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Abstract

Nanoparticles (NPs) recently have gained great attention, because of their usage as Drug carriers. Using of NP in drug
delivery has succeeded at initial levels. However, the administration of high concentrations at target or unspecified sites
inside the human body has adverse effects and gives rise to diseases. Since NP conjugation to the protein affects protein
structure and consequently its dynamics. So, it influences their biological function. In our current study, we compute the
induced structural effects and dynamics on protein upon gold nanoparticle (AuNP) binding using atomistic level
molecular dynamics simulation. A spherical AuNP with a radius of 2 nm was used. Human serum albumin (HSA) is
selected as a representative of blood proteins in this study.
To calculate the induced effects of spherical AuNP on the protein structure, the root mean square deviation and the

change in the protein's residues secondary structure were calculated. According to our work; the conformational
alterations that happened by the NP are referred to the nature of the structural characteristics of Human serum albumin
protein as it is an a-rich protein, which makes it less resilient to any external perturbation. These effects are mainly due
to the induced nonbonded interactions formed between NP and protein.
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1. Introduction

N anoparticles (NPs) are materials of size
ranging from 1 to 100 nm, which gives them

completely different characteristics compared with
their bulk counterparts. So, they have diverse and
exceptional physical, optical, and electronic prop-
erties [1]. Consequently, they have a broad range of
applications such as biomedical applications as
bioimaging [2], diagnosis [3,4], and drug delivery [5].
Two major methods have been applied in drug

delivery. The first method is to bind the drug of
interest to a suitable NP, then it is targeted to the
required action site. The second method is NP
capsule contains the drug which released at certain
cells. The success of these techniques relies on the
nanoparticle type as well as the ligand property, and

it has an advantage over traditional drug delivery
methods. As a consequence, smaller doses of the
drug are required to be interact with tissues which
decreases undesirable side effects [6,7].
At the NP contact with any part across the blood

stream as proteins, a particular interaction happens.
A layer is formed by proteins around nanoparticle
which is called the protein corona. The biological
reactivity of different nanoparticles is affected by the
stability of this corona, but it is associated with
conformational changes in the bound proteins [8].
Recently, intensive research was performed to un-
derstand the nature of the interaction between
nanoparticle and protein [9]. Also, experimental
studies have focused on the nanoparticle effect on
protein structure in three dimensions as the case of
T4-lysozyme [10]. However, experimental research
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supply with investigation at the macroscopic level.
Whereas for understanding the interaction at an
atomic level, we use computational methods such as
molecular dynamics simulations (MDs) and density
functional theory and the subatomic, respectively,
which helps to have an accurate view and track these
changes in a very short time scale (1fs). Tang et al.
illustrated the unfolding of collagen triple helices by
AuNP using molecular dynamic simulation [11].
Nanoparticles carrying drugs travel through blood

circulation to the target tissues and organs, and as a
consequence, it interacts with its proteins. Human
serum albumin protein (HSA) is abundantly present
inbloodand constitutes approximately60%ofplasma
proteins. It has an important role in the transport of
materials as fatty acids, and drugs, whether they are
endogenously and exogenously released [12].
NPs usage in delivery of drugs is achievable if only

HSAeNP interaction, does not alter its 3d structure
and native conformation and hence will not affect
HSA biological function. So, it becomes important to
probe AuNPs effect on the HSA structure. We have
considered AuNPs, as they are extensively used,
where they have an interesting therapeutic, optical,
and electrical properties. AuNPs have a great impact
in the biomedical field as they act as an antimicrobial
agent. They are used in the biomedical fields based
on nanogold, such as, orthopedic materials, ban-
dages and drug-delivery mechanism [10]. Some of
them have great important in all fields of nano-
biotechnology, the other have adverse effects as in
previous work [11,13].
Here, we have studied the conformational changes,

the flexibility of the structure and the HSA protein
dynamics in the existence of AuNP. The AuNP and
the HSA protein interaction have explained by using
molecular dynamics simulation at the atomistic level.

2. Computational details

The system containing HSA protein and the
spherical AuNP was built as follows. The AuNP was
created as a sphere with a radius of 2 nm using NP
builder CHARMM-GUI program [14]. And the pro-
tein 3d structure was taken from the protein data
bank (PDB) portal (1n5u). A cubic periodic box con-
taining an all-atom HSAeNP complex, of side
14.0 nm is created, where the complex is centrally
inserted. A water solvation layer of thickness 2 nm
surrounded the complex. So, it enables us to show
explicitly water solvation effect on the HSAeNP
complex while keeping the atoms of the system in
the periodic box to be convenient, consequently the
simulation was extended to 100 ns. NP-free simula-
tion was conducted for 100 ns as a control or

reference, to show the effect of AuNP on the protein.
Any possible close contact between protein's atoms
and the AuNPwas avoided by slightly shifting AuNP
away from HSA, to avoid repulsive effect of van der
waals forces. To neutralize the system, some
hydrogen and hydroxide ions are replaced by Naþ
and Cl�. So that NaCl salt concentration is set to
0.15 M. The system of the complex contains finally
more than 270 000 atoms. Fig. 1 shows the initial
configuration of HSAeNP complex. The ions, gold
atoms and HSA protein are characterized by the
Optimized Potentials for Liquid Simulations All
Atoms (OPLS-AA) force field that is developed and
modified by Heinz group [15]. This force field de-
scribes the properties of AuNP.We use simple point-
charge (SPC) water model to describe the water
molecules, which is recommended when the OPLS-
AA force field is applied [15]. To investigate and
compare the structure and the flexibility of HSA
protein in the complex and in the bulk solution,
atomistic MD simulations were performed. A 100 ns
MD simulation with a 2-fs time step is conducted
after an energy minimization and system equilibra-
tion. NoseeHoover thermostat was used to maintain
the temperature of the system to 300 K [16]. The po-
sitions of NP atoms are held fixed during system
minimization and MD simulations. The nonbonded
interaction energy is expressed as the summation of
the short-range van der Waals, which is described
using Lennard-Jones 6e12 function with a 1.0 nm
cut-off, and long-range electrostatic interactions
were described by the Coulombic function and

Fig. 1. The starting structure of Human serum albumin-gold nano-
particle complex. The secondary structure is represented by alpha helices
(purple), 310 helices (blue) and turns (cyan). The gold nanoparticle is
represented by yellow sphere of radius 2 nm.
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treated with particle mesh Ewald sum [17]. The
nonbonded interaction energy among gold atoms is
set to zero during the simulation. Hydrogen bonds
are constrained to their equilibrated lengths using
the LINCS algorithm [18]. However, the other
bonded interactions are described as in the OPLS-
AA force field. The atomistic MD simulation was
conducted using Gromacs-2018.1 [19].

We have calculated the change in the complex
root mean square of deviation as a function of time.
The secondary structure content with respect to the
reference starting structure over the 100 ns was
calculated using DSSP (Dictionary of the protein
secondary structure) program implemented in
GROMACS [20]. Moreover the electrostatic poten-
tial surface was calculated using pdb2pqr [21] and

Fig. 2. The root mean square of deviation (RMSD) in nm. of the nanoparticle-bound (red) and free (black) proteins with respect to its crystalline
structure.

Fig. 3. Radius of gyration (Rg) in nm. of the nanoparticle-bound (red) and free (black) proteins.
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APBS [22] programs and then visualized using VMD
program [23], for the staring and final protein con-
figurations along with the corresponding total
dipole moment vector of the protein.

3. Results and discussions

To investigate the spherical AuNP effect on HSA's
structure, we have implemented 100 ns atomistic
molecular dynamics simulation. To study the
structural conformational changes and the protein
stability, the root-mean-square deviations (RMSDs)
of atomic positions compared with their reference

structure has been calculated as a function of time as
illustrated in Fig. 2. From the analysis of the RMSD,
it has shown that structural fluctuations of NP-free
protein in water has a maximum atomic deviation
with respect to its initial position of 0.55 nm. While
the NP-bound protein has a higher deviation of
0.68 nm. Thus, the protein shows considerable
structural changes in the presence of AuNP.
Radius of gyration which shows the degree of

protein structure compactness, was calculated as a
function of time for both NP-bound and free pro-
teins as shown in Fig. 3. There is an obvious
decrease in the protein radius of gyration as a result
of the NP presence compared with that of the free
protein. That confirms the results of RMSDs calcu-
lation. Accordingly, conformational changes were
induced in the presence of AuNP.
To quantify this change more accurately, the sec-

ondary structure content of the protein was calcu-
lated using DSSP program implemented in
GROMACS [20]. As shown in Fig. 4. The secondary
structure content represented by the number of
residues forming a-helices, b-sheets as a function of
crystalline structure. There an obvious decrease in
the secondary structure where the minimum num-
ber of residues forming the protein helical second-
ary structure was dropped to 285 compared with
that of free protein, which maintains 310 residues.
Moreover HSA is an a-helix-rich protein, according
to our calculation there is no detectable transitions
from a-helix to any other secondary structure forms
such as b-sheets during the simulation, this as a
consequence of the complete unfolding of the

Fig. 4. The number of residues forming the secondary structure as a
function of time, of the nanoparticle-bound (red) and free (black)
proteins.

Fig. 5. The starting and final structure of Human serum albumin (HSA) protein. These structures are coloured by electrostatic potential surface of �5
(red) and 5 (blue) KbT/e. The corresponding secondary structure is also represented by helices (purple), 310 helices (blue), and turns (cyan). The green
arrow shows the Total dipole moment vector of the protein.
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affected residues. So, it desaturates the protein,
which render it unfunctional.
To get a clear view of the charge distribution over

the protein surface, the electrostatic potential for the
starting and the final structures along with the cor-
responding secondary structure in addition to the
total dipole moment of the protein are shown in
Fig. 4. Observable changes in both potential surface
and the protien total dipole moment. The total
dipole moment is increased from 720 to 1108 Debye.
This illustrate the reason for the accompanying
changes in the structure, which is mainly due to the
nonbonded interactions formed between the NP
and the protien, which in turn weaken bonds
forming the protein structure itself. Since HSA is
helix-rich protein, it shows low resilience against
any external perturbation whether mechanical as
reported by Markus et al. [24] or electrical as it was
reported by Elsheshiny et al. [25] Fig. 5.

4. Conclusion

According to our study, observable changes in the
HSA protein structure was detected upon its inter-
action with spherical gold nanoparticle with radius
2 nm. These structural changes were illustrated
through the calculation of RMSDs of protein atomic
positions with respect to the starting structure and
the secondary structure content as a function of time.
This was reflected obviously on the charge distribu-
tion over the protein surface, which is expressed as
protein potential surface, and reflected accordingly
on the total dipole moment of the protein.
This change in the protein structure, conse-

quently, affects its function and hence explained the
reason for the induced/inherent toxicity upon the
introduction of AuNP into blood. According to our
study, the major cause of that effect is helical nature
of the protein secondary structure that makes it
cooperatively unfolded [26,27]. The application of
Spherical AuNP with a radius of 2 nm is not rec-
ommended in drug delivery mechanism because it
affects adversely Human serum proteins.
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