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Introduction
A DNA adduct is a piece of DNA covalently bonded to a chemical 

compound (carcinogenic, cancer causing). DNA adduct are used as 
biomarkers and as such are themselves measured to reflect the amount 
of cancer in the subjects, i.e. rats or other animals. Under experimental 
conditions, example of such DNA adducts is DMBA (7,12-dimethyl-
benz[a]anthracene). The DNA and protein adducts may act as a marker 
of genotoxicity and the determination of the interaction products 
(adducts) of a carcinogen indicates the amounts of genotoxic material 
that has reached tissues [1]. The crosslinking of genetic material to 
protein is one of the fundamental lesions produced in the biological 
system by sun ultraviolet light [2,3]. Lipid peroxidation products are 
also bound to DNA in the human liver and leukocytes. In chemical 
carcinogenesis, the formation of a carcinogen-DNA adducts is a 
critical step and therefore considered an important biomarker during 
the initiation stage. The inducibility of DNA adducts in vitro appear to 
be a risk factor in the development of some cancers. Cellular toxicity 
occurs when adduct formation disrupts the protein structure and 
function. Examples of DNA adducts are: cisplatin-DNA, polycyclic 
aromatic hydrocarbons-DNA, mitomycin C-DNA, anthramycin-DNA 
and DNA-lysine adducts [4]. Adduct formation results in increased 
secretion of messenger molecules, cytokines and chemokines that 
mediate communication among cells and promote inflammation e.g. 
tumor necrosis factor (TNF). Several neurodegenerative diseases such 
as Alzheimer’s and Parkinson's as well as septic shock and inflammation 
involve formation of reactive oxygen and nitrogen species that include 
peroxynitrite (PON). Peroxynitrite can react with various endogenous 
biomolecules and antioxidants. 

Peroxynitrite 
Peroxynitrite (ONOO−), a reactive nitrogen species, is a potent 

oxidant and nitrating species formed from the reaction between 
nitric oxide (NO) and superoxide radicals (O2

-.). Free radicals like 
peroxynitrite create oxidative stress which may damage biological 
macromolecules and causes malfunctioning of cellular functions. 
Peroxynitrite is produced by the body in response to a variety of 

toxicologically relevant molecules including environmental toxins. It 
is also produced by the body in reperfusion injury and inflammation. 
Peroxynitrite is a potent trigger of DNA strand breakage and activates 
nuclear enzyme poly[ADP-ribose] polymerase (PARP) resulting 
in energy depletion and necrosis of the cells. The attenuation of 
peroxynitrite is of significant therapeutic benefit from environmental 
toxins as well as in a variety of inflammatory and reperfusion disease 
conditions [5].

Effect of peroxynitrite on DNA-protein adducts

Peroxynitrite is an extremely short lived species. It reacts with 
tyrosyl residues to form 3-nitrotyrosine. Peroxynitrite may also lead 
to necrosis and reactive nitrogen species have also been appreciated as 
signaling molecules [6]. Nitric oxide cause deleterious effects in various 
human pathologies such as neurological disorders, artherosclerosis 
and ischemia reperfusion [7]. Exposure of amino acids, peptides and 
proteins to gamma radiation and peroxynitrite in presence of oxygen, 
gives rise to hydrogen peroxide. Hydrogen peroxide damages nuclear 
proteins resulting in oxidative damage to associated DNA. These 
hydrogen peroxide derived radicals reacts with pyrimidine DNA bases 
and nucleosides leading to formation of adducts causing transversion 
mutations [8].

Effect of peroxynitrite on DNA-arginine and DNA-lysine 
adducts 

Adducts arises from the chemical modification of bases in DNA 
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or amino acids in protein by toxic chemicals and high energy UV 
radiation. Arginine is an amino acid that has potential to form DNA-
protein photocrosslinks. Determination of the interaction product 
(adduct) of a carcinogen with DNA or protein indicates the amount 
of genotoxicity [9,10]. DNA adducts give further information to the 
DNA damage levels as low as one adducts per 108 nucleotides can 
be measured [11]. Cellular toxicity occurs when adduct formation 
disrupts protein structure and function, which secondarily cause 
damage to submembrane organelles, metabolic pathways, or cytological 
processes. Neurotoxicants can form adducts with nucleophilic residues 
on proteins. Proteins adducts play a causal role in generation of 
neurotoxicity and adduct formation also leads to neurotoxicity [12].

We have studied the photochemical addition of arginine to 
native DNA. The UV spectroscopic analysis of the DNA-arginine 
photoadduct showed hyperchromicity, indicating the formation of 
single stranded breaks in DNA due to photomodification. It may be 
attributed to the destabilization of the double helix due to the single-
stranded regions in DNA-arginine adduct as a result of peroxynitrite 
modification. Adducts also induce immune responses and antibodies 
have been developed against many carcinogen-DNA adducts as well 
as UV damaged and oxidized bases [13]. Lysine and arginine-rich 
histones in nucleosomes on modification by environmental agents 
form histone-DNA adducts, making it immunogenic. Alteration of 
DNA resulting from photomodification or peroxynitrite could lead to 
the development of antibodies or mutations to modified DNA [14-17]. 

A change in the structure of DNA could either be due to radiation 
or due to damage with free radicals [18]. Since there are many 
polybasic compounds in the vicinity of DNA, there exists a possibility 
of their interaction with DNA on exposure to radiation or free radicals. 
Lysine and arginine-rich histones in nucleosomes on modification 
by environmental agents form histone-DNA adducts, making it 
immunogenic. It appears that the pathogenic anti-DNA autoantibodies 
are generated through some modified epitopes on nucleic acids [18]. 
Prominent DNA modifications induced by exposure to peroxynitrite 
include the formation of 8-nitro-guanine and 8-oxyguanine as well 
single-strand breaks [19]. Peroxynitrite reacts significantly with 
guanine, which upon oxidation and nitration leads to mutagenicity 
and strand breaks, respectively. Peroxynitrite also damages DNA by 
covalent bond formation and removal of DNA bases [20,21].

Similarly, the UV spectroscopic analysis of the DNA-lysine 
photoadduct showed hyperchromism, indicating either the formation 
of single-stranded breaks in DNA or helix destabilization at the site 
of lysine conjugation. Peroxynitrite causes substantial damage to the 
DNA-lysine adduct as evident from the hyperchromicity of the spectral 
curve, which could be attributed to strand breaks. On peroxynitrite 
modification, the hypochromicity increased, which may be due to the 
shielding effect of lysine or it may also be attributed to the extensive 
cross-linking between peroxynitrite and the DNA-lysine adduct [21]

Conclusion
Peroxynitrite (ONOO−), a toxic product of the free radicals, NO 

and superoxide, has been implicated in the pathologies of inflammatory 
diseases, including multiple sclerosis. Peroxynitrite leads to sulfhydryl 
oxidation and lipid peroxidation as well as structural and functional 
alteration of proteins and DNA. Peroxynitrite participates in neuron 
damage in association with inflammatory processes. Endogenous 
peroxynitrite has been found to mediate various effects, including 
DNA single-strand breakage. In addition to beneficial effects in host 
defense mechanism, the anion may have deleterious effects on host 

tissues. The relative balance between these radicals has important 
implications for vascular pathophysiology in hypertension and other 
vascular conditions. A change in the structure of DNA could either be 
due to radiation or interaction with free radicals. Peroxynitrite radical 
make native proteins and DNA immunogenic. The modified antigens 
leads to production of anti-DNA auto antibodies in autoimmune 
disorders such as systemic lupus erythematosus. Hence, these modified 
biomolecules and photoadducts could have important implications in 
several pathophysiological conditions [22].
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