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How to find me:
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www.theochem.uni-frankfurt.de/~villa
villa@theochem.uni-frankfurt.de

Something about Linux

Commands for navigating the Linux file system

pwd
Print Working Directory. Shows the current location in the directory tree.

mkdir {directoryname}
Make the directory with the specified directory name

d {directoryname I')\‘
Change Directory into the specified directory name.

cd..
Move up one directory.

Is
List all files in the current directory, in column format.

Computer lab:

«General introduction to start
*Display and exploration of a molecule.
+Molecular Dynamics software
*Model (force field)
sGeneration of topology and coordinate files
*Generating configurations
—Energy minimization
—-Molecular Dynamics
sTrajectory analysis
*Simulation conditions

Something about Linux
Working With Files and directory

file {filename}

Find out what kmd of file itis.

cat {filen:

Dlsplay the contents of a text file on the screen.

head {filename}

Dlsflay the ﬁrst few lines of a text file.
{filename}

Display the last few lines of a text file.

cp {filename} {dlrectorynamelfllename}

Copies a file from one location to another.

mv {filename} {newfilename}

Moves a file to a new location, or renames it.

rm {filename}

Delete a file.

rmdir alrectoryname}

Remove Directory.

emacs (ﬁlename)

Text editor

less {filename}

Page through a file

Something about BCC computer
Useful information

user: {user_name}
passwd: zzzzz
>pwd

/home/{user_name}/

Share information:
Jusr se

Where to put data:
Itmp/{directoryname} (on each PC)

or

lusr/local/courseexchange/mdcourse/{user_name}

Something about Linux
Informational Commands

Dlsp ays CPU processes in a full-screen GUI. A great way to see
rhe activity on your computer in real-time. Type Q to quit.

Repcrt filesystem disk space usage ( Disk Free is how |
remember it

Other Utilities: grep, more, history, find, ps
Help: man {commandname}

Useful links:

«http://www_linux-tutorial .info/

see links menu:

Table of Contents/Shell and Utilities/fCommonly Used Utilities




1) Go to your home directory:
>cd /home/{user_name}

2) Create and Open the file .bashrc
>emacs .bashrc

3) Type in the file .bashrc the following 3 lines:
#Y/bin/bash
#

source /usr/local/bcc/gromacs/i686-pc-linux-gnu/bin/GMXRC.bash

4) Save and close the file .bashrc

NOTE: the file .bashrc should be in the directory /nome/{user_name}

Open a new xterminal and type
>grompp -h

How do we represent a protein?

Something about the programs

Visualization programs
> vmd
Look at ks.ui

file's type
*.pdb, *.gro,*.xtc

or
vmd.html and vmd.pdf in mdcourse directory

> rasmol *pdb

Look at http. mass. htm
>molden *pdb

>pymol *.pdb
Visualization graphs:

>xmgrace *.xvg

Look at il/Gra
Simulation Software:
http://www.gromacs.org

Bovine Pancreatic Trypsin Inhibitor (SPTI)

First part:

«Linux, software and Beilstein Computer Center
*Molecular structural file * pdb *.gro

+PDB file format

*How to visualize a molecule

Useful abbreviations

+PDB: Protein Data Bank

Bovine Pancreatic Trypsin Inhibitor (SPTI)




Bovine Pancreatic Trypsin Inhibitor (SPTI) Bovine Pancreatic Trypsin Inhibitor (SPTI)

To visualize a molecule
Bovine Pancreatic Trypsin Inhibitor (SPTI)

Molecular Structure File

What does it contain?

the name of each atom.

the coordinates (x, y, z) of each atom.

«the number of atoms in the system (optional)
~the velocities (x, ¥ z) of each atom (optional).
«the dimensions of the system (optional).

How is it generated?
«derived from experimental data (such as X-ray or

NMR study).
*by hand

~automatically using predefined building parameters.

Bovine Pancreatic Trypsin Inhibitor (SPTI)

How to get the experimental structure of a protein:

*Go to 'Protein Data Bank' http://www.rcsb.org/pdb/

+Look for a protein

*Search for and look at the trypsin-benzamidine complex
from the Protein Data Bank. PDB ID: 1A0)

*Download the pdb file

*Look in the PDB file.
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Exercise 2: Display and exploration of a molecule.

*Search for and download the NMR structure of ubiquitin from
the Protein Data Bank. PDB ID: 1D3Z.

*Start VMD (Virtual Molecular Dynamics)

*Read ubiguitin into VM

Use VMD to display dlfferent aspects of the molecule:

How many structures are in the file

-Display the h¥drogen bonds and the secondary structure: what
do you notice’

Visualization programs:
vmd (*.pdb, *.gro)
rasmol (*.pdb)

molden (*.pdb)

pymol (*.pdb)

Molecular Structure File |

What does it contain?
+ the coordinates (x, y, z) of each

« the velocities (x, y. z) of each o (optional).
« the dimensions of the system (optional). 7

7
1083106524
38% 15774-03186
08650 05365

307500
sox: 567062 657220

Example of *gro file

How is it generated?
by hand

~automatically from a given structure file
(e.9. a Protein Data Bank (PDB) file).

Exercise 1: Display and exploration of a molecule.

+Search for and download X- r’%’ structure of the trypsin complex
from the Protein Data Bank. AD).
«Start VMD (Virtual Molecular Dynamlcs)

*Read trypsin into VMD.

Use VMD to display different aspects of the molecule:

-Display the different aminoacids present inTrypsin

-Display the different chalns present in X-ray structure

-Show the secondary st

-Show the ligand (resname BEN) of the tryg in.

rvgro\aé dﬁn tr;e residues Aspartate 189 and chlne 219 and Serine

Question:

After havin visua ized the 3 structure files

(1A0] pdb, 1D3 b and example.gro), say (about
the type of lnformatlon)

*In what do the 3 files differ?.

‘What do they have in common?

Useful links:

Protein Data Bank:
http://www.rcsb.org/pdb/

Visual molecular Dynamics

http://s ks. c fmd/

or
Look at vmd.html and vmd.pdf in mdcourse directory

Molecular Dynamics simulation package

GROMACS
http://www.gromacs.org
GROMOS
http://www.igc.ethz.ch/gromos/gromos.html
Amber
ttp://amber.scripps.edu/
CHARM
http://www.charmm.org/

etc.




GROMACS: ensamble of programs

Running a simulation MD Unit in GROMACS Programs by topic:

Quantity Symbol Unit length Input
Description of the molecule | Initi: | iti f the ator " *Generating topologies and coordinates: pdb2gmx, genbox
R S R gt el st dsance o+ oo o topeleg pobzom 9
(*.top) (*.gro *, (*.mdp) {_nass m u (atomic mass unit) simulation
ime 3 . . .
*Running a simulation: grompp, mdrun

e = electronic charge

t
charge
\ \ / temrgerature ? K analysis
energy E v k]/mol *Processing energies: g_energy
p
v
u

*
‘ Simulation Program Force Kj/mol*nm «Converting files: editconf, triconv

pressure kJ/mol*nm® = 16.6054 Bar

veloci n;n/ps «Tools: make_ndx, g_analyze

dipole foment e*nm *Distances betweervin structures g_rms, g_mindist, g_angle
«Structural properties: g_hbond, g_sas

/\. «Kinetic properties: g_tcaf

«Electrostatic properties: genion

gromacs
(GROningen MAchine for Chemical Simulations)

Final coordinate coordinates energies log file
file tra}ecmr‘y ﬁles (*.edr) (*1og)
(*.gro) (*.trr) Help: program_name -h
Molecular Structure File Box types Define a box and solvate a molecule.

herical +Use editconf to define a box around the mulecule inthe *.gro
most spherical «Use genbox to solvate with water the molecule

e
/ +Visualize the system protein+water

Wen w1 G N Useful information
Ve M S(33 1% 18E Sl editconf edits the box and writes subgroups
1YSH H3 4 5 05365, Truzcated pctahedron genbox solvates a system

207500 Hwa 1555

sox: 557082 657220 293002 e
Visualization programs:
— vmd (*.pdb, *.gro)
rasmol (*.pdb)
How is |t generaled7 molden (*.pdb)
by pymol (*.pdb)

“automaticallyfrom a given structure file
(e.g. a Protein Data Bank (PDB) file). Hexagondl prista
Rhormbic dodecabicdron

What does it contain?
« the coordinates (x, y, 2) of each ato

*the velodities (x, . 2} of each atom (optional).
« the dimensions of the system (optional).




Molecular Topology File

What does it contain?
« list of all atoms and residues including names
*a complete descrlguon of all interactions in system
. IIS'S of all bonds, bond angles dihedral angles etc.
artial charges of all a
nnard-Jones arameters fo all al
. speclal |nterac ions (exclusions, 1 4 |nteract|ons, constraints)

How is it generated?
hand

~automatically from an amino acid sequence and
predefined building blocks

#include "ffG43aL.itp"

1
jCompound " #mols

28

Example of topology file (“top)

1 poleculetype 1
ypexcl
P
Ialoms] Id
nr respr reskiue atom  cgnr
T % 9
2 ioen w1
ER I
4 H 10L6H H3 1
5 CHl 1L¥SH CA 1
{‘bonds |
P ajfunct a 2
1 0.1000 1.8700e+07
[angles
P a) ak funct 0 a
2 3 10950  380.00
alfunct <0 a
1@ 1 0.000 377

chars mass  typeB chargeB

0155 14.0067 ; comments
248 11008

0

0248  1.008
o i
0.

1,001
12.019 ;
=

) =}

massB|

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



