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INTRODUCTION

The proto-oncogene PI3K (Phosphoinositid-3-Kinase) controls various essential cell signaling
pathways that stimulate cellular replication and proliferation while repressing growth and apop-
tosis (Cantley 2002; Moens et al., 2013). The PI3K protein family comprises eight members
categorized based on their sequence, domain structure, and mode of regulation into three
groups: Class I PI3K, Class II PI3K, and Class III PI3K. Class I PI3K is composed of p110 a,
pl10 B, and p110y subunit classes and plays a significant role in cancer biology. PI3K muta-
tions are prevalent only in Class I PI3K, with the p110a subunit being the most commonly mu-
tated protein in breast, endometrial, urinary tract, colorectal, and ovarian cancers. Mutations at
codon 542, 545, and 1047 of PI3K (P110a) subunit protein are the most frequent mutational
events in human carcinogenesis, resulting in the constitutive activation of downstream path-
ways and altered cellular proliferation and malignant transformation regulation. All this makes
it an attractive drug target for treating cancer. Validation and identification of disease-
associated targets are crucial for drug design and discovery. Mutations in the PIK3CA gene(s)
that code PI3K (P110a) subunit promote uncontrolled cell growth and proliferation while inhib-
iting apoptosis. Chemotherapy, operative intervention, radiation treatment, and hormone thera-
py are conventional methods for managing cancer. However, they lack specificity and often
damage healthy cells, resulting in side effects. Target-based drug design offers a promising ap-
proach to utilizing the PI3K (P110a) subunit as an anticancer protein (Jorgensen, 2004; Pearce
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et al., 2008; Sliwoski et al., 2013; Bassani and Moro 2023). Recent studies have demonstrated the
efficacy of targeting the PI3K (P110a) subunit in cancer therapy (Apel et al., 2019; Uniyal et
al., 2022; Sen et al., 2022).

MATERIALS AND METHODS

A Boolean query was used to trace the protein structure of PI3K (P110 a) subunit in Homo sa-
piens and was analyzed against the UniProt database (http://www.uniprot.org). The protein se-
quence query (P42336) was obtained in fasta format from the UniProt database
(http://www.uniprot.org/uniprot/). Modeller 9.17 software was utilized to predict the 3D struc-
tures of both wild-type and mutated proteins (Sali et al., 1995). Relevant mutations at codons
542, 545, and 1047 of the PI3K (P110 a) subunit were collected from literature sources
(Engelman et al., 2006; Yuan and Cantley 2008; Janku et al., 2011). The quality of the structur-
al models was assessed using the SAVESvV6.0 tool, which employs the Ramachandran plot to
evaluate the stereochemical characteristics of the protein structure (Laskowski et al., 1993). The
predicted active site of the mutated conformations of the PI3K (P110 a) subunit was determined
using PASS software and utilized for virtual screening. In silico virtual screening was per-
formed using PyRx software to rank the library molecules based on their affinity towards the
active site of the mutated protein conformations of the PI3K (P110 a) subunit. The top ten po-
tential library molecules were further analyzed using Lipinski filter software to assess their
suitability as drugs (Lipinski et al., 1997). Recent studies have demonstrated the effectiveness
of in silico virtual screening in the field of drug discovery (Patra et al., 2014; Garner et al.,
2017; An et al., 2020; Kim et al., 2022; Saad and Almabruk 2022).

RESULTS AND DISCUSSION

In this study, we utilized the homology modeling procedure to establish the arrangement of the
PI3K (P110 a) subunit protein along with its three modified models. This allowed us to gain a
better understanding of the structural organization of these proteins and their potential implica-
tions. The BLASTP search was performed against the PDB database using the Modeller 9.17
software to find suitable templates for homology modeling. The template with maximum identi-
ty, high score, and lower e-value was selected for homology modeling. The final stable struc-
ture of the PI3K (P110 a) subunit protein was visualized in Figure 1.

Figure (1). Protein models constructed for wild type with normal codon 545 (Glu) in red color.
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The modifications were selected based on the findings of several prior studies, including those
conducted by Samuels et al. in 2004, Lee et al. in 2005, Ikenoue et al. in 2005, Isakoff et al. in
2005, Kang et al. in 2005, Samuels and Ericson in 2006, and Zhao and Vogt in 2008. These
findings provide valuable insights into the structural aspects of PI3K (P110 a) subunit protein
and its mutations, which can be beneficial in drug discovery and design. Recent studies have
demonstrated the potential of homology modeling in drug discovery (Saad 2017; Saad and Atti-
alla 2017; Kim et al., 2022; Samad et al., 2023; Osweiher and Saad 2022). Additionally, homol-
ogy modeling has been used to determine the structure of various proteins involved in diseases
such as cancer and infection by SARS-COV-2 (Apel et al., 2019; Sen et al., 2022). The use of
mutated models in homology modeling has also been shown to be an effective approach to drug
discovery (Uniyal et al., 2022; Samad et al., 2023).

In this study, the homology modeling procedure was used to determine the arrangement of the
PI3K (P110 a) subunit protein and its three modified forms. For each protein, three distinct
models was created. Figures 1 and 2 showcase the selected models for the normal and mutated
545 codons of the PI3K (P110 o) subunit. These figures clearly demonstrate the significant al-
terations in amino acids caused by the mutations in codon 545.

Figure: (2). Protein models constructed for mutated PI3K (P110 a) subunit of Codon 545 which mutated by Lys
in Red color.

In this investigation, comparative modeling techniques were used to create protein structures of
both the natural and mutated forms of the PI3K (P110 a) subunit. The resulting models were
then evaluated using the SAVES server from the NIH MBI Laboratory for Structural Genomics
and Proteomics. Two tools, PROCHECK and Verify_3D, were employed to assess the validity
of the models. Interestingly, one of the models generated by Modeller was found to be more
acceptable than the others, making it the most reliable choice for each protein. This selection
was made based on Table 1.

When analyzing the protein models, it was found that the majority (85.1%) of the phi/psi angles
of the residues fell within the most favored regions. This indicates that the models possess a
high level of quality. To identify potential binding sites within the protein models, the research-
ers utilized PASS software. As a result, three potential binding sites were identified. To pin-
point the active site, the researchers considered the probe with the largest number of residues.
These findings provide valuable insights into the structure of the PI3K (P110 a) subunit protein,
as well as its mutation. Such information can prove to be highly advantageous in the field of
drug discovery and design.
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Table: (1). Validation of PI3K (P110 o) subunit structure

Ramachandran map analysis

Selected PI3K (P110a) dditional al dditional disal v al
protein model phi/psi angles % Additional al- Additional disal- Generously al-
lowed regions lowed regions lowed regions

Model of PI3K (P110a) 85.1 11.7 0.8 2.4

In various studies, the quality of protein models has been assessed using validation tools like
PROCHECK and Verify 3D (Colovos and Yeates, 1993; Berman et al., 2000; Lovell et al.,
2003). These evaluations have shown that software such as PASS is effective in identifying
binding sites in protein models for drug discovery (Saad and Attialla 2017; Apel et al., 2019;
Sen et al., 2022; Osweiher and Saad 2022; Samad et al., 2023). The main aim of this investiga-
tion was to compare the binding sites detected by PASS software with the active site of the
template protein in order to identify the active site of PI3K (P110 o) subunit protein models.
The results revealed that the active site was located at residues 570, 596, 616, 631, 636, 676,
686, and 885, as shown in Figure 3.
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Figure: (1). Shows a Ramachandran plot of PI3K (P110 o) subunit wild-type protein models to validate the struc-
ture.

These identified active site residues align with those previously reported in other studies as part
of the active site (Shah et al., 2002; von Bubnoff et al., 2005; Zunder et al., 2008). Furthermore,
ten potential inhibitor molecules were screened and found to target the active site in the mutant
codon 545 of the PI3K (P110 a) subunit protein. This approach provides valuable insights into
the structure of the PI3K (P110 a) subunit protein and its potential inhibitors, which can con-
siderably aid the drug discovery and design process. Recent studies have demonstrated the use-
fulness of computational approaches in drug discovery, such as virtual screening and molecular
dynamics simulations (Cheol-Min et al., 2006; Apel et al., 2019; Ton et al., 2020). The use of
software such as PASS to identify active sites in proteins has also been shown to be effective in
drug discovery.

This analysis utilized molecular docking to identify potential inhibitor molecules for the PI3K
(P110 o) subunit protein which is presented in Table (2). The identified inhibitors were found to
be in agreement with previous docking studies conducted by Garcia-Echeverria and Sellers
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(2008); Saad (2017); Saad and Attialla (2017) and Jin et al., (2021). Additionally, the potential
inhibitors met the criteria of Lipinski's 'rule of five', which evaluates drug-likeness based on
properties such as solubility, partition coefficient, and molecular weight. These findings suggest
that the identified inhibitors have the potential to be effective drugs for PI3K (P110 a) subunit
protein and can be considered for further research. Recent studies have demonstrated the im-
portance of drug-likeness evaluation in drug discovery, such as Lipinski's ‘rule of five' (Bicker-
ton et al., 2012; Pires et al., 2015; Saad 2017; Saad and Attialla 2017). Moreover, the use of
computational methods such as molecular docking has been shown to be effective in the identi-
fication of potential inhibitors for various proteins (Muryshev et al., 2003; Cheol-Min et al.,
2006; Pinzi and Rastelli 2019; Khan et al., 2022).

Figure: (3). The active site was identified by PASS green colors show Point mutations at codon 545 red color show
active site point of PI3K (P110 o) subunit

Table (2). Docked Energy and Lipinski’s Values of Ligand Molecules

Ligand Molecular Docking energy Xlog H-Bond H-Bond Molecular

molecules formula (kcal/mol) P<5 donor Acceptor weight (g/mol)
<5 <10 <500
Sorafenib C21H16CIF3N403 -12.90 4.200 3 7 464.50
Pilaralisib C21H16N602S2 -11.30 0.4303 0 2 443.00
vemurafenib C23H18CIF2N303S -10.01 2.6878 1 3 466.00
BEZ235 C30H23N50 -9.10 -0.6025 1 1 463.00
CONCLUSION

By conducting computational analysis and examining available experimental data, we have
identified the most effective ligand molecules for inhibiting the function of the mutant PI3K
(P110 a) subunit protein. We specifically focused on ligands that adhere to Lipinski's 'rule of
five'. These molecules have demonstrated the ability to halt the growth and proliferation of can-
cer cells, making them highly promising candidates for future drug development and research
endeavors.

Duality of interest: The author has confirmed there is no conflict of interest in this manuscript.
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Funding: There was specific funding for this work.



Al-Mukhtar Journal of Sciences 38 (4): 336-344, 2023 page 341lof9

REFERENCES

An, X,, Bai, Q., Bing, Z., Liu, H., Zhang, Q., Liu, H., & Yao, X. (2020). Revealing the Positive
Binding Cooperativity Mechanism between the Orthosteric and the Allosteric Antagonists
of CCR2 by Metadynamics and Gaussian Accelerated Molecular Dynamics Simula-
tions. ACS chemical neuroscience, 11(4), 628-637.
https://doi.org/10.1021/acschemneuro.9b00630

Apel A. Robert K.Y. Cheng R.K.Y. Tautermann C. H. Brauchle M., Huang C. Pautsch A., Hen-
nig M., Nar H.and Schnapp G.(2019). Crystal Structure of CC Chemokine Receptor 2A in
Complex with an Orthosteric Antagonist Provides Insights for the Design of Selective An-
tagonists.Structure, 27(3): 427-438.€5, https://doi.org/10.1016/j.str.2018.10.027.-0812

Bassani, D., and Moro, S. (2023). Past, Present, and Future Perspectives on Computer-Aided Drug
Design Methodologies. Molecules (Basel, Switzerland), 28(9), 3906.
https://doi.org/10.3390/molecules28093906

Berman, H. M., Westbrook, J., Feng, Z., Gilliland, G., Bhat, T. N., Weissig, H.,... Bourne, P. E.
(2000). The Protein Data Bank. Nucleic Acids Research, 28(1), 235-242.

Bickerton, G. R., Paolini, G. V., Besnard, J., Muresan, S., & Hopkins, A. L. (2012). Quantifying the
chemical beauty of drugs. Nature Chemistry, 4(2), 90-98.

Cantley, L. C. (2002). The phosphoinositide 3-kinase pathway. Science, 296(5573), 1655-1657.

Cheol-Min P. Tetsuro O. Andrew M. Petros A.M. Haichao Zhang H., Nimmer P. M. Henry R. F.
and Elmore S. W.(2006).Design, Synthesis, and Computational Studies of Inhibitors of Bcl-
XL. Journal of American Chemical Societ.128 (50): 16206 -16212.
https://doi.org/10.1021/ja0650347

Colovos, C., & Yeates, T. O. (1993). Verification of protein structures: Patterns of nonbonded
atomic interactions. Protein Science, 2(9), 1511-1519.

Engelman, J. A., Luo, J., & Cantley, L. C. (2006). The evolution of phosphatidylinositol 3-kinases
as regulators of growth and metabolism. Nature Reviews Genetics, 7(8), 606-619.

Garcia-Echeverria, C., & Sellers, W. R. (2008). Drug discovery approaches targeting the PI3K/Akt
pathway in cancer. Oncogene, 27(41), 5511-5526.

Garner, T. P., Lopez, A., Reyna, D. E., Spitz, A. Z., & Gavathiotis, E. (2017). Progress in targeting
the BCL-2 family of proteins. Current opinion in chemical biology, 39, 133-142.
https://doi.org/10.1016/j.cbpa.2017.06.014



https://doi.org/10.1021/acschemneuro.9b00630
https://doi.org/10.1016/j.str.2018.10.027.-0812
https://doi.org/10.3390/molecules28093906
https://doi.org/10.1021/ja0650347
https://doi.org/10.1016/j.cbpa.2017.06.014

Al-Mukhtar Journal of Sciences 38 (4): 336-344, 2023 page 3420f9

Ikenoue, T., Kanai, F., Hikiba, Y., Obata, T., Tanaka, Y., Imamura, J.,... Matsumoto, K. (2005).
Functional analysis of PIK3CA gene mutations in human colorectal cancer. Cancer Re-
search, 65(11), 4562-4567.

Isakoff, S. J., Engelman, J. A., & Irie, H. Y. (2005). Breast cancer-associated PIK3CA mutations
are oncogenic in mammary epithelial cells. Cancer Research, 65(23), 10992-11000.

Janku, F., Lee, J. J., Tsimberidou, A. M., Hong, D. S., Naing, A., & Falchook, G. S. (2011).
PIK3CA mutations frequently coexist with RAS and BRAF mutations in patients with ad-
vanced cancers. PLoS One, 6(7), e22769.

Jin, Z., Zhao, Y., Sun, Y., Zhang, B., Wang, H., Wu, Y.,... Yang, H. (2021). Structural basis for the
inhibition of SARS-CoV-2 main protease by antineoplastic drug carmofur. Nature Structur-
al and Molecular Biology, 28, 529-535.

Jorgensen, W. L. (2004). The many roles of computation in drug discovery. Science, 303(5665),
1813-1818.

Kang, S., Bader, A. G., & Vogt, P. K. (2005). Phosphatidylinositol 3-kinase mutations identified in
human cancer are oncogenic. Proceedings of the National Academy of Sciences, 102(3),
802-807.

Khan, S., Fakhar, Z., Hussain, A., Ahmad, A., Jairajpuri, D. S., Alajmi, M. F., & Hassan, M. .
(2022). Structure-based identification of potential SARS-CoV-2 main protease inhibi-
tors. Journal ~ of  biomolecular  structure &  dynamics, 40(8),  3595-3608.
https://doi.org/10.1080/07391102.2020.1848634

Kim, S., Park, H. S., & Oh, B. H. (2022). Computational design of an apoptogenic protein that
binds BCL-xL and MCL-1 simultaneously and potently. Computational and structural bio-
technology journal, 20, 3019-3029. https://doi.org/10.1016/].csbj.2022.06.021

Laskowski, R. A., MacArthur, M. W., Moss, D. S., & Thornton, J. M. (1993). PROCHECK: A pro-
gram to check the stereochemical quality of protein structures. Journal of Applied Crystal-
lography, 26(2), 283-291.

Lee, J. W., Soung, Y. H., Kim, S. Y., Nam, H. K., Park, W. S., Nam, S. W.,... Kim, S. H. (2005).
PIK3CA gene is frequently mutated in breast carcinomas and hepatocellular carcinomas.
Oncogene, 24(8), 1477-1480.

Lipinski, C. A., Lombardo, F., Dominy, B. W., & Feeney, P. J. (1997). Experimental and computa-
tional approaches to estimate solubility and permeability in drug discovery and development
settings. Advanced Drug Delivery Reviews, 23(1-3), 3-25.

Lovell, S. C., Davis, I. W., & Arendall, W. B. III. (2003). Structure validation by Ca geometry: o,
vy and CP deviation. Proteins: Structure, Function, and Bioinformatics, 50(3), 437-450.


https://doi.org/10.1080/07391102.2020.1848634
https://doi.org/10.1016/j.csbj.2022.06.021

Al-Mukhtar Journal of Sciences 38 (4): 336-344, 2023 page 343of9

Moens, U., Kostenko, S., & Sveinbjarnsson, B. (2013). The Role of Mitogen-Activated Protein Ki-
nase-Activated Protein Kinases (MAPKAPKS) in Inflammation. Genes, 4(2), 101-133.
https://doi.org/10.3390/genes4020101

Muryshev, A. E., Tarasov, D. N., Butygin, A. V., Butygina, O. Y., Aleksandrov, A. B., & Nikitin,
S. M. (2003). A novel scoring function for molecular docking. Journal of computer-aided
molecular design, 17(9), 597-605. https://doi.org/10.1023/b:jcam.0000005766.95985.7¢

Osweihr W.S M. and. Saad E. I. (2022) Identification of an Inhibitor Molecule for CancerCausing
Src Mutant Protein using in silico Analysis. Libyan Journal of Basic Sciences. Vol. 19(3)
No. 33-45.

Patra, M. C., Maharana, J., Dehury, B., & De, S. (2014). Computational insights into the binding
mechanism of antagonists with neuropeptide B/W receptor 1. Molecular bioSystems, 10(8),
2236-2246. https://doi.org/10.1039/c4mb00214h

Pearce, L. R., Komander, D., & Alessi, D. R. (2008). The nuts and bolts of AGC protein kinases.
Nature Reviews Molecular Cell Biology, 11(1), 9-22.

Pinzi, L., & Rastelli, G. (2019). Molecular Docking: Shifting Paradigms in Drug Discov-
ery. International journal of molecular sciences, 20 (18), 4331.
https://doi.org/10.3390/ijms20184331

Pires, D. E., Blundell, T. L., & Ascher, D. B. J. J. 0. m. c¢. (2015). pkCSM: predicting small-
molecule pharmacokinetic and toxicity properties using graph-based signatures. 58(9),
4066-4072.

Saad, E. I. (2017). Drug Design for Cancer-Causing PI3K (P110 o) subunit Mutant Protein. Inter-
national Journal of Pharmacy & Life Sciences, 8(11).

Saad IF. and Almabruk AA. (2022). Tracking evolution of collagen subfamily for its utmost possi-
ble benefit. Al-Jabal Academy Journal of Pure and Applied Sciences. 1(1); 41-49.
https://doi.org10.58309/aajpas.v1il.12 .

Saad, E. I. and Attitalla H. (2017). Molecular Dynamic Simulation and an Inhibitor Prediction of
PI3K (P110 a) Subunit Mutant Protein Structured Model as a Potential Drug Target for
Cancer. Vol. 1 No. 1:

Sali, A., Potterton, L., Yuan, F., van Vlijmen, H., & Karplus, M. (1995). Evaluation of comparative
protein modeling by Modeller. Proteins: Structure, Function, and Genetics, 23(3), 318-326.

Samad, A., Ajmal, A., Mahmood, A., Khurshid, B., Li, P., Jan, S. M., Rehman, A. U., He, P,
Abdalla, A. N., Umair, M., Hu, J., & Wadood, A. (2023). Identification of novel inhibitors
for SARS-CoV-2 as therapeutic options using machine learning-based virtual screening,
molecular docking and MD simulation. Frontiers in molecular biosciences, 10, 1060076.
https://doi.org/10.3389/fmolb.2023.1060076



https://doi.org/10.3390/genes4020101
https://doi.org/10.1023/b:jcam.0000005766.95985.7e
https://doi.org/10.1039/c4mb00214h
https://doi.org/10.3390/ijms20184331
https://doi.org10.58309/aajpas.v1i1.12
https://doi.org/10.3389/fmolb.2023.1060076

Al-Mukhtar Journal of Sciences 38 (4): 336-344, 2023 page 344of9

Samuels, Y., and Ericson, K. (2006). Oncogenic PI3K and its role in cancer. Current Opinion in
Oncology, 18(1), 77-82.

Samuels, Y., Wang, Z., Bardelli, A., Silliman, N., Ptak, J., Szabo, S.,... Velculescu, V. E. (2004).
High frequency of mutations of the PIK3CA gene in human cancers. Science, 304(5670),
554.

Sen, D., Debnath, P., Debnath, B., Bhaumik, S., & Debnath, S. (2022). Identification of potential
inhibitors of SARS-CoV-2 main protease and spike receptor from 10 important spices
through structure-based virtual screening and molecular dynamic study. Journal of bio-
molecular structure & dynamics, 40(2), 941-962.
https://doi.org/10.1080/07391102.2020.1819883

Shah, V. P., Midha, K. K., Dighe, S., McGilveray, I. J., Skelly, J. P., Yacobi, A.,... Viswanathan, C.
T. (2002). Analytical methods validation: Bioavailability, bioequivalence and pharmacoki-
netic studies. Journal of Pharmaceutical Sciences, 91(1), 1-10.

Sliwoski, G., Kothiwale, S., Meiler, J., & Lowe, E. W., Jr (2013). Computational methods in drug
discovery. Pharmacological reviews, 66(1), 334-395. https://doi.org/10.1124/pr.112.007336

Ton, A. T., Gentile, F., Hsing, M., Ban, F., & Cherkasov, A. (2020). Rapid Identification of Poten-
tial Inhibitors of SARS-CoV-2 Main Protease by Deep Docking of 1.3 Billion Com-
pounds. Molecular informatics, 39(8), e2000028. https://doi.org/10.1002/minf.202000028.

Uniyal, A., Mahapatra, M. K., Tiwari, V., Sandhir, R., & Kumar, R. (2022). Targeting SARS-CoV-
2 main protease: structure based virtual screening, in silico ADMET studies and molecular
dynamics simulation for identification of potential inhibitors. Journal of biomolecular struc-
ture & dynamics, 40(8), 3609-3625. https://doi.org/10.1080/07391102.2020.1848636

von Bubnoff, N., Peschel, C., and Duyster, J. (2005). Resistance of Philadelphia-chromosome posi-
tive leukemia towards the kinase inhibitor imatinib (STI571, Glivec): A targeted oncopro-
tein strikes back. Leukemia, 19(8), 1437-1442.

Yuan, T. L., and Cantley, L. C. (2008). PI3K pathway alterations in cancer: Variations on a theme.
Oncogene, 27(41), 5497-5510.

Zhao, H., and Vogt, P. K. (2008). Helical domain and kinase domain mutations in p110a of phos-
phatidylinositol 3-kinase induce gain of function by different mechanisms. Proceedings of
the National Academy of Sciences, 105(7), 2652-2657.

Zunder, E. R., Knight, Z. A., and Shokat, K. M. (2008). Discovery of drug-resistant and drug-
sensitizing mutations in the oncogenic PI3K isoform p110a. Cancer Cell, 14(2), 180-192.


https://doi.org/10.1080/07391102.2020.1819883
https://doi.org/10.1124/pr.112.007336
https://doi.org/10.1002/minf.202000028
https://doi.org/10.1080/07391102.2020.1848636

