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Unravelling the GLY-PRO-GLU Tripeptide Induced Reconstruction of the Au(110) Surface at the Molecular Scale
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The adsorption of GLY-PRO-GLU tri-peptide on Au(110) is investigated within the frame of all atom classical mechanics simulations and Density Functional Theory, focusing on the surface reconstruction. It is shown that the tri-peptide adsorption reorganizes and restructures the Au(110) surface. A mechanism for the surface restructuration is proposed for both the neutral and zwitterionic form of the peptide at room temperature in Ultra High Vacuum.

Diverse residues may be involved in the Au atoms displacement, and in particular glutamic acid, triggering a double proton transfer and the formation of a zwitter ionic state, is found to be responsible for the triggering of the surface reconstruction.

Introduction

Understanding and controlling protein-surface interactions is of fundamental scientific interest, as a key step in medical, biological, biotechnology and environmental applications. [START_REF] Costa | Adsorption and self-assembly of bioorganic molecules at model surfaces: A route towards increased complexity[END_REF] Since the 1990s the adsorption of amino acids (AA), as structural units of proteins, on metal surfaces under Ultra High Vacuum (UHV) has been extensively studied [START_REF] Costa | Adsorption and self-assembly of bioorganic molecules at model surfaces: A route towards increased complexity[END_REF][START_REF] Barlow | Complex organic molecules at metal surfaces: bonding, organisation and chirality[END_REF] followed by their investigation using computational ab initio methods since the 2000s [START_REF] Costa | Adsorption and self-assembly of bioorganic molecules at model surfaces: A route towards increased complexity[END_REF] .

An transitional phase towards the challenging investigation of protein adsorption on surfaces, is the study of peptide adsorption under UHV conditions. [START_REF] Feyer Lekan Sud N H B R Atol N | Adsorption of Histidine and Histidine-Containing Peptides on Au(111)[END_REF][START_REF] Feyer Lekan Sud N Yamayev H B R Atol N | Adsorption Structure of Glyciyl-Glycine on Cu(110)[END_REF][START_REF] Iori | Unraveling the interaction between histidine side chain and the Au(111) surface: A DFT study[END_REF][START_REF] Monti | Reactive Dynamics Simulation of Monolayer and Multilayer Adsorption of Glycine on Cu(110)[END_REF][START_REF] Lee | Structures and Bonding Properties of Gold-Arg-Cys Complexes: DFT Study of Simple Peptide-Coated Metal[END_REF][START_REF] Methivier | Tuning the Surface Chirality of Adsorbed Gly-Pro Dipeptide/Cu(110) by Changing Its Chemical Form via Electrospray Deposition[END_REF] Despite the characteristic difficulties encountered, surface scientist have succeeded to study assemblies of oligopeptides, as summarized in a recent review. [START_REF] Costa | Adsorption and self-assembly of bioorganic molecules at model surfaces: A route towards increased complexity[END_REF] Surface science techniques, such as Reflection Absorption Infrared Spectroscopy (RAIRS), X-Ray Photoelectron Spectroscopy (XPS) and Scanning Tunneling Microscopy (STM), when used in combination with molecular modeling techniques, are the ideal methodology to describe, understand and predict molecular adsorption properties up to the molecular level.

The fundamental information obtained under well controlled conditions helps the understanding of more complex systems, for instance at the liquid-solid interface. [START_REF] Vallee | Peptide Interactions with Metal and Oxide Surfaces[END_REF] XPS and PM-RAIRS results [START_REF] Vallee | Glutathione adsorption from UHV to the liquid phase at various pH on gold and subsequent modification of protein interaction[END_REF][START_REF] Vallee | Adsorption of a tripeptide, GSH, on Au(111) under UHV conditions; PM-RAIRS and low T-XPS characterisation[END_REF][START_REF] Vallee | Adsorption of Di-and Tripeptides on Au(110) under Ultrahigh Vacuum Conditions. 1. Polarization Modulation Reflection Absorption Infrared Spectroscopy and X-ray Photoelectron Spectroscopy Characterization[END_REF][START_REF] Methivier | Probing the binding mechanism of peptides on a Copper Surface: Multilayers Self-assemble Promoted by Glutamate Residues[END_REF] showed that di-and tripeptides are adsorbed intact on gold and copper surfaces under two different ionic forms, the zwitterionic and the neutral ones.

Their adsorption mode on gold, as well as the growth mechanism of the adsorbed layer, has been found to be very sensitive to the peptide sequence: both Gly-Pro-Glu and Gly-Pro, which differ only by the presence of a Glu fragment, strongly interact with gold surfaces.

In particular, on the Au (110) surface, at low coverage, both Gly-Pro-Glu and Gly-Pro organize in layers leading to the formation of relatively large aggregates [START_REF] Humblot | Walking peptide on Au(110) surface: Origin and nature of interfacial process[END_REF] .

Adsorption of amino acids on metallic surfaces can induce surface faceting. [START_REF] Chen | Surface facetting induced by adsorbates[END_REF][START_REF] Jones | Molecular ordering and adsorbate induced faceting in the Ag{110}-(S)-glutamic acid system[END_REF] This was often observed when the substrate was annealed to obtain a self-assembled adlayer of AA at the surface. To our knowledge, only two other examples of drastic substrate reconstruction, or surface faceting, have been reported at room temperature. In the first case, atomic diffusion and creation of triangular shape structures at step edges has been reported in the presence of a formate at low coverage on Cu(110). [START_REF] Harrington | Formateinduced destabilization of the Cu(110) surface[END_REF][START_REF] Leibsle | Molecularly induced step faceting on Cu(110) surfaces[END_REF] In the second example the adsorption of Gly-Pro-Glu on Au(111), induced an important mass transportation and thus the creation of "gold fingers", composed of small aggregates of Gly-Pro-Glu molecules bound to Au atoms. [START_REF] Humblot | Drastic Au(111) Surface Reconstruction Upon Igf Tripeptide Adsorption[END_REF] In this work we want to provide a microscopic, atomistic characterization of the peptide-gold adsorption in the case of Gly-Pro-Glu adsorption on Au(110), in order to explain and interpret recent surface experiments including Infrared Spectroscopy (IR), XPS, and Low Energy Electron Diffraction (LEED) and Scanning Tunneling Microscopy (STM) (See ref. [START_REF] Costa | Adsorption and self-assembly of bioorganic molecules at model surfaces: A route towards increased complexity[END_REF] and references therein), and to fill the gap between fundamental science and real applications. In order to interpret the experiments we have performed classical (force field-based) molecular dynamics simulations to explore the different binding conformations of GLY-PRO-GLU to Au(110).

Our study aims to correlate the modifications induced by the adsorbed layer to the gold surface ordering, and to investigate the molecular induced surface reconstruction, which is relevant to self-assembled monolayer applications in general. [START_REF] Tielens | Characterization of omegafunctionalized undecanethiol mixed self-assembled monolayers on Au(111): A combined polarization modulation infrared reflection-absorption spectroscopy/X-ray photoelectron spectroscopy/periodic density functional theory study[END_REF][START_REF] Tielens | Elucidation of the low coverage chiral adsorption assembly of L-lysine on Cu(110) surface: A theoretical study[END_REF][START_REF] Tielens | Exploring the reactivity of mixed omegafunctionalized undecanethiol self-assembled monolayers -A DFT study[END_REF][START_REF] Tielens | Stability of Binary SAMs Formed by omega-Acid and Alcohol Functionalized Thiol Mixtures[END_REF][START_REF] Smerieri | Self-Assembly of (S)-Glutamic Acid on Ag(100): A Combined LT-STM and Ab Initio Investigation[END_REF][START_REF] Humblot | Drastic Au(111) Surface Reconstruction upon Insulin Growth Factor Tripeptide Adsorption[END_REF][START_REF] Tranca | Unraveling the Self-Assembly of the (S)-Glutamic Acid "Flower" Structure on Ag(100)[END_REF][START_REF] Costa | DFT Atomistic Thermodynamics Applied To Elucidate the Driving Force behind Glutamic Acid Self-Assemblies on Silver (100) Surface[END_REF][START_REF] Humblot | Characterization of Two-Dimensional Chiral Self-Assemblies L-and D-Methionine on Au(111)[END_REF][START_REF] Rodriguez-Castillo | Reactivity of gold nanoparticles towards N-heterocyclic carbenes[END_REF] 

Computational Details

Calculation level

Molecular Dynamics (MD) simulations have been performed with the GROMACS package using the available CHARMM [START_REF] Wright | GoIP-CHARMM: First-Principles Based Force Fields for the Interaction of Proteins with Au(111) and Au(100)[END_REF] force field in combination with the 12-6 Lennard-Jones description for the gold surface developed by H. Heinz and co-workers [START_REF] Heinz | Accurate Simulation of Surfaces and Interfaces of Face-Centered Cubic Metals Using 12-6 and 9[END_REF] . Such a force field has been extensively and successfully tested in biomolecular-inorganic interactions [START_REF] Iori | Unraveling the interaction between histidine side chain and the Au(111) surface: A DFT study[END_REF][START_REF] Heinz | Accurate Simulation of Surfaces and Interfaces of Face-Centered Cubic Metals Using 12-6 and 9[END_REF][START_REF] Lin | Accurate Force Field Parameters and pH Resolved Surface Models for Hydroxyapatite to Understand Structure, Mechanics, Hydration, and Biological Interfaces[END_REF][START_REF] Meena | From Gold Nanoseeds to Nanorods: The Microscopic Origin of the Anisotropic Growth[END_REF][START_REF] Meena | The role of halide ions in the anisotropic growth of gold nanoparticles: a microscopic, atomistic perspective[END_REF][START_REF] Meena | Understanding the Microscopic Origin of Gold Nanoparticle Anisotropic Growth from Molecular Dynamics Simulations[END_REF] .

The simulations were performed in gas phase conditions, corresponding to the ultrahigh vacuum (UHV) as utilized in RAIRS, STM, LEED and Photoemission experiments. [START_REF] Vallee | Peptide Interactions with Metal and Oxide Surfaces[END_REF] The peptide was investigated in its neutral and zwitter ionic form. 10 trajectories, each of 10 ns, were sampled per species. The sampling was performed within the NVT ensemble at T = 300 K using a time steps t = 1 fs.

The electronic structure calculations have been performed with the ab initio plane-wave pseudopotential approach as implemented in the VASP code [START_REF] Kresse | Ab-initio molecular-dynamics for liquid-metals[END_REF][START_REF] Kresse | Ab-initio molecular-dynamics simulation of the liquid-metal amorphous-semiconductor transition in germanium[END_REF] . The Perdew-Burke-Ernzerhof (PBE) functional [START_REF] Perdew | Generalized gradient approximation made simple[END_REF][START_REF] Perdew | Generalized gradient approximation made simple[END_REF] was chosen to perform the periodic DFT calculations. The valence electrons were treated explicitly and their interactions with the ionic cores described by the Projector Augmented-Wave method (PAW) [START_REF] Blochl | Improved tetrahedron method for Brillouin-zone integrations[END_REF][START_REF] Kresse | From ultrasoft pseudopotentials to the projector augmentedwave method[END_REF] , which allows to use a low energy cut off equal to 400 eV for the plane-wave basis. The integration over the Brillouin zone was performed on a 2 × 5 × 1 k-point mesh.

In the geometry optimizations at 0 K, the positions of all atoms in the supercell have been relaxed in the potential energy determined by the full quantum mechanical electronic structure until the total energy differences between the loops is less than 10 -4 eV.

In order to account for the dispersion interactions, DFT-D2 approach of Grimme [START_REF] Grimme | Semiempirical GGA-type density functional constructed with a longrange dispersion correction[END_REF] and DFT-D3 [START_REF] Grimme | A consistent and accurate ab initio parametrization of density functional dispersion correction (DFT-D) for the 94 elements H-Pu[END_REF] were used, as implemented in VASP, which consists in adding a semi-empirical disper-sion potential to the conventional Kohn-Sham DFT energy. In the original paper of Grimme (D2 correction) only the first two rows of the periodic table of elements are included -for gold we used a value of 40.62 J.nm 6 /mol for the dispersion coefficient C6 and of 1.772 Å for the van der Waals radius (R0). [START_REF] Toyoda | Density functional theoretical study of pentacene/noble metal interfaces with van der Waals corrections: Vacuum level shifts and electronic structures[END_REF][START_REF] Slawinska | Doping of graphene by a Au(111) substrate: Calculation strategy within the local density approximation and a semiempirical van der Waals approach[END_REF] For the D3 correction the default parameters where used.

Description of the models

The adsorption of the tripeptide GLY-PRO-GLU, (in one letter code: EPG), see Fig. 1, is studied on the Au(110) surface. The Au(110) surface [START_REF] Yoshimoto | Potential-induced phase transition of low-index Au single crystal surfaces in propylene carbonate solution[END_REF] forms a (1×2) clean surface reconstruction 47 (See Fig. 1), called the Missing Row Reconstruction (MRR) [START_REF] Rinaldi | Solid-state molecular rectifier based on selforganized metalloproteins[END_REF][START_REF] Kuhnle | Chiral recognition in dimerization of adsorbed cysteine observed by scanning tunnelling microscopy[END_REF][START_REF] Foulston | Mono-and multi-layer adsorption of an ionic liquid on Au(110)[END_REF] .

In the classical force field calculations the MRR Au (110) surface is modeled by a slab model consisting of 20 layers, with 546 Au atoms per layer. The super cell dimensions were: 8.10 × 8.10 × 16.44 nm 3 . On the surface, 13 GLY-PRO-GLU peptides were placed, corresponding to a coverage of 0.2 GLY-PRO-GLU /nm 2 .

The model used in the DFT calculations is smaller than the one used in the classical force field simulations. In the DFT calculations the Au(110) model slab consisted of four Au layers from which the top layer has one on two rows missing, accordingly to the MRR reconstruc-tion, accounting for a total of 140 Au atoms. The two bottom layers of the slab were kept fixed during the geometry optimizations.

In the DFT model only one GLY-PRO-GLU molecule was considered on a slab with a thickness of 4.29 Å (4 Au layers) and dimensions 20.65 × 23.36 Å 2 , resulting in a coverage of 0.2 molecules/nm 2 , i.e. equal to the one used in the classical force field simulations.

Results and discussion

The first result of our simulations, is that it is possible to directly observe the MRR Au(110) reconstruction as consequence of the GLY-PRO-GLU adsorption on the gold surface as suggested in earlier experimental studies [START_REF] Vallee | Adsorption of a tripeptide, GSH, on Au(111) under UHV conditions; PM-RAIRS and low T-XPS characterisation[END_REF][START_REF] Humblot | Drastic Au(111) Surface Reconstruction upon Insulin Growth Factor Tripeptide Adsorption[END_REF] . Moreover, the simulations can provide here an atomistic mechanism to explain the Au atom displacements induced by the tripeptide.

Interestingly, the Au atom displacement and the surface reconstruction were confirmed for both the neutral and the zwitter ionic peptides, although with some important differences.

Adsorption of the neutral GLY-PRO-GLU peptide on MRR Au(110).

The MD trajectories for the GLY-PRO-GLU on the Au(110) surface are analyzed by dividing the different Au atom displacements (jumps) into 4 groups, i.e. Au jumps due to the: interaction with GLY, PRO, and GLU, respectively and spontaneous Au atom jumps (See Table 1). Spontaneous Au jumps are known and are responsible for surface reconstructions such as the herringbone reconstruction of the Au(111) surface and the MRR reconstruction of the Au(110) surface. These spontaneous jumps occur on average every 50 and 25 atoms for the Au(111) and Au(110), respectively. In the presented models, four of these spontaneous Au atom jumps, occurring without the interaction with the peptide, are observed. The low reactivity (low number of Au jumps) of Au surface in the presence of the neutral tripeptide allows to identify a mechanism for each molecule and to associate it with the interaction with a specific amino acid residue.

The most common mechanism for the observed Au jumps, seven occurrences over ten trajectories, involves the PRO residue. In some cases, the PRO residue is assisted, in a second step, by a further interaction with the GLU or the GLY residues. If we follow one of the trajectories where the displacement occurs (e.g. run 7, Table 1) we see that the pyrrolidine group is in bridge position between two gold atoms and is the only group involved in the Au atom displacement. The width of the indent gold line varies from 5.6 to 5 Å and the width of the pyrrolidine group is around 4 Å. Based on these dimensions, for a non-charged system, steric interactions are expected to be the driving force behind the Au atom displacement. It is interesting to note that the peptide fits inside the indent creating tension in xy plane.

The Au atom displacement initiated by a GLY residue is less common, indeed is found only in two of the ten investigated trajectories. The displacement mechanism is described in Fig. 2.

The amino group of GLY together with a coordinated movement involving the PRO residue acts as a lever to displace the Au atom (See Fig. 3). The third possible mechanism for an Au atom displacement is the one initiated by the GLU residue (See Table 1, run 1, 7, and 9). This reaction is observed 2 times over the 10 trajectories. The GLY residue fits well in the indentation of the MRR Au(110) reconstruction, allowing a strong interaction with the second Au layer.

The torsion of the dihedral allows the GLU residue to form an intra-molecular H-bond with the carboxyl group of GLY. Interestingly another Au atom jump can be observed next to the PRO residue (See Fig. 4 at the left side). The zwitter ionic peptide behaves differently from its neutral state. Indeed, at odd with what observed in the neutral state, the zwitter ionic peptides interact strongly with each other forming dimers, already at the investigated coverage (i.e. the same as for the neutral peptide: 0.2 nm -2 ). In particular NH 3 + /COO -interactions do not only occur between different molecules but also as intra-molecular interactions, changing the peptide flexibility and having an important impact on the binding of the sidechain groups to surface. Also in the case of the zwitterionic peptides we have divided the possible jumping events in four categories according to the involved residues (See Table 2). In the case of the Au atom displacement by a GLY-residue, the tilting of the proline residue is observed and associated with the "pushing" movement on the displaced Au atom (See Figure 5). Although, this mechanism is the least frequent, it still occurs 14 times during the 10 MD runs of 10 ns (See Table 2). The zwitter ionic peptide tends to form dimers via intermolecular H-bonds. The planar dimer displaces a first Au atom after 1.24 ns, with the help of the PRO residue. The second peptide displaces another Au atom after 2.07 ns (See Figure 6). The geometry of the adsorption complex shows mirror symmetry. The peptide dimerization enhances the displacement of the Au surface atoms and thus the surface reconstruction. The described mechanism is observed in several different simulations (18 times during the 10 simulations, See Table 2). Finally, the mechanism involving the GLU residue is the most common, as it was already observed in the case of the neutral peptide. In 23 events over the 10 trajectories the peptide (See Table 2) succeed to induce an Au atom displacement after 2.6 ns, on the MRR Au(110) surface. When this mechanism is at play (See Figure 7) the intramolecular interactions make the peptide more rigid, and orientate the GLU carboxylate-group, allowing an interaction with the Au atoms and to dislocate them.

Adsorption energies and complexes stability

In the classical simulations the gold surface is strictly neutral and its interaction with the peptide is taken into account via LJ parameters. Although such a description has been widely tested [START_REF] Heinz | Adsorption of biomolecules and polymers on silicates, glasses, and oxides: mechanisms, predictions, and opportunities by molecular simulation[END_REF] , it still neglect important effects such as the electronic polarization of the metal, which could play an additional role in the stabilization of the binding of charged residues to the metal surface. In order to obtain accurate values for the peptide binding energies, as well to provide a further characterization of the surface reconstruction the MD simulations have been complemented by DFT calculations. In particular, starting from the MD trajectories, the most stable configurations for both the neutral and the zwitter ionic state have been identified

and optimized at the DFT-D level. Both the configurations before and after the Au atom displacement were considered and compared.

The models were resized in order to fit the calculation level, maintaining the same surface and environment (See method section above for the model description).

The adsorption energy was calculated for the models shown in Figure 8. It is interesting to note that the neutral state of the peptide forms spontaneously a zwitter ion. This leads us to propose that the proton transfer, which we observe and describe in Figure 8b is part of the adsorption and restructuration mechanism at the simulation conditions, i.e. T = 300 K and 0.2 molecules nm -2 . The whole adsorption process is expected to occur as follows. The tripeptide adsorbs on the surface and the GLU residue undergoes a rotation (See Figure 8a). This configuration enables a proton shift from the GLU terminal COOH group to the NH 2 end group mediated by the GLU sidechain group (See Figure 8b). This double proton transfer promotes the displacement of the Au atom situated next to the tail COO -group of the peptide (See Figure 8c). The neutral peptide adsorbs to the surface (Fig. 8a) with a binding energy of -1.85 eV. The rotation of the GLU residue with the spontaneous double proton shift (Fig. 8b) stabilizes the adsorption by further 0.71 eV. The peptide adsorption liberates surface tension and allows an Au atom to jump from one position to another on the Au(110) surface. This last step occurs almost without additional energy cost (0.04 eV), leading to a final adsorption configuration (Fig. 8c) which has a binding energy of -2.60 eV. This almost barrier less surface reaction is thus easily possible at room temperature, as observed in our simulation and in the experiment [START_REF] Vallee | Peptide Interactions with Metal and Oxide Surfaces[END_REF][START_REF] Humblot | Drastic Au(111) Surface Reconstruction upon Insulin Growth Factor Tripeptide Adsorption[END_REF] .

Comparison with experiment

In earlier experimental investigations [START_REF] Vallee | Adsorption of Di-and Tripeptides on Au(110) under Ultrahigh Vacuum Conditions. 1. Polarization Modulation Reflection Absorption Infrared Spectroscopy and X-ray Photoelectron Spectroscopy Characterization[END_REF][START_REF] Humblot | Walking peptide on Au(110) surface: Origin and nature of interfacial process[END_REF] , the coexistence of intact zwitter ionic and neural species were observed, however, it was difficult to quantify their relative amounts. It was also concluded that IGF adsorbed strongly to the surface.

In our models, both zwitter ionic and neutral IGF were investigated, and a strong interaction with the gold surface was calculated for IGF after proton shifts (-2.60 eV).

After increasing the coverage it was found experimentally that the 2D organization as well as the initial MRR reconstruction of the substrate vanished, as a consequence of displaced gold atoms by IGF molecules (i.e. the overall surface was found to become mobile). This phenomenon was recovered by the MD simulations, by observing the displacement of individual gold atoms on the surface. The surface reconstruction was found to be important between the substrate and IGF, however to a lesser extent compared with the denser and more stable Au(111) surface [START_REF] Humblot | Drastic Au(111) Surface Reconstruction Upon Igf Tripeptide Adsorption[END_REF] . The strong interaction of IGF was experimentally concluded to be likely via the COOH and NH 2 groups if the geometry permits it. This point was unraveled in our study and found to be consisting of different adsorption configurations including proton shifts.

Conclusions

The GLY-PRO-GLU tripeptide adsorption on the reconstructed Au(110) surface was investigated using a combination of classical molecular dynamics simulations and DFT. A mechanism for the peptide interaction with the Au surface promoting the dislocation of Au atoms, is proposed.

The tripetide adsorption was studied in both its neutral and zwitter ionic state. In its neutral state the main mechanism is the dislocation of a Au atom, possibly driven by the steric interaction between the "bulky" proline ring and the topmost gold atoms.

In its zwitterionic state the PRO driven mechanism is still present, but the most common one is the one involving the GLU residue. In particular an intramolecular hydrogen bond network, a 10-membered ring, involving the carboxyl group of the GLU sidechain and the GLY amino group is formed as a consequence of a double proton shift allowing the terminal carboxyl group to act on a gold atom of the surface ridge.

It was also observed that, in the zwitterionic form, most of the peptides form dimers, which optimizes the H-bond interaction between the oppositely charged groups.

In the neutral state the peptide always lays parallel to the surface, while in the zwitter ionic state the peptide plane (defined by the pyrrole ring) can form a larger angle with the gold surface plane. So, both parallel and almost perpendicular dimers are observed in the simulations.

The mechanism involving the GLU residue is the most probable one and induces a jump of a Au atom on the MRR Au(110) surface. The intramolecular interactions, involving a double proton transfer, make the peptide more rigid and orientate the GLU carboxylate-group, allowing the GLU carboxylate-group to interact with the Au atoms and dislocate it. The energy barriers associated to these reaction paths are very small, and are compatible with the spontaneous experimental observation of atoms displacement at room temperature.

The next steps would be to investigate and calculate spectroscopic properties for the identified complexes and compare them with the experimental data, possibly also addressing the role of the surface coverage on the Au surface reconstruction.
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 1 Figure 1. a. Schematic representation of the GLY-PRO-GLU peptide, showing the 3 amino acid residues. (turquois = carbon, red = oxygen, blue = nitrogen, white = hydrogen), b and c. slab model of the Au(110) surface showing the missing row in bleu.
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 1 Run time of the simulation, interaction type, and number of Au atom jumps for 10 different MD runs of neutral GLY-PRO-GLU peptide on MRR Au(110).
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 23 Figure 2. Snap shot of the Au atom displacement on MRR Au(110) initiated by the GLY residue of the GLY-PRO-GLU tripeptide at t = 0.840 ns. Only GLY and Pro represented for the zy plane representation. (Au = yellow, turquois = carbon, red = oxygen, blue = nitrogen, white = hydrogen)
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 4 Figure 4. Snap shot of the Au atom displacement on MRR Au(110) initiated by the GLU residue of the GLY-PRO-GLU tripeptide at t = 3.72 ns. (Au = yellow, turquois = carbon, red = oxygen, blue = nitrogen, white = hydrogen)

Figure 5 .

 5 Figure 5. Snap shot of the Au atom displacement on MRR Au(110) initiated by the GLY residue of the zwitter ionic GLY-PRO-GLU tripeptide at t = 4.01 ns. Only GLY and Pro represented for the zy axis, and H-bond depicted by a black dashed line. (Au = yellow, turquois = carbon, red = oxygen, blue = nitrogen, white = hydrogen)

Figure 6 .

 6 Figure 6. Snap shot of the Au atom displacement on MRR Au(110) initiated by the PRO residue of the zwitter ionic GLY-PRO-GLU tripeptide at t = 2.07 ns. The green arrows show the displaced surface Au atoms. (Au = yellow, turquois = carbon, red = oxygen, blue = nitrogen, white = hydrogen)
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 7 Figure 7. Snap shot of the Au atom displacement on MRR Au(110) initiated by the GLU residue of the zwitter ionic GLY-PRO-GLU tripeptide at t = 2.60 ns. (Au = yellow, turquois = carbon, red = oxygen, blue = nitrogen, white = hydrogen)

Figure 8 .

 8 Figure 8. Selected Au hopping mechanism induced by IGF adsorption based on the DFT energetics.
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Table 2 .

 2 Run time of the simulation, interaction type, and number of Au atom jumps for 10 different MD runs of zwitter ionic GLY-PRO-GLU peptide on MRR Au(110).
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