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HINH THUC THI VA CHAM DPIEM

- Bai tap ca nhan va diém danh tai 16p: 20%
- B4o cao do an: 40%
- Diém cudi ky: 40%
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03 TC ly thuyét: 12 budi; 04 tiét / 01 budi

- Budi 1+2: Gidi thiéu vé protein va khoa hoc tinh toan

- Budi 3: Phuang phap mé phong MD.

- Budi 4: Ky thudt md phéng MD: thuét gidi, trudng luc, cac
phan méem.

- Budi 5: Ky thudt md phéng MD: thuét giai, trudng luc, cac
phan mém (ti€p theo).

- Budi 6+7+8: Gidi thiéu va hudng dan s dung phan mém
VMD, XMGRACE, GROMACS.

- Budi 9+10: Giao dd &n mdn hoc va hudng dan l1am dd an

- Budi 11+12: Bao cdo do an



GROMACS .-

Budi 5: Gi¢i thiéu va huéng dan sty
dung phan mém VMD, XMGRACE,
GROMACS




VMD - Visual Molecular Dynamics

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

» Giao dién do hoa ‘

* Mién phi cho cong dong hoc thuat

« D@ liéu dau vao cho NAMD, CHARMM,
Amber, Gromacs

7 Graphical Representations ~— O X

File Molecule Graphics Display Mouse Extensions Help Selected Molecule

[0: 2NAQ_mutated pdb =]

Create Rep Delete Rep

ID T A D F Molecule Atoms Frames Vol
0 T A DF 2NAO_mutated.pdb 3857 1 0

Style Color Selection
Lines Name all
NewCartoon Name all

= [
Loop ] step [ 1]} speed [ ID L

Selected Atoms

‘alll

Draw style‘ Se\en:lmns\ Tra]eclory| Penodu:\
Coloring Method Material
‘Name ﬂ |Opaque j

Drawing Method

[NewCartoon | Default
Spiine Style [ Catmull-Rom ]
Aspect Ratio[ <10 |
Thickness [ 0.1
resoiution 4[4[ 10 | }|#|

% Apply Changes Automatically ~ Apply



GROMACS

GROningen MAchine for Chemical Simulations
http://www.gromacs.org/



http://www.gromacs.org/
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Why Gromacs?

- H6 tro manh tinh toan song song
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Why Gromacs?
- H6 tro GPU
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immediately so it can be returned faster
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Why Gromacs?

Welcome to the GROMACS documentation!

Latest releases

« GROMACS 2021 series

Table of Contents Documentation for the current version

0 the

o 20211 released March 8th, 2021

= Download
= Release Notes

o 2021 released January 26th, 2021
= Download
s Release Notes

« GROMACS 2020 series

maintenance policy

: Documentation for the current version
Quick search

o 20206 released March 4th, 2021
= Download

= Release Notes

o 2020.5 released January 6th, 2021
= Download
= Release Notes

A NN A ralaacad Cirtnbhar Rtk 200
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Lich str hinh thanh

1991-2000: Dy an GROMACS duwegc thwe hién tai B6 mén Hoéa Ly, Dai

hoc Groningen, Ha Lan.

- Muc dich la tao ra mét hé théng tinh toan song song cho mé phdng
phan t&r sinh hda hoc.

- Buwgc viét dau tién bang Fortran 77 (GROningen MOlecular
Simulation - GROMOS), sau d¢ viét lai bang C béi cung mét nhém
tac gia.

- T 2001, GROMACS dwoc phat trién bdi team Gromacs tai Royal
Institute of Technology va Uppsala University, Sweden.

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


https://en.wikipedia.org/wiki/University_of_Groningen
https://en.wikipedia.org/wiki/University_of_Groningen
https://en.wikipedia.org/wiki/Fortran_77
https://en.wikipedia.org/wiki/Royal_Institute_of_Technology
https://en.wikipedia.org/wiki/Uppsala_University
https://en.wikipedia.org/wiki/Sweden
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Tinh nang

- very fast due to algorithmic and processor-specific optimizing, typically running 3-10
times faster than many simulation programs.

- operated via the command-line interface, and can use files for input and output.

- provides calculation progress and estimated time of arrival (ETA) feedback, a
trajectory viewer, and an extensive library for trajectory analysis.

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


https://en.wikipedia.org/wiki/Algorithm
https://en.wikipedia.org/wiki/Command-line_interface
https://en.wikipedia.org/wiki/Estimated_time_of_arrival

S
Tinh nang

» support for different force fields makes GROMACS very flexible. It can be
executed in parallel, using Message Passing Interface (MPI) or threads.

e contains a script to convert molecular coordinates from Protein Data
Bank (PDB) files into the formats it uses internally.

« produces a trajectory file, describing the movements of the atoms over time.

Reduce complex problems to simpler systems

Oscilloscope

Amather HNA moves bute the A N
rder to add

Y



https://en.wikipedia.org/wiki/Force_field_(chemistry)
https://en.wikipedia.org/wiki/Message_Passing_Interface
https://en.wikipedia.org/wiki/Thread_(computer_science)
https://en.wikipedia.org/wiki/Protein_Data_Bank
https://en.wikipedia.org/wiki/Protein_Data_Bank
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Cai dat

- C & C++ Compiler which comes built-in with Ubuntu.
- CMake — A linux software to make binaries

- BuildEssential — It is a reference for all the packages
needed to compile a package.

- FFTW Library: a library used by Gromacs to
compute discrete Fourier transform

- Gromacs 2020.4 Package
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Cai dat

- Getting Started
sudo apt-get update
sudo apt-get upgrade

- First step in installing Gromacs is to get cmake, In the
terminal, type:

sudo apt-get install cmake

- Check the version of cmake by following command
cmake --version

- install build essential

sudo apt-get install build-essential

- To know the path of our current working directory, in
terminal, type:

pwd
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Cai dat

- Install Fourier Transform
sudo apt-get install libfftw3-dev
- Install Gromacs

- Wget: http://ftp.gromacs.org/pub/gromacs/gromacs-
2020.4.tar.gzNow extract GROMACS archive

tar xvzf gromacs-2020.4.tar.gz
cd gromacs-2020.4/

- Create a directory called “Build” where we will keep
our compiled binaries

mkdir build
cd build



http://ftp.gromacs.org/pub/gromacs/gromacs-2020.4.tar.gz
http://ftp.gromacs.org/pub/gromacs/gromacs-2020.4.tar.gz

L
Cai dat

- Replace “pwdpath” with the path of working
directory that you have noted earlier in following
command:

- sudo cmake .. -DGMX_BUILD OWN_FFTW=0OFF -
DREGRESSIONTEST DOWNLOAD=0OFF -
DCMAKE_C_ COMPILER=gccC -
DREGRESSIONTEST PATH=<strong>pwdpath</str
ong>/Downloads/regressiontests-2020.4
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Cai dat

- If everything goes well, the message in your terminal will say
“Generating Done. Build files written... “. If not, make sure you
have replaced the pwd path in command with the path of your
home directory. If you have forgotten it, just open another
terminal and type pwd.

- Now let’s first check and make the real thing..
make checksudo
make install

- Now, It may take some time depending o n your configuration.
After completion, execute it:

source /usr/local/gromacs/bin/GMXRC

- After the successful installation, you may check the version of
your Gromacs with a command to make sure installation
finished as expected.

gmx pdb2gmx —version
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File topology (.gro)

- gmx pdb2gmx: chuyén théng tin ti file pdb sang file topology.
- Cac thong tin cua hé duoc khai bao trong file topology
- Diéu hiéu hét 1énh: gmx pdb2gmx —h (h : help)

gmx pdb2gmx -f 1AKI _clean.pdb -0 1AKI_processed.gro -water spce

Select the Force Field:
From "/usr/local/gromacs/share/gromacs/top”:

1: AMBER@3 protein, nucleic AMBER94 (Duan =t al., J. Comp. Chem. 24, 1999-2812, 2843)

2: AMBER94 force field (Cornell et al., JACS 117, 5179-519%7, 1995)

3: AMBER96 protein, nucleic AMBER94 (Kollman et al., Acc. Chem. Res. 29, 4p1-469, 1998}

4: AMBER93 protein, nucleic AMBER94 (Wang =t al., J. Comp. Chem. 21, 1849-1874, 2888)

5: AMBER935B protein, nucleic AMBERS4 (Hornak et al., Proteins 65, 712-725, 2846)

6: AMBER99SB-ILDM protein, nucleic AMBER94 (Lindorff-Larsen et al., Proteins 78, 1958-58, 2018)
7: AMBERGS force field (Garcia & Sanbonmatsu, PNAS 99, 2782-2787, 2862)

B: CHARMM27 all-atom force field (CHARM22 plus CMAP for proteins)

9: GROMO536 43al force Tield

1@: GROMOS96 43a2 force fTield (improved alkane dihedrals)

11: GROMOS96 45a3 force field (Schuler 1CC 2@81 22 12@5)

12: GROMOS96 53a5 force field (1CC 28@4 wol 25 pag 1656)

13: GROMOS96 53a6 force field (1CC 28084 wol 25 pag 1656)

14: GROMOS96 54a7 force field (Eur. Biophys. 1. (2811), 48,, B43-856, DOI: 19.18687/s68249-2811-2720-3)
15: OPLS-AA/L all-atom force field (2081 aminocacid dihedrals)



L
File Topology (.top)

Khai bao thw vién trudng lwc opls-aa dé goi ra cac tham sé tir trwedng luwc
#include "oplsaa.ff/forcefield.itp”

“Name”: Tén “Protein_A” khai bao tén cQa phan t&, dwa trén viéc protein
dwoc ky hiéu la “chain A” trong tap tin cau truc PDB.

3 Mame nrexcl
Protein_A 3

Cac thdng tin vé nguyén tw STT clia nhém dién tich (charge group
number)
[ atoms ]
;o nr type resnr residue atom cgnr charge mass typeB chargeB massB
; residue 1 LYS rtp LYSH q +2.0
1 opls_287 1 LYS M 1 -a.32 14.8a67 ;3 gtot -8.3
2 opls_29@ 1 LYS H1 1 8.332 1.288 ;3 qtot @.83
3 opls_29@ 1 LYS H2 1 8.332 1.288 ;3 qtot @8.36
4 opls_29@ 1 LYS H3 1 8.33 1.a88 ;3 gtot 8.69
5 opls_293B 1 LYS CA 1 8.25 12.811 ;3 gtot 8.94
& opls_ 140 1 Lys HA 1 @.06 1.888 ; gtot 1



File Topology (.top)

- Khai bao cac nguyén tlr dwoc gidi han chuyén ddng (position restraints) trong
qué trinh can bang hé.

Tap tin “posre.itp” dwgc tao tw dong bdi Iénh pdb2gmx (dinh nghia cac héng
s6 lwc, twong ng hé sé dan hoéi cha 16 xo) cda thé dan héi tac dung Ién

nguyén te.

+ Include Position restraint file

¥

#ifdef POSRES
#include "posre.itp”
#endif
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File Topology (.top)

- Khai bao nuwéc: str dung mé hinh nwéc SPC/E

3 Include water topology
#include "oplsaa.ff/spce.itp”

#ifdef POSRES WATER

3 Position restraint for each water oxygen

[ position restraints |

3 1 funct fcx fcy fcz
1 1 108 108 laaa
#endif

- Tham sb cla ion dwoe khai bao trong trudng lwc

3 Include generic topeology for ions
#include "oplsaa.ff/ions.itp”
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File Topology (.top)

Khai bao toan b thdng tin vé hé mé phdng: ,
[system]: Khai bao tén cua hé va tén nay dwoc ghi ra tap tin ket qua trong qua

trinh mé phong
[molecules]: Liét ké cac loai phan tr c6 trong hé va sb lvong loai phan tir do.

[ system ]
; Name
LYSOZYME

[ molecules ]
; Compound #mols
Protein A 1



File cau truc (.gro)

File .gro chira céc théng tin vé van toc.

MD of 2 waters, t= 0.0
&

1WATER OW1 1 0.126 l.624 1.67% 0.1227 -0.0580 0.0434
IWATER HWZ 2 0.1%0 l.6861 1.747 0.8085 0.319%1 -0.7781
IWATER HW3 3 0.177 l1.568 1.613 =0.9045 -2.6469%9 1.3180
ZWATER OW1 2 1.275 0.053 0.622 0.251% 0.3140 -0.1734
ZWATER HWZ 2 1.337 0.002 0.680 -1.0641 -1.134% 0.0257
2ZWATER HW3 & 1.326 0.120 U.288 1.9427 -0.B21le -0.0244

1.820680 1.82060 1.82060
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File tham s (.mdp)

File tham s6 (.mdp) chra thong tin d& md phéng MD: budc thdi gian, sb
buwdc, nhiét do, ap suét.
Vi du: ions.mdp

; minim.mdp - used as input into grompp to generate em.tpr
; Parameters describing what to do, when to stop and what to save

integrator = steep ; Algorithm (steep = steepest descent minimization)

emtol =1000.0 ; Stop minimization when the maximum force < 1000.0 kJ/mol/nm
emstep =0.01 ; Minimization step size

nsteps = 50000 ; Maximum number of (minimization) steps to perform

; Parameters describing how to find the neighbors of each atom and how to calculate the

interactions

nstlist =1 ; Frequency to update the neighbor list and long range forces
cutoff-scheme = Verlet ; Buffered neighbor searching

ns_type =grid ; Method to determine neighbor list (simple, grid)
coulombtype =PME ; Treatment of long range electrostatic interactions
rcoulomb =1.0 ; Short-range electrostatic cut-off

rvadw =1.0 ; Short-range Van der Waals cut-off

pbc = Xyz ; Periodic Boundary Conditions in all 3 dimensions




File dau vao (.tpr)

« Két ndi cac théng tin twr file cau tric (gro), file cau hinh (top), file tham s
(mdp) va cac Iwa chon khac -> file

 File tpr ch®*ra tat cd cac théng tin can thiét cho mé phoéng bang
GROMACS.

« S dung gmx grompp

gmx grompp -f minim.mdp -c 1AKI_solv_ions.gro -p topol.top -0 em.tpr

gmx mdrun -v -deffnm em
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File két qua (.trr, .tng, .xtc)

gmx mdrun
mdrun
mdrun_mpi.

trajectory file *.trr
logfile *.log,
checkpoint file *.cpt



Running Gromacs

Input files: *.pdb, *.gro, *.itp, *.top, *.mdp, *.tpr

Output files: *.trr, *.xtc, *.edr, *.log

Input:
* pdb : Protein data bank format
* gro: Gromacs format (atom co-ordinates)
* itp: atom topologies (charges, mass, radii, etc)
» top: forcefields, number of molecules, water, etc
* mdp: molecular dynamics simulation parameters
* tpr: all of the above

Output:
e trr: trajectory file (co-ordinates and velocity)
 Xtc: trajectory file (co-ordinates only)
 edr: trajectory file (energies)
* log: CPU time, MFLORP, etc.



Creating Input Files

Converting pdb to gro:
pdb2gmx —f input.pdb —o0 output.gro -o protein.top

Solvation of the system:
editconf —f output.gro -box Ix ly Iz —o presol.gro

To check box size is OK

vmd presol.gro

Set unitcell on (check that protein is in the center of the
box and the edge is about 3 nm away from the protein)



Tutorial: Lysozyme in Water

Justin A. Lemkul, Ph.D.
Department of Pharmaceultical Sciences
Universitv of Marviand. Baltimore

http://www.mdtutorials.com/gmx/
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