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Type 2 human sirtuin (SIRT2) is a NAD*-dependent cytoplasmic protein that is colocalized
with HDACG6 on microtubules. SIRT2 has been shown to deacetylate a-tubulin and to control
mitotic exit in the cell cycle. To date, some small molecular inhibitors of SIRT2 have been
identified; however, more inhibitors are still needed to improve the understanding of SIRT2
biological function and to discover its possible therapeutic indications. In this paper, an in
silico identification procedure is described for discovering novel SIRT2 inhibitors. Molecular
modeling and virtual screening were utilized to find potential compounds, which were then
subjected to experimental tests for their SIRT2 inhibitory activity. Five of the 15 compounds
tested in vitro showed inhibitory activity toward SIRT2, yielding a hit ratio of 33% in a
micromolar level and thus demonstrating the usefulness of this procedure in finding new
bioactive compounds. Two of the five compounds yielded in vitro ICsy values of 56.7 and 74.3
uM, and these can be considered as novel inhibitors of SIRT2. On the basis of our results, a
phenol moiety on the active compound is suggested to be important for SIRT2 inhibitory activity.
This phenol group, together with a hydrophobic moiety and hydrogen-bonding features, is
suggested to form an active SIRT2 pharmacophore.

Introduction

The silent information regulator Sir2 and Sir2-like
proteins (SIRT1—SIRT7, sirtuins) belong to the category
of class IIT histone deacetylases (HDACSs).! In yeast, this
acetyl transfer reaction catalyzed by Sir2 has been
shown to be NAD"-dependent,?? forming O-acetyl-ADP-
ribose and nicotinamide as reaction products.*”7 In
yeast, Sir2 proteins play a vital role in transcriptional
gene silencing at the mating type loci, telomeres and
rDNA.8711 Their function has been suggested to be
related to the aging process!?2~14 and some cancers,!516
for example.

Human sirtuin type 2 (SIRT2), one of the seven
human Sir2 homologues so far identified,!”18 is a
cytoplasmic protein that is colocalized with HDAC6 on
microtubules.1® SIRT2 has been shown to deacetylate
o-tubulin'® and control mitotic exit within the cell
cycle.?0 The structure of SIRT2 has been crystallized and
solved with a resolution of 1.70 A.2! This protein
structure consists of 389 amino acids. It has a catalytic
core with two domains and an N-terminal helical
extension. The larger domain is a variant of the Ross-
mann fold2? and is connected by several conserved loops
to the smaller domain. A large groove is formed at the
interface of these two domains. The smaller domain is
composed of a zinc-binding module with a zinc ion
tetrahedrally coordinated with four cysteine residues
and a helical module consisting of four a-helices. The
helical module contains a pocket that is lined with
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Figure 1. Known inhibitors of SIRT2.

solvent-exposed hydrophobic residues. This pocket in-
tersects the large groove. Its properties suggest that it
may recognize portions of the substrate and be a class-
specific protein binding site.?!

To date, several small molecular inhibitors of yeast
Sir2p have been identified.?324 Two of them, 2-{ [1-(2-
hydroxynaphthalen-1-yl)meth-(E)-ylidene]amino}-N-(1-
phenylethyl)benzamide (sirtinol) and 8,9-dihydroxybenzo-
[4,5]furo[3,2-c]chromen-6-one (A3) (both presented in
Figure 1), show inhibitory activity toward human SIRT2
as well.?* These two inhibitors have reported ICs values
of 38 and 45 uM against SIRTZ2, respectively. For further
development to progress, it is essential to find novel
inhibitors of SIRT2 to improve the understanding of its
biological function?® and to discover its possible thera-
peutic indications. In this paper, an identification
procedure for new compounds having SIRT2 inhibitory
activity is described. The procedure utilized both mo-
lecular modeling and virtual screening, and the result-
ing identified hit compounds were tested in vitro for
their SIRT2 inhibitory activity.

Results

Preparing the Enzyme Structure. The X-ray struc-
ture of SIRT2 was preprocessed by molecular dynamics
(MD) simulation. The average structure from the last
50 ps of simulation was calculated and energy-mini-
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Table 1. Amino Acids That Were Considered To Form the
Putative SIRT2 Active Site

secondary

amino acid structure®
Asp95, Phe96, Arg97, Leul03, Tyr104 L1
Leul07 o3
Leull2, Prol15, Glull6, Ile118, Phel119 o4
Tyr123, Phel24 ob
Phel31, Leul34, Leul38 o6
GIn167, Asn168, 11e169, Asp170 L2
His187, Gly188, Phe190 L3
Phe235 L4

@ Secondary structure in which the presented amino acids
belong (o, a-helix; L, loop region).
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Figure 2. Ramachandran plot of the final SIRT2 structure
after the MD simulation. The amino acid located in the
disallowed region, Asp294, is not part of the putative SIRT2
active site.

mized and then used as the SIRT2 enzyme structure in
the study. A heavy atom root-mean-square deviation
(rmsd) value between this final structure and the
energy-minimized starting structure of the MD simula-
tion was 3.84 A. A corresponding rmsd value of 3.56 A
was obtained for the amino acids of the putative SIRT2
active site (Table 1). These values were relatively high,
although some fluctuations in rmsd from MD simulation
can be accepted. Inspection of the enzyme structure
showed that the structural rearrangements of the amino
acids were related to different side chain conformations
in several cases. These rearrangements resulted in an
enlargement of the hydrophobic pocket at the putative
binding site. Therefore, it was necessary to carry out a
further quality check by evaluating the final SIRT2
structure with the PROCHECK program.2® A total of
98% of all amino acid residues were located in the core
or allowed regions of the Ramachandran plot2’ (Figure
2). The amino acid residue located in the disallowed
region, Asp294, was not part of the putative SIRT2
active site. In general, the quality level of the final
structure was similar to that of the original monomer
B of 1j8f. PROCHECK results indicated that both
structures had an average quality of an X-ray structure
solved with a resolution of 1.70 A. These results sug-
gested that the quality of the final SIRT2 structure was
sufficient for further analyses and that the active site
of the final SIRT2 structure could be accepted for virtual
screening purposes in our study.
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Examining the Putative SIRT2 Active Site. The
putative SIRT2 active site was examined with the
program GRID?® to determine favorable interactions.
These results were examined by visualizing the interac-
tion fields with the amino acids of the active site. (See
the Supporting Information for the graphical represen-
tations of the relevant interaction fields.) From the
utilized probes, the tetrahedral cationic NHy group
(NH>") had an interaction energy of —13 kcal/mol near
the backbone carbonyl oxygen of Phell9 and near
backbone carbonyl oxygens and NH groups of His187,
Gly188, and Val233. The phenolic and carboxy hydroxyl
group probe (OH) yielded an interaction energy of —11
kcal/mol near the carboxyl group of Asp95 and the
amine side chain of Arg97. Interestingly, the water
probe resulted in a highly favorable interaction energy
of —16 kcal/mol inside the narrow channel, which began
at the putative active site near the amino acids Ile169
and Asp170 and continued throughout the length of the
entire enzyme. Together with observations from the
X-ray structure, these results verify the highly hydro-
philic nature of the channel. The water probe resulted
in no interactions in the corresponding energy levels for
the hydrophobic area of the putative active site. Other
examined probes resulted in insignificant interaction
energies and thus were given less attention. Hydropho-
bic DRY and methyl group probes resulted in reasonable
interaction energies (—1.5 and —3.5 kcal/mol, respec-
tively), which also provide evidence for the hydrophobic
nature of the putative active site.

The known inhibitors sirtinol and A3 were docked at
the putative SIRT2 active site to obtain information on
their potential binding conformations and to obtain
further evidence for GRID interaction calculations.
Therefore, all docked conformations of both inhibitors
were inspected. As a flexible compound, sirtinol gave
several reasonable docked conformations. A representa-
tive conformation of the most common docked orienta-
tions of sirtinol is presented in Figure 3A. A common
feature of all these conformations was the eagerness of
the aromatic ring moieties to interact with the hydro-
phobic portions of the residues Pro115, Phel19, Leul38,
I1e169, Phel190, and I1e232. This suggests that receptor
hydrophobicity might be important for inhibitor binding.
The rigid compound A3 yielded only one effective docked
conformation (Figure 3B). In this conformation, the
phenolic hydroxyl groups of A3 were able to form
hydrogen bonds with the carboxyl group of Asp95. In
addition, the phenolic hydroxyl groups were located in
the same area as the favorable interaction energy field
of the OH probe. This suggests the importance of an
interaction between the inhibitor’s hydroxyl group and
either Asp95 or Arg97.

Virtual Screening Procedure. Two search queries
were created for database searching. The queries were
based on the properties of the putative SIRT2 active site
(hydrophobicity and shape of the cavity) and GRID
examinations (favorable interactions of NHs" and OH
probes). Docking studies of the known inhibitors ad-
ditionally confirmed the interaction region of the phe-
nolic hydroxyl group and a favorable interaction with
the hydrophobic pocket. Database searching from May-
bridge?® returned 66 candidate compounds, of which 44
compounds passed the in silico intestinal absorption
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Figure 3. Four docked inhibitors at the putative active site of SIRT2. Amino acids are colored in green, except the heteroatoms
of the side chains. The hydrogens of the amino acids are omitted for clarity. (A) Representative docked conformation of sirtinol.
(B) Docked conformation of A3. (C) Two representative docked conformations for inhibitor 2. (D) Two representative docked

conformations for inhibitor 5.

ability filter. These 44 compounds were docked at the
putative SIRT2 active site to examine if they fulfilled
the requirements presented in the search queries in
their docked conformations. Like sirtinol, most com-
pounds readily interacted with the hydrophobic pocket
of the active site. However, several compounds were ex-
cluded because their docked conformations were inside
the hydrophobic pocket, but they failed to fulfill other
search requirements; e.g., the ability to sterically block
the opening of the narrow channel or to have an OH or
SH functional group near Asp95 or Arg97. On the basis
of these examinations, 15 compounds were selected for
in vitro testing of their SIRT2 inhibitory activity.

Inhibition of SIRT2. SIRTZ2 inhibitory activity was
tested for 15 compounds. Five of the tested compounds
showed inhibitory activity toward SIRT2 (Table 2),
yielding an experimental hit ratio of 33%. Compounds
2 and 5 inhibited SIRT2 with an activity level compa-
rable to that of sirtinol (Table 3), yielding IC5 values
of 74.3 and 56.7 uM, respectively. In addition, com-
pounds 1, 3, and 4 showed a slight inhibition of SIRT2
(Table 2). The rest of the compounds did not show SIRT2
inhibition at the micromolar level, and these were not
considered to be active (see the Supporting Information
for the structures). On the basis of the docking results
for the 15 tested compounds, plus sirtinol and A3, it was
impossible to separate active inhibitors from inactive
compounds when using the interaction geometries or the
GOLD rank scores for the docked conformations as a
separation criteria.

Discussion

Sir2 proteins are NAD"-dependent histone deacety-
lase enzymes.! 2 However, two of the seven mammalian
SIRTs that have been characterized so far can also
deacetylate nonhistone proteins; i.e., the p53 protein by
SIRT13° and a-tubulin by SIRT2.1° Interestingly, acety-
lated a-tubulin is a specific substrate for SIRT2, as other
SIRTs were unable to deacetylate o-tubulin.l® The
acetylation of a-tubulin increases the microtubular
stability, which is important in neuronal axon and
dendrite pathology, for example. A strong reduction in
tubulin acetylation has been observed in neurons con-
taining Alzheimer’s 7 tangles.3! Furthermore, SIRT2
controls the mitotic exit of the cell cycle,2° probably by
regulating spindle microtubules. In addition to SIRT2,
HDACG6 can also deacetylate Lys40 of a-tubulin in
microtubules.?2 However, SIRT2 is a NAD"-dependent
enzyme, which means that energy deficiency due to
hypoxia or ischemia may activate SIRT2 and increase
microtubular instability. Hence, SIRT2 seems to provide
a novel target for drug development for several indica-
tions.

We have described an identification method for new
and potent inhibitors of SIRT2. Different molecular
modeling methods were utilized in studying the SIRT2
enzyme structure. The structure and favorable interac-
tions in the putative SIRT2 active site were used as a
starting point for searches performed in the Maybridge
database.
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Table 2. Structures of the Compounds Showing SIRT2
Inhibitory Activity

Compd Structure Code” IC,’
N-
o}
N
i/ |
C OH
1 BTBO1093 > 300 uM
0wk
=~__OH
I N=
N A om
or J

CDO4097 743 UM

HTS04977 > 300 uM

HTS08006 > 300 uM

OH

JFD00244  56.7 pM

@ Compound code number in the Maybridge database. ® Mea-
sured inhibitory activity expressed as the ICsp of SIRT2.

Table 3. Inhibition of SIRT2 Activity by Sirtinol,
Nicotinamide, and the Hit Compounds 2 and 5

ICs0 (uM) of SIRT2¢
inhibitor average stdev
sirtinol 45.1 1.6
NA® 100.5 141
2 74.3 1.5
5 56.7 4.2

@ Average and standard deviation (stdev) values were obtained
from the IC5¢ determinations performed in triplicate. ® Nicotina-
mide.

From the search results, 15 compounds were chosen
for in vitro testing of their SIRT2 inhibitory activity.
Five of these compounds showed SIRT2 inhibitory
activity, yielding an experimental hit ratio of 33%. This
high percentage undoubtedly demonstrates the useful-
ness of computer-based methods as another tool in
finding new bioactive compounds for a target protein.
The overall ability of the tested compounds to inhibit
SIRT2 is considered to be effective, as two of the most
potent inhibitors, 2 and 5, inhibited SIRT2 with an
activity level comparable to that of sirtinol (Table 3). It
should be noted that we were able to utilize the
experimentally solved high-resolution X-ray structure
of SIRT22! in our research, which offered a valuable
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starting point for examining properties of the active site
and allowed us to base molecular modeling studies on
experimental information.

The structures of the five identified compounds give
suggestions for properties that are important to SIRT2
inhibitory activity. All compounds contain at least one
hydroxyl group. This functional group is a part of either
the phenol or benzoic acid moiety in these five com-
pounds, whereas in the 10 inactive compounds the
hydroxyl group can also be present as a part of the
carboxylic acid or as an alcohol. Moreover, compounds
2 and 5 contain two phenolic moieties in their struc-
tures. This result indicates the importance of an acidic
hydroxyl group, preferably as a part of a phenolic
moiety. Grozinger et al.2* already proposed the 2-hy-
droxy-1-naphthaldehyde moiety as being primarily re-
sponsible of the inhibitory activity of sirtinol, and this
suggestion is consistent with our findings. According to
our results, naphthaldehyde can be reduced to a phe-
nolic moiety without the loss of its inhibitory activity.
On the basis of the molecular structures of sirtinol, A3,
2-hydroxy-1-naphthaldehyde, and our active hit com-
pounds, it seems beneficial if an acidic hydroxyl group
is capable of acting as a hydrogen-bond donor. There
was no obvious correlation between molecular weight
or the amount of acidic hydroxyl groups with activity,
as several of the tested compounds had two phenolic
moieties without showing any detectable inhibition of
SIRT2. The active compounds contain more than one
hydrogen-bond donor and acceptor, as well as a hydro-
phobic moiety in their structures. Thus, a combination
of these properties with one or more acidic hydroxyls,
preferably phenols, may form a SIRT2 pharmacophore.

The docked conformations of the novel inhibitors 2
and 5 were also examined within the putative SIRT2
active site. Both inhibitors provided several docked
conformations, and the two most commonly occurring
orientations for both inhibitors are discussed (Figure 3C
and 3D for inhibitors 2 and 5, respectively). For inhibitor
2, these two orientations were considerably different.
A hydrogen bonding possibility to the backbone carbonyl
oxygen of GIn167 was observed for the hydroxyl group
of the 3,5-dichloro-2-hydroxyphenyl ring for one of these
docked conformations. In the other conformation, this
ring moiety was oriented toward the hydrophobic pocket
near Phel19, Phel31, Leul34, Leul38, and Phel90. In
both of the docked conformations for inhibitor 2, the
aromatic ring had hydrophobic interactions with Phe96
and I1e169 and the 4-hydroxymethyl-2-methylpyridin-
3-ol ring was located near Pro115, Glu116, and Phe235.
The two docked orientations of inhibitor 5 had the
anthraquinone moiety docked deeper into this area,
more toward the aromatic rings of Phe119 and Phe235.
Both docked orientations of inhibitor 5 also had one
phenol ring near Asp95 and Arg97, enabling hydrogen
bonding for the phenolic hydroxyl group with either the
carboxyl group of Asp95 or the side chain amine group
of Arg97. The amine group in one of the docked
conformations could also form a hydrogen bond with the
carboxyl group of Glu116. The other phenolic ring of
inhibitor 5 was, however, docked differently in these two
orientations. In one docked conformation, this phenolic
ring was pointing toward the narrow channel present
at the putative active site. In this position, the phenolic
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hydroxyl group could make hydrogen bonds to the
backbone NH group of Ile169 or to the carboxyl group
of Asp170. Hydrophobic parts of Phe96, Leul38, and
I1e169 were surrounding the phenol ring. In the other
docked conformation, the phenolic ring was docked
deeper into the hydrophobic pocket close to the hydro-
phobic side chains of Phel31, Leul34, Leul38, and
Pro230.

On the basis of these docking results, a common
interaction mode for sirtinol, A3, and the inhibitors 2
and 5 with amino acids of the putative SIRT2 active
site could not be obtained. Hydrophobic moieties of these
inhibitors tend to interact with the hydrophobic pocket
of the active site. Thus, amino acids commonly present
in hydrophobic interactions, like Phe96, Phel31, Leul34,
Leul38, and Phe190, could be observed in close proxim-
ity for the majority of the docked inhibitors. Hydrogen
bonding between the inhibitors and the amino acids was
not observed to have a primary role in inhibitor binding.
This observation is in line with the highly hydrophobic
nature of the putative SIRT2 active site. A common
favorable interaction was observed for the phenolic
moiety of A3, 2, and 5 near Asp95 and Arg97. However,
the 2-hydroxy-1-naphthaldehyde moiety of sirtinol did
not achieve a similar docked orientation in this area.
Therefore, these docking results suggest that some
common pharmacophoric elements for the inhibitors
could be identified, but inhibitors may still obtain
different binding orientations at the active site.

Experimental Section

Molecular Modeling. Unless noted otherwise, molecular
modeling was performed using Sybyl versions 6.8 and 6.8.1.33

Preparing the Enzyme Structure. The human SIRT2
X-ray structure was retrieved from the Protein Data Bank3*
(PDB code 1j8f%!). The structural data was obtained from a
crystallized 323-amino acid fragment of SIRT2, which pos-
sessed histone deacetylase activity comparable to full-length
SIRT2.2! SIRT2 is a monomer in solution,?' and therefore only
the monomer (B) was chosen from the trimeric SIRT2 structure
of 1j8f for this research. Monomer B was selected as it showed
the least amount of defects in structure when examined with
the Protein Health program in Quanta 2000.3> The 3D
structure of amino acids Ser46—Glu56 from the N-terminal
helical extension was not determined in 1j8f; therefore, a short
fragment consisting of amino acids Gly34—Phe45 was removed
from the overall structure.

The hydrophobic pocket suggested as a class-specific binding
site of SIRT2 by Finnin et al.?! was of particular interest in
this study. The amino acids forming this pocket belonged to
three a-helices of the helical module (a3—6) or to the conserved
loops between the two domains (L.1 and L4). This hydrophobic
pocket intersects the large groove between the two domains,
thus being a part of a wider cavity on the enzyme surface.
Therefore, amino acids in this large groove that were close to
the hydrophobic pockets were also considered as a part of the
putative binding site in the study. These amino acids belonged
to the conserved loops L1—-L3 and L5.2! Overall, the putative
SIRT2 active site was considered to consist of the amino acids
presented in Table 1.

1;8f was crystallized in an uncomplexed form. The X-ray
structure might also contain residual energetic tensions after
crystallization. Thus, an energetically favorable conformation
of the putative binding site was investigated by carrying out
an energy minimization of the crystallized enzyme structure
with the steepest descent method, followed by a standard MD
simulation with the program GROMACS 3.0.1.3¢ A MD
simulation of 400 ps was performed in an aqueous box using
the Gromos-96 force field,?”® the SPC water model,*® and a

Tervo et al.

time step of 2.0 fs. The enzyme structure, water molecules,
and the zinc ion were separately coupled to a heat bath at a
temperature of 300 K with the Berendsen algorithm?’ as a
thermostat, using a coupling constant of 0.1 ps. Pressure was
coupled with the Berendsen algorithm?’ as a barostat, using
a time constant of 1.0 ps. In the zinc-binding module of the
smaller domain, the distances between the zinc ion and sulfur
atoms of the cysteine residues (Cys195, Cys200, Cys221, and
Cys224) were constrained to maintain the tetrahedral coor-
dination geometry during the MD simulation. Nonbonded
Lennard-Jones interactions were cut off at 0.9 nm, and long-
range electrostatic interactions were handled with the particle-
mesh Ewald (PME*"42) method. Periodic boundary conditions
were applied throughout the MD simulation.

The rmsd of the backbone atoms was stabilized after a 300
ps simulation. Thus, the average protein structure from a time
frame of 350—400 ps was calculated, and further energy-
minimization steps with the steepest descent method were
performed to create the final SIRT2 protein structure used in
the study. Heavy atom rmsd values between the final protein
structure and the starting structure of the MD simulation were
calculated to ensure that no large-scale structural arrange-
ments have taken place during the MD simulation. In addition,
the quality of the final SIRT2 structure was evaluated with
the PROCHECK?S program and compared to the original X-ray
structure.

Examining the Putative SIRT2 Active Site. After the
MD simulation, the putative SIRT2 active site was inspected
again for amino acids that were interesting for the virtual
screening procedure. The edge of the active site was lined with
amino acids Phe96, Tyr104, Pro115, Glul16, Ala186, His187,
and Phe235, in addition to amino acids Asp95, Arg97, and
GIn167, which were located close to the putative binding site
of NAD". Site features included a hydrophobic pocket near the
aromatic moieties of phenylalanines 124, 131, and 190, and
the hydrophobic parts of leucines 134 and 138. Close to amino
acids Ile169 and Aspl70 began a narrow channel that ex-
tended throughout the entire length of the protein structure.
When inspecting the cocrystallized water from the original
X-ray structure 1j8f, this channel was filled with water
molecules. This suggests the hydrophilic character of this
channel. However, there was not any cocrystallized water
molecules in the suggested SIRT2 active site, which demon-
strates its hydrophobic nature.

The SIRT2 suggested active site was examined using the
GRID 20 program?® to determine possible interactions between
amino acids of the putative active site and a variety of small
functional groups (i.e., probes). Interaction fields were calcu-
lated at a resolution of 1.0 A using the following probes:
carbonyl oxygen, phenolic and carboxy hydroxyl group probe
(OH), hydrophobic DRY, a methyl group, a tetrahedral cationic
NH,; group (NHy*"), and water. The resulting interaction fields
were then examined by visualization within the putative
SIRT?2 active site.

Finally, the inhibitors sirtinol and A3 (Figure 1) were docked
at the putative SIRT2 active site with the GOLD docking
program version 1.2.*3 Docking was carried out to obtain a
population of possible conformations and orientations for these
inhibitors at the putative active site. These docked conforma-
tions were inspected to achieve supportive information for the
favorable interaction calculations and for the observations from
the putative active site.

Virtual Screening Procedure. On the basis of observa-
tions during examination of the putative SIRT2 active site,
two different search queries were created for the database
search (see the Supporting Information for the graphical
representations of the queries). Both queries were receptor-
based and contained additional information from the GRID
calculations. Features of the queries were selected to give
additional flexibility to the search and thus to avoid unneces-
sary drop outs from the list of potential hit compounds.
Lipinski’s rule of five** was used in these searches, and its
limits were modified to four as the maximum number of
hydrogen bond donors and to seven as the maximum number
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Figure 4. Coomassie stained, SDS—PAAG resolved affinity
purified recombinant proteins used in this study: 1, control
vector pGEX-2T induced; 2, pTe25 induced; 3, molecular
weight markers [low molecular weight calibration kit for SDS
electrophoresis (Amersham Biosciences)].

of hydrogen-bond acceptors. Both queries contained either an
OH or SH group near amino acids Asp95 and Arg97, with a
tolerance of 1.1 A, and several excluded volumes for outlining
the putative active site. Additionally, the first query contained
two donor atoms at a tolerance of 1.0 A, one near amino acids
Phel19 and Val233 and the other near His187. Hit compounds
were required to contain at least one of these donors. The first
query also contained a hydrophobic feature near amino acids
Ile169 and Aspl70 at a tolerance of 1.3 A. The second query
contained two hydrophobic features at a tolerance of 0.5 A,
one near amino acids Phel19, Phel31, and Phel90 and the
other near amino acids Ile169 and Asp170. The purpose of the
hydrophobic features in both queries was to select hit com-
pounds having hydrophobic moieties that matched the hydro-
phobic nature of the putative SIRT2 active site. Database
searching was performed as a flexible 3D search in the
Maybridge?® database, using the database searching program
Unity 4.3.1 implemented in Sybyl.

Database searches resulted in 47 and 24 candidate hit
compounds for the first and the second queries, respectively.
After removing duplicates, a total of 66 hit compounds
remained. The ability of these compounds to permeate the
small intestine cells were then predicted with the program
VolSurf 3.0%546 implemented in Sybyl. The permeability pre-
diction was introduced as an additional filter of absorption
ability. The predictions in the VolSurf model are calculated
as an estimation of the ability of the compounds to pass
through human intestinal epithelial cells (CaCo-2). This model
is based on the correlation between experimentally determined
permeability data and molecular descriptors, which are derived
from different molecular interaction fields calculated for the
compounds of the model. More detailed description of this
model is reported by Cruciani et al.> Permeability predictions
for the 66 hit compounds were calculated using default settings
in Sybyl, along with a grid spacing of 0.5 A in the calculation
of the molecular interaction fields.

After filtering, 44 candidate hit compounds remained. These
compounds were docked at the putative SIRT2 active site using
the GOLD program. The location of the docked conformations
at the active site, as well as their ability to match the
requirements of the search queries, was visually evaluated.
On the basis of this visual evaluation of the docked conforma-
tions in the putative SIRT2 active site, 15 compounds were
selected for test their ability to inhibit SIRT2 in vitro.

Recombinant Proteins. Human SIRT2 cDNA, transcript
variant 1 as in RefSeq NM012237, was cloned by PCR with
the Advantage cDNA Polymerase Mix (BD/Clontech) using
sense primer 5'-CCGGATCCATGGCAGAGCCAGAC and an-
tisense primer 5'-CAGAATTCACTGGGGTTTCTCCC. Primers
contained recognition sites for BamHI and EcoRI restriction
endonucleases, respectively (in italics). cDNA synthesized on
total RNA from the WI-38 normal human lung fibroblast cell
line (ATCC) by M-MLV Reverse Transcriptase (Promega) was
used as a template for PCR. The PCR fragment was digested
with the appropriate restriction endonucleases and cloned into
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the BamHI—EcoRI digested pGEX-2T bacterial expression
vector (Amersham Biosciences) under the control of a Ptaq
inducible promoter. The identity of the resulting plasmid
pTe25 insert was verified by sequencing. The E. coli strain
DHb5a [pTe25] culture was induced by 0.2 mM IPTG at 23 °C
for 4 h in TB rich medium with vigorous shaking, and the
soluble overexpressed recombinant protein was affinity puri-
fied on Glutatione Sepharose 4B (Amersham Biosciences)
(Figure 4). The identity of the purified proteins was further
verified by protein mass spectrometry. The control GST protein
preparations did not show any deacetylase activity. The
recombinant GST-SIRT2 showed characteristic features at-
tributed to mammalian SIRTZ2; i.e., its deacetylase activity was
dependent on NAD™ and could be inhibited by nicotinamide.

Deacetylation Assays. The tubulin peptide MPSDK-
TIGG! was chemically acetylated with the sodium salt of [*H]-
acetic acid (NEN) using a histone deacetylase assay kit
(Upstate Biotechnology). The SIRT2 deacetylation reaction was
done in 100 uL of 1x HDAC buffer (Upstate Biotechnology)
and 500 uM NAD™" (Sigma) with 40 000 cpm [*H]peptide and
1 ug recombinant GST-SIRT2 at 37 °C overnight. The released
[®H]acetyl was extracted with ethyl acetate and counted by a
liquid scintillation counter, according to the histone deacety-
lase assay kit protocol (Upstate Biotechnology). Each experi-
ment was repeated at least three times.
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