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Day 2 (Saturday, March 13")
9:30 -13h00: TUTORIAL: System construction in CHARMM
Patrick Lague, Laval University



Tutorial Outline

* First Step: Getting to know the protein
 Second step: Getting ready for system building
* Third Step: System building with Charmm-gui:

- STEP1: read biomolecular coordinate

- STEP2: Solvate the biomolecule

- STEP3: Setting periodic boundary conditions
- STEPS4 and 5: Equilibration and Production

 Fourth step: Manual tweaking to include heme



Getting to know the protein

For the tutorial: PDB ID 3K9Z (Nature 462, p. 1079 (2009))

This is a Mutated Myoglobin, engineered to catalyse a Nitric
Oxyde Reduction:

two-electron reduction of NO to NZO

Protein contains:
153 aa (one subunit),
heme (42 heavy atoms,
Linked via HIS93),
2 FE




Getting to know the protein

Mutated residues: L29H, F43H, V68E
H64 conserved, involved in reaction

Model Crystal Superposition



Similarity with Bovine Cyt C Oxidase

B} H64




PYMOL - www.pymol.org

* Open source software — Molecular viewer
 Work on Linux, Unix, Mac and Windows
 Good community-supported documentation
* Publication-quality figures and Movies

» Scripting (powerful) - multithreaded

* Free academic licence

* On opening: 2 windows :

- Viewer and Command



Enter "help" for a list of commands,
Enter "help <command-name:" for information on a specific command,

Hit ESC anytime to toggle between text and graphics,

Adapting to GeForce hardware,
Detected 2 CPUs, Enabled multithreaded rendering,

e PuyMO Molecular G

Hile Edit Build Movie Display Setting 3cene Wizard Plugin Help

More information can be found at "hbtpisdwww,pymol  org", Rock
About Plugins

et View

Install Plugin...

|«

APES Tools...

PDB Loader Service

>

Pymol — Loading a molecule

X /PDB Loader Sey = |

Flease enter a 4-digit pdb code:
3k9z

oK Cancel

ed render

dues

s wTE

To load a molecule, 2 options: File-Open OR Plugin — PDB Loader Service



Pymol - Objects

X PyMOL Viewer

Action
Show
Hide
Labels
Colors

PyrOL s _

You can rotate, translate and Zoom with the mouse
(right, middle and left buttons)
Try: Show - cartoon on 3K9Z object



Pymol - Sequence

orryiewer———

] =] 11 16 21 26 31 36 41 46 a1 1 a1 51 5
WL SEGEWRLY LHWIWAKY EADYAGHGADIHIRLFKSHPETLEKHORF KHLETEAEMKASEDLKKHGYVTELT (e

PyMOL> _

The Sequence button makes the molecule sequence appears.
You can then select one or more residues from the sequence.



Pymol Selection

K97 14 55 157 4001 1006 1011 1016  |a [H|L|C
S ITHYLHSREHPGOF GADALRGAMNEALELFRED |_EF
[—
Shot

116 121 126 131 136 14!

Pyl _

Select HEM and FE2 molecules, and try « Show Spheres »
On the selection to change the appearance of these residues



Pymol — Finding neighbors

Wa'w

S 3K9Z 116 121 126 131 136 141 146 151 155 157 1001 1006 1011 1016
FISEAITHVYLHSRHPGDOF GADALGAMMKALELFREDIARKYKELGYHG HEM
R \

Select FE2 molecule only, and « Action — modify — around — residues within 5A»
Then, on this selection, make a « Show Sticks » to hilight neighbors
(and a « Hide - Lines » on 3K9Z Object to make it clearer)



Pymol — Residues around FE2

For nice images: « ray » (command-line) and « png name.png, dpi=1000 »



What are the goals of the
simulations?

* |ldentify the questions to answer from theoretical
work:

- What theoretical approach to use (classical MD, implicit
solvent, etc...)

- To determine what simulations are needed, what is included
in the simluations (water, ligands, etc...)

- How many trajectories, and how long will they be
(equilibrium, number of events to observe, statistics, etc...)

- What will the analysis consist of?

* For the present work: determine if the mutations
will be structurally viable for NOR



Reproduce the simulations from the
publication

* Fe2 is replaced with a Zn(ll)

- force field parameters are not available for this atom

- We will use the crystal structure from the work instead of
a modified Wild-type myoglobin structure

* Overview of System building: 2 steps

1) Automated step: only the protein, solvant and ions

2) Manual edition: addition of ZN(ll) and heme to the
system



What i1s needed to start MD
simulations

Molecular Topologies and force field
parameters.

Protein Structure File (PSF)

- Built from topologies
Protein coordinates CRD

Simulation Conditions:

- Solvent and lonic strength
- Temperature
- Constant volume or Pressure? (Mostly constant pressure)



CHARMM Topology

Defines which atoms are connected to one
another through chemical bonds, including
bonds, angles, dihedrals and impropers:




Topology example

Alanine Topeology Entry

New redisu with the name ALA
and total charge of 0.00

m1 Atoms following are part of a
/ group carrying an integer charge

\
w3 New atom named N, atom type NH1

and partial charge -0.47 (electrostatif)
(!is a comment signal)

. REST ALA 0.00 |
GROUP
ATOM W NH1 -0.47 1] |
ATOM HN H 0.31 ! HH-N
ATOM CA  CTH 0.07 ! |
ATOM HA HB 0.09 ! |
GROUP | HA-CA--CB-HB2
ATOM CE  CT3 -0.27 ! |
ATOM HE1 HA 0.09 ! |
ATOM HE2 HA 0.09 ! 0=C
ATOM HE3 HA 0.09 ! |
GROUP !
ATOM C C 0.51
ATOM @ 0 -0.51
BOND CE CA N HN N CA
BOND ¢ CA C +N CA HA CE HEl CB HBEZ CBE HE3

DOUBLE 0 C

ACCEPTOR D €

IMPR N -C CA HN C CA +N O

Indicates sets of 2 atoms

connected by a single bond

Indicates sets of 4 atoms implied in an
improper bond

IC -C CA #H HN
IC -C 0 Ch ;
ICN CA C +l
IC +N ChA w0 1]
IC CA C +H +CA
IC N C «CA CB
ICN C «CA HA
IC € CA CB HB1
IC HE1 CA «CE HB2
IC HE1 CA «CE HE3

T T Y S W

.3bb1
.3661
.4592
.36568
5390
L4592
.4592
.6390
1109
1109

126.
126.
114,
116.
116.
114,
114,
111.
109.
109.

4900
4900
4400
8400
8400
4400
4400
0900
6000
6000

180.
180.
180.
180.
180.
123.
-120.
177.
119.
-119.

0000
0000
0000
0000
0000
2300
4500
2500
1300
E800

115
114
116.
122.
126.
111
106.
109.
111.
111.

L4200
L2400

8400
5200
7700

0900

3900
6000
0500
6100

el el el el el =

9996
6380
.3b658
.2297
4613
EBd61
L0840
.1109
1119
1114

Donor and Accgptor

(obsolete)

Internal coordigates

used to build
coordinates
(optional)

From Topology Tutorial www.ks.uiuc.edu/Training/tutorials

|Ssing



V

CHARMM Parameters

= Zkb(b—bo)2+zk9(9—90)2+ Z ke [1+ cos (ng — 6)]

bonds angles dihedrals
2 2
+ E ko (w—wo)” + E ko (u — ug)
impropers Urey—Bradley
12 6
Rmin Rmin q:q;
ij ij 1Yy
+ § € ( : — : + (1)
nonbonded tJ tJ J

The parameter file contains all the force field
parameters for a given set of atom types



Sources of coordinates

. The Protein DataBank (PDB)

- Web site: PDB.org
- Proteins (63956 structures) and some ligands

 Homology modeling (structure prediction)

For protein-membrane complexes:
 Charmm-gui to build systems

e Orientation of Proteins in Membranes: OPM
http://opm.phar.umich.edu/


http://opm.phar.umich.edu/

PDB files contain coordinates

and much more...)

0 = T LA L) B
=

[T e

-l‘-'-ﬁ-beJUJLJJLJJLJJP‘JI‘JhJP-JP-JP‘-JI‘JI‘-JI—II—II—II—II—II—II—I.

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

Pt ot ot ot ot ot ot ot ot ot ot ot ot o ot ot o ot ot ol ot ok ot

1 2 3 456 4 8 9
1. ATOM (protein) 3. Atom names 6. Residu number 8. Occupancy

HETATM (all others)
2. Number in sequence

4.Residu name 7. x,y,z coords 9. Temperature factor
5. Chain classification (many subunits)



PDB file Pitfalls

* Missing portions of the molecule and hydrogen atoms
- Not observed experimentally (usualy extremities)
* Multiple conformations (quantified by occupancy):

- Sidechain mobility
- Substrate may bind in two conformations
- Metal ion may be bound to only a few of the molecules

= astex



PSF file

* Protein Structure File (PSF) contains all of the
molecule-specific information needed to apply a
particular force field to a molecular system

« The PSF file contains six main sections of
interest. atoms, bonds, angles, dihedrals,
impropers, and cross-terms

« CHARMM and XPLOR formats



PSF file example

The title and atom records:

PSF CMAP

6 'NTITLE
REMARKS original generated structure x-plor psf file
REMARKS 2 patches were applied to the molecule.
REMARKS topology top_all2? prot lipid.inp
REMARKS segment U { first NTER; last CTER; auto angles dihedrals }
REMARKS defaultpatch NTER U:1l
REMARKS defaultpatch CTER U:76

1231 INATOM
1 U 1 MET N NHZ -0, 300000 14.0070 0
2 U 1 MET HT1 HC 0. 330000 1.0080 0
3 U 1 MET HTZ HC 0. 330000 1.0080 0
4 U 1 MET HT3 HC 0. 330000 1.0080 0
5 U 1 MET CA CT1 0. 210000 12.0110 0
5 U 1 MET HA HB 0. 100000 1.0080 0
7 U 1 MET CB CT2 -0.180000 12.0110 0

The fields in the atom section are atom ID, segment name, residue ID,
residue name, atom name, atom type, charge, mass, and an unused 0



PSF file example (2)

The covalent bond section lists four pairs of atoms per line:

1237 !NBOND: bonds

1 o 2 1 3 1 4 1
o B 7 o 7 g 7 9
10 7 10 11 10 12 13 10
The angle section lists three friples of atoms per line;
2257 'NTHETA: angles
1 o b 1 o 18 2 1 )
2 1 4 2 1 3 3 1 -
3 1 4 4 1 o o 18 19



The dihedral and improper sections list two quadruples of atoms per line:

3293
1
1
1

18
30
32

INPHL: dihedrals

) 7

) 7

) 18

204 'NIMPHI: impropers

) 20

32 27

30 33

The cross-term sections list two quadruples of atoms per line:

PSF file example (3)

74 'NCRTERM: cross-terms

18
35
od

20
37
ob

22
39
o8

10
=)
15

15
31
34

35
o4
74

'_'l

20
30
32

20
37
o

= noen

18
27
30

22
339
o8

22
32
34

35
o4
74

21
31
33

37
o5
75



Automated tools to build PSF

» Easy the task (compared to CHARMM) but have
limited features

Include:

* Visual Molecular Dynamics (VMD) (free for academics)
 Charmming (need more development)
 Charmm-gui



ProPKa
 Web interface: http://propka.ki.ku.dk

* Atool to predict the amino acids protonation
state, and detect Cys-Cys disulfide bondﬂs

B - 7 -
Ll —

Document Edition Affichage Signets Outils Configuration Aide
(€] 00O B[Uhttp:llpropka.ki.ku.dk/ |v] ﬁ[@ propka |'|-l.}

= "G PROPKA 2.0 =

The PROPKA Web Interface 2.0

Created by Donald Ephraim Curtis with help from Todd Dolinsky and Nathan Baker

PROPKA 2.0 added by David M. Rogers
Use PROPKA and PDB2PQR to add hydrogens to your x-ray structure: PDB2PQR

PROPKA 2.0 includes ligands in pKa prediction and will use the first conformer set. Tutorial.

NEW: PROPKA/|mol interface on the web server (blue links in output)
NEW: PROPKA plug-in for VMD can be downloaded here

References.

Register and download the PROPKA 2.0 source code and scripts: PROPKA 2.0 Download.

Please enter either:—
@a PDB ID: I — E n te r P D B I D

2 upload a PDB file: ]] B and Smeit

© PDB file web address: [ -

[ Specify PDB chain IDs (separated by a comma/‘;‘j;

Include ligands: Enabling thi/s/wiH/m/cTJae ligands. Disabling will use PROPKA 1.0.
_Or ©upload a “new/j’/DB#”PR/OPKA 2.0 input file: | ]

\/[ Submm\ cmﬁo/rr/n/]
N

4 ]



http://propka.ki.ku.dk/

ProPka results
PROPKA Results for 3k9z

To save these results right click and hit Save As...
Results
PROPKA 2.0 Input

44 ligand atoms:

HEM 1220 C2 CHA 13.908 14.945 9.307
HEM 1221 (€2 CHB 14.607 17.338 5.211
HEM 1222 (€2 CHC 14.949 21.422 7.647

The section of interest:

SUMMARY OF THIS PREDICTION
RESIDUE pKa pKmodel 1ligand atom-type

ASP  20A 2.61 3.80
ASP  27A  3.60 3.80
ASP 44A  3.82 3.80
ASP 60A 3.42 3.80
ASP 122A 3 3

.33 .80



ProPka results of interest

These residues are neighbors to the FE2:

HIS 29A 3.72 6.50
GLU 68A -10.03 4,50
HIS 43A -2.04 6.50
HIS 64A 6.20 6.50

This residue is bound to heme FE:
HIS 93A -9.61 6.50

This residue is predicted to be
protonated at pH 7:

HIS 12A 7.29 6.50

H-bond with Asp122




CHARMM-GUI.ORG

Document Edition Affichage Signets Outils Configuration Aide
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« CHARMM-GUI | A

c H A R M M_G U I CHARMM is a versatile program for atomic-level simulation of

many-particle systems, particularly macromolecules of

Effective CHARMM Input Generator and More biological interest. - M. Karplus

CHARMM-GUI Front Page
About Us
[Input Generator ]_ i i ed world-wide for macromolecular dynamics and mechanics (hitp://www.charmm.org). It stands for Chemistry

at HARvard Macromolecular Mechanics. lts development began in the research group of Professor Martin Karplus at Harvard University and continues
throughout the world with contributing developers.

Archive

CHARMM Docs
CHARMM performs standard molecular dynamics and energy minimization with the potential energy functions for proteins, nucleic acids, lipids, and

MD Lectures

carbohydrates. In addition, CHARMM can be used for various chemical and conformational free energy calculations with many types of restraints. It also
Movie Gallery provides versatile analysis and manipulation tools of atomic coordinates and dynamics trajectories.
Video Demo
Publications CHARMM-GUI is being developed to make this powerful program more user friendly with the following objectives:
Update Log « Provide (optimal, reasonable) CHARMM input files in a GUI fashion so that people can run the input on their machine,

+ Help people read and modify the input with their purposes, and

Geographical Visitors + Provide also educational materials such as MM/MD lectures, as well as molecular animations.

The CHARMM-GUI team hopes that the tools and materials offered here are useful and helpful for your research and education.

There might be some incompatibility with IE and Safari 3.
Please let us know if you found any problems.

If you are using Safari and Mac OS X 10.5.3, you may have a difficulty due to timeout problem. We are currently looking for a solution for
this. So, for the time being, please use other browsers.

Page chargée. -




Input Generator

Document Edition Affichage Signets Outils Configuration Aide

ERSE TS NG~ | & http://www.charmm-gui.org/?doc=input =] [l |+ |5 |

« CHARMM-GUI |
C H A R M M-G U I CHARMM is a versatile program for atomic-level simulation of

many-particle systems, particularly macromolecules of
Effective CHARMM Input Generator and More biological interest. - M. Karplus

nput Generato

PDB Reader
Solvator The Input Generator is the core of CHARMM-GUI. It generates various inputs to use different functionalities of CHARMM. The present tools are listed on the
left-hand side and brief explanations are given below.
fauick MD Simulator |
Membrane Builder Since most modules start with PDB Reader, it is strongly recommended to read the PDB Reader page and to see the PDB Reader demo in Video Demo.
Boundary Potential
+ PDB Reader
PBEQ Solver

Read a PDB file (RCSB or CHARMM formats) into CHARMM
Implicit Solvent Modeller

+ Solvator
Normal Mode Analyzer Solvate globular protein, or generate various shapes of water box
NMR Structure Calculator ) .

» Quick MD Simulator
User Space

Setup subsequent steps for molecular dynamics simulations of globular proteins

+ Membrane Builder
Generate a protein/membrane complex for molecular dynamics simulations of membrane proteins

+ Boundary Potential Utilizer
Setup and run simulations with various solvent boundary potential methods

« PBEQ Solver
Solve the Poisson-Boltzmann equation fo get electrostatic potential, or calculate protein-protein interaction energy (online visualization of electrostatic
potential as well as iso-electrostatic potential contours).

+ Implicit Solvent Modeller

N v ]

Page chargée.




Quick MD Simulator

Document Edition Affichage Signets Outils Configuration Aide

Q. © @ © B |« hitp://www.charmm-gui.org/?doc=input/mdsetup EEN [« - 45|
« CHARMM-GUI |

Effective CHARMM Input Generator and More biological interest. - M. Karplus

Input Generator Quick MD Simulator

PDE Reader

The Quick MD Simulator helps you to generate a series of CHARMM inputs for molecular dynamics simulations of your molecule in aqueous solvent

Solvator ) o ) o
environments. The following is a brief description for each step:

Quick MD Simulator

Membrane Builder = STEP1: Read biomolecular coordinate

Boundary Potential You can download a coordinate from RCSB (PDB website) or upload a PDB file (RCSB or CHARMM formats) from your local machine.

PBEQ Solver = STEP2: Solvate the biomolecule

The biomolecule will be solvated with water molecules in this step. You can choose a shape (Rectangular or Truncated Octahedral
[Octagonal]) of the system. You can specify the system dimension or let CHARMM to determine the system size based on the biomolecular
extent. ltis this step to add ions to neutralize the system.

Implicit Solvent Modeller
MNormal Mode Analyzer

MNMR Structure Calculator
= STEP3: Setting periodic boundary conditions
The periodic boundary conditions are applied based on the system shape and size. And, FFT grid information of the Particle-mesh Ewald
(PME) method is determined. Short steps of minimization are performed to remove bad contacts. You can increase the step later to minimize

the system longer.

= STEP4 and 5: Equilibration and Production
While NVT (constant volume and temperature) is used for equilibration (step4), you can specify either NVT or NPT (constant pressure and
temperature) dynamics for production runs (step5). Because of excessive computing powers required for long simulations, you need to
download the equilibration and production input files and run them on your local machines. You may want to change number of MD steps
(nstep), print-out frequency (nprint), and the trajectory saving frequency (nsavc) for postprocessing of simulation runs.

User Space

; ; ]Cliquez pour trier par dat;
C H A RMM'G U I CHARMnf;;fy?p:%ﬁfygggg!ga?ﬂcumﬂy macromolecules of w

N ]




Read PDB File

Document Edition Affichage Signets Outils Configuration Aide

@] @ @ © & | http://www.charmm-gui.org/?doc=input/mdsetup EBEN| [«

@ CHARMM-GUI |

e

[

Quick MD Simulator
Membrane Builder
Boundary Potential
PBEQ Solver

Implicit Solvent Modeller
MNormal Mode Analyzer
NMR Structure Calculator

User Space

-

» STEP1: Read biomolecular coordinate
You can download a coordinate from RCSB (PDB website) or upload a PDB file (RCSB or CHARMM formats) from your local machine.

= STEP2: Solvate the biomolecule
The biomolecule will be solvated with water molecules in this step. You can choose a shape (Rectangular or Truncated Octahedral
[Octagonal]) of the system. You can specify the system dimension or let CHARMM to determine the system size based on the biomolecular
extent. ltis this step to add ions to neutralize the system.

= STEP3: Setting periodic boundary conditions
The periodic boundary conditions are applied based on the system shape and size. And, FFT grid information of the Particle-mesh Ewald
(PME) method is determined. Short steps of minimization are performed to remove bad contacts. You can increase the step later to minimize
the system longer.

= STEP4 and 5: Equilibration and Production
While NVT (constant volume and temperature) is used for equilibration (step4), you can specify either NVT or NPT (constant pressure and
temperature) dynamics for production runs (step5). Because of excessive computing powers required for long simulations, you need to
download the equilibration and production input files and run them on your local machines. You may want to change number of MD steps
(nstep), print-out frequency (nprint), and the trajectory saving frequency (nsavc) for postprocessing of simulation runs.

(Eownload PDB File:|3K9Z | DoYnload Source: RCSB |+

Upload PDB File:

PDB Format: @ RCSB ) CHARMM

MNext Step:
Select Model/Chain

)L

The University of Kansas / Department of Molecular Biosciences [ Center for Bioinformatics / Im Lab \/
Problems, Questions, & Comments? CHARMM Forum or E-Mail / Copyright{c) 2006-2009 by the Im Lab

c‘j[4|>




CHARMM-GUI Server load

To preserve the server from High load charges:

Only 3-5 users should submit a job
at the same time



Quick MD Setup
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Q. © @ © B |« http://www.charmm-gui.org/?doc=input/pdbreader&step=1 EEN [« M
¥ CHARMM-GUI | e

Quick MD Setup

PDB Reader

Solvator ‘ CHARMM PDB ‘ | Solvator ‘ | PBC | ‘ Equilibration ‘ | Dynamics

st Title RATIONAL DESIGN OF A STRUCTURAL AND FUNCTIONAL NITRIC OXIDE i
Membrane Builder REDUCTASE C h eCk if O K'

Boundary Potential FDE ID 3K9Z )

PBEQ Solver Type Protein

Implicit Solvent Modeller Experimental Method X-RAY

MNormal Mode Analyzer

NMR Structure Calculator) — podel/Chain Selection Option:

User Space

Click on the chains you want to select.

ecnoses 11 o reainoss — Choose right model if apply

Residue ID
Type SEGID PDBID First Last Engineered Residues

Protein RGA None
) Hetro [HETA "'&“i.m\ Select only protein segment

[T Hetero HETB A FE2

[ Water A for nOW

CHARMM-GUI uses internal segid format PROJA-Z] (protein), DNAJA-Z] (DNA), RNA[A-Z] (RNA), and HET[A-Z] (ligands), instead of PDB chain id. -

MNext Step:
Manipulate FDB

=¥ ({Tv]

Page chargée.




Quick MD Setup 2
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Q. © @ © B |« http://www.charmm-gui.org/?doc=input/pdbreader&step=2 EEN [« - 45|
« CHARMM-GUI |
Solvator ‘ CHARMM FPDB ‘ | Solvator ‘ | PBC | ‘ Equilibration ‘ | Dynamics =
Quick MO Simulator Title RATIONAL DESIGN OF A STRUCTURAL AND FUNCTIONAL NITRIC OXIDE
Membrane Builder REDUCTASE
Boundary Potential PDE ID K97
PBEQ Solver Type Protein
Implicit Solvent Modeller Experimental Method X-RAY N
MNormal Mode Analyzer
NMR Structure Calculator PDB Manipulﬂtiﬂn opﬁons:
User Space
[] Terminal Group Patching: H
Protonation of Residues:
Residue Residue ID P t t H - 1 2
|PROA |~|[HSE |+| (12 || [-]] Add Protonation rotonate IS
"] Disulfide Bonds:
|1 Phosphorylation:
Symmetry Operation Options:
_» Generation of Crystal Packing: Space Group P 21 21 21
(this is required for assymetric unit solvation)
> Generation of Full Unit Cell: Space Group P 21 21 21
Next Step:
Generate PDB i
.g._; The University of Kansas / Department of Molecular Biosciences / Center for Bicinformatics / Im Lab %
Drakhlarme Muwveticne @ Cammonante? CHADRMED Chrnerem e C KAAil J Canuariaht e ONE W00 s Hhos Ten | oAkl ?._,




PSF and coordinates are ready

Document Edition Affichage Signets Outils Configuration Aide

G ) © O © » | nttp://www.charmm-gui.org/?doc=input/pdbreader&step=3

@ CHARMM-GUI |

RENE

CHARMM-GUI

PDE Reader

Solvator

Quick MD Simulator
Membrane Builder
Boundary Potential
PBEQ Solver

Implicit Solvent Modeller
Mormal Mode Analyzer
NMR Structure Calculator

User Space

Effective CHARMM Input Generator and More

CHARMM is a versatile program for atomic-level simulation of
many-particle systems, particularly macromolecules of

Page chargée.

Quick MD Setup

CHARMM PDB

| Solvator ‘ | FBC | ‘ Equilibration ‘ | Dynamics ‘

Original PDB File:

3KO9Z.pdb (view sfructure)

pdbreader.out
pdbreader,pdbm

Individual Chains: 3k9z proa.pdb

CHARMM Input: step1 pdbreader.inp
CHARMM Output: step1

CHARMM PDB: step1

CHARMM CRD: step1 pdbreader.crd
CHARMM PSF: step1 pdbreader.psf
XFLOR PSF: step1 pdbreader.xplor.psf

Charmm input and output files

biological interest. - M. Karplus
download .tgz

Computed Energy:

Pilease beware of that the computed energy is CHARMM single-point energy and is displayed to make sure all the coordinates are defined.

EMER ENR: Eval# ENERgy Delta-E
ENER INTERN: BONDs ANGLes
ENER CRO55: CMAPs

ENER EXTERN: VDWaals ELEC
ENER= <] 872.75766 0.o0000

GRMS
UREY-b DIHEdrals IMPRopers
HBONds ASP USER

35.23903

N v ]

Have a look at the input file to get familiar with CHARMM commands



Always check the output files!

stepl pdbreader.out - Kate

Fichier Edition Document Affichage Signets Outils Sessions Configuration Fenétre Aide
step1 pdbreader.out - Kate

Fichier Edition Document Affichage Signets Outils Sessions Configuration Fenétre Aide

EY Bl =20+t DHAK

stepl pdbreader.out -

I T e L ]

[’ Explorateur de systéme de fichiers |5 FBIEIT =1

CHARMM> stop

VCLOSE: Closing unit 1@ with status "KEEP"
VCLOSE: Closing unit 20 with status "KEEP"
VCLOSE: Closing unit 9@ with status "KEEP"

$$%%%$ New timer profile $$%$%$%

: List time 0.08 Other: 0.00

: Electrostatic & VDW 0.07 Other: 0.00

E: Nonbond force 0.07 Other: 0.00

i Bond energy 0.00 Other: 0.00
Angle energy 0.00 Other: 0.00

1 Dihedral energy 0.00 Other: 0.00

F Restraints energy 0.00 Other: 0.00

'E INTRNL energy 0.00 Other: 0.00

£ Energy time 0.07 Other: 0.00

é Total time 1.19 Other: 1.04

£ NORMAL TERMINATION BY NORMAL STOP

MAXIMUM STACK SPACE USED IS 836024
STACK CURRENTLY IN USE IS o
MOST SEVERE WARNING WAS AT LEVEL 2
HEAP PRINTOUT- HEAP SIZE 10240000
SPACE CURRENTLY IN USE IS 27648

MAXIMUM SPACE USED IS 2041530
FREE LIST
PRINHP> ADDRESS: 1 LENGTH: 10211812 NEXT: 10239461
PRINHP> ADDRESS: 10239461 LENGTH: 540 NEXT: 0
$$$$5 JOB ACCOUNTING INFORMATION $$$$%
ELAPSED TIME: 1.19 SECONDS,
CPU TIME: .00 SECONDS.

Ligne:1 Col: 1 INS NORM stepl pdbreader.out
., Chercher dans les fichiers ™ Terminal




PSF and coordinates are ready
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CHARMM-GUI

PDE Reader

Solvator

Quick MD Simulator
Membrane Builder
Boundary Potential
PBEQ Solver

Implicit Solvent Modeller
Mormal Mode Analyzer
NMR Structure Calculator
User Space

Effective CHARMM Input Generator and More

Quick MD Setup

biological interest. - M. Karplus

Page chargée.

| Solvator ‘ | FBC | ‘ Equilibration ‘ | Dynamics ‘

CHARMM FDB
Original PDB File: 3KO9Z.pdb (view sfructure)
Individual Chains: 3k9z proa.pdb
CHARMM Input: step1 pdbreader.inp /
CHARMM Output: step1 pdbreader.out
CHARMM PDB: step1 pdbreader.pdb (view structure)
CHARMM CRD: step1 pdbreader.crd
CHARMM PSF: step1 pdbreader.psf
XFLOR PSF: step1 pdbreader.xplor.psf

Charmm input and output files

.

— Coordinate files (download

download .tgz

CHARMM is a versatile program for atomic-level simulation of
many-particle systems, particularly macromolecules of

PDB and check with pymol)

Computed Energy:

Pilease beware of that the computed energy is CHARMM single-point energy and is displayed to make sure all the coordinates are defined.

EMER ENR: Eval# ENERgy Delta-E GRMS
ENER INTERN: BONDs ANGLes UREY-b
ENER CRO55: CMAPs

ENER EXTERN: VDWaals ELEC HBONds
ENER= <] 872.75766 0.o0000 35.23903

DIHEdrals

IMPRopers

N v ]




Check with Pymol

16 21 41 46
WLIAKWE ATT

E 26 31 6 45 51 =1 =58
fAG HSD GUOI HSD IRLFES HSD PETLEK HSD DRFE HSD LETEAEMKASEDLKE HSD

=g Only

FytOL> _

His12 is rightly protonated (HBond with Asp122)



PSF and coordinates are ready
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CHARMM-GUI

PDE Reader

Solvator

Quick MD Simulator
Membrane Builder
Boundary Potential
PBEQ Solver

Implicit Solvent Modeller
Mormal Mode Analyzer
NMR Structure Calculator
User Space

Effective CHARMM Input Generator and More

Quick MD Setup

biological interest. - M. Karplus

Page chargée.

CHARMM PDB

Original PDB File:
Individual Chains:
CHARMM Input:
CHARMM Output:
CHARMM PDEB:
CHARMM CRD:
CHARMM PSF:
XPLOR PSF:

Computed Energy:

| Solvator ‘ | FBC | ‘ Equilibration ‘ | Dynamics ‘

3KO9Z.pdb (view sfructure)
3k9z proa.pdb

step1 pdbreader.inp /

step1 pdbreader.out

step1 pdbreader.pdb (view structure)

step1 pdbreader.crd
step1 pdbreader.psf

step1 pdbreader.xplor.psf

Charmm input and output files

.

ENER ENR:
ENER INTERN:
ENER CRO55:
ENER EXTERN:

ENER= <]

Eval#

ENERgy Delta-E
BONDs ANGLes
CMAPs

VDWaals ELEC
872.75766 0.00000

GRMS
UREY-b

HBONds

35.23903

DIHEdrals

— Coordinate files (download

(download-later)
‘ l“'vl,

Pilease beware of that the computed energy is CHARMM single-point energy and is displayed to make sure all the coordinates are defined.

download .tgz

CHARMM is a versatile program for atomic-level simulation of
many-particle systems, particularly macromolecules of

PDB and check with pymol)

IMPRopers

N v ]




STEP2: Adding solvent

Document Edition Affichage Signets Outils Configuration Aide

G0 ©. O © B | & http://www.charmm-gui.org/?doc=input/pdbreader&step=3 EBEN| [« |~ 42|
& CHARMM-GUI | Ao
rigdat LMEWArs ur il s LuUIIIPU[U‘U U‘IFU‘I_‘L_"}' I T DIIFHIU"PUII![ G'I!G'Iu}l‘ =TV UIDPIH}!‘U‘U W IMaAE SIS ol IS LUUTUITICES ol s WEninmsu. ':‘
ENER ENR: Eval# ENERgy Delta-E GRMS
EMER INTERN: BONDs ANGLes UREY-b DIHEdrals IMPRopers
ENER CROSS: CMAPS
ENER EXTERN: VDWaals ELEC HBONds ASP USER
ENER=> 0 872.75766 0.00000 35.23903
ENER INTERN> [ 162.48131  745.08727  163.85714  750.87612 168861 |
ENER CROSS> e Check energy terms
ENER EXTERN> | 1040.39439 -1820.37911 |  ©.00880 0.00000 0.00000 (
_______________________________________________________ no 9999.999 values!)
Waterbox Size Options:
> Specify Waterbox Size : I
pectty Parameters for solvation box (water)

@ Fit Waterbox Size to Protein Size

Waterbox type: | Rectangular | - Keep rectangular box shape (NAMD compatibility

EnterEdgeDistance: — 10 Angstroms is a QOOd dimenSion
Add lons:

Include lons

@ [0.15 ]M [ KCl |v] (ion mncemramn],[ Calculate number of ions ]

) Add neutralizing ions
28 positive ions and 29 negative ions will be generated.

lon Placing Method: [ Monte-Carlo |« Salt concentration

MNext Step:
Solvate Molecule

o Thm | Imivemree it AF W mme e I Mmmmrbresnt af Blslasodae Rinesinmene T Oanbare fae Rininfarmnatice T les 1o sk

N av]




It takes a little time...

Puhy CHARMM-GUI™-"Konqueror 2= Em
Document Edition Affichage Signets Outils Configuration Aide
Q @) O € © W http://www.charmm-gui.org/?doc=input/pdbreader&step=3 J| |G - |0

=~| & CHARMM-GUI

* CHARMM Process has been invoked..
Output Monitor (will be updated in every 5 seconds):

Last Updated: 18:15:55




Solvent added

Document Edition Affichage Signets Outils Configuration Aide

G0 © O © B | http://www.charmm-gui.org/?doc=input/solvator&step=2 =] &l (G M
& CHARMM-GUI | Ao
Input Generator Solvator
PDEB Reader
Solvator Solvator ‘ PEC ‘ | Equilibration | ‘ Dynamics
Quick MD Simulator CHARMM PDB:  stepl pdbreader.pdb (view structure) download {gz
Membrane Builder Solvator Input: step2 solvator.inp
Boundary Potential Solvator Output: step? solvator.out
PBEQ Solver Solvator PDB: step? solvator.pdb (view structure)
Implicit Selvent Modeller Solvator CRD: step? solvator.crd .
Nermal Mode Analyzer Solvator Stream: step2 solvator.sir LOO k a g a I n at th e
NMR Structure Calculator, Waterbox Info: step2.1 waterbox.prm .
User Space Water Box: step2.1 waterbox.inp Input file for water box tp t fl I W I I
step2.1 waterbox.out Output file for water box O u u eS I aS e
step2.1 waterbox.str Stream file for water box reading P D B f . I
step2.1 waterbox.pdb (view sfructure)water box PDB file a S I e S
step2.1 waterbox.crd water box CRD file
step2.1 waterbox.prm
lons: step2.2 ions.inp Input file for ions
step2.2 ions.out Output file for ions
step2.2 ions.prm lon Information
step2.2 ions.pdb ions PDB file

System Size:

Box Type Rectangle

Crystal Type CUBIC

System Size A 70 Dimensien along the A (X) axis
B 70 Dimensicn aleng the B (Y) axis

i~ Tn Mirmancinn alnna tha © (7% avie

Page chargée. =




Getting ready for minimisation

L™ CHARMM-GUI - Kongueror
Document Edition Affichage Signets Outils Configuration Aide

(S

G ) @ O © 2|9 http://www.charmm-gui.org/?doc=input/solvator&step=2

RN«

R

@ CHARMM-GUI \

...... T
step2.2 ions.out Output file for ions
step2.2 ions.prm lon Information
step2.2 ions.pdb ions PDB file

System Size:

Box Type Rectangle
Crystal Type CUBIC

System Size A 70 Dimension along the A (X) axis
B 70 Dimensicn aleng the B (Y) axis
c 70 Dimension along the C (2) axis
Crystal Angle  Alpha 90.0 Angle between the axis B and C
Beta 90.0 Angle between the axis A and C
Gamma 90.0 Angle between the axis A and B
# of lons POT 28
CLA 29

Periodic Boundary Condition Options:

Generate grid information for PME FFT automatically

) Explicit grid information for PME FFT \
X Y z

Keep that option (default)

MNext Step:
Setup Periodic Boundary Condition

)l [ 3]

- The University of Kansas / Department of Molecular Biosciences / Center for Bicinformatics / Im Lag
‘5 Problems, Questions, & Comments? CHARMM Forum or E-Mail / Copyright(c) 2006-2009 by the Im Lab

<N (]r]




Minimised system
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ERSETE# RGN~ | & http://www.charmm-gui.org/?doc=input/mdsetup&step=3 EBEN| [« |~ 42|

« CHARMM-GUI | —
C H A R M M—G U I CHARMM is a versatile program for atomic-level simulation of

many-particle systems, particularly macromolecules of

Effective CHARMM Input Generator and More biological interest. - M. Karplus
Input Generator Quick MD Simulator
PDE Reader

x| [y

Quick MD Simulator

Solvator PDE: step2 solvator.pdb (view structure)

Membrane Builder PBC Setup | t: 3 phe i L k u t th
I etup Inpu step3 pbcsetup.inp OO ag a I n a e

PBC Setup Output: step3 pbcsetup.out

PBEQ Solver . .
PEC Setup Stream:  step3 pbcsetup.str t t f I I I
Implicit Solvent Modeller PBC Setup PSF: step3 pbcsetup.psf O u p u I eS ’ aS We
Normal Mode Analyzer PBC Setup PDB: step3 pbcsetup.pdb a S P D B f| I e S

NMR Structure Calculator FFT Calculation: step3 checkfft.str

User Space
Equilibration Using NVT Ensemble:
Mext Step:
NVT Equilibration
3 The University of Kansas / Department of Molecular Biosciences [ Center for Bioinformatics / Im Lab
ﬁ Problems, Questions, & Comments? CHARMM Forum or E-Mail / Copyright{c) 2006-2009 by the Im Lab

=4




System's equilibration

Document Edition Affichage Signets Outils Configuration Aide

(.0 ©. © © B | & nttp://www.charmm-gui.org/?doc=input/mdsetup&step=4 EBEN| [« |~ 42|
«» CHARMM-GUI | Ao

C H A R M M_G U I CHARMM is a versatile program for atomic-level simulation of

many-particle systems, particularly macromolecules of

Effective CHARMM Input Generator and More biological interest. - M. Karplus
Input Generator Quick MD Simulator
PDE Reader
Solvator Equilibration Dynamics

Quick MD Simulator

PDB Setup PDB: step3 pbcsetup.pdb (view structure) download .tgz
Membrane Bullder Equilibration Input: step4 _equilibration.inp AI I k t th
cletie Pl Equilibration Output: ~ step4 _equilibration.out Ways OO a e
PBEQ Solver Restart File: step4 equilibration.rst .
Implicit Solvent Modeller Equilibrated PDB: step4 equilibration.pdb (view structure) O u tp Ut a n d P D B fl I eS

Mormal Mode Analyzer

NMR Structure Calculator . . .
Dynamics Input Generation Options:
User Space
@ NPT Ensemble
0 NVT Ensemble
Mext Step:
Generate Dynamics Input
o The University of Kansas / Department of Molecular Biosciences [ Center for Bioinformatics / Im Lab
& Problems, Questions, & Comments? CHARMM Forum or E-Mail / Copyright{c) 2006-2009 by the Im Lab

=4

Good chances that the equilibration was not enough!



Get input files for MD simulation

Document Edition Affichage Signets Outils Configuration Aide
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«» CHARMM-GUI | Ao

C H A R M M—G U I CHARMM is a versatile program for atomic-level simulation of

many-particle systems, particularly macromolecules of

Effective CHARMM Input Generator and More biological inferest. - M. Karplus
Input Generator Quick MD Simulator
PDB Reader
Solvator
Stle AR Tl s PDB Setup PDB: step4 equilibration.pdb {view structure) download .tgz
SEiiniy Al £ Dynamics Step 1: step5.1 production.inp
Boundary Potential Dynamics Step 2: step5.2 production.inp
FPEBEQ Solver
Implicit Solvent Modeller )
Dynamics Input Generated:
Mormal Mode Analyzer
NMR Structure Calculator Download all the files
User Space

on the local disk for
the next step

3 The University of Kansas / Department of Molecular Biosciences [ Center for Bioinformatics / Im Lab
ﬁ Problems, Questions, & Comments? CHARMM Forum or E-Mail / Copyright{c) 2006-2009 by the Im Lab

=4




Final system without heme

In a terminal session:

% tar zxvf charmm-gui.tgz (extract archive)
% mv charmm-gui.tgz charmm-gui-noheme.tgz

% mv charmm-gui charmm-gui-noheme

% cd charmm-gui-noheme

% pymol step4_equilibration.pdb

pd_equilibration P ] 11

o5 -
POTRFOTREOTRFOTRFOTRFOTRFOTPOT] GEWELYL HSE ‘i

1]

For Educational Usze Only




Status

At this point, you have everything to run a MD
simulation for the built system (no heme...)
o« 2 files:

— step5.1_production.inp to start the simulation
- step5.2_ production.inp to continue the simulation

« Parameters you might want to adjust:

— time 0.002 (timestep of 2fs)
— nstep 100 (trajectory of only 2fsx100=200fs)
- nsavc 500 (frequency to save coordinates for analysis)

e To run charmm:
charmm < step5.1 production.inp > step5.1_production.out

charmm < step5.2_ production.inp > step5.2 production.out



Next step: including Heme and ZN(ll)

Start the process from the beginning, but include the Heme
and the Fe2 molecules:

HARMN (]

(]

L
Document Edition Affichage Signets Outils Configuration Aide
Q @ @ © B |9 http://www.charmm-gui.org/?doc=input/pdbreader&step=1 B«

j<
@ « CHARMM-GUI | @

Quick MD Setup

PDB Reader
Solvator | CHARMM PDB | | Solvator | | PBC | | Equilibration | | Dynamics
Quiek MD Simuiator Title RATIONAL DESIGN OF A STRUCTURAL AND FUNCTIONAL NITRIC OXIDE H
Membrane Builder REDUCTASE
Boundary Potential FDB ID 3Kz
PBEQ Solver Type Protein
Implicit Solvent Modeller Experimental Method X-RAY
Nermal Meode Analyzer
NMR Structure Calculator)  Model/Chain Selection Option:
User Space
Click on the chains you want to select.

Select Model # @ ] Read all models?

Residue ID
Type SEGID PDBID First Last Engineered Residues

[v] Protein A MNone

Hetero HEA A HEM
Hetero |HETB A FE2
A

[ Water |WATA

CHARMM-GUI uses intemnal segid format PRO[A-Z] (protein), DNAJA-Z] (DNA), RNA[A-Z] (RNA), and HET[A-Z] (ligands), instead of PDBE chain id.

MNext Step:
Manipulate PDB

=0 (4]




Rename chain residues

Document Edition Affichage Signets Outils Configuration Aide

G. 0-@ (© © | ¥ http://www.charmm-gui.org/?doc=input/pdbreader&step=2 EBEN| [« ]E
¥ CHARMM-GUI |
" | Membrane Builder REDUCTASE (4]

Boundary Potential PDE ID K97
PBEQ Solver Type Protein
Implicit Solvent Modeller Experimental Method X-RAY
Mormal Mode Analyzer
NMR Structure Calculator  ppg Manipulation Options:
User Space

Reading Hetero Chain Residues:

HEM & Rename to|HEME
0 Upload CHARMM top & par for hetero chain
FE2 @ Renameto R m h I I d
2 Upload CHARMM top & par for hetero chain \ e n a e C a I n reS I u eS

7] Terminal Group Patching: H a n d g e n e rate P D B

1 Protonation of Residues:

] Disulfide Bonds:

] Phosphorylation:

Symmetry Operation Options:

> Generation of Crystal Packing: Space Group P 21 21 21

(this is required for assymetric unit solvation)
_» Generation of Full Unit Cell: Space Group P 21 21 21
MNext Step:
Generate PDB

ﬂ_’- 2 The University of Kansas / Department of Molecular Biosciences [ Center for Bioinformatics / Im Lab

N n]
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I «» CHARMM-GUI |

Output Excerpt:

After reading, there are no coordinates for selected atom: 15 1 VAL HG22

** A total of 1235 selected atoms have no coordinates
*#* LEVEL 2 WARNING **#* BOMLEY IS 0

CHARMM=

CHARMM= open read card unit 10 name 3k9z heta.pdb
OPNLGU= Unit already open. The old file will be closed first.
VCLOSE: Closing unit 10 with status "KEEP"

VOPEN> Attempting to open::3k9z heta.pdb::
OPNLGU> Unit 10 opened for READONLY access to /fhome/charmm-gui/www/uploaded pdb/1267642794/3k9z heta.pdb

CHARMM= read sequence pdb unit 10
MAINIO> Sequence information being read fTrom unit 10.
TITLE> *

RESIDUE SEQUENCE -- 1 RESIDUES
HEME

CHARMM= generate HETA setup warn first none last none

**%*%* ERROR in GENIC #**#*** Residue 'HEME ' was not found.

MNext Step:
Solvate Molecule

The University of Kansas / Department of Molecular Biosciences [ Center for Bioinformatics / Im Lab
Problems, Questions, & Comments? CHARMM Forum or E-Mail / Copyright{c) 2006-2009 by the Im Lab

.:;g"




Gener_ate PDB failed

[ ¥,

Document Edition Affichage Signets Outils Configuration Aide
G ) © O © » | nttp://www.charmm-gui.org/?doc=input/pdbreader&step=3 EBEN| [« |~ 42|
& CHARMM-GUI | Ao

——————— - — e e e e = -

Quick MD Setup

PDB Reader

Solvator CHARMM PDB | Solvator ‘ | PBC | ‘ Equilibration ‘ | Dynamics ‘

R Original PDB File:  3K9Z.pdb (view structure) downioad .tgz
Llaiio g it o Individual Chains: 3k9z_proa.pdb

Boundary Potential 3k9z heta.pdb . .

Skoe hetbodd Download these files on local disk
Implicit Solvent Modeller CHARMM Input: step1 pdbreader.inp . .

Nomal oce Aratyzer | | CHARMM Ot —mprpmmrmerr—— | g directory named

NMR Structure Calculator

User Space CHARMM was terminated abnormally. « Cha rmm -g U I-Wh eme »

= Please check the output.

Imcompatible residues were found. Please consult the output and rename the uncompatible residue.
Output Excerpt:

After reading, there are no coordinates for selected atom: 15 1 VAL HG22

** A total of 1235 selected atoms have no coordinates
*#* LEVEL 2 WARNING **#* BOMLEY IS 0

CHARMM=

N v ]




Manual STEP1 — get toppar files

Get the current topology and parameter files form Alex
Mackerell's web page (file toppar_c35b2 c36a2.tgz)

Save the file in the workshop directory, and untar the file:

% tar zxvf toppar_c35b2_ c36a2.tgz

In the charmm-gui-wheme directory:

- Copy the topology and parameter files from charmm toppar directory
% cp ../toppar/top_all27 prot_na.rtf .
% cp ../toppar/par_all27 _prot _na.prm .

— Copy the topology and parameters for the heme:
% cp ../stream/toppar_all22_prot_heme.str .



Manual STEP1 — create stream file

Create the file toppar.str, that contains the following lines:
* Topology and Parameter Stream File

I Read topology and parameter files
open read card unit 10 name top_all27_prot_na.rtf
read rtf card unit 10

open read card unit 20 name par_all27_prot _na.prm
read para card unit 20

stream toppar_all22_ prot_heme.str

return



Manual STEP1 — edit input file

Edit the file step1_pdbreader.inp:

Replace the following lines:

open read card unit 10 name top_all27_prot_na.rtf
read rtf card unit 10

open read card unit 20 name par_all27_prot _na.prm
read para card unit 20

With this line:

stream toppar.str



STEP 1: edit input file

Add the following lines (in red):

open read card unit 10 name 3k9z_heta.pdb
read coor pdb unit 10 resid

I Bind heme to protein
PATCH PHEM PROA 93 HETA 155

6ben read card unit 10 name 3k9z_hetb.pdb
read coor pdb unit 10 resid

I join segments
join PROA HETA renumber
join PROA HETB renumber



Manual STEP1 — edit pdb file

Edit the file 3k9z_hetb.pdb:
ATOM 1264I FE | ZN2 A 157 18.065 18.840 11.081 1.00 36.74 HETBFE

for
ATOM 1264 ZN |ZN2 A 157 18.065 18.840 11.081 1.00 36.74 HETBFE

Copy the file 3k9z_proa.pdb, from the charmm-gui-noheme
directory, to the working directory:

% cp ../.charmm-gui-noheme/3k9z_proa.pdb .

and run charmm:

charmm < step1_pdbreader.inp > step1_pdbreader.out

Check the output and the PDB files created.



TEP 1: final result (PDB file)

111 116
AII HSD vL HSD SE

For Educational Us

Heme

ZN

PyHOL> ' : : - rF;—r;—r;—%;fF:Lr;rlllr;rrf_




Step 2: Solvation

Copy the following files, from the previous charmm-gui directory, to the
working directory:

— All the files beginning with step2*

Edit the file step2_solvator.inp, replace the following lines:

open read card unit 10 name top_all27 prot_na.rtf
read rtf card unit 10

open read card unit 20 name par_all27 _prot_na.prm
read para card unit 20

With this line:

stream toppar.str



STEP 2 : SOLVATION

Run charmm using the input file step2_solvator.inp (the water box
with ions are recycled from the first run).

Verify the final pdb file (step2_solvator.pdb):

151 #5
GYEG HEME ZMZ2




Periodic boundary conditions

* Necessary to avoid frontiers effects

» Use the actual system to mimics molecules at
the frontiers:




STEP 3: PBC Setup

Copy the following files, from the previous charmm-gui directory, to the
working directory:

— All the files beginning with step3* and the file crystal image.str

Edit the file step3-pbcsetup.inp, replace the following lines:

open read card unit 10 name top_all27 prot_na.rtf
read rtf card unit 10

open read card unit 20 name par_all27 _prot_na.prm
read para card unit 20

With this line:

stream toppar.str



STEPS 3 AND 4

Run charmm using the input file step3 pbcsetup.inp

Verify the final output file for Normal termination.
Finally:

Repeat the process for STEP4: Equilibration

The system is now ready for the production of the
trajectory if you modify step5 input files.



Production and analysis

« GLOBAL RMSD over time

* Volume, pressure, temperature over time
* |s the heme still bound to HIS93

 What happen to the mutated residues?
 Comparison with WT-myoglobin crystal



Time for your Protein?
Documentation: charmm.org

* Examples of input files
(building special systems, analysis, etc)
 Forum to ask questions, and to read answers
already answered questions
» Getting latest developments of charmm
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