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Overview

* Gromacs Output

* Using analysis methods provided by Gromacs:
— g_energy, gmxcheck, g_mindist, g_rmsf, g_rms,...

* Very useful:
http://www.gromacs.org/Documentation/Gromacs_ Ultilities
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http://md.chem.rug.nl/~mdcourse/analysis1.html
http://www.gromacs.org/Documentation/Gromacs_Utilities
http://md.chem.rug.nl/~mdcourse/analysis1.html
http://www.gromacs.org/Documentation/Gromacs_Utilities

Gromacs Results

_md.mdp

_md.tpr

_md.edr
_md.trr

_md.xtc

Simulation parameter input file:
(time step, type of simulation, electrostatics, van der
Waals,...)

portable binary run input file:

(generated by grompp, executed by mdrun)

starting structure (coordinates and velocities), molecular
topology and all simulation parameters

Binary portable energy file:
energy terms that are saved in a simulation

full-precision trajectory file:
coordinate, velocity, and force information

compressed version of the trajectory:
only coordinate, time, and box vector information
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standard checks: gmxcheck LM

* gmxcheck: Getting the Right Output Means no Artefacts
in Calculating Stuff
gmxcheck -f .xtc
— simulation finished properly?
gmxcheck -c .tpr

— presence of coordinates, velocities,
close contacts, atoms outside the box,..

* Check log file (_md.log): lot of statistics

(Mnbf/s) (GFlops) (ns/day) (hour/ns)
Performance: 698.741 54.668 44.634 0.538
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Visualisation in Pymol: trjconv LM

triconv — the Swiss army knife tool

trjconv -s topol.tpr -f traj.xtc
-0 prot.pdb -pbc nojump

— Convert trajectories to pdb file

— remove the jumps over the boundaries
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Vi lisation in Pymol TUT

09.07.12 Molecular Dynamics Analysis



Quality assurance TLM

tests for the convergence of thermodynamic parameters
— equilibrium reached?

— Temperature

— Pressure

— potential and the kinetic energy ...

No convergence of values:
simulation has not yet reached thermal equilibrium
— extend simulation

extracted from _md.edr file with g_energy
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thermal equilibrium: g_energy TUM

echo 12 0 | g energy -f md.edr
-0 temperature.xvg

Energy Average Err.Estt RMSD Tot-Drift
Temperature 297.914 1.38693 0.0072 -0.00042403 (K)

Gromacs Energies

310m T T T I

* reference temperature from

md.mdp: 298K |

305 — —

* Visualize .xvg files
— xmgrace file.xvg

295

290 [0 | | | | | ‘ | | | =
0 2000 4000 6000 8000 10000

Time (ps)
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Periodic images

5

« Using periodic boundary conditions: $o ef|eC a®|8° o

— forces between atoms calculated across ‘:621 ‘:Cé?n ‘:Cé?n

periodic boundaries g0t ®| s0e | g0 ©

* Check for direct interactions between : ¢ @ < ¢ o€ S ¢ o®

periodic boxes: n:@. u@. u@.

~ unphysical self-interactions ce® ®|l o0 ®| g0 ®

. . e® . ele® _ejeC® @
 minimal distance should be >=2nm o e @

SRR

ag®@® b g®@® o g® @ @

g mindist -f traj.xtc
-s topol.tpr

—od minperdist.xvg -pil

pl: Calculate minimum distance with periodic
images
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Periodic images Il m

The shortest Minimum distance to periodic image
periodic distance is o admadmm emildsane
1.6456 (nm) at time ! | o
7675 (ps), between 35k | |~ protein
atoms 15 and 4507 |
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RMSF: g _rmsf T

= Root mean square fluctuations
= fluctuation of an atom about its average position
~ crystallographic b-factors — flexibility

* g rmsf -f traj.xtc -s topol.tpr
-0 rmsf-per-residue.xvg —-0x average.pdb
-0gq bfactors.pdb -res

* per residue RMSD
* calculate b-factors
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RMSF — per residue
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RMSF - average TUT

Average pdb is an unphysical structure:
effect of averaging over conformations.
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RMSD: g rms T

* g_rmsf also calculates average structure
* Calculate RMSD with respect to the average structure

— indicator of convergence of the structure towards an
equilibrium state

* RMSD to start structure:
g rms -f traj nojump.xtc -s topol.tpr
-0 rmsd-backbone-vs—-start.xvg

* RMSD to average structure:

g rms —-f protein.xtc -s average.pdb -o
rmsd-backbone-vs—average.xvg
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__Convergence of RMSD 1111
* RMSD all atoms to * RMSD all atoms to
starting structure average structure

RMSD RMSD
Protein after Isq fit to Protein Protein after Isq fit to Protein
0.2m T T T T T 0.51m T T T T T
i

0.15 — - 05— =
g g
g 01 -+ 2osf -
1z} 1%}
= =
o [

0.05 — 048 —

0“ 1 ‘ 1 | 1 | 1 = 0_47= | | | | | | =
0 2000 4000 6000 8000 1000 0 2000 4000 6000 8000 10000
Time (ps)

Time (ps)

17
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i f

ration

LTI

Radius of gyration

indication of the

shape of the m
at each time

Should also co

g gyrate
-f traj.xtc

-Ss topol.tp
-0 radius-o

2.03m T T T |

gyration.xvg "
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Solvent Accessible Surface: g sas T

* can compute: hydrophilic, hydrophobic or total SAS
* can use SAS for estimate of free solvation energy

Cal | : sas
g_ VAW surface Connolly surface

-f traj.xtc
-s topol . tpr

-0 area. xvg

(Lee-Richards = SAS) ™ lenitehanis
surface
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Solvent Accessible Surface: g sas  TUTI

* can compute: hydrophilic, hydrophobic or total SAS
* can use SAS for estimate of free solvation energy

Solvent Accessible Surface

Call: g_sas . . . T
-f traj.xtc
-s topol . tpr

— Hydrophobic

-0 area. xvg

Areaf nrnz)

1 | 1 | 1 | 1 I 1
0 2000 4000 6000 8000 10000
Time (ps)
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Solvent Accessible Surface: g sas  TUTI

* can compute: hydrophilic, hydrophobic or total SAS
* can use SAS for estimate of free solvation energy

Solvent Accessible Surface

Call: g_sas
-f traj.xtc
-s topol . tpr

92— — |— Hydrophobic

=
=1

-0 area. xvg

,,
Area (nm)
oo
oo

* Additional options:
* Connolly surface (SES)
* Avrg and o of the area

* Total volune & density oL

1
2000 4000 6000 8000 L0000
Time (ps)

e e]
ool

r——

=
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Hydrogen bonds: g hbond

LTI

* Analyse hbonds btw all possible donors and acceptors
Angle + distance criterion to define an hbond

Call: g_hbond
-f traj.xtc
-s topol . tpr

- num hbonds. x

09.07.12

Hydrogen Bonds

| | — Hydrogen bonds

Vg

200 1 | 1 | 1 | 1 | 1
0 2000 4000 6000 8000 LO00OG

Time (ps)
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Hydrogen bonds: g hbond

Analyse hbonds btw all possible donors and acceptors
Angle + distance criterion to define an hbond

Hydrogen Bonds
Call: g_hbond

-f traj.xtc

| |— Hydrogen bonds

-s topol . tpr 250 ]

- num hbonds. xvg %mw

Additional options:

Di stance distribution
Angl e di stribution
#hbonds btw gi ven res 321
Lifetime of an hbond L

1
0 2000 4000 6000 8000 10000
etc Time (ps)

220
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Saltbridges: g _saltbr T

* Stabilise structure and are therefore interesting for
further analysis

* Plots distance between oppositely charged residues as
a function of time

Lysine Lysine
O
° Ca.l I ) g Sal { br Electrostatic - Hydrogen
- Interactions }H Bonding
-f traj.xtc \ \
-s topol.tp S
Hh y L HN
:IJ\’ I,’_‘.-‘I
# -
Glutamic Acid Glutamic Acid
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Ramachandran plots: g_rama T

* calculates @-p angle combinations for each residue as a
function of time:

Peptide

* Foreach residue:
* Foreach frame:

* Calc @ and y angle
* Write to file

* Call: g ranm
-f traj.xtc
-s topol . tp

-0 ramachandr an. xvg
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Ramachandran plots: g_rama T

* calculates @-p angle combinations for each residue as a
function of time:

* Foreach residue:
* Foreach frame:
* Calc @ and y angle .
* Write to file e | g

— extract angles for one residue for each frame (grep) to
compute a ramachandran plot for that residue

— extract angles for one residue type for each frame to
compute a ramachandran plot for that amino acid
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RMSD for grouping structures: g_rms LTI

Pairwise comparison of structures from trajectories:
Plot frame against frame in a matrix

MainChain RMSD matrix

10000

Comparison measure:

RMSD, rho, or rhosc
Call: g_rns . =
-f traj.xtc £

-s topol.tpr

-0 rned. xpm (matri x)

0 2000 4000 B000 eoon 10000

Time {ps)
0 RMSD {nm) 0.19
[ T
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RMSD for grouping structures: g_rms LTI

* Pairwise comparison of structures from trajectories:
* Plot frame against frame in a matrix

MainChain RMSD matrix

10000

* Comparison measure:
RMSD, rho, or rhosc

* Good for detecting g
transitions
— here: frame ~6000

0 2000 4000 B000 eoon 10000

Time (ps)
0 RMSD {nm) 0.19
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Cluster structures: g _cluster Tt

* Cluster either from .xtc or .xpm file

* Available clustering algorithms:
- Slngle Ilnkage . Estimgted numl:l;erofclustlers:B

— Gromos
- MC | L

. .P.-. .-".::iﬁ ..." f.- ..'0
— 1 . -o :...:: -...0;:‘::' .c ..
More . . T -'0.':...":!".:0-’.:
: SOV
o Ete T T
. el 'c.:'. . LY . -.. o'%"*
* Ca'l I - g rne -1t LR .'1'1.:?.‘&:'-"':‘.-\"'7-.‘.!‘...' N
B . '.--""a'-l""""'"-?.’"‘ .:"ff:-:.'t'-'.‘
. b :*!...' ".. .o.. ,’:.o.‘. ; -
-f traj.xtc OR Ll IR am Y

-dm matri x. xpm

-0 cluster.xpm

09.07.12 Molecular Dynamics Analysis



Cluster structures: g _cluster Tt

* Cluster either from .xtc or .xpm file
* Offers several clustering algorithms

MainChain RMSD matrix

10000

Xpm matrix:
* upper half: pairwise
RMSD values
* lower half: whether two
structures are in same
cluster

6000

Time (ps)

2000

Lallln | |||| lII—I
8]
8] 2000 4000 s000 goo0 1000c
Time (ps)

0 RMSD {nm) 0.19
[ T
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Internal RMSD: g_rmsdist Tt

* Drawback of classical RMSD: involves least squares
fitting — use distance based RMSD

° Ca.l I g_l’ ne d | S t _ RMS Deviz_ltion_
-f traj.xtc N T
-s topol .tpr

0.15— -

-0 di st-rnsd. xvg

RMSD (nm)

0.05— —

0 1 | | | 1 | 1 ‘ 1
0 2000 4000 6000 8000 10000

Time (ps)

Internal RMSD
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Internal RMSD: g_rmsdist Tt

* Drawback of classical RMSD: involves least squares
fitting — use distance based RMSD

RMSD RMS Deviation
Protein after Isq fit to Protein of distances between MainChain atoms
0.2 T T T T T T T = 0.2 T T I T I
i
0.15— — 0.15— —
g el
g &
2 0.1 = a 01— —
2 z
0.05 — — 0.05 _
0 L | L | L | L | L 0 L | | | L | L | L
2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Time (ps) Time (ps)

RMSD Internal
RMSD
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Thanks for listening!

09.07.12 Molecular Dynamics Analysis



Masters Practical 2012

offered by
Dr. A. Schafferhans, Dr. E. Kloppmann, Dr. M. Offmann

Molecular Dynamics Analysis

presented by
Fanny Gatzmann and Susann Vorberg

Molecular Dynamics Analysis 1



Happy Birthday Julia !
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Overview m

* Gromacs Output 204H

* MD Analysis — based on tutorial:
http://md.chem.rug.nl/~mdcourse/analysis1.html

* Using analysis methods provided by Gromacs:
— g_energy, gmxcheck, g_mindist, g_rmsf, g_rms,...

* Very useful:
http://www.gromacs.org/Documentation/Gromacs_ Utilities
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Gromacs Results

_md.mdp

_md.tpr

_md.edr
_md.trr

_md.xtc

Simulation parameter input file:
(time step, type of simulation, electrostatics, van der
Waals,...)

portable binary run input file:

(generated by grompp, executed by mdrun)

starting structure (coordinates and velocities), molecular
topology and all simulation parameters

Binary portable energy file:
energy terms that are saved in a simulation

full-precision trajectory file:
coordinate, velocity, and force information

compressed version of the trajectory:
only coordinate, time, and box vector information

09.07.12 Molecular Dynamics Analysis



standard checks: gmxcheck TLm

¢ gmxcheck: Getting the Right Output Means no Artefacts
in Calculating Stuff
gmxcheck -f .xtc
— simulation finished properly?
gmxcheck -c .tpr

— presence of coordinates, velocities,
close contacts, atoms outside the b%
e

e 3k

T

+ Check log file (_md.log): lot of statistics

(Mnbf/s) (GFlops) (ns/day) (hour/ns)
Performance: 698.741 54.668 44.634 0.538

09.07.12 Molecular Dynamics Analysis 5
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Will show errors
How long simulation run
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Visualisation in Pymol: trjconv

triconv — the Swiss army knife tool

trjconv -s topol.tpr -f traj.xtc
-0 prot.pdb -pbc nojump

— Convert trajectories to pdb file

— remove the jumps over the boundaries
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Quality assurance TLM

* tests for the convergence of thermodynamic parameters
— equilibrium reached?
— Temperature
— Pressure
— potential and the kinetic energy ...

* No convergence of values:
simulation has not yet reached thermal equilibrium
— extend simulation

* extracted from _md.edr file with g_energy
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thermal equilibrium: g energy Tm

echo 12 0 | g energy -f md.edr
-0 temperature.xvg

Energy Average Err.Est. RMSD Tot-Drift
Temperature 297.914 1.38693 0.0072 -0.00042403 (K)
N el 0 0 0

reference temperature from ' ' )
_md.mdp: 298K
Visualize .xvg files .
— xmgrace file.xvg

-1 "d ) " bt 1 -l'
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=

Periodic images

« Using periodic boundary conditions: o ef|8C a0 ef
— forces between atoms calculated across '0.690 ':@e ':690
periodic boundaries eoe &l o8 ®| g0 ®
« Check for direct interactions between e sf|oc ef|C2 o
periodic boxes: ':62. ':G:-?. ':6?-

~ unphysical self-interactions eoe ®lgoe®lg0e ¢
.. . [ gle @ ele & ®

» minimal distance should be >= 2nm e e % |6 e®
g0t ®|l 08 €| g0 ®

g mindist -f traj.xtc

Karplus M, Kuriyan J., PNAS 2005 102 (19) 6679-6685

-s topol.tpr

-od minperdist.xvg -pi

pi: Calculate minimum distance with periodic
images
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___Periodic images |l

The shortest ke aFaareer .

periodic distance is . S
1.6456 (nm) at time
7675 (ps), between .

atoms 15 and 4507 ' 'i"*'l y

r - T
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RMSF: g _rmsf m

= Root mean square fluctuations
= fluctuation of an atom about its average position
~ crystallographic b-factors — flexibility

* g rmsf -f traj.xtc -s topol.tpr
-0 rmsf-per-residue.xvg -ox average.pdb
-oq bfactors.pdb -res

* per residue RMSD
* calculate b-factors
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RMSF — per residue

iyt [ I 8
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RMSF - bfactors
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Average pdb is an unphysical structure:
effect of averaging over conformations.
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_ RMSD: g_rms mm

* g_rmsf also calculates average structure
¢ Calculate RMSD with respect to the average structure

— indicator of convergence of the structure towards an
equilibrium state

* RMSD to start structure:
g rms -f traj nojump.xtc -s topol.tpr
-0 rmsd-backbone-vs-start.xvg

* RMSD to average structure:

g rms -f protein.xtc -s average.pdb -o
rmsd-backbone-vs-average.xvg
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LT

* RMSD all atoms to * RMSD all atoms to
starting structure average structure

RMSD
Protein after Isq fit to Protein
T

RMSD

Protein after lsq fit to Protein

0. T T T T T T T J 051 T T T
0.15 WWW%WWWW 05
g g
£ &
2 o1 - 2049 W -
2 2 !
= =
4 o
) h h
005~ - 048 — w m
o . . | . | | . 047 . . | | . |
0 2000 4000 6000 8000 1000 0 2000 4000 8000 10000
Time (ps) Time (ps)
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LT

___Radius of gyration

indication of the

Radius of gyration

shape of the molecule !

at each time 20

Should also converge i
2.01—

g gyrate 2
-f traj.xtc EL%f
-s topol.tpr

-0 radius-of- 198l

gyration.xvg
1.97

1.96 I | I | I |

2000 4000 6000
Time (ps)
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Solvent Accessible Surface: g sas Tim

¢ can compute: hydrophilic, hydrophobic or total SAS
* can use SAS for estimate of free solvation energy

Call: sas
a_ vdW surface Connolly surface

-f traj.xtc
-s topol.tpr

-0 area. xvg

(Lee-Richards = SAS) ™" Lee-Richards
surface
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Solvent Accessible Surface: g sas UM

¢ can compute: hydrophilic, hydrophobic or total SAS
* can use SAS for estimate of free solvation energy

Solvent Accessible Surface

Call: g_sas — —
-f traj.xtc
-s topol.tpr
-0 area.xvg
L | L | L | L | L
0 2000 4000 6000 8000 10000

Time (ps)

09.07.12 Molecular Dynamics Analysis 20



Solvent Accessible Surface: g sas UM

¢ can compute: hydrophilic, hydrophobic or total SAS
* can use SAS for estimate of free solvation energy
Solvent Accessible Surface
Call: g_sas \ - T
-f traj.xtc
-s topol.tpr

— Hydrophobic

]
=]

-0 area. xvg

ﬂ
Area (nm")
o0
o

* Additional options:

* Connol ly surface (SES)
* Avrg and o of the area
* Total volune & density N

L
0 2000 4000 6000 8000 10000
Time (ps)

86 M

E
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Hydrogen bonds: g_hbond nm

* Analyse hbonds btw all possible donors and acceptors

* Angle + distance criterion to define an hbond
Hydrogen Bonds

* Call: g _hbond
-f traj.xtc
-s topol.tpr

— Hydrogen bonds

-num hbonds. xvg

Number

L I 1 I L I
2000 4000 6000 8000 10000

Time (ps)
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Hydrogen bonds: g_hbond T

» Analyse hbonds btw all possible donors and acceptors
» Angle + distance criterion to define an hbond

Hydrogen Bonds
 Call: g_hbond

-f traj.xtc
-s topol.tpr

260 —— —

— Hydrogen bonds

- num hbonds. xvg

- Additional options:

« Distance distribution
 Angle distribution

« #hbonds btw given res
« Lifetinme of an hbond

L | . | . | . | .
2000 4000 6000 8000 10000
Time (ps)
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Saltbridges: g_saltbr nm

 Stabilise structure and are therefore interesting for
further analysis

* Plots distance between oppositely charged residues as
a function of time

Lysme Lysme

e Call: g_sal t br ﬂfec:;?:::;l: Pév:r::?‘? “J\:,
-f traj.xtc
-s topol.tp  eXlgy e\

.‘J N O

Glutamic Acid Glutamic Acid

09.07.12 Molecular Dynamics Analysis 24



Ramachandran plots: g_rama m

* calculates @-y angle combinations for each residue as a
function of time:

Peptide

* Foreach residue:
* Foreach frame:

* Calc ¢ and y angle
* Write to file

e Call: g ramm
-f traj.xtc
-s topol.tp

-0 ramachandr an. xvg
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Ramachandran plots: g_rama m

* calculates @-y angle combinations for each residue as a
function of time:

* Foreach residue:
* Foreach frame:

* Calc ¢ and y angle
* Write to file

— extract angles for one residue for each frame (grep) to
compute a ramachandran plot for that residue

— extract angles for one residue type for each frame to

09.07.12 Molecular Dynamics Analysis



RMSD for grouping structures: g_rms TUTI

¢ Pairwise comparison of structures from trajectories:
* Plot frame against frame in a matrix

MainChain RMSD matrix

¢ Comparison measure:
RMSD, rho, or rhosc

e Call: grns
-f traj.xtc
-s topol.tpr

Time {ps)

-0 rmed. xpm (matrix)

8000 8000
Time (ps)
0 RMSD {nm) 0.19
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RMSD for grouping structures: g_rms TUTI

¢ Pairwise comparison of structures from trajectories:
* Plot frame against frame in a matrix

MainChain RMSD matrix

¢ Comparison measure:
RMSD, rho, or rhosc

* Good for detecting
transitions
— here: frame ~6000

RMSD (nm)

09.07.12 Molecular Dynamics Analysis



Cluster structures: g_cluster

* Cluster either from .xtc or .xpm file

* Available clustering algorithms:
- Single Iinkage Estimated number of clusters: 3

— Gromos
- MC
— More

e Call: g_rns 4
-f traj.xtc OR
-dm matrix. xpm

-0 cluster.xpm

09.07.12 Molecular Dynamics Analysis
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Cluster structures: g_cluster m

* Cluster either from .xtc or .xpm file

* Offers several clustering algorithms
MainChain RMSD matrix

.Xpm matrix:

* upper half: pairwise
RMSD values

* lower half: whether two
structures are in same
cluster

Time {ps)

4000 000
Time {ps)

RMSD (nm) 0.19

0
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Internal RMSD: g_rmsdist m

* Drawback of classical RMSD: involves least squares
fitting — use distance based RMSD

e Call: g_rmnsedist RMS Deviation
of distances between MainChain atoms

-f traj.xtc e —
-s topol.tpr

s

-0 dist-rmsd. xvg

o1

RMSD (nm)

|
U(J 2000 4000 6000 8000 10000
Time (ps)

Internal RMSD
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Internal RMSD: g_rmsdist m

* Drawback of classical RMSD: involves least squares
fitting — use distance based RMSD

RMS Deviation

of distances between MainChain atoms

RMSD

Protein after Isq fit 0 Protein

WWWMMW«WWWWWMW
i ]

0.2

e
@
s

o1

RMSD (nm)
RMSD (nm)

s
o
a

L I . I L
6000 8000 10000
)

L I
] 2000 4000
Time (ps;

Time (ps)

RMSD Internal
RMSD
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Thanks for listening!

Molecular Dynamics Analysis

KK]



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

