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Coarse-grained (continuum, implicit solvent, Cα) models 
for proteins
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3-letter Cα model:  B9N3(LB)4N3B9N3(LB)5L

B=hydrophobic

N=neutral

L=hydrophilic

Nsequences= 3      ~ 1022

Np ~ exp(aNm)~1019 Number of structures
per sequence

Nm Number of sequences for
Nm=46
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different 
mapping?

and dynamics
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Molecular Dynamics: Equations of Motion

 


Fi = mi

ai = mi
d 2ri
dt 2

 
ri t( ) for i=1,…Natoms

 


Fi = −

∂V
∂
ri

Coupled 2nd order
 Diff. Eq.

How are they coupled?
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(iv) Bond length potential
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Pair Forces: Lennard-Jones Interactions

ij  
rij

 
rj

 
ri  

rj +
rij =
ri

 
rij =
ri −
rj

Parallelogram
rule

 


Fij = −

dV
drij

r̂ij -dV/drij > 0; repulsive
-dV/drij < 0; attractive

force on i 
due to j

 


Fi =


Fij

j
∑
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‘Long-range interactions’

BB

V(r)

r/σ

NB, NL, NN

LL, LB

r*=21/6σ

hard-core

attractions
-dV/dr < 0

7



Bond Angle Potential

Vb θijk( ) = k02 θijk −θ0( )2 θ0=105°

i j
k

 cosθijk = r̂ji ir̂jk

θijk

 


Fj
b = −

dVb
dθijk

dθijk
drj

= −k0 θijk −θ0( ) dθijkdrj

θijk=[0,π]
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Dihedral Angle Potential

Vd(φijkl)

Vd(φijkl)
Vd φijkl( ) = A 1+ cosφijkl( ) + B 1+ cos3φijkl( )

 
cosφijkl =

rij ×
rkj( )i rjk × rlk( )

rij ×
rkj
rjk ×
rlk

 


Fj
d = −

dVd
dφijkl

dφijkl
drj

= Asinφijkl + 3Bsin 3φijkl( ) dφijkldrj

φijkl

Successive N’s
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Bond Stretch Potential

Vbs =
kbs
2

rij − σ( )2

 

Fij
bs = −kbs rij − σ( ) r̂ij

i j

for i, j=i+1, i-1
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
Fi
tot =

Fi
lr +

Fi
b +

Fi
d +

Fi
bs = mi

ai

Equations of Motion

xi t + Δt( ) = xi t( ) + vi t( )Δt +
1
2
ai t( ) Δt( )2

vi t + Δt( ) = vi t( ) +
ai t( ) + ai t + Δt( )

2
Δt

velocity
verlet
algorithm

Constant Energy vs. Constant Temperature 
(velocity rescaling, Langevin/Nosé-Hoover thermostats)
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Collapsed Structure

T0=5εh; fast quench; (Rg/σ)2= 5.48
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Native State

T0=εh; slow quench; (Rg/σ)2= 7.78
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start end
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native states

Total Potential Energy
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slow quench

unfolded

native
 state

Rg
2 =

1
2N 2 rij

2

i, j
∑

Radius of Gyration 

Tf
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Reliable Folding at Low Rate

log10 rη /T( )
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