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Integrative MD Toolkit for Novices and
Experts

QwikMD is a VMD plugin to assist the user in
preparing, executing and analyzing MD
simulations.

QwikMD Features
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» Basic and Advanced
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www.ks.uiuc.edu/Research/qwikmd
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“InputFileName.gwikmd”
File

Paucleicmer {(not name QWIKMDDELETE and nucleic)}
::proteinmcr {(not name QWIKMDDELETE and protein)}
:heteromcr {(not name QWIKMDDELETE and hetero and not
protein and not qwikmd_lipid and not qwikmd_nucleic and not
ineg_glycan and not water)}

et QWIKMD::glycanmcr {(not name QWIKMDDELETE and glycan)}
set QWIKMD::lipidmcr {(not name QWIKMDDELETE and lipid)}
atomselect macro qwikmd_protein $QWIKMD::proteinmcr
atomselect macro gqwikmd_nucleic $QWIKMD::nucleicmcr
atomselect macro qwikmd_glycan $QWIKMD::glycanmcr
atomselect macro qwikmd_lipid $QWIKMD:: lipidmcr
atomselect macro qwikmd_hetero $QWIKMD: :heteromcr
$QWIKMD: : topGui.nbinput select 0
set QWIKMD::prepared 1
QWIKMD: : changeMainTab
$QWIKMD: : topGui.nbinput.fl.nb select 0
QWIKMD: :ChangeMdSmd 1
set aux "[file rootname $QWIKMD::basicGui(workdir,9)]"
set QWIKMD::outPath ${aux}
cd ${QWIKMD: :outPath}/run/
set QWIKMD::inputstrct {Ubiquitin_QwikMD.psf Ubiquitin_QwikMD.pdb}
QWIKMD: :LoadButt {Ubiquitin_QwikMD.psf Ubiquitin_QwikMD.pdb}
array set QWIKMD::basicGui {live @ currenttime {Completed 0.000 of 0.000
ns} plength 10.0 desktop white temperature,® 27 temperature,l 27
saltconc,® 0.15 scheme {VMD Classic} mdPrec,® @ pspeed 2.5 saltions,® Naf
mdtime,® 5.0 mdtime,1 4.0 currenttime,® {} currenttime,1l {} solvent,®
Explicit }
array set QWIKMD::advGui {live @ currenttime {Completed 0.000 of 0.000 ns
plength 10.0 desktop white temperature,® 27 temperature,l 27 saltconc,®
0.15 scheme {VMD Classic} mdPrec,® @ pspeed 2.5 saltions,® NaCl mdtime,®
5.0 mdtime,1 4.0 currenttime,® {} currenttime,1 {} solvent,® Explicit
addmol 10 protocoltb,SMD,1,restrIndex {} protocoltb,MD,® Minimization
membrane,efect translate protocoltb,MD,1 Annealing analyze,basic,selcombc
backbone protocoltb,SMD,2,lock @ protocoltb,MD,2 Equilibration
protocoltb,MD,3 MD scheme {VMD Classic} membrane,multi 1
protocoltb,SMD,2, restrsel {} protocoltb,MD,@,smd @
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Reproduciblility

“InputFileName.infoMD”
File

MD Protocols

ionized.psf was prepared using VMD[2] and the plugin QwikMD[3].
ions in the present study were performed employing the NAMD molecular dynamics

1. The CHARMM36 force field[5,6] was used in all MD simulations.

The Minimization and Constrained equilibration MD Simulation was performed with explicit
solvent using the TIP3 water model[1] in the NpT ensemble.

A temperature ramp was performed consisted of ©0.24 ns of simulation where the temperature was
raised from 60 K to 300.00 K The pressure was maintained at 1 atm using Nosé-Hoover Langevin
piston([7,8]. A distance cut-off of 12.0 A was applied to short-range, non-bonded interactions,
and 10.0 A for the smothering functions. Long-range electrostatic interactions were treated
using the particle-mesh Ewald (PME) [9] method. The equations of motion were integrated using
the r-RESPA multiple time step scheme[4] to update the short-range interactions every 1 steps
and long-range electrostatics interactions every 2 steps. The time step of integration was
chosen to be 2 fs for all simulations. Before the MD simulations all the systems were submitted
to an energy minimization protocol for 1000 steps. In this step consisted of 1.00 ns of
simulation, the atoms defined by the selection "protein and backbone" were restrained.

The MD Simulation without constrains was performed with explicit solvent using the TIP3 water
model[1] in the NpT ensemble.

The temperature was maintained at 300.00 K using Langevin dynamics. The pressure was
maintained at 1 atm using Nosé-Hoover Langevin piston[7,8]. A distance cut-off of 12.0 A was
applied to short-range, non-bonded interactions, and 10.0 A for the smothering functions.
Long-range electrostatic interactions were treated using the particle-mesh Ewald (PME) [9]
method. The equations of motion were integrated using the r—-RESPA multiple time step scheme[4]
to update the short-range interactions every 1 steps and long-range electrostatics interactions
every 2 steps. The time step of integration was chosen to be 2 fs for all simulations.In this
step consisted of 5.0 ns of simulation, no atoms were constrained.
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Melo, M. C. R., et al., NAMD goes quantum: an

integrative suite for

hybrid simulations.

Nature Methods. 2018, 15:5

QwikMD —Integrative
Dynamics Toolkit for N
Experts

JodoV. Ribeiro?**, Rafael C. Bernardi**, Till Rudack*, J¢
Peter L. Freddolino® & Klaus Schulten%*

The proper functioning of biomolecules in living cells requires th
and to undergo conformational changes. Both biomolecular stry
using a wide variety of techniques, but none offers the level of d
simulations. Integrating two widely used modeling programs, n
created a robust, user-friendly software, QwikMD, which enable|
biomedically relevant questions, where often only molecular dy
answers. Performing both simple and advanced MD simulations
as many steps as necessary for preparing, carrying out, and anal
common errors and enabling reproducibility. QwikMD meets als
increasing the efficiency and quality of their work by carrying ou
enabling easy control of every step. Whether carrying out simul3
a small laptop or performing complex and large simulations on j
QwikMD uses the same steps and user interface. QwikMD is fre

personal computers. It is also available on the cloud at Amazon \

NAMD goes quantum:
an integrative suite for
hybrid simulations

Marcelo C R Melo!»%13@ | Rafael C Bernardil»13® |

Till Rudack!-3® , Maximilian Scheurer®>® |

Christoph Riplinger®, James C Phillips!®, Julio D C Maia’®,
Gerd B Rocha®® | Jodao V Ribeirol, John E Stonel,
Frank Neese?, Klaus Schulten1:10:12 &

Zaida Luthey-Schulten!-210:11

BRIEF COMMUNICATIONS |

comprehensive, customizable, easy-to-use set of features to make
such tools broadly attractive to chemists, structural biologists, and
material engineers.

NAMD? is a widely used software package for molecular dynam-
ics (MD) simulations, particularly for large biomolecular systems,
using supercomputers. NAMD’s scalability and large array of
enhanced sampling and free energy methods!?, as well as its seam-
less integration with VMD!!, which provides extended setup, visu-
alization, and analysis capabilities, make it an invaluable tool for
exploring complex biological systems. Here we present a compre-
hensive QM-MM suite implemented in NAMD, to provide a broad
range of QM-MM methods, and in VMD, for easy setup, visualiza-
tion, and analysis through the graphical user interface QwikMD!2,
In NAMD, the QM-MM interface supports the simulation of many
independent QM regions and smooth integration with a collection
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System Solvation Top

To perform MD simulations one has to mimic the environment of the protein, or any other molecule of interest. The most common solvent is water and there are two
main ways to mimic the solvent effect. Either simulating all the atoms of the solvent - explicit solvent model - or by adding dielectric constant to the electrostatic
calculation - implicit solvent model.

Solventimplicit o

Salt Concentration 0.15 moliL Choose Salt - -l

¥ Protocol

» Solvents: Select the solvent model to employed: Implicit or Explicit
o Implicit Solvent: An implicit solvent model is a simulation technique that eliminates the need for explicit water atoms by including many of the

effects of solvent in the inter-atomic force calculation. The elimination of explicit water accelerates conformational explorations and increases
simulation speed at the cost of not modeling the solvent as accurately as explicit models. QwikMD uses the Generalized Born Implicit Solvent
implemented in NAMD.

Explicit Solvent: QwikMD uses VMD solvate plugin to generate a cubic box centered in the geometrical center of the system and box's edge is
calculated by:

MD Protocol box : 0T edge = |

SMD Protocol box ; 0Tz = boxy = (/2% + y?) + 15 (box. = z + PullingDistance + 15

, where x,y and z are the dimensions of structure in the three axis. Box dimensions in A. When preparing the simulation, the simulation is translated
to the origin {0,0,0}.

Note: The water box created by QwikMD is somewhat big for most studies. The big water box was adopted as a safety measure. Ideally, one should
work with a box, which is large enough that the protein does not interact with its image in the next cell if periodic boundary conditions are used. The
use of periodic boundary conditions involves surrounding the system under study with identical virtual unit cells. The atoms in the surrounding virtual
systems interact with atoms in the real system. These modeling conditions are effective in eliminating surface interaction of the water molecules. As
the standard water model for CHARMM, TIP3P is the model employed in the simulations prepared with QwikMD.

» Salt Concentration: lons should be placed in the water to represent a more typical biological environment. They are especially necessary if the protein
being studied carries an excess charge. In that case, the number of ions should be chosen to make the system neutral. One must set the desired salt
concentration. The default Salt Concentration is 0.15 mol/L. QwikMD uses VMD autoionize plugin to place the ions and even if the Salt Concentration is
set to ZERO, ions will be added to neutralize the total charge of the system. In the case of the Generalized Born implicit solvent, the salt concentration is
used as ion concentration parameter value (see Generalized Born Implicit Solvent Configuration Parameters).

« Choose Salt: Salt ion pairs currently available are NaCl and KCI.

Protocols Top
Within the "Easy Run", the user can set up two types of simulations: non-biased Molecular Dynamics (or just Molecular Dynamics - MD) and Steered Molecular
Dynamics (SMD).
MD protocol SMD protocol
¥ Protocol
¥ Protocol
W Equilibration W MD M SMD @)
W Equilibration M MD @] =
- Temperature | 27C 300K Pulling Residues | M Show
Temperature | 27C 300K Pulling Distance 100A Anchoring Residue M Show
Simulation Time,  10.0ns Pulling Speed | 2.5 A/ns
Simulation Time |  4.0ns
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QwikMD is available free of charge on VMD 1.9.3 and newer.
Download VMD for free here
QwikMD beta: To perform Molecular Dynamics simulations you will also need the widely employed
. L atest NAMD program, which is available free of charge here.
Implementations QwikMD beta. The latest version of the QwikMD including the most recent bug fixes can
- Bug Fixes be downloaded here (last update on April 20, 2018). Please follow the instructions in

| the README file included in the qwikmd folder on how to install the beta version.
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Release Employing QwikMD on your research? Please don't forget to cite us: J.V. Ribeiro,
R.C. Bernardi, T. Rudack, J.E. Stone, J.C. Phillips, PL. Freddolino, K. Schulten;

QwikMD: Integrative Molecular Dynamics Toolkit for Novices and Experts; Scientific
Reports, 6, 26536 (2016)


http://www.ks.uiuc.edu/Research/qwikmd

Protein Data Bank Structure
|

Select Chai:n / Molecule

Structure Check

Vienalize and Chack
visualize and CheckK

Point Mutations

| |
Protonation State

Solvate
I

Set Salt Colncentration
Select Simula:ion Protocols

Prepare Simulation Files

Live Analysis

Advanced Analysis of Trajectories

Amazon Web Services:
- Virtual Machine
« VMD & NAMD
* QwikMD and MDFF

« Used in the Center’s
Workshops

QwikMD on the Amazon Cloud

¥ Applications g
Applications

B VMD 1.9.3 OpenGL Display m

VMD 1.9.3 OpenGL Display

[

[ 2@ o B 23

ip-10-91-146-125:0 - VNC Viewer

-

Help... !L‘_)J
Easy Run | Advanced Run | Basic Analysis | Advanced Analysis |

Browser | 1lubg Load
) NMR State J Chain/ Tl_:lpe Selection | Structure Manipulation \@
_Chain | Residue Range | Type | Representation | Color |-
H 1-76 protein NewCartoon 0 blue
& 77 - 134 water VDKW Name
4
] - |
Background  Black ® White — Gradient Color Scheme: YMD Classic v

Molecular Dynamics Steered Molecular Dunamics]

18:03 f‘ Ubuntu

Solvent Implicit | L‘_u
Salt Concentration  0.15mol/L Choose Salt R4
P Protocol
¥ Simulation Setup L‘_)J
Working Directory load | Save |
Prepare ] [ Live View Reset
¥ Simulation Control (D)
Start MD Simulation |
Pause Detach Finish |
Progress

FllE

ID T A D F Molecule Atoms Frames

Vol

0 T A D F 1ubg 660 1

0

o I}

ILoop VI step 4' 1 _PI speedl

zoom [

http://www.ks.uiuc.edu/Training/Workshop/Urbana2017a/

http://www.ks.uiuc.edu/Training/Workshop/Urbana2018

http://www.ks.uiuc.edu/Research/cloud/

P o

amaZon
web services™


http://www.ks.uiuc.edu/Training/Workshop/Urbana2017a/
http://www.ks.uiuc.edu/Training/Workshop/Urbana2018
http://www.ks.uiuc.edu/Training/Workshop/Urbana2017a/

Protein Data Bank Structure
| |

Select Chain / Molecule
Structur.e Check T - -

raining others

— I H B N

Point Mutations

|
| Protonation State

Solvate
| |

Set Salt Concentration

Select Simulation Protocols
| |

e S I QwikMD Tutorials QwikMD on Amazon

Run Simulation Run:Simulation Copy Files to

=1 S Workshop Live-Streamed on Facebook

Live Analysis : University of Illinois at Urbana-Champaign
Beckman Institute for Advanced Science and Technology
Theoretical and Computational Biophysics Group

| |
% EEEEEEEER : Computational Biophysics Workshop
L

Advanced Analysis of Trajectories QWikMD - Easy Mbolecular
Dynamics with NAMD and
VMD

University of Illinois at Urbana-Champaign

NIH Resource for Macromolecular Modelling and Bioinformatics
Beckman Institute

Computational Biophysics Workshop

NAMD-QM /MM
TUTORIAL

Unix/MacOSX Version

Webpages:
- Home page
° US er! S Gui de Page Angela Barragan, MuyunJi::alnz, :(:lz:ans

QwikMD Developers:
Joao V. Ribeiro

» QwikMD Bug Report i
* VMD Mailing List

http://www.ks.uiuc.edu/Training/Tut|
u [} | ]
[ ] N A M D M al I I n I ISt NAMD-QM/MM Suite Developers: Marcelo C. R. Melo, Maximil-
ian Scheurer, Joao Ribeiro, James Phillips, John Stone, Rafael C.
Bernardi // / / u
h u m
NAMD Tutorial Contributors: tt pS ] WWW | yO u t u e | | CO u Se r tC g u I u C

May 2017

A current version of this tutorial is available at
http://www.ks.uiuc.edu/Training/Tutorials/
Join the tutorial-1@ks.uiuc.edu mailing list for additional help.







