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Molecular Topology File

What does it contain?
« list of all atoms and residues including names
*a complete descrlguon of all interactions in system
. I|s's of all bonds, bond angles, dihedral angles etc.
artial charges of all atoms
nnard-Jones parameters for all atom:
. speclal mterac ons (exclusions, 1-4 |nteract|ons, constraints)

How is it generated?
*by hand
or

~automatically from an amino acid sequence and
predefined building blocks

Molecular Topology File

Running a simulation

Pescripion ofthe molecule]
molecular topelogy

Inltlal posltlons of the atoms| Description of what to do
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Example of topology file (“top)
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‘ Simulation Program

gromacs
(GROningen MAchine for Chemical Simulations)

T

Final coordinate coordinates energies log file
tra}ectur‘y ﬁles (*.edr) (*log)
(*.gro) (xtrr)

MD Unit in GROMACS

Quantity Symbol Unit length

distance r nm

mass m u (atomic mass unit)

tirr‘ne t } h

charge e = electronic charge

temrgerature % K i

ener E.V

Furcegy F JJlrr\ I*ni

presslé;e p lemoI"nm3 16.6054 Bar
v Ps

dipole moment p e*nm



Bond stretching V(bond)
In topology file:
function number = 1 o—o
V(bond) o

—Harmonic potential:

V(bond) =1/2 K, (b-b,)?

*Most commonly used

b, b

Other bond potential: Morse potential
In topology file: function number = 3

Non-Bonded Interactions

Lennard-Jones (6-12) potential
In force field file: A B
combination rule Vi =77~ 78
function number = 1

r
PREN
Vg =4g -2
. . v ‘{ s }
In force field file:
combination rule

0 fur;ction number = 3

Angle bending

V(angle) \?/ v(anglg/2 A

In topology file:
function number = 1

—Harmonic potential:
V(angle) = 1/2 K, (6- 6,)?

3

Torsion terms

V(torsion)

D

“<*
V(torsion) .b'f.

Other angle potential: Cosine based potential
In topology file: function number = 2

Non-Bonded Interactions

‘water
-0.82e i
} Coulomb Interactions
- 7
V17
o)
H 4r oty
04le 04le

partial charge (z) distributions

In topology file:
function number = 1

order=n; K, &
Cosine expansion:

V(torsion)=

Ko[1+ cos(ng+8)] Other dihedral potential:
Ryckaert-Bellemans potential
In topology file: function number = 3

Understand a topology file: part 1

iTake {copy) the file butane.pdb and example.top from
Mdcourse directory
“Visualize the file butane.pdb (using vmd or rasmol)

“Look at the topology file exarmple.top

“Understand which analytical function and which parameter are

used.
“Check the topology file: there are missing interactions, type
error, etc for a total of 10 errors.

“Wite a topology using an united:atom force field for the
molecule in mol1. pdb




Understand a topology file: part 2

“Take (copy) the file butane_uni.pdb from Mdcourse directory
«Visualize the file butane uni.pdb (using vmd or rasmol)
«Choice the best dihedral function and parameter for the C-C-C-C
torsion potential given in file cccc.agr ) .
'usef_tlhe command “xmgrace cccc.agr” to visualize
e file
« fit the function by hand/by using the function “non
linear curve fitting” under Data->transformation

mple):
set the parameters

+Look the values on the parameters in the new

window and in the gr?h the ?not of your functions.
“Write a topology using an united-atom force field for the
molecule in bufane_uni.pdb using the torsional potential you
have found.

Parameter files: em.mdp

LINES STARTING WITH ; ARE COMMENTS

title . Mininization of Hen Egy White Lysozyme Title of run
he following Lines tell the program standarc Tocations where to find

fortainH
1ib/cpp
-/top

include
the topology format

j araneters dascribing what to do, when to stop and unat to save,
integr iAlgorithin (steep = steepest decent mininization)
158% stop mininization when the maxinum fo 1.9 1d/mol
nsteps = 21 INaxinun nunber of (nininization) steps to perfom
nstenergy "= 19 nergies to disk every nstenergy steps
nstxt = sWrite coordinates to disk every nstxcount steps
TRCGrSS protain swhich coordinate group(s) to write to disk.
energygrps = Protein ;which energy group(s) to write to disk

; Parameters describing how to find the neighbors of each atom and how to
calcilate the interactions

nstlist Fr‘equenc\/ 3 Update the neighbor 1ist and long range forces.
ns type ssnul o deternine neighbor List (simple, grid).

rlist ,cutaff mr making ne;gh o Tist (short range fo
coulombtype = cut-off  t of long, range elect rostatic Yheeractions
reoulonb = 1.0 tong Tange alectrostaeic cur

ilong range van der waals cutof

constraints = none ond types to replace by contraints
pbc = no Meriodic Bounainy Comtitions (yes /o)

Running a simulation

Description of the molecule| Inmal posltlons of the atoms
‘molecular topol y file r structure file
(*.top) (*.gro *

Description of what to do
input parameter file
(*.mdp)

\/

Simulation Program
gromacs
(GROningen MAchine for Chemical Simulations)

T

Final coordinate coordinates energies log file
file tra}ector‘y ﬁles (*.edr) (*log)
(*.gro) (x.trr)

Parameters for Energy Minimization in Vacuo

LIues STHRTING T
itle Winin 1 of b iTitle of run
; ‘Paraneters descrxbmg “what to' do
integrator = steep  ;Algorithn (steep = steepest decent
mnmuzatmni
top minimization when the maximum force < 2.0 kJ/mol
: l’arameters descnbmg “when To" St
nsteps ;Maximum number of (m)nm)zannm steps to perform
3 Parameters descubmg what to sav
nstene JWrite er\ergxes to disk every nstenergy steps

ansrgyurps which energy group(s) to write to disk
STErs Gescribing how 1o Tind the heignbors of each atom and how to
Ealcylate the interactions

constraints= none types to replace by contraints
< =no Mreriodic Boundary Conditions (yes/na)

Input Parameter File

What does it contain?

» Title (description of the run).

« parameters describing what run is to be performed.
MD or EM
temperature
nature of box
time stey
length of run
how often to write out the results

How s it generated?
by hand from a template file

Mimimize a molecule:
Running simulation with GROMACS

grompp makes a run input file

grompp -f parameter_file -€ geometry_file -p topology_file -0 T
*mdp *.gro *.top

mdrun performs a simulatio

mdrun -v -s T deffnm name)



