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SI Methodological Details. A first MD simulation of unbound
LSD1/CoRESTwas initialized from the X-ray structure by Yang
et al. (1, 2) (PDB ID code 2IW5; 0.26-nm resolution). A second
MD simulation of LSD1/CoREST bound to the H3-histone
N-terminal tail (16 residues) was initialized from the X-ray struc-
ture by Forneris et al. (3) (PDB ID code 2V1D; 0.31-nm resolu-
tion). In both cases, conformational dynamics in solution was
investigated for the LSD1-CoREST complex noncovalently
bound to FADH−. These X-ray structures provided initial coor-
dinates for the atoms of the protein, the cofactor (and the sub-
strate), while crystallographic water sites were taken from PDB
ID code 2IW5 (4) in both cases (water sites overlapping with the
H3-pepitde were removed in the H3-bound simulation). The in-
itial configurations were solvated under rectangular periodic
boundary conditions in a (pre-equilibrated) water box large en-
ough to avoid interactions between mirror images along the en-
tire MD trajectory. The final unbound system was neutralized
with 2 Cl− ions and contained 60,106 water molecules. The final
H3-bound system contained 6 Cl− ions, 1 Naþ ion, and 60,093
water molecules. The MD trajectory was generated and analyzed
in double precision using the GROMACS 4.5.4 software (5).
Force field parameters and charges were set from the parameter
set 53A6 (6) of the GROMOS force field to reproduce the ex-
perimental condition of apparent neutral pH. GROMOS-compa-
tible SPC water model (7) and ion parameters (8) were employed.
To avoid the distortion of the planar FADH− rings, in agreement
with recent studies (9, 10), improper dihedral parameters for the
flavin rings (i.e. excluding those for bound hydrogen atoms and
carbonyls and methyl groups) were attributed parameters as
for the heme group (i.e. force constant of 0.204 instead of
0.051 kJmol−1 deg−2).

A first steepest-descent energy minimization was performed
in order to relax the initial solvent and ion configuration, while
the position of protein atoms and of the crystallographic-water
oxygen atoms were restrained using a harmonic potential (force
constant of 2;000 kJmol−1 nm−2). Next, a steepest-descent
energy minimization was performed with no restraints to elimi-
nate any residual strain. The energy minimization runs ended
whenever the energy change per step became <0.5 kJ mol−1.
MD simulations were initialized from the energy-minimized con-
figurations with atomic velocities taken from Maxwell–Boltz-
mann distributions at 50 K, while the position of protein
atoms were restrained using a harmonic potential (force constant
of 2;000 kJmol−1 nm−2). Each system was then gradually
brought to the reference temperature of 300 K in 11 consecutive
250-ps periods of simulations. During each period the reference
temperature was incremented by 25 K and the force constant de-
creased by 250 kJmol−1 nm−2. An initial equilibration period
was performed for each system and extended for 5 ns to equili-
brate the energy components and the system pressure.

Newton’s equations of motion were integrated using the leap-
frog algorithm (11) with a 2-fs time step. The P-LINCS numerical
algorithm (12) was applied to constrain all bond lengths (fourth
order expansion), excluding water molecules which were kept ri-
gid using the SETTLE analytical algorithm (13). All simulations
were carried out in the N, p, T ensemble by separately coupling

the temperature of LSD1, COREST, FADH−, and solvent de-
grees of freedom to a heat bath. During the heat-up phase only
the system temperature was weakly coupled (relaxation time
0.1 ps) to a heat bath (14) and the pressure (estimated based
on an atomic virial) to a pressure bath (14) via isotropic coordi-
nate scaling (relaxation time 0.5 ps; isothermal compressibility
4.574 10−4 ½kJ mol−1 nm−3�−1). During the production runs,
canonical ensembles were obtained using the Nosé–Hoover ex-
tended-ensemble thermostat (15, 16) to maintain the tempera-
ture (300 K) and the Parrinello–Rahman extended-ensemble
barostat (17) (relaxation time 5 ps; isothermal compressibility
4.574 10−4 ½kJ mol−1 nm−3�−1) to maintain the system pressure
(1 atm). The use of thermostat and barostat algorithms different
between heat-up and equilibrium phases is well motivated con-
sidering that weak-coupling algorithms do not suffer from numer-
ical divergences from the reference temperature and pressure
values even when far away from such reference values. Weak-cou-
pling does ensure N, p, T ensembles during the heat-up phase,
although not canonical N, p, T ensembles, which we instead en-
force during our MD runs once the system reached the desired
temperature of 300 K and pressure of 1 atm. Full treatment of
electrostatic interactions was achieved using a smooth particle
mesh Ewald approximation (18) (grid dimension 0.12 nm; fourth
order interpolation). Nonbonded interactions were shifted (see
appendix in ref. 19) to zero at a distance of 1.4 nm, recalculated
every time step in the range 0.0–0.8 nm and every five time steps
in the range 0.8–1.4 nm, using a twin-range cutoff scheme (20).

Trajectory snapshots were extracted every 10 ps for analysis
(i.e., 50,000 MD snapshots) and used for analysis in double pre-
cision using the GROMACS 4.5.4 (5). Whenever else specified,
structural fitting was performed by (i) superimposing the centers
of mass (to remove overall translation) and (ii) performing an
atom-positional least-square fitting procedure (to remove overall
rotation) using all Cα atoms (21). The occurrence of secondary
structure elements was monitored according to the definition by
Kabsch and Sander (22). We investigated the dominant protein
motion connecting these clamp states by principal component
analysis (PCA) of protein fluctuations (23, 24) with the bio3d
software (25) and displayed using VMD (26) (see Movies S1–
S6). PCA analysis was performed after superimposition of the
MD trajectory snapshots on the Cα atoms of LSD1/CoREST
Tower domain, which is essentially a rigid body during the entire
MD period. The 2WI5 X-ray model was used for this superim-
position for PCA of both the unbound and H3-bound ensembles.
Calculation of the relative free energy maps was performed using
standard approaches based on the probability distribution, after
binning the actual simulation data (100 × 100 elements grid).
Calculations of the H3-tail pocket volume were performed with
POVME (27) by defining the pocket using residues in ranges
Ala354–Tyr363, Val370–Tyr391, and Leu529–His564. In this case,
only the Cα atoms of these residues were used for structural fit-
ting prior to volume calculation and the structure PDB 2IW5 (4)
was used for fitting from both simulations. We note that the qua-
litative volume trends reported are independent of alternative,
similar definitions of the H3 pocket.
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Fig. S1. Cumulative contribution of the principal components of LSD1/CoREST dynamics. (Top) Unbound state; (Bottom) H3-bound state. PC cumulative
relative contributions are ordered by increasing eigenvalue frequencies. Note that PC1, PC2, and PC3 together capture 88.3% and 89.8% of the overall
LSD1/CoREST Cα-atom fluctuation along the 0.5 μs MD trajectories, respectively.
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Movie S1. This movie shows the motion of the unbound LSD1/CoREST complex as captured by the most dominant backbone Cα-atom principal component,
PC1. This motion involves a rigid-body rotation of the AOD domain with respect to the Tower domain. Lateral and top view representations are displayed
maintaining identical relative orientation of the Tower domain.

Movie S1 (MOV)

Movie S2. This movie shows the motion of the unbound LSD1/CoREST complex as captured by the second-most dominant backbone Cα-atom principal
component, PC1. These fluctuations are responsible for the clamp-closed to clamp-open reversible oscillation between SWIRM and SAINT2 domains. Lateral
and top view representations are displayed maintaining identical relative orientation of the Tower domain.

Movie S2 (MOV)

Movie S3. This movie shows the motion of the unbound LSD1/CoREST complex as captured by the third-most dominant backbone Cα-atom principal
component, PC3. This motion is a rigid-body rotation of the AOD domain around an axis defined along the Tower domain. Lateral and Top view representa-
tions are displayed maintaining identical relative orientation of the Tower domain.

Movie S3 (MOV)
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Movie S4. This movie shows the motion of the H3-bound LSD1/CoREST complex as captured by the most dominant backbone Cα-atom principal component,
PC1. These fluctuations are responsible for the clamp-closed to clamp-open reversible oscillation between SWIRM and SAINT2 domains. Lateral and top view
representations are displayed maintaining identical relative orientation of the Tower domain.

Movie S4 (MOV)

Movie S5. This movie shows the motion of the H3-bound LSD1/CoREST complex as captured by the second-most dominant backbone Cα-atom principal
component, PC1. These fluctuations are responsible for a twist of the AOD domain with respect to the Tower domain. Lateral and top view representations
are displayed maintaining identical relative orientation of the Tower domain.

Movie S5 (MOV)

Movie S6. This movie shows the motion of the H3-bound LSD1/CoREST complex as captured by the third-most dominant backbone Cα-atom principal com-
ponent, PC3. This motion is a rigid-body rotation of the AOD domain around an axis defined by the Tower domain. Lateral and top view representations are
displayed maintaining identical relative orientation of the Tower domain.

Movie S6 (MOV)
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