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1 Methods

1.1 Calibrating the CG model

For the structure-based model run with reduced units, we calibrated the simulation temperature

firstly. We ran REMD simulations with 48 replicas ranging from 29.12 K to 200.43 K to determine

the folding temperature Tf . According to the specific heat curve calculated by REMD runs, the Tf

of Mcl-1 is 154 K, which corresponds to the melting temperature (57 ◦C) of Mcl-1 in experiment1.

Therefore, simulation temperature 129 K will be comparable to the room temperature (298 K).

The native nonbonded potential can be separated into intra- and inter-molecular terms:

V native
nonbonded = αV native

intra +βV native
inter (ESI-1)

The energy of intramolecular interactions within PUMA were rescaled by altering the α parameter of

PUMA to match the helical content in the experiments. 1 µs simulation were performed to calibrate

α . The fraction of helix was calculated from the number of consecutive torsions. In our simulation,

a residual helix requires at least 3 consecutive torsions between 30◦ and 120◦, similar as the settings

in previous simulations1,2. The alpha helical content of PUMA in complex (pdb 2ROC) is about

70%, which is consistent with the experimental data (about 65%)1. In experiments, the alpha helical

content of PUMA in unbound state is about 20%, which corresponds to 0.7 in α .

Finally, the energy of intermolecular interaction between Mcl-1 and PUMA were rescaled by

altering the β parameter between Mcl-1 and PUMA to match the dissociation constant (Kd) in exper-

iment. The reported Kd of Mcl-1 and PUMA complex is 0.69 nM3, which means that the binding

energy between Mcl-1 and PUMA is about -7.39 kT . Metadynamics runs determined the β parameter

to be 0.9.

1.2 Molecular Dynamics Simulations

All simulations were performed with Gromacs 4.5.54. The coarse grained molecular dynamics

simulations (CGMD) used Langevin equation with constant friction coefficient γ = 1.0. The cutoff for

nonbonded interactions was set to 3.0 nm, and all bonds were constrained using LINCS algorithm5.
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The MD time step was set to 2.0 fs and the trajectories were saved every 2 ps. To enhance the sampling

of binding events, a strong harmonic potential was added if the distance between the center of mass of

the two chains of complex is greater than 6 nm. These conditions correspond to an effective protein

concentration of 3.6 mM..

REMD simulations6 were performed to determine the folding temperature of Mcl-1. 48 parallel

replicas with temperature ranging from 29.12 K to 200.43 K ensure an efficient sampling. Each

replica was performed for 1×109 MD steps. The exchanges were attempted every 5000 steps.

For thermodynamical simulations, well-tempered bias-exchange (WTBE) metadynamic runs were

performed to overcome the high energy barriers between bound and unbound states of Mcl-1 and

PUMA complex7–10. We define a native contact is formed if the Cα-Cα distance between any given

native atom pair is within 1.2 times of its native distance. The native distance is calculated from the

initial structure model. In WTBE run, 2 replicas, one with bias on the intermolecular contact and

one with no bias (neutral) were performed in parallel. The fraction of intermolecular native contact

number (Qinter), fraction of intramolecular native contact number (Qintra), and the helix content were

collected as CV1, CV2, and CV3 in the metadynamic runs, respectively. A Gaussian of height 0.5

kJ/mol was added every 1 ps to the bias potential for all the walkers. The bias factor of well-tempered

run was set to 10.0. Finally, WHAM11 was applied to construct the energy landscape of binding-

unbinding process.

For kinetics simulations, we ran 200 individual molecular simulations, each started from varying

unbound configurations at 129 K simulation temperature, mimicking room temperature. During each

simulation, the unbound state is the initial state, having no intermolecular contacts (Qinter = 0). An

encounter complex (EC) is defined once one or more native contacts are formed (Qinter > 0); these

are loosely bound states formed by capture events. The EC proceeds either to escape to the unbound

state (Qinter = 0), or form the bound state (Qinter ∼ 0.7). Simulations were ended upon reaching

the bound state12,13. The mean passage time (MPT) of capture process (from unbound state to EC

state, MPTcap), first passage time (FPT) of evolution process (from EC state to bound state, FPTevo),

and first passage time (FPT) of binding-on process (from unbound state to bound state, FPTon) were

collected to compare the rate of binding in different conditions.
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