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Abstract: Oxidation and reduction is a ubiquitous metabolic phenomenon that reflects on the structural and
functional well being of the cell, tissue, and organ, in a biological system. It symbolizes the state of functional
equilibrium and organismal integrity in totality. The homeostatic state is the result of combined and coordinated
interactions between prooxidants, oxidants, and antioxidants, inactivated and activated free radicals at cellular level.
Proteins, alone and in conjugated form constitute a group of biomolecules that is devoted to the cellular structural
and functional aspects of inter and intracellular communication. Mostly damage to proteins is non-reparable. This
state of proteins results in fluctuation in enzyme affectivity, structural and functioning of protein molecules, this is
likely to affect transportation and signaling mechanism within a cell and with its ambient environment. There have
been reports on the cellular modifications produced due to nanomaterials; these include changes in cell membrane,
cytoskeleton, conformational changes in biomolecules etc, reflecting on the changes in cellular elasticity, motility,
degree of adherence, invasion etc. The physicochemical properties of nanomaterials are the basis of their varied
effectiveness; there have been reports suggesting a huge influx of nanomaterials in biosystem. There appears to be a
need to evaluate their impact and understand the probable mechanism involved. This may help to reduce the
derogative effects. Thus it was thought imperative to over view the role of nanomaterials in protein oxidation
encompassing physiological and specifically biophysical aspects in a biological system.
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Background Stadtman, (1990). Electrochemical aspects of
Recently multidimensional impact of oxidation reduction is also applicable to the oxidation
nanomaterials has become very obvious on the human of proteins, these involve location of the peroxidant
lives and industries; these impacts may be good or functional group on the reactive surface of
adverse. It is very essential to restore a balance nanomaterials, occurrence of the reactive redox-cycle
between the harmful and beneficial aspects. Proteins on the surface of nanoparticles made from transitional
are basically responsible for the cellular structural and metals, the inter reactive ability of nanoparticles with
functional aspects in totality. These varied cell and cell organelles and the physicochemical
biomolecules having wide potentials undergo change parameters of nanomaterials and their reactive affinity
during metabolic interactions, oxidation-reduction is towards the cell, Fubini and Hubbard, (2003); Manke
one of the phenomena that influence proteins in many et al, (2013).
aspects and  impacts  protein  metabolism. The specific features present on the surface of
Nanomaterials are present in biota and abiota the nanoparticles such as hydrophobicity, Moyano et al,
components of the environment either naturally and/or (2012), polarizability, Hansch et al, (2003), polar
due to anthropogenic activities. Thus, nanomaterials surface area, Palm et al, (1997), Vander Waal surface
obviously exist in and around biosystem. area, Nel et al, (2009), solvent surface accessible area,
Nanomaterials have wide range of size, shape, Wang (2012), refractivity, Crippen (1999) etc, induce
physicochemical nature and these include metals, their reactivity and/or oxidation while some
metal oxide, quantum dots, carbon derived, engineered nanoparticles enhance the oxidative system present in
nanomaterials target dependent for specific purposes. the cell to generate reactive species of oxygen and
When proteins are subjected to metal catalyzed nitrogen related to mitochondria, NAD (P) H-oxidase
oxidation very less amino acid residues undergo enzymes, and primary inflammation, Knaapen et al,
modifications and comparatively less number of (2004). Nano-sized nanoparticles exhibit alteration in
peptide bonds exhibit cleavage; the products formed their electronic properties of their surface; these
react with metal-binding sites located on the protein alterations create reactive groups on the surface of
resulting in the formation of reactive oxygen species, nanoparticles, Buzea et al (2007). This fact is
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supported by the interaction between similar sized Zn
and Si NPs with cells resulting in varied degree of
cytotoxicity; Zn nanoparticles being more active than
SiO, NPs produce more of 02*_. The free radicals get
bound to the surface of NPs or form free entities when
suspended in water, Buzea et al (2007).

Signaling system of cell is affected when metals
like iron, copper, chromium, cadmium, mercury, lead
and nickel deplete glutathione sulthydryl groups
attached to proteins and this in turn produces reactive
oxygen species and hydroxyl radical, Genestra (2007).
Signaling pathways such as HI1F-1, NF-KkB, P13k,
mitogen activated protein kinase (MAPK) are
disturbed whenever the redox homeostasis is changed;
as a result cellular functions like cell division,
inflammation, growth, apoptosis, survival, metastasis
etc. are adversely affected, Li et al, (2010) and Pojlak-
Blazi et al, (2010). Wagner et al (2015) proposed that
although a-helical coiled coil folding motif decides the
design of the peptide but parameters like pH can
influence the changes, in such cases B-sheet formation
takes place depending on the pH. CuO, Fe;04, Fe,0;,
TiO,, Ag nanoparticles cause oxidative stress, Song et
al, (2012).

The interactions related to free radicals have
been regulated by inducible antioxidant system at
cellular level. When these radicals are present in low
concentration these are not hazardous and participate
in the signaling and homeostasis at physiological level
but when these are in higher concentration cause
oxidative stress (one of the causative factor), this in
turn enhances the damage of biomolecules and their
accumulation in cell, tissue/biosystem, Song et al,
(2012). During aging process and pathogenesis, an
increased extracellular and intracellular status of
oxidative stress has been observed. This disturbed
balance could act as a parameter to study the responses
of cells in normal conditions, oxidative stressed
condition and repair mechanism. This status either
arrests the growth (transient), leads to premature
senescence or death. Some of the responses that may
be affected are tumor suppressing apoptosis, ability to
proliferate, arresting transient growth, cause
inflammation, senescence, and necrosis etc, Fabiola et
al, (2012). The investigations indicate metal oxide like
TiO, and MgO produced reactive oxygen species and
these caused protein oxidation, Wagner et al (2010).
Carbon based NMs like fullerene, CNT, C-black and
cerium oxide have ability to scavenge the free radicals
in cellular environment, thus, may be considered as
antioxidants, Ghiazza et al, (2013). NPs exhibit pro-
oxidative effects and these in turn stimulate signaling
pathways, functioning of transcription factors and
cytokine cascade, thereby influencing the varied range
of cellular responses, Manke et al, (2013). Engineered
nanoparticles/materials induce derogative structural
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and functional modifications in a cells/tissues; these
materials ~ when  interact  with  endogenous
macromolecules or because of their surface properties,
produce ROS, Ghiazza et al, (2013).

Nanomaterials are among the causative agents
for carbonyl stress in biosystem. When commercial
ceria (5% crystalline ceria dispersion in water with
particle size 31+4nm) administered intravenously in
rat resulted in protein carbonylation and this was
assessed by estimating protein bound 4-hydroxy 2-
trans-nonenal (HNN), protein bound 3-nitrotyrosine
(3-NT) and protein carbonyls were formed after 1 and
2 h post administration, Yokel et al, (2009). Topical
dermal exposure to unpurified SWCNT (40pg, 80pug,
160pug for 5 days) caused elevated oxidation of
protein, thiol and carbonyl stress in mice, Murray et al,
(2009). Raman active Au NPs induced protein
oxidation and it increased protein carbonyl contents;
the increase was found to be in proportion to the
concentration of NPs used, resulting in carbonyl stress
in the experimental animal, Thakor et al, (2011).

Magnetic nanoparticles are formulated suitably
for clinical applications and are preferably water based
colloids to enhance their utility. This calls for
prolonged stability of formulated colloid against
precipitation and agglomeration of the magnetic
nanoparticles. It is essential to maintain heating
efficiency of the engineered ferro-colloidal fluid for
effective longer duration, Ghiazza et al, (2013). If
agglomeration of the constituents occurs it changes the
heating efficiency due to the clusters formation of
magnetic nanoparticles; these clusters modify
magnetic dipole interaction between the particles.
Precipitation of the contents are likely to change heat
flow dynamics affecting specific power absorption of
single domain; ultimately specific power absorption is
related to average size of the particle and size
distribution width, Sanze et al (2015). The response of
proteins during oxidation could be well illustrated by
studying the oxidation of methionine and its
interaction with aromatic group. When methionine
present in a protein is oxidized a range of proteins get
modified and their structural and functional aspects
also undergo a change. Experimentation on
methionine-aromatic interaction has shown that the
primary forces related to folding of protein and
protein-protein interaction get altered; oxidation of
methionine enhances the effectiveness of “methionine-
aromatic-interaction-motif”’, Lewis et al, (2015); this
effectiveness can be established based on parameters
like critical spreading dispersion (CSD), prevalence of
interaction between dimethyl sulfoxide (DMSO) and
aromatic groups, interaction between tyrosine,
tryptophan and dimethyl sulfoxide (DMSO), these are
able to donate or form H-bond to sulfonyl oxygen. The
relative bond energies approximately correlate with
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relative  abundance of  phenylalanine-tyrosine-
tryptophan-DMSO interaction. The oxidation of
methionine exhibited protein stability within distinct
structure and design of secondary structure of stable
protein. Oxidation of methionine and its relevance to
the binding with/to lymphotoxin-a TNFR-1 (LT-a)
and structure and dynamics of calmodulin; the distinct
feature (motif) of methionine can play a key role in
understanding the sensing ability of protein and its
mode of responding to stress during oxidation, Lewis
et al, (2015). Protein binding occurs when nC60
interacts with BSA; it indicates theoretical possibility
of entrance on NPs in cell without damaging it. The
membrane potential changed because of the exposure
of proteins involved in maintaining membrane
potential. Possibly nC60 affected the membrane
integrity and/or nC60 interfered in electron transport
proteins, Lyon and Alvaez, (2008). Metal containing
NMs like Ag NPs and quantum dots are able to release
toxic ions while some NMs physically puncture the
cell membrane. There is an interaction between
proteins and nanoparticles having same size and
magnitude to protein either through chaperon like
activity or via changing the conformation of protein,
Wagner et al (2010). Also major protein modifications
are likely to occur due to the interaction with nitric
oxide which caused reactive stress. There can be three
modes of modifications namely, binding between N-
/iron-heme binding, S-nitrosylation of reduced
cysteine residue and C-nitration of tyrosine and
tryptophan residue, with exception to nitric oxide
binding heme iron protein, the other two modifications
needed secondary reactions of NO and formation of
nitrogen oxide, Ichiropoulos, (2003).

Biophysical Impact Of Nanomaterials On Protein
Oxidation

When nanomaterials are up taken in a biosystem,
biomolecules and cell organelles like DNA, proteins,
cell membrane and  cytoskeleton  undergo
conformational changes. Modifications in the cell
membrane and cytoskeleton bring changes in cellular
elasticity, motility, ability of adherence and invasion,
Wu et al, (2013). The exposure of cells to carbon
based nanomaterials, metals, metal oxides,
semiconductor nanomaterials affect cells, and the
affected cells give responses; these responses are
expressed in biophysical aspects reflecting on the
dysfunctioning, pathogenesis or toxicity. Security of
nanomaterials and the biosystem is related to the bio-
nano-interface; this state is the indication of various
interactions. Bayat et al suggested that classical
integrated behavior with integrated nanoimpact index
is the probable parameter that can acts as an early
warning signals to assess risk boundaries, Bayat et al
(2015).
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The functionalized CNTs interact with bovine
serum albumin via diimide activated amidation; these
are highly soluble in water and albumin protein links
intimately with CNTs, the product formed exhibits
good bioactivity, Huang et al, (2002). Non-specific
binding or adsorption of proteins is less effective with
nucleic acids. The probable cause of it may be the
globular structure of protein while the linear and
flexible back bone of ssDNA and/or RNA molecule
prevents its seamless binding to tubular SWNT as a
result higher surface area gets exposed to water.
Larger protein like fibrinogen (MW 340kDa) did not
show enough binding to SWNT in comparison to
smaller proteins like streptavidin (MW 60kDa). In
practice, protein binding to SWNT is mostly used to
recognize and sensing biomolecular investigation and
not for solubilizing SWNT, Huang et al, (2002). The
forces which participate in the interaction between
SWNT and proteins include electrostatic, hydrogen
bonding, hydrophobic or entropic in nature. These
forces act depending on the conformation of proteins,
surface, charge of substrate, pH, ionic strength,
temperature of the ambient solution etc, Ke and Qiao
(2007).

Plasma proteins like histidine-proline rich
glycoprotein (high MW), kininogen and plasma
prekallikrein  show strong affinity with Supra
paramagnetic iron oxide nanoparticles (SPION) and
dextran coated SPION, Ke and Qiao (2007) and
Simberg et al, (2009). Further, these proteins have
histidine-rich domain and are found to be bounded to
the negatively charged iron oxide core not to the
neutral dextran coating. The weakly bounded proteins
are found to be mannose-binding lectin, mannose
associated serine proteases, apolipoprotein, [-2-
glycoprotein and clotting factors FXI and FXII;
albumin and transferrine do not exhibit significant
bonding with SPION indicating the bonding of protein
with NPs is a selective process, Simberg et al, (2009)
and Singh et al (2010). It has been observed that
plasma opsonin did not participate in the removal of
SPION from circulation by macrophages present in the
liver; there seemed no interaction between SPION and
receptors present on the macrophages, scavenger
receptors are involved in the removal of NPs, Simberg
et al, (2009) and Singh et al (2010). SPION coated
with human serum albumin are taken up by
macrophages due to the interaction with surface
receptor such as glycoprotein (gp60) receptor and
cysteine-receptor which are mostly present on the
larger range of cells, Xie et al, (2010).

High solubility of SWNT and MWNT in water
can be obtained easily by organic functionalization,
derivatization with N-protected glycine. Geogarkilas
et al, have suggested that SWNT and MWNT exhibit
specific mechanical, thermal, chemical and electronic
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properties and these help to show tremendous
combining affinity, thus, these are very useful
materials for nano-technological applications. Further,
their findings show that the covalent bonding of
SWNT with amino acids is brought about by
functionalization of side walls of SWNTs/MWNTs
with N-protected amino acids on 1.3-dipolar-
cycloaddition reaction, Gerogaklias et al (2002).
SWNTs are toxic to skin, this toxicity might be
dependent upon the metal—particularly iron contents of
SWNT via the ability of metal to react with skin,
initiate the oxidative stress and induces redox sensitive
transcription factor there by leading to inflammation
(in the skin cell culture). The doses of SWNT
40pg/mouse, 80ug/mouse and 160pg/mouse resulted
in increase in the dermal cell number and skin
thickening due to the accumulation of
polymorphonuclear leukocytes and mast cells, Murray
et al, (2009).

The cell membrane acts as the prime bio-nano
interface during the interaction with nanomaterials,
Murray et al, (2009). Nanomaterials caused either ion-
channel blockage or generation of holes in the
membrane or change the alignment of the membrane
by inducing rapid strain transition, Wu et al, ((2013).
Nanomaterials cause change in the permeability of the
membrane and this leads to leakage of enzyme and
other contents of the affected cells and similar effect
has been observed in the affected cells where the holes
have been made in cell membrane by nanomaterials.
Verma et al, reported that nanoscaled mater enter cell
involving membrane bound endosomes but do not

reach cellular functional system; whereas the
biomolecules having similar size penetrate cell
membrane without disrupting it. The cationic

nanosized particles are able to move across the cell
membrane by making transient holes resulting
cytotoxic conditions, Rosi et al, (2006); Leroueil et al,
(2007) and Verma et al, (2008). The positive surface
charge on the nanoparticles is responsible for the
change in the fluid phase of lipid quantum dots in
membrane while negative and neutral charges on the
surface of nanoparticles did not bring any toxicity.
Size of the nanomaterials is an important factor;
nanoparticles having size less than 1.2 nm and bigger
than 20nm could not cause such effects on membrane.
Nanoparticles with larger size than 20nm have caused
sub-nanometer striations of alternating anionic and
hydrophobic groups or same moieties has been
observed to be located randomly on the cell
membrane, Rosi et al, (2006), Leroueil et al, (2007)
and Verma et al, (2008).

The adsorption of protein on magnetic
nanoparticles showed that surface charge on the
magnetic nanomaterials influence the amount and rate
of adsorption of proteins; positively charged surface
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(positive  polyethyleneimine-PEI-MNPs)  exhibit
higher rate of adsorption in comparison with
negatively charged surface (negative polyacrylic acid-
PAA-MNPs) on magnetic nanoparticles, although both
of these particles show similar negative zeta potential
within culture, Calatayud et al, (2014). Visualization
techniques are likely to provide relatively better
understanding of the mechanism involved in the
interaction of nanomaterials being investigated,
Ostrowski et al (2015). These techniques facilitate
visualization of nanomaterials and evaluation of
cell/tissues and the changes occurring due to these
analytes. This might be helpful in, over all better
evaluation and meaningful understanding of the
mechanism involved.

Conclusion

Under normal conditions, oxidative process in a
biological system helps to sustain the structural and
functional integrity of cell and its organelles. Mostly,
protein oxidation may be understood or investigated
by tyrosine nitration, cysteine oxidation and
carbonylation processes. The damage to protein or
biological system can be non-specific and wide spread
or both. In non-specific oxidation, hydroperoxides are
involved that enhance oxidation and chain reaction
affecting proteins and related molecules. These
proteins can be used as biomarkers to evaluate protein
oxidation both in vivo and in vitro depending on the
oxidant used or available. In most cases the damage
caused to proteins is likely to be non-repairable and
results are derogative such as loss of enzymatic
affectivity, structural and signaling inability (partial or
total). Engineered iron oxide nanoparticles are
cytotoxic in nature; these can be exploited to treat
cancer cells because such nanoparticles have ability to
increase permeability and deeper drug penetrating
efficiency. Magnetic nanoparticles (iron oxide) are
likely to play better role in the treatment of cancer in
comparison to the traditional therapy; these are
formulated suitably for clinical applications and are
preferably water based colloids to enhance their
utility. This calls for prolonged stability of formulated
colloid against precipitation and agglomeration of the
magnetic nanoparticles. It is envisaged that studies on
bio-nano-interface may direct the methodology of
synthesis of nanomaterials so that size, shape,
physicochemical aspects of surface of nanomaterials

should match the appropriate intrinsic
physicochemical parameters leading to ideal
biomedical appliances. Nanomaterials when get

lodged in a biosystem, biomolecules like DNA,
proteins, cell membrane and cytoskeleton undergo
conformational changes. Modifications in the cell
membrane and cytoskeleton reflect the changes in
cellular elasticity, motility, ability of adherence and
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invasion,

Visualization techniques are likely to

provide coherent picture for better understanding of
the nanomaterials being investigated. Even though lot
of investigations have been done but still there seems
to be a greater need for better understanding of overall
mechanism of various aspects of protein oxidation
with reference nanomaterials.
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