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ABSTRACT

Plants are the major source of traditional medicines against many diseases across the globe. They contain
important secondary metabolite known as phytochemicals which provides different bioactive potentials.
In this study we have analyzed the interaction of phytochemicals that are present in both Punica granatum
peel and Vitis vinifera seeds against tumour suppressor protein p53. Eight bioactive compounds commonly
present in both the selected plant materials 2,3- Dihydro-3,5- dihydroxy-6-methyl-4H-pyran-4-one (DDMP),
alpha.-Tocopherol-beta.-D-mannoside gamma-Sitosterol, Glycerin, Guanosine, Pyragallol, palmitic acid
and Ethyl palmitate respectively were selected for this in silico study. The 3D protein structure of p53 was
procured from protein data bank. The chemical structures of bioactive compounds were obtained from
Chemspider and drawn using Chemsketch software. This study clearly shows that Pyrogallol interacts
with target protein p53 with energy level of -7.52 kcal/mol (3 hydrogen bond). The p53-MDM2 (murine
double minute 2) forms interaction with pyrogallol at lowest energy level with -7.52 kcal/mol (3 hydrogen
bond). The interaction of anti-oxidant and anti-cancer potential pyro gallol with p53 may play major role in
providing chemo preventive property for both Pomegranate peel and Grape seeds.
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Introduction

Plants were used as medicine in ancient cultures
without knowledge of their active ingredients. In re-
cent years interest in the use of medicinal plant is
revived due to its high efficacy and less side effects.

Plants continue to be an important resource material
for preparation of many therapeutic Medicinal
agents both in developing and developed countries
(Prajapati and Purohit, 2010). A medicinal plant con-
tains compounds which are used for the therapeutic
purpose and can also be the precursor for synthesis
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of useful drugs. The most important ingredients
present in plants are alkaloids, flavonoids, glyco-
sides terpenoids, phenols, tannins and steroids
(Abayomi, 1993).

p53 a tumour  suppressor gene plays amajor role
in human cancer (Vogelstein et al., 2000; Levine,
1997). p53 is aneffective transcription factor that is
initiated in response to assorted stresses, leading to
apoptosis.  Nevertheless, many are thought to have.
The inadequate functions of 50% of human tumors
expressing wild-type p53 are due to abnormalities in
p53 regulation or defective signaling in the p53
pathway (Vogelstein et al., 2000). p53 uses its nega-
tive regulator gene product  MDM2 as a  mechanism
for its suppression (Fakharzadeh et al., 1993).  In
most of the human tumors over production of
MDM2 is due to the magnification of a chromosome
segment of mdm2 gene (Oliner et al., 1992; Freedman
et al., 1999; Momand et al., 1998). MDM2 is a zinc fin-
ger on co-protein which acts as negative regulator of
the p53 tumor suppressor protein (Cahilly-Snyder et
al., 1987; Fakharzadeh et al., 1991; Oliner et al., 1992;
Momand et al., 1992; Finlay et al.,1989). Under physi-
ological conditions, MDM2 is destabilized which
keeps p53 inactive and maintained very low level
(Abayomi, 1993; Wu, et al., 1993; Piette, et al., 1997;
Fakharzadeh et al., 1993). The activity of p53 in can-
cer cells can be achieved back by inhibiting MDM2.
It has been well proven the role of MDM2 in p53
regulation and they form an auto regulatory feed-
back loop and mutually control their cellular levels.
As one of its transcription targets p53 binds to the
promoter and regulates the expression of the mdm2
gene and the expression level rises, it binds and p53
is inactivated by inhibitingp53 transactivation do-
main and by steering p53 protein for ubiquitin-de-
pendent degradation in proteasome (Freedman et
al., 1999; Michael and Oren, 2003).

 Pomegranate (Punica granatum) and Grapes (Vitis
vinifera) are universally important plants placed in
Vitaceae and Lythraceae families respectively. The
Punica granatum peel is a potent astringent and acts
as a cure for diarrhea, used as a mouthwash. The
Vitis vinifera seeds possess, antimicrobial,
antioxidative, anti-inflammatory, cardio protective,
hepatoprotective, and neuroprotective effects.

Total of eight compounds were present common
in P.granatum peel and V.vinifera seed extracts
(Ashok Kumar  and Vijayalakshmi, 2011). and they
were selected for docking studies. Glycerin, Pyro-
gallol, DDMP, Guanosine, Palmitic acid, alpha.-To-

copherol-beta.-D-mannoside, gamma.-Sitosterol and
Ethyl palmitate were the eight compounds selected.

Materials and Methods

Database

Protein data bank (PDB)

The 3D structures of target protein p53 (1YCR) was
procured from PDB (Figure 1). The 3D structure of
p53 transactivation domain bound with MDM2 N-
terminal domain was selected for docking studies.

Fig. 1. Structure of p53-MDM2 (1YCR)

Chemspider

The bioactive compounds DDMP, alpha.-Toco-
pherol-beta.-D-mannoside and gamma.-Sitosterol
structures were obtained from chemspider. These
compounds (ligands) and their interaction with se-
lected target proteins were analyzed.

Tools used for the studies

Chemsketch

Chem Sketch an online drawing interface that al-
lows to draw almost any chemical structure. The
five compounds present in both the extracts namely
Glycerin, Guanosine, Pyragallol, palmitic acid and
Ethyl palmitate structures were prepared using
chemsketch.

Argus Lab

Argus Lab is an online molecular modeling, graph-
ics, and drug design program. This software helps in
studying interaction between the target protein and
the selected ligands. In this study the selected target
p53 docking (interaction) with eight ligands were
analyzed.
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Pymol

PyMOL an open-source, molecular visualization
system is used to visualize the interaction selected
ligands with the target protein.

Steps involved in Molecular docking

The 3D structure of the selected target (p53) were
procured from PDB. The selected ligands structure
was obtained from Chemspider or drawn using
Chemsketch. Target proteins interaction with the
selected ligands was studied using Argus Lab. The
docking analyze was visualized using pymol soft-
ware. Number of interaction between the Ligand
and target protein, Minimal energy for the interac-
tion and atoms involved in the interactions were
criteria‘s used to predict the docking of specific
ligand with the target protein.

Results and Discussion

Total of eight compounds present common in both
the selected extracts were selected for docking
studies.Docking was performed using Argus lab for
the eight ligands with both the selected target pro-
teins. The dockingresults were displayed in Table 1.

The interaction of the ligands with the target pro-
teins visualized through pymol was presented in
Figures 2 - 9.

The docking studies showed the pyrogallol, gua-
nosine, ethyl acetate, DDMP and glycerin interacts
with p53 –MDM2 complex with the hydrogen inter-
action. Other ligands selected for the docking didn’t
show any interaction with p53 –MDM2 complex.
Out of above five ligands showing interaction, pyro-

Table 1. Results of p53-MDM2 docking with the selected ligands

S. Ligand name Protein residue Ligand Hydrogen bond No. of Energy
No. atom atom distance (0A) Hydrogen value

bonds (Kcal/mol)

1 Pyrogallol Phe 55 O – H –Trp 23 H 2.8 3 -7.52
N – H –Gln 59 N – H – H 2.9

O 3.0
2 Guanosine Ser 40 N – H – O 3.0

Ser 40 OG– H – O 2.8 4 -6.58
Tyr60 OH– H –Lys O 2.6
64 N – H – O 3.0

3 Ethyl palmitate Glu 25 OE1 – H – O 2.57
Glu 52 N – H – O 2.63 2 -6.31

4 Glycerin Tyr 76 OH – H O 2.5 2
Tyr 76 OH – H O 2.6 -6.23

5 2,3-Dihydro-2,5- Arg 97 N – H O 2.4 2 -5.65
dihydroxy-6- His 96 N – H O 2.96
methyl-4H-pyran-
4-one

6 gamma.-Sitosterol No inter action No inter Nil Nil -10.77
action

7 alpha.-Tocopherol- No Interactions No Interactions Nil Nil -9.20
beta-D-mannoside

8 Palmitic acid No inter action No inter Nil Nil -7.75
action

Fig. 2. Interaction of pyrogallol with p53
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gallol forms interaction with energy value -7.52
kcal/mol with 3 hydrogen bonds and guanosine
forms 4 hydrogen bonds with energy value of -6.58
kcal/mol. The docking study clearly shows that py-
rogallol forms interaction with the selected target
proteins at lower energy level. Guanosine also
shows interaction p53.

The use of small molecule inhibitors for disrup-
tion of the p53-MDM2 interaction has been con-
firmed as afeasible and remarkable cancer therapy
(Buolamwini et al., 2005). Therefore, this interaction
has been potent step on MDM2targeted anticancer
drug discovery. The molecules that have potential to
disrupt the p53-MDM2 interaction includes syn-
thetic chalcones, norbornane derivatives, cis-
imidazoline derivatives, apyrazolidinedione sul-
fonamide and 1,4-benzodiazepine-2,5-diones.

Fig. 3. Interaction of palmitic acid with p53

Fig. 4. Interaction of ethyl palmitate with p53

Fig. 6. Interaction of gamma-Sitosterol with p53

Fig. 5. Interaction of guanosine with p53

Fig. 7. Interaction of alpha-tocopherol-beta.-D-
mannoside with p53
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Fig. 8. Interaction of glycerin with p53

Fig. 9. Interaction of 2,3- Dihydro-2,5-dihydroxy-6-me-
thyl-4H-pyran-4-one with p53

From the above docking study the selected plant
materials contains pyrogallol, guanosinepossess an-
tioxidant, antimutaganic and antiproliferative prop-
erties (Duke’s Phytochemical and Ethnobotanical
Databases database) also interacts with the tran-
scriptional factors p53-MDM2 complex and may
play role in regulation of this proteins and may pro-
vide chemo preventive potential for Punica granatum
peel  and Vitis vinifera seeds.

This clearly shows that both the extracts
maypossess anticancer potential. Both the extracts
contain bioactive constituents whose anticancer po-
tential has been reported and presence of this might
be the reason for its chemo preventive activity. The
P. granatum peel and V. vinifera seeds showed pro-
tective effect on DEN Induced Hepatocellular dam-
age induced by oxidative stress in rats (Ashok
Kumar and Vijayalakshmi, 2015). The in vitro stud-
ies showed both the EPGP and EVVS possess anti-

cancer potential against Hep G2 cell lines (Ashok
Kumar et al., 2019). As both the extracts possess an-
ticancer activity, in this study the common
phytochemicals in both extract were selected. p53,
the DNA binding protein were selected as target
protein for in silico docking study. They were se-
lected based on their role in Cancer regulation espe-
cially HCC as evidenced by the previous reports.

References

Abayomi, S. 1993. Historical Review of Traditional Medicine
in Africa. Spectrum Book Ltd, Ibadan. 9-25.

Ashok Kumar, K. and Vijayalakshmi, K. 2011. GC-MS
analysis of phytochemical constituents in Ethanolic
extract of Punica granatum peel and Vitis vinifera
seeds. International Journal of Pharma and Bio Sciences.
2 (4) : 461-468.

Ashok Kumar, K. and Vijayalakshmi, K. 2015. Protective
effect of Punica granatum peel and Vitis vinifera seeds
on DEN-induced oxidative stress and hepatocellu-
lar damage in rats. Applied Biochemistry and Biotech-
nology. 175 (1) : 410-420.

Ashok Kumar K., Vijayalakshmi, K. and Saravanan, D.
2019. Effect of Punica granatum peel and Vitis vinifera
seeds on Biochemical Indices in DEN induced Hepa-
tocellular Carcinoma in Rats. Research Journal of Phar-
macy and Technology. 12 (6) : 2758-2764.

Buolamwini, J. K., Addo, J., Kamath, S., Patil, S., Mason,
M. and Ores, M. 2005. Small molecule antagonists of
the MDM2 oncoprotein as anticancer agents. Current
Cancer Drug Targets. 5 (1): 57-68.

Cahilly-Snyder, L., Yang-Feng, T., Francke, U. and George,
D.L. 1987. Molecular analysis and chromosomal
mapping of amplified genes isolated from a trans-
formed mouse 3T3 cell line. Somatic Cell and Molecu-
lar Genetics. 13 (3): 235-244.

Fakharzadeh, S.S., Trusko, S.P. and George, D.L. 1991.
Tumorigenic potential associated with enhanced
expression of a gene that is amplified in a mouse
tumor cell line. The EMBO Journal. 10 (6) : 1565-1569.

Fakharzadeh, S. S., Rosenblum-Vos, L., Murphy, M.,
Hoffman, E. K. and George, D. L. 1993. Structure and
organization of amplified DNA on double minutes
containing the mdm2 oncogene. Genomics. 15 (2) :
283-290.

Finlay, C. A., Hinds, P. W. and Levine, A. J. 1989. The p53
proto-oncogene can act as a suppressor of transfor-
mation. Cell. 57 (7): 1083-1093.

Freedman, D. A., Wu, L. and Levine, A.J. 1999. Functions
of the MDM2 oncoprotein. Cellular and Molecular Life
Sciences CMLS. 55 (1) : 96-107.

Levine, A. J. 1997. p53, the cellular gatekeeper for growth
and division. Cell. 88 (3) : 323-331.

Michael, D. and Oren, M. 2003. The p53–Mdm2 module



KUMAR ET AL 1283

and the ubiquitin system. In : Seminars in Cancer
Biology. Academic Press. 13 (1): 49-58.

Momand, J., Zambetti, G.P., Olson, D.C., George, D. and
Levine, A.J. 1992. The mdm-2 oncogene product
forms a complex with the p53 protein and inhibits
p53-mediated transactivation. Cell. 69 (7) : 1237-
1245.

Momand, J., Jung, D., Wilczynski, S. and Niland, J. 1998.
The MDM2 gene amplification database. Nucleic
Acids Research. 26 (15) : 3453-3459.

Oliner, J.D., Kinzler, K.W., Meltzer, P. S., George, D.L. and

Vogelstein, B. 1992. Amplification of a gene encod-
ing a p53-associated protein in human sarcomas.
Nature. 358 (6381): 80-83.

Prajapati, N.D. and Purohit, S.S. 2010. Agro’scolour Atlas of
Medicinal Plants. Agrobios (India).

Piette, J., Neel, H. and  Maréchal, V. 1997. Mdm2: keeping
p53 under control. Oncogene. 15 (9): 1001-1010.

Vogelstein, B., Lane, D. and Levine, A. J. 2000. Surfing the
p53 network. Nature. 408 (6810): 307-310.

Wu, X., Bayle, J.H., Olson, D. and Levine, A.J. 1993. The
p53-mdm-2 autoregulatory feedback loop. Genes &
Development. 7 (7a) : 1126-1132.


