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i. Abstract 

This chapter contributes a short tutorial on the preparation of molecular dynamics (MD) 

simulations for a peptide in solution at the interface of an uncoated gold nanosurface. 

Specifically, the step-by-step procedure will give guidance to set up the simulation of a 16 amino 

acid long antimicrobial peptide on a gold layer using the program Gromacs for MD simulations. 
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1. Introduction 



 

Molecular dynamics (MD) simulation is a powerful approach to analyse the behaviour of 

molecular systems in time and space (1). In the last decade, the tremendous evolution of 

computer technology resulted in mass production of low-cost, high performing computers for the 

game industry and mobile communication. This technological bonanza is boosting the quality 

and limits of MD simulations to the point that nowadays MD is considered equivalent to a 

“computational-“ microscope, capable of resolving structural, dynamics and functional properties 

of a complex biomolecular system at nanoscale level (2,3). Besides clarifying the 

physicochemical properties of molecular systems, MD also starts to help discovering and 

designing new nanomaterials. This chapter will provide a concise introduction to the preparation 

of MD simulations of a peptide in the presence of a gold nanosurface using Visual Molecular 

Dynamics (VMD) (4) and Gromacs (5,6) software. The simulation system described here 

consists of a simulation box with a single surface of gold atoms on one side and perpendicular to 

the Z-axis of the simulation box. A peptide is centred in the simulation box that is also filled with 

water molecules and counter ions. A gold surface is a convenient approximation of the surface of 

a large gold nanoparticle (≥40 nm) as for peptides and small proteins the effect of the curvature is 

negligible. 

 

2. Materials 

 

1. Desktop computer equipped with 16 Intel(R) Xeon(R) CPU E5-2630 v3 at 2.40GHz or 

computer with similar architecture. 

2. Unix operating system (OS) (see Note 1) 



3. The Visual Molecular Dynamics (VMD 1.9.1 or later versions) software . It is required for 

generating gold nanosurfaces and for visualising results of the MD simulation (see Note 2).  

4. Gromacs (version 5 or later). This is used to perform all the MD simulations and analysis of 

trajectories (see Note 3).  

5. A PDB file containing peptide structure of interest. Modelling described here is exemplified 

using an NMR solution structure of the peptide VG16KRKP (PDB: 5WYE), which is available 

from the Protein Data Bank (PDB) (20). 

 

3. Methods 

 

3.1. Preparation of the gold nanosurface coordinates.  

 

A planar slab of gold atoms is generated using the program VMD (see Figure 1a).  

 

1. Create a working directory on the computer from a console terminal and start the VMD 

program.  

2. Select in the menu of the VMD main window the following tool  "Extensions à 

Modellingàinorganic Builder tool". In the new window, select the option "Build device" from 

the pull-down menu. The screen will change at this point to show a panel, as illustrated in Figure 

1a. Select "Gold" from the "Material" pull-down menu and in the "Box dimension" section, enter 

the values X=10, Y=10, Z=2, as shown in Figure 1a. Press the button "Build device". The tool 

will generate a planar slab of gold atoms consisting of four layers with a total size of 41x41x8 

nm for a total of 800 gold atoms. The surface will become visible on the computer display.  



3. Select the molecule with 800 atoms in the VMD "Main" window and save the coordinates of 

the generated layers in PDB format using the item "Save coordinates" under the "File" menu. 

Name the file "AuLayer.pdb". 

4. Use the Gromacs tools from the terminal console (see Note 4) to translate the gold atoms layer 

to the bottom of a simulation box. Use the "editconf " command for coordinates transformation to 

centre the gold layer in a new box with size along x, y, z equal to 4.0782, 4.0782, 6.00 nm, 

respectively and save the coordinates in the file “Box.gro” (see Note 5): 

> gmx editconf -f AuLayer.pdb -o Box.gro -box 4.0782 4.0782 6.000 

The command increase Z-side of the simulation box to 6 nm to allow ~5 nm of water layer on the 

top of the gold surface.  Then move the layer to the bottom of the simulation box: 

 

> gmx editconf -f Box.gro -o Box.gro -translate 0.0 0.0 -2.6 

 

The visualization of the "Box.gro" file with VMD should give a structure similar to one in the 

Figure 2A. 

 

5. To verify that task was performed correctly, visualize the new box. Use the command vmd 

Box.gro and, fselect "Display" then ""Orthographic" from the Menu bar of the VMD Main 

window. Type the command “> pbc box” in the VMD command line, to visualize the simulation 

box (see Note 6).  

 

 

3.2. Preparation of the gold nanosurface topology.  



 

 A model of force field describing the molecular interactions in the system is required for an MD 

simulation (see Note 7). A force field model of a molecular system consists in a list of bonded 

(e.g. parameters representing bonds or bond-angles functions), and non-bonded (e.g. partial 

charges, Lennard-Jones parameters) describing the molecular interactions present in the system. 

These information are listed in so-called topologies files. This section describes topology file in 

“Gromacs” format for a flat gold layer. An alternative approach for generating a spherical 

nanoparticle instead of a planar layer is described in Note 8. 

1. A typical script for the Unix awk command is shown in Figure 3, this should generate the 

topology file for the gold layer.   

2. Save the script file with the name “GenAuTop.awk”  

3. Enter this command to generate the topology file “auLayer.itp”: 

 

> awk -f  GenAuTop.awk > auLayer.itp 

 

3.3 Preparation of the peptide topology.  

 

1. Download the PDB file of the small 16 amino acid peptide VG16KRKP (amino acid sequence 

VARGWKRKCPLFGKGG, see Note 9) and save the file in the working folder.  The file 

downloaded from the PDB database (5wye.pdb)contains 20 models. Use the first one, which is 

the lowest energy model.  

2. From the terminal command line, type the following "Gromacs" command that automatically 

generates the topology files for the peptide (see Note 10): 

 



> gmx pdb2gmx –f 5wye.pdb -ignh 

 

3. When prompted for a force field selection, select the "OPLS-AA" force field and the "TIP3P" 

as the water model (see Note 11). The software should generate three new files: 

i. topol.top - a standalone topology file of the peptide 

ii. conf.gro -  a file containing coordinates of the peptide in GROMOS format. The 

coordinates will correspond to the the first model in the "5wye.pdb" file 

iii. posre.itp - a list of the position restraints for the proteins 

 

4. Enter the coordinates of the peptide in the simulation box. Centre the peptide coordinate file to 

the reference frame using the command: 

 

> gmx editconf -f conf.gro -o protein.gro -center 0 0 0 

 

5. Specify the position of the centre of mass of the peptide in the simulation box by writing its 

coordinates in a text file called "positions.dat". Place the peptide in the middle of the box above 

the gold layer at a distance of ~2.7 nm from the surface. The coordinates to write in the file are 

2.0, 2.0 and 3.5.  

 

6. To center the peptide use the centering tool with the command: 

 

> gmx insert-molecules -f Box.gro -ci protein.gro -ip positions.dat -o 

AuL+pep.gro.  

 



The visualization of the AuL+pep.gro file with VMD should give a structure similar to one in 

the Figure 2B.  

7. To check that the peptide is in the expected position use "VMD" and the command: 

> vmd AuL+peptide.gro 

 

8. Topology of the Au Layer generated earlier should be included into the peptide topology file. 

To achieve that modify the beginning of the topol.top file as indicated (see Note 12):  

 

; Include forcefield parameters 
#include “oplsaa.ff/forcefield.itp” 
#include “auLayer.itp” 
 

 

9. Modify the "[system]"section at the end of the same file, which summarizes all the molecules 

present in the system and their number, by adding the name assigned to Au layer in the topology 

file (auLayer.itp) before the peptide in the list of the molecules in the simulated system as 

follows: 

 

[ system ] 
; Name 
 AU-VG16KRKP 
[ molecules ] 
; Compound        #mols 
auL                 1 
Protein_chain_A     1 
 

3.4. Adding water molecules to the simulation box. 

 



The final preparation step consists of packing the void of the box with water molecules. To 

achieve that coordinates of water molecules should be generated. Use the command: 

 

> gmx solvate -cp AuL+peptide.gro -o AuL+peptid+water.gro -p 

 

The software will automatically modify the topology file and will specify the number of 

generated water molecules within the list of molecules in the system section of the topology file 

(Note 13).  

 

3.5. Energy minimization procedure.   

 

Energy minimization of the system is required to remove any short distance clashes between the 

atoms in the generated solvent molecules, to ensure correct start of the MD simulation. Energy 

minimization requires a binary topology file that includes both the molecular topology of the 

current system and the simulation method parameters.  

 

1. Copy the list of parameters shown in Figure 4 into a file named em.mdp (see Note 14 for the 

description of these parameters). 

 

2. Execute the following command to generate a binary topology file: 

> gmx grompp –f em.mdp –c AuL+pep+water.gro –o em.tpr   

 



3. The peptide contains 3 lysine and two arginine amino acids that, at neutral pH conditions, sum 

up to a +5 total charge (see Note 15). Execute the program genion to generate 5 chlorine (Cl-) 

counterions and neutralize the total charge of the system: 

 

> gmx genion –s em.tpr –o AuL+pep+water.gro+ions.gro –nn 5 -p  

 

4. The program will replace five water molecules, located in regions with the highest electrostatic 

energy, with Cl- ions. Therefore, the program will prompt to select the group containing the water 

molecules: choose the one named SOL containing the list of atoms in the water molecules.  The 

visualization of the "AuL+pep+water.gro+ions.gro" file with VMD should give a 

structure similar to one in the Figure 2C. 

 

5. Execute "grompp" again but use new coordinates and topology files (Note 16): 

 

> gmx grompp -f em.mdp -c AuL+pep+water.gro+ions.gro -o em.tpr    

 

6. Perform 1000 steps of energy minimization using the following command: 

 

> gmx mdrun -v -deffnm em  

 

 

3.6. MD equilibration procedure.  

 



The density of the simulation box should be the same as the equilibrium density value. To 

achieve that perform a short peptide position-restrained MD simulation with the protein heavy-

atoms kept harmonically restrained to their starting position (see Note 17).   

 

1. Save the parameters shown in Figure 5 in a file called "pr.mdp" which is needed for 

equilibration (see Note 14 for explanations of the individual entries). 

 

2. Use the parameters file pr.mdp to prepare a new binary topology file with the command (see 

Note 18): 

 

> gmx grompp –f pr.mdp –c em.gro –o pr.tpr –r 

AuL+pep+water.gro+ions.gro. 

 

3. Perform 100 picoseconds (ps) equilibration with the following command: 

 

 

> gmx mdrun –deffnm pr & 

 

4. An extra equilibration step is required to release the position constrains on the peptide. To 

achieve that,  raise the temperature of the system slowly from 50 K to 300 K using the 

temperature-annealing feature of "Gromacs" (see Note 14). Copy the following parameters 

shown in Figure 6 into a file called "ann.mdp" for use in the slow heating equilibration 

procedure: 

 



5. Use the file "ann.mdp" to perform the equilibration procedure: 

 

> gmx grompp –f ann.mdp –c pr.gro –o ann.tpr –r 

AuL+pep+water.gro+ions.gro 

 

6. Perform 500 ps MD simulation using the following command: 

 

> gmx mdrun –deffnm ann & 

 

3.7. Production run.  

 

The simulation using the specified hardware and Linux OS requires 3.4 hours corresponding to 

an estimated performance of 66 nanoseconds (ns) of MD simulation per day. 

 

1. Modify the "ann.mdp" file by deleting the line containing the "temperature annealing" 

statements. Set both "nsteps” parameter to the value 5,000,000 (this corresponds to 10 ns) and 

the "gen_vel" parameter to "no". Save as a new file named "run.mdp".  

 
2. Process the new parameter file using the following command:  

 

> gmx grompp –f run.mdp –c ann.gro –o run.tpr –r 

AuL+pep+water.gro+ions.gro 

 



3. Start the simulation using:   

 

> gmx mdrun –deffnm run & 

 

3.8. Analysis of MD results.  

 

The analysis of the trajectory provides information on how the gold surface affects the peptide 

structure, highlights the dynamics of the binding mechanism and reorientation of the 

peptide/protein with respect to the surface (see Note 19). The visualization of the MD trajectories 

helps to check for possible artefacts and is therefore essential also (see Note 20).  

 

1. The extension of the peptide can be quantified using the radius of gyration (Rg) (see Note 21). 

To calculate Rg for each conformation along the MD trajectory use the command (see Note 22): 

 

> gmx gyrate –f traj.xtc –s topol.tpr –o gyrate.xvg 

 

2. To monitor contact of the peptide with the gold layer calculate the minimum distance and the 

number of contacts within a given cut-off distance between the peptide and the surface (see Note 

23). Use the command: 

 

> gmx mindist -f run -s run -on -dt 100 

  

3. Identify the most common conformations assumed by the peptide (see Note 24). Use the 

command: 



 

> gmx cluster -f run -s run -method gromos -av -cl -nst 100 -clid -dt 10 -wcl 

10 -cutoff 0.15 

 

4. Notes 

 

1. Unix is the computer operating system (OS) of choice in computational chemistry. 

Therefore, it is highly recommended to get familiar with it by either installing a Linux OS 

(Ubuntu is one of the most popular Linux distribution and it can be freely downloaded here (21) 

or by using the macOS (Mojave) that is highly compatible with the standard Unix OS system. 

Windows users can also install and run Linux OS using a virtual box (see for example (22)).  

2. VMD software offers a user-friendly interface for routine applications and the possibility to 

use a script-oriented Tcl/python based language for more sophisticated analyses. The official web 

page (23) offers comprehensive documentation with tutorials and scripts for specific tasks. 

3. Gromacs (24) is a versatile and highly efficient package to perform molecular dynamics of 

molecular systems. It is highly optimized and provides very high performance compared to other 

MD programs. It is also user-friendly, in constant developments and has a large and enthusiastic 

user community.  

4. "Gromacs"  software provides online help to assist the user.  To recall the available tools and 

their command options use the following command: 

> gmx help commands 

To see the online help and options for a tool, use the "-h" option, as for example: 

> gmx ediconf -h 



As “Gromacs” is a sophisticated program, it is strongly recommended to consult the  Gromacs 

manuals and the how-to guides with details on specific tasks and tips on the usage of the tools. 

The manuals are available at the Gromacs web site (25).  

 

5. File with the extension “.gro” is a coordinate file in GROMOS format (the standard file format 

of "Gromacs").  

 

6. Optionally, to show gold atoms as small spheres, change to the Corey-Pauling-Koltun 

 CPK representation style. Open the "Graphics" then choose "representation panel". 

 

7. In this simplified model of a gold layer, the interactions of Au atoms with solvent and peptide 

molecules are approximated with a Lennard Jones (LJ) function whereas the internal interactions 

among gold atoms are neglected and their coordinates geometrically restrained to their initial 

positions. The gold atoms are kept in their crystal position using position restraints with a force 

constant of 9000 kJ/nm2. The force field used as an example in this chapter is the OPLS-AA (7), 

which does not contains Au atoms in its standard list of atom types. These need to be added as 

new atom type using the Au-Au 12-6 LJ parameters (s = 0.2951 nm and e = 21.9006 kJ mol-1) 

(8) adopted from several recent studies in the literature (9,10). In this chapter we used a simple 

approximation of the gold surface that does not take into account the polarizability of the Au 

atoms and the presence of coating molecules, such as citrate in the case of many gold 

nanoparticles (11). In the "OPLS-AA" the mixing LJ interaction parameters of atoms types are 

automatically generated by "Gromacs" using Lorentz–Berthelot combination rule (7). However, 

to avoid artefact with pressure rescaling due to the use of position restraints on the Au atoms, the 



Au-Au interaction parameters for the atoms in the gold layer is set to zero by modifying the 

[nonbond_params] section of the auLayer.itp file.  Finally, the program also generates the 

position restraints ([position_restraints] section) of the Au atom.   

 

8. VMD is capable of modeling a spherical gold nanoparticle instead of a planar Au layer. To 

achieve that build a cubic gold crystal using the "inorganic builder tool" by setting, for example, 

X=Y=Z=10. Then, in the Graphical representation window (see Figure 2b), select atoms input, 

type "(x^2+y^2+z^2)<R^2 " where R is the radius of the particle (note that the maximum 

value of R depends on the size of the gold cube. In this example, the largest nanoparticle has 

R~20 Armstrongs). Finally, to save the coordinates, select the "File" then "Save" coordinates 

menu option (see Figure 2b). Choose the same atom selection formula from the "Selection 

atoms" pull-down menu . Save the atom using a file name with extension .pdb. 

Alternatively, the program for MD simulation openMD (26) offers tools and also an online 

tutorial to generate gold nanoparticles coordinates of different shapes  (27). 

 

9. The conjugation of the peptide VG16KRKP to gold nanoparticles was recently investigated as 

an effective delivery system against Salmonella infection (12). In this study, the peptide was 

covalently bound to a gold nanoparticle via an Au-S bond. However, in this chapter only non-

covalent interactions is considered, although it is also possible to take weak chemo-absorption or 

conjugation processes on the Au surface into account. A simple way to do so is to consider 

specific LJ interactions of the surface gold atoms with amino acid atom type as, for example, it is 

the case of the GolP force field (13,14). A more sophisticated way requires setting up a covalent 



bond between the peptide atom (for example the Sulfur on the Cysteine residue) and a gold 

surface atom in the form of harmonic or Morse potential (15).  

 

10. The option "–ignh" forces the program to ignore the hydrogen atoms present in the 

coordinate file and generates automatically those required. 

 

11. The water model TIP3P has been described elsewhere (16).  

 

12. The "#include" statements in in the topol.top file are used to include topologies files that specify 

other molecules or set of force field parameters. In the generated topol.top file, the “#include 

“oplsaa.ff/forcefield.itp” reads the standard library files with the OPLS/AA force field parameters 

for the water and the peptide molecules. While the next "#include “auLayer.itp” read the gold 

layer topology.  

13. The new modified entry should appear to look similar to this: 

[ molecules ] 
; Compound        #mols 
auL                 1 
Protein_chain_A     1 
SOL              2665 
 

14. Here is a short description of the most relevant simulation setup parameters used in the .mdp 

file. Complete and detailed description is available in the comprehensive Gromacs manuals (25). 

 

These option define pre-processor directives: 



define: –DFLEX,  this option includes the flexible water model instead of the rigid one into the 

topology. This option is used to relax more smoothly the system during the energy minimization 

run.  

–DPOSRE, this option uses position restrained on the peptides during the equilibration 

procedure. 

 

The parameters in this section are used to set the bond constraints  

None: the option specifies that no constraints are used. 

all-atoms: the option specify that bond constraints to all bonds type.   

h-atoms:   as before but only to bond with hydrogen atoms.  

 

The parameters in this section are used to control the type and length of simulation.  

Integrator: steep, it run a steepest descents minimization procedure. 

md, it runs the molecular dynamics simulation.  

Nsteps: this option set the maximum number of iterations to run. 

Dt:  this is the time step used to integrate the equation of motion (units in ps: 0.0002 ps (= 2 fs), 

the total length of an MD simulation is equal to nsteps*dt/ps). 

 

The parameters in this section are used to control the output simulation.  

Nstxout: this indicates the saving frequency of the coordinates of the trajectory file (e.g. for 

Nstxout = 250 this give a frequency of 250*0.002=0.5 ps). 

Nstvout: this is the frequency of saving for the velocity of the trajectory file.  

Nstlog: this option indicates the frequency saving for the velocity of the log file. 



Nstxout-compressed: this option specify the output frequency and precision for .xtc file. 

Compressed-x-grps: this option selects the subset of atoms for the compressed trajectory file.  

 

The parameters in this section are used to control the calculation of the non-bonded interactions  

Nstlist: this option indicates the frequency to update the neighbour list.  

Rlist: this is the cut-off distance for the short-range neighbour list.  

Coulombtype: this option indicates  the type of algorithm used to calculate electrostatics.  

Rcoulomb: this option indicates the cutoff distance (in nm) for the electrostatic interactions. 

Rvdw: this is the cutoff distance (in nm) for the van der Waals interactions.  

 

The parameters in this section are used to control the energy minimization procedure. 

Emtol: this parameter indicates that the minimization converges when the max force is smaller 

than this value (in units of kJ mol–1 nm–1). 

Emstep: this is the initial step size (in nm) used in the energy minimization. 

 

This section contains a list of parameters for the control of the temperature of the simulation box.  

Tcoupl: this parameter is used to set the temperature controlling method. 

Tau_t: this parameter is the time constant for temperature coupling (units = ps).  

Tc_grps: this indicates the groups to couple to the thermostat (the name of the group corresponds 

to the index group name)  

Ref_t: this is the reference temperature for coupling (i.e. the temperature of the system in Kelvin) 

for each temperature group. 

 



This section contains a list of parameters for the control of the pressure applied to the simulation 

box.  

Pcoupl: this specify the type of pressure controlling algorithm.  

Pcoupltype: this parameters indicates how the pressure coupling algorithm is applied. For 

Isotropic, the simulation box will expand or contract evenly in all directions (x, y and z) in order 

to maintain the proper pressure. 

Tau_p: it is the pressure coupling time constant (in ps). 

Compressibility: the compressibility (in bar–1) of the system, in this example, we merely 

approximate it to the water value. 

Ref_p: this is the value of the  reference pressure for the pressure control (in bar units). 

Refcoord_scaling: this control parameter  set the scaling the reference restraints coordinates to 

avoid pressure-coupling artefacts.  

 

This section indicate the parameter used to set up the simulated annealing simulation 

Annealing: this is type of annealing for each temperature group (no/single/periodic). 

Annealing_npoints: this indicates the number of time points to use for specifying annealing in 

each group. 

Annealing_time: this contains the list of times at the annealing points for each group. 

Annealing_temp: the temperature at each annealing point, for each group. 

 

15. The protonation state of amino acids can be interactively modified through the peptide 

topology generation either using the general option -iter or residue-specific options (e.g. "-lys" or 

"-his").  



16. In the section 3.3., step 2 , the program pdb2gmx has automatically set in the topol.top file, 

the inclusion of both the topology of the water model (TIP3P) and counterions from the standard 

Gromacs library location  as  

; Include water topolog 
#include “oplsaa.ff/tip3p.itp” 
 
; Include topology for ions 
#include “oplsaa.ff/ions.itp” 
 

17. The bond-lengths are constrained using "LINCS" algorithm (8). The "SETTLE" algorithm is 

used to constrain bond lengths and bond angles of water molecules (9). The starting velocities are 

generated for all atoms by randomly choosing them from a Maxwell-Boltzmann velocity 

distribution at 300 K.  

 

18. The "-r" option is required for reading the reference coordinate file of the position restraints 

for both the Au layer and the peptide atoms. 

 

19. "Gromacs" offers a rich collection of tools for performing sophisticated analysis of simulated 

systems. For example, it is possible to analyse the protein structure and dynamics and, 

specifically, its diffusion and orientation relative to the gold surface. Here, some examples are 

reported that can be used to analyse the structure of the peptide from MD simulations. Detailed 

descriptions and other type of analysis are described elsewhere (1,17,18).  

 

20. A useful program for visualizing MD trajectories is the VMD program. VMD can visualize 

the trajectory as a movie, and this is used to for a qualitative analysis of the structural behaviour 

of the system. Figure 7 illustrates snapshots of trajectory frames at 0, 2.5, 7.5, and 10 ns 



representing the peptide with respect to the gold layer in the side and top orientation. ^The 

peptide starts to contact the Au surface within 7.5 ns, and it undergoes conformational changes 

compared to the starting structure. 

 

21.  "Rg" is assumed to approximate the molecular shape of the molecule in solution. It 

corresponds to the radius of the sphere having a uniform mass distribution equal to the total 

protein mass. 

 

22. Figure 8a shows the time series of the "Rg" for the peptide tested. The graph indicates that 

the peptide tends to assume an extended conformation whilst on the surface of gold.  

 

23. The time series representing the minimum distance and the number of contacts are reported 

in Figure 8b and Figure 9 (bottom panel), respectively. 

 

24. Such analysis is particularly useful when the biomolecule under investigation is flexible, and 

it can assume several conformational states (for example in the case of peptides). The procedure 

calculates the matrix of the pairwise "RMSD" values obtained from a subset of conformations 

extracted from the MD trajectory. The next step utilizes cluster analysis methods to group 

together conformations having the similar value of RMSD (17). The "Gromacs" command gmx 

cluster performs a cluster analysis by comparing the conformation sampled every ten ps (-dt 10) 

using "gromos" clustering method (19) with a cut-off 0.15 nm. In this example, the cluster 

analysis is performed using the peptide backbone atoms only. The analysis identify 31 different 

clusters. Figure 9 (top panel) illustrates the occurrence of the conformation corresponding to the 



first five most populated clusters. The representative (median) structures for each cluster, 

contained in the file clusters.pdb from the –av option are shown as cartoons. The change in 

conformation of the peptide upon the binding to the gold is evident. 
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Figure captions 

 

Figure 1. Setup of the "inorganic Builder tool" for the generation of the Au Layer (A) and the 

"graphic representations" and "save trajectory" windows for the generation of the Au 

nanoparticle (B) using the program VMD. 

Figure 2. Image sequence showing the different stage of simulation box preparation: (A) Au 

layer; (B) with the peptide; (C) with water molecules (cyan surface) and Cl- counterions (green 

balls).  

Figure 3. Script in awk language to prepare the Au layer topology file. 

Figure 4. Parameter file em.mdp for the energy minimization procedure. 

Figure 5. Parameter file pr.mdp for the first MD equilibration using position restraints.  

Figure 6. Parameter file ann.mdp for the second MD equilibration using the simulated annealing 

procedure.  

Figure 7. Five conformations from the 10 ns trajectory at: a) 0; b) 2.5 ns; c) 5 ns; d) 7.5 ns and e) 

10 ns. The water molecules are omitted for clarity. The green spheres are the Cl- counterions. 

Figure 8. Time series of the radius of gyration (A), and the number of contacts within 0.6 nm (B) 

along with the MD simulation. 

Figure 9. Top panel, the occurrence along with the MD simulation of conformations from the 

five most representative clusters. The median structures of each cluster in cartoon representation 

are also shown. Bottom panel, the graph shows the time series of the minimum distance of the 

peptide atoms from the gold layer. 
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FIGURE 3 
 
 
#====================================================== 
# PARAMETERS: 
# na     : number of gold atoms in the topology 
# psforce: position restrained force constant in kJ 
#====================================================== 
# USAGE: 
# gawk -f GenAuTop.awk > auLayer.itp 
####################################################### 
# 
BEGIN { 
    na = 800 
    prf =10000  
    print ";===========================================" 
    print "; Topology of a layer of gold atoms    " 
    print "; Au parameters from Heinz et al.      " 
    print "; sigma = 0.2951 nm                    " 
    print "; Epsilon = 21.9006 kJ/mol             " 
    print ";===========================================" 
    print "[ atomtypes ]" 
    print "Au  79  196.96657  0.000  A  0.2951  21.9006"  
    print "[ nonbond_params ]" 
    print "Au   Au   1     0.0      0.0" 
    print ";===========================================" 
    print "[ moleculetype ]" 
    print ";   name  nrexcl" 
    print "AU        3" 
    print "[ atoms ]" 
    for (i=1;i<=na;i++) { 
        printf "%5d   Au  1  AU  AU    %5d  0.0\n", i,i 
    } 
# 
# add the position restrain  
#  
print "\n[ position_restraints ]" 
    print ";  i funct       fcx        fcy        fcz" 
    for (i=1;i<=na;i++) { 
     printf "%5d  1 %8.1f  %8.1f  %8.1f \n",i,prf,prf,prf 
    } 
 
} 
 
 
 
FIGURE 4 
 



 
define = -DFLEXIBLE  
constraints = none 
integrator = steep 
nsteps = 1000 
nstlist = 10 
ns_type = grid 
cutoff-scheme = Verlet 
rlist = 1.0 
coulombtype = pme 
rcoulomb = 1.0 
rvdw = 1.0 
; 
; Parameters concerning energy minimization 
; 
emtol = 100.0 
emstep = 0.01 
 
 
 
 
 
	  



FIGURE 5 
 
 
define = -DPOSRES 
constraints = h-bonds  
integrator = md 
dt = 0.002 ; ps ! 
nsteps = 50000 ; total nsteps x dt=100.0 ps. 
nstcomm = 10 ; stop translation of box center of mass  
nstxout = 10000 ; collect data every 0.5 ps 
nstvout = 10000 
nstlog = 1000 
nstenergy = 10 
nstcalcenergy=10 
cutoff-scheme=verlet 
nstlist = 10 
ns_type = grid 
rlist = 1.0 
coulombtype = pme  
rcoulomb = 1.0 
rvdw = 1.0 
; 
; Temperature control is on in two groups 
; 
tcoupl = v-rescale 
tc-grps = protein non-protein  
tau_t   = 0.1     0.1  
ref_t =   300     300  
; 
; Pressure control  
; 
Pcoupl = berendsen 
tau_p = 0.5 
compressibility = 4.5e-5 
ref_p = 1.0 
refcoord_scaling=all 
; 
; Generate velocites is on at 300 K. 
; 
gen_vel = yes 
gen_temp = 300.0 
gen_seed = 173529 
 
	  



FIGURE 6 
 
define =  
constraints = h-bonds  
integrator = md 
dt = 0.002 ; ps ! 
nsteps = 250000 ; total nsteps x dt=100.0 ps. 
Nstcomm = 10 ; stop translation of box center of mass  
nstxout = 10000 ; collect data every 0.5 ps 
nstvout = 10000 
nstlog = 5000 
nstxout-compressed       = 250 
compressed-x-grps        = system 
nstenergy = 10 
nstcalcenergy=10 
cutoff-scheme=verlet 
nstlist = 10 
ns_type = grid 
rlist = 1.0 
coulombtype = pme  
rcoulomb = 1.0 
rvdw = 1.0 
; 
; Temperature control 30ort wo groups 
; 
tcoupl = v-rescale 
tc-grps = protein non-protein  
tau_t   = 0.1     0.1  
ref_t =   500     50  
; 
; Pressure control  
; 
Pcoupl = berendsen 
tau_p = 0.5 
compressibility = 4.5e-5 
ref_p = 1.0 
refcoord_scaling = all 
; 
; Generate velocites is on at 50 K. 
; 
gen_vel = yes 
gen_temp = 50.0 
gen_seed = 173529 
; SIMULATED ANNEALING 
; Type of annealing for each temperature group (no/single/periodic) 
annealing                = single single 
; Number of time points to use for specifying annealing in each group 
annealing_npoints        = 2  2 
; List of times at the annealing points for each group 
annealing_time           = 0 500 0 500 
; Temp. at each annealing point, for each group. 
Annealing_temp           = 50 300 50 300 
 
 

 


