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Uniform dielectric constant?
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But,….
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For a high number of particles

Gauss Law

= charge/volume
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non-linear equation 

Analitical solution only for very simple system 

(e.g. infinite charged planar surface – Gouy-Chapman)
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Poisson-Boltzmann equation
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• Debye-Hückel
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• Debye-Hückel: some useful definitions
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Electrical double layer

Zeta

potential

Everything move 
together with the 
macroion

Debye length

Size of the
EDL
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Current methods for solution of the 
Poisson-Boltzmann equation

⚫ Finite difference (box volume)
– Multigrid solvers

– Other

⚫ Boundary element
– Smaller problem domain

– Easier interaction evaluation

⚫ Finite element
– A priori error estimation and discretization

– Two-level solver

⚫ Others
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The “breakdown” of the Poisson-Boltzmann

(L. Guldbrand et al., J. Chem. Phys., 80 (1984) 2221)

Sbklz  23 2=
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Other methods for pKa calculations

1. Molecular dynamics at constant pH
(time-dependent protonation states)

2. Monte Carlo methods at constant pH

3. Empirical methods
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Constant-pH computational methods
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Molecular dynamics at constant pH

Implicit solvent hybrid Explicit solvent
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Protonation becomes the dynamics of a λ-particle! 
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But, 
convergence is still a problem!
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But, convergence is still a problem!
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A MC fast proton titration scheme
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Molecular modeling

✓ Electrostatic interactions are the main driving force 

✓ Be able to describe pH, ionic strength and mutational effects

✓ Free energy as a function of the separation [ A(r) ]

✓ Repeat the calculations in several conditions

Exp

MC

TK

✓ (small $$$budgets$$$)
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structure 1

structure n

... ...

New
data
bank
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Development of CpH methods (CG)

Colloidal 
like 
models

(rigid)
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with 
explicit 
ions 

(rigid)

FPTS  (rigid)

FPTS+OPEP 
(flexible)

More to
come
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s

water

We have developed several different “spherical cows”...

Model 1 Model 2

water

explicit ions

s

Protein interactions
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Coarse-grained models...
Proton

s

water

explicit ions
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How to reduce cpu time in order to 

simulate large protein aggregates?
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Acid-base equilibrium

Dissociation of a weak acid (HA)
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Acid-base equilibrium (2)
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Acid-base equilibrium (3)

or,
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Acid-base equilibrium (4)
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FPTS
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PDB CG model

Experimental conditions

pH
salt (κ)

temperature
pK0

MC simulation

pK0 isolated aa

(experimental data)

input

 aaq

calculation results
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pI      5.0 (4.2-5.0)    4.8 (4.6-5.5)   9.6 (8.7-9.0)        5.0 (4.4–4.8)   5.0 (4.8–5.1)   5.9 (5.3–5.8)

(*) Experimental data between parentesis: J. Dairy Sci. 87:1641–1674; Thompson, A., Boland, M., & Singh, H. (2009). Milk proteins : From expression to 
food. USA: Academic Press/Elsevier.

α-LA β-LG                 LF                      αs1-CS               β-CS                   k-CS

[LD & FLBDS, Food Hydrocolloids, 2016]Net charge profiles

Benchmarking
FPTS

Electrostatic interactions in and between biomolecules
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[FLBDS & DMK, submited, 2020]
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FPTS [FLBDS & DMK, JCTC, 2017]
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6-phosphogluconate 

dehydrogenase
(PDB id 2zyg)

9185.2s

AMD Opteron 2356

processador (8 cores and 2.3 GHz)

Intel i7-3630QM and 2.40 GHz

96s

Performance                              PB                              FPTS

FPTS PropKa

[FLBDS & DMK, JCTC, 2017]
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Dengue 2 virus envelope protein

prefusion post fusion

[F
L

B
D

S
&

 C
E

, 
in

 p
re

p
ar

at
io

n
]

121

122



31

Fernando Barroso, FCFRP/USP

SAIFR - March 9-15, 2020

[FLBDS, SP & PD, JCP, 2017]

Fast convergence for any system!
FPTS
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