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ABSTRACT

Computer aided drug discovery has been broadly used in the pharmaceutical industry to determine new compounds
that show significant inhibitory activity against a biological target. In this context, the 3D structure of COX 2
(prostaglandin G/H synthase 2) protein was modeled using homology modeling method by Discovery Sudio.
Ru(I1)/Co(I11) polypyridyl complexes of [ Ru(phen),dmbip]®* (1), [Ru(bpy).dmbip]* (2), [Co(phen),dmbip]*" (3),
[ Co(phen)dmbip] ** (4), [Ru(phen)fyip] ** (5), [Ru(bpy)2fyip] **(6), [ Co(phen)fyip] **(7) and [Co(phen).fyip] **(8)
were docked into the active site pocket of COX 2 and CDK2 (Cyclin-dependent kinase-2) proteins using LibDock
algorithm in Discovery Sudio 2.1. Results indicated that Ru(l1)/Co(I11) polypyridyl complexes interacted with both
the proteins COX 2 and CDK2. Among all, the complex 1 exhibited highest binding affinity with both proteins than
all other complexes.
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INTRODUCTION

Inorganic compounds particularly transition metadse played an important role in the developmemesi metal
based drugs. The planar aromatic ligand presetitdriransition metal complexes may be responsibietacking
interactions with the aromatic molecules presertiatogical system [1, 2]. On the other hand, tbenplexes may
be stabilized through hydrogen bonds to associdtie te surrounding amino acids of proteins [3-Clrrent

research has shown important progress in utilinati transition metal complexes as drugs. Tramsitioetals
exhibit different oxidation states and can interaith a number of negatively charged biomoleculgmall

molecules are usually designed to interfere with émzymatic activity of the target protein. In cancells the
proteins of COX 2 and CDK2 plays an important rioleegulating various events of cell cycle and oaepression
of these proteins should cause the abnormal regulaf cell cycle. Therefore, CDK2 was regardeaamtentially
therapeutic target for cancer therapy. Therefoymtaoxicity can be achieved by inhibition of CDKastead of cell
arrest [10-14].
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Until now, our group have been synthesized manyIRQ6(lIl) polypyridyl complexes, and some of themave
been found to have godd vitro cytotoxicity [15-20]. In this context, the 3D stture of COX 2 protein was
modeled using homology modeling method by Discov&rydio and Ru(I)/Co(lll) polypyridyl complexes8[15,
16] were docked into active site pocket of both preteins (COX 2 and CDK2) using LibDock module in
Discovery Studio. These results indicated that R@o(111) complexes bind with both the proteinshél complext
exhibited highest binding affinity than all othemgplexes.

EXPERIMENTAL SECTION

Protein homology modeling of COX 2

The query sequence of prostaglandin G/H synthag€Q@X 2), was taken from Swissprot database with an
accession of P35354. In order to construct a hogyofoodeling, the first step is to find out a tentelatructure
with high sequence similarity to COX 2 using blakgorithm. Sequence that showed maximum identity Wigh
score and less e-value was aligned and was usadedsrence structure to built a 3D model for COX'Be PDB
code of the crystal structure is 1CVU, which wdsased in 2000 with a resolution of 2.40 A. Thdrergequence
of 1CVU contains 552 amino acids. Discovery Studas used to construct the 3D models of COX 2 pmofEhe
model having least RMSD value by aligning it wittettemplate is selected for further analysis. Thal frefined
model obtained was analyzed by Ramachandran’saplatysis using RAPPER and the quality of model alas
validated by ProSA [21] server (https://prosa.smvicame.sbg.ac.at/prosa.php). The protein wasdatj to
energy minimization by applying CHARMm force fiel@his model was used to identify the active sitd &or
docking with complexe$-8.

Molecular docking studies

Protein preparation of CDK2 and COX 2

Crystal structure of human cyclin dependent king§&f2K?2) as the target protein (PDB ID: 1G5S) wawdimaded
from Protein Data Bank. Water molecules were rerdased the chemistry of the protein is correctednfidgsing
hydrogens. The prepare protein protocol availahldiscovery Studio is employed to prepare the ginofor
further processing by standardizes atom namesttimgamissing atoms in incomplete residues, modetimissing
loop regions, calculate pKa and protonate the praied default parameters were used. Followingath@ve steps
of preparation, the protein was then refined byrgyeminimization with appropriate parameters by Igiog
CHARMmM force field and using steepest descent #lyor followed by conjugant gradient algorithm urttile
convergence gradient is satisfied.

The protein preparation for COX 2 was employed Bing Discovery Studio protocols. The protein wasnth
refined by energy minimization with appropriate araeters by applying CHARMm force field and usingegtest
descent algorithm followed by conjugant gradiegbathm until the convergence gradient is satisfied

Preparation of Ru(ll)/Co(lll) complexes

The 3D structures of Ru(ll)/Co(lll) polypyridyl cqotexes 1-8 were drawn by using chemsketch. The drawn
complexes were saved in Mol file format and it imported to the Discovery Studio. The complexes@n&as
minimized by applying CHARMmM force field, minimizah is carried out with the steepest descent algworivhich
follows by the conjugant gradient algorithm tillsatisfies the convergence gradient. The 3D stradtugenerated
by catalyst algorithm in Discovery Studio. The pegal complexes were used for docking.

Docking Studies

Molecular docking continues to hold a great pronmisthe field of computer based drug design whiatesns small
molecules by orienting and scoring them in bindsitg of a protein. First conformational search ofIR/Co(lll)
complexes were carried out, and all relevant loergy conformations were then rigidly placed in bireding site.
The grid box with a dimension of 10A points wasdiseound the active site pocket of proteins. A# tlesigned
complexes were used to dock with into the actite pocket of proteins. Receptor-Ligand interactiomsre
performed by using Lib Dock module in Discovery @tu The resulting poses with higher LibDock scarere
investigated.
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RESULTS AND DISCUSSION

Protein homology modeling

The sequence alignment is essential to the suofdssnology modeling. After alignment of target segce (COX
2) with template (PDB: 1CVU) the percentage of titgris 73.2% and similarity is 79.4% (Fig 1) and averall
RMSD between the modeled and the experimentaltsiei€alling around 1 A. Protein Homology modelusture
of Human COX 2 was constructed (Fig 2) and oveitagphomology models of the COX 2 fragment builtrfrohe
1CVU template structure (Fig 3). The quality of Bi@ model was evaluated using the PROCHECK progaach
assessed using the Ramachandran’s plot. It is mvfdem the Ramachandran’s plot that the predictexdiel has
most favorable regions, the allowed regions, theege regions and the disallowed regions. Fig 4 ameére shown
Ramachandran’s Plot analysis of Modeled structurehuman COX 2 and template 1CVU, respectively.
Ramachandran’s plot shows that the predicted misd#fl good quality and the model show all the mzhain and
side chain parameters to be in the ‘better’ regidre quality of COX 2 protein as evaluated by Pro&b server
(https://prosa.services.came.sbg.ac.at/prosa.ptp)ided a z-score of -8.64 and it confirm the oyabf the
homology model of COX 2 (Fig 6).
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Fig 1. Multiple sequence and structure alignment bveen protein sequence of Human COX 2 and the seted template (PDB: 1CVU).
Conserved regions between template and query aredtilighted in dark colour
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Fig 2. Shows Modeled Structure of Human COX 2. Theed coloring and increase in thickness of the ribbe, as seen for the upper loops,
makes determining their location trivial

Fig 3. Shows green template structure 1CVU and whétmodeled COX 2
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Fig 4. Shows Ramachandran’s plot analysis of Modeaestructure of human COX 2
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Fig 5. Ramachandran’s plot analysis of template 1CV
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Fig 6. PROSA Result

Docking Studies

One of the most important and useful areas of egiitin of molecular modeling is the approach ofkitog of small
molecules into protein. The LibDock module from @igery Studio was used to perform the docking.His t
docking studies, Ru(ll)/Co(lll) complexes were dedkinto active site pocket of COX 2 and CDK2 pnageiThese
results indicated that all the Ru(ll)/Co(lll) coregks interacted with both the proteins of COX 2 &mK2. Fig 7
and 8 were shown the interactions of complewith COX 2 and CDK2, respectively. The LibDock se® were
found in the range of 99 to 138 kcal/mole. The aracid residues of the proteins COX 2 and CDK2 lved in
hydrogen bond interactions with the complexes. lablbscore and interacting amino acids were depictddhbles
land 2. The more positive the LibDock score istibtter the theoretical complex.
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Fig 7. Shows interactions of complex 1 with COX 2
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Fig 8. Shows receptor-ligand interactions of compiel with Human CDK2

Table 1. Interacting amino acids of CDK2 and Dockig score

Libdock score

Complex | kcalimole Interacting amino acids

99.975 THR14, GLN85, LYS89, ASP145, LEU298
100.744 GLUS8, THR14, PHE82, ASP145

1 126.953 GLU12, ILE10, GLY13, THR14, GLN8S5, LYS8%S129, GLN131, LEU134

2 118.521 ILE10, GLY13, VAL18, VAL64, PHES80, HIS84YS88, LYS89, LEU134, ASP14
3 114.028 GLU12, ILE10, VAL18, PHEB2, ASP86, LYS8Y,S129, LEU134, VAL164

4 110.098 GLU12, ILE10, GLY13, THR14, HIS84, LYS&3,N131

5 138.064 ILE10; LYS89; ASP145, LEU298

6 109.590 ILE10, ASP86, LYS89, ASN132

7

8

Table 2. Interacting amino acids of COX 2 and Dockig score

Libdock score

Complex | _ kcalimole Interacting amino acids

1 127.280 VAL433, VAL260, LEU263, SER441, GLN183%R198, ASN368, SER441,TYR11f

2 113.908 TYR371, HIS372, TRP373, LEU376, VAL433SR00

3 103.671 TRP373, THR198, ASN208, VAL277, LYS19T7S1B3

4 112.23 HIS372, TRP373, LEU376, HIS200, VAL433

5 131.003 TRP373, LEU376, HIS193, GLN275, HIS208RI98, GLN275, GLN189

6 127.021 TYR371, GLN189, VAL433, THR192, PHE19@M30

7 122.562 TRP373, LEU377, GLN189, VAL430, TYR396{F196,

8 104.92 TRP373, LEU377, GLN189, PHE196, VAL430,02X7, TYR390
CONCLUSION

The homology modelling was used to determine thes&Dcture of Human COX 2. Ru(ll)/Co(lll)polypyritly
complexesl-8 were docked with the COX 2 and CDK2 proteins udiifgDock module in Accelry’s Discovery
Studio. The binding energies of Ru(ll)/Co(lll) pplridyl complexes are considerably different. Theults reveal
that of the Ru(ll)/Co(lll) polypyridyl complexes stvs strong binding affinity that can act as the hustential

drugs for treating both the proteins COX 2 and CDKIl2is can be concluded that these compounds @ ppo be

good inhibitors of both the proteins (COX 2 and CDnd these compounds could be effective for desjgnovel

drugs.
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