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MM parameters

Bonded 
parameters are 
related to 
bonding 
interactions 
between atoms 

Distance 
(force constant) 

Torsion 
(force constant) 

Angle 
(force constant) 

- Stretching
- Bending
- Torsion 
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MM parameters

Non-bonded 
parameters are 
related to 
non-bonding 
interactions 
between atoms: 

Atomic  
charges 

Van der Waals
sigma and epsilon 

- Electrostatic
- Steric 
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MM parameters

Hydrogen 
bonding 
interactions are 
combination of 

- Electrostatic
- Steric 
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MM parameters

Three methods 
of evaluation 
MM parameters

- QM calculations
- Experiment
- Analogy 
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MM parameters  (Chloro-alanine)

New atom

- Distances (Cons.)
- Angles (Const.)
- Torsions (Const.)
- Charge
- Van der Waals 
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MM parameters (Chloro-alanine)

QM geometry 
optimization of the 
molecule in the gas 
phase
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MM parameters (Chloro-alanine)

Results of the 
calculations
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MM parameters (Chloro-alanine)

Calculations of the 
optimal geometry 
with a fixed 
interatomic 
distance
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MM parameters (Chloro-alanine)

Constrined interatomic 
distance
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MM parameters (Chloro-alanine)

Results of the 
calculations
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MM parameters (Chloro-alanine)

Potential energy 
surface of the C-Cl 
stretching

Harmonic 
approximation:

 2
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2
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MM parameters (Chloro-alanine)

Geometry 
optimization with a 
constrined torsion 
angle
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MM parameters (Chloro-alanine)

Geometry 
optimization with a 
constrined torsion 
angle
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MM parameters (Chloro-alanine)

Results of the 
calculations
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MM parameters (Chloro-alanine)

Potential energy 
surface of the 
internal rotation

- Angle at the minimum
- Energy at the maximum
- Number of maxima
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MM parameters (Chloro-alanine)

Calculations of natural 
orbitals
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MM parameters (Chloro-alanine)

Atomic charges 
calculated using 
natural orbitals
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MM parameters (Chloro-alanine)

QM calculations of 
a dimer with a 
water molecule
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MM parameters (Chloro-alanine)

Geometry 
optimization using 
the MM method

E and S 
parameters for 
Chlorine are 
modified in order 
to have the same 
geometry of the 
dimer as from the 
QM calculations
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MM parameters (Chloro-tyrosine)

New atom

- Distance (Cons.)
- Angle (Const.)
- Torsion (Const.)
- Charge
- Van der Waals 
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MM parameters (Chloro-tyrosine)

QM geometry 
optimization of the 
molecule in the gas 
phase
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MM parameters (Chloro-tyrosine)

Results of the 
calculations
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MM parameters (Chloro-tyrosine)

Calculations of the 
optimal geometry 
with a fixed 
interatomic 
distance
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MM parameters (Chloro-tyrosine)

Constrined interatomic 
distance
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MM parameters (Chloro-tyrosine)

Results of the 
calculations
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MM parameters (Chloro-tyrosine)

Potential energy 
surface of the O-Cl 
stretching

Harmonic 
approximation:

 2
0 )(

2
1 qqKE −=
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MM parameters (Chloro-tyrosine)

Geometry 
optimization 
with a 
constrined 
torsion angle
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MM parameters (Chloro-tyrosine)

Geometry optimization 
with a constrined torsion 
angle
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MM parameters (Chloro-tyrosine)

Results of the 
calculations
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MM parameters (Chloro-tyrosine)

Potential energy 
surface of the 
internal rotation

- Angle at the minimum
- Energy at the maximum
- Number of maxima
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MM parameters (Chloro-tyrosine)

Calculations of natural 
orbitals
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MM parameters (Chloro-tyrosine)

Atomic charges 
calculated using 
natural orbitals
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MM minimization of amino acids and base pairs

MM minimization 
requires two files: 
preparation and 
parameters files for 
each molecule 
(amino acid) 

Preparation
File

Parameter
File

Minimization

Initial 
Coordinates

Minimized
Coordinates
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MM minimization of Chloro-alanine

Chloro-alanine
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MM minimization of Chloro-alanine

Preparation file 
of Chloro-
alanine
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MM minimization of Chloro-alanine

Parameter file of 
Chloro-alanine
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MM minimization of Chloro-alanine

Antechamber 
program 
generating the 
preparation file 
for Chloro-
alanine

PDB Input file Prep output file
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MM minimization of Chloro-alanine

Antechamber 
program 
generating the 
preparation file 
for Chloro-
alanine

New PDB file
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MM minimization of Chloro-alanine

The preparation 
file for Chloro-
alanine

The atomic types should be corrected
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MM minimization of Chloro-alanine

The home directory 
of the AMBER 
program
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MM minimization of Chloro-alanine

The Parm99 file
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MM minimization of Chloro-alanine

The parameter file 
for Chloro-alanine

Should be 1 for a 
particular torsion

The maximum energy 
divided by 2 and by 
number of torsions 
involved in this bond

Should be 0 if the 
Maximum is at 0 degree

Should be 180 if the 
Minimum is at 0 degree

Number of 
maxima



Page  11

MM minimization of Chloro-alanine

Tleap program 
links the 
preparation and 
parameter files with 
initial coordinate 
file, and generates 
the topology and 
starting coordinate 
files

Preparation
File

Parameter
File

Tleap

Initial 
Coordinates

Topology
File

Coordinate
Files
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MM minimization of Chloro-alanine

Tleap program
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MM minimization of Chloro-alanine

Loading 
parameter file

Loading 
preparation file

Loading 
coordinate file
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MM minimization of Chloro-alanine

Generating and 
saving the topology 
and initial coordinate 
files
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MM minimization of Chloro-alanine

Generating and 
saving by hand 
technical details of 
minimization
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MM minimization of Chloro-alanine

Generating and 
saving by hand 
technical details of 
running the 
minimization

Initial coordinate file Topology file Minimized coordinate file



Page  17

MM minimization of Chloro-alanine

Transforming the 
coordinate file 
into a PDB file
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MM minimization of Chloro-alanine

Optimal geometry 
of Chloro-alanine 
after MM 
minimization
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MM minimization of Chloro-alanine

Modified 
parameter file of 
Chloro-alanine
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MM minimization of Chloro-alanine

Optimal structure 
of Chloro-alanine 
after parameter 
modification
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MM minimization of Chloro-tyrosine

Optimal structure 
of Chloro-tyrosine 
after QM 
calculations
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MM minimization of Chloro-tyrosine

The parameter 
file of Chloro-
tyrosine
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MM minimization of Chloro-tyrosine

The optimal 
geometry of 
Chloro-tyrosine 
after modified 
MM 
minimization 
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MM minimization of a small peptide

The initial 
geometry of 
ALA-TYR 
peptide
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MM minimization of a small peptide

The minimized 
structure of the 
peptide (red) 
compared with 
the initial 
structure of this 
molecule (blue)
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MM minimization of a small peptide

The input file of 
minimization with 
absolute constrins

The position of the 
atom 32 is constrined



Page  27

MM minimization of a small peptide

The initial (blue) 
and final (red) 
geometry of the 
peptide after 
minimization with a 
constrined position 
of the carbon atom

The constrained atom
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MM minimization of a small peptide

The input file of 
minimization with 
relative constrins

The file with constrins
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MM minimization of a small peptide

The constrains file

The atoms to be
constrined

The shape of 
the potential

The potential 
force constants
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MM minimization of a small peptide

The initial (blue) 
and the final (red) 
geometry of the 
peptide, 
minimized with the 
interatomic 
constrain
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MM dynamics of small proteins and nucleic acids

MM dynamics has 
two steps: heating 
and real dynamics 

Topology
File1. Heating

Minimized 
Coordinates

Heated
Coordinates

2. Dynamics

Trajectory

Topology
File

Each step requires 
two files the topology 
file and the initial 
coordinates file 
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MM dynamics of Chignolin

Experimental 
PDB structure 
of Chignolin   
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MM dynamics of Chignolin

The PDB file of 
Chignolin 

Technical details 
of experiment 

Atomic 
coordinates 
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MM dynamics of Chignolin

The initial 
coordinates in 
a PDB format 
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MM dynamics of Chignolin

The Tlep program 
generating 
topology and 
coordinates files  

Loading the initial 
coordinates  
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MM dynamics of Chignolin

Saving the initial 
PDB files 
(with hydrogens)  

Saving the 
topology and 
coordinates files  

Topology file  Coordinates file  



Page  7

MM dynamics of Chignolin

Building the 
topology and 
parameter data  
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MM dynamics of Chignolin

Technical details 
of minimization  
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MM dynamics of Chignolin

Technical details 
of running 
minimization  

Input file of 
minimization  

Output file of 
minimization  

Initial 
coordinates  

Minimized 
coordinates  

Topology file  
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MM dynamics of Chignolin

Technical details 
of heating  
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MM dynamics of Chignolin

Technical details 
of running heating  

Input file of 
heating  

Initial 
coordianates 

Topology file Heated 
coordianates 

Output file of 
heating 
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MM dynamics of Chignolin

Technical details 
of dynamics  
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MM dynamics of Chignolin

Technical details 
of running 
dynamics  

Input and output 
files of dynamics  

Initial 
coordinates  

Topology file  

Final 
coordinates  

Complete 
trajectory  

Energy 
components  
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MM dynamics of Chignolin

Technical details 
of running several 
steps of the same 
dynamics  
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MM dynamics of Chignolin

Energy 
components 
after 820ps   
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MM dynamics of Chignolin

Total energy of the 
protein as a 
function of 
dynamics time   
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MM dynamics of Chignolin

Temperature of the 
protein as a 
function of 
dynamics time   
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MM dynamics of Chignolin

Superposition of 
10 protein 
structures obtained 
from 1ns dynamics   
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MM dynamics of Insulin

Experimental 
PDB structure 
of Insulin   
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MM dynamics of Insulin

Modified PDB file of 
insulin 
(no crystalographic 
water molecules)   
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MM dynamics of Insulin

Bonding cysteine 
amino acids in the 
tlep program   

- Unit name
- Residue number 
- Atom number   

Saving the topology 
and coordinates files 
with sulfur bridges   
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MM dynamics of Insulin

The total energy of 
the protein as a 
function of 
dynamics time   
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MM dynamics of Insulin

Temperature of the 
protein as a function 
of dynamics time   
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MM dynamics of Insulin

Superposition 
of 10 protein 
structures 
obtained from 
1ns dynamics   
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MM dynamics of DNA

Experimental 
PDB 
structure of a 
small DNA   
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MM dynamics of DNA

Adding sodium 
cations to neutralize 
the nucleic acid, in 
the tleap program    
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MM dynamics of DNA

Minimization with 
constrained 
positions of 
phosphorus and 
sodium atoms    



Page  28

MM dynamics of DNA

Total DNA energy 
as a function of 
dynamics time    
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MM dynamics of DNA

DNA temperature 
as a function of 
dynamics time    
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MM dynamics of DNA

Superposition 
of 10 DNA 
structures 
after 1ns 
dynamics 
temperature 
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MM dynamics in water solution

MM dynamics in 
water solution can be 
performed using 
implicit or explicit 
water molecules 

Topology
File1. Heating

Minimized 
Coordinates

Heated
Coordinates

2. Dynamics

Trajectory

Topology
File

MM dynamics with 
explicit water 
molecules used a 
TIP3P water model 

Water 
Coordinates
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MM dynamics of Chignolin in a sphere of water 

Experimental 
PDB structure 
of Chignolin   



Page  3

MM dynamics of Chignolin in a sphere of water 

Loading the initial 
PDB file of the protein   

Finding the center of 
the protein   
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MM dynamics of Chignolin in a sphere of water 

Solwating the protein 
by a sphere of explicit 
water molecules, of a 
radius 12A   



Page  5

MM dynamics of Chignolin in a sphere of water 

Saving the PDB, the 
topology and the 
initial coordinates files   
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MM dynamics of Chignolin in a sphere of water 

The coordinates of 
TIP3P water 
molecules in the 
PDB file   
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MM dynamics of Chignolin in a sphere of water 

Chignolin protein 
surrounded by 
water molecules   
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MM dynamics of Chignolin in a sphere of water 

Technical details 
of minimization   
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MM dynamics of Chignolin in a sphere of water 

Technical details 
of running 
minimization   
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MM dynamics of Chignolin in a sphere of water 

Technical details 
of heating   

Parameters of the 
water sphere   
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MM dynamics of Chignolin in a sphere of water 

Technical details 
of running 
heating   
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MM dynamics of Chignolin in a sphere of water 

Technical details 
of dynamics   
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MM dynamics of Chignolin in a sphere of water 

Technical details 
of running 
dynamics   
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MM dynamics of Chignolin in a sphere of water 

Total energy of 
the protein after 
dynamics in 
water solution   
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MM dynamics of Chignolin in a sphere of water 

Temperature of 
the protein after 
dynamics in 
water solution   
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MM dynamics of Chignolin in a sphere of water 

Superposition of 9 
protein structure 
obtained from MD 
in water solution   
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MM dynamics of Insulin in a periodic box of water 

Experimental 
PDB file of 
Insuline   
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MM dynamics of Insulin in a periodic box of water 

Solvating the protein 
by a box of explicit 
water molecules   
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MM dynamics of Insulin in a periodic box of water 

Saving the PDB, 
topology and 
coordinates files   
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MM dynamics of Insulin in a periodic box of water 

The PDB file of 
the protein in a 
preiodic box of 
explicit water 
molecules   
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MM dynamics of Insulin in a periodic box of water 

Technical details of 
minimization in 
constance volume   

We are not using the 
Particle Mesh Ewald 
method   
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MM dynamics of Insulin in a periodic box of water 

Technical details 
of running 
minimization   
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MM dynamics of Insulin in a periodic box of water 

Technical details of 
heating in constance 
volume   
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MM dynamics of Insulin in a periodic box of water 

Technical details of 
running heating   
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MM dynamics of Insulin in a periodic box of water 

Technical details of 
dynamics in constant 
pressure   
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MM dynamics of Insulin in a periodic box of water 

Technical details of 
running dynamics   
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MM dynamics of Insulin in a periodic box of water 

The energy of the 
protein after 1ns 
dynamics in water 
solution   
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MM dynamics of Insulin in a periodic box of water 

The temperature of 
the protein after 1ns 
dynamics in water 
solution   
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MM dynamics of Insulin in a periodic box of water 

Superposition of 
9 protein 
snapshots after 
1ns dynamics in 
water solution   


