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1 Method and Model

To capute the conformational change of SIRT1 during
the process of the activation process of it, we modi-
fied the traditional structure based energy hamiltonian
by integrating information of the open(PDB:4ZZJ) and
closed structures(PDB:5BTR). We built a residue-level
two-basin structure-based model and the Hamiltonian
is given by the expression:

Utotal(Γopen,Γclosed) = ULocal + UAttraction +
URepulsive

In this model, each amino acid in SIRT1-P53 com-
plex was represented by one bead CA. The residue in
backbone was represented by the CA bead, which was
located on the Cα atom.

1.1 Construction of mixture contact
map

We built a mixed contact map to integrate two struc-
tural information together. The native contact gives
all possible interactions between pairs of residues in a
given structure. In this work, the native SIRT1 con-
tacts were defined by contact map obtained with CSU
algorithm[1]. We integrated a mixed contact map into
this model by UAttraction in Hamiltonian energy. The
UAttraction is give by the expression:

UAttracition = ULJ(Core) + ULJ(open) +
ULJ(closed) + ULJ(STAC)

= εCoreULJ + εSpecific(εopenULJ + εclosedULJ) +
εSTACULJ

ULJ = εLJ [5(
σij

r0
)12 − 6(

σij

r0
)10]

The εCore = 1.2, εSpecific = 1.0, εopen = 1.0,
εclosed = 0.9, εSTAC = 1.0. Because the region of Core
should be under less conformational change than the
specific region, we set the εCore to 1.2, which is larger
than εSpecific 1.0. In addition, the initial term of ULocal
of the model is depended on the closed structure except
rescaling the hinge region(the detail of hinge region is
in the subsection Local Potential and the Flexibility of
Hinge Regions ). So the εclosed depended on the closed
structure is set to a smaller value than the εopen de-
pend on the open structure(0.9 VS 1.0) to balance the
bias on closed state. The concrete details of building
the mixed contact map are given as follows.

1.1.1 Total contact library γall

We build a contact library by collecting all the pairs
in the contact map obtained from the reference crystal
structures(4ZZJ,5BTR). There are 1170 contacts.

1.1.2 Reference distances

We calculate the distances ropenij and rcloseij between the

two beads i and j in the library. ropenij and rclosedij rep-
resent the distance of the bead in open state and close
state, respectively.

1.1.3 Core sublibrary γCore

We defined Rij(X/Y ) =
rXij
rYij

. For a bead pair between

i and j, if both Rij(open/closed) and Rij(closed/open)
are less than Rcut, this pair will be considered as
a member of core contact library (γCore). We used
Rcut = 1.25 in present work. 1120 contacts were ob-
tained in the sublibrary γCore. The contacts in γCore

is shared by open and closed states

1.1.4 State-open sublibrary γopen

For a pair with Rij(open/closed) > Rcut, it will be
considered as a member of state-open contact library
γopen. We used Rcut = 1.4 here. There were 9 contacts
in γopen.

1.1.5 State-closed sublibrary γclosed

For a pair with Rij(closed/open) > Rcut, it will be
considered as a member of specific contacts in closed
state. The number of specific contacts in closed state
is are 24.

1.1.6 STAC-mediated sublibrary γSTAC

We introduce a implicit STAC into the simulation
by adding selected STAC-mediated interactions to the
structured based potential, an approach that has been
used before in the coarse grained simulation[7,8]. Fi-
nally, we identified STAC-mediated interactions.

1.1.7 Repulsive interactions

The σNC is the excluded distance between non-native
pairs to provide excluded volume repulsion. The repul-
sive rail is 4.0 Å , the εNC = 1KJ�mol. All pairs in
γall were not considered in this term.

URepulsive = εNC(σNC

rij
)12

UElectrostatic = εEKcoulombB(K)
qiqjexp(−krij)

εrrij
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1.1.8 Local Potential and the Flexibility of
Hinge Regions

The Local potential is divided into bond stretching,
angle bending, torsion energy. The bonded energies
UBonds are summed over the energy of all co-valent
bonds. Kr = 10000KJ/(mol nm2) is the bond con-
stant. The angle constant Kθ = 20kJ/mol. The Kφ =
0.8kJ/mol. ULocal = UBonds + UAngles + UDihedrals

UBonds =
∑
bonds

Kb(r − r0)2 = 0

UAngles + UDihedral = εangle(UNon−hinge +
εHingeUHinge)

UNon−hinge = Kθ(θ− θ0)2 +Kφ[(1− cos(φ−φ0)) +
0.5(1− cos(φ− φ0))]

UHinge = Kθ(θ − θ0)2 + Kφ[(1 − cos(φ − φ0)) +
0.5(1− cos(φ− φ0))]

Previous theoretical investigations reported that
large-amplitude conformational change may cause
structural strain in specific portions of the protein
(such as the hinge region). It is assumed that the
strong local strain energies could be released by break-
ing fragile local interactions. The local interactions
were weakened by decreasing the site-specific constants
εHinge as in the previous two-basin model. The regions
of the hinge are determined by the angle differences of
pseudo angle and pseudo dihedral between open state
and closed state. Hinges were located wherever pseudo
angle or pseudo dihedral angle differences were greater
than threshold values. The threshold values of pseudo
angle and pseudo dihedral are 10◦ and 20◦, respec-
tively. Because of the hinge region has large ampli-
tude conformational change, it may cause structural
strain which can lead to the local energy release. In
this model, we release the energy by breaking the frag-
ile local interactions [2]. We weaken it by decreasing
the site-specific constants. We adopt the similar strat-
egy just as the previous studies[2]. The site-specific
constant was rescaled by min(1,Cθ/Eθi), where the

threshold Cθ = 1.0, Eθi = Kθ ∗ |θO − θC |2. Similarly,
we rescaled the site-specific constants for the dihedral
angle, by min(1,Cφ/Eφi), in which the thresholds were
set as Cφ = 1.0, Eφi = Kφ∗[1−cos(|φO−φC |)+0.5(1−
cos(3|φO − φC |))]

1.2 Fraction of formation of certain
state-specific contacts

The traditional folding Q has been a exact reaction
coordinate in measuring the degree of folding in the
studies of protein folding[3]. However, for functional
dynamics, most contacts are shared by the native func-
tional states, which will not be broken in the process of
functional dynamics. Therefore, we should only mea-
sure the formation of state-specific contacts(See Con-
struction of mixture contact map) instead of all
native contacts to describe the functional landscape.
The Q of state-specific contacts ha the same definition

with the Q of all contacts, which has been successfully
used in other studies[4-6]. The difference is that they
can describe the folding degree of different regions. It
can be expressed by:

Qopen,closed,STAC

=
∑

γopen,closed,STAC

1−((Rij−D0)/R
nat
ij )n

1−((Rij−D0)/Rnat
ij )m

where, m = 20, n = 10, Rnatij is native distance of
atom i and atom j. D0 = 0.3 ∗ Rnatij . Furthermore,
we defined the average specific native contact of each
residue. It can be expressed by:

(AQopen,closed,STAC)j

=
∑
i

(Qopen,closed,STAC)ij
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Fig. S 1: The 1D landscapes from model C-M1 to C-M6 are shown from figure A to figure F. The RMSD-P53
are root-mean-square deviation of the SIRT1 and root-mean-square deviation of the P53 peptide relative to the
native SIRT1/FdL peptide/resveratrol structure (PDB: 5BTR)
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Fig. S 2: The distribution of the radius of gyration of the conformation of SIRT1 in states C-M1-S1(Including
three resveratrols) and C-M6-S1(no resveratrol) are shown, respectively. It shows that the SIRT1 has more
compact conformation under the binidng of resveratrol.
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Fig. S 3: (A)The distance distribution of the hydrogen bonds (HB distance) between the SIRT1 and three
resveratrols(Re1, Re2 and Re3). The red line show HB distance distribution of model C-M1, which included
an AMC-p53 peptide. The blue line shows HB distance distribution of model C-M2, which included a no-amc
p53 peptide. (B) The structures represented the hydrogen bond between the SIRT1 and resveratrols in states
C-M1-S1 and C-M2-S2 are shown, respectively. Resveratrol is colored magenta; p53 and no-AMC-p53 are
colored salmon; residues N226 and E230 are colored green; and residue R446 is colored cyan. Hydrogen bonds
are shown by a red dotted line.
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Fig. S 4: The root mean square fluctuation(RMSF) of the conformation of SIRT1 in different states are shown
from subfigure A to subfigure G. (A)The root mean square fluctuation of the conformation of SIRT1 in all states
are shown. (B-G) The root mean square fluctuation of the conformation of SIRT1 in different states are shown
in different colors, respectively. Red: C-M1-S1; Green: C-M2-S1; Blue: C-M2-S2; Magenta: C-M3-S1; Cyan:
C-M4-S1; Black: C-M5-S1; Orange: C-M6-S1.
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Fig. S 5: The trajectories of root mean square deviation of the SIRT1 relative to the native 5BTR model of
C-M1 to C-M6 are shown, respectively.
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Fig. S 6: Binding models of SIRT1, STAC-1, and p53 peptide in the final state of OM7, respectively. SIRT1 and
p53 are represented by chains A and B, respectively, and STAC-1 is shown as its structural chemical formula.
The residues are colored according to their properties (red: negative charge; blue: positive charge; cyan: polar;
green: hydrophobic; magenta arrow: hydrogen bond).
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Fig. S 7: The chemically structural formula of LEU and NLE are shown, respectively.
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