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Overview

VMD

http: //www.ks.uiuc.edu/Research/vmd/
Visualization of (bio)molecules. Available for MS Windows, macOS, and Linux for
free upon registration.

Avogadro
http://avogadro.openmolecules.net/wiki/Main_Page

Program for molecule building and visualization. Freely available for MS
Windows, macOS, and Linux.
Functionality overview: https://www.youtube.com/watch?v=xdmLoBILmqgs

Nemesis
https://nemesis.ncbr.muni.cz/
Program for molecule building and visualization. Freely available for Linux.
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Model building

Program Avogadro




l Starting Avogadro _

How to start Avogadro?
® Find Avogadro in standard applications
= Or open terminal and run Avogadro as a command (all small caps!!!)

$ avogadro

= Or open terminal and run Avogadro from modules (not recommended)

$ module add avogadro
S avogadro




l Draft model

* |n edit mode, you can draft a model.
* This model does not have proper bond distances and angles. It needs to be
optimized before further use.

Tool Settings... | Display Settings...

View 1
Element: | Carbon (6) =

Bond Order: |Single 2

& Adjust Hydrogens

Messages




l Model optimization

e Avogadro uses molecular mechanics (force field) for geometry optimization.

* For proper usage, the model must have correct topology with right bond
orders.

* Force field methods are empirical. Therefore, it is necessary to select proper
parametrization such as MMFF94.

2+ e B & | Tool Settings... | Display Settings...

View 1

Force Fie

AutoOpt: E=-22.8945 kJ/mol (dE=0.00340176)
Steps per Update: | 4

Algorithm: Num Constraints: 0
Steepest Descent

& Fixed atoms are movable
& I1gnored atoms are movable

N

Stop

Messages




l Exercise 1

1. Step by step, create models of the following molecules:
* methane
* ethene, ethyne
* benzene
 adamantane
* benzoic acid
e trinitrotoluene
e salicylic acid
e optionally building C,,




1. Create a model containing G:C base pair, according to the scheme below. Use a
hydrogen atom to saturate the free valences. For geometry optimization, use the
MMFF94 force field.

H
O---H—N

Y/
o N4<_

N—H--+-0 }ff
H

https://en.wikipedia.org/wiki/Base_pair




Model building

Nemesis program




l Starting Nemesis _

How to start Nemesis?
= Open terminal and run Nemesis from modules:

S module add nemesis
S nemesis




l Nemesis - Build Project

Project 1: NEMESIS - Molecular Modelling Package Elen B == 1ty «) 12:18PM R PetrKulhanek 4%
Structures 3] Build panel (3]
Structures | Merge | Actions |aye rsS Basic | General
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Keys:
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Profile objects ® Sh|ft - XY -> Z
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L i ° -
g e Ctrl - primary/secondary manipulator o

& standard Model 1 Standar
~ Freezed Atoms 1 Freezec

geometry optimization
\ using a force field
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l Exercise 3

1. Step by step, create models of the following molecules:

* methane

* ethene, ethyne

* benzene

 adamantane

* benzoic acid

e trinitrotoluene

e salicylic acid




Visualization of molecular
dynamics simulations

VMD program




l Exercise 4

v molecular dynamic simulation of
| a molecular switch

red - rotor
orange - axis
blue - water




l Display simulation in VI_

= QOpen terminal and run the following script

S ~kulhanek/start-vmd-3




@™ @ gGraphical Representations 5) VMD 1.8.7 OpenGL Display

File Mholecule Graphics Display bdouse Extensions Help Selected Molecule
|0: 2FPz.pdb ]
oD TADF Molem‘e Atoms Frames ‘ol ‘
0 T ADF ZFPZpgb 309z 1 0 Create Rep Delete Rep
Style Jylor Selection
MNewCartoon Structure chain B
Lines MName chain B and
i ! E—— WD Narme resnarme T3,
| =1
4l zut_nop 7_| stepﬂ“_ﬂ speed 1 b | | »
4 »
Selected Atoms
|chain Bl
Draw style| Selections| Trajectory| F’eriodic|

Coloring hethod Ivlaterial

Representatlon S |Sec0ndary Strlﬂ |Opaque ﬂ

Drawing hethod

MNewCartoon w Default
Spline Style |Catmull-Bom |«

Aspect Ratio | 410 J

Thickness| 030 | |

Resolutionﬂﬂ 5 M

+ Apply Changes Automatically  Apply

movement in time




VMD program - visualiz

Graphical Representations

selected hviolecule

|0: 2FPz.pdb |
Create Rep | Delete Rep | GQ Create/Delete representation
Style dNor Selection

MNewCartoon Structure chain B

Lines MName chain B and . .

YD MNarre resname TS, e Representatlon List
double click - activate/deactivate

q |

Selected Atoms . . . .
chain Bl Selection (what part of model is visualized)

Cirany style| Selectiuns| Trajectory| Periudic|

haterial
Secandary Strw Opague v . .
= | ~ ° Coloring method and drawing method
Drauimeatdethod
Default |

apline StylelCatmull-Rom ﬂ

Aspect Ratin| 4.10 J
Thicknessl 030 J

Resolution ﬂl { I = Pl»l

+ Apply Changes Automatically Applyl




VMD program - selectio

Graphical Representations

selected hviolecule

Selection for visualization (examples):

|0: 2FPz.pdb
Tt | water - selects all water molecules
Style o resname X - selects a residue named X
e Em resid X - selects a residue with the number X
o Hame not hydrogen - do not display hydrogen atoms
4

y 4
Selected Atum/
chain | °

Cirany style| Selectiuns| Trajectory| Periudic|

giaring ket taterial
Secondary Strlj |Opaque j
' d

Examples:

- =N
MNewCarioon w Default |

apline StylelCatmull-Rom ﬂ reSId 1 tO 7
Aspect Ratio|4.m ] resid 89 10

Thicknessl 030 J

Resolution ﬂl { I = Pl»l

+ Apply Changes Automatically Applyl




l Exercise 4

How many atoms does the model contain?

How many units contains cucurbit[n]uril?
What happens to water molecules at the interface of the simulation box?
What functional groups contains the axis?

What is the total charge of the axis?

SR A

Try to visualize the model as it is shown on the page 15.




