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oxygen, superoxide, H2O2 and hydroxyl radicals known as oxidative stress [2]. ROS are produced during cell cycle progression, 

In analogy to oxidative stress, the term `nitrosative stress' involves reactive nitrogen species (RNS) where the ratio of nitrosants 

types of RNS cause nitrosylation of biomolecules thereby creating an imbalance in the production and the exclusion of reactive 
nitrogen and oxygen intermediates of the body [8]. One of the major marker of nitrosative stress is the formation of 3-Nitrotyrosine 
(NO2 In vivo it forms due to the reaction between tyrosine residues and 
nitrating agents. During the formation of 3-Nitotyrosine a nitro group (-NO2) is added in the ortho position of the phenolic 
hydroxyl group of tyrosine. Mostly the natural abundance of tyrosine residues is about 3% in proteins. Tyrosine may be nitrated 

activity. Alteration of the structure and function of protein due to formation of nitrated tyrosine may change the rate of proteolytic 
degradation [9]. Moreover presence of high amount of RNS or non-functional antioxidant systems, target proteins can also be 
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the formation of reactive nitrogen species (RNS). RNS reacts with tyrosine residues in proteins to form nitrotyrosine. PTN has lately 
been related to neurodegenerative diseases. It is very essential to know the details of its mechanism. PTN is also involved in cellular 

a dynamic, regulated and reversible process. In this review the biological consequence of PTN, analytical methods required for their 

pathways and associated impacts on cellular signaling and physiology have also been addressed in detail. Although previous reviews on 
PTN are limited only to its formation, function, analysis or denitration of nitrated proteins separately but integrating them to provide 
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Several biochemical systems are present to counteract the nitrosative stress [1]. Among them Low molecular weight thiols play an 
important role to counteract the nitrosative stress and also maintain the redox homeostasis. One of the important low molecular 
weight thiol is reduced glutathione (GSH) which is oxidized to GSSG by the action of glutathione peroxidase (GPx) in the elevated 

of peroxynitrite in vivo [19]. Superoxide dismutase [20], Cytochorme C [21] are also reported as the antinitrosative enzymes but 

ongoing research.

In this review we have discussed about the cellular function of PTN and relation of PTN to the neurodegenerative diseases and we 
have attempted to give a hypothesis to arrest the denitration system (i.e. the system by which organisms can counteract the PTN) 
by using the proteomics tools [15,17].

a very reactive molecule as it contains unpaired electron that permits rapid reaction with diverse molecules [25] and form reactive 

signaling, which is cGMP-independent [28]. But NO. also plays an important role as signaling molecule [29] in neurotransmission, 
vasodilation [30], and immune response in vivo
associated with many diseases [31-35]. 

Agents of Nitration

Derivatives of Peroxynitrite

3-Nitrotyrosine formation is associated with cell signaling and disease initiation and progression like neurodegenerative diseases, 
cardiovascular injury and cancer. It even facilitates in the accumulation of nitrated proteins in vivo

referred to as proteinopathies due to the aggregation of proteins [12]. Loss of synapses and neurons in the certain subcortical 

and temporal lobe of the brain and also parts of the cingulate gyrus and frontal cortex [13]. Alzheimer's disease is triggered by 
accumulation of misfolded αβ and nitrated tau proteins in the brain [14]. Accumulation of intracellular toxic proteins and late 
onset are both essential features of Huntington’s disease and Parkinson’s disease. Not only PTN is related to diseases but it is also 

Saccharomyces cerevisiae is nitrated [15]. Beside 
these the mitochondrial proteins like aconitase, isocitrate dehydrogenase are also reported to be nitrated in Saccaromyces cerevisiae 

protein in cellular signaling and physiology is slowly emerging. 

2
-

to form peroxynitrtite [37]. Peroxynitrite can also be synthesized in vivo through the reaction of molecular oxygen with nitroxyl 
anion (NO-

2
-, which is 

decomposed by two ways- one gives carbon dioxide and nitrate, and the other carbonate radical anion and nitrogen dioxide (NO2). 

cause nitration directly via NO2
+ [39] (Figure 1). 

Nitrate and Nitrite

in vivo

nitrate and thiol increases at alkaline pH [41]. Protein tyrosine can be nitrated by NO2
the reaction of nitrite and hydrogen peroxide by various hemoperoxydases. It is one of the key mechanism of PTN [42]. Nitrous 

2
agent. Certain metalloproteins comprising hemoglobin, cytochrome c, superoxide dismutase catalyze H2O2 dependent oxidation 
of nitrite to form 3-nitrotyrosine [44].
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released during GSNO decomposition [46]. It has already been reported that GSNO can up regulate the activities of catalase 
and SOD (Superoxide Dismutase) to combat oxidative/ nitrosative stress in yeast [47]. In vivo S-nitrosothiols has an important 

xenobiotic and deoxyribonucleotides and inhibition of platelet activation [49-51]. 

Figure 1: 

S-nitrosoglutathione (GSNO)
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Biological importance of Protein Tyrosine Nitration
PTN and Protein Function
Protein tyrosine nitration may alter the function of proteins [52]. Tyrosine though may be the major target for nitration but 
cysteine and methionine can be nitrated too [53]. For example in the case of MnSOD (Manganese superoxide dismutase), substrate 
(O2 2 group. It causes a fall in the pKa 
of the –OH group of tyrosine. In the active site a negative charge is formed due to the nitration of a tyrosine residue, which results 
in the electrostatic repulsion of O2  and alteration of the redox potential and arrangement of hydrogen bonding [54]. It was 
reported that the peroxynitrite can inhibit the activity of MnSOD of Arabidopsis by nitration at Tyr63 residue [22]. In the nitrating 
conditions cytochrome c results in nitration at adaptable positions cytochrome c tyrosine. Whereas nitration of cytochrome C by 

from the active site [54]. Reports suggest that the activity of HDAC2 (Histone Deacetylase 2) is inhibited due to the tyrosine-253 

in vivo
has been proposed where nitration of tyrosine-181 of IκBα results in activation of nitric oxide synthase constitutively, which 
causes dissociation of intact IκBα from NF-κB and this mechanism doesn’t seem to involve proteolytic degradation of IκBα or 

carbamoyl phosphate synthetase 1(CPS1) is prevented by activator N-acetyl-L-glutamate (NAG) due to the nitration at Y1450 in 
an α-helix of allosteric domain [58]. One of the major enzyme Ascorbate peroxidase regulates ascorbate–glutathione cycle which 

2O2. But the activity of Pea Ascorbate peroxidase is inhibited due to the protein 
tyrosine nitration. It is revealed that Tyr5 and Tyr235 residues were nitrated by peroxynitrite [59]. A study revealed that high 

PTN and Pathological Conditions
in vivo and in vitro condition by the reactive molecules like peroxynitrite 

is also changed due to the nitration and the distorted proteins may act as antigens thus antibodies are generated against self-
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Atherosclerosis: Another major disease resulting from protein tyrosine nitration is Atherosclerosis [74]. Approximately 0.001 
to 0.01% tyrosine residues of plasma proteins are found to be nitrated in cardiovascular disease [75]. In this disease COX 

metabolism of arachidonic acid which is a key step in prostaglandin biosynthesis. A heme dependent nitration of Tyr385, present 
at the catalytic site of COX results in its inactivation [77]. Such nitration may also render the protein susceptible to proteolysis 

formation, increased platelet aggregation, clotting and disruption in cholesterol transport which may also lead to atherosclerosis 
[74,78,79].

Alzheimer’s disease:
tangle formation due to tyrosine nitration and self-assembly of tau protein [64]. Tau is a microtubule associated protein (MAP) 
encoded on chromosome 17. Splicing leads to the formation of six canonical isoforms in the central nervous system containing 

protein are at 18, 29, 197, 310, and 394 position (numbers correspond to the longest tau isoform, which contains441 amino acids). 
In vitro, selectively of ONOO- mediated tyrosine nitration is mostly seen at N-terminal region of the tau molecule (Y18, Y29) and 
less at Y197 and Y394. Nitration at Y310 was rarely observed, probably because of its location within the hydrophobic microtubule 
binding repeat of tau [66]. Generation of ONOO- is associated with αβ plaques formation [67]. αβ accumulated in mitochondrial 

Parkinson’s disease: 
of α-Syn are susceptible to be nitrated which are located at 39 (at the N-terminal region), 125, 133 and 136 (at the C-terminal 
region) [69]. α-Syn is very sensitive to nitrating agents and the protein is nitrated even at low concentration of peroxynitrite. In the 

to nitrating agent, elevated rate of dimer and oligomer formation is mediated via Tyr-125 and Tyr-39 nitration respectively [71,72]. 

α-syn oligomers [73].

In 
vivo

a value of the –OH group of tyrosine 

phosphorylation of protein tyrosine can constrain the PTN. A study showed that the phosphorylation of tyrosine of cdc2 is prevented 
by peroxynitrite-mediated PTN [82]. Nitration in p130Cas, an adhesion complex protein, prevents tyrosine phosphorylation, 

related kinase (ERK) 1/2 can be nitrated by stimulation of Angiotensin II which may facilitates the activation of phosphorylatio but 

cannot be prevented by the nitration of α-syn at any tyrosine residue and also PLK3 phosphorylates nitrated dimers, trimers, and 
oligomers [85]. Hence the general idea is that protein tyrosine nitration and phosphorylation are mutually exclusive process which 
plays an important role in cellular signaling [86]. Tyrosine phosphorylation is dependent on the concentration of nitrating agents 
like peroxynitrite. Competition occurs for the same sensitive tyrosine residue for phosphorylation or nitration. While tyrosine 
phosphorylation is induced at lower concentration of peroxynitrite, at relatively higher concentration the process gets inactivated 
and it is also irreversible. But till now the competition-correlation between phosphorylation and nitration is poorly understood 
[87,88] (Figure 2).

electron transport chain in mitochondria [90] which may react with nitric oxide to form Peroxynitrite. Peroxynitrite thus formed, 

a key enzyme of TCA cycle is inhibited by peroxynitrite. It disrupts the enzyme’s Fe-4S cluster through the formation of PTN. Other 

activities of these enzymes are lost due to PTN [16]. MnSOD is another enzyme whose activity can be inhibited by PTN [92]. 

malfunction, diabetes, cirrhosis, chronic hepatitis, etc. [62].

PTN and Tyrosine Phosphorylation

PTN and Mitochondria
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Figure 2: Schematic diagram of the role of nutrition and phosphorylation on tyrosine

alteration of protein [94]. Some studies indicate the presence of a denitration mechanism within the mitochondria which is 
oxygen tension-dependent but protease-independent [95]. Total PTN increased in mitochondria when whole organs were exposed 

mitochondrial ATP production and an increased antioxidant capacity, which is important for the prevention of metabolic failure 

Denitration
Elucidating the denitration process in vivo is still a challenge for the scientists. For decades PTN was thought to be a stable 

[97], isolated platelets [98], activated macrophages [99] and calmodulin, the presence of a selective denitration mechanism was 
observed in vitro. Denitration is a selective process of like nitrated COX-1 protein isolated from macrophages, human and murine 

was time and concentration dependent and it was inactivated by heating and proteolysis suggesting the association of a protein 
[100]. Another study showed that inspite of a lack of a nitratase activity albumin can remove ONOO- from the blood circulation 
using a ca2+-dependent pathway with the concomitant increase of nitrated albumin [97,101]. A Ca2+-dependent denitration process 
was also seen in HDL and LDL -containing samples of heart and brain homogenates where nitrate ion concentration increased 
stoichiometrically with the denitration process [97]. Another calcium-dependent denitration system was seen in freshly isolated 
platelets in which nitro group was directly removed from tyrosine residues without being reduced to aminotyrosine (NH2-TYR) 
[102]. Reduction of nitrotyrosine to aminotyrosine is purely a chemical process mediated by agents like DTT (Dithiothreitol) and 
Fe3+-containing heme. Proteins like hemoglobin and myoglobin are also capable of catalyzing such reduction reaction [103]. A very 
recent study with Saccharomyces cerevisiae showed that 14 nitrated proteins involved in signal transduction pathway as well as the 

revealed by network analysis and other bioinformatic tools. One of the important protein for mating signaling, YPD1, is activated 

assumed to be mediated by a nitration-denitration system [15]. Some studies indicate the presence of putative denitrase in vivo 
which can maintain the dynamics of protein tyrosine nitration and denitration [104-106]. But still the actual mechanism of such 
denitration is not clear. 

Analytical Methods to Detect Protein Tyrosine Nitration

[107]. In last year’s many methods are developed to detect either circulating free form of 3-nitrotyrosine or the form which is 

3-nitrotyrosine is the main drawback of these methods, for example concentration of individual nitrated protein [110].
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of the major problems. To solve this problem reducing agents-mediated reduction of nitrotyrosine is applied [95]. But there is 
another problem that sodium dithionite is sensitive to atmospheric oxygen so less amount of proteins are only reduced [92]. For 

signal of 3-nitrotyrosine on dithionite-treated membranes [111]. Low abundance of 3-nitrotyrosine in protein, extreme pI, size, 
solubility of proteins are the important facors which are related to the success of 2DGE approaches.

Two-Dimensional Polyacrylamide Gel Electrophoresis (2DGE)

Several immunehistochemistry are widely used to detect NO2

complex is not formed due to some reasons like pretreatment of the samples with reducing agents (e.g, dithionite), excess amount 
of NO2-TYR, treatment with nitrated bovine serum albumin [108].

Immunochemistry

quantify the free NO2-TYR as well as the NO2-TYR which are present in peptides and proteins. Due to the change in pKa value of 

of 430 nm [113]. 

Ultraviolet–Visible Spectroscopy

2-TYR is stable to acid hydrolysis [115] but it is reported that NO2-
TYR is converted to NH2-TYR during acid hydrolysis.

High-Performance Liquid Chromatography (HPLC)

Tyrosine and nitro-tyrosine, both are detected by using UV detector (absorbance maxima at 280 nm at pH 3.5) which provides an 
2-TYR is achieved at the absorption spectra of 365 

nm at pH 3.5. In this technique acid hydrolysis is also done [108]. A more sensitive electrochemical detector is also used to quantify 
the concentration of protein tyrosine nitration and denitration [100].

NO2
prepared by the reaction of nitrotyrosine and derivatizing reagent such as o
oxa-1,3-diazole (NBD-F) to quantify the NO2-TYR [108].

Nitrotyrosine can be detected by using gas chromatography. In this technique tetranitromethane treated sample is used and 
incubated in vitro. In this technique a thermal energy analyzer is used with gas chromatography. Minimum 0.5 ng NO2-TYR 
is detected per injection. GC–MS (Gas Chromatography-Mass Spectroscopy) is used to identify and isolate nitrated proteins 
of urinary metabolites as 3-nitro-4-hydroxyphenyllactic acid and 3-nitro-4-hydroxyphenylacetic acid [108]. But for GC-MS 
technique the proteins are not directly injected because amino acids are not volatile and thermally stable. To solve this problem 

Gas Chromatography (GC)

Nitrotyrosine can be detected by using mass spectroscopy equipped with standard nitrogen laser (337 nm) and delayed extraction 
optics [116]. In some studies nitrotyrosine is detected by very sensitive GC-MS method. In this technique protein are hydrolyzed 

to n-propyl ester and then the derivatives reacts with HFBA and form a compound which is detected by negative ion chemical 
ionization mass spectrometry (NICI–MS). NO2 2-TYR and TYR 
was diluted with the isotope of 13C-labeled analogues of these two molecules to quantify the level of tyrosine and nitrotyrosine 

amount of nitroprotein is very less in vivo [100].

Mass Spectrometry
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proteins. JPred4 is the latest version of JPred where JNet algorithm is used. JNet algorithm is one of the most error-free methods to 
predict the secondary structure of protein. One of the major characteristic of JPred4 is higher accuracy. All the three states (-strand, 

important parameter to predict the protein structure because this parameter is related to the packing of amino acid residues and 

Another bioinformatics method used to determine the role and interaction of a protein in certain protein pool is protein networking 

network). PIN is used in proteomics where protein-protein bindings are involved whereas PSN is used to study the mainly post-

interactions along with information on each protein, the method used to determine the interaction, and a set of publication 

with the increasing complexity and size of the data available in DIP [131]. DIP allows queries by proteins, BLAST, protein sequence 

the score is only calculated for budding yeast because large amount of external information currently only available for budding 
yeast [132]. BIND (Biomolecular Interaction Network Database) is the one of the largest collection of freely available information 
about pairwise molecular interactions and complexes. Information about the interactions between two biological ‘objects’ like 
DNA, RNA, protein, gene, molecular complexes, small molecules are stored by BIND and the probable pathways are also stored by 

contains data on the functional interaction between proteins. Mainly this consists of direct protein-protein interactions, but also 

kinetics [134]. MIPS mammalian protein–protein interaction database (MPPI) is a large collection of the data of high-quality 
experimental protein-protein interaction in mammals. Only experimental data are included here to maintain the quality. MySQL 
is the database where all these data are stored and these data are accessible through Perl CGI scripts, a web interface. Protein with 

used, PubMed reference, probable sites for binding, and also the functional role of the protein-protein interaction are provided by 
MIPS [135].

 Increase in the data content is a huge problem for visualization. One of the solutions of the problem is Cytoscape. Cytoscape is 
a stronger freely available, open-source java-based network visualization and analysis tool. Due to this ability non-programmers 
are allowed to plot the graphical images onto nodes and introduction of spreadsheet-like equations make it a stronger tool for 
integrating and visualizing complex datasets [136] (Figure 3a and b).

de novo sequences are correctly tagged. But the sequence tagging is error-prone. To solve this problem another prevalently used 
de novo sequencing and homology mutations are taken into account [120]. 

Bioinformatics tools
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probable pathway of denitration system.

Figure 3: (a) A model of protein networking visualization by cytoscape; (b) Protein–protein interaction 
network visualization by cytoscape (adapted from Smooth ME et al. 2011) 

Low abundance of nitroprotein is the major problem to analyze 3-Nitrotyrosine as well as the dentration system. Some data suggest 

scientists. Our hypothesis is that to perform the western blot of cell free extract (CFE) and then treat the membrane of western 
blot with fractionated cell free extract (CFE). 2DGE and LC-MS/MS will be performed of the fraction which shows the highest 
denitration activity (Figure 4). If the dentration system is associated with several proteins, then protein networking has to be done 
(Figure 5). 

Probable Method to Detect Denitartion

Figure 4: Probable method to detect “DENITRASE” enzyme 
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Figure 5: Approach for determining the cellular protein network for denitration 

indicate that the process is reversible. But the in vivo
in 

vivo one step reaction but it is related to signal transduction. But in human the altering of protein function by PTN is a fundamental 

been quite intriguing, foraying our perspective into a process that can alter nitration and thus may pave our way to a whole new 
world of perspectives where neurodegenerative diseases can be cured. Till now very few medicines are available for the remedy 

for the neurodegenerative diseases will be an interesting aspect to study. So the nitration–denitration pathway is very important 
to fully understand. If the nitration-denitration system is discovered in the microbes, a less complex cellular system then it will 
be the model for the higher eukaryotes and remedy for the neurodegenerative diseases because it is hypothesized that ‘Denitrase’ 
will prevent the oligomer formation [11,15,17,104-106] (Figure 6). But still isolation and application of ‘Denitrase’ is a challenge 
for scientist. 

Conclusion

Figure 6: Future perspective to prevent the Neurodegenerative disease 
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