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Abstract: We review major computational chemistry techniques applied in industrial enzyme studies, especially approaches
intended for guiding enzyme engineering. These include molecular mechanics force field and molecular dynamics simulation,
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quantum mechanical and combined quantum mechanical/molecular mechanical approaches, electrostatic continuum models,
molecular docking, etc. These approaches are essentially introduced from the following two angles for viewing: one is about
the methods themselves, including the basic concepts, the primary computational results, and potential advantages and
limitations; the other is about obtaining valuable information from the respective calculations to guide the design of mutants

and mutant libraries.

Keywords: molecular mechanics, molecular dynamics, quantum mechanics/molecular mechanics, electrostatic continuum model,

enzyme engineering
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A
Molecular mechanics (MM) forcefield

X: coordinates of atoms in the system

JMM (X): total potential energy, defined as
sum of various interaction terms

J -MH" ("\')

Non-bonded interactions:
« van der Waals
» ¢lectrostatic

Bonded interactions:
* bond length
* bond angle
* dihedral angle

Molecular dynamics (MD) simulation
Initial conformation X (0) and
initial velocities 7 (0)

Forces on atoms: F=—V XFV(X)
Numerical integration of Newton’s
equations of motion

X(¢) = time trajectory of conformation

Bl 1 SFHhFENHA)FSFEHFERIU(B)
Fig. 1 Molecular mechanics force field (A) and molecular
dynamics simulation (B).
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Fig. 2 Quantum mechanical (QM)/molecular mechanical
(MM) model.
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A Electrostatic continuum model

Solvent region:
high dielectric
constant €,
Solute region: lons
low dielectric
constant g,
Polarization

Solute charges

Reaction field

FDPB method

Poisson-Boltzmann (PB) equation
V-e(r)Vé(r)—xg(r)=—4ap(r)

‘ Finite different solution ‘

2

‘ Electrostatic potential in spaceg(r) |

: 4

Electrostatic molecular surfaces,
free energies of solvation,
pKa

3 EENREBIRE (A) MAREDHMN-HER
%2 (FDPB) 757% (B)

Fig. 3 Electrostatic continuum model (A) and the finite
difference Poisson-Boltzmann (FDPB) method (B).
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