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Modeling



Implicit Solvent Model

Protein folding, assembling, conformational change

P. Szymczak and M. Cieplak, J. Phys.:
Condens. Matter, 23:033102, 2011.

J. A. Morrone and J. Li and B. Berne, J. Phys. Chem. B, 116,
11537-11544, 2012.
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PF - VISM model

• PF-VISM Solvation Free Energy

F ε[φ] = γ

∫
Ω

[
ε

2
|∇φ|2 +

1

ε
W (φ)

]
dx+ρw

∫
Ωw

f (φ)UvdW dx+

∫
Ωw

f (φ)Ueledx

UvdW = 4εi

[(σi
r

)12
−
(σi

r

)6
]
, Uele =

1

32π2ε0

(
1

εm
−

1

εw

) ∣∣∣∣ N∑
i=1

Qi (x− xi )

|x− xi |3

∣∣∣∣2
• Y. Zhao, Y-Y Kwan, J. Che, B. Li, and J. A. McCammon, J. Chem. Phys., 139:024111, 2013.
• H. Sun, J. Wen, Y. Zhao, B. Li, and J. A. McCammon, J. Chem. Phys., 143:243110, 2015.
• B. Li and Y. Zhao, SIAM J. Applied Math., 73:1–23, 2013.
• S. Dai and B. Li and J. Lu, Arch. Rational Mech. Anal., 227(1):105–147, 2018.
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PF - VISM model

• Gradient flow:

∂tφ = −δF
ε

δφ
[φ] = γ

[
ε∆φ− 1

ε
W ′(φ)

]
−f ′(φ)(ρwUvdW +Uele)

W (φ) = 18(φ2 − φ)2 , f (φ) = (φ− 1)2

H. Sun, J. Wen, Y. Zhao, B. Li, and J. A.
McCammon, J. Chem. Phys., 143:243110, 2015.

H. Sun, J. Wen, Y. Zhao, B. Li, and J. A.
McCammon, J. Chem. Phys., 143:243110, 2015.
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An improved PF - VISM model

• Gradient flow:

∂tφ = −δF
ε

δφ
[φ] = γ

[
ε∆φ− 1

ε
W ′(φ)

]
−f ′(φ)(ρwUvdW +Uele)

New: f (φ) = (φ2 − 1)2 , Old: f (φ) = (φ− 1)2

Y. Zhao, Y. Ma, H. Sun, B. Li, and Q. Du, Comm Math Sci., accepted.
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Numerical Methods



Exponential Time Differencing Scheme

∂tφ = γ

[
ε∆φ− 1

ε
W ′(φ)

]
− f ′(φ)(ρwUvdW + Uele)

∂tφ =L(φ) +N (φ) :

L(φ) = γ(ε∆φ− κ

ε
φ)− µνφ

N (φ) = −γ
ε

(W ′(φ)− κφ)− f ′(φ)(ρwUvdW + Uele) + µνφ

κ ≥ 1

2
max{0, max

0≤φ≤1
W ′′(φ)} = 18

µ ≥ 1

2
max{0, max

0≤φ≤1
f ′′(φ)} = 4

ν = sup
x∈Ω
|ρwUvdW + Uele |
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Spectral Spatial Discretization

∂t φ̂ijk =lijk φ̂ijk + N̂ (Φ)ijk

lijk = γ(ελijk −
κ

ε
)− µν

λijk = −λ2
x − λ2

y − λ2
z

φ̂ijk(tn+1) = e lijk∆tn φ̂ijk(tn) + e lijk∆tn

∫ ∆tn

o
e−lijkτ

[
N̂ (Φ)(tn + τ)

]
ijk

dτ
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Runge-Kutta Approximation

• ETD1RK

Φ̂n+1 =ETD1RK (Φ̂n,∆tn,L,N ) :

φn+1
ijk = e lijk∆tn φ̂nijk + l−1

ijk (e lijk∆tn − 1)
[
N̂ (Φn)

]
ijk

• ETD2RK

Φ̂n+1 =ETD2RK (Φ̂n,∆tn,L,N ) :

A = (aijk) = ETD1RK (Φ̂n,∆tn,L,N ),

φn+1
ijk = aijk + ∆t−1

n l−2
ijk (e lijk∆tn − 1− lijk∆tn)

·
[
N̂ (Ǎ)− N̂ (Φn)

]
ijk

• ETD4RK
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Numerical Results



One Particle System

F ε,rad[φ] = 4πγ0

∫ ∞
0

[
ε

2
|φ′(r)|2 +

1

ε
W (φ(r))

]
r2dr

+ 4πρw

∫ ∞
0

f (φ)UvdW (r)r2dr +
Q2

8πε0

(
1

εw
− 1

εm

)∫ ∞
0

f (φ)/r2dr
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One Particle System

∂tφ = −δF ε,rad[φ]/δφ with Q = 2e and ε = 0.1Å

New: f (φ) = (φ2 − 1)2 , Old: f (φ) = (φ− 1)2

Y. Zhao, Y. Ma, H. Sun, B. Li, and Q. Du, Comm Math Sci., accepted.
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One Particle System

F [Γ] := F (R) = 4πγ0R
2 + 16πρw ε

(
σ12

9R9
− σ6

3R3

)
+

Q2

8πε0R

(
1

εw
− 1

εm

)
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Two Plates System

• Each plate consists of 6× 6 fixed CH2 atoms; inter-atom
distance d0 = 4.389Å; plate-plate distance d = 12Å

Y. Zhao, Y. Ma, H. Sun, B. Li, and Q. Du, Comm Math Sci., accepted.

t=0 50 500 1000

(q1, q2) = (0.1e, 0.1e) (-0.1e, 0.1e) (0.2e, 0.2e) (-0.2e, 0.2e)

(0.2e, 0.2e)

t=1000
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Two Plates System

Y. Zhao, Y. Ma, H. Sun, B. Li, and Q. Du, Comm Math Sci., accepted.
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Future Work



Further Extension to PB theory

−∇ · ε(φ)∇ψφ + f (φ)V ′(ψφ) = ρf

V (ψφ) =

{
β−1

∑M
j=1 c

∞
j

(
e−βqjψφ − 1

)
for nonlinear PB

1
2εw ε0κ

2ψ2
φ for linearized PB

∂tφ = γ

[
ε∆φ− 1

ε
W ′(φ)

]
− ρw f ′(φ)UvdW +

ε′(φ)

2
|∆φ|2 + f ′(φ)V (ψ)

−∇ · ε(φ)∇ψreac + f (φ)V ′(ψreac + ψvac) = ∇ · [ε(φ)− εmε0]∇ψvac
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Adaptive Mesh Refinement
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Q & A

Thank you!

22


	Modeling
	Numerical Methods
	Numerical Results
	Future Work

