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Atomistic modeling of peptides bound
to a chemically active surface: conformational
implications‡

David Curcó,a Guillem Revilla-López,b Carlos Alemánb,c∗ and David Zanuyb∗

This work presents a computational strategy to model flexible molecules tethered to a metallic rigid surface. The method is
based on a previously developed procedure for inert surfaces, in which peptide–surface interactions were not considered.
This procedure is able to generate uncorrelated relaxed microstructures at the atomistic level of systems containing relatively
high densities of peptides tethered to the surface. The reliability of the strategy has been tested by simulating CREKA
(Cys-Arg-Glu-Lys-Ala), a short linear pentapeptide that recognizes clotted plasma proteins and selectively homes to tumors,
covalently tethered to a gold surface, results being compared with those obtained when the surface was represented as inert.
The results indicate that the whole conformational profile of CREKA presents some correlation with the chemical activity of the
surface, even though the bioactive conformation was found as the most favored in all cases. Specifically, simulations reflect
that consideration of the peptide-surface interactions affect the geometrical orientation of the side chains, whereas the main
chain conformation does not undergo significant modifications. Copyright c© 2011 European Peptide Society and John Wiley &
Sons, Ltd.
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Introduction

Nanotechnology approaches represent the ultimate frontier in
diagnosis and treatment of diseases. Among different possi-
ble strategies, nanoparticle-based systems have taken the lead
in tumor treatments [1–9]. Tumor chemical markers direct the
nanoparticle-based device toward the malignant cells, being
specially efficient if the molecular targets are receptors lo-
cated in blood vessels grown around tumors [3–9]. In this
context, the nanoparticles recently proposed by Ruoslahti et al.
deserve special attention as they home to tumors amplifying
their own homing activity by stimulating platelet clot forma-
tion [8]. These biomimetic nanoparticles were coated with a
short linear peptide that recognizes clotted plasma proteins
and selectively homes to tumors [8]. This peptide, with se-
quence Cys-Arg-Glu-Lys-Ala (CREKA, Cys-Arg-Glu-Lys-Ala), was
recently discovered by in vivo screening of phage-display pep-
tide libraries [4,10] for tumor homing in tumor-bearing MMTV-
PyMT transgenic breast cancer mice [11]. CREKA peptide la-
beled with the fluorescent dye 5(6)-carboxyfluorescein (FMA)
was detectable in human tumors from minutes to hours after
intravenous injection, while it was essentially undetectable in
normal tissues (Ruoslahti, personal communication (unpublished
results)).

However, enhancement of the homing activity of peptides or
improvement of their resistance toward proteolytic activity require
explicit knowledge of their conformational preferences, in partic-
ular of the bioactive conformation/s. Experimental determination
of the bioactive conformation is frequently a difficult task because
of the peptide’s inner flexibility. A feasible alternative is based
on the use of computer simulation techniques, which allow us to
explore the conformational preference of peptides and proteins.

Recently, we determined the bioactive conformation of CREKA
using a multiple conformational search strategy based on MD sim-
ulations [12,13]. Calculations were performed using a simplified
description of different experimentally tested environments. In
one of these, a single CREKA molecule was bound to the surface
of a nanoparticle, which was mimicked by attaching the sulfhydryl
group of the Cys residue to the center of a square surface formed
by 100 rigid van der Waals spherical particles (10 × 10). Cluster-
ing analyses of the results for this environment showed that the
bioactive conformation of CREKA presents both a β-turn motif
and strong electrostatic interactions involving the side chains of
Arg, Glu and Lys [12,13]. These results were used to suggest the
synthesis of different CREKA analogs based on the chemical modifi-
cation of single residues, which led to improvement of the homing
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Catalunya, Diagonal 647, 08028 Barcelona, Spain.
E-mail: carlos.aleman@upc.edu; david.zanuy@upc.edu

a Department d’Enginyeria Química, Facultat de Química, Universitat de
Barcelona, Martí Franques 1, Barcelona E-08028, Spain

b Departament d’Enginyeria Química, E. T. S. d’Enginyers Industrials, Universitat
Politècnica de Catalunya, Diagonal 647, 08028 Barcelona, Spain

c Center for Research in Nano-Engineering, Universitat Politècnica de Catalunya,
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peptide activity and to prove the turn shape of the bioactive
conformation [14].

Despite the successful outcome of the bioactive conformation
assessment, we were aware that a single-peptide molecule
covalently tethered to a surface is a very rough description of
a nanoparticle delivery system. For example, the nanoparticles
used by Ruoslahti et al. were spherical (∼50 nm in diameter)
and each one was coated by a large number of peptide
molecules, i.e. around 8000 peptides per particle [8]. To improve
the reliability of our molecular models and to overcome the
serious limitations of atomistic MD simulations when dealing with
surfaces with relatively high concentrations of flexible molecules
covalently tethered (i.e. MD is very inefficient for dense systems
as the motion of individual entities is easily hampered by steric
hindrances), we recently developed a simple methodology to
generate uncorrelated, energetically relaxed and representative
structures [15].

The new method [15] consisted of a combination of an algorithm
that generates representative atomistic microstructures of the
coated surface, a procedure to construct energetically reliable
configurations of the whole simulation box (including solvent
molecules and ions, if present), and a relaxation method to
minimize non-bonding interactions. We successfully investigated
the conformation of CREKA peptides covalently tethered to a
surface under diverse conditions, such as different density of
peptides per Å2 (ranged from 3 × 10−4 to 1.67 × 10−2) or
ionic strengths. Clustering analysis of the peptide conformations
revealed that the structure identified as bioactive is the most
stable and populated cluster in all cases. However, our initial
approach was very simple and did not account for the interactions
between the surface and the tethered molecules (i.e. the
surface was considered as an inert element), even although
they may play a major role in biasing the conformation of the
peptides.

In this work, we present a significant improvement of this
new methodology by introducing a chemical descriptor for the
surface and considering the peptide–surface interactions in the
construction and relaxation algorithms. The strategy allows us
to describe active surfaces made of crystalline materials, such as
metals, which are frequently used in nanomedicine. Moreover,
the method can also be applied to other surfaces (e.g. clays
and carbon – both graphite and diamond allotropic forms). The
influence of the active surface on the peptide conformation has
been examined on CREKA, results obtained in this work being
compared with those reported for a completely inert surface
[15]. However, it should be remarked that this is not intended
to provide a deep and rigorous investigation of CREKA peptide,
but to illustrate the potential utility of the new methodology
in applications involving peptides attached to an active surface
through a test case.

Theoretical Methodology

The principles followed in designing the generation, construc-
tion and relaxation algorithms were described in detail in our
previous work [15]. Accordingly, in this section we only pro-
vide a brief background and describe the modifications that
have been introduced to transform the inert surface into ac-
tive.

The main steps followed in modeling the systems under study
are summarized in Figure 1. The method consists of a three-
step procedure. First, molecules tethered to the surface are

Figure 1. General flowchart of the theoretical strategy used to build
peptides tethered to active surfaces.

generated without atomic overlaps or, in the case of systems
with a very high density of molecules per Å2, with atomic
overlaps lower than a given threshold. In the second step, the
simulation box is constructed by filling it with the counter-
ions (in the case of charged molecules), solvent (if desired) and
salt molecules (if the ionic strength is increased). To effectively
eliminate the overlaps created in the first step for systems with
a very high density of peptides per Å2, the positions of the
tethered molecules and the counter-ions are relaxed before filling
the simulation box with explicit solvent molecules. Finally, the
conformation and position of the molecules attached to the
surface as well as the position of the ions and solvent molecules
are relaxed.

Generation Algorithm

The generation algorithm is inspired in previously reported algo-
rithms which provide atomistic models of amorphous polymers
[16–18]. The positions of the atoms linked to the surface are
randomly selected with the following restriction: the minimum
distance between two of such atoms must be larger than 2.1 · R,
R being the van der Waals radius. Each tethered chain is built fol-
lowing the strategy previously developed for comb-like polymers
[17], which is based on two principles:

(1) The radii of atoms are reduced by multiplying them by a factor
λ < 1. The use of scaled radii allows increase of computational
efficiency, especially for dense systems, without any detriment
to the reliability of the microstructures obtained at the end
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of the process (i.e. unfavorable van der Waals interactions are
easily relaxed).

(2) Atomic positions are generated residue-by-residue using
a stochastic procedure. For each residue the backbone is
generated before the side chain.

It should be noted that no definition of the peptide–surface
interactions is required in this step. This is because the only
energy evaluation performed during the generation of the peptide
molecules, which is used to accept or reject atomic positions in
(2) through a Monte Carlo (MC) criterion, is exclusively based on
short-range interactions with the immediate neighbors.

Construction of the Simulation Box

The simulation box is filled using a two-step process. The first
involves the insertion of both counter-ions and ions forming salt
molecules, while the box is filled with solvent molecules in the
second. The initial positions of the ions inside the simulation
box are randomly selected but avoiding atomic overlaps with
the previously generated peptides. These positions are further
relaxed by applying random displacement moves, which are
accepted if the energy of the configuration obtained after the
displacement of the ion is lower than that of the configuration
before such displacement. Before adding the solvent molecules,
tethered peptides and ions are relaxed together, 80% of the
moves corresponding to peptides. Finally, each solvent molecule
is positioned at a position that produces attractive interaction
energy with both the previously generated solvent molecules and
the peptides. No scaling of the van der Waals radii is used in this
algorithm.

In this case, the relaxation of both ions and peptides is performed
considering the influence of the surface. For this purpose, the
surface is parceled in a grid of points that represent the atom
nuclei forming the ultra structure of the surface. The position of
these points is equivalent to those atoms in the corresponding
crystal structure. The grid of points defines the reference positions
to calculate the interaction energy between the molecules located
in the simulation box (i.e. peptides, solvent molecules and ions)
and the surface. In this work, we have considered a metallic surface,
the evaluation of the interaction energy being described through
a conventional Lennard-Jones potential. Thus, the contribution
of the surface is evaluated by computing atom pair distances
between any particle in the simulation box and all the surface
points that are within a previously defined cutoff distance.

Relaxation

The energy of the peptides tethered to the surface, the ions and
the solvent molecules is minimized through a relaxation algorithm,
which is applied using periodic boundary conditions at the x- and
y-directions (i.e. those used to define the surface). To avoid an
erroneous description of the system in the z-direction, the c-axis
of the simulation box is divided into two different regions. All the
solvent molecules contained in the simulation box that are placed
below a specific distance to the c-axis edge are allowed to move
during the relaxation process, whereas the solvent molecules
above such distance are kept at fixed positions. Each relaxation
cycle consists of the following three steps:

(1) The interaction energy is evaluated for each movable
solvent molecule. The positions of the molecules with higher
interaction energies are varied by introducing a random

displacement and a random rotation. The moves are accepted
or rejected using a typical MC criterion.

(2) The positions of all the ions are improved by applying random
displacements that are accepted when the energy decreases.

(3) The values of the dihedrals angles (90% of the moves) and
the position (10% of the moves) of the tethered peptides are
relaxed applying the same procedure that was used for the
construction of the simulation box. The only difference is that
in this case several randomly chosen dihedral angles move
simultaneously.

As in the construction algorithm, the influence of the surface
has been considered in the relaxation algorithm. The procedure
used to define the position of the metallic atoms in the surface
and the potential employed to define the interaction with all the
particles contained in the simulation box were identical to those
described above.

Molecular Models and Simulation Details

The theoretical strategy presented in this work was applied to
explore the conformational space of CREKA peptides tethered to a
metallic surface (see below) and surrounded by water molecules.
In all cases the sulfur of the Cys was used to form the covalent
linkage to the surface. The dimensions of the simulation box
were a = b = 60 Å and c = 90 Å, where the regions along
the c-axis defining the movable and fixed solvent molecules
during the relaxation were defined by c1 = 60 Å and c2 = 30 Å,
respectively. The MC criterion involved in the generation and
relaxation algorithms was applied considering a temperature of
300 K.

The molecular model was built using the density of tethered
CREKA peptides (σ , in peptides per Å2) experimentally used by
Roushlati et al.: σ = 0.083 peptides·Å2, which is equivalent to 30
peptides attached to the surface. The system was completed with
90 counter-ions (30 Na+ + 60 Cl−) and 9621 water molecules. The
chemical nature of the surface was represented using gold (Au),
which is frequently used as sustaining metal for peptides.

The energy of the peptides was calculated using the following
analytical potential function:

E =
∑

dihedrals

Vn

2
[1 + cos(nφ − γ )] +

∑
nonbonded

[
Aij

R12
ij

− Bij

R6
ij

+ qiqj

Rij

]

(1)
where the first sum represents a series expansion for the torsional
term followed by the Lennard-Jones and electrostatic terms.
Non-bonding interactions of atoms connected by three atoms
(1–4 interactions) were treated as in the AMBER force-field [19],
applying a scaling factor of 0.5. The energy involving the solvent
molecules and the ions was calculated using the non-bonding
terms of Eqn (1), while the Lennard-Jones was the only term used
to evaluate the interaction between the surface and the rest of
species. Non-bonding interactions were evaluated using a cutoff
of 14.0 Å. Force-field parameters for the CREKA peptide and the
ions were taken from the AMBER libraries [19,20], while Optimized
Potentials for Liquid Simulations (OPLS) van der Waals parameters
for Au particles [21] were used to compute the interaction
between the surface and the rest of species (σAu = 1.789 Å
and εAu = 0.193 kcal·mol−1). The Au nuclei were placed at the
(100) lattice positions of a cubic F unit cell with crystallographic
parameter a = 2.93 Å. Although this parameter is 1.4% larger
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than the experimental one (a = 2.89 Å), it was chosen for
consistency with the van der Waals parameters of Au (i.e. this
parameters predict that the closest distance is 2.93 Å) [21]. Finally,
water molecules were represented using the TIP3P model [22].
Bond lengths and bond angles, which were also taken from the
AMBER libraries [19] were kept fixed. A total of 1000 atomistic
microstructures were generated and relaxed.

The results obtained for this system, hereafter denoted Au-
S/30, have been compared with those previously obtained for an
identical molecular model with exception of the surface [15], which
was considered inert (i.e. the interaction between the surface and
the rest of chemical species was neglected). In the next sections,
the system with an inert surface has been denoted Inert-S/30. It
should be noted that the computational resources required to
simulate Au-S/30 were one order or magnitude larger that those
used for Inert-S/30, which were also significant due to large density
of peptides per Å2. This is because the number of interactions
between atom pairs increased considerably when the surface
participates in the construction and relaxation algorithms.

Influence of the Surface Nature
on the Conformational Preferences

Figure 2 depicts the distribution of energies associated with
the relaxed microstructures produced for Au-S/30 and Inert-S/30
models. The shape of the two distributions fits to a Gaussian
function, which reflects the reliability of our theoretical approach.
It is well known that the shape of the distribution of minima
for a given model resembles a Gaussian function when the
conformations can be described in terms of rotational isomers
[23,24]. Although the width of the Gaussian function depends
on the number of generated microstructures, such number was
identical for the two surfaces under study. Furthermore, as was
demonstrated in our previous studies on amorphous polymers
[16–18], the generation method used in this work tends to provide
representative microstructures rather than random ones. This
feature guarantees that the left side of the Gaussian distribution
is well described after generating a relatively low number of
microstructures. The Boltzmann distributions displayed in Figure 2
clearly depend on the surface; the function becomes more narrow
when the surface is allowed to interact with the chemical species
contained in the simulation box. Thus, in general terms, it can

Figure 2. Normalized distribution of relative energies (in kcal/mol) for
the microstructures of Au-S/30 and Inert-S/30 models obtained using the
computational strategy presented in Figure 1.

be stated that the conformational flexibility is smaller for Au-S/30
than for Inert-S/30.

The conformational features of the CREKA peptide in Au-
S/30 and Inert-S/30 models have been analyzed by considering
each molecule as an independent case. A list of unique peptide
conformations was constructed for each model by comparing
all the molecules for all the produced microstructures. The list
was organized by ranking all the unique peptide conformations
according to their energies. Previously listed conformations were
discarded from the list. A unique peptide conformation was
identified if it did not share a set of selected structural parameters,
which involve virtual backbone dihedral angles and intramolecular
interactions. Virtual dihedral angles were defined considering the
α-carbon atoms in the CREKA peptide, while the presence of
polar interactions was accepted on the basis of geometric criteria:
(i) hydrogen bonds: distance H–O shorter than 2.50 Å and angle
∠N-H–O larger than 120.0◦, (b) salt bridges: distance between the
geometric centers of the interacting groups shorter than 4.50 Å.
The interaction pattern was also used to discriminate between
side chain and main chain interacting groups. Two conformations
were considered different if they differed at least in one virtual
dihedral angle by more than 60◦ or in one of the interactions
counted. For each model, all the conformations categorized as
unique were clustered according to a criterion based on the
presence of the interactions mentioned above: salt bridges and
hydrogen bonds.

The number of unique conformations (clusters) and the
percentage of structures present in each cluster for the two
models are depicted in Figure 3. These percentages refer to
the total amount of peptide conformations present in the 1000
microstructures (i.e. 30 peptides × 1000 microstructures = 30 000
conformations) produced for the Au-S/30 and Inert-S/30 models.
Figure 3 also includes the conformational preferences of a single
CREKA molecule attached to a surface (hereafter referred to as
MD-S/1), which were previously determined by MD simulations
[12]. For this purpose, the results derived from such simulations
have been clustered in this work using the procedure discussed
above. The different environments in which CREKA was simulated
led to a distribution of conformations with 45, 40 and 89 clusters
for Au-S/30, Inert-S/30 and MD-S/1, respectively, although only a
small number of such clusters contained a significant number
of structures. Specifically, the number of clusters that involve
more than 1% of the total amount of conformations was 11, 16
and 20, respectively. Moreover, this number ranges from 2 to
5 if the threshold is increased to 10%. The results displayed in
Figure 3 indicate that the conformation of CREKA is significantly
restricted when the effects of the neighboring molecules, which
are associated with the density of peptide per Å2, are included
in the model. However, independent of the nature of the surface,
the results of the clustering are very similar, suggesting that
the conformation of CREKA is dominated by the intramolecular
interactions rather than by the intermolecular ones. Moreover,
further analysis of each cluster shows that the conformation
proposed as bioactive is predicted among the most favored ones
independent of the characteristics of the surface (see below).
However, significant differences have been observed depending
on the activity of the surface as the C-termini of the peptides may
be attracted by it.

The results presented in Figure 3 clearly narrow the confor-
mational characterization of CREKA to the most representative
clusters obtained for the different models. In the case of Au-S/30
and Inert-S/30, more than 80% of the total amount of produced
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Figure 3. Percentage of structures in each of the 40 and 45 clusters found
in the simulation conditions corresponding to (a) Inert-S/30 and (b) Au-
S/30, respectively. Clusters are ordered considering the energy of the lead
conformation (from the lowest to the highest), which corresponds to the
most stable microstructure within the cluster. Results derived from MD
simulations on a single CREKA molecule attached to a surface (Ruoslahti,
personal communication (unpublished results)) are displayed in (c) for
comparison (MD-S/1 set in text).

peptide conformations was clustered within the first seven clus-
ters. The energy difference between the lead conformations of the
most and least favored of such clusters was of only 3.0 kcal mol−1.
Accordingly, the most relevant conformational descriptors have
been focused on those seven lead conformations. However, these
results have been compared to the features observed using an
isolated peptide tethered to a surface (MD-S/1). In the latter
case, the first ten clusters concentrate 80% of the produced
conformations.

Figure 4 depicts the Ramachandran plot of the Arg, Glu
and Lys residues in the most populated clusters of Au-S/30
and Inert-S/30 models. As can be seen, most of the confor-
mations cluster around a narrow region of the Ramachandran
map, this feature being particularly evident for the Glu. Indeed,
this trend was already described as one of most remarkable
conformational characteristics of CREKA peptide, as the bioac-
tive ensemble was based on tight-turns nucleated around Glu
residue [12]. However, the conformational preferences of MD-
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Figure 4. Ramachandran plot distribution for the three central residues of
CREKA, considering the most representative minimum energy structures
for the Inert-S/30 (black dots), Au-S/30 (green dots) and MD-S/1 (blue dots)
models.

S/1 are similar to those of Au-S/30 and Inert-S/30, suggesting
again that the conformational preferences exhibited by the
central segment of CREKA are driven by intramolecular in-
teractions. For the three studied systems the most relevant
differences are found at the C-termini of the peptide (Lys),
while the central core (Arg and Glu) tends to present very
low conformational variability (i.e. the ϕ, ψ values observed
for Au-S/30 and Inert-S/30 are close to those obtained for
MD-S/1).

In spite of Figure 4 suggesting that the conformational
preferences of the CREKA are independent of the surface, there
are some differences among the conformations produced for Au-
S/30 and Inert-S/30 that deserve consideration. The organizations
obtained for the C-termini of the peptide when the surface
participates or not in the interaction energy are significantly
different. Thus, in Au-S/30 the edge of the peptide that is far from
the group directly tethered to the surface (i.e. Cys side chain) is able
to bend, interacting not only with other peptide chains but also
with the surface itself. Accordingly, the metallic surface partially
affects the conformational properties of the tethered peptides.
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Figure 5. Axial (top panels) and equatorial (bottom panels) projections of a
representative microstructure for the (a) Au-S/30 and (b) Inert-S/30 models.
Ions, solvent molecules and the c-axis have been omitted to clarify the
picture.

Specifically, unspecific peptide–surface van der Waals interactions
induce chains to move away when the intrinsic conformational
tendencies of the peptides allow them to bend and intermolecular
interactions do not reduce their flexibility (Figure 5(a)). In contrast,
the lack of peptide–surface interactions facilitates that a large
amount of molecules lay on the surface of the simulated barrier,
as is reflected in Figure 5(b) for Inert-S/30. However, it should be
emphasized that for Au-S/30 the interactions with the surface are
not strong enough to revert decisively the intrinsic conformational
preferences of the peptide core, as is evidenced in Figure 4 for the
Arg and Glu residues.

To extend the analysis over the conformational particularities of
each studied model, the structural correlation among all the low
energy conformations has been established. Thus, the produced
conformations have been compared transversally, beyond the
theoretical methodology used to obtain them or the characteristics
of the surface. Specifically, the backbone root mean square
deviation (RMSD) of the last four residues has been computed for all

Figure 6. Conformational correlation expressed through the RMSD of the
backbone atoms for the most representative conformations produced for
the three models. Filling colors represent different degrees of similarity
referred to the value of RMSD: less than 1.3 Å green; higher than 1.3 Å and
lower than 2.0 Å white; higher than 2.0 Å and lower than 3.0 Å orange;
and higher than 3.0 Å red. The labels NA#, A# and WT# refer to the
conformations of the more populated clusters produced for Inert-S/30,
Au-S/30 and MD-S/1, respectively.

possible pairs of conformations. The results of this analysis, which
are plotted in Figure 6, confirm the influence of the surface activity
in the more favored arrangements of the peptide molecules. Thus,
inspection of the similarities among the different models indicates
that, in general, the conformations obtained for MD-S/1 are closer
to those produced for Au-S/30 than for Inert-S/30. The Au-S/30
conformations present 48% of the computed chain pair RMSDs
below 2.0 Å, whereas this percentage reduces to 35% for the
Inert-S/30 conformations. As it was mentioned above, the MD-S/1
model allowed consider peptide–surface interactions through a
surface descriptor (i.e. the spheres used to define the nanoparticle
were allowed to interact with the peptide molecule through a
Lennard-Jones potential, even though they did not represent any
realistic material) [12]. Accordingly, the two models with active
surfaces reached similar molecular conformations, even though
the molecular environments were different (i.e. isolation and high
density of molecules per Å2 for MD-S/1 and Au-S/30, respectively).

Conclusions

The previously developed strategy has been extended by including
a potential that describes the attractive and repulsive interactions
between the surface and the rest of chemical species in the
construction and relaxation algorithms. The surface descriptor
is based on a grid of points that represents the geometrical
organization of atoms or molecules in a crystalline structure.
Accordingly, the new strategy is able to produce energetically
representative structures of flexible peptides tethered to a
surface with chemical identity. Although the description of the
systems modeled using this new procedure is more realistic, the
computational resources required for simulations also increase
significantly.
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To examine the influence of the surface activity on the
conformational preferences of peptide, a system formed by 30
CREKA molecules covalently linked to an Au surface of 60 × 60 Å2

has been simulated using this new strategy. Results have been
compared with those obtained for (i) a system with identical
chemical composition with exception of the surface, which is not
able to interact with peptides, solvent molecules or ions (i.e. inert
surface), and (ii) a system formed by a single-peptide molecule
attached to a van der Waals surface, which was previously studied
using conventional MD simulations.

Analysis of the results indicates that the omission of the chemical
definition of the surface produce spatial arrangements for the
peptides that might preclude the proper organization of the
side chains. Specifically, the Au surface affects the orientation
of the CREKA molecules by influencing the conformation of the
edge residues and the subsequent organization of the ionized
side chains. Even though the intrinsic preferences of the peptide
main chain remain practically unaltered by the active surface, a
proper description of the ionized side chains requires a reliable
definition of the interactions with the surface. Thus, an erroneous
representation of the ionized side chains organization would lead
to a misunderstanding of the nanoparticle function hampering
potential further chemical improvements.
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