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1.Computational methods

All calculations were performed on a Pentium IV %Rz based Linux cluster (20 CPUSs).
The GOLD software (Cambridge Crystallographic D&entre} was used for docking,
whereas the calculation of all molecular descrptand the analysis of the docking results
were carried out in MOE2008.10 (Chemical Computirgup)?

1.1. Virtual Screening

Virtual Screening (VS) was performed using the Chedge database to identify
novel Sirt2 inhibitors. MACCS key fingerprints wengsed to search the database for
compounds similar to the most active thioabarbiaeg@rom our previous work (compourgls
and 6, Figure 1). Applying a Tanimoto coefficient of 0.7ve identified 637 compounds
which were subsequently filtered by applying th#ofeing criteria: MW > 500, logP< 4,
topological polar surface area TPSA < 149 #he resulting 510 molecules were docked in
the Sirt2 binding pocket using the GOLD program9 X®mpounds showed a Goldscore
higher than 40 and were further analysed usingutateed molecular interaction fields of the
Sirt2 binding pocket. 14 thiobarbiturate derivasivevere manually selected after visual
inspection of their binding mode and their biol@icata were predicted using the MM-
PB/SA and LIE models. The selected compounds weareng the first 33% of the 129 top-
ranked docking hits.

1.2. Ligand Docking

The crystal structure of human Sirt2 was takemftbe Protein Data Bank (PDB ID:
1J8F, chain B) and was used for docking calculatieith the GOLD 4.0 program as already
described in previous studi#$. The protein preparation was performed using the
MOEZ2008.10 program. This involves hydrogen additaom restrained minimization of the
protein. Similar to our previous stutlgrystal water molecules located in the narrow tyavi
nearby the active side were used for analysis. Wéketl all compounds which were firstly
rescored with the scoring functions available inL®Oprogram and only the top-ranked
docking poses were taken for further analysis. Giahér support the docking mode the
molecular interaction fields of the binding pocke¢re calculated and compared with the
location of the docking poses. As an example theueable interaction field calculated with
the hydrophobic methyl probe (C3, MOE2008.10) isvah in comparison with the docking

pose of compounti6 in Figure S1.
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Figure S1. Favourable interaction region for a hydrophobgtimyl probe (coloured green,
contour level -2.6 kcal/mol) at the Sirt2 bindingcget. The most favourable interaction field
is observed in the acetyl lysine binding channebiof2. In comparison the docking pose of

inhibitor 16 (coloured orange) is shown.

1.3 Molecular Dynamics Simulation

Molecular dynamics (MD) were carried out using AMBER.0 and the AMBER 1999
force field>® The initial structure of the Sirt2-inhibitor conepl was taken for each compound
from the GOLD docking study. The ligand force felgparameters were taken from the
general Amber force field (GAFF), whereas AM1 ES&vac partial charges were assigned
to the inhibitors. The complexes were soaked inoa of TIP3P water molecules with a
margin of 10 A. Prior to the free MD simulationg/ot steps of relaxation were carried out; in
the first step, we kept the protein fixed with axswaint of 500 kcal maiA™. In the second

step, the inhibitor structures were relaxed for @s5 during which the protein atoms were
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restrained to the X-ray coordinates with a forcestant of 500 kcal mdR™. In the final
step, all restraints were removed and the complexegs relaxed for 1 ps. The temperature of
the relaxed system was then equilibrated at 3008utih 20 ps of MD using 2 fs time steps.
A constant volume periodic boundary was set toldmate the temperature of the system by
the Langevin dynamiésusing a collision frequency of 10 bsand a velocity limit of

5 temperature units. During the temperature eqatiibn routine, the complex in the solvent
box was restrained to the initial coordinates veitiveak force constant of 10 kcal mar™.
The final coordinates of the temperature equilibraroutine (after 20 ps) was then used to
complete a 1 ns molecular dynamics routine usings 2ime steps, during which the
temperature was kept at 300 K. For the Langevirahios a collision frequency of 1 pand

a velocity limit of 20 temperature units were usébe pressure of the solvated system was
equilibrated at 1 bar at a certain density in astamt pressure periodic boundary by an
isotropic pressure scaling method employing a presselaxation time of 2 ps. The time step
of the free MD simulations was 2 fs with a cut-off9 A for the non-bonded interaction, and
SHAKE® was employed to keep all bonds involving hydrogeéoms rigid. Electrostatic
interactions were computed using the Particle Mesfld method. The MD simulations of
the Sirt2-inhibitor complexes were performed iratdor 5 ns and gave low root mean square
deviation (RMSD) values for the protein and boumlgibitor. Exemplarily the RMSD plot of
the simulation of compour@lis shown in Figure S2.
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Figure S2. RMSD plot representing human Sirt2 (black) andrzbcompoun@ (red).
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Simulations of free ligands in water were perfodnb@ estimate energies necessary for
calculating binding affinities using LIE approacstandard MD simulations were run on a
ligand in water. Box of water molecules (TIP3P) &vased with a minimum distance between
the ligand and the boundaries of 20 A. MD simulagidor (1 ns) were carried out similar as
described above for receptor-ligand complex, butrestraints were applied. Based on
generated snapshots we ran single step minimizaiginto get the VDW and electrostatic

contribution and an average value was taken.

1.4. MM-PB/SA Calculations
The MM-PB/SA and MM-GB/SA methods are charactetiby the use of Poisson-
Boltzmann (PB) and Generalized Btmodels to compute the electrostatic component of
the solvation free energy. The binding free enedjythe protein-ligand complex is
approximated by the following equation:
AG=AH-TAS (3)

T is the temperature of the system at 300 Kelvine Bmding free energyAG) of the
protein-ligand complex is computed as:
AG = Gcomplex - [Gprotein + GIigand ] 4)

In equation 4Geomplex IS the absolute free energy of the complBxqen is the absolute free
energy of the protein, ar@ignd is the absolute free energy of the ligand. Weaetéd 100
snapshots (at time intervals of 2 ps) for each ispecomplex, protein and ligand). The
enthalpy term in equation 1 is dissected into sudrgy terms:

Hiot= Hgas + Gsolv )

Hgas= Ea + Evawt Eint (6)

Hgas is the potential energy of the solute which ised®mined as the sum of van der Waals
(Evaw), €electrostatic Ee)) and internal energie€i;) in gas phase by using the SANDER
module of AMBER 9.0 G4, is the solvation free energy for transferring odute from
vacuum into solvent and is a sum of electrostdhig) (@nd non-electrostatic (hydrophobic)
contributions Gnone) @s shown in equation 7:

Gsolv = Ge + Gnonel (7)
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Gg in equation 7 was computed at 0.15 M salt conaéotr by the PBSA module of Amber
9.0 by dividing implicitly solvated solute speciego 0.4A cubic grid points and summing
up the electrostatic potentials computed at eachmpint. Electrostatic potenti&,) at a
grid pointr that is not at the solvent-solute boundary waspded by a linear Poisson
Boltzmann (PB) equation, which is a three dimeraimector differential equation as shown
in equation 8:

VeV = -4n. pe) (8)

In equation & is the dielectric constant € 1 for the solute interior are= 80 for implicit

PB water) angis the charge density. The grid point potentialsestben summed up for
each atonm to yield atomic potential€;. The PB implicit solvent molecules at the solute-
solvent boundary were allowed to energetically @wge over 1000 iterations before the
single-point Poisson computations (PBSA) were &gplor each snapshot. The total entropy

(Sot), as formulated in equation 9 arose from changdise degree of freedom:
Sot = Srans + Sot + Siib 9)

In equation 9 &:ans) IS the translational §) the rotational, %), and the vibrationalS;,)]
entropy of each species.
Considering all absolute energy terms as givenquagon 2, the binding free energyc
takes the following form:

AGpinding = [AHgas + AGgoy] — TASot (10)

Parameter/topology files used in MM-PB/SA compuatasi were prepared for the complex,
the protein and the inhibitors using the LEAP med@napshots extracted from trajectories
were pre-minimized in the gas phase by the SANDERIute using a conjugate gradient
method until the root-mean-square-deviation ofdlements of the gradient vector was less
than 10%cal/mol*A™. Frequencies of the vibrational modes were contpate300 K for

these minimized structures including all snapshaia and using a harmonic approximation
of the energies. The energy contributions to tee gnergy of ligand binding of the 14 novel

thiobarbiturates are listed in Table S1.
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Table S1: Energy contributions to the free energy of bindaighe 14 novel thiobarbiturate
compounds (test set) obtained using the MM-PB/SAdei® AE; and AE,q, are the
electrostatic and van der Waals energies of bindegpectivelyAEggsa are contributions to
the solvation free energ\Hi: is the enthalpy of binding, AS, is the entropy of binding,
and AGcac is the calculated binding free energyGey, values were calculated by the

following equation AGex=-RT In(pICso).

Cpd. AEq AEww AEsxs AHix TASa AGeac AGgyp PpICso
11 -18.54 -34.70 30.06 -23.17 -16.78 -6.39 -7.11 5.23
12 -11.63 -37.42 24.66 -24.39 -22.91 -1.48 -7.11 5.23
13 -6.53 -37.38 20.27 -23.64 -20.89 -2.75 -7.21 5.30
14 -16.21 -33.30 24.42 -25.09 -19.89 -5.20 -7.80 5.74
15 -17.41 -42.30 32.26 -27.91 -22.31 -5.60 -7.34 5.40
16 -16.03 -43.68 31.05 -28.66 -18.25 -10.41 -7.59 5.58
17 -4.25 -32.16 11.07 -25.34 -19.49 -5.85 -7.91 5.82
18 -19.19 -39.51 33.10 -25.60 -17.06 -8.54 -7.15 5.26
19 -16.06 -34.72 27.67 -23.11 -16.59 -6.52 -7.69 5.19
20 -6.81 -43.13 24.03 -25.90 -18.28 -7.62 -7.05 5.66
21 -15.31 -41.75 30.00 -25.06 -15.61 -9.45 -7.36 5.42
22 -14.26 -40.19 28.63 -25.82 -19.33 -6.49 -7.54 5.55
23 -14.62 -38.58 28.26 -24.95 -18.25 -6.70 -7.41 5.46
24 -13.92 -43.33 32.31 -24.91 -17.42 -7.49 -7.12 5.24

1.5. LIE Calculations

A number of different computational approaches Haeen developed over the years
for predicting binding free energies. Recently Afet al. proposed a method for estimation
binding affinities, known as linear interaction emye approximation LIE? This is a semi-
empirical method, based on linear response thednich is less computationally expensive
than free energy perturbation methods (FEP). Thlathod relies on the simulation of several
different states, mostly unphysical, whereas tHe &pproach uses the initial and final states
of the binding process, which is the free and bostate of the ligand. LIE is also faster than
FEP and MM-PB/SA uses an explicit solvent modeljcwhmeans that desolvation can be

reasonably handled. These advantages make LIEyauseful tool in structure-based lead
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optimization, which helps to understand detaileractions between the lead compounds
and their receptor, and to estimate binding afésit

The concept of the LIE approach is to separatelgutste the van der Waals and
electrostatic interaction energies for the ligandwater and the ligand in complex with
solvated protei® Then, averages of interaction energies between lifed and its

surrounding are analyzed. The LIE equation is knagan
AGcai= aAE guwt BAEeiect v = (EB_vdw— EF_vc;lw) +f (EB_ele— EF_eIQ +y (11)

In equation 11 tha term indicates the change in energy from the lbiglaee and bound state
(EboundErred. The a, B and y are LIE empirical parameters, determined by compgar
calculated and experimentally estimated bindingneis. Obtaining suitable valuesandf
has been subject of several investigations degtnibeently. Agvistet al. have found that
a~0.5 andp~1.043 gave the best results for correlating theutaled binding free energies
with the experimental valuéé® On the other hand Jones-Herzog and Jorgensenvebser
that ¢=0.5 andp~0.161 are not optimal for sulfonamide inhibitorstwhuman thrombin?
Proper fitting parameters must be determined bypaosing calculated and experimentally
estimated binding affinities, they also depend o investigated system and the force field.
The y parameter is a so-called additional constant, wisiimetimes needs to be added in
order to obtain reasonable binding free energyiptieds’ In this study thes constant was
set to zero and also usedya® in order to compare the predicted affinities.

For the LIE approach the MD simulations over 1 hiseoeptor-bound ligands as well
as ligands free in water were carried out to obth® van der Waals and electrostatic
interaction energies between the ligand and itgosadings. We run standard MD
simulations on the protein-ligand complex in a atdd system and the ligand in a system
where it is just solvated. After MD simulations wet snapshots of each ligand in the
different environments which were used for caldotatelectrostatic and van der Waals
energies. Energies were averaged over frames fadenthe last 100 ps of the trajectories.
Fitting parameterso. and B, were determined by comparing calculated energied
experimentally estimated binding affinities usiimgehr regression analysis.

The experimental binding energiea(,,) were calculated from the measured
inhibition constants (I16z) by equation 12, using the gas constant (R) aadetmperature (T).

AGexp=RTIn ICs (12
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The predictive ability of the MM-PB/SA as well dsetLIE models were tested by calculating
the predictive correlation coefficietﬁ,;red which is calculated by the following formula (13)

Pprep = (SD — PRESS)/SD (13)

In equation 13 SD is the sum of squared deviatimt&een the biological activities of the test
set and mean activity of the training set compouRRESS is the sum of squared deviations

between experimental and predicted activities eftdst set compounds.

2. In vitro Screening
Fluor escent deacetylase assay.

All compounds purchased from Chembridge Corporafian Diego, USA) were
evaluated for their ability to inhibit recombina8irt2 using a homogeneous fluorescent
deacetylase assay. The inhibitors were solved irSDMind 3 pL or less of the inhibitor in
DMSO was added to an incubation mixture. A probiwnly DMSO was used as a negative
control. The assay was carried out in 96-well glatgth a reaction volume of 60 pL
containing the fluorescent histone deacetylasetsatbsZMAL (10.5 uM), NAD (500 pM)
and Sirt2. Enzyme volume was dependent on the igctof the preparation. Substrate
conversion was between 10-30 % without inhibitditeAincubation time of 4 h at 3T, the
deacetylation reaction was stopped with a solutdrtrypsin buffer (60 pL) containing
trypsin (6 mg mL') from bovine pancreas (10 000 BAEE units thgnd the sirtuin inhibitor
nicotinamide (8 mM). The microplate was incubateithvthis solution for 20 min at 3°C,
the fluorescence intensity was then measured iate peader (BMG Polarstar) with a
coumarin filter £ex=390 nm,Aer= 460 Nm). Inhibition rates were determined in refee to
the DMSO control. For all determinations at leagplatates were carried out. §Cvalues

were determined using GraphPad Prism software.

10
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