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ABSTRACT

Drug target identification and metabolic pathway reconstruction are the significant components in the present
cancer research. Kinase protein target is one of the niche domains in the cancer studies because the cascade of
protein plays a wide role in cell progression. In this study, an attempt has been made on protein kinase B, also
known as AKT or AKT1 in human, coded by AKT1 gene with different synonyms. The compounds such as
Hydnocarpic and Pristane isolated from Valoniopsis pachynema, a green algae, are targeted against
AKT1.Theoretical results were found for the synonym Hydnocarpic acid and Drug target protein(AKT1) which
showed three interactions with estimated free energy of binding of -5.50 kcal/mol. On the other hand another
synonym Pristane with Drug target protein(AKT1), had eight interactions with an estimated free energy of binding
of -6.40 kcal/mol. Since for both the compounds the free energy binding was found to be negative, these compounds
could be well expected to serve as effective drug candidates and may be used for the treatment of cancer after
carrying out therequired clinical trials.
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INTRODUCTION

Cancer is the generic term for a group of disetistscan affect any part of the body. All cancexgib when one or
more genes in a cell are mutated (changed), ceatinabnormal protein or no protein at all. Theotinfation
provided by an abnormal protein is different frohatt of a normal protein, which can cause cells tdtiply
uncontrollably and become cancerous.

Cancer continues to be a big threat to our sociatygpite of the advancements achieved both inrdisig and
treatment. This is the second most common disafesecardiovascular disorders for maximum deathbke world
(Jemal et al, 2007). Worldwide, there are over 1llan new cases and more than 6 million deathsaofcer every
year(Tomatiset al., 1990). In India its prevalence is estimated écabound 2.5 million, with about 8, 00,000 new
cases and 5, 50,000 deaths per annum (Nandakuf®;9b). India has the highest number of oral cemirethe
world with 75,000 to 80,000 new cases every yetilt.rBore alarming is the prediction that the Indiigures are
likely to double in 20 years, according to the fntgional Agency for Research on Cancer (IARC)gelda France.

Targeted therapy for Cancer:

Researchers have learned more about the gene shiangells that lead to cancer and have develadjpegs that
could target these changes. Treatment with thesgsds often called targeted therapy. This bldblesproliferation
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of cancer cells by interfering with specific molé&sirequired for tumor development and growth. Tawer type
of treatment usually causes little damage to nooebé and has become a major focus of currertezamsearch.

Protein kinases as a primary drug target

Protein kinases have been identified as importatitiler regulatory proteins in many diseases. Taeyenzymes
that covalently transfer the gamma phosphate gadupTP to specific tyrosine, serine, or threonimsidues in
proteins, thereby changing the activity of key sigmg proteins or expediting the formation of mudtizyme
complexes. Kinases directly or indirectly controbsh cellular processes including metabolism, trapton, cell
cycle progression,cytoskeletal rearrangement, oslivement, apoptosis, and differentiation(Blume-éarg
al.,2001 ; Hanaharet al,,2000).

It has been estimated that there are around 50@iprkinases encoded within the human genome reptiag
approximately 1.7% of all human genes (Manreghgl.,2002). A majority of the more than 30 known tum
suppressor genes and more than 100 dominant oreogera protein kinases (Futreslal.,2001). Thus protein
kinases offer an abundant source of potential tatgets to be intervened in cancer treatment.

Among the signalling proteins that respond to gdarariety of signals, protein kinase B (PKB, dtsown as Akt)
appears to be a central player in regulation ofabmaism, cell survival, motility, transcription arakll-cycle
progression. Conserved from primitive metazoanbumans, PKB belongs to the AGC subfamily of thetgiro
kinase super family, which consists of 518 membetaimans (Manningt al., 2002).

Recent evidences indicate that PKB/AKT is frequertbnstitutively active in many types of human camc
Constitutive PKB/AKT activation can occur due to @ification of PKB/Akt genes or as a result of midas in
components of the signaling pathway that activlié8/AKT. Although the mechanisms have not yet badly
characterised, constitutive PKB/AKT signaling idiéweed to promote proliferation and increased salvival and
thereby contributing to cancer progression.

Phosphatidylinositol 3-kinases (PI3Ks) are lipiddges that play central role in regulation of cglile, apoptosis,
DNA repair, senescence, angiogenesis, cellular boésa, and motility (Cantley,2002). PI3Ks transrmaignals
from the cell surface to the cytoplasm by genegatacond messengers — phosphorylated phosphatisigtits —
which in turn activate multiple effectors kinasehweays, and ultimately result in survival and grovaf normal

cells (Osaki,2003; Akinleye,2013). It has been geiped that deregulation of the PI3K signaling path is

associated with development in one-third of humemcers (Arteaga, 2010).

Aberrantly activated PI3K pathway promotes carcerasis and tumor angiogenesis (Osaki, 2003; Pa1&)2In
addition, dysregulated PI3K pathway signaling ha&erb implicated in conferring resistance to conwersi
therapies and cytotoxics in breast cancer, glidbiaa, and non-small cell lung cancer (Miller, 20Bijris, 2013).
PI3K has become recognized as a viable targetdieelranti-cancer therapy.

PI3K/AKT/mTOR Pathway:

Aberrations in various cellular signaling pathwage instrumental in regulating cellular metabolistamor
development, growth, proliferation, metastasis eytdskeletal reorganization. The fundamental ¢allgignaling
cascade involved in these processes, the phosplivaislitol 3-kinase/protein kinase-B/mammalian &trgof
rapamycin (PISK/AKT/mTOR), is a crucial and interedy explored intracellular signaling pathway inmor
genesis. Various activating mutations in oncogdnggther with the inactivation of tumor suppresgenes are
found in diverse malignancies across almost all bexm of the pathway. Substantial progress in urraoye
PI3K/AKT/mTOR alterations and their roles in tungenesis have enabled the development of novelt&atge
molecules

In Silico studies on natural compounds such ghata constituents gallic acid was targeted foeicakinase Il
enzyme (Divya et al.,2013). Similar studies haygorted that epicatechin and similar pharmacophareatso be
served as drug candidates for treating the prdtisiase C-alpha in colon cancer, The natural comgquistane
resembles like synthetic ethylene glycol compousmis can also used for targeting the important catheey target
protein nuclear FactaB with potential for developing efficacious antican treatment. (Dhivya, 2012. Srinivasan,
2013)
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This study is mainly aimed on the efficiency of t@mpounds Hydnocarpic and Pristane which are Isesdilated
from Valoniopsis pachynema, a marine algae, in targeting against the kindakaniopsis pachynema is filamentous
Astro-turf green algae (Chlorophyceae) formindf,sspongy mats of tangled filaments grows throughthe year
and is very often seen washed ashore in Palk Bayzatf of Mannar regions of South India.

The secondary structure of the protein is showthénfigure (1).

Figure 1: Secondary structure of AKT1

EXPERIMENTAL SECTION

Ligand preparation:

The ligands were initially drawn using chemsketabl and the chemical language format is conventet iprotein
data bank format for the docking using the onlinmiles translator tool available in website of
http://cactus.nci.nih.gov/translate/. Each ligarabwwrepared individually for the docking optioninigh detect root,
root expansion and torsions respectively. Findllyltgands were saved individually as per auto dookat.

Drug target identification and retrieval :

The drug target protein human aktl bound with lrigdillosteric inhibitor of id 3096 and its X-rayystallographic
structure with 2.74 resolution with UniProtkB unique identification mier is P31749 with amino acid sequence
of 367 lengths was retrieved from PDB databasé&:(hwww.rcsb.org/pdb/home/home.do).

Protein preparation:
Water and ligand that were bound to the protein TAKwere removed. Initially the hydrogen’s were eddlong
with kollmann charges and the respective drug tgygeein was saved in current mode of protein datak.

Auto Grid calculation:
Precalculating of grid map interaction for varioa®ms such as oxygen, nitrogen, aromatic carbophatlic
carbons present in the biomolecules were calculasety the auto grid. Sum of total ligand interactenergy for a
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ligand with a macromolecule was used as an inputcgofor auto dock calculation during the time otking. The

figure (2) shows the grid before and after cal¢atat

Molecular docking

The liagnds such as Hydnocarpic acid and pristaee wocked with drug target protein AKT1 and intéen
between ligand and protein active site was themallyi analyzed using the computational tools arfthsge’s. In
this study Molecular, docking was performed usimg $tructure based drug-designing concept in actod®1v.

Figure 2: A: Before grid calculation, B: After grid calculation, C&D: Grid in 3Dimesional

Table 1: Molecular properties of ligand

Structure No Of Molecular Molecular Molecular
Atoms Composition Formula weight
C:0.761, H:
46 C16 H28 02 0.112, 0: 0.127 252.4
Hydnocarpic acid
- 59 C19 H40 C:0.850, H: 0.150 268.529
Pristane
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RESULTS AND DISCUSSION

Molecular property calculation:

The general molecular properties of the ligand veateulated, the chemical composition of the conmaisuplays an
important role in pharmacophore prediction, the @Dperty will state about the nature of the computsubefore
proceeding in to docking. The table (1) shows thieegal molecular properties of the ligands.

Receptor ligand interaction

Binding affinity between the most ligand with a&tigite amino acid of protein generally determiteséfficacy of
the ligand. High affinity results good intermoleauforce of attraction between the ligand and remepvhere as
low-affinity ligand binding involves less intermal@ar force between the ligand and its receptoe diucial amino
acids in active site were defined as rigid residoesuto dock 4.01v, with grid points of 40 (X), 89), 40 (Z) in 3D
direction respectively with 0.375A grid spacing feceptor types A C HD N OA SA respectively alamith grid

centre of 6.29 (X), -7.943(Y), 17.261(2). The génetigorithm calculates for 150-population size hwi500000
maximum evaluations for 27000 generations for 1flsru After docking the results were visualizedngsthe
discover studio visualizer 4v. The table (2) shaws free energy binding of ligand with drug targebtein

AKT1,along with inhibition constant Ki values.

Table 2: Free energy binding of ligand with drug taget protein AKT1

Energy parameters Hydnocarpic acid Pristane
Estimated Free Energy of Binding -5.50 kcal/mo 046kcal/mol
Estimated Inhibition Constant, Ki 92.35 uM 37.51 uM
Final Intermolecular Enert -9.08 kcal/mc -9.62 kcal/mc
Electrostatic Ener¢ -8.52 kcal/mc -9.61kcal/mo
vdW + Hbond + desolv Energy -0.56 kcal/mol -0.0@lkwol
Final Total Internal Energy -0.67 kcal/mol -1.53Kmol
Torsional Free Energy +3.58 kcal/mol +3.58 kcal/mol
Unbound System's Energy -0.67 kcal/mo -1.53 kaall/m

Figure 3: Hydnocarpic acid binding with active siteresidues of AKT1 receptor

T ERAK)

Binding interaction between ligand and active siteino acid was shown in the figure(3) and table f(8)

Hydnocarpicacid. Similarly, the Binding interaction betweerisgine and active site amino acid was stated inrég
(4) and table (3) respectively. Over all potencyhaf drug not only depends on the binding affibity also with the
ligand efficacy to produce the biological respondéss responses may me antagonist or agonistgends on the
physiological responses [Kenakin,2006). In the @nésstudy ,through computational biology studigsrapts have
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been made to find a better alternative to allisiahibitor from natural sources to minimize thdeseffects caused
by synthetic compounds.

Figure 4: Pristane binding with active site residus of AKT1 receptor
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Table 3: Interaction analysis of ligand and receptoalong with distance

. Receptor active siti . .
Ligands Amino acid Binding Distance in A

LEU210 4.85
Hydnocarpic acid | TYR 272 5.09
TYR326 1.78

4.1C

LEU210 38;

LEU264 4.81

Pristane 4.62
: LEU290 471
4.44

TYR 272 5.0¢

TRP8( 4.1

CONCLUSION

Dysregulation of the AKT pathway has been iderdifia multiple human cancers. Several clinical &riafe in
progress to test the efficacy of the AKT pathwaliliitors in treating cancer with Hydno carpicdacin Drug
target protein (AKT1). It shows three interactiomish estimated free energy of binding of -5.50 keal. In the
case of Pristane binding with Drug target prqi&iir1),It shows eight interactions with estimatieee energy of
binding of -6.40 kcal/mol but the active sitetb& drug target protein is rich in Leu and Tyr desis also. These
isolated compounds shows more affinity to bindinghweu and Tyr amino acid residues. Estimated Hitioin
Constant, Ki of Hydnocarpic acid is 92.8M (micromolar) at temperature 298.15 K and Prstés 37.51uM
(micromolar) at temperature 298.15 K. It coulddmncluded that these compounds can serve as effedtug
candidates and may be used for the treatment aecan
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