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Lecture 5

Part I: 

• A Practical Session on water dimer with AMBER

• Visualization of trajectories with VMD

• Numerical Analysis with VMD

Part II:

• Monte Carlo Search Techniques in AMBER
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A Generic Force Field: Parameters,
Atom types, and Connectivities

14.1. Understanding Amber parameter files

Although parmtop files are pure ASCII files, changing parameters directly in them by standard text editors is
strongly discouraged. In the worst case, computations will run without any warnings, but results might be totally
flawed. The safest way to generate parmtop files is to use an Amber tool like tleap that has been used, tested, and
enhanced over a number of years and usually generates correct parmtop files, provided that the input is correct
and that all required information is available via fragment libraries and parameter files. The latest AmberTools
12.0 version (April 2012) includes the ParmEd python script of Jason Swails which is very useful to examine or
post-process parmtop files. However, only users with detailed knowledge on the exact format of parmtop files
should dare fiddling around with this data type.

14.1.3. "*.dat" and "frcmod.*" Files

The standard parameter files with the .dat extension are located in the folder $AMBERHOME/dat/leap/parm.
Adding or changing parameters directly in the parameter files delivered with an Amber distribution is not a good
idea for the following reasons: (a) you might mess up the parameter file, (b) you might have trouble to remember
and find your changes later and add confusion when publishing results, (c) subsequent updates or patches might
overwrite your changes.

In the above mentioned folder, there are also various frcmod.* files. They have basically the same format as
the parameter *.dat files. See some of the examples provided in the Amber distributions. These files can be read
into tleap exactly like the standard *.dat files. They merge the default parameters in the *.dat file with the new
parameters in the frcmod.* files. More important, if the same parameters already exist in the *.dat files, the
parameters in the frcmod.* files overwrite the default *.dat parameters. This offers a handy way to add new or to
change original parameters without ever touching the default parameter files. Just make sure to read the respective
frcmod.* files in tleap when the new or altered parameters should be used.

14.1.4. Parameters Required for Amber Force Fields

The simplest form of the Amber force field (neglecting implicit solvent or polarisation terms) uses the following
Hamiltonian:
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In this equation, the terms kb,r0,kq ,q0,Vn,g,Ai j,Bi j are parameters to be specified in the parameter files men-
tioned in section 14.1.3 for the various Amber force fields.2 The meaning of these different parameters is outlined
in the following sections.

Equation 14.1 does not have a special term for out-of-plane motions. Amber routines handle these terms through
the same formulation as the torsion terms (see section 14.1.6).

Partial charges (qi,q j in equation 14.1), although parameters also, do not appear in parameter files, but are
assigned differently (see 14.1.7).

2Note that equation 14.1 does not use the (physically more correct) kb
2 , kq

2 , and Vn
2 notations because it refers to the constants as they appear

in the actual parameter files.
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14.1. Understanding Amber parameter files

planar structures from getting distorted under the influence of other forces (e.g., fused rings, planar nitrogens
with three substituents, etc...). The actual parameterisation is often intuitive and for many entries, the ("generic")
parameters are identical.

1-4 Non-Bonded Interaction Scaling

Figure 14.1.: 1-4 Interactions between atoms "1" and "4".

Non-bonded interactions between atoms separated by three consecutive bonds (as schematically shown in Figure
14.1) require a special treatment in Amber force fields. Although referring to non-bonded interactions, scaling
information is included in the torsion terms part of the parameter files.

By default, vdW 1-4 interactions are divided (scaled down) by a factor of 2.0, electrostatic 1-4 terms by a
factor of 1.2. These are default values for the protein force fields and GAFF, but not for sugar force fields GLY-
CAM_06EP and GLYCAM_06, for example, in which these interactions are not scaled at all.

Without any additional information, programs like tleap, used to prepare parmtop files, assume that the
standard scaling mentioned above is to be applied. However, this default can be overwritten in the torsion section
of the parameter file. An example is shown below for torsional terms in the GLYCAM_06j force field:

S -Ng-Cg-H1 1 2.00 0.0 1. SCEE=1.0 SCNB=1.0 N-Sulfates
S -Ng-Cg-Cg 1 0.0 0.0 -3. SCEE=1.0 SCNB=1.0 N-Sulfates

The special notation SCEE=1.0 SCNB=1.0 following the standard torsion terms4 will tell tleap to prepare a
parmtop file which transfers these data into a special section, as shown below:

%FLAG SCEE_SCALE_FACTOR
%FORMAT(5E16.8)
scaling factors are entered here....
%FLAG SCNB_SCALE_FACTOR
%FORMAT(5E16.8)
scaling factors are entered here....

When using standard Amber force field parameter files as delivered with AmberTools, the user does not need to
care about this. However, when adding additional parameters, especially torsion terms, one should be aware of
these scaling factors and decide if they should be default or altered.

14.1.7. Non-Bonded Terms

Van der Waals Parameters

The standard formulation of the 6-12 Lennard-Jones potential Vi, j between two atoms i and j is:

4In this case, the fields coming after the periodicity (field 5), i.e., fields 6 and 7 are also read and are not ’just’ comment!
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note the atom types
and connectivities
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Vn g dihedrals
Aij, Bij van der Waals
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standard information flow in AMBER
1. Introduction

pdb pdb4amber

antechamber,
MCPB,
LEaP

force
field
info

prmtop
prmcrd

par med

sander,
nab,

pmemd

NMR or
XRAY info

mdin
info

mdout_analyzer,
cpptraj

MMPBSA.py,
amber lite,

FEW

Figure 1.1.: Basic information flow in Amber

2. Topology: Connectivity, atom names, atom types, residue names, and charges. This information comes from
the database, which is found in the $AMBERHOME/dat/leap/lib directory, and is described in Chapter 3. It
contains topology for the standard amino acids as well as N- and C-terminal charged amino acids, DNA,
RNA, and common sugars and lipids. Topology information for other molecules (not found in the standard
database) is kept in user-generated “residue files”, which are generally created using antechamber.

3. Force field: Parameters for all of the bonds, angles, dihedrals, and atom types in the system. The standard
parameters for several force fields are found in the $AMBERHOME/dat/leap/parm directory; see Chapter 3
for more information. These files may be used “as is” for proteins and nucleic acids, or users may prepare
their own files that contain modifications to the standard force fields.

4. Once the topology and coordinate files (often called prmtop and prmcrd, but any legal file names can be
used) are created, the parmed script can be used to examine and verify these, and to make modifications. In
particular, the checkValidity action will flag many potential problems.

5. Commands: The user specifies the procedural options and state parameters desired. These are specified in
input files (named mdin by default) or in “driver” programs written in the NAB language.

1.1.1. Preparatory programs

LEaP is the primary program to create a new system in Amber, or to modify existing systems. It is available as
the command-line program tleap or the GUI xleap. It combines the functionality of prep, link, edit and parm
from much earlier versions of Amber.
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EUCH4E
XYZs ( .gjf )

Your PC/MAC
XYZs   ( .gjf )

SCP / SFTP



GaussView:
making a water dimer
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AMBER:
start GV + make water dimer 

1) start GaussView; make water dimer using the “Fragment” Tool

Calculate -> Gaussian Calculation Setup -> General
deselect connectivity -> Retain

2) save file as Gaussian Input: File->Save  water_dimer.gjf

3) MAC/PC USERS (command line method):

scp water_dimer.gjf eclab@euch4e.chem.emory.edu:./star/YOUR_ID/

PC USERS (alternative method):
Download and use WinSCP, an open source scp client
https://winscp.net/eng/index.php
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AMBER:
setup procedure on EC servers

4) ssh -Y eclab@euch4e.chem.emory.edu

/home/chemistry/ch_res/eclab/: ssh -Y star
eclab@star:~> cd YOUR_ID
eclab@star:~> ls
water_dimer.gjf
eclab@star:~> cat water_dimer.gjf

5) process GAUSSIAN INPUT into PDB using AMBER

> antechamber -i water_dimer.gjf -fi gcrt \

-o water_dimer.pdb -fo pdb

7EC lecture series 2020



AMBER:
setup procedure on EC servers

6) generate atomic charges

> antechamber -i water_dimer.pdb -fi pdb \

-o water_dimer.mol2 -fo mol2 -c bcc

7) check all parameters (any missing ones will be reported)

> parmchk -i water_dimer.mol2 -f mol2 -p \

$AMBERHOME/dat/leap/parm/gaff.dat -o water_dimer.frcmod
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AMBER:
setup procedure on EC servers

8) start TLEAP interface to make parameter and XYZ files:

water_dimer.prmtop -- parameter topology file
water_dimer.prmcrd -- initial XYZ file

> tleap
> source /libs/amber11/dat/leap/cmd/leaprc.gaff
> file = loadMol2 water_dimer.mol2
> loadAmberParams water_dimer.frcmod
> saveAmberParm file water_dimer.prmtop water_dimer.prmcrd
> Quit
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AMBER atom type asignment:
contents of ATOMTYPE.INF file

-ring property (III)-
atom[ 1] (O1 ) is not in any ring (nr[1]=1)
atom[ 2] (H1 ) is not in any ring (nr[2]=1)
atom[ 3] (H2 ) is not in any ring (nr[3]=1)
atom[ 4] (O2 ) is not in any ring (nr[4]=1)
atom[ 5] (H3 ) is not in any ring (nr[5]=1)
atom[ 6] (H4 ) is not in any ring (nr[6]=1)

-electronic property-
atom [ 1] (O1 ) is an electron-withdrew atom
atom [ 2] (H1 ) is not an electron-withdrew atom
atom [ 3] (H2 ) is not an electron-withdrew atom
atom [ 4] (O2 ) is an electron-withdrew atom
atom [ 5] (H3 ) is not an electron-withdrew atom
atom [ 6] (H4 ) is not an electron-withdrew atom

-connectivity property-
atom[ 1] (O1 ) 2 H1
atom[ 1] (O1 ) 3 H2
atom[ 2] (H1 ) 1 O1
atom[ 3] (H2 ) 1 O1
atom[ 4] (O2 ) 5 H3
atom[ 4] (O2 ) 6 H4
atom[ 5] (H3 ) 4 O2
atom[ 6] (H4 ) 4 O2
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AMBER:
internal structure of .prmtop file

%FLAG ATOM_NAME
%FORMAT(20a4)
O1 H1 H2 O2 H3 H4
%FLAG CHARGE  * 18.222
%FORMAT(5E16.8)
-1.46507292E+01 7.32536460E+00 7.32536460E+00 -1.46507292E+01 7.32536460E+00
7.32536460E+00

%FLAG MASS
%FORMAT(5E16.8)
1.60000000E+01 1.00800000E+00 1.00800000E+00 1.60000000E+01 1.00800000E+00
1.00800000E+00

%FLAG BOND_FORCE_CONSTANT  (kcal/mol)/Å2

%FORMAT(5E16.8)
3.69600000E+02

%FLAG BOND_EQUIL_VALUE    Å
%FORMAT(5E16.8)
9.74000000E-01

%FLAG ANGLE_FORCE_CONSTANT  (kcal/mol)/rad2

%FORMAT(5E16.8)
4.19300000E+01

%FLAG ANGLE_EQUIL_VALUE   rad
%FORMAT(5E16.8)
1.82910584E+00

%FLAG LENNARD_JONES_ACOEF
%FORMAT(5E16.8)
5.81803229E+05 0.00000000E+00 0.00000000E+00

%FLAG LENNARD_JONES_BCOEF
%FORMAT(5E16.8)
6.99746810E+02 0.00000000E+00 0.00000000E+00

%FLAG AMBER_ATOM_TYPE
%FORMAT(20a4)
oh ho ho oh ho ho
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GEOMETRY OPTIMIZATION

9) create/copy input, “min.in”, for structure optimization

cp ~/min.in ~/YOUR_ID

#title: optimization
&cntrl
maxcyc=1000, imin=1, cut=12.0, ntb=0, ntpr=1

10) perform a geometry optimization (command line interactive)

> sander -O -i min.in -o min.out -p water_dimer.prmtop \

-c water_dimer.prmcrd -r water_dimer.xyz
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MOLECULAR DYNAMICS

9b) create/copy input, “md.in”, for a molecular dynamics run

cp ~/md.in ~/YOUR_ID

#title: md run

&cntrl

imin=0, irest=0, cut=12.0, ntb=0,

nstlim=100000, dt=0.001,            femtosecond

ntt=2, tempi=300.0, temp0=300.0,     Kelvin

ntpr=10,ntwx=10
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MOLECULAR DYNAMICS

10b) perform an MD simulation (command line interactive)

> sander -O -i md.in -o md.out -p water_dimer.prmtop \

-c water_dimer.prmcrd -r water_dimer.xyz -x water_dimer.crd
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Using the queue for larger MD jobs

#!/bin/ksh
# @ initialdir = /star/chemistry/ch_res/eclab/YOU
# @ requirements = (Arch == "R6000") && (OpSys == "AIX53")
# @ class = stars
# @ notify_user = YOUR_ID@emory.edu
# @ group = ch_res
# @ error = error
# @ queue
#
sander -O -i md.in -o md.out -p water_dimer.prmtop -c 
water_dimer.prmcrd -r water_dimer.xyz -x water_dimer.crd
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Visualization & Analysis

• Visual Molecular Dynamics VMD
(UIUC by K. Schulten & group)

• Spectral densities

• Radial Distribution Functions

• X11 graphics session...
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Starting Graphics Session on STAR

• MAC users:  Xquartz 2.7.8 recommended

www.xquartz.org/releases/index.html

• PC users: Xlaunch or Xming

> vmd
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VMD Session on STAR
defining a New Molecule
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VMD Session on STAR
loading parameters
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VMD Session on STAR
loading trajectory
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Part II: other applications

• The challenge of p-p stacking interactions

• Advanced Methods of Structure search
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The dominant component of fragment interaction energy is the dipole induction,
also known as electrostatic dispersion.

These interactions are described by dynamically correlated methods (CI/MP2)
while a generic DFT fails to yield a correct description.

On the other hand, the non-bonding potentials parameterized in AMBER provide
a remarkably accurate description of the above systems.

Exemplary p-p stacking interactions



examples of p-p stacking
systems calculated with AMBER
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visualization of the molecular dynamics of 
dimer-C in gas phase at 300K
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Analysis of the molecular dynamics of 
dimer-C in gas phase at 300K

DE=-17.9

DE is the dimer binding
energy after structure
refinement

-19.1
-19.4

-19.1

-19.1

-18.6
-17.6
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Improved search techniques

• MD trajectories tend to ”fly over” low energy structures 
due to inertia (kinetic energy)

• Thus, long time propagation is required to find low 
energy structures

• Long-time MD may be computationally prohibitive

• What other methods may avoid this problem?
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Potential Energy “Landscape”
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F. H. Stillinger, T. A. Weber “Packing Structures and
Transitions in Liquids and Solids” Science 225, 983-989, 1984.

Schematic representation of the potential energy 
surface for an N-atom system.

Minima are shown as filled circles and saddle 
points as crosses.

Potential energy is constant along the continuous 
curves.

Regions belonging to different minima are 
indicated by dashed curves.



conformation in 3N space

En
er

gy

high temperature (HOT structures)

global
minimum

local
minima

Monte Carlo (MC) methods:
simulated annealing (SA) MD search

cooling schedule
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COLD structures



multichannel SA-MD MC search

1) start at some initial (high E) structure

2) send out a random trajectory (arrow)

3) heat system to 500 - 600K

4) cool gradually to 0K

5) a final set of structures will be a
good sample of low energy minima
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Summary of Amber MM tools

• AMBER’s versatile definitions allow to set up calculations 
of general molecular systems

• MD simulations are easily run for all typical ensembles

• Systems of 104-105 order of atoms are possible to model

• Visualization and analysis is performed with VMD

• Advanced Monte Carlo techniques allow for extensive 
Energy Landscape exploration
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