*C-labeled acetyl group. Thus, in this
embodiment, the step of determining the effect of the candidate agent on the level of

~ acetylated AceCS2 in the cell or in an assay mixture is performed by measuring release of the
'4C-labeled acetyl group from the labeled AceCS2 polypeptide. The released *C label can be
routinely measured, €.g., by chromato gréphy followed by scintillation counting. An increase
of released '“C label in the presence of a candidate agent is indicative of an agent activating a
SIRTS3.

[0131] Optionally, the method for identifying an agent that increases a level or activity of a
SIRT3 comprises the step of identifying a structure or sequence of the candidate agent.

[0132] A candidate agent of interest is one that increases a level or activity of SIRT3 by at
least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about
50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, at least
about 100%, at least about 150%, at least about 200%, at least about 500% or more relative to

a suitable control, preferably a control in the absence of the candidate agent.

B. - Agents Modulating Acetyl-CoA Synthetase 2

[0133] Inhibitors and activators, referred to herein as modulators of level, acetylation
status, or activity of AceCS2, are identified using methods known in the art and described
herein. A number of different screening protocols can be utilized to identify agents that
modulate a level, acétylation status, or activity of an AceCS2. The term "modulate”
encompasses an increase or a decrease in the measured level, acetylation status or activity of
an AceCS2 when compared to a suitable control. Preferred are activators of AceCS2.

However, in certain embodiments it may be desirous to inhibit an AceCS2.

[0134] In general terms, the screening methods involve screening a variety of agents to
identify an agent that modulates a level, acetylation status or activity of an AceCS2. The
method generally comprises the step of (a) contacting a candidate agent with (i) an AceCS2,
(i1) with a biological sample comprising an AceCS2 or (iii) a mammalian cell expressing an
AceCS2; and (b) assaying a level, acetylation status or an activity of the AceCS2 in the

presence of the candidate agent. An increase or a decrease in the level, acetylation status or
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activity measured in comparison to the level, acetylation status or activity of the AceCS2 in a
suitable control {(e.g., an AceCS2 in the absence of the candidate agent, a biological sample
comprising an AceCS2 in the absence of the candidate agent or a mammalian cell expressing
an AceCS2 in the absence of the candidate compound) is an indication that the candidate

agent modulates a level, acetylation status or activity of the AceCS2.

1. Agents Modulating a Level, Acetylation Status or an Activity of
Acetyl-CoA Synthetase 2

[0135] In one aspect of the present invention, a method for identifying an agent that
modulates a level, acetylation status, or activity of an AceCS2 polypeptide, is provided. In a
preferred embodiment of the present invention, this method comprises the steps of (a)
contacting a cell expressing an AceCS2 polypeptide with a candidate agent and (b)
determining the effect, if any, of the candidate agent on the level, acetylation status, or
activity of the AceCS2 in the cell. Thereby a candidate agent modulating a level, acetylation

status, or activity of an AceCS2 polypéptide is identified.

[0136] In another aspect of the present invention, the method for identifying an agent that
modulates a level, acetylation staﬁs, or activity of an AceCS2 polypeptide comprises the
steps of (a) contacting an AceCS2 polypeptide in an assay mixture with a candidate agent and
(b) determining the effect, if any, of the candidate agent on the level, acetylation status, or
activity of the AceCS2in the assay mixture. Thereby a candidate agent modulating a level,

acetylation status, or activity of an AceCS2 polypeptide is identified.

[0137] In a preferred embodiment, the cell or assay mixture comprises a substrate for the
AceCS2 polypepﬁde. A preferred substrate is acetate, which may be labeled. In such
embodiments, the step of determining the effect of the candidate agent on the activity of the
AceCS2 may comprises measuring the level of acetyl-CoA and AMP synthesized by the
AceCS2.

[0138] A preferred activity of AceCS2 is the enzymatic conversion of acetate, ATP and
CoA into acetyl-CoA and AMP. Thﬁs, in one aspect, the present invention provides a
method for identifying a candidate agent which modulates AceCS2 enzymatic activity is
provided. In a preferred embodiment, this method compﬁses the steps of (a) contacting an
AceCS2 polypeptide in the presence of a substrate with a candidate agent and (b) assaying
AceCS2 enzymatic activity to identffy the candidate agent which modulates AceCS2
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enzymatic activity. Thereby a candidate agent modulating an enzymatic activity of an
AceCS2 polypeptide is identified.

[0139] A preferred substrate is acetate, ATP and/or CoA. Assays for determining AceCS2

enzymatic activity are described herein.

[0140] Agents that modulate a level of AceCS2 include (i) agents that modulate an AceCS2
mRNA level, e.g., by activating or inhibiting AceCS2 gene expression and (ii) agents that
modulate an AceCS2 polypeptide level. Methods for determining levels of mRNA and
polypeptide are provided hefein. |

2. Agents Binding to Acetyl-CoA Synthetase 2
[0141] The present invention also provides methods for identifying an agent that binds to
acetyl-CoA synthetase 2 (AceCS2). In one aspect of the present invention, a method for
identifying an agent that binds to AceCS2 polypeptide is provided. In a preferred
embodiment of the present invention; this method comprises the steps of (a) contacting a cell
expressing an AceCS2 polypeptide with a candidaté agent and (b) determining if the
candidate agent binds to AceCS2. Thereby a candidate agent binding to an AceCS2
polypeptide is identified.

[0142] In another aspect of the present invention, the method for identifying an agent that
binds to an AceCS2 polypeptide comprises the steps of (a) contacting an AceCS2 polypeptide
in an assay mixture with a candidate agent and (b) determining if the candidate agent binds to

AceCS2. Thereby a candidate agent binding to an AceCS2 polypeptide is identified.

[0143] Useful AceCS2 polypeptides for practicing a subject method of the present
invention are naturally occurring AceCS2 polypeptides or recombinantly produced AceCS2.

[0144] Binding of a candidate agent to an AceCS2 polypeptide can be detected using a

variety of methods as described herein and known in the art.

[0145] The AceCS2 polypeptide may be bound to a solid support prior to the contacting
with a candidate agent. Coupling of subject polypeptides to solid supports, solid supports and

their use in subject methods of the present invention are described herein.
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3. - Agents Modulating the Interaction between AceCS2 and SIRT3
[0146] The present inventors have shown that AceCS2 interacts with SIRT3. Thus, the
present invention also provides a method for identifying agents that modulate the interaction

between and AceCS2 polypeptide and a SIRT3 polypeptide.

[0147] In one aspect of the present invention, a method for identifying an agent that
modulates the interaction between an AceCS2 polypeptide and a STRT3 polypeptide is
provided. In a preferred embodiment of the present invention, this method comprises the
steps of (a) contacting a cell expressing an AceCS2 polypeptide and a SIRT3 polypeptide
with a candidate agent and (b) determining the effect, if any, of the candidate agent on the
interaction of AceCS2 and the SIRT3 polypeptide. Thereby a candidate agent modulating the
interaction between an AceCS2 polypeptide and a SIRT3 polypeptide is identified.

[0148] In another embodiment of the present invention, the method for identifying an agent
that modulates the interaction between an AceCS2 polypeptide and a SIRT3 polypeptide
comprises the steps of (a) contacting an assay mixture comprising an AceCS2 polypeptide
and a SIRT3 polypeptide with a candidate agent and (b) determining the effect, if any, of the
candidate agent on the interaction of AceCS2 and the SIRT3 polypeptide. Thereby a
candidate agent modulating the interaction between an AceCS2 polypeptide and a SIRT3
polypeptide is identified.

4. Agents Modulating the Assembly of Acetyl-CoA Synthetase 2 into
a Multiprotein Complex
[0149] The present inventors have shown that AceCS2 forms a multi-protein complex
comprising SIRT3 (e.g., Example 11, Figure 9). Thus, the present invention also provides a
method for identifying agents modulating the assembly of AceCS2 into a multiprotein

complex. Preferably the multiprotein complex comprises a SIRT3 polypeptide.

[0150] In one aspect of the present invention, a method for identifying an agent that
modulates the assembly of an AceCS2 into a multiprotein complex is provided. Ina
preferred embodiment of the present invention, this method comprises the steps of (a)
contacting a cell expressing an AceCS2 polypeptide and a SIRT3 polypeptide with a
candidate agent and (b) determining the effect, if any, of the candidate agent on the assembly
of AceCS2 into a multiprotein complex comprising the SIRT3 polypeptide. Thereby a
candidate agent modulating the assembly of an AceCS2 polypeptide into a multiprotein

complex is identified.
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[0151] In another aspect of the present invention, a method for identifying an agent that
modulates the assembly of an AceCS2 polypeptide into a multiprotein complex comprising
the AceCS2 polypeptide and at least one second pdl‘ypeptide, is provided. This method
comprises the steps of (a) contacting an assay mixture comprising an AceCS2 polypeptide
and a second polypeptide with a candidate agent and (b) determining the effect, if any, of the
candidate agent on the assembly of the AceCS2 polypeptide into a multiprotein complex in
the assay mixture. Thereby a candidate agent modulating the assembly of an AceCS2
polypeptide into a multiprotein complex is identified.

[0152] In a preferred embodiment of this method, the second polypeptide is a SIRT3
polypeptide.

10153] In another preferred embodiment of the present invention, the AceCS2 comprises an
epitope-tag, such as Flag, hemagglutinin (HA) or a 6XHis-tag (SEQ ID NO:1 3), as described
herein. In other embodiments, a SIRT3 polypeptide comprises an epitope tag. Epitope tags
allow easy detection and purification of polypeptides attached to these tags. Detection and
purification 1s performed using an anti-Flag antibody, an anti-HA antibody or an anti-6XHis-

antibody and routine methods known in the art.

[0154] Determining the effect of the candidafe agent on the assembly of AceCS2 into a
multiprotein complex in the assay mixture can be done using a variety of methods. A
preferred method is column chromatography or immunoprecipitation as described herein. In
this method an antibody, such as an anti-AceCS2 is used to immunoprecipitate AceCS2 and
any other polypeptide binding to-it. The polypeptides binding to AceCS2, and thus forming a
multiprotein complex with AceCS2, can be visualized by e.g., SDS-PAGE, mass
spectrometry, or immunoblotting. Binding of a SIRT3 polypeptide to AceCS2 can be
determined using an anti-SIRT?3 antibody. ‘

[0155] The method for identifying an agent that modulates the assembly of AceCS2 into a
multiprotein complex can also be used to identify cellular proteins other than SIRT3 that bind
to AceCS2. For example, antibodies which immunoprecipitate AceCS2 or an epitope-tagged
AceCS2 from cells can be used to detect and purify cellular polypeptides binding to AceCS2.
Polypeptides binding to AceCS2 are detected by, e.g., SDS-PAGE or mass spectrometry and
may be identified further by peptide fingerprinting as described herein and known in the art.
One such polypeptide that may be identified using this method is an acetyltransferase
polypeptide which acetylates an AceCS2 polypeptide.

39



WO 2007/149270 PCT/US2007/013804

[0156]) In apreferred embodiment, the agent for (i) modulating a level, acetylation status,
or activity of an AceCS2 polypeptide, (ii) binding to an AceCS2 polypeptide, (iii) modulating
the assembly of AceCS2 into a multiprotein complex, or (iv) modulating the cellular
localization of AceCS2, is a SIRT3 polypeptide. The SIRT3 bolypeptide may be a naturally
occurring SIRT3 polypeptide or a fragment thereof. The SIRT3 polypeptide may also be a
recombinantly expressed SIRT3 polypeptide or a fragment thereof. Further, the SIRT3
polypeptide may be a SIRT3 related polypeptide or a fragment thereof.

5. Agents Modulating the Cellular Localization of Acetyl-CoA
Synthetase 2
[0157] The present inventors have shown >herein that AceCS2 and SIRTS3 localize to the
mitochondria. Because of the important role of SIRT3 in deacetylating AceCS2, modulating
AceCS2 and/or SIRT3 localization to the mitochondria.may be important in controlling
- AceCS2 enzymatic activity.

[0158] Thus, in another aspect of the present invention, a method is provided for
identifying an agent modulating the cellular localization of a SIRT3 polypeptide or an
AceCS2 polypeptide. In a preferred embodiment of the present invention, this method
compriées the steps of (a) contacting a cell expressing a SIRT3 polypeptide and/or an
AceCS2 polypeptide with a candidaté agent and (b) determiﬁing the cellular localization of
the SIRT3 polypeptide and/or AceCS2 polypeptide wherein an agent modulating the cellular
localization of the SIRT3 polypeptide and/or AceCS2 polypeptide is identified.

[0159] A preferred agent is an agent that increases the localization of a SIRT3 polypeptide -
and/or AceCS2 to mitochondria. Increasing the localization of a SIRT3 polypeptide and/or
AceCS2 polypeptide includes prolonged retention of a SIRT3 polypeptide and/or AceCS2

polypeptide at the desired cellular location.

[0160] Cellular localization of a SIRT3 or AceCS2 polypeptide can de determined by a
variety of methods known in the art. A preferred method is iinmunohisiochernistry or
analysis of mitochondrial fractions by immunoblotting using anti-SIRT3 antibodies and anti-

AceCS2 antibodies (e.g., sec Figure 1 and corresponding Example).

[0161] The effect of a candidate agent on the (i) level, acetylation status or activity of an
AceCS2 polypeptide, (ii) binding to an AceCS2 polypeptide, (iii) the interaction between an
AceCS2 polypeptide and a SIRT3 polypeptide, (iv) on the assembly of AceCS2 into a
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multiprotein complex or (v) on the cellular localization of an AceCS2 polypeptide can be

determined using a variéty of methods as described herein and known in the art.

[0162] A candidate agent of interest is one that increases a level, acetylation status or
ab_tivity of AceCS2 by at least about 10%, at least about 20%, at least about 30%, at least
about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, at
least about 90%, at least about 100%, at least about 150%, at least about 200%, at least about
500% or more relative to a suitable control, preferably a control in the absence of the

candidate agent.

C. Assays Using Purified Proteins or Multi-Protein Complexes

[0163] Assays for identifying selective SIRT3 activating agents or selective AceCS2
-modulating agents (activating or inhibiting agents) versus general activators or inhibitors may
be conducted in a cell-based or cell-free format. For example, an assay may comprise
incubating (or contacting) a subject polypeptide or subject nucleic acid, with a test agent
under conditions in which a level or an activity of thé subject polypeptide or subject nucleic
acid can be activated, and monitoring or determining the level of activation in the presence of

the test agent relative to that present in the absence of the test agent.

[0164] AceCS2 can be a naturally occurring AceCS2 or a recombinant AceCS2. Also, a
SIRT3 can be a naturally occurring SIE?CI‘3 or arecombinant SIRT3. A naturally occurriﬁg
AceCS2 or SIRT3 can be purified, e.g., from human or mouse tissue or e. g., from human or
mouse cells. Recombinant AceCS2 and SIRT3 can be purified from any suitable expression
system as known in the art, e.g., purification of recombinant proteins from a host cell,

preferably a mammalian host cell.

[0165]) AceCS2 and SIRT3 can be purified to substantial purity by standard techniques,
e.g., including, but not limited to column chromatography, immunopurification methods,

selective precipitation using ammonium sulfate, and others.

[0166] In certain embodiments of the present invention, the screenin g methods and test
assays comprise using a multiprotein complex, comprising (i) at least AceCS2 and SIRTS3, or
(i1) AceCS2 and a second polypeptide, or (iii) SIRT3 and a second polypeptide. As for the
isolated proteins, proteins of such multi-protein complexes can be obtained from, e.g., human
or mouse tissues, human or mouse cells, or prepared recombinantly. When prepared

recombinantly, the subject proteins are typically assembled into a multiprotein complex prior
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to using them in one of the subject methods. This can be done using a variety of methods

known in the art.

[0167] For in vitro assays, the subject polypeptides may be, but need not be purified.
Purification of subject proteins is done using methods known in the art. Purification of
subject polypeptides from cells or host cells can be partial, preferred, however, are subject

polypeptides that are at least 90% pure as determined by standard SDS-PAGE.

D.  Cell-Based Assays
[0168] Identification and testing of candidate agents for activating a level or activity of a
SIRT3 and agents for modulating a level, acetylation status, or activity of a AceCS2 can also
be performed using cell-based assays (e.g., see Examples 5,6, 9, and 11). Further, E.coli
based assays, as described herein, can be used for identifying and/or testing candidate agents

(see Examples 7, 8, and 12)

[0169] For cell-based assays, typically, eukaryotic cells, such as mammalian cells are used.
In certain embodiments, yeast cells may be used. The cell can be a primary cell isolated from
a donor biological sample. Alternatively, the cell can be an established cell line as made

available by the American Type Culture Collection.

[0170] As described herein (see Examples), a cell can also be a cell that is transiently or
stably transfected with an expression construct, such as an AceCS2 expression construct or a

SIRT3 expression construct.

E. In Vivo Assays

[0171] Identification and testing of candidate agents for activating a level or activity of a
SIRT3 and agents for modulating a level, acetylation status, or activity of a AceCS2 can also
bf: performed ir vivo. In this method, an agent is administered to an animal, preferably a
mouse, and blood samples or tissue samples ére taken from the animal at various times after
administration of the agent and tested for the présence of e.g., (1) acetyl-CoA level, (ii) ATP

level, (iii) level, acetylation status, or activity of AceCS2, or (iv) level or activity of SIRT3.

F. Detection of mRNA

[0172] Methods for testing and assaying compounds, agents or antagonists identified by
methods described herein, are provided herein and involve a variety of accepted tests to
determine whether a given candidate agent, or small molecule is useful to practice a method
of the present invention. Methods of the present invention may 6ptionally comprise the step

42



WO 2007/149270 PCT/US2007/013804

of detecting a nucleic acid, such as an mRNA or a polypeptide. In one embodiment, such a
method comprises determining or detecting an mRNA, preferably a SIRT3 mRN A oran
AceCS2 mRNA. Other mRNAs encoding polypeptides described herein can also be
determined using the féllowing methods. Methods of evaluating mRNA expression of a
particular gene are well known to those of skill in the art, and include, inter alia,

hybridization and amplification based assays.

1. Direct Hybridization-based Assays
[0173] Methods of detecting and/or quantifying the level of a gene transcript (nRNA or
cDNA made therefrom) using nucleic acid hybridization techniques are known to those of
skill in the art. For example, one method for evaluating the presence, absence, or quantity of
a polynucleotide involves a Northern blot. Gene expression levels can also be analyzed by
techniques known in the art, e.g., dot blotting, in situ hybndlzatlon RNase protection,
probing DNA microchip arrays, and the like (e.g., see Sambrook, J ., Fritsch, E. F_, and
Maniatis, "Molecular Cloning A Laboratory Manual” published by Cold Spring Harbor
Laboratory Press, 2nd edition, 1989).

2. Amplification-based Assays
[0174] In another embodiment, amplification-based assays are used to measure the
expression level of a gene. In such an assay, the nucleic acid sequences act as a template in
an amplification reaction (e.g., Polymerase Chain Reaction, or PCR). In a quantitative
amplification, the amount of amplification product will be proportional to the amount of
template in the original sample. Comparison to appropriate controls provides a measure of
the level of an mRNA in the sample. Methods of quantitative amplification are well known
to those of skill in the art. Detailed protocols for quantitative PCR are provided, e.g., in Innis
et al. (1990) PCR Protocols, A Guide to Methods and Applications, Academic Press, Inc.
N.Y)).

[0175] In one embodiment, a TagMan based assay is used to quantify a polynucleotide.
TaqMan based assays use a fluorogenic oligonucleotide probe that contains a 5’ fluorescent
dye and a 3’ quenching agent. The probe hybridizes to a PCR product, but cannot itself be
extended due to a blocking agent at the 3’ end. When the PCR product is amplified in
subsequent cycles, the 5’ nuclease activity of the polymerase, e.g., AmpliTaq, results in the
cleavage of the TaqMan probe. This cleavage separates the 5’ ﬂuoresc_ent dye and the 3’

quenching agent, thereby resulting in an increase in fluorescence as a function of
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amplification (see, for example, Heid et al., 1996, Genome Res 6(10):986-94; Morris et al.,
1996, J Clin Microbiol 34(12):2933-6).

10176] Other suitable amplification methods include, but are not limited to, ligase chain
reaction (LCR) (see, Wu and Wallace, 1989, Genomics 4:560; Landegren ef al., 1988,
Science 241:1077; and Barringer et al., 1990, Gene 89:117), transcription amplification

- (Kwoh et al., 1989, Prog Natl Acad Sci USA 86:1 173), self-sustained sequence replication
(Guatelli et al., 1990, Proc Nat Acad Sci USA 87: 1874), dot PCR, and linker adapter PCR,

etc.

G.  Detection of Polypeptide
[0177] The methods of the present invention described above méy optionally comprise the
step of determining or detecting a polypeptide, such as an AceCS2 or SIRT3 polypeptide.
~ Other polypeptides described herein can also be determined using the following methods.

[0178] Determining or detecting a polypeptide, such as an AceCS2, a SIRT3 and others
may be done in a variety of ways, including, but not limited to, detecting the respective
polypeptides in a biological sample, a cell, an organ, or in an animal, including human and

non-human animals.

[0179] The expression level of a polypeptide may be determined by a variety of methods,
including, but not limited to, affinity capture, mass spectrometry, traditional immunoassays
and immunoprecipitation assays, PAGE, Western Blotting, RIA, or HPLC as further
described herein (e.g., see Figs 1, and 3-10 and the corresponding Examples) or as known by
one of skill in the art.

[0180] Detection paradigms that can be employed to this end include optical methods,
electrochemical methods (voltametry and amperometry techniques), atomic force
microscopy, and radio frequency method;, eg., mﬁltipolar resonance spectroscopy.
Ilustrative of optical methods, in addition to microscopy, both confocal and non-confocal,
are detection of fluorescence, luminescence, chemiluminescence, aBsorbance, reflectance,
transmittance, and birefringence or refractive index (e.g., surface plasmon resonance,
ellipsometry, a resonant mirror method, a grating coupler waveguide method or

interferometry).

[0181] Using, ¢.g., antibodies, such as the anti-AceCS2 antibodies raised against acetylated
AceCS2 peptides and described herein, the modulation of acetylation status of an AceCS2
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polypeptide in the absence or presence of a candidate agent can be assessed (e.g., see Figure
5B and corresponding Example). Other antibodies described herein are useful for detecting

the level of AceCS2 expression or the level of SIRT3 expression.

H. Detection of Enzymatic Activity

1. Detecting SIRT3 Deacetylase Activity
[0182] Various assays have been described to detect sirtuin deacetylase activity. For
example, Imai et al., and Frye reported assays for detecting NAD-dependent deacetylase
activity of yeast Sir2 and human SIRT2 using histones as a substrate (Imai et al., 2000,
Nature 403(6771):795-800; Frye 1999, Biochem Biophys Res Comm 260:273-279).

However, neither Imai ef al. nor Frye test sirtuin deacetylase activity on a cellular

_polypeptide.

{0183] The présent invention describes the first cellular SIRT3 target polypeptide, AceCS2,
which is deacetylated both in vitro and in vivo by SIRT3. As further described herein, the
AceCS2 polypeptide is associated with SIRT3. Thus, in a preferred embodiment of the
present invention, enzymatic activity of a SIRT3 polypeptide is determined in the presence of
the substrate AceCS2 as described herein. This assay can be used to assess SIRT3

deacetylase activity in the absence or presence of a candidate agent.

[0184] SIRT3 deacetylating activity of AceCS2 can be monitored by, e.g., immunoblotting
using an anti-AceCS2 antib-ody detecting both acetylated and deacetylated AceCS2 and an
antibody which is specific for acetylated AceCS2. Alternatively, SIRT3 deacetylation
activity of AceCS2 can alsb be monitored by determining AceCS2 enzymatic activity as
described herein. Also, LC-MS/MS analysis can be used to determine acetylation status of
AceCS2 as described herein (e.g., Figs. 4 and 6; Examples 6 and 8).

2. Detecting AceCS2 Enzymatic Activity
[0185] Assays for testing the activity of AceCS2 are described herein (e.g., see Example
1)and are known in the art. AceCS2 enzymatic activity can also be determined, e.g., by
isotopic or spectrophotometric methods (Fujino ez al., 2001, J Biol Chem 276:11420-11426).

[0186] The standard reaction mixture for the isotopic method contains 100 mM Tris-HCl,
pH 8.5, 10 mM MgCl,, 10 mM ATP, 1 mM CoA and 10 mM ['*CJacetate (940 dpm/nmol) in
a total volume of 0.2 mL. After 1 min of preincubation at 37°C, the reaction is initiated by

the addition of AceCS2. Afier a 30 min incubation, the reaction is terminated by adding 50
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pl of ice-cold glacial acetic acid. The reaction product (['*Clacetyl-CoA) is isolated by
spotting onto a piece of chromatography media (ITLC-SG type, Gelman Sciences) and
extensive washing with water-saturated ether/formic acid (7:1) for measurement of
radioactivity (Fujino et al., 2001, J Biol Chem 276:11420-11426).

[0187] The spectrometric method is based on the formation of AMP using adenylate
kinase, pyruvate kinase, and lactate dehydrogenase. The standard reaction mixture for the
spectrophotometric method contains 100 mM Tris-HCI, pH 8.5, 1 mM DTT, 15 mM MgCl,,
10 mM ATP, 0.25 mM potassium phosphoenolpyruvate, 1 mM acetate, 0.3 mM NADH, 80
units of adenylate kinase (Roche Molecular Biochemicals), 17 units of lactate dehydrogenase
(Roche Molecular Biochemicals) and 6 units of pyruvate kinase (Roche Molecular
Biochemicals) in a total volume of 1 mL. After a 1 min preincubation at 37°C, the reaction is
started by adding 24 uL of 25 mM CoA. The oxidation of NADH is measured at 340 nm on
a recording spectrophotometer. The formation of 1 mol of ADP corresponds to the oxidation
of 2 mol of NADH (Fujino et al., 2001, J Biol Chem 276:11420-1 1426). Other suitable
spectrometric methods are known in the art (Jones & Lipmann, 1955, in Methods in
Enzymology (Academic Press, Vol. 1, pp. 585-591; Barak et al., 2004, J Mol Biol 342:383-
401). :

[0188] Another useful assay to detect AceCS2 enzymatic activity is incubation of cells with
["“Clacetate and the subsequent analysis of '“C into CO, and lipids (Fujiino ez al., 2001, J
Biol Chem 276:11420-11426).

1. Two-Hybrid Assays

[0189] In another embodiment of the screening methods of the present invention, a two-
hybrid system utilizing cells may be used (“MATCHMAKER Two-Hybrid system™,
“Mammalian MATCHMAKER Two-Hybrid Assay Kit”, “MATCHMAKER one-Hybrid
system” (Clontech); “HybriZAP Two-Hybrid Vector System” (Stratagene); see also Dalton
and Treisman, 1992, Cell 68: 597-612; Fields and Sternglanz, 1994, Trends Genet 10:286-
92).

[0190] In the two-hybrid system, for example, a SIRT3, preferably, a SIRT3 polypeptide, is
fused to the SRF-binding region or GAL4-binding region and expressed in yeast cells. An
AceCS2 polypeptide that binds to a SIRT3 polypeptide is fused to the VP16 or GAL4
transcﬁptional activation region and also expressed in the yeast cells in the existence of a test

compound. Alternatively, the AceCS2 polypeptide that binds to the SIRT3 polypeptide may
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be fused to the SRF-binding region or GAL4-binding region, and the SIRT3 polypeptide to
the VP16 or GAL4 transcriptional activation region. The binding of the two polypeptides
activates a reporter gene, making positive clones detectable. As a reporter gene, for example,

Ade2 gene, lacZ gene, CAT gene, luciferase gene and such can be used besides HIS3 gene,

[0191] A candidate agent that does not bind to SIRT3 or AceCS2 does not affect the
activation of the reporter gene. However, an agent that increases the binding of SIRT3 to
AceCS2 results in a stronger activation of the reporter gene. Conversely, a candidate agent
that inhibits the binding between SIRT3 and AceCS2 leads to a lesser activation or no

activation of the reporter gene.

J. Detection of Interaction Between Two Molecules

[0192] The interaction between two molecules, such as AceCS2 and SIRT3, AceCS2 and a
candidate agent or SIRT3 énd a candidate agent can also be detected, e.g,, using a
fluorescence assay in ;Nhich at least one molecule is fluorescently labeled. One example of
such an assay includes fluorescence energy transfer (FET or FRET for fluorescence
resonance energy transfer) (see, for example, Lakowicz ef al., U.S. Pat. No. 5,631,169;
Stavrianopoulos ez al., U.S. Pat. No. 4,868,103). A fluorophore label on the first, *donor'
molecule is selected such that its emitted fluorescent energy will be absorbed by a fluorescent
label on a second, ‘acceptor’ molecule, which in tumn is able to fluoresce due to the absorbed
energy. Alternately, the 'donor’ protein molecule may simply utilize the natural fluorescent
energy of tryptophan residues. Labels are chosen that emit different wavelengths of light,
such that the 'acceptor' molecule label may be differentiated from that of the 'donor.' Since
the efficiency of energy transfer between the labels is related to the distance separating the
molecules, the spatial relationship between the molecules can be assessed. In a situation in -
which binding occurs between the molecules, the fluorescent emission of the 'acceptor’
molecule label in the assay should be maximal. A FET binding event can be conveniently
measured through standard fluorimetric detection means well known in the art (e.g.,usinga

fluorimeter.

10193]  Another example of a fluorescence assay is fluorescence polarization (FP). For FP,
only one component needs to be labeled. A binding interaction is detected by a change in
molecular size of the labeled component. The size change alters the tumbling rate of the
component in solution and is detected as a change in FP (see, e.g., Nasir et a., 1999, Comb
Chem HTS 2:177-190; Jameson et al.,1995, Methods Enzymol 246:283; Seethala et al., 1998,

47



WO 2007/149270 PCT/US2007/013804

Anal Biochem 255:257. Fluorescence polarization can be monitored in multiwell plates, e.g.,
using the Tecan Polarion. TM. reader (see, e.g., Parker et al., 2000, J Biomol Screen 5:77-88;
and Shoeman, et al., 1999, Biochemistry 38:16802-16809).

[0194] In another embodiment, determining the ability of a protein to bind to a target
molecule or the ability of a candidate agent to bind to a subject polypeptide can be
accomplished using real-time Biomolecular Interaction Analysis (BIA) (see, e.g., Sjolander
and Urbaniczky, 1991, Anal Chem 63:2338-2345; Szabo et al., 1995, Curr Opin Struct Biol
3:699-705). "Surface plasmon resonance" or "BIA" detects biospecific interactions in real
time, without labeling any of the interactants (e.g., BlAcore). Changes in the mass at the
binding surface (indicative of a binding event) result in alterations of the refractive index of
light near the surface (the optical phenomenon of surface plasmon resonance (SPR)),
resulting in a detectable signal which can be used as an indication of real-time reactions

between biological molecules.

K. Computer-Based Assays
[0195] It is also possible to use structure-activity relationships (SAR) and structure-based
design principles to identify agents increasing a level or activity of SIRT3 or modulating a
level, acetylation status, or activity of AceCS2. SARs provide information about the activity
of related agents in at least bne relevant assay. Correlations are made between structural
features of an agent of interest and an activity. For example, it may be possible by evaluating ‘
SARs for a family of agents that interact with a SIRT3 polypeptide and/or an AceCS2
polypeptide to identify one or more structural features required for activity. A library of
agents can then be produced that vary thése features and then the library is screened.
Structure-based design can include determining a structural model of the physical interaction
of the agent and its target, such as a SIRT3 polypeptide and/or an AceCS2 polypeptide. The
structural model can indicate how an antagonist of the target can be engineered. Such

antagonist may be useful in altering lifespan regulation.

[0196] Both the SAR and the structure-based design approach can be used to identify a
pharmacophore. Pharmacophores are a highly valuable and useful concept in drug discovery
and drug-lead optimization. A pharmalcophore is defined as a distinct three dimensional (3D)
arrangement of chemical gfoups essential for biological activity. Since a pharmaceutically
active molecule must interact with one or more molecular structures within the body bf the

subject in order to be effective, and the desired functional properties of the molecule are
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derived from these interactibns, each active compound must contain a distinct arrangement of
chemical groups which enable this interaction to occur. The chemical groups, commonly
termed descriptor centers, can be represented by (a) an atom or group of atoms; (b) pseudo-
atoms, for example a center of a ring, or the center of mass of a molecule; (c) vectors, for
example atomic pairs, electron lone pair directions, or the normal to a plane. Once
formulated a pharmacophore can be used to search a database of chemical compounds, e.g.,
for those having a structure compatible with the pharmacophore (see, for example, U.S. Pat.
No. 6,343,257; Martin, 1992, J Med Chem 35, 2145-54). Database search queries are based

not only on chemical property information but also on precise geometric information.

[0197) Computer-based approaches can use database searching to find matching templates
(Martin, 1992, J Med Chem 35:2145-54, which is herein incorporated by reference). Existing
- methods for searching 2-D and 3-D databases of compounds are applicable. Lederle of
American Cyanamid (Pearl River, N.Y.) has pioneered molecular shape-searching, 3D
searching and trend-vectors of databases. Commercial vendors and other research groups
also provide searching capabllmes (MACSS-3D, Molecular Design Ltd. (San Leandro,
Calif.); CAVEAT, Lauri, G et al., University of California (Berkeley, Calif.); CHEM-X,
Chemical Design, Inc. (Mahwah, N J.)). Software for these searches can be used to analyze
databases of potential dnig compounds indexed by their significant chemical and geometric
structure (e.g., the Standard Drugs File (Derwent Publications Ltd., London, England), the
Bielstein database (Bielsteiﬁ Information, Frankfurt, Germany or Chicago) and the Chemical
Registry database (CAS, Columbus, Ohio)).

[0198] Once a compound is identified that matches the pharmacophiore, it can be tested for
activity, e.g., for binding to a polypeptide aﬁd/or for modulating a biological activity of a
polypeptide, e.g., increasing the enzymatic activity of a SIRT3 polypeptide and/or an AceCS2
polypeptide .

[0199] Further, structures have been determined for three class I11 enzymes, namely E. coli
CobB (Zhao et al. 2004, J Mol Biol'337:731-741) and both A. fulgidus sirtuins, Sir2-Afl
(Min ez al., 2001, Cell 105:269-279) and Sir2-Af2 (Avalos, 2002, Mol Cell 10:523-535).
With respect to SIRTS, crystal structure information has been deposited at GenBank
Accession Nos. 2FZQA, 2FZQB, 2B4YA, 2B4YB, 2B4YC, and 2B4YD. Other structural
daté are available for Sir2-P53 Peptide-Nicotinamide (GenBank Accession No. 1YCS5),
Sir2af2-NAD-ADPribose-Nicotinamide (GenBank Accession No. 1YC?2), structural basis for
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nicotinamide cleavage and ADP-ribose transfer by NAD"-dependent Sir2 Histone Protein
Deacetylase (GenBank Accession Nos. 1SZD and 1SZC); structural basis for the mechanism
and regulation of Sir2 enzymes (GenBank Accession No. 1S7G); and human SIRT2 Histone
Deacetylase (1J8F). A 1..7A crystal structure of the 323 amino acid catalytic core of human
SIRT?2, revealing an NAD-binding domain, which is a variant of the Rossmann fold, and a
smaller domain composed of helical module and a zinc-binding module was reported by
Finnin et al. (Finnin et al. 2001, Nat Struct Biol 8(7):621-5). Finnin et al. also described a
conserved large groove at the interface of the two domains and suggested this to be the likely
site of catalysis. Intersecting this large groove, there is a pocket formed by the helical
module. This pocket is lined with hydrophobic residues, which interestingly are conserved
within each of the five Sir2 classes, suggesting that it is a class-specific protein binding site
(Finnin et al. 2001, Nat Struct Biol 8(7):621-5).

[0200] A crystal structure of the coiled-coil dimerization motif of yeast Sir4, which
interacts with Sir3, is provided at GenBank Accession No. INYH_A. Further, Chang et al.
reported the X-ray structure of the coiled-coil dimerization motif within the C-terminus of
Sir4 and showed that it formed a stable 1:1 complex with a dimeric fragment of Sir3 (residues
464-978). (Chang et al., 2003, Structure 11(6):637-649; incorporated herein by reference in
its entirety). In additiori, Murphy et al. provided a 2.5A resolution X-ray crystal structure of
a Sir4 CT fragment (Sir4p 1217-1358) revealing a 72 residue homodimeric parallel coiled
coil (GenBank Accession Nos. 1PL5S and 1PLSA; Murphy et al., 2003, J Mol Biol
334(4):769-80, incorporated herein by reference in its entirety). This set of data can be used
to design agents binding to a SIR.Tj polypeptide and/or an AceCS2 polypeptide, interacting
with a SIRT3 polypeptide and/or an AceCS2 polypeptide or increasing a level or activity of a
SIRT3 polypeptide or modulating a level, acetylation status or activity of an AceCS2
polypeptide.

[0201] Thus, in one aspect of the present invention, an agent is identified that is designed to
interact with a SIRT3 polypeptide and/or an AceCS2 polypeptide or binds to a SIRT3
polypeptide and/or an AceCS2 polypeptide by employing a structure of a SIRT3 polypeptide
and/or an AceCS2 polypeptide or that of another sirtuin or AceCS2 polypeptide showing

homology to SIRT3 and/or AceCS2 within one or more domains.

[0202] Thus, identification of structurally defined class Il enzymes having overlapping

patterns of activation provides a useful tool for identifying activators for mammalian sirtuins,
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in particular SIRT3. For example, SIRT3 can be co-crystallized with a SIRT3 activating
agent and the three-dimensional structure of the complex can be determined. Information
relating to the interactions between the SIRT3 activating agent and SIRT3 amino acid
residues and/or the shape of the modulator binding site can then be entered into computer
modeling pro grains to design new and potentially more potent activators of SIRT3. As will
be understood by one of skill in the art upon reading this disclosure, AceCS2 activating and

inhibiting agents can be designed in such manner.

[0203] Thus, another assay for candidate agents that activate the level or activity of a
SIRT3 polypeptide or for agents that modulate a level, acetylation status or activity of an -
AceCSAZV polypeptide involves computer assisted drug design, in which a computer system is
used to generate a three-dimensional structure of SIRT3 or AceCS2 based on the structural
mformation encoded by its amino acid sequence. The input amino acid sequence interacts
directly and activeiy Mﬁ'a pre-established algorithm in a computer program to yield
secondary, tertiary, and quaternary structural models of the protein. The models of the
protein structure are then examined to identify regions of the structure that have the ability to
bind, e.g., another polypeptide or a candidate agent. These regions are then used to identify
activators that activate a level or activity of SIRT3 or a modulator that modulates a level,

acetylation status or activity of an AceCS2 polypeptide.

[0204] The three-dimensional structural model of the protein is generated by entering
protein amino acid sequences of at least 10 amino acid residues or correspondiné nucleic acid-
'sequences encoding a SIRT3 or AceCS2 into the computer system. The amino écid
sequences encoded by the nucleic acid sequences provided herein represent the pﬁmary
sequences or subsequences of the proteihs, which encode fhe structural information of the
proteins. At least 10 residues of an amino acid sequence (or a nucleotide sequence encoding
10 amino acids) are entered into the computer system from computer keyboards, computer
readable substrates that include, but are not limited to, electronic storage media (e. g,
magnetic diskettes, tapes, cartridges, and chips), optical media (e.g., CD ROM), information
distributed by internet sites, and by RAM. The three-dimensional structural model of the

- protein is then generated by the interaction of the amino acid sequence and the computer

system, using software known to those of skill in the art.

[0205] The amino acid sequence represents a primary structure that encodes the

information necessary to form the secondary, tertiary and quaternary structure of the protein
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of interest. The software iooks at certain parameters encoded by the primary sequence to
generate the structural model. These parameters are referred to as "energy terms," and
primarily ixichide electrostatic potentials, hydrophobic potentials, solvent accessible surfaces,
and hydrogen bonding. Secondary energy terms include van der Waals potentials.

Biological molecules form the structures that minimize the energy terms in a cumulative
fashion. The computer program is therefore using these terms encoded by the primary

structure or amino acid sequence to create the secondary structural model.

[0206] The tertiary structure of the protein encoded by the secondary structure is then
formed on the basis of the energy terms of the secondary structure. The user at this point can
enter additional variables such as whether the protein is membrane bound or soluble, its
location in tﬁe body, and its cellular location, e.g., cytoplasmic, surface, or nuclear. These
variables along with the energy terms of the secondary structure are used to form the model
of the tertiary structure.. In modeling the tertiary structure, the computer program matches
hydrophobic faces of secondary structure with like, and hydrophilic faces of secondary
structure with like.

[0207] Once the structure has been generated, potential modulator binding regions are
identified by the computer system. Three-dimensional structures for potential modulators are
generated by entering amino acid or nucleotide sequences or chemical formulas of
compounds, as described herein. The three-dimensional structure of the potential ligand is
then compared to that of SIRT3 or AceCS2 to identify binding sites on SIRT3 or AceCS2.
Binding affinity between the protein and modulators is determined using energy terms to

determine which modulators have an enhanced probability of binding to the protein.

[0208] Computer systems are also used to screen for mutations, polymorphic variants,
alleles and interspecies homologs of genes encoding a SIRT3 or AceCS2 polypeptide of the
invention. Such mutations can be associated with disease states or genetic traits. In addition,
GeneChip™ and related technology can also be used to screen for mutations, polymorphic
variants, alleles and interspecies homologs. Once the variants are identified, diagnostic
assays can be used to identify patients, e.g., diabetics or individuals at risk for diabetes,
hypercholesterolemia, hyperlipidemia, or obesity, having such mutated or allelic variant
genes. Identification of such SIRT3 and/or AceCS2 genes involves receiving input of a first
amino acid sequence of a SIRT3 or AceCS2 (or of a first nucleic acid sequence encoding a

SIRT3 or AceCS2). The sequence is entered into the computer system as described above.
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The first nucleic acid or amino acid sequence is then compared to a second nucleic acid or
amino acid sequence that has substantial identity to the first sequence. The second sequence
1s entered into the computer system in the manner described above. Once the first and second
sequences are compared, nucleotide or amino acid differences between the sequences are
identified. Such séquences can represent allelic differences in various SIRT3 or AceCS2

genes, and mutations associated with disease states and genetic traits.

L. High Throughput Assays

[0209] In one preferred embodiment, high throughput screening methods mvolve providing
a combinatorial chemical or peptide library containing a large number of potential therapeutic
compounds (potential modulator or ligand compounds). Such "combinatorial chemical
libraries" or "ligand libraries" are then screened in one or more assays, as described herein, to
' identify those library members (particular chemical species or subclasses) that display a
desired characteristic activity. The agents thus identified can serve as conventional "lead

agents" or can themselves be used as potential or actual therapeutics.

[0210] Preparation and screening of combinatorial chemical libraries is well known to
those of skill in the art. Such combinatorial chemical libraries include, but are not limited to,
peptide libraries (seg, e.g., U.S. Pat. No. 5,010,175, Furka, 1991, Int J Pept Prot Res 37:487-
493 (1991) and Houghton et al., 1991, Nature 354:84-88). Other chemistries for generating
chemical diversity libraries.can also be used. Such chemistries include, but are not limited to,
peptoids (e.g., PCT Publication No. WO 91/19735), encoded peptides (e.g., PCT Publication
No.‘ WO 93/20242), random bio-oligomers (e.g., PCT Publication No. WO 92/00091),
benzodiazepines (e.g., U.S. Pat. No. 5,288,514), diversomers such as hydantoins,
benzodiazepines and dipeptides (Hobbs ez al., 1993, Proc Natl Acad Sci USA 90:6909-6913),
vinylogous polypeptides (Hagihara et al., 1992, J Amer Chem Soc 114:6568), nonpeptidal
peptidofnimetics with glucose scaffolding (Hirschmann et al., 1992, J Amer Chem Soc
114:9217-9218), analogous organic syntheses of small compound libraries (Chen et al., 1994,
J Amer Chem Soc 116:2661), oligocarbamates (Cho ez al., 1993, Séience 261:1303), and/or
peptidyl phosphonates (Campbell et al., 1994, J Org Chem 59:658), nucleic acid libraries
(see Ausubel, Berger and Sambrook), peptide nucleic acid libraries (see, e.g., U.S. Pat. No.
5,539,083), antibody libraries (see, ¢.g., Vaughn et al., 1996, Nature Biotechnology
14(3):309-314 and PCT/US96/ 10287), carbohydrate libraries (see, e.g., Liang er al., 1996,
Science, 274:1520-1522 and U.S. Pat. No. 5,593,853), small organic molecule libraries (see,
e.g., benzodiazepi'nes, Baum C&EN, 'January 1'8, 1993, page 33; isoprenoids, U.S. Pat. No.
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5,569,588; thiazolidinones and metathiazanones, U.S. Pat. No. 5,549,974 pyrrolidines, U.S.
Pat. Nos. 5,525,735 and 5,519,134; morpholino compounds, U.S. Pat. No. 5,506,337;
benzodiazepines, U.S. Pat. No. 5,288,514, and the like). Additional examples of methods for
the synthesis of molecular libraries can be found in the art, for éxample in: DeWitt et al.,
1993, Proc Natl Acad Sci USA 90:6909; Erb et al., 1994, Proc Natl Acad Sci USA 91:1 1422,
Zuckemmann et al., 1994, J Med Chem 37:2678; Cho et al., 1993, Science 261:1303; Carrell
et al., 1994, Angew Chem Int Ed Engl 33:2059; Carell et al., 1994, Angew Chem Int Ed Engl.
33:2061; and Gallop et al., 1994, J Med.Chem 37:1233.

[0211] High throughput assays are often used in screening for modulators. Thus, in high
throughput assays for identifying (i) activators for SIRT3 and (ii) modulators for AceCS2, it
is possible to screen up to several thousand different candidate agents or ligands in a single
day. In particular, each well of a microtiter plate can be used to run a separate assay against a
selected potential agent, or, if concentration or incubation time effects are to be observed,
every 5-10 wells can test a single agent. Thus, a single standard microtiter plate can assay
about 100 (e.g., 96) agents. If 1536 well plates are used, then a single plate can easily assay
from about 100 to about 1500 different agents. It is possible td assay several different plates
per day; assay screens for up to about 6,000-20,000 different agents are possible using the 7
integrated systems of the invention. More recently, microfluidic approaches to reagent

manipulation have been developed.

[0212] The molecule of interest can be bound to the solid state component, directly or
indirectly, via covalent or non covalent linkage, e. g., via a tag. The tag can be any of a
variety of components. In general, a molecule that binds the tag (a tag binder) is fixed to a
solid support, and the tagged molecuie of interest (e.g., SIRT3 or AceCS2) is attached to the
solid support by interaction of the tag and the tag binder.

{0213] A number of tags and tag binders can be used, based upon known molecular
interactions well described in the literature. For example, where a tag has a natural binder,
for example, biotin, protein A, or protein G, it can be used in conjunction with appropriate tag
binders (avidin, streptavidin, neutravidin, the Fc region of an immunoglobulin, etc.).
Antibodies to molecules with natural binders such as biotin and appropriate tag binders are
also widely available (see, SIGMA Immunochemicals 1998 catalogue SIGMA, St. Louis
Mo).
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[0214] Similarly, any haptenic or antigenic compound can be used in combination with an
appropriate antibody to form a tag/tag binder pair. Thousands of specific antibodies are
commercially available and many additional antibodies are described in the literature. For
example, in one common configuration, the tag is a first antibody and the tag binder is a
second antibody which recognizes the first antibody. In addition to antibody-antigen
interactions, receptor-ligand interactions are also appropriate as tag and tag-binder pairs, such
as agonists and antagonists of cell membrane receptors (e.g., cell receptor-ligand interactions
such as transferrin, c-kit, viral receptor ligands, cytokine receptors, chemokine receptors,
interleukin receptors, immunoglobulin receptors and antibodies, the cadherin family, the
integrin family, the selectin family, and the like; see, e.g., Pigott & Power, The Adhesion
Molecule Facts Book I (1993)). Similarly, toxins and venoms, viral epitopes, hormones (e.g.,
"opiates, steroids, etc.), intracellular receptors (e.g., which mediate the effects of various small
ligands, inclﬁding steroids, thyroid hormone, retinoids and vitamin D; peptides), drugs,
lectins, sugars, nucleic acids (both linear and cyclic polymer configurations),
oligosaccharides, proteins, phospholipids and antibodies can all interact with various cell

receptors.

[0215] Synthetic polymers, such as polyurethanes, polyesters, polycarbonates, polyureas,
polyamides, polyethyleneimines, polyarylene sulfides, polysiloxanes, polyimides, and
polyacetates can also form an appropriate tag or tag binder. Many other tag/tag binder pairs
are also useful in assay. systems described herein, as would be apparent to one of skill upon

review of this disclosure.

[0216] Common linkers such as peptides, polyethers, and the like can also serve as tags,
and include polypeptide sequences, such as poly Gly sequences of between about 5 and 200
amino acids (SEQ ID NO:14). Such flexible linkers are known to those of skill in the art.
For example, poly(ethylene glycol) linkers are available from Shearwater Polymers, Inc.,
Huntsville, Ala. These linkers optionally have amide linkages, sulfhydryl linkages, or

‘heterofunctional linkages. -

10217} Tag binders are fixed to solid substrates using any of a variety of methods currently
available. Solid substrates are commonly derivatized or functionalized by exposing all or a
portion of the substrate to a chemical reagent which fixes a chemical group to the surface
which is reactive with a portion of the tag binder. For example, groups which are suitable for

attachment to a longer chain portion would include amines, hydroxyl, thiol, and carboxyl
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groups. Aminoalkylsilanes and hydroxyalkylsilanes can be used to functionalize a variety of
surfaces, such as glass surfaces. The construction of such solid phase biopolymer arrays is
well described in the literature (see, e.g., Merrifield, 1965, Endeavour 24:3-7; Merrifield,
1964, Biochemistry 3:1385-90; Merrifield and Stewart, 1965, Nature 207(996):522-3;
Merrifield, 1965, Science 150(693):178-85 (describing solid phase synfhesis of,eg.,
peptides); Geysen et al., 1987, J Immun Meth 102:259-274 (describing synthesis of solid
phase components on pins); Frank and Doring, 1988, Tetrahedron 44:6031-6040 (describing
synthesis of various peptide sequences on cellulose disks); Fodor et al., 1991, Science
251:767-777; Sheldon et al., 1993, Clinical Chemistry 39(4):718-719; and Kozal et al., 1996,
Nature Medicine 2(7):753-759 (all describing arrays of biopolymers fixed to solid substrates).
Non-chemical approaches fof fixing tag binders to substrates include ‘other common methods,

such as heat, cross-linking by UV radiation, and the like.

[0218] The invention provides in vitro assays for identifying, in a high throughput format,
agents that can increase a level or activity of SIRT3 or agents that modulate a level,
acetylation status or activity of AceCS2. Control reactions that measure a level or activity of
SIRTS3 or a level, acetylation status or activity of AceCS2 in a reaction that does not include a
potential activator/modulator are optional, as the assays are highly uniform. Such optional
control reactions are appropriate and increase the reliability of the assay. Accordingly, in
some embodiments, the methods of the invention include such a control reaction. For each of
the assay formats described, "no activator” or "no modulator" control reactions which do not
include an activator of SIRT3 or a modulator of AceCS2 provide a background level of

binding activity. -

III.  ACTIVATORS FOR SIRT3 AND MODULATORS FOR AceCS2

[0219] Any candidate agent, for example, cell extracts, cell culture supernatants, products
of fermenting microorganism, extracts from marine organism, plant extracts, purified or
crude proteins, peptides, non-peptide compounds, nucleic acids, saccharides, lipids, synthetic
micromolecular compounds and natural compounds and the like, can be used in the screening
methods of the present invention. The candidate agent of the present invention can also be
obtained using any of the numerous approaches in combinatorial library searching described
herein and methods known in the art, including (1) biological libraries, (2) spatially
addressable parallel solid phase or solution phase libraries, (3) synthetic library methods

requiring deconvolution, (4) the “one-bead one-compound” library method and (5) synthetic
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library methods using affinity chromatography selection. The biological library methods A
using affinity chromatography selection is limited to peptide libraries, while the other four
approaches are applicable to peptide, non-peptide oligomer or small molecule libraries of

compounds (Lam, 1997, Anticancer Drug Des. 12:145).

[0220] Examples of methods for the synthesis of molecular libraries can be found in the art
(DeWitt et al., 1993, Proc Natl Acad Sci USA 90: 6909; Erb et al., 1994, Pro. Natl Acad Sci
USA 91:11422; Zuckermann et al., 1994, J Med Chem 37:2678; Cho et al., 1993, Science
261:1303; Carell et al., 1994, Angew Chem Int. Ed Engl. 33:2059; Carell et al., 1994, Angew
Chem Int Ed. Engl.33:2061; Gallop et al., 1994, J Med Chem 37:1233). Devices for the
preparation of combinatorial libraries are commercially available (see, e.g., 357 MPS, 390
MPS, Advanced Chem Tech, Louisville Ky., Symphony, Rainin, Woburn, Mass., 433A
Applied Biosystems, Foster City, Calif., 9050 Plus, Millipore, Bedford, Mass.). In addition,
numerous combinatorial libraries are themselves commercially available (see, e.g.,
ComGenex, Princeton, N. J., Asinex, Moscow, Ru, Tripos, Inc., St. Louis, Mo.; ChemStar,
Ltd, Moscow, RU, 3D Pharmaceuticals, Exton, Pa., Martek Biosciences, Columbia, Md.,

etc.).

[0221] Libraries of compounds may be presented in solution (see Houghten, 1992,
Bio/Techniques 13:412) or on beads (Lam, 1991, Nature 354: 82), ¢hips (Fodor, 1993, Nature
364:555), bacteria (US Pat. No. 5,223,409), spores (US Pat. No. 5,571,698;5,403,484, and
5,223,409), plasmids (Cull et al., 1992, Proc Natl Acad Sci USA 89:1 865) or phage (Scott
aﬁd Smith, 1990, Science 249:386; Devlin, 1990, Science 249:404; Cwirla et al., 1990, Proc
Natl Acad Sci USA 87:6378; Felici, 1991, J Mol Biol 222 301; US Pat. Application
20020103360). The candidate agent exposed to a cell or protein according to the screening
methods of the present invention may be a single agent or a combination of agents. When a
combination of agents is used in the screening methods of the invention, the agent may be

contacted to the cell or protein sequentially or simultaneously.

[0222] An agent isolated by the screening methods of the present invention is a candidate
for drugs which activate a level or activity of a SIRT3 or is a candidate drug for modulating a
level, acetylation status or activity of an AceCS2. The candidate drugs are useful for treating
or preventing a pathological condition, disorder, or disease as described herein. An agent in
which a part of the structure of the agent obtained by a screening method of the present

invention is converted by addition, deletion and/or replacement, is included in the agents
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obtained by the screening methods of the present invention. An agent effective in activating
a level or activity of a SIRT3 or an agent modulating a level, acetylation status, or activity of
an AceCS2 can be further tested for its ability to treat or prevent a disorder, disease or

pathological condition in animal models or test subjects.

[0223] Agents identified by any of the subject methods described herein are useful as
biologically active agents. In a preferred embodiment the biologically agent activates a level
or activity of a SIRT3 as described herein. In another preferred embodiment the biologically
active gent modulates a level, acetylation status or activity of an AceCS2, as described

herein.

[0224} In addition, prodrugs are also included within the context of this-invention.
Prodrugs are éi]y covalently bonded carriers that release an agent of the present invention in
vivo when such prodrug is administered to a patient. Prodrugs are generally prepared by
modifying functional groups in a way such that the modification is cleaved, either by routine

manipulation or in vivo, yielding the parent agent.

[0225] A variety of agents that modulate one or more of a level, acetylation status, or
activity of an AceCS2 as described herein, can be used. They include siRNA, antisense
RNA, ribozymes, small molecules, and dominant negative proteins. Small molecules are also

useful as agents for the activation of a level or activity of a SIRT3.

[0226] As described herein, modulators for AceCS82 include activators and inhibitors (e.g.,
an antagonist) of AceCS2. SiRNA, antisense RNA, ribozymes, and dominanf negative
proteins are particularly useful for inhibiting an activity of a nucleic acid or polypeptide.
Thus, in one embodiment, the present invention provides compositions comprising siRNA,
antisense RNA, ribozymes, dominant negative proteins for inhibiting an AceCS2 nucleic acid
or an AceCS2 polypeptide and methods for using siRNA, antisense RNA, ribozymes,
dominant negative proteins for inhibiting an AceCS2 nucleic acid or an AceCS2 polypeptide
both in vitro and in vivo. These methods and compositions are useful for the treatment of
pathological conditions, disorders, or diseases, and interfering with AceCS2 activity. A
preferred pathological condition, disorder, or disease is characterized by, caused by or
associated with an elevated level of acetyl-CoA relative to normal. Upon administration of
an siRNA, an antisense RNA, a ribozyme, or a dominant negative protein for inhibiting an

AceCS2 nucleic acid or an AceCS2 polypeptide as described herein to an individual having
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such pathological condition, disorder, or disease, the elevated level of acetyl-CoA in the

individual is reduced, preferably reduqed to a normal level.

A. Small Molecules

[0227] In a preferred embodimeﬁt_the agent is a small molecule which can be identified as
‘described herein. Useful small molecules and combinatorial libraries comprising them are
described herein. Partiéular useful are small molecule agents that activate a level or activity
of a SIRT3 or which modulate a level, acetylation status, or activity of an AceCS2m as

described herein.

B. SiRNA
[0228] In a preferred embodiment of the present invention, an agent moduiating one or
more of a level, acetylation status, or activity of an AceCS2 as described herein is a short
interfering RNA (siRNA). See, e.g., PCT applications WO0/44895, W099/32619,
WO001/75164, W0O01/92513, W0O01/29058, WO01/89304, WO02/16620, and WO02/29858;
and U.S. Patent Publication No. 20040023390 for descriptions of siRNA technology.

[0229] In a preferred embodiment the agent is an siRNA directed against an AceCS2
mRNA.

[0230] Thus, agents of the present invention that are useful for practicing the methods of
the present invention include, but are not limited to siRNAs of AceCS2. Typically, such
agents are capable of (i) binding to AceCS2 mRNA, (ii) interfere with translation of AceCS2
mRNA or (iii) lead to degradation of AceCS2 mRNA. The present invention provides

compositions and methods using RNA interference to modulate AceCS2 expression.

[0231] In many species, introduction of double-stranded RNA (dsRNA) which may
alternatively be referred to herein as small interfering RNA (siRNA), induces potent and
specific gene silencing, a phenomena called RNA interference or RNAi. This phenomenon.
has been extensively documented in the nematode C. elegans (Fire et al., 1998, Nature,
391:806-811), but is widespread in other organisms, ranging from trypanosomes to mouse.
Depending on the organism being discussed, RNA interference has been referred to as
"cosuppression”, "post-transcriptional gene silencing", "sense suppressibn" and "quelling."
RNAI is an attractive biotechnological tool because it prdvides a means for knocking out the

" activity of specific genes. Itis paﬂicuiarly useful for knocking out gene expression in species

that were not previously considered to be amenable to genetic analysis or manipulation.
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[0232] RNAI is usually described as a post-transcriptional gene-silencing (PTGS)
phenomenon in which dsRNAs trigger degradation of homologous mRNA in the cytoplasm.
The basic process involves a dsRNA that is processed into shorter units (called short or small
interfering RNAs (siRNAs)) that guide recognition and targeted cleavage of homologous
messenger RNA (mRNA). The dsRNAs that (after pfocessing) trigger RNAI/PTGS can be
made in the nucleus or cytoplasm in a number of ways. The processing of dsRNA into
siRNAs, which in tun degrade mRNA, is a two-step RNA degradation process. The first
step involves a dSRNA endonuclease (ribonuclease IlI-like; RNase I1I-like) activity that
processes dsRNA into sense and antisense RNAs which are 21 to 25 nucleotides (nt) long
(i.e., siRNA). In Drosophila, this RNase ITI-type protein is termed Dicer. In the second step,
the antisense siRNAs produced combine with, and serve as guides for, a different
-ribonuclease complex called RNA-induced silencing complex (RISC), which cleaves the
homologous single-stranded mRNAs. RISC cuts the mRNA approximately in the middle of
the region paired with the antisense siRNA, after which the mRNA is further degraded.
dsRNAs from different sources can enter the processing pathway leading to RNAi/PTGS.

[0233] Thus, in a preferred embodiment of the present invention, the agent for use in the
methods of the present invention is a siRNA of AceCS2. siRNA can be used to reduce the
expression level of AceCS2. An siRNA of AceCS2 hybridizes to an AceCS2 mRNA and
thereby decreases or inhibits production of AceCS2 polypeptides.

[0234] In designing RNAI experiments there are several factors that need to be considered
such as the nature of the siRNA, the durability of the silencing effect, and the choice of
delivery system. To produce an RNAi effect, the siRNA that is introduced into the organism
should preferably contain exonic sequences. However, siRNAs directed againsf eg,
exon/intron splice séquences may also be chosen. Furthermore, the RNAI process is
homology dependent, so the sequences must be carefully selected so as to maximize gene
specificity, while minimizing the possibility of cross-interference between homologous, but
not gene-specific sequences. Preferably the siRNA exhibits greater than 90% or even 100%
identity between the sequence of the siRNA and the gene to be inhibited. Sequences less
than about 80% identical to the target gene are substantially less effective. Thus, the greater
homology between the siRNA of AceCS2 and the AceCS2 gene whose expression is to be

inhibited, the less likely expression of unrelated genes will be affected.

[0235] In addition, the size of the siRNA is important. Generally, the present invention
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relates to siRNA molecules of AceCS2, which are double or single stranded and comprise at
least about 19-25 nucleotides, and are able to modulate the gene expression of AceCS2. In -
the context of the present invention, the siRNA is preferably less than 500, 200, 100, 50 or 25
nucleotides in length. More preferably, the siRNA is from about 19 nucleotides to about 25

nucleotides in length.

[0236] In one aspect, the invention generally features an isolated siRNA molecule of at
least 19 nucleotides, having at least one strand that is substantially complementary to at least
ten but no more than thirty consecutive nucleotides of AceCS2 and that reduces the

expression of AceCS2 géne or protein.

[0237] Therefore, a composition comprising an siRNA as described herein is useful in a-
method for modulating a level, acetylation status or activity of an AceCS2 in a mammalian
cell or in a method for the treatment of a pathological condition, disorder or disease as

described herein.
1. Selection of SIRNA Target Sites

[0238] Nucleic acid sequences encoding AceCS2 are described in the art and are available
at GenBank. For example, human nucleic acid sequences for AceCS2 can be found, e.g., at
GenBank Accession No. BC039261; mouse AceCS2 nucleic acid sequences can be found,
e.g., at GenBank Accession No. AB046742; and bovine AceCS2 nucleic acid sequences can
be found, e.g., at GenBank Accession No. AB046741.

[0239] Human nucleic acid sequences for SIRT3 can be found, e.g., at GenBank Accession
Nos. NM_001 01 7524, NM_012239, BC001042, and AF083108; mouse SIRT3 nucleic acid
sequences can be found, e.g., at GenBank Accession Nos. CT010402, BC02587 8, and
NM_022433; rat SIRT3 nucleic acid sequences can be found, e. g., at GenBank Accession
No. XM_215124; bovine SIRT3 nucleic acid sequences can be found, e.g., at GenBank
Accession Nos. XM_864790 and XM_873980; dog SIRT3 nucleic acid sequences can be
found, e.g., at GenBank Accession Nos. XM_843207, XM_850716, and XM _851003; and
zebrafish SIRT3 nucleic acid sequences can be found, e.g., at GenBank Accession Nos.
XM_679133 and XM_685833.

[0240] Having these sequences at hand, a skilled artisan can readily identify without undue
experimentation by using, e.g., the disclosure provided herein, siRNAs for practicing

methods and compositions of the present invention.
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[0241] In a preferred embodiment of the present invention, the siRNA molecule has at least
one strand that is substantially complementary to at least ten but no more than thirty
consecutive nucleotides of an AceCS2. Using such oligonucleotides, expression of AceCS2
can be drastically reduced. In other embodiments of the present invention, n siRNA for
inhibiting AceCS2 expression from an AceCS2 mRNA comprises an siRNA obtained from
any one of the AceCS2 sequences disclosed herein (see GenBank accession numbers

provided herein).

[0242] Without undue experimentation and using the disclosure of this invention, it is
understood that additional siRNAs of AceCS2 that modulate AceCS2 expression can be

designed and used to practice the methods of the invention.
[0243] A preferable siRNA used in the present invention has the general formula:

5’-[A]-[B]-[A’]-3° _

wherein [A] is a ribonucleotide sequence corresponding to a target sequence of an
AceCS2 gene; [B] is a ribonucleotide sequence consisting of about 3 to about 23 nucleotides;
and [A’] is a ribonucleotide sequence complementary to [A]. Herein, the phrase a “target
sequence of an AceCS2 gene” refers to a sequence that, when introduced into a mammalian

cell, is effective for inhibiting or reducing the translation of an AceCS2 mRNA.

[0244] - Other than the siRNAs disclosed herein, siRNAs useful to practice a method of the
present inventidn can be identified as follows. Beginning with the AUG start codon of the
transcript (e.g., an AceCS2 mRNA), tﬁe transcript is scanned downstream for AA
dinucleotide sequences. The occurrence of each AA and the 3' adj acent. 19 nucleotides as
potential siRNA target sites are recorded. It may not be recommended to design siRNAs
against the 5' and 3' untranslated regions (UTRs) and regions near the start codon (within 75
bases) as these may be richer in regulatory protein binding sites, and thus the complex of
endonuclease and siRNAs that were designed against these regions may interfere with the.
binding of UTR-binding proteins and/or translation initiation complexes (Tuschl, ez al. 1999,
Genes Dev 13(24):3191-7). The potential target sites are then compared to the human
genome database or other mammalian sequences, depending on the species in which
expression of the AceCS2 is to be modulated. Any target sequences with’ significant-
homology to other coding sequences are eliminated from consideration. The homology
search can be performed using BLAST (Altschu1 et. al., 1997, Nucleic Acids Res 25:3389-
402; Altschul er. al., 1990, J Mol Biol 215:403-1 0). Next, qualifying target sequences are
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selected for synthesis. On the website of Ambion, several preferable target sequences can be

selected along the length of the gene for evaluation.

[0245] The double-stranded molecule of the present invention comprises a sense strand and
an antisense strand, wherein the sense strand comprises a ribonucleotide sequence:
corresponding to an AceCS2 target sequence, and wherein the antisense strand comprises a
ribonucleotide sequence which is complementary to said sense strand, wherein said sense
strand and said antisense strand hybridize to each other to form said double-stranded
molecule, and wherein said double-stranded moleg:ule, when introduced into a cell expressing

an AceCS2 gene, inhibits expression of said gene.

[0246] The double-stranded molecule of the present invention may be a polynucleotide
derived from its original environment (i.e., when it is a naturally occurring molecule, the
natural environment), physically or chemically altered from its natural state, or chemically
synthesized. According to the present invention, such double-stranded molecules include
those composed of DNA, RNA, and derivatives thereof. A DNA is suitably composed of
bases such as A, T, C and G, and T is replaced by U in an RNA.

[0247] SiRNAs may be expressed from a vector. The vector preferably comprises a
regulatory sequence adjacent to the region enboding the present double-stranded molecule

. that directs the expression of the molecule in an adequate cell. For exa.rhplc, the double-
stranded molecules of the present invention are intracellularly transcribed by cloning their
coding sequence into a vector containing, e.g., an RNA polymerase III transcription unit from
the small nuclear RNA (snRNA) U6 or the human HI RNA promoter.

[0248] Alternatively, the present vectors are produced, for example, by cloning the target
sequence into an expression vector so the objective sequence is operatively-linked to a
regulatory sequence of the vector in a manner to allow expression thereof (tran@ription of the
DNA molecule) (Lee et al., 2002, Nature Biotechnology 20:500-505). For example, the
transcription of an RNA molecule having an antisense scéuence to the target sequence is
driven by a first promoter (e.g., a promoter sequence linked to the 3’-end of the cloned DNA)
and that having the sense strand to the target sequence by a second promoter (e.g., a promoter
sequence linked to the 5’-end of the cloned DNA). The expressed sense and antisense strands
hybridize to each other in vivo to generate an siRNA construct to silence a gene that
comprises the target sequence. Furthermore, two constructs (vectors) may be utilized to

respectively produce the sense and anti-sense strands of an siRNA construct.
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[0249] For introducing the vectors into a cell, a transfection-enhancing agent can be used.
FuGENES6 (Roche Diagnostics), Lipofectamine 2000 (Invitrogen), Oligofectamine
(Invitrogen), and Nucleofector (Wako pure Chemical) are useful as the transfection- .
enhancing agent. Transfection of vectors expressing siRNA polynucleotides of the invention
can be used to inhibit an AceCS2 in a mammalian cell. Thus, it is another aspect of the
present invention to provide a double-stranded molecule comprising a sense-strand and’

- antisense-strand which molecule functions as an siRNA for AceCS2, and a vector encoding

the double-stranded molecule.

[0250] The siRNA may also comprise an alteration of one or more nucleotides. Such
alterations can include the addition of non-nucleotide material, such as to the end(s) of the 19
to 25 nucleotide RNA or internally (at one or more nucleotides of the RNA). In a preferred
embodiment, the RNA molecule contains a 3"-hydroxyl group. Nucleotides in the RNA
molecules of the present invention can also comprise non-standard nucleotides, including
non-naturally occurring nucleotides or deoxyribonucleotides. The double-stranded
oligonucleotide may contain a modified backbone, for example, phosphorothioate,
phosphorodithioate, or other modified backbones known in the art, or may contain non-
natural internucleoside linkages. Additional modifications of siRNAs (e.g., 2'-O-methyl
ribonucleotides, 2'-deoxy-2'-fluoro ribonucleotides, "universal base" nucleotides, 5-C-methyl
nucleotides, one or more phosphorothioate internucleotide linkages, and invgrtcd deoxyabasic
residue incorporation) can be found in the U.S. Patent Application No. 20040019001 and US
Pat: No. 6,673,611 (incorporated by reference). Collectively, all such altered RNAs

~ described above are referred to as modified siRNAs.

[0251] Preferably, RNAI is capable of decreasing the expression of AceCS2 in a cell by at
least 10%, 20%, 30%, or 40%, more preferably by at least 50%, 60%, or 70%, and most
preferably by at least 75%, 80%, 90%, 95% or more.

[0252] Introduction of siRNA into cells can be achieved by methods known in the art and
disclosed herein, including for example, microinjection, electroporation, or transfection of a
vector corhprising a nucleic acid from which the siRNA can be transcribed. Alternatively, an
siRNA for AceCS2 can be directly introduced into a cell in a form that is capable of binding
to an AceCS2 mRNA transcript. To increase durability and membrane-permeability the

siRNA may be combined or modified with liposomes, poly-L-lysine, lipids, cholesterol,
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lipofectine or derivatives thereof. Preferred are cholesterol-conjugated siRNA for AceCS2
(see, Song et al., Nature Med. 9:347-351 (2003)).

[0253] SiRNAs and vectors comprising siRNA nucleic acid sequences and methods for
preparing and using same are described, for example, in U.S. Patent Application No.

.20060051815, which is incorporated herewith in its entirety by reference.

C. Antisense RNA And Ribozymes
[0254] A variety of agents can be used to modulate the level, acetylation status, or activity
of an AceCS2 as described herein. For example, the expression of AceCS2 can be
modulated, preferably inhibited, by administering to a cell or a subject a nucleic acid that
inhibits or antagonizes the expression of an AceCS2 gene. In addition to siRNAs, described
above, antisense oligonucleotides or ribozymes which disrupt the expression of an AceCS2
gene can be used for modulating the level or activity of an AceCS2. In a preferred
embodiment the modulator, preferably an inhibitor, is an anti-sense RNA, which can be
identified as described herein.

[0255] As noted above, antisense-oligonucleotides corresponding to any of the nucleotide
sequence of an AceCS2 gene can be used to reduce the expression level of the gene.
Speéiﬁcally, an antisense-oligonucleotide against an AceCS2 gene may act by binding to any
of the AceCS2 mRNAs, thereby inhibiting the transcription or translation of an AceCS2
gene, promoting the degradation of an AceCS2 mRNA, and/or inhibiting the expression of
proteins encoded by an AceCS2 gene, and finally inhibiting the function of an AceCS2

protein.

[0256] Anti-sense oligonucleotides and siRNAs of the invention can also be defined by
their ability to hybridize specifically to mRNA or cDNA from the genes disclosed herein.

[0257] An antisense-oligonucleotide and derivatives thereof can be made into an external
preparation, such as a liniment or a poultice, by mixing with a suitable base material which is

inactive against the derivative.

[0258] * The antisense-oligonucleotides of the invention inhibit the expression of a protein
encoded by an AceCS2 gene, and thus are useful for suppressing the biological activity of an

AceCS2 or of a multiprotein complex comprising one of AceCS2 or SIRT3 po_lypeptides.

[0259] Generally, ribozymes are classified into large ribozymes and small ribozymes. A

large ribozyme is known as an enzyme that cleaves the phosphate ester bond of nucleic acids.
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After the reaction with the large ribozyme, the reacted site consists of a 5’-phosphate and 3°-
hydroxyl group. The large ribozyme is further classified into (1) group I intron RNA
catalyzing transesterification at the 5’-splice site by guanosine; (2) group II intron RNA
catalyzing self-splicing through a two step reaction via lariat structuré; and (3) RNA
component of the ribonuclease P that cleaves the tRNA precursor at tﬁe 5’ site through
hydrolysis. On the other hand, small ribozymes have a smaller size (about 40 bp) compared
to the large ribozymes and cleave RNAs to generate a 5’-hydroxyl group and a 2°-3’ cyclic
phosphate. Hammerhead type ribozymes (Koizumi et al., 1988, FEBS Le:t. 228:225) and
hairpin type ribozymes (Buzayan, 1986, Nature 323:349; Kikuchi and Sasaki, 1991, Nucleic
Acids Res. 19: 6751) are included in the small ribozymes. Methods for designing and
constructing ribozymes are known in .the art (see Koizumi et al., 1988, FEBS Lett. 228:225;
Koizumi et al., 1989, Nucleic Acids Res. 17:7059; Kikuchi and Sasaki, 1991, Nucleic Acids
" Res. 19: 6751) and ribozymes inhibiting the expression of an AceCS2 polypeptide can be
constructed based on the sequence information of the nucleotide sequence encoding an

AceCS2 polypeptide according to conventional methods for producing ribozymes.

D. Dominant Negative Proteins
[0260] A variety of agents can be used to inhibit a level, acetylation status, or an activity of
an AceCS2. In a preferred embodiment the inhibitor is a dominant negative protein which

can be identified as described herein.

[0261] As described by the present inventors, an AceCS2 polypeptide assembles into a
multiprotein complex. Thus, in a preferred embodiment, a dominant negative protein
inhibiting the level, acetylation status or activity of an AceCS2 or an active fragment thereof
modulating, preferably inhibiting, the assembly of an AceCS2 polypeptide into a biological
active multiprotein complex. Upon inhibition of the assembly of the biologically active
complex, one or more activities of an AceCS2 polypeptide may be inhibited or reduced, such
as the enzymatic activity of converting acetate, ATP, and CoA into acetyl-CoA and AMP or

the localization to the mitochondria.

[0262] Other dominant negative proteins for AceCS2 may be identified using methods

known in the art and the assays disclosed herein.

[0263] When the candidate compound is a protein, the amino acid sequence of the obtained
protein is analyzed, an oligo DNA is synthesized based on the sequence, and cDNA libraries

are screened using the oligo DNA as a probe to obtain a DNA encoding the protein.
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IV. METHODS FOR USING AGENTS

[0264] The agents identified herein find use in a variety of methods, for example agents can
be used for (i) activating a level or activity of SIRTS3, (ii) modulating a level, acetylation
status, or activity of AceCS2, or (iii) treatment of a pathological condition, disorder or
disease. These methods can be practiced in vitro and in vivo. Preferably, batients treated by

any one of the methods are humans and non-human animals.

A. Increasing A Level Or Activity Of SIRT3

[0265] Using agents identified or identifiable by a screening method of the present
invention, a level or activity of SIRT3 can be increased, i.e., stimulated or activaied, in vitro
or in vivo. Thus, in one aspect of the present invention, a method for increasing a level or an
activity of a SIRT3 is provided. In a preferred embodiment of the present invention, this
method comprises the step of contacting a SIRT3 with an agent obtained or obtainable bya
screening method of the present invention, wherein the level or activity of SIRT3 is

increased.

[0266] The SIRT3 may be in a cell, preferably a mammalian cell and more preferred in a
human cell. A preferred activity of SIRT3 is the deacetylase activity of SIRT3, preferably
the deacetylation of AceCS2.

[0267) The effect of the agents in vitro or in vivo can be assayed as described herein.

B. Modulation Of Level, Acetylation Status Or Activity Of Acetyl-CoA
~ Synthetase 2

[0268] In yet another aspect, the present invention provides a method for modulating a

level, acetylation status, or aci_ivity of an AceCS2. In a preferred embodiment of the present
invention, this method comprises the step of contacting an AceCS2 polypeptide with an agent
obtained or obtainable by a screening method of the present invention, such as a method for
identifying an agent that increases a level, acetylation status, or activity of AceCS2, wherein

the level, acetylatibn status, or activity of an AceCS2 is modulated.

[0269] The AceCS2 may be in a cell, preferably a mammalian cell and more preferred in a
human cell. A preferred activity of AceCS2 is an enzymatic activity, preferably the

generation of acetyl-CoA as described herein.

[0270] The effect of the agents in vitro or in vivo can be assayed as described herein.
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C. Treatment Of A Pathological Condition

[0271] The present invention also provides methods for the treatment of a pathological

condition, disorder or disease.

[0272] Under some circumstances in mammals, large amounts of acetate are produced that
need to be activated by acetyl-CoA synthetase. For example, under ketogenic conditions
such as prolonged fasting or diabetes, the liver releases substantial amounts of acetate into the
bloodstream (Buckley and Williamson, 1977, Biochem J 166:539-45; Seufert et al., 1974,
Biochem Biophys Res Commun 57:901-9; Yamashita et al., 2001, Biochim Biophys Acta
1532:79-87). In addition, the hepatic acetyl-CoA hydrolase, which produces acetate, is
activated under ketogenic conditions (Matsunaga e? al., 1985, Eur J Biochem 152, 331-6).
Utilization of the released acetate in extrahepatic tissues requires the action of acetyl-CoA
synthetases. The findings that AceCS2 is abundant in heart and skeletal muscle but absent
from the liver and induced under ketogenic conditions, suggest that AceCS2 plays an
important role in acetate conversion for energy production under ketogenic conditions
(Fujino et al., 2001, J Biol Chem 276, 11420-6). Thus, a preferred pathological condition,
disorder or disease that can be treated according to the present invention is a ketogenic
condition. In addition, disorders related to, associated with or caused (directly or indirectly)
by a ketogenic condition, are also amenable to treatment using a method according to the

present invention.

[0273] Thus, in one aspect, the present invention provides a method for the treatment of an
individual having a ketogenic condition. In a preferred embodiment, this method comprises
the step of administering to an individual having a ketogenic condition a therapeutically
effective amount of an agent that increases a level or deacetylase activity of SIRT3, wherein
SIRT3 deacetylates AceCS2, and wherein the individual having the ketogenic condition is
treated. The agent that increases a level or deacetylase activity of SIRT3 is obtained or is

obtainable using a screening method of the present invention.

[0274] In another embodiment of the present invention, the method for the treatment of an
individual having a ketogenic condition comprises the step of administering to an individual
having a ketogenic condition a therapeutically effective amount of an agent that increases a
level, acetylation status, or activity of AceCS2, wherein the individual having the ketogenic
condition is treated. The agent that increases a level, acetylation status, or activity of AceCS2

is obtained or is obtainable using a screening method of the present invention.
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[0275] In an6thér preferred embodiment, the method for the treatment of an individual
having a ketogenic condition comprises the step of administering a pharmaceutical
composition to the individual; wherein the pharmaceutical composition comprises a
biologically active agent obtainable according to a subject method for identifying such an

agent and wherein the ketogenic condition is treated.

[0276] A preferred agent for the treatment of a ketogenic condition, and in particular for
reducing a higher than normal level of acetate in the blood of an individual, is an agent which

increases the affinity of AceCS2 for acetate, i.e., an agent that lowers the Kp,.

[0277] Without being bound by theory, it is believed that increased mitochondrial AceCS2
activity can funnel acetate towards oxidation and away from cytosolic AceCS1 and might
therefore reduce AceCS1-mediated lipid and cholesterol synthesis, thereby improving
conditions, ihéluding, but not limited to, hypercholesterolemia, hyperlipidemia, obeéity, and

possibly type II diabetes.

[0278] Treatment of a ketogenic ;:ondition as described herein may result in a lower level
of acetate in the bloodstream of an individual. Thus, treatment of a ketogenic condition as
described herein can be monitored by measuring the acetate level in the blood of an

individual treated according to the present invention.

[0279] Preferably the elevated acetate level in the blood of an individual being diagnosed
with a ketogenic condition is reduced by at least about 10%, at least about 20%, at least about
30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least
about 80%, at least about 90% or more relative to the elevated acetate level in the individual
prior to the treatment. Preferably the elevated acetate level in the patient is reduced to the

level of acetate in the blood of a healthy individual.

1. Type II Diabetes
[0280] Type II diabetes usually occurs in adulthood and is characterized by a lower than
normal insulin level in the blood leading to increased glucose levels in the blood Buckley
and Williamson reported that diabetic rats also have an elevated blood acetate concentration
(Buckley and Williamson, 1977, Biochem J 166:5239-545). In addition, Fujino et al.
reported that the level of AceCS2 mRNA in Zucker diabetic rats is increased (Fujino et al.,
2001, J Biol Chem 276:11420-11426).
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[0281] Thus; in one aspect, the present invention provides a method for the treatment of
type II diabetes. In a preferred embodiment, this method comprises the step of administering
to an individual having type II diabetes a therapeutically effective amount of an agent that
increases a level or deacetylase activity of SIRT3, wherein SIRT3 deacetylates AceCS2, and
wherein the individual having type II diabetes is treated. The agent that increases a level or
deacetylase activity of SIRT3 is obtained or is obtainable using a screening method of the

present invention.

[0282] In another embodiment of the present invention the method for the treatment of type
IT diabetes comprises the step of administering to an individual having type II diabetes a
therapeutically effective amount of an agent that increases a level, acetylation status, or
activity of AceCS2, wherein the individual having type II diabetes is treated. The agent that
increases a level, acetylation status, or activity of AceCS2 is obtained or is obtainable using a

screening method of the present invention.

[0283] Optionally, methods for treating diabetes comprise the step of administering to an
individual an existing hypoglycemic agent, i.e., an agent that lowers circulating glucose
concentrations. While current agents for treating type 2 diabetes may lower blood glicose
levels without correcting underlying biochemical defects in this disease, it may be desirable
in certain instances to combine an agent identified herein with an existing hypoglycemic
agent. Such agents are known in the art and, for example, include (i) an agent of the
sulfonylurea class, (ii) an agent of the more recently developed non-sulfonylurea class of
agents that close the potassium/ATP channel, (iii) an agent that supplies substrates for
mitochondrial metabolism (e.g., KCl, a-ketoisocaproic acid or leucine), insulin sensitizers
(e.g., thiazolidinediones), inhibitors 6f hepatic glucose output (e.g., metformin) or (iv)

glucose uptake blockers (e.g., acarbose).

2. Hypercholesterolemia
[0284] Hypercholesterolemia refers to an abnormally high concentration of cholesterol in
the bloodstream. In individuals suffering from hypercholesterolemia the hi gh levels of
cholesterol can lead to heart disease, hardening of the arteries, heart attacks, and strlokes. For
total cholesterol, a blood cholesterol level of more than 240 mg/dL is considered abnormally
high. A blood cholesterol level of between 200 and 239 mg/dL is considered borderline high.
A blood cholesterol level of below 200 mg/dL is desirable.
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[0285] Also individuals having familial hypercholesterolemia can be treated with agents
identified herein. Affected people have consistently high levels of low-density lipoprotein
(LDL or "bad" cholesterol), which leads to premature atherosclerosis of the coronary arteries.
Typically in affected men, heart attacks occur in their 40s to 50s, and 85% of men with this -
disorder have experienced a heart attack by age 60. The incidence of heart attacks in women

with this disorder is also increased, but happens 10 years later than in men.

[0286] Thus, in one aspect, the present invention provides a method for the treatment of
hypercholesterolemia. In a preferred embodiment, this method comprises the step of
administering to an individual having hypercholesterolemia a therapeutically effective
amount of an agent that increases a level or deacetylase activity of SIRT3, wherein SIRT3
deacetylates AceCS2, and wherein the individual having hypercholesterolemia is treated.
The agent that increases a level or deacetylase activity of SIRT3 is obtained or is obtainable

using a screening method of the present invention.

[0287] In another embodiment of the present invention the method for the treatment of
hypercholesterolemia comprises the step of administering to an individual having
hypercholesterolemia a therapeutically effective amount of an agent that increases a level,
acetylation status, or activity of AceCS2, wherein the individual having hypercholesterolemia
is treated. The agent that increases a level, acetylation status, or activity of AceCS2 is

obtained or is obtainable using a screening method of the present invention.

[0288] Treatment of hypercholesterolemia as described herein results in a lower level of
cholesterol in the bloodstream of an individual. Preferably the blood cholesterol level is
reduced from more than 240 mg/dL to a level of between 200 and 239 mg/dL, more
preferably to a level of below 200 mg/dL.

3. Hyperlipidemia
[0289] Hyperlipfdemia, also known as hyperlipoproteinemia, is a lipid disorder
characterized by a high level of fatty substances, such as cholesterol and triglycerides, in the
blood. Individuals suffering from hyperlipidemia are more likely to develop atherosclerosis
and heart disease. For example, triglyceride levels of less than 150 mg/dL are considered
normal, triglyceride levels of between 150-199 mg/dL are considered borderline high,
triglyceride levels of between 200-499 mg/dL are considered high, and triglyceride levels of
500 mg/dL or above are considered very high.
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[0290] Thus, in a further aspect, the present invention provides a method for the treatment
of hyperlipidemia. In a preferred embodiment, this method comprises the step of
administering to an individual having hyperlipidemia a therapeutically effective amount of an
agent that increases a level or deacetylase activity of SIRT3, wherein SIRT3 deacetylates
AceCS2, and wherein the individual having hyperlipidemia is treated. The agent that
increases a level or deacetylase activity of SIRT3 is obtained or is obtainable using a

screening method of the present invention.

[0291] In another embodiment of the present invention the method for the treatment of
hyperlipidemia comprises the step of administering to an individual having hyperlipidemia a
therapeutically effective amount of an agent that increases a level, acetylation status, or
activity of AceCS2, wherein the individual having hyperlipidemia is treated. The agent that
increases a level, acetylation status, or activity of AceCS2 is obtained or is obtainable using a

screening method of the present invention.

[0292] Treatment of hyperlipidemia as described herein results in a lower level of
triglycerides in the bloodstream of an individual. Preferably the blood cholesterol level is
reduced from a level of above S00 mg/dL to a level of between 200 and 499 mg/dL, more
preferably to a level of between 150 and 199 mg/dL, and most preferably to a level of below
150 mg/dL.

4. Obesity
[0293] Obesity is defined as BMI (body mass index) over 30 kg/m?. Patients with a BMI
between 25 and 29.9 are considered overweight, but not obese. A BMI of between 18.5 and
24.9 is considered normal and a BMI of 18.5 or less would be considered underweight. More
than half of the U.S. population is overweight and rates of obesity are climbing. Obesity
increases a person's risk of illness and death due to diabetes, stroke, coronary artery disease,
hypertension, high cholesterol, and kidney and gallbladder disorders. Obesity may increase
the risk for some cancer and is also a risk factor for the development of osteoarthritis and

sleep apnea.

[0294] Thus, in a another aspect, the present invention provides a method for the treatment
of obesity. In a preferred embodiment, this method comprises the step of administering to an
individual being diagnosed with obesity a therapeutically effective amount of an agent that

increases a level or deacetylase activity of SIRT3, wherein SIRT3 deacetylates AceCS2, and

wherein the individual being diagnosed with obesity is treated. The agent that increases a
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level or deacetylase activity of SIRT3 is obtained or is obtainable using a screening method

of the present invention.

[0295] In another embodiment of the present invention the method for the treatment of
obesity comprises the step of administering to an individual being diagnosed with obesity a
therapeutically effective amount of an agent that increases a level, acetylation status, or
activity of AceCS2, wherein the individual being diagnosed with obesity is treated. The
agent that increases a level, acetylation status, or activity of AceCS2 is obtained or is

obtainable using a screening method of the present invention.

{0296] Treatment of obesity as described herein results in a lower BML Preferably the
BMI is reduced from a level of above over 30 kg/m? to a level of between 25 and 29.9 kg/m?,
more preferably to a level of between 18.5 and 24.9 kg/m?.

V. PHARMACEUTICAL COMPOSITIONS

[0297] In one aspect, the present invention provides a pharmaceutical composition or a
medicament comprising at least an agent that modulates the level, acetylation status or
activity of AceCS2 and a pharmaceutically acceptable carrier. In a preferred embodiment,
the agent increases the level, or activity of a AceCS2 or reduces the acetylation status of
 AceCS2.

[0298] In another aspect, the present invention provides a pharmaceutical composition or a
medicament comprising at least an agent that increases the level or activity, preferably the

deacetylase activity of SIRT3 and a pharmaceutically acceptable carrier.

[0299] A pbarmaceutical composition or medicament can be administered to a subject for

the treatment of, for example, a pathological condition or disease as described herein.

A. Formulation And Administration

[0300] Compounds, agents, and small molecules identified by a method of the present
invention, are useful in the manufacture of a pharmaceutical composition or a medicament
comprising an effective amount thereof in conjunction or mixture with excipients or carriers

suitable for either enteral or parenteral application.

[0301] A preferred pharmaceutical composition for (i) increasing a level or activity of
SIRT3 or (ii) modulating a level, acetylation status, or activity of AceCS2 comprises (i) an

agent obtained or obtainable according to a subject screening method described herein, and
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(ii) a pharmaceiitical acceptable carrier. The agent may be provided in a therapeutically

effective dose for use in a method for treatment as described herein.

[0302] Pharmaceutical compositions or medicaments for use in the present invention can be
formulated by standard techniques usilig one or more physiologically acceptable carriers or
excipients. Suitable pharmaceutical carriers are described herein and in "Remington's
Pharmaceutical Sciences” by E.W. Martin. Compounds, agents, and small molecules 6f the
present invention and their physiologically acceptable salts and solvates can be formulated
for administration by any suitable route, including via inhalation, topically, nasally, orally,
parenterally, or rectally. Thus, the administration of the pharmaceutical composition may be
made by intradermal, subdermal, intravenous, intramuscular, intranasal, intracerebral,
intratracheal, intraarterial, intraperitoneal, intravesical, intrapleural, intracoronary or
intratumoral injection, with a syringe or other devices. Transdermal administration is also
contemplated, as are inhalation or aerosol administration. Tablets and capsules can be

administered orally, rectally or vaginally.

[0303] For oral administration, a pharmaceutical composition or a medicament can take the
form of, for example, a tablet or a capsule prepared by conventional means with a
pharmaceutically acceptable excipient. Preferred are tablets and gelatin capsules comprising
the active ingredient, i.e., a small molecule compound of the present invention, together with
(a) diluents or fillers, e.g., lactose, dextrose, sucrbse, mannitol, sorbitol, cellulose (e.g., ethyl
cellulose, microcrystalline cellulose), glycine, pectin, polyacrylates and/or calcium hydrogen
phosphate, calcium sulfate, (b) lubricants, e.g,, silica, talcum, stearic acid, its magnesium or
calcium salt, metallic stearates, colloidal silicon dioxide, hydrogenated vegetable oil, corn
starch, sodium benzoaté, sodium acetate and/or polyethyleneglycol; for tablets also (c)
binders, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth, methylcellulose,
sodium carboxymethylcellulose, polyvinylpyrrolidone and/or hydroxypropyl methylcellulose;
if desired (d) disintegrants, e.g., starches (e.g., potato starch or sodium starch), glycolate,
agar, alginic acid or its sodium salt, or efférvescent mixtures; (€) wetting agents, e.g., sodium

lauryl sulphate, and/or (f) absorbents, colorants, flavors and sweeteners.

[0304] Tablets may be either film coated or enteric coated according to methods known in
the art. Liquid preparations for oral administration can take the form of, for example,
solutions, syrups, or susp.ensions, or they can be presented as a dry product for constitution

with water or other suitable vehicle before use. Such liquid preparations can be prepared by
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conventional means with pharmaceutically acceptable additives, for example, suspending
agents, for example, sorbitol syrup, cellulose derivatives, or hydrogenated edible fats;
emulsifying agents, for example, lecithin or acacia; non-aqueous vehicles, for example,
almond oil, oily esters, ethyl alcohol, or fractionated vegetable oils; and preservatives, for
example, methyl or propyl-p-hydroxybenzoates or sorbic acid. The preparations can also
contain buffer salts, flavoring, coloring, and/or sweetening agents as appropriate. If desired,
preparations for oral administration can be suitably formulated to give controlled release of

the active compound.

[0305] Compounds, agents, and small molecules of the present invention can be formulated
for parenteral administration by injection, for example by bolus injection or continuous
infusion. Formulations for injection can be presented in unit dosage form, for example, in
-ampoules or in multi-dose containers, with an added preservative. Injectable compositions
are preferably aqueous isotonic solutions or suspensions, and suppositories are. preferably
prepared from fafty emulsions or suspensions. The compositions may be sterilized and/or
contain adjuvants, such as preserving, stabilizing, wetting or emulsifying agents, solution
promoters, salts for regulating the osmotic pressure and/or buffers. Alternatively, the active
ingredient can be in powder form for constitution with a suitable vehicle, for example, sterile
pyfogen—free water, before use. In addition, they may also contain othervtherapeutically
valuable substances. The compositions are prepared according to conventional mixing,
granulating or coating methods, respectively, and contain about 0.1 to 75%, preferably about

1 to 50%, of the active ingredient.

[0306] For administration by inhalation, the compbunds, agents, and small molecules may
be conveniently delivered in the form of an aerosol spray presentation from pressurized packs
or a nebulizer, with the use of a suitable propellant, for example, dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide, or other suitable gas. In
the case of a pressuﬁzed aerosol, the dosage unit can be determined by providing a valve to
deliver a metered amount. Capsules and cartridges of, for example, gelatin for use in an
inhaler or insufflator can be formulated containi_ng a powder mix of the compound and a

suitable powder base, for example, lactose or starch.

[0307] Suitable formulations for transdermal application include an effective amount of a
compound, agent, and small molecules of the present invention with carrier. Preferred

carriers include absorbable pharmacologically acceptable solvents to assist passage through
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the skin of the host. For example, transdermal devices are in the form of a bandage
comprising a backing member, a reservoir containing the compound optionally with carriers,
optionally a rate controlling barrier to deliver the compound to the skin of the host at a
controlled and predetermined rate over a prolonged period of time, and means to secure the

device to the skin. Matrix transdermal formulations may also be used.

[0308] Suitable formulations for topical application, e.g., to the skin and eyes, are
preferably aqueous solutions, ointments, creams or gels well-known in the art. Such may

contain solubilizers, stabilizers, tonicity enhancing agents, buffers and preservatives.

[0309] The compounds, agents, and small molecules can also be formulated in rectal
compositions, for example, suppositories or retention enemas, for example, containing

conventional suppository bases, for example, cocoa butter or other glycerides.

[0310] Furthermore, the compounds, agents, and small molecules can be formulated as a
depot preparation. Such long-acting formulations can be administered by implantation (for
example, subcutaneously or intramuscularly) or by intramuscular injection. Thus, for
example, the compounds can be formulated with suitable polymeric or hydrophobic materials
(for example as an emulsion in an acceptable oil) or ion exchange resins, or as sparingly

soluble derivatives, for example, as a sparingly soluble salt.

[0311] The compositions can, if desired, be presented in a pack or dispenser device that can
contain one or more unit dosage forms containing the active ingredient. The pack can, for
example, comprise metal or plastic foil, for example, a blister pack. The pack or dispenser

device can be accompanied by instructions for administration.

[0312] In one embodiment of the present invention, a pharmaceutical composition or
medicament compn'seé an effective amount of an agent that (i) increases a level or activity of
SIRT3 or (ii) modulates a level, acetylation status, or activity of AceCS2 as described herein,
and another therapeutié agent. When used with a compound, an agent, or small molecule of
the present invention, such therapeutic agent may be used individually, sequentially, or in
combination with one or more other such therapeutic agents (e. g., a first therapeutic agent, a
second therapeutic agent, and a compound of the present invention). Administration may be
by the same or different route of administration or together in the same pharmaceutical

formulation.
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B. Therapeutic Effective Amount And Dosing

[0313] In one embodiment of the present invention, a pharmaceutical composition or
medicament is administered to a subject, preferably a human or a non-human animal, at a
therapeutically effective dose to prevent, treat, or control a pathological condition or disease
as described herein. The pharmaceutical composition or medicament is administered to a
subject in an amount sufficient to elicit an effective therapeutic response in the-subject. An
effective therapeutic response is a response that at least partially arrests or slows the
symptoms or complications of the pathological condition, disorder, or disease. An amount
adequate to accomplish this is defined as “therapeutically effective dose” also referred to as

"therapeutically effective amount."

- [0314] The dosage of active agents administered is dependent on the species of warm-
blooded animal (mammal), the body weight, age, individual condition, surface area or
volume of the area to be treated and on the form of administration. The size of the dose also
will be determined by the existence, nature, and extent of any adverse effects that accompany
the administration of a particular small molecule compound in a particular subject. A unit
dosage for oral administration to a mammal of about 50 to 70 kg may contain between about
5 and 500 mg of the active ingredient. Typically, a dosage of the active compounds of the
present invention, is a dosage that is sufficient to achieve the desired effect. Optimal dosing
schedules can be calculated from measurements of agent accumulation in the body of a
subject. In general, dosage may be given once or more daily, weekly, or monthly. Persons of
ordinary skill in the art can easily determine optimum dosages, dosing methodologies and

repetition rates.

[0315] The dosage of active agents administered is also dependent on the nature of the
agent. For example, a therapeutically effective amount of protein or polypeptide (i.e., an
effective dosage) ranges from about 0.001 to 30 mg/kg body weight, preferably about 0.01 to
25 mg/kg body weight, more preferably about 0.1 to 20 mg/kg body weight, and even more
preferably about 1 to 10 mg/kg, 2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 7 mg/kg, or 5 to 6 mg/kg
body weight. The protein or polypeptide can be administered one time per week for between
about 1 to 10 weeks, preferably between 2 to 8 weeks, more preferably between about 3 to 7

weeks, and even more preferably for about 4, 5, or 6 weeks.

[0316]) Exemplary doses of small molecules include milligram or microgram amounts of

the small molecule per kilogram of subject or sample wei ght (e.g., about 1 microgram per-
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kilogram to about 500 milligrams per kilogram, about 100 micrograms per kilogram to about
5 milligrams per kilogram, or about 1 microgram per kilogram to about 50 micrograms per
kilogram. It is furthermore understood that appropriate doses of a small molecule depend
upon the potency of the small molecule with respect to the expression or activity to be
modulated. When one or more of these small molecules is to be administered to an animal
(e.g., a human) in order to modulate a level, acetylation status, or activity of an AceCS2
polypeptide or nucleic acid or in order to activate a level or activity of a SIRT3 polypeptide
or nucleic acid, a physician, veterinarian, or researcher inay, for example, prescribe a
relatively low dose at first, subsequently increasing the dose until an appropriate response is
obtained. In addition, it is understood that the specific dose level for any particular animal
subject will depend upon a variety of factors including the activity of the specific compound
employed, the age, body weight, general health, gender, and diet of the subject, the time of
administration, the route of administration, the rate of excretion, any drug combination, and

the degree of expression or activity to be modulated.

[0317] Inone embodiment of the present invention, a pharmaceutical composition or
medicament comprising compounds, agents or small molecules of the present invention is
administered in a daily dose in the range from about 1 mg of each compound per kg of
subject weight (1 mg/kg) to about 1 g/kg for multiple days. In another embodiment, the daily
dose is a dose in the range of about 5 mg/kg to about 500 mg/kg. In yet another embodiment,
the daily dose is about 10 mg/kg to about 250 mg/kg. In another embodiment, the daily dose
is about 25 mg/kg to about 150 mg/kg. A preferred dose is about 10 mg/kg. The daily dose
can be administered once per day or divided into subdoses and admiﬁistered in multiple
doses, e.g., twice, three times, or four times per day. However, as will be appreciated by a
skilled artisan, qompounds, agents, or small molecules identified by methods of the present
invention may be administered in different amounts and at different times. The skilled
artisan will also appreciate that certain factors may influence the dosage and timing required
to effectively treat a subject, including but not limited to the severity of the disease or
disorder, previous treatmeﬁts, the general health and/or age of the subject, and other diseases
present. Moreover, treatment of a subject with a therapeutically effective amount of a

compound can include a single treatment or, preferably, can include a series of treatments.

[0318] To achieve the desired therapeutic effect, compounds, agents or small molecules
may be administered for multiple days at the therapeutically effective daily dose. Thus,

therapeutically effective administration of compounds to treat a pathological condition or
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disease described herein in a subject requires periodic (e.g., daily) administration that
continues for a period ranging from three days to two weeks or longer. Typically, agents will
be administered for at least three consecutive days, often for at least five consecutive days,
more often for at least ten, and sometimes for 20, 30, 40 or more consecutive days. While
consecutive daily doses are a preferred route to achieve a therapeutically effective dose, a
therapeutically beneficial effect can be achieved even if the agents are not administéred daily,
so long as the administration is repeated frequently enough to maintain a therapeutically
effective concentration of the agents in the subject. For example, one can administer the
agents every other day, every third day, or, if higher dose rarfges are employed and tolerated

by the subject, once a week.

[0319] Optimum dosages, toxicity, and therapeutic efficacy of such compounds, agents and
small molecules may vary depending on the relative potency of individual compounds, agents
or small molecules and can be determined by standard pharmaceutical procedures in cell
cultures or experimental animals, for example, by determining the LDs (the dose lethal to
50% of the population) and the EDs, (the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and therapeutic effects is the therapeutic index and
can be expressed as the ratio, LDso/EDso. Agents that exhibit large therapeutic indices are
preferred. While agents that exhibit toxic side effects can be used, care should be taken to
design a delivery system that targets such agents to the site of affected tissue to minimize

potential damage to normal cells and, thereby, reduce side effects. -

[0320] The data obtained from, for example, cell culture assays and animal studies can be
used to formulate a dosage range for use in humans. The dosage of such small molecule
agents lies preferably within a range of circulating concentrations that include the EDsp with
little or no toxicity. The dosage can vary within this range depending upon the dosage form
employed and the route of administration. For any agents used in the methods of the
invention, the therapeutically effective dose can be estimated initially from cell culture
assays. A dose can be formulated in animal models to achieve a circulating plasma
concentration range that includes the ICs (the concentration of the agent that achieves a half-
maximal inhibition of symptoms) as determined in cell culture. Such information can be
used to more accurately determine useful doses in humans. Levels in plasma can be
measured, for example, by high performance liquid chromatography (HPLC). In general, the
dose equivalent of agents is from about 1 ng/kg to 100 mg/kg for a typical subjéct.
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[0321] Following successful treatment, it may be desirable to have the subject undergo

maintenance therapy to prevent the recurrence of the condition or disease treated.

C. Food, Drink, And Feed

[0322] Furthermore, the present invention relates to food, drink or feed with an activity to
modulate a level, acetylation, or activity of an AceCS2 or with an activity to increase a level
or activity of a SIRT3. Such food drink or feed can be produced by a general method for
produciﬁg foods and drinks or feeds, including, adding an active agent, e. g., an agent that
modulates a level, acetylation status, or activity of an AceCS2 or a level or activity of a
SIRTS3, to a raw or cooked material of the food, drink or feed. The food, drink or feed in
accordance with the present invention can be molded and granulated in the same manner as
generally used for foods, drinks or feeds.

[0323] The concentration of the active agent is preferably 0.001 to 10 % by weight, more
preferably 0.01 to 10 % by weight and most preferably 0.1 to 10 % by weight of the food,

drink or feed comprising such active agent.

[0324] Specific foods or drinks, to which the active agent is added, include, for example,
juices, refreshing drinks, soups, teas, sour milk beverages, dairy products such as fermented
milks, ices, butter, cheese, yogurt, processed milk and skim milk, meat products such as ham,
sausage, and hamburger, fish meat, cereal, bran, cake products, egg products such as
seasoned egg rolls and egg curd, confectioneries such as cookie, jelly, snacks, and chewing
gum, breads, noodles, pickles, smoked products, dried fishes, soy sauce-seasoned boiled

foods and seasonings.

[0325] Food, drinks and feed with an activity to modulate a level, acetylation, or 'activity of
an AceCS2 or with an activity to increase a level or activity of a SIRT3 may be further
supplemented with a nutritious composition (protein, lipid, saccharide, vitamins and/or

mineral).

VL. KITS

[0326] For use in diagnostic, research, and therapeutic applications described above, kits
are also provided by the present invention. In the diagnostic and research applications such
kits may include any or all of the following: assay reagents, buffers, a compound, agent or
small molecule of the present invention, a SIRT3 polypeptide, an AceCS2 polypeptide or any

other polypeptide described herein, a SIRT3 nucleic acid, an AceCS2 nucleic acid or any
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other nucleic aéid described herein, an anti-SIRT3 antibody, an anti-AceCS2 antibody, an
anti-acetyl-lysine antibody, or any other antibody described herein, hybridization probes
“and/or primers detecting a SIRT3 nucleic acid, an AceCS2 nucleic acid or any other nucleic
acid described herein, a SIRT3 expression construct, an AceCS2 expression construct or an
expression construct for any other polypeptide described herein, acetate, NAD or any other
compound or composition described herein, etc. A therapeutic product may include sterile

saline or another pharmaceutically acceptable emulsion and suspension base.

[0327] Reference to particular buffers, media, reagents, cells, culture conditions and the
like, or to some subclass of the same, is not intended to be limiting, but should be read to -
include all such related materials that one of ordinary skill in the art would recognize as being
of interest or value in the particularvcontext in which they are presented. For example, it is
often possible to substitute one buffer system or culture medium for another, such that a

A different but known way is used to achieve the same goals as those to which the use of a

suggested method, material or composition is directed.

[0328] Typically, the components of a kit are provided in a container. In a preferred
embodiment of the present invention, a kit for increasing a level or activity of a SIRT3 or a
kit for modulating a level, acetylation status, or activity of an AceCS2 comprises a container

' containing an agent obtained or obtainable according to a subject screening method.

[0329] In addition, a kit may include instructional materials containing directions (i.e.,
protocols) for the practice of the methods of this invention. The instructions may be present
in the subject kits in a variety of forms, one or more of which may be present in the kit.
While the instructional materials typically comprise written or printed materials they are not
limited to such. Any medium capable of storing such instructions and communicating them
to an end user is contemplated by this invention. Such media include, but are not limited to
electronic storage media (e.g., magnetic discs, tapes, cartridges, chips), optical media (e.g.,
CD ROM), and the like. Such media may include addresses to internet sites that provide such

instructional materials.

[0330] In a preferred embodiment of the present invention, the kit comprises an instruction
for contacting the agent to a mammalian cell for increasing a level or activity of a SIRT3 or
an instruction for contacting the agent to a mammalian cell modulating a level, acetylation

status, or activity of an AceCS2. In a preferred embodiment, an agent stimulates a level,
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acetylation status, or activity of an AceCS2. In another embodiment, an agent inhibits a

level, acetylation status, or activity of an AceCS2

[0331] Optionally, the instruction comprises warnings of possible side effects and drug-

drug or drug-food interactions.

[0332] A wide variety of kits and components can be prepared according to the present

invention, depending upon the intended user of the kit and the particular needs of the user.

[0333] In a preferred embodiment of the present invention, the kit is a pharmaceutical kit
and comprises a pharmaceutical composition comprising (i) an agent that increases a level or
activity of a SIRT3, and (ii)= a pharmaceutical acceptable carrier. In another preferred
embodiment of the present invention, the kit is a pharmaceutical kit and comprises a
pharmaceutical composition comprising (i) an agent that modulates a level, acetylation status,
or activity of an AceCS2, and (ii) a pharmaceutical acceptable carrier. Pharmaceutical kits
optionally comprise an 'instruction stating that the pharmaceutical composition can or should
be used for treating a pathological condition, disorder or disease or any other subject method

described herein.

[0334] Additional kit embodiments of the present invention include optional functional
components that would allow one of ordinary skill in the art to perform any of the method

variations described herein.

[0335] Although the forgoing invention has been described in some detail by way of
illustration and example for clarity and understanding, it will be readily apparent to one of
ordinary skill in the art in light of the teachings of this invention that certain variations,
changes, modifications and substitutions of equivalents may be made thereto without
necessarily departing from the spirit and scope of this invention. As a result, the
embodiments described herein are subject to various modifications, changes and the like,
with the scope of this invention being determined solely by reference to the claims appended -
hereto. Those of skill in the art will readily recognize a variety of non-critical parameters that

could be changed, altered or modified to yield essentially similar results.

[0336] While each of the elements of the present invention is described herein as
containing multiple embodimcntﬁ, it should be understood that, unless indicated otherwise,

each of the embodiments of a given element of the present invention is capable of being used
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with each of the embodiments of the other elements of the present invention and each such

use is intended to form a distinct embodiment of the present invention.

[0337] The referenced patents, patent applications, and scientific literature, including
accession numbers to GenBank database sequences, referred to herein are hereby
‘incorporated by reference in their entirety as if each individual publication, patent or patent
application were specifically and individually indicated to be incorporated by reference. Any
conflict between any reference cited herein and the specific teachings of this specification
shall be resolved in favor of the latter. Likewise, any conflict between an art-understood
definition of a word or phrase and a definition of the word or phrase as specifically taught in

this specification shall be resolved in favor of the latter.

[0338]  As can be appreciated from the disclosure above, the present invention has a wide
variety of applications. The invention is further illustrated by the following examples, which
are only illustrative and are not intended to limit the definition and scope of the invention in

any way.

VIL EXAMPLES

Example 1: General Methods

A. Cell Culture and Transfection
[0339] HEK293, COS-1 and HeLa cells were cultured in DMEM supplemented with 10%
FCS, 2 mM L-glutamine, 100 U/mL penicillin, and 100 pg/mL streptomycin and grown in
5% CO at 37°C. Calcium phosphate transfection was used to transfect HEK293 cells (Chen
& Okayama, 1987, Mol Cell Biol 7:2745-52). Hela and Cos-1 cells were transfected with
Fugene 6 (Roche). HEK293 cell lines stably expressing AceCSZFiag, ‘SIRT38, SIRT3-
H248Y" or SIRT57¢ or containing the empty ™5-control vector pcDNA™ were generated

by selection in complete DME growth medium containing 800 pg/mL geneticin (Invitrogen).

B. Plasmids and Mutagenesis .
[0340]  All expression constructs were generated using PCR-based standard cloning
strategies and all expression constructs were verified by DNA sequencing. The human
AceCS2 coding sequence was PCR amplified from human full-length Mamm‘al‘ian Gene
Collection (MGC) cDNA (Genbank accession number BC039261; obtained through Open -
Biosystems) using the PCR primers 5-CGGAATTCCATGGCGGCGCGCACCCTGGGC-3'
(SEQ ID NO:15) and 5'-CGGAATTCCTTAGCAGCAGCCTGCTTGTCCTTGC-3' (SEQID
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| NO:16) (each comprising an EcoRI restriction site (underlined)). The PCR product was then
cloned into the pcDNA3.1+ (Invitrogen)-derived vectors pcDNA or pcDNAM* to yield
AceCS2 with a C-terminal Flag- or hemagglutinin (HA)-tag. Based on N-terminal protein
sequencing results, the open reading frame corresponding to mature AceCS2 (amino acid
residues 38 to 689) was cloned into pTrcHis2C (Invitrogen). Recombinant expression
vectors encoding mature human SIRT3 (amino acid residues 102-399, (Schwer et al., 2002, J
Cell Biol 158:647-57) or SIRTS (amino acid residues 12-310 or amino acid residues 39-310)
were constructed by PCR amplification and cloning into pTrcHis2C. The templates used for
PCR amplification of the SIRT3 and SIRTS coding sequences were as described (Schwer et
al., 2002, J Cell Biol 158:647-57; North et al., 2003, Mol Cell 11437-44). Primers for the
PCR amplification other than those described herein, can be deduced by one of ordinary skill
in the art from corresponding nucleic acid sequences deposited at GenBank and described

herein.

[0341] Site-directed mutagenesis (QuickChange™ Mutagenesis Kit; Stratagene) was used
to construct AceCS2-K642Q-HA, pTrcHis2C-AceCS2-K642R and pTrcHis2C-SIRT3-
H248Y(102-399).

C. Expression and Purification of Recombinant Proteins
[0342] E. coli DHSa bacteria (Invitrogen) transformed, e.g., with either pTrcHis2C-
SIRT3(102-399), pTrcHis2C-SIRT3-H248Y(102-399), pTrcHis2C-SIRT5(12-310),
pTrcHis2C-SIRTS5(39-310) or pTrcHis2C-AceCS2(38-689) were grown to an Ageo nm= 0.4,
and induced with 0.5 mM isopropy]—B-D-thiogalactopyranpside (IPTG) at 25°C for 16 h.
6XHis-tagged proteins were purified under native conditions at 4°C using Ni-NTA agarose
(Qiagen, Valencia, CA). Purified proteins were dialyzed (e.g., against sirtuin storage buffer
[50 mM Tris-HCI (pH 9.0), 4 mM MgCl,, 50 mM NaCl, 0.5 mM DTT, 5% glycerol (v/v) or
AceCS2 storage buffer [SO mM Tris-HCl (pH 8.0), 4 mM MgCls, 10% glycerol (v/v)],
adjusted to 0.5 g/L and stored frozen at —80°C. To induce acetylation of recombinant

AceCS2, nicotinamide (50 mM) was added during protein expression (16 h, 25°C).

[0343] Parental E. coli K-12 BW25113 and a CobB-deficient single-gene knockout (KO)
mutant (JW1106) of the same strain (Datsenko & Wanner, 2000, Proc Natl Acad Sci U S A
97:6640-5) were obtained from the Systematic Knock Out Strains of E. coli K-12 Collection
of GenoBase. The CobB-deficient KO mutant was colony-purified once non-selectively at

37°C and then tested for ampicillin sensitivity to test for loss of the ampicillin-resistance
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conferring helper plasmid used in the single-gene knockout procedure (Datsenko & Wanner,
2000, Proc Natl Acad Sci U S 4 97:6640-5). Ampicillin-sensitive colonies were expanded,
made chemically competent (Sambrock and Russell, 2001, in Molecular Cloning: A
Laboratory Manual (Cold Spring Harbor Laboratory Press, Cold Spring Harbor), Vol. 1, pp.
1.116-1.118) and transformed with pTrcHis2C-AceCS2(38-689) or pTrcHis2C-AceCS2-
K642R(38-689), Which contain an ampicillin-resistance gene. 6XHis-tagged proteins were

expressed and purified as described above.

D. Antibodies
[0344] Antibodies used for immunoblotting and immunoprecipitations were anti-mtHsp70
(Clone JG1; Affinity Bioreagents, Neshanic Station, NJ), anti-Hsp90c (StressGen) and anti-
manganese superoxide dismutase (MnSOD) (StressGen Biotechnologies, Victoria, Canada),
anti-cytochrome ¢ oxidase subunit IV (Clone 20E8-C12; Molecular Probes), anti-Flag M2 or
rabbit polyclonal anti-Flag (Sigma-Aldrich), anti-HA (12CAS5 and 3F10; Roche Diagnostics),
acetylated-lysine polyclonal antibody (Cell Signaling Technology, Beverly, MA), anti-actin
C4 (ICN Biomedicals), anti-cytochrome c (clone 7H8.2C12; Pharmingen), anti-BRG-1 (H88;
. Santa Cruz Biotechnology) and anti-c-myc (9E10; Santa Cruz Biotechnology). SIRT3
antiserum was raised as described (Schwer et al., 2002, J Cell Biol 158:647-57).

E. SDS-PAGE and Western Blotting
[0345] Immunoblots were developed with enhanced chemiluminescence (Amersham
Pharmacia Biosciences) or West SuperSignal reagent (Pierce). Membranes were either

nitrocellulose or polyvinylidene fluoride (PVDF) (Immun-Blot; Bio-Rad Laboratories).

F. Immunoprecipitation
[0346] Cells were lysed in ice-cold NP1 buffer (1% NP-40, 150 mM NaCl, 0.5 mM EDTA,
50 mM Tris-HCl, pH 7.4) containing protease inhibitor cocktail (Roche). Lysates were
centrifuged at 16,200 x g for 10 min at 4°C, and anti-FLAG monoclonal antibody M2
covalently coupled to agarése was added. Flag-tagged proteins were immunoprecipitated and

washed four times in NP1 buffer.

[0347] In co-immunoprecipitation experiments, NP1 buffer containing 300 mM NaCl was
used. Immunoprecipitated Flag-tagged sirtuins to be used in deacetylation assays were

washed three times in NP1 buffer containing 500 mM NaCl and twice in sirtuin deacetylase

buffer (SDAC) (50 mM Tris-HCl (pH 9.0), 4 mM MgClp, 50 mM NaCl, 0.5 mM DTT).
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Flag-tagged proteins were eluted from the beads into SDAC buffer with Flag-peptide (Sigma)
for 1 h at 4°C.

G. . Confocal Microscopy
[0348] HeLa cells were grown on coverslips, transfected with Fugene 6 (Roche) and 48 h
later fixed in 3.7% formaldehyde/PBS. Cells were permeabilized with 05% Triton X-
100/PBS for75 min at room temperature (Schwer et al., 2002, J Cell Biol 158:647-57). Cells
were blocked with 1% bovine serum albumin and co-stained with monoclonal anti-Flag M2
(1:500) and polyclonal anti-MnSOD (1:300) antibodies, followed by incubation with anti-
mouse-Cy2-conjugated anti-mouse immunoglobulin G and Cy5-conjugated anti-rabbit
immunoglobulin G secondary antibodies suitable for multi-labeling experiments (Jackson
ImmunoResearch Laboratories). Coverslips were mounted on glass slides and images were
acquired on a BioRad Radiance 2000 laser scanning microscope equipped with an Olympus
Bx60 microscope and an Olympus PlanApo 60x/1.40 oil objective.

H. Subcellular Fractionation and Submitochondrial Localization
[0349] Subcellular fractionation was performed as described (Schwer et al., 2002, J Cell
Biol 158:647-57; Yang et al., 1997, Science 275:1129-32). All steps were performed at 4°C.
In brief, cells were homogenized in ice-cold buffer A (250 mM sucrose, 10 mM KCl, 1.5 mM
MgCl;, 1 mM EDTA, 1 mM EGTA, 1 mM dithiotreithol, 0.1 mM phenylmethylsulfonyl
fluoride, 20 mM Hepes-KOH, pH 7.5) and homogenized in a Dounce homogenizer
(Wheaton). Homogenization was checked by phase-contrast microscopy. The homogenate
was centrifuged twice for 5 min at 960 x g to remove all nuclei and unbroken cells.
Mitochondria were isolated by centrifugation (7,000 X g, 15 min) washed twice with buffer
A, and finally lysed in NP1/150 buffer (1% NP-40 (v/v), 150 mM NaCl, 0.5 mM EDTA, 50
mM Tris-HCI, pH 7.4) supplemented with protease inhibitors. The postmitochondrial
supernatant was fractionated into a light-membrane fraction (LM, pellet) and a cytosolic
fraction (S-100, supernatant) by ultracentrifugation at 100,000 x g for 30 min. The protein
concentration of each fraction was determined (DC Protein Assay Bio-Rad Laboratoroies)

and equal amounts of each fraction were analyzed by immunoblotting.

[0350] Mitoplast formation and protease accessibility experiments were performed
according to published protocols (Schwer er al., 2002, J Cell Biol 158:647-57, Ryan et al.,
2001, in Mitochondria, eds. Pon & Schon (Academic Press, Vol. 65, pp. 190-21 3).
Mitoplasts were treated with proteinase K (150 ug/mL) for 15 min at 0°C. Protease digestion
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was stopped by adding 2 mM PMSF, and mitoplasts were reisolated by centrifugation,

washed, and lysed in sample buffer.

[0351] Fractionation of mitochondrial proteins by alkaline treatment was performed as
described (Schwer et al., 2002, J Cell Biol 158:647-57; Fujiki et al., 1982, J Cell Biol 93:97-
102). Washed mitochondrial pellets were resuspended in freshly prepared 0.1 M sodium
carbonate (pH 11.5) at 250 pg/mL and incubated at 0°C for 30 min. Mitochondrial
membranes were sedimented by ultracentrifugation (100,000 x g, 30 min, 4°C). The pellet
was resuspended in SDS sample buffer, and soluble proteins in the supernatant were
concentrated by trichloroacetate precipitation and resuspended in SDS sample buffer (Schwer
- etal, 2002, J Cell Biol 158:647-57; Fujiki et al., 1982, J Cell Biol 93:97-102).

I. N-terminal Protein Sequencing
[0352] HEK293 cells stably expressing AceCS278 were lysed and subject to anti-Flag .
immunoprecipitation. After washing, immunoprecipitated AceCS2™€ was subjected to SDS-
PAGE, transferred to poly(vinylidene diﬂuoridé) (PVDF) membrane, visualized by Ponceau
S staining (Sigma), cut and submitted to the Stanford PAN Facility for N-terminal sequencing

by Edman degradation according to standard protocols.

J. Protein Enzymatic Assays
1. In Vitro Deacetylation Assays

[0353] Equimolar amounts of purified recombinant AceCS2 and purified recombinant
sirtuins were incubated in SDAC deacetylation buffer (50 mM Tris-HCl (pH 9.0), 4 mM
MgCl,, 50 mM NaCl, 0.5 mM DTT) in the presence or absence of NAD" (1 mM)l, in the
presence or absence of nicotiﬁamide (NAM, 10 mM), in the presence of trichostatin A (500
nM) for 3 h at 32°C. For time course deacetylation experiments, aliquots of the deacetylation
reaction were removed at the indicated time points, mixed with 10 mM nicotinamide and
incubated on ice until further analysis. Reactions were analyzed by SDS-PAGE and

immunoblotting.

2. Acetyl-CoA Synthetase Activity
[0354] The activity of purified AceCS2 was measured as described (Jones & Lipmann,
1955, in Methods in Enzymology (Academic Press, Vol. 1, pp. 585-591; Barak et al., 2004, J
Mol Biol 342:383-401). Each reaction (0.5 mL) contained 100 mM hydroxylamine (pre-
neutralized with KOH), 50 mM Tris-HCI (pH 8.0), 20 mM potassium acetate, 10 mM MgCl,,
10 mM ATP, 2 mM DTT and 1 mM CoA. All chemicals (Sigma) were of the hi ghest purity
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available. Reactions were pre-incubated at 35°C for 5 min before the addition of purified
AceCS2 (6 pg). After 30 min of incubation, 0.5 mL stop solution (10% (w/v) FeCls, 3.3%
(w/v) trichloroacetic acid in 2 N HCI) were added and reactions were incubated on ice for 2
min. The samples were centrifuged for 2 min at 16,200 x g to remove turbidity and the
generated color was measured at 540 nm.. Samples without AceCS2 served as a blank and
formation of acetylhydroxamate by acetyl-phosphate (Sigma) served as a standard (Barak ez
al., 2004, J Mol Biol 342:383-401). No acetyl-CoA synthetase activity was detectable in the

absence of CoA.

K. SiRNA Inhibition - Depletion of SIRT3
[0355] Double-stranded siRNAs (100 nM; Dharmacon; Individual siGENOME duplex D-
004827-04-0050, Human SIRT3, NM_01223 9) directed against human SIRT3 or firefly
luciferase GL3 control siRNAs were transfécted into HEK293 using oligofectamine
(Invitrogen) according to the manufacturer’s recommendations. Five days after transfection,
cells were lysed in NP1/300 buffer containing protease inhibitors, 1 uM TSA and 10 mM

nicotinamide. AceCS27?€ was immunoprecipitated and prepared for mass spectrometry.
[0356] The sequence of SIRT3 siRNA duplex was as follows:
Sense Sequence: 5'-GGAGUGGCCUGUACAGCAAUU-3' (SEQ ID NO:17)
Antisense Sequence: 5-UUGCUGUACAGGCCACUCCUU-3' (SEQ ID NO:18)

| Oligonucleotides used in siRNA experiments may be phosphorylated at their 5' ends.

[0357] Luciferase GL3 duplex D-001400-01-20 is described in Elbashir et al., "Duplexes
of 21-nucleotide RNAs mediate RNA interference in cultured mammalian cells.” Nature
© 411:494-498 (2001).

L. Nanoscale Liquid Chromatography Mass Spectrometry
[0358] Immunoprecipitates were separated by SDS-PAGE and in-gel digestion was
performed essentially as described (Hojrup, 2004, Methods Mol Biol 251 :227-44). The
tryptic digests were separated by reversed phase chromatography using an Agilent 1100
nanoflow system (Agilent Technologies, Palo Alto, CA) and electrosprayed directly into a 7-
tesla Finnigan LTQ-FT mass spectrometer (Thermo Electron, Breme, Germany) equipped
with a nanoelectrospray ion source (Proxeon Biosystems, Odense, Denmark). A 15-cm
home-pulled fused silica emitter (75 pm inner diameter) packed with ReproSil-Pur C18-AQ3

um resin (Dr. Maisch GmbH, Ammerbuch-Entringen, Germany) served as reversed phase
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column. The protein digests were injected onto the column with a flow of 500 nl/min and
subsequently eluted with a flow of 250 nl/min with a gradient from 5-40% MeCN in 0.5%
acetic acid. For the initial analysis the mass spectrometer was opened in a data-dependent
mode essentially as described (Olson and Mann, 2004, Proc Natl Acad Sci USA 101:13417-
22). Briefly, a survey MS spectrum of the mass range m/z 300-1600 was acquired by Fourier
transform ion cyclotron resonance (FTICR; resolution 50,000 at m/z 400) and the three most
intense ions were selected for accurate mass determination using a selected ion monitoring
(SIM) scan in the FTICR, while MS/MS and MS/MS/MS was performed using the linear ion
trap.

[0359] Directed experiments of selected ions were performed using FTICR SIM scan at the
m/z range of interest followed by MS'2 and MS’ of predetermined m/z values. The centroided
and merged MS/MS spectra were searched against the Uniprot database using the MASCOT
search engine (Matrix Science, Boston) with a peptide mass tolerance of 5 j)pm and fragment
ion tolerance of 0.6Da. Carbamidomethylation of cysteines was set as a fixed modification
while N-terminal protein acetylation, methionine oxidation and lysine acetylation were
allowed as variable modifications. Peptides were required to be tryptic with at the most 3
missed cleavage sites. All identified peptides were manually validated using both the MS?
and MS” spectra.

Example 2: Identification Of Acetyl-CoA Synthetase {(AceCS2) As A
Cellular Target For SIRT3 '

[0360] As a strategy to identify lysine acetylated mitoéhondrial proteins that could be
targeted by SIRT3, 4 or 5, a search for human proteins with sequence similarity to the region
surrounding the acetylated lysine residue found in acetyl-CoA synthetase (ACS) from
Salmonella enterica was performed. The acetyl-lysine containing region of Salmonella
enterica ACS was chosen because it is a known substrate for the sirtuin CobB (Starai et al.,
2003, Genetics 163:545-55; Starai et al., 2002, Science 298:2390-2). In a second step, human
proteins showing high similarity were analyzed for their mitochondrial localization
probability using MITOPROT II and PREDOTAR Ver. 1.03 subcellular prediction software
(Small et al., 2004, Proteomics 4:1581-90; Claros and Vincens, 1996, Eur J Biochem
241:779-86). The search yielded a human acetyl-CoA synthetase protein with a hi gh
probability of being localized to mitochondria (MITOPROT II: 0.997; PREDOTAR: 0.94,
max. score = 1), which displayed high sequence similarity to the murine acetyl-CoA
synthetase, AceCS2 (Claros and Vincens, 1996, Eur J Biochem 241 1779-86).
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Example 3: Identification Of Mitochondrial Localization For AceCS2

[0361] To test whether the hufnan AceCS2 enzyme is a mitochondrial protein, the open
reading frame of human AceCS2 was cloned and expressed in HeLa cells as a Flag-tagged
protein. Confocal laser scanning microscopy showed a mitochondrial staining pattern for
AceCS27%8 that overlapped with the staining pattern observed for the endogenous

mitochondrial matrix protein manganese superoxide dismutase (MnSOD; Fig. 1A).

[0362] To further verify the mitochondrial localization of human AcéCS2, subcellular
fractions were prepared from human embryonic kidney 293 (HEK293) cells stably expressing
AceCS27?8, AceCS2F"8 was detected in the mitochondrial fraction along'with SIRT3 and
MnSOD, as expected (Fig. 1B). Immunoblotting of each fraction for the nuclear marker
protein BRG-1 and the cytosolic marker protein Hsp90o confirmed the purity of the fractions
(Fig. 1B).

[0363] To further define the submitochondrial localization of AceCS2, mitoplasts were A
prepared from mitochondria containing AceCS27¢. Mitoplast preparation ruptures the outer
mitochondrial membrane and makes tﬁe intermembrane space accessible to proteinase K.
Treatment of mitoplasts with proteinase K led to a loss of the intermembrane space protein
cytochrome c (Cyt. ¢), while it did not affect the mitochondrial matrix proteins glutamate
dehydrogenase (GDH) and SIRT3 (Fig. 1C). AceCS27°8 was also not affected by proteinase
K treatment of mitoplasts, suggesting that it was localized in the mitochondrial matrix, like
GDH and SIRT3 (Fig. 1C). All proteins were completely digested by proteinase K when the
non-ionic detergent TX-100 was added during the incubation of the mitoplasts with

proteinase K (Fig. 1C,; left lane).

[0364] To determine whether AceCS2 is integrally attached to the inner side of the inner
mitochondrial membrane or soluble in the mitochondrial matrix, mitochondria were extracted
with sodium carbonate (pH 11.5). Thié treatment releases soluble proteins but not integral
membrane proteins. AceCS2 was completely released by sodium carbonate treatment and
exhibited a distribution pattern like the soluble matrix proteins SIRT3 and MnSOD (Fig. 1D).
Under the conditions used, the integral membrane protein COX-IV stayed associated with the

membranes (Fig. 1D).

Example 4: N-Terminal Sequencing Of AceCS2

[0365] Nuclear—encoded proteins destined for the mitochondrial matrix often carry an N-

terminal presequence, which is recognized by the mitochondrial translocase of the outer
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membrane (TOM) complex and is cleaved off after import into the matrix (Rehling et al.,
2004, Nat Rev Mol Cell Biol 5:519-30). This N-terminal presequence often contains an a.-
helix and several basic residues. These characteristics are found in the N-terminus of human

AceCS2, including several arginine residues (Fig. 2A).

[0366] N-terminal sequencing of immunoprecipitated AceCS2™ by Edman degradation
revealed that the first 37 amino acid residues of the open reading frame were missing from
the protein, consistent with N-terminal processing of AceCS2 in the mitochondrial matrix.
The identification of z;lanine 38 as the N-terminal amino acid of immunoprecipitated
AceCS2ME by liquid chromatography coupled tandem mass spectrometry (LC-MS/MS)
.confirmed the protein sequencing results (data not shown). The existence of a mitochondrial
matrix processing peptidase (MPP) R-2 motif immediately upstream of the N-terminus of the
mature AceCS2 protein suggests that AceCS2 is processed by MPP in the mitochondrial
matrix Fig. 2B; Ito, 1999, Biochem Biophys Res Commun 265:611-6). These findings
confirm the existence of a human mitochondrial acetyl-CoA synthetase located in the
mitochondrial matrix.

Example 5: Mutation of the Conserved Lys642 Amino Acid Residue
Abolishes AceCS2 Enzvmatic Activity

[0367] Based on the conservation of the active site region of Salmonella enterica ACS with
human and murine AceCS2 and acetyl-CoA synthetases from other species (Fig. 3A), it was
tested whether mutation of Lys642 would affect the acetyl-CoA synthetase activity of
overexpressed human AceCS2 immunoprecipitated from HEK293 cells. Replacement of ‘
Lys642 with glutamine, which mimics a constitutively acetylated lysine residue, yielded a
completely inactive AceCS2 protein (Fig. 3B), indicating that Lys642 is of critical
importance for AceCS2 function. Both wild-type AceCS2 and mutant AceCS2-K642Q were

expressed at similar levels (Fig. 30).

Example 6: Human AceCS2 is acetylated in vivo
[0368] To determine whether human AceCS2 is acetylated in vivo, AceCS27*2 was
immunoprecipitated from cells after small interfering RNA (siRNA)-mediated knockdown of
SIRT3 and prepared for mass spectrometry. LC-MS/MS analysis of the tryptic digests
indicated the presence of an acetylated lysine residue (acK) in position 642 of AceCS2 (Fig.
4).
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Example 7: Hyperacetylation Of Human AceCS2 Expressed In E. coli
Lacking Sirtuin CobB
[0369] Like Salmonella enterica, E. coli contain the sirtuin CobB. Given a potentially

conserved role for sirtuin-mediated deacetylation in the control of acetyl-CoA synthetase
proteins throughout evolution, it was tested whether expression of human AceCS2 in an E,
coli K-12 strain lacking the sirtuin CobB would induce hyperacetylation of AceCS2. Human
AceCS2 purified from a CobB-knockout strain reacted stronger with an acetyl-lysine-specific
antibody than AceCS2 purified from the parental CobB wild-type strain (Fig. 5A). This
acetylation was specific to AceCS2 Lys642, since a mutation of Lys642 to arginine, which
cannot be acetylated, abrogated the reactivity with the anti-acetyl-lysine antibody (Fig. 5A;
right lane). The specificity of the acetyl-lysine-specific antibody was further confirmed by
immunoblot analysis of synthetic peptides coupled to a carrier protein (Fig. SB). The acetyl-
lysine-specific antibody only reacted with the peptide containing an acetylated K642 residue
and showed no reactivity with the non-acetylated K642-containing peptide (Fig. 5B).

Example 8: Inhibition Of Sirtuin Activity by Nicotinamide Results In
Hyperacetylation Of Recombinant Human AceCS?2

[0370] The effect of inhibiting sirtuin acfivity on the acetylation status of human AceCS2

was examined. Treatment of a wild-type E. coli strain (DH5«; Invitrogen) with the sirtuin
inhibitor nicotinamide ;ésulted in the hyperacetylation of recombinant human AceCS2 (Fig.
6A). This increase in acetylation was specific to Lys642 of AceCS2, since nicotinamide
treatment did not induce acetylation of a mutant AceCS2 protein carrying an arginine residue
in position 642 (Fig. 6A; right lane). Analysis of purified recombinant AceCS2 from
nicotinamide-treated bacteria by LC/MS-MS verified acetylation of a single lysine in the
active site of AceCS2, Lys642 (Fig. 6B).

Example 9: Reduction Of Endogenous SIRT3 Levels Increases The
Acetylation Of AceCS2
[0371] To further address whether SIRT3 has a role in deacetylating AceCS2 in cells,
AceCSZF'aE-expressing HEK293 cells were treated with siRNAs against SIRT3 or control
siRNAs and the acetylation status of immunoprecipitated AceCS2"%8 was examined by
immunoblotting with antibodies to acetylated lysine (Fig. 7). Acetylation of AceCS2™8 was
increased after knockdown of endogenous SIRT3, suggesting that SIRT3 affects AceCS2728

acetylation in vivo (Fig. 7).
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Example 10: SIRT3 Deacetylates AceCS2; SIRT4 And SIRTS Don't

[0372] Acetylation of the active site lysine in Salmonella enterica ACS inactivates the
enzyme (Starai et al., 2002, Science 298:2390-2). Salmonella enterica CobB, which
deacetylates ACS, is a class III sirtuin that is most closely related to human SIRTS. SIRTS
localizes to mitochondria and is subject to N-terminal processing (Michishita ez al., 2005,
Mol Biol Cell 16:4623-35). To test whether SIRT5 could deacetylate AceCS2, in vitro
deacetylation assays were performed. Immunoprecipitated Flag-tagged sirtuins from
HEK293 cells were prepared as déscribed by North et al. (North et al., 2003, Mol Cell
11:437-44). While immunoprecipitated Flag-tagged SIRTS has low but detectable activity on
a chemically acetylated H4 peptide (North et al., 2003, Mol Cell 11:437-44), it failed to
deacetylate AceCS2 (Fig. 8A). In contrast, immunoprecipitated Flag-tagged SIRT3
deacetylated AceCS2 in a NAD+-dependent manner (Fig. 8A). Flag-tagged SIRT4, another
m.itochcsndrial sirtuin with no reported deacetylase activity (North et al., 2003, Mol Cell
11:437-44), did not deacetylate AceCS2 (data not shown).

[0373] To confirm the findings regarding SIRT3 and SIRTS, recombinant sirtuins were
expressed and purified. Based on the finding that SIRTS is N-terminally truncated
(Michishita et al., 2005, Mol Biol Cell 16:4623-35) and on the.presence of two putative MPP
R-2 motifs in its N-terminus, two different recombinant SIRTS proteins were used, lacking
either the first 11 (A11-SIRT5™°"*) or 38 (A38-SIRT5™°*") amino acid residues,
respectively. Again, while recombinant SIRT3 effectively deacetylated AceCS2, both
recombinant SIRTS proteins failed to do so (Fig. 8B). As expected, deacetylation of AceCS2
by SIRT3 was strictly dependent on the presence of NAD" (Fig. 8B). Also, the sirtuin
inhibitor nicotinamide completely prevented the deacetylation of AceCS2 by SIRT3 and the
catalytically inactive SIRT3-H248Y mutant (Schwer et al., 2002, J Cell Biol 158:647-57) did
not deacetylate AceCS2, despite the presence of NAD" (Fig. 8C).

Example 11: SIRT3 Coimmunoprecipitates With AceCS2 And
2
Deacetylates AceCS2 In Cells

[0374] To determine if SIRTS deacetylates AceCS2 in cells, AceCS2M"* and SIRT3728 or
SIRT57*8 were co-expressed in COS-1 cells. AceCS2"A was immunoprecipitated and the
immune complexes were analyzed with antibodies to acetylated lysine (Fig. 9A).
Overexpression of SIRT3 decreased the acetylation levels of ectopically expressed AceCS2,

while SIRTS had no effect, despite much higher levels of expression (Fig. 9A).
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[0375] Interestingly, endogenous SIRT3 co-immunoprecipitated with AceCS27%8 from
HEK293 cells (Fig. 9B). Together with the findings described above, this suggests that
SIRT3 is the bona fide deacetylase of mitochondrial AceCS2.

'Example 12: Acetylation Of AceCS2 Reduces Its Enzymatic Activity

[0376] Based on the finding that nicotinamide treatment of E. coli during expression of
human AceCS2 significantly increased its levels of acetylation it was examined whether
acetylation of AceCS2 at Lys642 controls its acetyl-CoA synthetase activity (Fig. 10A).
Measurement of the specific activity of AceCS2 purified from bacteria, treated or not with
nicotinamide, indicated that hyperacetylated AceCS2 had a significantly lower specific
activity (Fig. 10B). These observations suggested that acetylation of AceCS2 inhibited its
enzymatic activity, consistent with what has been shown for ACS in bacteria (Starai et al.,
2002, Science 298:2390-2).

[0377] To further test this hypothesis, hyperacetylated AceCS2 purified from nicotinamide
treated E. coli was incubated with SIRT3 in the presence of NAD'. This treatment led to a
complete deacetylation of AceCS2 (Fig. 10C). No deacetylation of AceCS2 was observed
when NAD" was omitted from the reaction, or when a catalytically inactive SIRT3 mutant

(H248Y) was used (Fig. 10C).

[0378] Further, measurement of the enzymatic activity of AceCS2 with different levels of
acetylation, as described above, showed that deacetylation by SIRT3 was associated with a

significant increase in enzymatic activity (Fig. 10D).

[0379] In an additional experiment, it was found that incubation of AceCS2 with SIRT3
and NAD" caused a progressive deacetylafiqn of AceCS2 over time, which could not be

observed with the inactive SIRT3-H248Y mutant (Fig, 10E). Again, deacetylation of
AceCS2 was associated with a progressive increase in enzymatic activity (Fig. 10F). Based
on the data presented herein, it is concluded that the acetylation status of Lys642 controls the

activity of human mitochondrial AceCS2.

Example 13: Summary and Discussion

[0380] In Salmonella enterica, acetylation of ACS by the protein acetyltransferase Pat
inactivates the enzyme, while deacetylation by the sirtuin CobB reactivates it (Starai et al.,
2002, Science 298:2390-2; Starai et al., 2004, J Mol Biol 340:1005-12). The acetyl-CoA

synthetase reaction, which results in the formation of acetyl-CoA from acetate, ATP and CoA
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proceeds in two steps. In a first step, acetate is activated to acetyl-adenosine monophosphate
(acetyl-AMP). In a second step, acetyl-AMP is converted to acetyl-CoA by the thioester
bond forming activity of ACS and acetyl-CoA and AMP aré released sequentially (reviewed
in Starai et al., 2004, Cell Mol Life Sci 61:2020-30). It has been shown that lysine acetylation
of the active site lysine (Lys609) of bacterial ACS specifically inhibits the ATP-dependent
adenylation of acetate to acetyl-AMP, while the second step of the ACS reaction remains
unaffected (Starai, e al., 2002, Science 298:2390-2). As illustrated in Fig. 3A, Lys642 of
AceCS2 corresponds to the active site lysine Lys609 of ACS from Salmonella enterica.
Given the conservation of the active site region between ACS and human AceCS2, itis
proposed that acetylation of Lys642 of AceCS2 interferes with the first reaction step

involving the activation of acetate to acetyl-AMP.

[0381] AceCS2 is the first example of a mitochondrial protein being controlled by
reversible lysine acetylation and the first target protein for a mitochondrial sirtuin
deacetylase. A schematic overview of the regulation of AceCS2 by reversible lysine
acetylation is given in Fig. 11. The data presented herein support the model that activation of
AceCS2 by SIRT3 is an evolutionarily conserved metabolic control mechanism. The
interconversion of acetyl-CoA (in former times known as “activated acetate™) and acetate,
referred to as the “acetate switch”, exists in archaea, eubacteria, and eukaryotes and provides
the cell with opportunities to recover NAD+, produce ATP and replenish coenzyme A stores
(reviewed in Wolfe, 2005, Microbiol Mol Biol Rev 69:12-50). The acetate switch is
controlled by the acetate-scavenging enzyme acetyl-CoA -syntpetase. Metabolic pathways
such as energy production in the TCA cyble and cholesterol- 4nd fatty acid biosynthesis

require acetyl-CoA as an intermediate.

[0382] Yeast critically require acetyl-CoA synthetases for growth but this is not the case for
mammalian cells. The majority of acetyl-CoA in mammalian cells is produced in pathways
that are not dependent on acetyl-CoA sypthetase activity. These are the conversion of
pyruvate to acetyl-CoA b)} pyruvate dehydrogenase and B-oxidation, which results in the
formation of acetyl-CoA as an end product. However, in mammals, under some
circumstances large amounts of acetate are produced that need to be activated by acetyl-CoA
synthetase. For example, under ketogenic conditions such as prolonged fasting or diabetes,
the liver releases substantial amounts of acetate into the bloodstream (Buckley and
‘Williamson, 1977, Biochem J 166:539-45; Seufert et al., 1974, Biochem Biophys Res
Commun 57:901-9; Yamashita et al., 2001, Biochim Biophys Acta 1532:79-87). In addition,
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the hepatic acetyl-CoA hydrolase, which produces acetate, is activated under ketogenic
conditions (Matsunaga et al., 1985, Eur J Biochem 152, 331-6). Utilization of the released
acetate in extrahepatic tissues requires the action of acetyl-CoA synthetases. The findings
that AceCS2 is abundant in heart and skeletal muscle but absent from the liver and induced
under ketogenic conditions, suggest that AceCS2 plays an important role in acetate
conversion for energy production under ketogénic conditions (Fujino et al., 2001, J Biol
Chem 276, 11420-6). Based on the finding that a bacterial sirtuin controls the activity of
acetyl-CoA synthetase in Salmonella enterica and on the presence of sirtuins in all three
kingdoms, a universal connection between central metabolism and sirtuins has been proposed
(Starai et al., 2003, Genetics 163, 545-55; Starai et al., 2002, Science 298, 2390-2). The
findings described herein showing that AceCS2 can be inactivated by acetylation of its active
site lysine and reactivated by a mitochondrial sirtuin, support these claims and demonstrate

the conservation of these pathways from bacteria to mammalian mitochondria.
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WHAT IS CLAIMED I[S:

1. A method for identifying an agent that increases a level or deacetylase
activity of a SIRT3 polypepﬁde, the method comprising the steps of: |

(a) contacting a cell expressing a SIRT3 polypeptide and an Acetyl-CoA
Synthetase 2 (AceCS2) polypeptide with a candidate agent; and

) determining the effect, if any, of the candidate agent on the level of
acetylated AceCS2 in the cell.

2. The method of claim 1, wherein step (b) comprises an immunologicél

assay using an antibody specific for acetylated AceCS2.
3. The method of claim 1, wherein the cell is a mammalian cell.

4. The method of claim 3, wherein the mammalian cell is selected from

the group bonsisting of a heart cell, a muscle cell, and a brain cell.
S. The method of claim 3, wherein the mammalian cell is a human cell.

6. The method of claim 1, further comprising the step of:
() identifying a structure or sequence of the candidate agent.

7. A method for identifying an agent that increasés a level or deacetylase
activity of a SIRT3 polypeptide, the method comprising the steps of:

(a) contacting a SIRT3 polypeptide and an acetylated Acetyl-CoA
Synthetase 2 (AceCS2) polypeptide in an assay mixture comprising NAD"* with a candidate
agent; and

®) determining the effect, if any, of the candidate agent on the level of
acetylated AceCS2 in the assay mixture;

wherein a decrease in a first level of acetylated AceCS2 in the assay mixture
relative to a second level of acetylated AceCS2 in an assay mixture which has not been
treated with the candidate agent, is indicative of an agent that increases the level or

deacetylase activity of the SIRT3 polypeptide.

8. The method according to claim 7, wherein the acetylated AceCS2
polypeptide comprises a '*C-labeled acetyl group and step (b) is performed by measuring
release of the '*C-labeled acetyl group.
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9. A method for identifying an agent that modulates a level, acetylation
status, or activity of an Acetyl-CoA Synthetase 2 (AceCS2) polypeptide, the method
comprising the steps of: '

(a) contacting a cell expressing an AceCS2 polypeptide with a candidate
agent; and

(b) determining the effect, if any, of the candidate agent on the level,

acetylation status, or activity of the AceCS2in the cell.

10. A method for identifying an agent that modulates a level, acetylation
status, or activity of an Acetyl-CoA Synthetase 2 (AceCS2) polypeptide, the method
comprising the steps oft

(a) contacting an AceCS2 polypeptide in an assay mixture with a
candidate agent; and

() determining the effect, if any, of the candidate agent on the a level,

acetylation status, or activity of the AceCS2 in the assay mixture.

11. A biologically active agent identified by the method according to claim
12, A biologically active agent identified by the method according to claim

13. A method for modulating the acetylation status of an Acetyl-CoA
Synthetase 2 (AceCS2) polypeptide, the method compiising the step of contacting a cell
expressing an AceCS2 polypeptide with an agent obtainable according to the method of claim
1.

14. A method for modulating the acetylation status of an Acetyl-CoA
Synthetase 2 (AceCS2) polypeptide, the method comprising the step of contacting a cell
expressing an AceCS2 polypeptide with an agent obtainable according to the method of claim
9.

15. A method for treatment of a pathological condition in an individual,
the method comprising the step of administering to the individual a therapeutically effective

amount of an agent that increases a level or deacetylase activity of SIRT3;
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wherein SIRT3 deacetylates AceCS2;
wherein the pathological condition is characterized by an elevated acetate level; and

wherein the pathological condition is treated.

16.  The method of claim 15, wherein the pathological condition is selected
from the group consisting of type II diabetes, hypercholesterolemia, hyperlipidemia, and
obesity.

17. The method of claim 15, wherein the individual is a human or non-

human animal.

18. A pharmaceutical composition for increasing a level or deacetylase
activity of SIRT3, comprising:
(i) an agent obtainable according to the method of claim 1; and

(ii) a pharmaceutically acceptable carrier.

19. A pharmaceutical composition for modulating a level, acetylation
status or activity of an Acetyl-CoA Synthetase 2 (AceCS2) polypeptide, comprising:
' () an agent obtainable according to the method of claim 9; and

(i1) a pharmaceutically acceptable carrier.

20. A kit for increasing a level or deacetylase activity of SIRT3,
comprising:

() a container containing an agent obtainable according to the method of
claim 1; and

(1) instructions for contacting the agent to a cell expressing a SIRT3
polypeptide and an Acetyl-CoA Synthetase 2 (AceCS2) polypeptide and determining the

effect of the agent on the level, acetylation status, or activity of acetylated AceCS2 in the cell.

21. A kit for modulating a level, acetylation status, or acti{'ity of an
Acetyl-CoA Synthetase 2 (AceCSZ) polypeptide, comprising:

@{) a confainer containing an agent obtainable according to the method of
claim 9; and '

(i1) instructions for contacting a cell expressing an AceCS2 polypeptide;
and determining the effect of the agent on the level, acetylation status, or activity of the
AceCS2.
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