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INTRODUCTION 

The p53 is a transcription factor is also known as tumour 

suppressor gene TP53, involved in regulating the cell 

responses to DNA damage to support genomic 

stability.
[1]

  p53 was first identified in 1979 as a cellular 

protein that bound to the simian virus (SV40) large 

antigen.
[2]

 and a 53-kilodalton phosphoprotein, the 

product of a 20-kilobase gene on the short arm of human 

chromosome 17.
[3]

 The tumour suppressor protein is a 

central factor in the prevention of cancer in human. It has 

been famously called “the guardian of the genome” due 

to its ability to respond to genotoxic stress, such as DNA 

damage and other stress signals, and to protect the 

genome by inducing a variety of biological responses 

including DNA repair, cell cycle arrest, and apoptosis.
[4]

. 

The cell cycle arrest reconciled by p53 depends on its 

ability to act as a sequence-specific DNA-binding 

transcription factor.
[5]

.p53 is a tumour suppressor i.e. 

maintained at low levels in a normal cells, but rapidly 

accumulates in the nucleus in response to stress, such as 

DNA damage, hyper proliferation, chemotherapeutic 

agents, ultraviolet light, and  hypoxia. The half life of 

p53 is 6-20 min in healthy cells. However, the 

concentratiorn of p53 is increased three to four fold, and 

the half-life is improved to hours in response to stress.
[6]

. 

p53 instability is primarily controlled by its negative 

regulator MDM2.
[7]

 and  binds to p53 and prevent p53 

functioning effectively as a transcriptional activator and 

target it for proteasomal degradation.
[8]

 p53 is usually 

activated by disruption of its interaction with Mdm2 and 

it has been shown that cocompartmentalization of  both 

proteins is essential for p53 degradation.
[9]

. p53 is 

activated as a transcription factor in response to 

oncogene activation,  hypoxia, nitric oxide, mitotic 

spindle damage, ribonucleotide depletion and specially 

DNA, damage resulting in growth arrest or apoptosis or 

by repressing the expression of antiapoptotic proteins.
[10]

.  

p53 regulated apoptosis by interactions between BCL2 

family proteins, including the antiapoptotic proteins:- 

1) BCL2,  

2) BCL2- related myeloid cell leukemia sequence 

1(MCL2) 

3) BCL2- associated X protein (BAX) 

4) BCL-2 antagonist/killer1 (BAK1). 

 

By protein like BH3, PMAIP1, BCL2L11, play key roles 

in coupling the specific death stimuli to the core 

apoptotic machinery. 

 

The displaced BCL2L11 then interacts with BAX or 

BAK1, resulting in change in their conformation and 

insertion into the outer mitochondrial membrane. The 

subsequent release of cytochrome c, somatic (CYCS) 

from the mitochondria activates the CASPs, which are 

required for the initiation of apoptosis). It has been 

shown that TP53 translocates to the mitochondria within 

1 h after γ-irradiation in various cancer cell lines. This 

translocation promotes changes in the mitochondrial 

membrane potential and subsequent release of CYCS.
[11]

 

 

The activity of p53 is regulated primarily through post-

translational mechanism, including stabilization of the 

protein by phosphorylation, increased nuclear 

localization, and changes in conformation leading to 

enhanced DNA binding. 

Some of the genes induced by p53 include:- 

a)  p21
waf7

, which contributes to growth arrest; 

 b)  Bax, which induces apoptosis;  

c) GADD45, which functions in DNA repair;
[12]

 and  

d) Cyclin G, which modulate apotosis.
[13]

. 

SJIF Impact Factor 4.161 

Research Article 

ISSN 2394-3211 

EJPMR 

 

 

EUROPEAN JOURNAL OF PHARMACEUTICAL 

AND MEDICAL RESEARCH 
www.ejpmr.com 

 

ejpmr, 2017,4(2), 740-751 

Corresponding Author: Manju Kumari 

Department of pharmaceutical chemistry, Himachal institute of pharmaceutical education and research,Bela, Nadaun. 
 

 

 

 

 

 
 

 

ABSTRACT 
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Mutations in p53 have been implicated in many cancer 

types. It is inactive in normal, unstressed cells, but 

becomes active when DNA is damaged.
[14]

 In most 

tumour mutations, missense base substitutions occur in 

the p53 coding sequence that change a single amino acid 

in the core domain, which governs conformation and 

specific interactions with DNA. Mutations are occurred 

at points where the proteins is in close proximity to DNA 

or makes direct contact when the tetramer combines to 

its recognition structure.
[15]

 Mutations within introns 

affect gene expression w13x. Mutations in the p53 gene 

have been recorded to increase resistance to ionizing 

radiation in transgenic mouse cells
3
. Inactivation of p53 

through mutation is generally found in a wide range of 

occurring at irregular interval cancers.
[16]

 The regularity 

of p53 gene mutations is high in cancers of the colon, 

breast, lung, overy, brain. As well as in leukemias and 

osteosarcomas. The most common abnormalities 

obtained are missense point mutations that are collection 

between exons 5-8. Insertions occurred at 1-14 

nucleotides in length and these duplicate the sequences 

of the neighbouring region. Deletions were observed 

more generally and occurred from 1-37 nucleotides.
[17] 

 

An essential mediator of cellular mediator to oncogene is 

mutation of the tumour suppressor p53, is the most 

frequent genetic alteration in human cancer. About 30% 

of the mutations that inactivate p53 simply lower the 

melting temperature (Tm) of DNA binding domain of 

p53, so that it denatures fastly in cells. Tm of a mutant, 

and its activity, can be reserved by molecules that attach 

to its native structure and not its denatured states. 

Temperature sensitive mutants of p53 are 

transcriptionally active at low temperature   37   C  

demonstrated that the activity of the such  mutant can be 

rescued in a biological context. 

 

The principle of p53 reactivation by small molecules was 

provided using a small peptides, CDB3, which binds 

reversibly to the DNA- binding domain of p53. The 

peptide was shown to stabilize wild-type and mutant p53 

in vitro and elevated the activity of mutant p53 in cancer 

cell lines.A group of molecules like PRIMA-1 and 

MIRA-1 or their respective hydrolysis products may 

react covalently with p53 via modification of cysteine 

residues, suggesting a possible mechanism for targeting 

p53 in cells. It is also possible that molecule bind to 

cysteine residues in p53 may also regulate p53 activity 

through modification of the proteins redox state. Given 

the ramifications toward the development of novel 

anticancer drugs, there is a fundamental need to discover 

small molecules that directly stabilize temperature 

sensitive p53 mutants.
[18] 

 

The use of peptides in cancer therapeutics has recently 

famous because of their potency, specificity, low toxicity 

and limitations of viral vector gene therapy approaches. 

One necessary requirement of these peptide-therapy is 

the ability of these molecules to be efficiently cross the 

cancer cell membranes.
[19]

 In general, cellular plasma 

membranes are largely impermeable to proteins and 

peptides. But certain short peptie sequence, composed 

mostly of basic, positively charged aminoacids (eg Arg, 

Lys and His), have the capability not only to transport 

themselves across cell membranes, but also to carry 

binded molecules (proteins, DNA, or even large metallic 

beads) into cells . These basic sequences, mostly derived 

from DNA binding proteins are now commonly known 

as protein transduction domains(PTD) and have been 

successfully employed to transport cargo proteins.
[20]

 

across a varity of cell membrane. The principle of p53 

reactivation by small molecules was first explained using 

a small peptides, CDB3, which binds reversibly to the 

DNA- binding domain of p53.
[21]

 

 

Structure of p53 protein 

The p53 gene encodes for p53 protein of 393 amino 

acids with a molecular weight of 53 kDa.
[22]

 p53 protein  

form a homotetramer, or dimmer of dimmers with each  

subunit containing 

1) N- terminal transactivation domain, 

2) DNA – binding core domain ( p53 DBD) i.e. the site 

of the vast majority of tumor derived substitution 

mutations, 

3) Tetramerization domain structured as a dimer of 

dimmers and 

4) C-terminal regulatory domain.
[23]

 

 

N-terminal domain responsible for transactivation (TAD) 

domain (residue 1-40) possesses a highly conserved 

region (15-29) called Box1. This region is mostly 

unstructured in a solution, however, residues 19-25 form 

an alpha helix when bound to the hydrophobic pocket of 

the p53 regulatiry protein MdM2. p53 contains a number 

of conserved serine, threonine and lysine residues which 

are the accepted sites for phosphokinase involved in the 

regulatory pathways.
[24]

. The central or core domain of 

p53, which is comprised of residue 94-312, is 

responsible for specific DNA interactions, but it has also 

been describrd to be involved in nonspecific DNA 

binding.
[25]

 The p53 TAD can be divided into two 

subdomains, TAD1 (residues 1–40) and TAD2 (residues 

40–83), and both subdomains display independent 

transcriptional activation functions. TAD1 specifically 

recognizes MDM2, the TATA binding protein (TBP), 

and CBP/p300, while TAD2 interact with the replication 

protein A (RPA70), among others (26). ArhGAP11A as 

an important neurite inducer that physically binds with 

p53 in embryonic oligodendrocytes, and  RhoGAP 

domain binds to the p53 tetramerization domain (TD). 

The tetrameric conformation of the p53 TD is crucial for 

the interaction with RhoGAP, and multiple hydrogen 

bonds are involved in the RhoGAP-p53 TD interaction. 

Upon DNA damage stress, ArhGAP11A is upregulated 

and translocated to the nucleus, where it binds to p53 and 

induces cell-cycle arrest and apoptosis.
[26] 
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Figure1. p53 protein structure.
[27]

 

 

In terms of three-dimensional structure, the DNA-

binding domain is made of a frame of beta-sheets that 

supports flexible loops and helixes, which are in direct 

contact with DNA. The most common mutations that 

occur in cancer alter this structure either by abrogating 

protein–DNA contacts or by disrupting protein 

folding.
[28]

 

 

FUNCTIONS OF p53 

1) Human malignancies can be caused by the 

inactivation of tumor suppressor p53. Restoration of p53 

function causes death of tumor cells and is potentially 

suitable for gene therapy of cancer.
[29]

 

2) Its unique G1 cell cycle arresting mechanism that is 

maintained by p21WAF1, there are signals transduced by 

p53 to multiple apoptotic effectors perhaps due to the 

importance of apoptosis in suppressing tumors.
[30]

 

3)  p53 is the central component of the system that 

prevents the generation of genetically altered cells in the 

body.
[31]

 

4) p53 is used in the management of esophageal 

adenocarcinoma which is useful in     surveillance and 

multiple non targeted biopsies.
[32]

 

5)  p53 prevents cancer by Cell cycle arrest in G1, 

allowing time for the repair of DNA damage, thereby 

eliminating cells with damaged genomes.
[33]

 

6) The cyclin dependent kinase inhibitor p21Waf1/Cip1 

is a direct p53 target and deletion of this gene 

significantly reduces the cell cycle arrest response to 

p53.
[34]

 

7) p53 can bind and inactivate proliferating cell nuclear 

antigen (PCNA), which plays an essential role in DNA 

replication. It also activates RRM2B/P53R2(p53-

inducible ribonucleotide reductase) and DDB2 (damage 

– specific DNA binding protein 2) genes that have 

distinct roles in DNA repair. Individuals who inherit only 

one functional copy of p53 gene have the possibility of 

developing Li Fraumeni‟s syndrome.
[35]

 

8) Tax-mediated p53 inactivation for ATL (adult T-cell 

leukemia ) genesis process in which Tax can immortalize 

the virus-harboring T-cells of the HTLV-1-infected 

individuals and destabilize their genome, so that these 

cells may progress towards the ultimate leukemic state 

by a stepwise accumulation of oncogenic mutations.
[36]

 

 

Classification of p53 reactivating peptides 
1)  p53-MDM2 interaction inhibitors: The MDM2 

(murine double minute 2) protein (also 

known in humans as HDM2) was first identified as the 

product of a gene developed over 50-fold on 

acentromeric extrachromosomal bodies  called “double 

minutes”  found in a 3T3DM spontaneously transformed 

mouse cell line and  able to interact to the transactivation 

domain of p53 through a “p53-interacting domain” on 

the MDM2 N-terminus.
[37]

 and stimulates transport of 

p53 from nucleus to cytoplasm.
[38]

 The direct cooperation 

between the two proteins has been bounded to a 

relatively small (amino acids 25–109) hydrophobic 

pocket domain at the NH2 terminus of MDM2 and a 15-

amino acid amphipathic peptide at the NH2 terminus of 

p53.
[39]

. (Site-directed mutagenesis has shown the 

importance of p53 residues Leu14, Phe19, Leu22, Trp23, 

and Leu26, of which Phe19, Trp23, and Leu26 are the 

most important.
[39,40]

 

 

The mutations of MdM2 at residues Gly58, Glu68, 

Val75, or Cys77 result in lack of p53 binding 
[41]

 The 

interacting domains show a tight key-lock configuration 

of the p53-MDM2 interface. The hydrophobic side of the 

amphipathic p53 a-helix, which is formed by amino acid 

19–26 (with Phe19, Trp23, and Leu26 making contact), 

fits deeply into the hydrophobic cleft of MDM2. Thr18 is 

very important for the stability of the p53 a-helix.
[42]

. The 

activation of the p53 function by the inhibition of the 

protein-protein interaction of p53-MDM2 is regarded as 

an effective approach in cancer therapy
43

. MDM2, 

negatively regulates p53 function by a variety of 

mechanisms, including- 

a) Ubiquitin independent proteosomal associated 

degradation of p53. 

 b) Ubiquitylation. 

c) phosphorylation 

d) transportation of p53 from nucleolus to cytoplasm 

e)  p53 regulations by metal ions.  

 

a) Ubiquitin independent proteosomal associated 

degradation of p53:  p53 is the most generally mutated 

tumor suppressor gene in various types of cancers. DNA 

damage produces p53 accumulation in an Ataxia 

Telangiectsia Mutated (ATM)-dependent manner. p53 

interacts with mouse double minute2 (MDM2) protein 

and undergoes ubiquitination and 26S proteasomal 

degradation. ATM controls p53 stability by 

phosphorylation of of MdM2 and E3 ligase processivity. 

Not only 26S proteasomal degradation of p53, 20S 

proteasomal degradation pathway was also reported. 

NQO1 and NQO2 interact with p53 and protect p53 

against 20S  proteasomal degradation. NQO1 knock-out 

mouse showed reduced p53 induction and increased 

susceptibility to chemically-induced tumors.
[44]

  NADH 

quinone oxidoreductase 1 (NQO1). NQO1, or DT-

diaphorase, is a flavin-containing quinine reductase with 

a large substrate specificity. NQO1 activates the 

reduction in various quinones through a two-electron 

reduction mechanism using either NADH or NADPH as 

a reducing cofactor, and it is inhibited by the competitive 

inhibitor dicoumarol.
[45]

  

 

The proteasome is a large, multi-catalytic protease that 

degrades proteins to small peptides. The 26S proteasome 
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is made up of a core 20S catalytic chamber, capped at 

both ends with 19S regulatory units. The 19S regulatory 

particles are important for recognizing poly ubiquitinated 

proteins, unfolding them, and opening an orifice into the 

20S core catalytic chamber.
[46]

 Free 20S core particles 

establish a major portion of the total amount of 

proteasomes and are present both in the nucleus and 

cytoplasm of the cell.
[47]

 NQO1 co-fractionates with the 

20S core particle but not the 26S proteasome.
[48]

 NQO1 

inhibits p53 degradation by defect, this provided the 

information that the 20S but not the 26S proteasome 

regulates this process. The 20S core of the 26S 

proteasome digests uncoiled protein substrates, and the 

uncoiling step is finished by the 19S regulatory particle 

in a process that is ATP dependent.
[49

] By reversing 

chaperon activity (a guide or companion whose purpose 

is to ensure propriety or restrict activity) of the 19S that 

is important in denaturing the substrate to fit the 20S 

chamber, it was initially rather baffling that the 

ubiquitinin dependent process does not require the 19S 

particle. A number of in vitro studies showed that certain 

proteins that are naturally unfolded, such as proteins that 

are fully or regionally intrinsically unstructured, undergo 

degradation by the 20S proteasome. Recently, it was 

suggested that as much as 20% of all cellular proteins 

can be degraded or cleaved by the 20S proteasome 

specifically at unstructured domains.
[50]

.The 

susceptibility to the 20S proteasome may be used as an 

operational definition approach to determine whether a 

given protein is unstructured.
[51]

 Consistently, p53 that is 

unstructured at both N- and C-termini28.
[52]

 undergoes 

20S proteasomal degradation in vitro. NQO1 associates 

with the 20S proteasome, and  it prevents the degradation 

of proteins with unstructured regions, such as p53, 

p73,
[53]

 NQO1 plays the role of „gatekeeper‟ of the 20S 

proteasome . NADH regulates the organisation of NQO1 

with the potential 20S proteasome substrates, but does 

not control NQO1 organisation with the 20S proteasome. 

At high levels of NADH the substrates are protected and 

do not enter the 20S catalytic chamber. At low levels of 

NADH the substrates are not effectively protected and 

are degraded by the proteasome. This model explains 

how certain small drugs that compete with NADH, such 

as dicoumarol, sensitize p53 to degradation. 

Interestingly, a similar molecular mechanism was 

recently described in yeast in the context of the 

transcription factor Yap4 protein.
[54]

 Lot6 is the NQO1 

ortholog in yeast31 and binds to the 20S proteasome. It 

was recommended that like p53 in mammalian cells 

Yap4 in yeast becomes associated with the Lot6–

proteasome complex in the presence of NADH. NADH 

is needed because Lot6 must be reduced to bind Yap4. 

Remarkably, the binding of Yap4 to the Lot6–

proteasome complex protects it from the ubiquitin-

independent proteasomal degradation.
[55] 

 

b) Ubiquitylation: Ubiquitin is an abundant and 

essential cellular 9-kd protein.
[56]

. Ubiquitin is composed 

of 76 amino acid residues and its primary arrangement is 

highly conserved from yeast to mammals, thus resulting 

in essentially identical tertiary structure.
[57]

 

Ubiquitination is the covalent connection of molecules of 

the small 76 amino-acids protein ubiquitin to a target 

protein which is then marked for proteasome destruction 

or endocytosis or participation in a range of processes. 

Ubiquitination along with other post-translational 

modifications of proteins such as phosphorylation, 

hydroxylation and acetylation is a regulated process for 

the execution of which a multitude of regulators exist.
[58] 

 

 

Figure 2. The ubiquitination cascade. E1 denotes 

ubiquitin-activating enzyme, E2: ubiquitin conjugating 

enzyme and E3 ubiquitin ligase. Ub: ubiquitin. 

 

Ubiquitination requires binding of the target protein to 

the appropriate E3 ubiquitin ligase. E3 ubiquitin ligases 

are recognised by the N-end rule, based on the finding 

that the in vivo half-life of a protein is related to the 

properties of its amino-terminal residue. Short-lived 

proteins commonly have basic or bulky hydrophobic 

residues at their N-terminus, and more stable proteins 

have one of the amino acids of cysteine, alanine, serine, 

threonine, glycine, valine, or methionine at the N 

terminus.
[59]

 The E3 ubiquitin ligase E3/Ubr1 is engaged 

for targeting N-end rule substrates. However, most 

proteins are targeted for ubiquitination by more complex 

mechanisms than acceptance of an N-terminal amino 

acid. For example, post-translational modifications, such 

as phosphorylation, are common signals for 

ubiquitination. A number of important transcription 

factors are affected by phosphorylation-dependent 

ubiquitination. Nuclear factor-kappa B is activated after 

its inhibitory chaperone IB is phosphorylated and 

consequently ubiquitinated.
[60]

 Catenin, which is 

regulated by ubiquitination and targeted for ubiquitin 

ligation by phosphorylation at N-terminal serine residues 

is part of the T-cell factor/lymphoid enhancer factor 

(TCF/LEF) heterodimeric transcription complex,
[61]

. 

Some short-lived proteins contain a PEST sequence, 

which is a phosphorylation site improved in the four 

amino acids of proline, glutamic acid, serine, and 

threonine that regulates ubiquitination.
[62]

 Ubiquitination 

can also be regulated by activation of some E3 ligases, 

which themselves may be synthesized as inactive 

enzymes and undergo post-translational modification as 

the activation step. The anaphase-promoting complex/ 

cyclosome E3 ligase is phosphorylated late in mitosis to 

initiate degradation of cyclin B and progression of the 

cell cycle.
[63, 64, 65, 66]

. Cyclins are cell cycle–regulatory 

proteins that are rapidly activated and degraded to 

control progression through the different phases of the 

cell cycle.
[67, 68]

. These critical cell cycle control 

processes are susceptible to interference early during 

viral infection. Because of the critical role that ubiquitin 

ligation has in regulating the cell cycle, viruses have 
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evolved mechanisms to sustain cell division after 

infection and thus assure viral replication. 

 

c) Phosphorylation: Almost 20% of the amino acids on 

the MDM2 protein are either serine or threonine 

residues, and the MDM2 protein is phosphorylated. Two 

arrays of  phosphorylation sites are located at the NH2 

terminal (amino acids 1–193) and central (amino acids 

194–293) domains of murine MDM2, respectively. 

Mapping of these arrays fits well with more recent 

studies (carried out for the most part with human MdM2) 

which have identified a number of sites that are 

phosphorylated in a cellular context, including (with the 

modifying enzymes, where known, given in parentheses) 

ser166 (Akt), ser186 (Akt), thr219 (cyclin A-CDK1/2), 

ser229, ser232, ser240, ser242, ser246, ser253, ser256, 

ser260, ser262, ser269 (CK2), tyr294 (c-Abl), and ser295 

 ATM [„„ataxia telangiecta siamutated‟‟ protein kinase] . 

In addition to these well-characterized modifications, 

two other phosphorylation sites in this region, threonine 

168 and serine 189 (murineMdm2).
[69] 

 

Phosphorylation happens on multiple sites in MdM2, and 

the phosphorylated residues array into 2 functional 

domains:  

(1)  N-terminal domain that interacts with p53 and 

inhibits p53 transactivity and  

(2) highly disordered acidic domain in the central part of 

MDM2 that serves as the docking site for many binding 

partners.
[70]

 

 

Two protein kinases have been involved directly in p53 

modifications induced by ionizing radiation (IR) and 

radiomimetic chemicals: ATM, required for the initial 

phase of p53 aggregation in response to this damage, and 

ATR, involved in the later phase of this process. In 

response to IR and radiomimetic treatment of cells, ATM 

is activated and mediates rapid phosphorylation of p53 

on Ser15, whereas ATR seems to be involved in the 

subsequent maintenance of this phosphorylation. 

Importantly, both of these kinases phosphorylate p53 in 

vitro on Ser15. A third enzyme involved in cellular 

responses to DNA damage, the DNA-dependent protein 

kinase (DNA-PK), is capable of phosphorylating p53 in 

vitro on Ser15 and Ser37 , but is probably not necessary 

for damage-induced p53 activation and accumulation. 

ATM, ATR, and DNA-PK belong to a family of protein 

kinases with carboxyl-terminal domains showing 

similarity to phosphoinositide 3 kinases. Members of this 

family are involved in controlling genome stability, cell 

cycle progression, and responses to DNA damage in 

various organisms. Lack of ATM in humans causes the 

genetic disorder ataxia-telangiectasia (A-T), 

characterized by neurodegeneration, immunodeficiency, 

genome instability, cancer predisposition, sensitivity to 

IR, and defective activation of cell cycle checkpoints by 

DNA damage . DNA-PK deficiency in mice leads to 

severe combined immunodeficiency (scid), which shares 

many features with A-T
.[71] 

 

d) Transportation of p53 from nucleolus to 

cytoplasm:  p53 is a very unstable protein that is 

typically nuclear and present in very amount. p53 

transports between nucleus and cytoplasm during the cell 

cycle.
[72, 73, 74, 75] 

and its nuclear entry and exit are 

mediated by specific import and export machinery as it 

exceeds the 40-50kDa limit for passive nuclear 

transport
[76]

 p53 accomodates nuclear localization and 

nuclear export signals, and its subcellular localization 

reflects a balance between the rates of import and 

export.
[77,78,79,80,81]

 p53 inactivates in the cytoplasm by 

some tumors
[82, 83, 84]

. p53 has two  nuclear export signals 

(NES), a C-terminal one within the tetramerization 

domain.
[79]

 and a second that overlaps the N-terminal 

transactivation domain.
[81]

 Because treatment of cells 

with leptomycin B (LMB), which inhibits the nuclear 

export receptor CRM1.
[85, 86]

 results in p53 nuclear 

localization, either or both are potential CRM1 

targets.
[79]

. The C-terminal NES has the potential to link 

p53 structure with subcellular localization and nuclear 

functions. The crystal structure of the tetramerization 

domain indicates that the NES it contains should be 

covered in the tetramer, but exposed in monomers or 

dimers. The priority of the C-terminal NES for 

controlling p53 subcellular localization is indicated by 

the p53 nuclear restriction caused by C-terminal NES 

mutations.
[79]

The positioning of an NES in the 

tetramerization domain allows for factors that affect p53 

tetramerization and dissociation to be linked to 

subcellular localization and binding of p53 to its 

response elements. For example, phosphorylation of 

serine 392 (human p53) in the C-terminus might stabilize 

p53 tetramers, while phosphorylation of serines 315 and 

392 might destabilize tetramers.
[86,87,88] 

and MDM2-

mediated ubiquitination of p53 may expose the p53 C-

terminal NES to enable p53 export to the cytoplasm.
[89, 

90,91]
 

 

p53 nuclear export can be induce by N-terminal NES in 

unstressed cells, but is inactivated by DNA damage to 

allow for rapid nuclear accumulation.
[79]

 However, this 

supposed NES lies within the transactivation domain, 

and overlaps the sequences known to bind MDM2,
[92]

 

While DNA damage induced N-terminal 

phosphorylations inactivate the N-terminal NES
79

 these 

modifications occur in regions that could affect MDM2-

p53 combination and 
[93,94,95]

. Also, DNA damage also 

induces modifications on MDM2.
[96]

  that can reduce 

MDM2 stability 
97

 which also impedes MDM2-p53 

interaction. Furthermore, mutations in the N-terminal 

NES limit interaction with the export receptor were made 

in residues that prevent association with 

MdM2
[98

,
99]

.Consequently, these mutations stabilize p53, 

leading to its tetramerization, and constitutive nuclear 

localization.  

 

e)  p53 regulations by metal ions: Chromium[Cr(VI)] 

compounds are used widely in industry and are found in 

the environment.cancers of  respiratory system.
[100]

 

Exposure to Cr(VI)- containing compounds is known to 
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induce lung toxicity and increased chances of cancers of 

respiratory system.
[101, 102, 103,104]

 The activation of p53 is 

at the protein level instead of the transcriptional level. 

The degradation of p53 was dramatically decreased upon 

stimulation by Cr(VI). In addition, Cr(VI) treatment 

decreased the interaction of p53 with mdm2 proto-

oncoprotein, which blocks the transactivation ability of 

p53 and promotes the degradation of p53 protein, In 

response to Cr(VI) treatment, p53 protein became 

phosphorylated and acetylated at Ser15 and Lys 382, 

respectively. The phosphor -rylation levels at either 

Ser20 or Ser392 did not show any significant alterations. 

Ser15 instead of Ser20 may play a kay role in the 

dissociation of mdm2 in response to Cr(VI).Erk, a 

member of mitogen-activated protein kinase for the 

phosphorylation of the p53 Ser15 site.
[105]

.MDM2 to 

interact, even though more weakly, with the C-terminal 

and core domains of p53.
 
The disruption of any of these 

regulatory functions by MDM2 is a viable strategy to 

reactivate p53, especially through inhibition of the 

p53/MDM2 binding interaction.  The p53/ MDM2 

interaction is largely hydrophobic, and the binding 

interface of the two proteins is also quite small, making 

small, peptidic or non-peptidic molecular mimics of the 

p53 binding site good candidates for inhibitors of 

p53/MDM2 interaction. This hydrophobic binding 

domain has been efforted to rationally design synthetic 

p53/MDM2 inhibitors with excellent affinity. Three 

major classes of synthetic p53/MDM2 inhibitors, the 

nutlins, spirooxindoles, and benzodiazepinediones, have 

taken advantage of the Phe19-Trp23-Leu26 binding core 

to displace p53 and bind MDM2 with much greater 

affinity and in vitro potency. Approximately half of all 

amino acids utilized
 
in cyanobacterial natural products 

are modified with the most frequent modifications 

including N-methylation, N‟-N‟-dimethylation, ketide 

extension, and halogenation to a lesser extent.
 
Many 

features of marine cyanobacterial compounds, including 

their molecular weight distribution (median 604 Da), 

lipophilicity, and chemical diversity, lend themselves to 

favorable bioactivity and medicinal chemistry profiles, 

particularly as it pertains to p53/MDM2 inhibition. 

 

Hoiamide D, a peptide- derived p53/MDM2 inhibitor, 

isolated in both its acid and carboxylate forms, from two 

separate collections of the Papua New Guinea 

cyanobacterium Symploca species.
[106]

 

 

An in vitro screen for agents that blocked 

doxorubicininduced, p53-dependent, lacZ-encoded h-Gal 

expression led to the identification of a small-molecule 

inhibitor of p53, is pifithrin-α[PFT-a,2-(2-imino-4,5,6,7-

tetrahydrobenzothiazol-3-yl)-1-(4-

methylphenyl)ethanone]. This compound inhibited  a 

number of p53- dependent processes including UV-

induced, p53- dependent h-gal expression, UV-induced 

cyclin G, p21, and MDM-2 protein expression.
[107]

 

 

The side chains of hydrophobic residues F19‟, W23‟ and 

L26‟ are responsible for the interaction of p53 with 

MDM2. The binding of p53 to MDM2 is directly 

disrupted by these residues and it may be an attractive 

pathway of targeted anticancer therapy. Many drug 

candidates, such as small-molecule inhibitors, peptides, 

and peptide-analogue are designed to target the 

interaction between p53 and MDM2. And the design 

novel potent inhibitors have become the current goal for 

cancer therapy development. Recently, two peptide 

inhibitors pDI (LTFEHYWAQLTS) and pMI 

(TSFAEYWNLLSP) was identified identified using 

phage display. Using pDI and pMI for comparison, a 

quadruple mutant peptide (pDIQ) was reported as the 

most potent inhibitor against MDM2
10

. 

 

2) p53 mitochondria reactivating peptides:- The 

mitochondrion plays a critical role in apoptosis. Tumor 

protein p53 (TP53) controls apoptosis, via positive or 

negative transcriptional regulation of various BCL2 

family proteins such as BCL2, BBC3, BAX and 

PMAIP1 (phorbol-12-myristate-13-acetate-induced 

protein
10

. A trademark of apoptosis is the activation of a 

caspase cascade, resulting in cleavage of many structural 

and signaling proteins. This can be achieved by two 

major cellular signaling pathways, known as the intrinsic 

(or mitochondrial) pathway and the extrinsic pathway 

also known as death receptor pathway. The intrinsic 

pathway is eliminated  in a mitochondria-dependent 

fashion and is controlled by the pro- and anti-apoptotic 

members of the Bcl-2 family of proteins. In counter  to 

an apoptotic signal, such as oxidative stress or DNA 

damage caused by many anticancer therapeutics, the pro-

apoptotic Bcl-2 members Bax or Bak are activated at the 

mitochondria, thereby triggering a cascade of signaling 

events including cytochrome c release into the cytoplasm 

and the activation of the initiator caspase-9. The 

administrator caspase-3 is subsequently activated, 

leading to cleavage of numerous cellular proteins and 

that basically ends with the death of the cell. Anti-

apoptotic Bcl-2 family proteins, including Bcl-2, Bcl-

XL, Bcl-w, Mcl-1 and A1, prevent cell death by binding 

and sequestering pro-apoptotic proteins. The activity of 

caspases is also tightly regulated by cytosolic inhibitor of 

apoptosis (IAP) proteins (XIAP, cIAP1, cIAP2, 

survivin), which can directly bind to and block caspase 

activation.
[108]

 

 

Mitochondria are central death regulators in response 

binds to BclXL via its DNA binding domain. DNA 

damage, growth factor withdrawal, hypoxia, and 

oncogene deregulation and are critical for p53-dependent 

death. When mitochondria receive a death signal, the 

outer mitochondrial membrane (OMM) endures 

immobilization  which causes the release  of  potent 

death factors from the intermembraneous space into the 

cytosol. These apoptogenic factors activate caspase-9 

(cytochrome c), inhibit cytosolic IAPs (Smac, Htra2), 

induce chromatin  condensation (AIF), or degrade DNA 

(Endonuclease G). OMM immobilization is regulated by 

the opposing actions of pro- and antiapoptotic Bcl2 

proteins. The antiapoptotic members, described by Bcl2 
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and BclXL, fundamently reside at the OMM and 

moderate an analytical pro-survival function  by 

stabilizing the OMM and preventing the release of 

moderate apoptosis by transcriptional activation of pro- 

death factors. Overexpressed Bcl2 and BclXL abolish 

p53-dependent and independent cell death. The pro-

apoptotic members consist of the BH3-only class, which 

reconciles  the protective Bcl2/XL proteins, and the 

multidomain BH123 class. The type II BH3-only 

proteins Noxa, Puma, Bik, Bim, and Bad couple death 

signals to mitochondria and in healthy cells are 

sequestered to cytosolic sites other than the OMM. Upon 

appreciated death stimuli, BH3-only proteins undergo 

post translational modifications and mitochondrial 

translocation. Translocated BH3-only proteins then bind 

to Bcl2/XL via their BH3 domain, thereby inactivating 

their protective function. In resting cells, BH123 proteins 

exist as inactive monomers in the cytosol (Bax) or at 

mitochondria (Bak) and can be induced to 

homooligomerize and insert into the OMM by tBid after 

death stimuli, leading to cytochrome c release. BH3-only 

proteins are upstream of BH123 proteins since Bax/Bak 

double null cells are resistant to Bim- and Bad-induced 

apoptosis.
[109]

 As a cytosolic protein, p53 acts in 

association with 79 several members of the Bcl-2 family 

proteins, facilitating the mitochondrial release of 

cytochrome c (Cyt c); this triggers a cascade of 81 events 

leading to caspase-3 activation and cell death.
[110]

 

 

3) p53-oxidative stress reactivating peptides:  By 

definition, oxidative stress is a condition under which 

free radicals in excess of the antioxidant defences are 

present
111

. Oxidative stress as an imbalance between the 

production of ROS (prooxidants) and antioxidants 

defense system in an organ or the organism as a whole, 

in favor of the first and brings about cellular disruption. 

This imbalance occurs due to two reasons; either by the 

overproduction of ROS such as the superoxide radical or 

hydroxyl radical (OH), or by the decrease in the 

elimination of ROS by oxidant defense mechanisms. The 

most important sources of ROS generation include the 

mitochondrial electron transport chain (one of the 

important sites involves in the production of significant 

amounts of H2O2), per -oxisomes and the cytochrome 

P450 system. Furthermore, production of ROS can be 

accelerated by the action of various enzymes such as 

cyclooxygenases, xanthine oxidase, uncoupled NOS and 

NADPH oxidases. Different drugs, such as doxorubicin, 

cisplatin, acetaminophen  and nimesulide, toxicants such 

as heavy metals (As, Pb, Cd, Hg, etc.), acrolein, 

chloroform, and carbon tetrachloride, tertiary butyl 

hydroperoxide, xenobiotics, ultraviolet (UV) irradiation, 

environmental pollutants (oxides of nitrogen, SO2, CO2, 

etc.), and other factors enhance the process of ROS 

production. 

 

A number of metabolic disorders, such as insulin 

resistance, familial amyotrophic lateral sclerosis, obesity, 

and diabetes mellitus all assist the formation of ROS in 

the biological system.
[112]

 

Paraquat (PQ) causes toxicity mainly due to generation 

of  superoxide anions in the mitochondria and cytosol of 

mammalian cells, which leads to the formation of several 

reactive oxygen species (ROS). Because the toxicity 

mechanism of PQ is mainly due to a sustained redox-

cycling effect resulting in oxidative stress-related. Upon 

exposure of human neural progenitor cells(hNPCs)  to 

find out the detection of ROS production and on the 

change of caspase-3 activity, intracellular calcium level, 

p21, p53 mRNA transcripts and NF-κB activity
[113]

. 

 

Perfluorooctanoic acid (PFOA) caused oxidative stress 

and mitochondrial dysfunction in HepG2 cells, which 

was firmly linked to cell cycle arrest and induction of 

apoptosis. The induction of cell apoptosis by PFOA is 

also done by ROS and caspase pathway.
[114]

 

 

The neurotoxic effect of Aβ[25–35] peptide  has been 

mediate  by an increasing production of reactive oxygen 

species. The redox-active iron (Fe) has been determined 

toassemble in amyloid-β deposits in Alzheimer‟s disease 

(AD) brains. A hydroxyl radical is stoichiometrically 

generated by oxidation of Fe
2+

 by H2O2 to Fe
3+

, which is 

called the Fenton reaction. These outcomes that Aβ-

generated H2O2 in combination with Fe
2+

 may contribute 

to the progression and/or pathogenesis of AD. H2O2 can 

trigger by itself the activation of multiple signalling 

pathways that influence the cytotoxicity in affected cells 

including caspase-3 activation, the phosphorylation 

cascades leading to the activation of mitogen-activated 

protein kinases (MAPKs) and nuclear factor κB (NF-

κB). Indeed, the MAPK c-Jun N terminal kinase/stress 

activated protein kinase (JNK/SAPK) is responsible for 

the phosphorylation of a variety of proteins including 

downstr- eam kinases and transcription factors such as c-

Jun which, in turn, activates transcription genes involved 

in apoptosis. Although, both NF-κB and c-Jun have been 

postulated as antiapoptotic factors, they have also been 

linked to the onset of apoptosis. 

 

NF-κB has been shown to activate tumour suppressor 

p53 which is a transcriptional factor involved in 

regulating apoptosis .  p53 has been discribed to be a 

direct transcriptional activator of bax gene (proapoptotic 

gene belonging to a large bcl-2 gene family).
[115]

 

 

4) Direct involvement of the tumor suppressor p53 in 

nucleotide excision repair: The NER mechanism 

involves several biochemical steps which include 

damage recognition, damage site unwinding, dual 

incision and gap-filling DNA synthesis. The damage 

recognition step may involve RNA polymerase II or 

XPC-hHR23B if the damage is or is not in the 

transcribing region, respectively. Once the damage has 

been identified and verified, the damage site, including 

its 3‟ and 5‟-end adjacent nucleotides, is free by 

helicases (XPB and XPD of the TFIIH complex) before 

the damaged DNA is excised by two endonucleases 

(XPG and ERCC1-XPF). The oligonucleotide excision is 

followed by repair synthesis which is mediated by DNA 
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polymerases δ or ε, PCNA, RPA and replication factor 

C. The remaining gap is then sealed by ligase I.
[116]
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