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HIGHLIGHTS

> Effects of protein properties such as interactions between proteins and target molecules or structures interactions,
isoelectric points (pl) and pH on protein corona formation.

>  Effects of nanoparticle such as size, shape, surface, charges properties on protein corona formation.

> Protein corona size, quantitative and structural analysis techniques.
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With the rapid development of nanotechnology in recent years, nanoparticles (NPs) have
started to be used in the pharmaceutical industry for imaging, treatment and diagnosis. For
the use of NPs in drug delivery, it is necessary to clearly determine how nanoparticle-based
drugs will behave in the biological environment. After these drugs enter the biological
environment, they interact rapidly with the proteins in the biological environment and
forming a complex called protein corona (PC). The formation of the PC form affects many
important events such as the adsorption and distribution of drugs, whether the drug reaches
the target area, and the removal of the drug from the body. In order to design a more safety
nanoparticle-based drug, the interaction of NPs with protein should be well understood, the
physicochemical properties of the resulting PC form and its behavioral characteristics in the
biological environment should be clearly clarified. In this review, the factors affecting the
protein nanoparticle interaction and the analysis methods of the resulting PC form are briefly

mentioned.

1. Introduction

The field of nanotechnology has advanced rapidly in the
last decade. Nanoparticles (NPs) are used in various fields
such as electronic components, some foods, industry,
cosmetics, pharmaceuticals and medicine [1,2]. Recently,
the use of NPs in the pharmaceutical field has been expanded
for cellular therapy, tissue repair, drug delivery, as sensors
metabolites and other biomolecules, implantable biosensors,
nanosurger, tissue engineering, nanoparticle-enabled
diagnostics [1,3].

The purpose of using nanoparticles in drug delivery is to
improve the interaction between drug and target, that is, to
create a better therapeutic possibility. Drugs with water
solubility problems are either dispersed with nanospheres or
enclosed in a nanocapsule by being surrounded by a single
polymeric membrane. The efficacy of therapy administered
in this way can be altered by varying the residence time and
excretion of the drug or by changing site-specific targeting

[1].

The application of NPs for diagnostic, therapeutic and
imaging purposes depends on different parameters such as
the physicochemical properties of these nanoparticles, drug
loading efficiency, drug release, and most importantly, low
or no toxicity [2].

Interaction between NPs and biomolecules causes the
formation of a biological corona form. The biological corona
form formed on the surface of NPs belonging to the same
pile with different surface properties causes different
biological results, as well as contains different proteins [4,5].

NPs with advanced bio-interface capabilities are easily
taken into the cell by interacting with the cell membrane. In
this way, intracellular receptors can be easily targeted. NPs
can generally be taken into the cell in two ways.

First, when nanoparticles interact with the cell
membrane, they can be taken up into the cell by endocytosis.
By fusion of this endosome with the lysosome, degradation
or denaturation of the protein cargo by acidic media or
proteases can occur before it enters the cytoplasm. Second,
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when NPs come into contact with biological media, they are
rapidly coated with proteins [3].

Looking at the inner and outer layers of the PC formation,
the inner layer is characterized by strong bonds in slow
change with the environment (hard corona) with a lifetime of
several hours, while the weakly bonded proteins (soft
corona) in the outer layer have a faster rate of change [4,6].
PC formation is a thermodynamic process.

In protein-nanoparticle interaction, defining the proteins
adsorbed on the nanoparticle surface, the lifetimes and
conformations of these formed forms, as well as preparing
and stabilizing the NPs and giving the nanoparticle a feature,
may result in the design of more reliable NPs.

However, in order to understand these formations,
biological environments and systems are required as well as
chemical approaches because they are too complex to be
modeled in non-biological systems.

2. Effects of nanoparticle properties on protein
corona formation

Nanoparticles (NPs) are defined as particles ranging in
size from 1-100 nm. The full characterization of NPs
includes various measurements such as size and size
distribution, the chemistry of the material, surface area, state
of distribution, surface chemistry and others.

Most importantly, the chemical composition of the
material, surface functionalization, shape and curvature,
charges, roughness and hydrophobicity or hydrophilicity,
functional groups and targeting moieties will greatly affect
the nanoparticle surface properties [1,4]. Therefore, all these
features will affect the bionanointerface of NPs and the
formation of PC.

The high surface/volume ratio of NPs has an active
surface chemistry compared to other bulk biomaterials, and
therefore they tend to reduce their surface energy by
interacting with the biomolecules in the environment where
they are dispersed. Because of the difference in these surface
properties, NPs must form a new bio-nano interface between
biomolecules and NPs so that they can interact with different
proteins [4].

Nanoparticle size plays a role not only in the chemistry
of the surface of the NP, but also in the formation of the PC
composition and the conformation of this structure.

Also, as the size of the NPs changes, the degree of protein
adsorption of the NP also changes. One study shows that the
size of NPs with a diameter of 70-200 nm is greater than the
size of the proteins they adsorb. Smaller sized nanoparticles
(30 nm and above) can suppress the adsorption of certain
proteins (possibly larger than NP) [7].

The shape of the NP affects the uptake of NP into the cell
and the total amount of protein adsorbed. In one study, in
vivo protein formation was followed after gold nanoparticles
(nanorods, nanostras) injected into mice reached the
bloodstream. As a result of the study, it was determined that
the total amount of protein adsorbed on the particle surface
was affected by the particle size [8].

In another study, if the shape of the prepared gold NPs is
spherical, the interaction with the cell layers increases, while
changing the shape to the rod geometry reduces this
interaction [4,9].

Charges on the NP surface can interact with proteins
electrostatically, and their presence can positively affect
binding. Moreover, the adsorption of plasma proteins on the

surface of NPs increases in direct proportion to the surface
charge density of the NPs [10,11].

Most proteins are negatively charged (pH = 7.2) in the
physiological environment, NPs with positive surface charge
tend to bind proteins more strongly than negatively charged
and neutral NPs due to the electrostatic force [10,12].
However, many NPs are stabilized in a physiological buffer
with the help of negatively charged groups (carboxylated,
sulfate, phosphate, etc.). In general, despite their negative
surface charge, these NPs are immediately covered by
plasma proteins when in contact with biological fluids [4].
This shows that many different factors play a role in the
formation of PC.

The interaction between the NP protein depends on the
hydrophilicity and hydrophobicity of the NPs surface. If the
surface of the NPs is hydrophilic, it may interact with the
protein via hydrogen bonding, while if it is hydrophobic, it
can interact with the protein via a wan der Waals bond.

3. Effects of protein properties on PC
formation

Most of the factors affecting protein adsorption are
directly related to the three-dimensional conformation that
protects the protein itself [10,13]. Due to differences in the
structure of proteins, the binding behavior of proteins to NPs
is different. Typically, specific interactions between proteins
and target molecules or structures are non-covalent
interactions such as hydrogen bonds, electrostatic
interactions, and hydrophobic interactions. Morever; due to
the charge present on the surface of proteins, it can detect
electrostatic interaction with NPs depending on the
isoelectric points (pl) and pH of the proteins [10,14].

4. PC analysis techniques

Along with the analysis of the modification of the
physico-chemical properties of NPs, a qualitative and
quantitative study of the formation of PC is required.

Because PC formation exhibits a complex and time-
dependent dynamic behavior, there is no single technique
that fully characterizes protein-NP interactions. The size
distribution, density, composition, and molecular weight of
the molecules in this structure cannot be easily and quickly
analyzed with a single experimental measurement [5].

Prior to the analysis of PC formation, it also needs to be
determined whether purification from unbound excess
proteins that could alter the equilibrium is necessary or if in
situ measurements can be made without the necessary
purification. Analyzes can be divided into two direct and
indirect methods, depending on whether purification is
necessary or not [15].

When we look at the analysis techniques that can be used
on PC formation, we can see these techniques size analysis,
guantitative analysis, and structural analysis [5].

Common techniques that can be used for size analysis of
NPs on PC formation include ultracentrifugation (UC),
differential centrifugal sedimentation (DCS), asymmetric
flow field fractionation (AF4), and light scattering-based
methods. The combination of data from these techniques
allows the determination of the apparent densities of the PC
complex for different amounts of NP/protein. Moreover,
with the use of small-angle X-ray scattering (SAXS)
technique and transmission electron microscopy (TEM)
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techniques, the comparison of NPs before and after corona
formation can be examined, thus evaluating the thickness
and size of the protein layer [5,16,17].

The combination of various techniques such as mass
spectrometry  (MS), liguid  chromatography-mass
spectrometry (LC-MS), inductively coupled plasma-mass
spectrometry (ICP-MS) are effective techniques for the
quantitative analysis of PC [5,15,18,19]. While the number
of protein layers that make up the hard PC can be
investigated using the ICP-MS technique, Protein-protein
binding sites can also be identified using MS [5].

For PC, structural changes can be studied using
techniques such as Fourier Transform Infrared Analysis
(FTIR), X-ray crystallography (XRD), nuclear magnetic
resonance (NMR), Raman spectroscopy, circular dichroism
(CD), electron paramagnetic resonance (EPR), time-of-
flight-secondary ion mass spectrometry (ToF-SIMS).
Interactions between proteins and NPs can be characterized
by isothermal microcalorimetry (ITC) and fluorescence (FL)
techniques, which provide thermodynamic parameters such
as binding constant (K) and Gibbs free energy (AG). UV,
UV-vis spectroscopy and zeta potential analysis are other
methods that can be used [5,20-23].

5. Molecular modeling for PC

Thanks to its atomic-scale resolution, molecular
modeling can shed light on the formation of the PC form,
highlighting key amino acids involved in protein adsorption,
binding and conformational changes on the NP surface. At
the same time, simulations at the molecular scale make it
possible to evaluate the impact of environmental influences,
NP material and surface functionalization on cellular uptake
[24]. Due to the few and difficult studies to obtain this
information experimentally, preliminary information for
these interactions can be obtained by molecular modeling. In
a study, researchers investigated protein adsorption on the
NP surface and its effect on cellular transmission of NP
through dissipative particle dynamics simulations [25].

6. Future perspectives for the PC research

There are many biological barriers in the human body.
These barriers must be overcome in order for the
nanoparticles to reach their targets. Because of their unique
size and affinity for surface functionalization to combine
desired properties, NPs are particularly well suited to
overcome these barriers.

The key role of NPs protein interactions in the use of
nanotechnology in drug discovery has become even more
important with the recent investigation of NP-protein
interaction.

Understanding  protein-nanoparticle interactions is
crucial for developing effective NP-based drugs.
Considering the studies carried out, it is clear that more
comprehensive studies are needed. The physicochemical
properties of a nanoparticle affect the behavior of these drugs
from adsorption to excretion.

Much less has been done on the complete model of the
protein-NP complex, which is highly demanded for a better
understanding of the binding mechanism and a more rational
design of protein-NP interaction. Moreover, the formation
mechanism of PC in NPs should be examined in detail, the
formation process, stability, conformations and distribution
of PC in the body should be investigated in detail, and more

clear information about the behavior of this formed form
after ingestion is needed. Most of the studies on PC
formation are carried out in vitro. In the biological
environment, this process is quite complex and dynamic.
There are not many studies on the clinical trials of NPs. If
these existing studies are taken furthermore safety-based
drugs can be produced.
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