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Abstract

Hand, foot and mouth disease (HFMD) outbreaks have occurred in many
countries including Malaysia, China, Singapore, Vietnam, Brunei, Cambodia and
England etc. In Thailand, increase in the prevalence of HFMD in children has forced
many school to be closed across the outbreak. Enterovirus 71 (EV-71) and
Coxsackievirus Al6 (CV-A16) are two viruses that most commonly cause the
pathogenic HFMD. Nowaday, many research groups have focused on drug design and
development toward EV-71. However, compounds from study have relatively low
efficiency. In this study, we aimed to screen the potent compounds from avialable
databases and the rupintrivir analogs. Molecular docking was used to build the
complex between ligand and CV-A16 protease. Then each complex was studied by
steered molecular dynamics simulation (SMD) which  shows better accuracy in
screening the bioactivities compounds than molecular docking. Based on pulling
force, the ZINC11783883 (583 kJ/molsnm) was predicted to be a lead compound for

further anti-HFMD drug design and development.

Keywords : Compound screening, protease, Hand Foot Mouth Disease, Steered

Molecular Dynamics simulation
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Chapter |

Introduction

1.1 Hand, foot and mouth disease

1.1.1 Introduction of hand, foot and mouth disease

Hand, foot and mouth disease (HFMD) is caused by viruses the Picornaviridae
family, which coxsackievirus A16 (CV-A16) is the most common virus. CV-A16 presents
no severe symptom and patients recover swiftly. In contrast, enterovirus 71 (EV-71) is

rarer but can be fatal in young children and causes severe neurological symptomsl’ ’,

1.1.2 Signs and symptoms

HFMD can outbreak from excretion, saliva or feces of the illness. Sometimes
viral transmission occurs from sneezing. HFMD commonly affects to children in
summer and autumn periods.

The patients are likely to experience fevers and tiredness after 3-7 days of
infection and lose their appetite. In the next step, they have a stuffed nose, cold
sores, sore throat, and babies stop suckling. They have painful sores in the mouth,
throat or both. Rashes form on the hands, feet, mouth, tongue, and inner cheeksl’ > 4.
In severe cases, enteroviruses can damage the central nervous systems (CNS) to viral
meningitis, encephalitis and severe myocarditis, similar to fatal pulmonary edema.

The children are affected more than adult because of the low efficiency of their

. 1,3
immune systems .

1.1.3 Qutbreaks

EV-71 and CV-A16 associated HFMD are prominent in the southeast pacific
region of the world, with millions of people infected every year and many fatalities

amongst children. In 2013, 265 children died in China alone”’. Although the disease is



more common in less developed countries, in 2013 there were relatively small

outbreaks in Australia, and Hong Kong experienced a three-fold increase in infection.

This increase in prevalence in areas of wealth likely leads to an increase in funding

for combating the disease.

Table 1. Number of infected individuals in the South East Pacific region by country

with incidences in 2012 and 2013. Note that EV-71 is not the primary cause of HFMD

in AustraliaS.

Total HFMD Total HFMD
2013/2012 incidence
Country infections infections
ratio
2012 2013
China 2,071,237 1,757,078 0.8
Hong Kong 1,625 495 33
Japan 68,691 298,879 4.3
Singapore 36,786 30,875 0.8
Thailand Jan 1 to July 22 Jan 1 to June 2 0.7
16,860 11,678
Australia - 32 -




1.1.4 Life cycle of enterovirus 71 and coxsackievirus A16

Figure 1: The life cycle of positive single-standed RNA of EV-71 and CV-AL6°

The both viruses are in the family Picornaviridae and contain a genome of
single-standed positive-sense RNA with a single open reading frame (ORF) encoding a
large polyprotein precursor. In infected cells, this polyprotein is further cleaved into
structural and nonstructural proteins via the virus-encoded 2A and 3C proteases.
Upon translation of the polyprotein, the 2A protease automatically cleaves the
joining sequence between Vpl and 2A. The 3C, the main protease, is responsible for
the cleavage of the eight junction sites within the remainder of the polyprotein7. The
3C protease is a constituence of the replication complex of the viral genomic RNA’.
Therefore, the protease cleavage step is focused for bulided inhibitor extract virus

prod uction”.



1.2 Cysteine protease 3C

1.2.1 Nature of cysteine protease 3C

Figure 2: Proteolysis mechanism of EV-71 and substrate 3C protease involving the
neutralizer Arg39. The catalytically important residues are shown in black and green,
respectively. The electron relays are indicated by red arrows. Thicker and thinner

dashed lines indicate stronger and weaker interactions .

3C is a cysteine protease essential for the production of EV-71 virion particles
° These particles are vital for the replication of the virus. It was also found that a
novel mechanism of 3C protease impairs host immune function by interfering with
polyadenylation of the host cell RNA by digesting CstF-64, a critical host factor for
pre-mRNA processing“. The vital role of 3C protease in both viral replication and

counter-immunity makes 3C protease a very attractive drug target.



1.3 Rupintrivir

1.3.1 Nature of rupintrivir

P3 Pl NH

’ : H COEt P].’
o N ©
Figure 3: The 2D structure of rupintrivir. a lactam in P1, a fluorophenylalanine in P2,
amino acid Val in P3, a 5-methyl-3-isoxazole in P4 and an o.f3-unsaturated ester in
P1.

Rupintrivir is a specific peptide - mimic inhibitor against the 3C protease of

human rhinovirus (HRV). It is a develop potent compound to inhibit against EV-71

: 12
contains rupintrivir .

1.3.2 Rupintrivir efficiency

Rupintrivir, also known as AG7O8812, is a compound designed originally to
inhibit rhinovirus (HRV) 3C"”°, however has been found to exhibit broad-spectrum
antiviral activity in other members of Picornaviridae. Rupintrivir has reached in phase
Il trials and is currently the most effective peptidomimetic 3C protease inhibitor with
an 1Csq of 2.1 p!\/lq’ S Another desirable reason for targeting 3C protease is that

rupintrivir is an effective inhibitor of the 4 other enterovirus strains, despite minor

catalytic triad mechanism differences; CVB2, CVB5, EV6 and EV915.

1.3.3 Why we cannot use rupintrivir to treat hand, foot and mouth disease



Figure 4: Rupintrivir in the 3C protease active site of HRV (cyan-orange) and CV-Al6
(magenta-green). (A) Rupintrivir differenctly uplifts by 1.7 A in P2 chain and P1’ chain.
(B) Hydrogen bonds® between P1’ chain and protease residues.

Unfortunately, although rupintrivir is a potent inhibitor of HRV 3C protease, it
is less than 100 times as effective against CV-A16 and EV-71 and thus not suitable for
drug repurposing. Now that higher resolution structural models of the proteins are
available, we are able to start investigation into structural modifications of rupintrivir

so that it more effectively inhibits the 3C protease of CV-Al16 and EV-71.

1.4 Objective of this study
To screen the potent compounds aginst CV-A16 3C protease of hand, foot

and mouth disease.



Chapter Il

Theory

2.1 Similarity search

The similarity search is a technique to screen the compounds using chemical
structure from database of template. In this study, base on rupintrivir structure and
set filter ex molecular weight, similarity threshold of 0.6 were applied. A higher
similarity threshold results in less hits that are more similar to the query structure.

Threshould value must be between 0.3 to 1

2.2 Molecular Docking

Molecular docking is used to predict conformation or nature of binding
between molecules based on a lock and key process. A goal of molecular docking
method is to find lead compound or approximately activity of ligand and to
understand a binding mechanism between enzyme and ligand.  In the current drug
development, the docking method is mostly used for screening preference inhibitor.

There are two docking procedures, rigid docking and flexible docking. Docking
algorithms including CDOCKER, LibDock, LigandsFit and MCSS are available

techniques.

2.2.1 CDOCKER algorithm

CDOCKER algorithm uses a random initial ligand placement and CHARMm
forcefield for ligand docking into the rigid receptor. In this method, the ligand is
subjected to high-temperature molecular dynamics and random orientations of the
conformations, which ligand with low-energy orientation could specific all located
within the receptor active site”*. Interaction energy between docked ligand and
receptor (AEim) is calculated in according to Equation.

A Epy = E(AB) - (E(A) + E(B))



The E(A) and E(B) are the energies of the isolate objects (free form) and E(A,B)
is the energy of their interacting assembly (complex). In docking result, the ligand

with the most negative value of /., is ranked in the top score.

2.3 Steered molecular dynamics simulation (SMD)

Steered molecular dynamics simulation (SMD) is an advanced molecular
dynamics (MD) simulation. Which induces unbinding of ligand and conformational
changes in biomolecules on time scales accessible to molecular dynamics simulation

(MD). The system is applied external forces to pulling ligand out of enzyme”.

2.3.1 Pulling path

Caver is a software tool for analysis and visualization of tunnels and channels
in protein structures. A tunnel connects a protein cavity with bulk solvent. The shape
of protein tunnel can be approximated as a pipeline with a varying width of cross
section. This approximation is useful for estimation of the largest probe accessing the
deepest place in the pocket. The size of a probe able to access internal cavity is
limited by radius of tunnel gorge, ie., the most narrow place in the tunnel. The
tunnel profile is a graph of cross section radius (radius of maximally inscribed ball)

versus tunnel length measured from its deepest place to the surface openingw.

Auctive sile

Maximally m=cibed balls
Bdost probable weay
Proten stioms

Exir poine

Figure 5: The shape of protein tunnel’



2.3.2 GROMACS-4.5.5
The protein preparation, minimization, MD simulation and pulling ligand out
of protein by SMD were performed by GROMACS-4.5.5 program. It is free and saves

computing times more than other programs.



Chepter llI

Methodology

3.1 Ligand selection and preparation

Prepare receptor

SMD for 500 ps

Diagram 1: Outline of overall process

3.1.1 Known inhibitors

Rupintrivir8 and inhibitors~ with 509% effective concentration (ECsp) to 3C

protease of enterovirus 71 from the previous experimental studies are summarized in

Table 2.

Table 2: Chemical structures and ECs, values of rupintrivir8 and 5 inhibitors

Ligand Chemical structure

ECso (uM)

Rupintrivir

0.3




SG81 > 40
SG82 12402
SG83 1.3+05
SG85 1.0+02
>4 NH
(]
H
SG98 )L . I~ 25405




3.1.2 Ligands selected from avialable databases

In the present study, the three available databases ZINC, DrugBank and
CheMBL, were focused with 60% structure similarity toward rupintrivir. The 200 ZINC
compounds, 28 DrugBank compounds and 16 ChEMBL compounds were selected for

further docking study.

3.1.3 Modified rupintrivir compounds

Figure 6: Rupintrivir in positively charged pocket of CV-A16.
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Figure 7: The Chemical structure of 24 P2-modified functional groups on rupintrivir.

To improve the ligand fitness at the P2 binding site, the P2 group of rupintrivir

is modified with 24 different functional groups as shown in Figure 7.

3.2 Protein selection

The X-ray structures of cysteine protease of EV-71 and CV-A16 with rupintrivir
bound are extracted from PDB databank (3ROF and 3SJI, respectively). From
superimposition between the two complexes (Figure 8), both enzymes have
sequence identity of 90% and root mean sequare deviation of 0.6 A suggesting that
there are relatively similar in structure and conformation. Since CV-A16 has the most

outbreaks in many countries and thus we selected the CV-A16 as the target enzyme



in this study. We postulate that an efficient inhibitor of CV-A16 should be effective

against EV-71 too.

Figure 8: Crystal structures of EV-71 (grey) and CV-A16 (blue) in complex with

rupintrivir are superimposed.

Figure 9: Hydrogen bonds between rupintrivir and 3C protease of CV-A16



3.3 Molecular docking method

3.3.1 Preparation of ligand structure (diagram 2)

Download structure from Create structures of the
databases (ZINC, DrugBank known ECs, values and
and CheMBL) modified rupintrivir

Geometry optimization by MM method with

MMFF94 partial charge and CHARMm force field

A 4

optimized strucutre

Diagram 2: Ligand optimization in molacular docking

3.3.2 Preparation of protein structure (diagram 3)

CV-A16 (3SJ1)

A 4

Define and enlarge binding

site using rupintrivir structure

\4

Forcefield : CHARMm

Partial charge : MMFF94

Diagram 3: Preparation of receptor in molacular docking



Figure 10: Defined binding site for ligand docking into the CV-A16 protaese

3.3.3 Docking procedure

Docking of each ligand into the active site of CV-Al16 protease was performed
by CDOCKER using CHARMm forcefield (Momany-rone partial charge method). The
docking sphere is of 11 A’ around rupintrivir structure. In annealing, the system was

heated to 700 K and consequently with the cooling down to 300 K.

/ '\\ Energy of unbound complex

.,

N / \ /A_/ ............... . \\_——_

Energy of docked complex

vy

Binding energy

Docking

+ —)

Conformation coordinate

Figure 11: Binding energy profile along the conformation coordinates from unbound

complex to docked complex.



3.4 Molecular dynamics simulation

We, defined the unit cell by having space left for pulling direction to allow
the continuous pulling without interecting with the periodic images of the system.

The system was solvented and neutralized by one Cl ion.

Figure 12: Unit cell for pulling simulation with size of 3.50 x 3.75 x 3.50 nm’

The ligand optimization and a subsequent ESP calculation with basic set
HF/6-31G* were performed by gaussian09 program. The RESP charge was calculated
by antechamber module in AMBER program. Afterwards, charge format from AMBER
was converted to gromacs format. In MD simulation, the AMBER ff03 forcefield was
applied on each system. MD simulations were carried out under the periodic
boundary condition with the NPT ensemble at 1 atm and 298 K using the GROMACS-
4.5.5 program package in according to the standard procedures. The complex with
added solvent and ion were energetically minimized using the steepest descent (SD)
of 50,000 steps while the other molecules were constrained. Time step of 2 fs, a
cutoff function at 1.0 nm for Van der Waal interactions and 1.0 A for electrostatic
interaction were used. The long-range electrostatic interactions were calculated via
the particle mesh Ewald Sum method. Subsequently, each system was treated by

heating up to 298 K for 100 ps with the NVT ensemble using the Berendsen



procedure. After that the simulation with NPT ensemble was performed at 298 K and
a pressure of 1 atm for 200 ps using the Parrinello Rahman pressure couling
approach to maintain a constant pressure. The simulation was fully equilibrated for

500 ps.

3.5 Steered molecular dynamics simulation

3.5.1 Pulling ligand pathway

Based on the hypothesis that the easiest pathway for escaping of ligand from
active site would have the largest width and shortest depth, among the five paths in

Figure 14 the path 1 was chosen for SMD study.

CV-A16 tunnelling path [Length (nm) |Radius (nm)
1 1.40 1.51
2 2.70 1.17
3 1.81 1.18
a4 3.18 1.13
5 1.79 1.05

Figure 13: Possible paths for ligand pulling from protease



3.5.2 The pulling ligand from protein

After equilibration, the bound ligand was pulled out from the binding pocket
of the protease with constant velocity (V) of 0.005 nm/ps along the Z-direction using
harmonic potential. A time step of 1 fs with a van der Waals interaction cut off at 1.4
nm and the particle mesh Ewald (PME) summation method applied for the long-
range electrostatic interactions were used. In equilibration for 500 ps, the C-alpha
atoms of all amino acids were restrained, while the ligand was pulled from 3C
protease in Z dimension, by a spring constant (k) of 600 kJ/molenm’ (~996 pN/nm).
The total force can be measured via equation of F = k(vt-x), where x is the

displacement of the pulled atom from the starting position.



Chapter IV

Results and discussion

4.1 Molecular docking results

Figure 14: Binding interaction between the docked ligands and 3C protease of CV-
Al6

The low interaction energy between ligand and protease suggested the strong
binding. From docking results in Figure 15, the top ranked ligands were chosen under
the criterion of binding interaction energy less than -45 kcal/mol. And thus, the 46
selected ligands in complex with CV-A16 protease was further simulated using MD

and SMD simulations.



4.2 SMD Validation

Force (kJ/mol.nm)

Force (kJ/mol.nm)

Figure 15: Three times of the first pathway of rupintrivir and CV-A16 protease, (A)
the rupture force about 514 kJ/molsnm at 198 ps and (B) extension of ligand with
protein at 0.13 nm

The derived force-time have the rupture force (F.,) obtain from the first
tunnel, same the rupture force in three time and the extension refers to the distance
between the ligand positions at time t=t, and t=t,. So, in another ligands will once

pulling



SG81

SG85

SG83

SG82

SG98

Figure 16: The correlation between the rupture force (F,.J) and the calculated

binding free energies obtained from the experimental values



SG85
SG83 SG82
SG98
SG81
B
SG85
SG83 SG82
SG98
SG81

Figure 17: (A) The force-time and (B) the force-displacement profiles of the five
known inhibitors pulled from the CV-Al6 protease binding site through the selected
tunnel (path 1 in Figure 12), where in (A) the X-axis refers to the extended distance

from the reference position of the ligand (at t=0)

To test the potential reliability of the SMD simulations, the known inhibitors
were pulled out from the binding pocket along path 1 and the resulted rupture

forces were plotted versus the experimental ECs, values' in Figure 18. The force-



time and force-displacement profiles of each of the five known inhibitors (SG81,

SG82, SG83, SG85 and SG98) are plotted in Figure 18. The force increased linearly to
the maximum force, is defined as the rupture force (F,.,)-

With respect to the force-extension plot in Figure 16, the SG83 and SG85
lisands successfully escaped from the CV-A16 protease at nearly the same extension
as each other at ~0.5 nm and after ~300 ps, the SG82 was freed later (~450 ps) at a
extension of 1.4 nm, the SG98 was freed later (~200 ps) at a extension of 0.1 nm, the
SG81 was freed later (~350 ps) at a extension of 1.5 nm which use low force pulling
liscand from complex (~200 kJ/molenm) and the lowest activity. In comparison with
the experimentally data15, the theoretically (SMD) derived rupture force (F.
obtained from Figure 18) was plotted with the experimental ECs, values. The F, .,
values obtained from the SMD simulations corresponded relatively well to the
experimental data, with ranked rupture force as SG85 > SG82 =~ SG83 > SG98 >>
SG81. Therefore, the SMD approach is a potential method to obtain qualitatively
reliable binding affinities and so could be used for screening the hit-lead conpounds

of the CV-A16 protease of HFMD.



4.3 Ranking of binding affinity of ligands by SMD results

Figure 18: Ranking of the binding affinity towards the CV-A16 protease of the top 40
ligands from ZINC and DrugBank databases and rupintrivir modified analogs
compared with rupintrivir (yellow) and known inhibitors

The other ligands were separately pulled out from protease binding pocket
using the same procedure applied for the know inhibitor-protease complex described
above. The F. values for all 40 compounds were ranked with those of the six
known inhibitors (Table 2) and plotted in Figure 19.

From the F, . values, rupintrivir, which is currently in phase Il clinical trials,
was predicted to have the high efficiency of ligand binding against the CV-A16
protease of HFMD with an F,,, value of approximately 514 kJ/molenm. The best
compound from ZINC database is ZINC11783883 (F,,, Value of 583 kJ/molenm). In
contrast, the top ranked compounds from DrugBank database and modified analog

of rupintrivir are DB04353, rup CH,OH para, rup propyl meta, rup CH,OH meta



have F . value of 399, 461, 461, 442 kJ/molsnm, respectively but not better than

rupintrivir

SG85
SG83 SG82

ZINC11783883
rupintrivir

SG85 $G83

ZINC11783883 SG82

rupintrivir

Figure 19: Comparison of the top ligands in terms of force-extension and force-time



Figure 20: A is show energy of ligand with protein and B is Number of Hydrogen

bonds, Both ralate with a time.



4.4 Conclusions

The SMD technique was applied to screen for potentially potent HFMD agent
from the ZINC database, DrugBank database and modified analog of rupintrivir based
on hypothesis that a high required rupture force (F.) for pulling the ligand out of
the CV-A16 binding site equates to a high predicted binding affinity and so inhibition
efficiency. To validate the method, the six known HFMD inhibitor (rupintrivir, SG81,
SG82, SG83, SG85 and SG98) were subjected to the same SMD analyses, where the
derived F. Values were found to be in good agreement with the experimental ECs,
data. According to the ranked F. from the 40 top hit compounds from the
databases and structural modified compounds, the ZINC11783883 was suggested to
have a better inhibitory affinity than rupintrivir (but less than SG82, SG83 or SG85).
Therefore, ZINC11783883 may serve as potential CV-A16 protease inhibitor or be
further used as a template for lead optimization. In addition to the predicted binding
affinities derived from the theoretically obtained F,, values, the VdW interaction
was found to show a higher contribution towards stabilizing the ligand in the active

site of CV-A16 protease interaction than electrostatics interaction.
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Appendix | : Show the interaction energy from Docking method and pulling force

from Steered Molecular dynamics simulation

EC50 Docking (-) Force
No. ID
mM kJ/mol kJ/mol.nm
Reference
1 rupintrivir 0.3 67.87 514.87
2 SGT75 70+ 1.1 51.64 -
3 SG81 > 40 44.51 271.21
a4 SG82 1.2+0.2 49.67 589.37
5 SG83 1.3+05 66.81 609.54
6 SG84 25+04 - -
7 SG85 1.0+0.2 5253 664.11
8 SG98 25+05 50.3 488.23
ZINC DATABASE
9 11783883 46.5435 583.36
10 11881119 39.8666 212.58
11 12129784 45.8992 260.19
12 12129774 458417 342.22
13 19698781 47.5947 163.43
14 19714675 40.6643 331.16
15 35989281 40.7422 380.46
16 36002517 53.8002 22252
17 36002465 47.9598 315.06
18 36002518 45.5841 201.59
19 36002516 51.117 278.51
20 36002515 49.6876 464.67
21 36002466 44.843 256.16
22 36015762 48.3752 387.70
23 36015362 47.3166 410.62
24 44454251 45.1163 353.50




25 44454241 42.4438 -
26 49523246 44.3956 -
27 72165845 40.4928 260.28
28 12129801 45.2011 230.53
29 15002588 46.6752 -
30 12752936 37.3045 -
31 19522804 51.7005 380.46
DRUGBANK
32 DB04710 67.3999 -
33 DB04623 59.8576 197.68
34 DB04613 50.7078 279.44
35 DB04595 68.8372 322.78
36 DB04391 59.5914 -
37 DB04353 53.7196 399.43
38 DB03276 58.6744 -
39 DB02341 41.1102 209.31
40 DB02313 57.1961 267.36
a1 DBO1721 52.4953 -
42 DB01232 49.5377 189.48
43 DB01180 52.4852 390.42
a4 DBO7741 40.3768 242.81
45 DB04692 60.1905 305.45
46 DB03960 46.8977 -
a7 DB03702 45.4784 240.69
MODIFIED
48 Rup_F _meta 63.9869 426.75
49 Rup F ortho 70.5741 -
50 Rup_COOH_para 88.0961 -
51 Rup_COOH_meta 83.4482 -
52 Rup_COOH_ortho 71.1928 -
53 Rup_CH20H para 79.1045 461.16




54 Rup_CH20H_meta 74.0876 442.10
55 Rup_CH20H ortho 68.6568 -

56 Rup_ethyl para 75.0805 274.91
57 Rup_ethyl meta 60.761 217.75
58 Rup_ethyl ortho 52.2702 25391
59 Rup_propyl_para 67.8957 323.14
60 Rup propyl meta 58.7837 461.07
61 Rup_propyl_ortho 61.1781 380.40
62 Rup_p-Npyridine_o-propyl 60.4803 339.69
63 Rup_m-carboxilic_m-propyl 60.9515 -

64 Rup benzene 73.5996 -




Appendix Il : Show example input file for minimization

NES STARTING WITH ;" ARE COMMENTS

title = Minimization (fixed zn liand water) ; Title of run

; Parameters describing what to do, when to stop and what to save

cpp = /lib/cpp
define = -DFLEXIBLE
constraints = none
integrator = steep
nsteps = 50000
emtol =100.0
emstep =0.01
nstcomm =10
nstxout = 100
nstvout =100
nstfout =0

nstlog =100
nstxtcout = 100
energygrps = system

; location of cpp on SGI

; No constraints except for those defined explicitly in the topology
; Algorithm (cg = conjugated gradient, steep = steepest descent
minimization)

; Maximum number of (minimization) steps to perform

; Stop minimization when the maximum force [kJ mol-1 nm-1]
; Energy step size, used with steep

; frequency for center of mass motion removal

; frequency to write coordinates to output trajectory file

; frequency to write velocities to output trajectory

; frequency to write forces to output trajectory

; frequency to write energies to log file

; frequency to write coordinates to xtc trajectory

; Which energy group(s) to write to disk

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

interactions

coulombtype = PME

ns_type = grid
nstlist =10
rlist =10
rcoulomb =10
vdwtype = cut-off
rvdw =10

fourier spacing = 0.12

fourier_nx =0
fourier ny =0
fourier nz =0

pme_order =6

; Treatment of long range electrostatic interactions

; Method to determine neighbor list (simple, grid)

; Frequency to update the neighbor list and long range forces
; Cut-off for making neighbor list (short range forces)

; long range electrostatic cut-off (nm)

; long range Van der Waals cut-off (hm)



ewald rtol = 1le-5
optimize fft = yes ; Calculate the optimal FFT plan for the grid at startup
pbc = Xyz ; Periodic Boundary Conditions (no=No pbc, xy=Use pbc in x and y

directions only, xyz=Use pbc all direction



Appendix Ill : Show example input file for Molecular Dynamics simulations

title = NVT Equilibration
cpp = /lib/cpp ; location of cpp on SG
define = -DPOSRES -DPOSRES MOL

; Bond parameter
constraints = all-bonds ; Convert all bonds to constraints

constraint_algorithm = LINCS

integrator =md ; A leap-frog algorithm
emtol =1

emstep = 0.005

dt = 0.002 ; unit is ps
nsteps = 50000 ; total 100 ps.
nstcomm = 10

comm_mode = Linear

comm_grps = Protein_MOL Water_and_ions
nstxout = 1000

nstvout = 1000

nstfout =0

nstlog = 1000

nstenergy = 1000

nstxtcout = 1000

xtc_precision = 5000

nstlist = 10

ns_type = grid

rlist =10

rcoulomb = 1.0

rvaw =14

coulombtype = PME ; Reaction-Field
vdwtype = cut-off

fourierspacing = 0.12

fourier_nx =0

fourier_ny =0

fourier_nz =0



pme_order =6
ewald rtol = le-5
optimize_fft = yes

pbc = Xyz
DispCorr = EnerPres

; account for cut-off vdW scheme

; Berendsen temperature coupling is on in two groups

Tcoupl = v-rescale
tc_grps =

tau t =01 01
ref t = 310 310

; Energy monitoring

Protein MOL Water and ions

energyerps = Protein MOL Water_and_ions

; Pressure coupling is on

Pcoupl =no
;Pcoupltype = isotropic
;tau_p =0.1
;compressibility = 4.5e-5
sref p =1.0

; Generate velocites is off at 310 K.
gen_vel = yes
gen_temp = 3100

gen_seed = -1

; No pressure coupling, fixed box size

; Isotropic pressure coupling with time constant tau_p

; time constant for coupling (ps)

; compressibility (bar), For water at 1 atm and 300 K the
compressibility is 4.5e-5

; reference pressure for coupling



Appendix IV : Show example input file for Steered Molecular Dynamics simulations

title

cpp

define

constraint_algorithm

constraints
integrator
emtol
emstep

dt

nsteps
nstxout
nstvout
nstfout
nstlog
nstenergy
nstxtcout
xtc_precision
nstcomm
comm_mode
comm_grps
nstlist
ns_type

rlist
rcoulomb
rvdw
coulombtype
vdwtype
fourierspacing
fourier_nx
fourier_ny
fourier_nz
pme_order
ewald rtol

optimize_fft

smd

/usr/bin/cpp

-DPOSRES _CA

lincs

none

md

1

0.005

0.001

500000 ; 500ps

1000 ; write coordinate every 5 ps to output trajectory
1000 ; write velocity every 5 ps to output trajectory
0 ; write force to output trajectory
1000 ; write energies every 5 ps to log file
1000 ; write energies to energy file every 0.5 ps
1000 ; write coordinate to xtc every 0.5 ps
5000

10

Linear

Protein_MOL water_and_ions

10

grid

1.0

1.0

1.4

PME

cut-off

0.12

0

0

0

6

le-5

yes



pbc = Xyz

DispCorr = EnerPres

; Berendsen temperature coupling is on in two groups

Tcoupl = v-rescale

tc-grps = protein MOL Water and ions
tau t =01 01

ref t = 310 310

; Energy monitoring

energygrps = Protein MOL SOL CL

; Isotropic pressure coupling is now on

Pcoupl = Parrinello-Rahman
Pcoupltype = isotropic

tau_p = 05
compressibility = 4.5e-5

ref p = 1.0
refcoord_scaling = com

; Generate velocites is off at 310 K.

gen_vel = no
;gen_temp = 310.0
;gen_seed = -1

; Steered Molecular Dynamics

pull = umbrella

pull_geometry = direction

pull vecl =0.00.01.0

pull_dim =nny

pull k1 =600

pull_group0 = Protein ; reference group for pulling

pull_groupl = MOL ; eroup to which pulling force is applied
pull_nstxout =10 ; write COMs of all pulled grp. every 0.01 ps

pull_nstfout =10 ; write force of all pulled grp. every 0.01 ps



pull_ratel = 0.005

pull_start = yes
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