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Functional annotation and sequence analysis of

protein BAH14511.1 for homology modeling to

find potential binders by virtual screening and
docking analyses.

MANISHA
Delhi Technological University, Delhi, India

ABSTRACT

A protein with Accession No. BAH14511.1 isolated form tongue tumor tissue of Homo
sapiens was taken. Non-redundant BLAST revealed this protein to be identical with cGMP-
dependent protein kinase Il isoform b for which the sequence has been put online at NCBI
site recently. PKGII has been reported to be very important for the regulation of different
signalling pathways related to cancer and hence, prediction of the structure of PKGIIb would
be important for finding potential binders that can further be used for the purpose of
designing a drug that might help in the regulation of PKGIIb. For functional annotation,
PROTPARAM, SMART, TMHMM, SignalP, SecretomeP, NetChop and NetPhos were used.
BLAST against PDB entries was used to find out any homologs for which secondary and
tertiary structures were compared with that of the protein by using different tools before
homology modelling. The 3D structure predicted by Homology Modelling was validated by
Verify3D and WhatlF. The binding site was predicted by using SiteMap which gives 5 sites
but top scoring site was used. It was used for virtual screening to find structures that might
act as ligands for it. This was done by using two- Schrédinger Fragments and NCI database.
Many chemical structures were formed by different combinations of the fragments in
Schrodinger Fragments which were then virtually screened. The virtual screening of
Schrodinger fragments revealed that many chemical structures docked with the protein had a
score of less than even -9.000 and were found to be following Lipinski’s Rule. The predicted
protein 3D structure was also used for docking to chemical structures of NCI database with
docking score as less as -12.547 which correspond to a good docking. The top 5 structures,
each from compounds made from Schrddinger fragments and NCI database, having lowest
docking scores have been found as potential binders for the protein.




INTRODUCTION

Cancer is condition which is characterized by uncontrolled growth of cells or tissues. This
uncontrolled growth of cells leads to tumour formation. This tumor may spread to nearby
cells and affect nearby parts of body. Many types of cancer are there depending on the origin
of the tumor. Cancer is a severe disease which is the cause of numerous deaths worldwide.
The cases of deaths that occur from cancer have been estimated to increase in coming years.
Oral cancer refers to the cancer of oral cavity. The protein BAH14511.1 has been isolated
from tongue tumor tissue. This protein was found to be identical to PKGII which has role in
the regulation of cancerous cells and their apoptosis. For finding potential binders, homology
modelling followed by virtual screening and docking analyses was done.

Homology modelling is a method of predicting the 3D structure of a protein on the basis of
the structure of its homologs (template). The homology is found out by aligning the sequence
of the query protein by using BLAST. BLAST aligns the sequence of query protein with the
sequences of the entries included in the database specified before run. For homology
modelling, BLAST against PDB entries is done to find out homologs which already have a
3D structure determined. The secondary and tertiary structures are compared for both, query
and template before moving onto modelling. Once the secondary and tertiary structures are
found similar, modelling is done. Two approaches- knowledge based and energy based
homology modelling can be adopted. In knowledge based method, the insertions are
constructed and gaps are closed by using segments from the structures already known. In
energy based method, the residues are constructed and refined on the basis of energy. The 3D
structure of protein serves as the base for finding the chemical structures that would bind to
its binding site predicted. For this, if the number of chemical structures to be tested, is very
high then, the database, is first screened by virtual screening before docking, and if the
database is not so big, direct docking is done.

Virtual screening is the method to screen a large database of compounds against a target to
decrease the size of chemical compounds for further experimental screening. It helps to save
time and effort that is usually associated with the identification of lead molecule. There are
two types of screening- ligand based and receptor based. In ligand based screening, the
properties of chemical compounds are compared with that of the ligands and, on the basis of
similarity, the chemical structures are screened. In receptor-based screening, the 3D structure
of the receptor protein is used to filter the compounds that interact with the active site of the
receptor. For this work, receptor-based virtual screening was done. After compounds have
been filtered by virtual screening, they are docked to the receptor protein.

Docking is the prediction of binding geometry of two interacting molecules. Docking can be
done for a protein-protein, protein- chemical compound, and protein-nucleic acid complexes.
Two types on docking approaches are there- local and global. In local docking, the site where
the interaction is to be done is known, whereas no site is known in global docking. The site of
the receptor is predicted by tools that look for binding sites. In our work, local alignment was
carried out.




REVIEW OF LITERATURE

The beginning of cancer occurs in a cell, the building blocks of life. The normal conditions of
the body are when old cells are dying and these cells get replaced by the new cells formed,
but when this equilibrium gets disturbed, cancer occurs. In cancer, due to different reasons,
new cells form but the old cells which must die do not die. Due to this imbalance, mass of
cells forms. This mass of cell is called as ‘tumor’. Tumors can be of two types: benign (Latin
bene means ‘well” and —genus ‘born’) and malignant (Latin male means ‘badly’ and -genus
‘born’). Benign tumours are located at a specific location only, and do not spread to nearby
cells and hence, are not classified as cancer. But, malignant tumors are those which spread to
nearby cells. If malignant cancer keeps on spreading, it invades tissues and other body parts
as well. This spreading of cancer from one to other body parts is called as metastasis (Greek
methistanai means ‘to change’). There are many causes of incidence of cancer including
lifestyle, environmental factors, eating habits etc. Different factors for the prevalence of
cancer in India have been depicted in Fig 1.
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Figure 1: Diagrammatic description of different lifestyle habits & environmental factors
leading to different cancer in some parts of the country (Taken from Ali et al 2011).

Cancer is a single word, but it comprises many diseases. More than 100 various types of
cancer are there. The cancer is named on the organ from where it started Cancer if not treated
leads to death and hence, it is a very serious problem worldwide. Every year, many people all
around the world die because of one or the other type of cancer and this number is estimated




to increase in coming years. According to the incidence data from National Cancer Institute
(NCI), Centers for Disease Control and Prevention (CDCP), and North American Association
of Central Cancer Registries (NAACCR) and mortality data from National Centre for Health
Statistics (NCHS), 1,665,540 new cancer cases and 585,720 deaths are estimated to occur in
2014 in United States alone (Siegel et al 2014). In India, it is estimated that cases for different
cancers will increase from 979786 to 1,148,757 from 2010 to 2020 (Takiar et al 2010).

Oral cancer includes oral cavity and the back of it (oropharynx) and is majorly squamous cell
carcinoma. It makes around 1-2% of all the cancers that arise, and, is the 6™ most common
type of cancer in the world and 3™ most common type of cancer in India and accounts for
over 30% of total cancers in India (van der Waal et al 2013, Coelho et al 2012). The data for
the incidence and mortality of Indian men and women as compared with men and women
from all over the world, due to oral cancer, has been shown in Table 1.

Male Female
India World India World
Incidence
Annual new cases 53,842 1,98,975 23,161 1,01,398
Crude incidence rate 8.3 8 3.8 29
Mortality
Annual new cases 36,436 97,919 15,631 47,409
Crude mortality rate 5.6 2.8 2.6 14

Table 1: Incidence and mortility data for for oral cancer in Indian men and women compared
with men and women from across the world. Modified from Bruni et al 2014.

Kinases are the enzymes that carry out the transfer of a phosphate to a substrate at a specific
location. Usually, the molecule from which phosphate are transferred are nucleotide
triphosphates. This transfer results in the changes in substrate that are functional in nature.
Most of these are protein kinases (Wolfertstetter et al 2013). Human kinome encodes more
than 500 protein kinases and much more if splice variants are considered. These protein
kinases contribute nearly 2% of the genome and are extremely important for the regulation of
different biological events. The two most important type of protein kinases are
serine/threonine kinases and tyrosine kinases.

Each protein kinase has two lobes which are functionally and structurally defined- N-lobe
and C-lobe. N-lobe helps in the positioning of y-phosphate of nucleotide triphosphate for
catalysis. B-subdomain of C-lobe which contains 4 B sheets (B6-9) contains the machinery
required for the phosphate transfer from nucleotide triphosphate to protein. B(8-9) of C-lobe
flank the motif important for the recognition of one of the nucleotide-triphosphate bound
Mg™™ ions (Taylor et al 2011). The main NTPs are ATP and GTP which by the action of
Adenylyl Cycalse and Guanylyl Cyclase, respectively get converted to cCAMP and cGMP.




cGMP is a second messenger that is produced from GTP by the action of guanylyl cyclase
(soluble or particulate). Three cGMP receptor proteins are known- cyclic nucleotide-gated
(CNG) cation channels, cGMP-regulated PDEs and cGMP-dependent protein kinases (PKG
or cGK) (Feil et al 2003) as shown in Fig 2.
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Figure 2: Production of cGMP by guanylyl cyclase and receptor proteins of cGMP.

cGMP-dependent protein kinases (PKG) belong to the family of serine/threonine protein
kinases. Two types of PKG are there- PKGI and PKGII, with different isoforms of each.

PKGII inhibits EGF mediated MAPK/ERK transduction by blocking the phosphorylation of
EGFR by EGF. EGF phopshorylates EGFR which mediates MAPK mediated signal
transductions. Higher levels of EGF increase the activation of EGFR but decreases apoptosis.
An increase in the activity of PKGII and stimulation with cGMP has been shown to do the
reverse, that is, inhibit the phosphorylation and hence activation of EGFR and increase
apoptosis in breast cancer cells. PKGII has also been reported to inhibit EGF-induced
MAPK/JNK signal transduction in breast carcinoma (Lan et al 2012).

PKG has been found to lower the levels of B-catenin by causing inhibition of transcription of
CNNTBL gene in colon cancer cells. It also does not stimulate protein degradation. PKG has
also been reported to activate FOXO4 which inhibits TCF dependent transcription in colon
cancer cells. This proves cGMP signalling to be anti-tumor in colon carcinoma (Kwon et al
2010). Constitutive active expression of PKG has been reported to induce cell cycle arrest,
decrease angiogenesis, inhibit migration of tumor cell, and promote apoptosis (Fajardo, A.
2014).

PKG signalling has been demonstrated to be very important in cancers. Many drugs which
are having anti tumor activity work with the involvement of cGMP signalling. cGMP PDE is




an enzyme that hydrolyses 3’-5’-phosphodiester bond in cGMP and cAMP due to which
PKG and PKA does not get activated. Due to this inactivation cGMP, cAMP signalling stops.
A drug Sulindac sulfone can cause inhibition of cGMP PDE and hence, inhibition of
hydrolysis of cGMP. It also induces apoptosis and elevates the level of intracellular cGMP
and activation of PKG and thus, inhibits breast tumor growth. Indomethacin, meclofenamic
acid, exisulind and celecoxib have also been reported to inhibit cGMP PDE (Tinsley et al
2009, Piazza et al 2001). Exisulind has been reported to induce apoptosis in bladder cancer in
humans and mouse (Piazza et al 2001). Exisulind also induces apoptosis in colon cancer cells
(Kwon et al 2010).

cGMP has important role in other diseases as well. PKG plays an important role in the
regulation of thrombosis and vascular remodelling. For more than 100 years, the use of drug
that cause an elevation in the level of cGMP, Glyceral trinitrate, is being used to treat
cardiovascular diseases (Feil et al 2003).




METHODOLOGY

The structure of PKGII isoform b is not available, so prediction of 3D structure of PKGIIb
was thought of. PKGII has an important role in the regulation of cancer cells in different
cancers and hence finding chemical structures that might prove as good ligands for PKGlIb
was considered for work in this report. The following methodology has been adopted:

1. Sequence analysis
o0 Sequence retrieval from NCBI
o Alignment using BLAST
2. Secondary structure analysis
Tertiary structure analysis
4. Homology modelling
o PDB template selection by BLAST
o Homology modelling
o Structure validation
5. Binding site prediction
0 Protein Preparation
0 Active site prediction
6. Receptor preparation steps
0 Generation of Grid on the active site
7. Virtual Screening
o0 Schrodinger fragments
e Screening the database formed by joining various fragments to find
potential ligands that bind to the modelled protein.
e Computation of different properties of the chemical structures found to
be having a good docking score.
o0 NCI database
e ADME to filter structures
e Docking of filtered structures with the 3D structure predicted for PKG.

w
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Figure 3: A flowchart describing the methodology.




1. Sequence analysis

The protein product BAH11451.1 which was isolated from tumour tissue of tongue from
Homo sapiens was run on BLAST. The BLAST results showed that this protein which was
released by NCBI in 2008 has been predicted to be cGMP dependent protein kinase 2 isoform
b, the sequence for which was released in 2014.

On the basis of results, best scoring hits that could be used as template were chosen and
searched for their PDB structure. If there existed both, high similarity and PDB structure, the
hit was further considered for comparison of secondary and tertiary structures with query.

2. Secondary structure analysis

Before proceeding to the step of building the structure by homology modelling, the secondary
and tertiary structures of both, the query and the template were predicted and compared.

The tools used for secondary structure comparison were

e SOPMA (http://npsa-pbil.ibcp.fr/cgi-
bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html),

e SABLE ( http://sable.cchmc.org/),

e JPRED ( http://www.compbio.dundee.ac.uk/www-jpred/) and

e PSIPRED (http://bioinf.cs.ucl.ac.uk/psipred/).

3. Tertiary structure analysis

For tertiary structure comparison, Phyre2 ( http://www.sbg.bio.ic.ac.uk/phyre2 ) was used.

Once the structures are found to be having similarity, template can be further used for
modelling purpose, and hence, the Chain A of Pkab3 protein was finalised as template for
Homology Modelling.

4. Homology Modelling

On the basis of analysis of alignment by BLAST, and the comparison of secondary and
tertiary structures of query with the BLAST hit, Chain A of Pkab3 protein (PDB ID: 3L9M)
was taken as template for the prediction of structure by using Homology modelling.

After once the template was chosen, its PDB structure (3L9M) was downloaded from the
PDB site ( www.rcsb.org ). For modelling of the query protein, the “Prime” tool of “Maestro
server” from “Schrédinger Suite” was used.
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Figure 4: Graphical interface of Maestro

After launching Maestro, Directory, the location where project gets saved (Project > Change
Directory) was changed, and a name was given to the project (Project > Save As).
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Figure 5: Change Directory Panel
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Figure 6: Save Project Panel

The PDB file of the template was imported. Before working on any protein, it needs to be
prepared by using PrepWiz. Under PrepWiz, the template was preprocessed, reviewed (for
removal of chains, water molecules, or heteromolecules), energy-minimized and optimized.

From the PDB of 3L9M, only Chain A was to be used as a template, hence, other chains (
Chain B, C, & D), water molecules, and heteromolecules were deleted.
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Figure 7: Protein Preparation Wizard PrepWiz.




After preparation of protein, Prime (Applications > Prime > Structure Prediction) was used
for Homology Modelling.
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Figure 8: Homepage of Prime.

The sequence of the query protein was given as input to Prime by browsing the FASTA file
or directly pasting the sequence in the text box. After clicking Next, Blast was done and the
results were analysed. From results, entry for template was selected.
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Figure 9: Import Homolog for use as template

Homolog which was to be used as template for building the structure was imported. BLAST
homology search can also be done to find out different homologs and their score. The
interested homolog was chosen and was further proceeded to building the structure.




In the next step, the secondary structure of protein was determined and alignment is predicted
by ClustalWw.

Build Structure - Build an all-atom model based on the alignment from the previous step. Job Options.

Include ligands and cofactors Show Al
LoM A:

Select template cofactors to include in the built structure

Figure 10: Two different approaches (Knowledge-based and Energy-based) are available to
built protein structure in Prime.

Next, the structure of the query protein (cGMP dependent protein kinase 2 isoform b) was
built on the basis of the template (Chain A of Pkab3 protein). Before building the structure, it
was confirmed that there is no gap in the template that comes within loop, sheet or helix. If
by chance, there is gap, it is filled by enabling “Fill missing chains using Prime” and “Fill
missing loops using Prime” during Preprocessing by PrepWiz. The built structure was
exported as PDB file and Ramachandran Plot (Tools > Ramachandran Plot) was checked.

This PDB structure was further validated by Verify3D (nihserver.mbi.ucla.edu/Verify_3D/)
and WhatlF (http://swift.cmbi.ru.nl/whatif/).

5. Binding Site Prediction

For any operation to be done on a protein, it first needs to be prepared by PrepWiz as
described earlier.

For Virtual Screening, there is need to specify the site where the ligand is to be docked. As
the protein structure that was used for screening was determined by using Homology
Modelling and no previous data was available for its 3-D structure and the site for its
interaction with any ligand, different possible sites were determined by using the tool
“SiteMap” from Maestro. SiteMap returned 5 sites in the protein. The site with the best score
was selected.
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Figure 11: SiteMap panel

6. Receptor protein preparation

Once the site was selected, a grid was formed by using Receptor Grid Generation
(Applications > Glide > Receptor Grid Generation). This grid was further used for the
specification of the site where screening was to be done.

) Receptor Grid Generation —OxX

Receptor | Site [ Constraints | Rotatable Groups | Excluded Volumes |

Define receptor

If the structure in the Warkspace is a receptor plus a ligand, you must
identify the ligand molecule so it can be excluded from the grid generation

Pick to identify ligand Show markers

Van der Waals radius scaling

To soften the potential for nonpolar parts of the receptor, you can scale the
van der Waals radii of receptor atoms with partial atomic charge (absolute value)
less than the specified cutoff. All other atoms in the receptor will not be scaled

Scaling factor: 1.0 Partial charge cutoff: 0.25

Per-atom van der Waals radius and charge scaling

Per-atom scale factors
@ None
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VdW radius scale factor: | 1.0 ‘ Charge scale factor

Select atoms for scaling factor

O ek [Resiaues 1+ i

ASL |Radius Scale Factor |Char’ge Scale Factor

Delete Delete All

Count aromatic H and halogen H-bonds
[Jinclude aromatic H as donors
[Jinclude halogens as: @ acceptors O donors

[]Use input partial charges

Job name }gude'grm_slte:ﬂ_ulp |‘u‘ i

Glide: Grid, Host=localhost (7)

Figure 11: Receptor-grid generation panel.




7. Virtual Screening

For Virtual Screening, Virtual Screening Workflow (Applications > Glide > Virtual screen
Workflow) was used.

Virtual screening was done on two collections.

e Combined Schrédinger fragments
e National Cancer Institute (NCI) Database (release 2012)

In Schrodinger Suite, there is a collection of different small fragments. This collection was
used for screening. These small fragments were first joined together to form different
combinations and hence, form different chemical compounds for the screening of the ones
that could bind to the modelled protein structure. The fragments were combined by using the
“Combine” tool in Maestro. This tool combines fragments and gives back the number of
fragments that was specified before running the tool. There were 667 fragments before
combining. The combine tool returned 1152 chemical compounds that were then screened for
their affinity for the modelled protein structure. The first 5 results with highest Glide scores
have been reported here.

] Combine Fragments ________ B=FC

Use ligands from: | Project Table (selected entries) | v |

File name:

Direct joining

Mumber of rounds: |1

Check for VDW clashes before joining

[] Linking

Core file:

Attachment bonds
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() Predefined CombiGlide attachment bonds
() SMARTS patterns:

Pattern: | Get From Selection |

Add Pattern || Remowe |

SMARTS |

Minimize
(@) Joined atoms plus all hydrogen and halogen atorms

1Al atoms

Maximum output structures: | 100

| Advanced Options...

Job name: |combine_fragments_1 | &% <&
27

Host=localhost, Incorporate=Do not incorporate

Figure 13: Combine Fragments Panel.




For screening the NCI database, firstly, ADME was done for all the chemical structures by
QikProp. After ADME, properties of only 55400 chemical structures were given as result.
The values of different properties predicted by QikProp were used to filter ligands by the
criteria “Rule of Five” by using “Ligand Filtering”. The characteristics that are included in
Rule of Five or Lipinski’s Rule were specified in Ligand Filtering Panel.

After filtration, 24905 structures were returned. These structures were docked to the 3D
structure of the protein using “Glide”. The 5 structures having top Glide scores have been
reported here.

Settings | Ligands | Core | Constraints | Torsional Constraints | Similarity | Output |

Receptor grid
Specify the receptor grid you want to use for docking

T
Receptor grid base name: | ‘ Browse...

[ Display receptor []Show grid boxes

Docking
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[ write XP descriptor information

Ligand sampling: ‘ Flexible - ‘

Sample nitrogen inversions
Sample ring conformations
[JInclude input ring cenformation
Bias sampling of tersions for:
(CJ All predefined functional groups
(@ Amides only: | Penalize nonplanar conformation| +
(C)None
Add Epik state penalties to docking score
[] Reward intramolecular hydrogen bonds

[] Enhance planarity of conjugated pi groups

[ Apply excluded volumes penalties

[ show excluded volumes

Advanced Settings..
Job name: |glide-dock_SP_2 [% «:[ Run |
Glide: Dock, Host=localhost:8, Incorporate=Do not incorporate (2) /
LA

Figure 14: Glide panel




RESULTS

The BLAST results showed 47 % identity with 88% query coverage and an E- value of 2e-98
to Chain A of Pkab3 protein (PDB: 3L9M).

Distribution of 100 Blast Hits on the Query Sequence &
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80-200 >=200

Quen ] ] ]
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Figure 15: Colour coded graphical version of BLAST results
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Figure 16: Alignment of the query protein with Crystal Structure of Pkab3 protein (PDB:
3L9M) from BLAST results.




FUNCTIONAL ANNOTATION

TOOL LINK PURPOSE RESULTS
Molecular
Physiochemical weight, half-
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Modular http://smart.embl.de/ domain Zalfr?(;?;[g]ds
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Research Tool)
. : prediction of No
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Table 2: Predictions from different tools used for the functional annotation of the protein.




Property Value
Number of negative residues 44
Number of positive residues 51
Molecular weight 39446.7
Isoelectric point 8.87
Instability Index 40.3
Aliphatic Index 87.19
ot | o

Table 3: Predicted physiological properties of the protein from PROTPARAM tool.

SECONDARY STRUCTURE ANALYSIS

Tool Helix Strand Turn Coil
43.02% | 14.25% | 7.41% | 35.33%
SOPMA
38.30% | 14.62% | 9.06% | 38.01%

Table 4: Predicted percentage of different secondary structures in 3L9M and PKGIIb by
SOPMA.

TERTIARY STRUCTURE ANALYSIS

The tertiary structure of 3L9M and PKGIIb were compared by the visual analysis of their
PDB structures

The secondary structure and tertiary structure of cGMP dependent protein kinase 2 isoform b
and Chain A of Pkab3 protein (PDB ID: 3L9M) were compared and found to be similar. And
hence homology modelling of PKGII was done on the basis of structure of 3L9M.




Figure 17: The PDB structure of 3L9M contains two subunits- catalytic subunit alpha, and

inhibitor alpha, each containing two chains, Chain A & B and Chain C & D respectively.
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Figure 18: A. Homology model for PKGII built on 3L9M, and B. Ramachandran Plot of the

model built by using Homology.

B

Site Score Size Volume
1 1.114 132 348.145
2 1.024 131 353.23

3 1.008 73 111.475
4 0.96 98 222.607
5 0.907 53 105.644

Table 5: Summary of different sites found on the protein




Figure 19: Postioning of all 5 sites on the receptor protein

Figure 20: The site with the best score (Site 1).
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Figure 21: The grid generated on the site predicted by SiteMap.




Chemical

1st

2nd

Structure Schrodinger | Schrodinger | Join Score Glide Score
No. fragment Fragment

ChemStrl 274 411 10.256 -9.038

ChemStr2 274 387 9471 -9.551

ChemStr3 220 277 9.250 -9.549

ChemStr4 210 277 9.383 -9.091

ChemStrb 277 385 11.421 -9.557

Table 6: Chemical structures formed by Schrodinger fragments with their Join score and

Glide score.
ChemStr Lo Human Rule of
Mol Mw g Logs | LogBB | PMDCK | oral
no. Po/w . 5
absorption

ChemStrl | 329.358 | -0.754 -0.146 -0.809 16.931 46.018 0
ChemStr2 | 266.342 0.194 -0.767 -0.346 74.583 62.518 0
ChemStr3 | 278.31 -17.84 0.336 -1.086 9.758 35.997 0
ChemStr4 | 313.358 | -0.878 0.363 -0.547 39.491 51.384 0
ChemStr5 | 315.374 | -0.807 0.178 -0.518 44.677 52.695 0

Table 7: ADME properties of ChemStr1-5.
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Figure 22: Chemical Structures of ChemStr1-5
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Figure 23: (A-E) Ligplots (Ligand Interaction Plots) of ChemStr(1-5)




NSC no mol MW Glide score Glide energy
1972 410.542 -12.547 -49.872
12102 273.29 -11.117 -37.143
26850 416.387 -10.712 -60.272
37721 260.356 -10.502 -31.015
14778 288.256 -10.461 -45.866

Table 8: Chemical Structures from NCI database having top Glide Scores.

mol Percent Rule Of
NSC no. QPlogPo/w | QPlogS QPlogBB | QPPMDCK | Human Oral .
MW - Five
Absorption
1972 410.542 2.234 -3.526 -2.18 155.664 82.901 0
12102 273.29 2.792 -3.501 -0.375 446.858 96.255 0
26850 | 416.387 2.176 -5.548 -4.242 0.134 30.838 0
37721 | 260.356 2.893 -3.912 -0.752 742.086 100 0
14778 | 288.256 2.32 -3.228 -2.359 0.618 42.689 0

Table 9: ADME properties of 5 NCI chemical compounds with highest Glide score.
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Figure 24: A. Chemical structure, B. H-bonds & contacts with protein, C. Electrostatic
surfaces of protein & ligand, and D. LigpProt of NSC1972
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Figure 25: A. Chemical structure, B. H-bonds & contacts with protein, C. Electrostatic
surfaces of protein & ligand, and D. LigpProt of NSC12102
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Figure 26: A. Chemical structure, B. H-bonds & contacts with protein, C. Electrostatic
surfaces of protein & ligand, and D. LigpProt of NSC14778
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Figure 27: A. Chemical structure, B. H-bonds & contacts with
surfaces of protein & ligand, and D. LigpProt of NSC26850

protein, C. Electrostatic
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Figure 28: A. Chemical structure, B. H-bonds & contacts with protein, C. Electrostatic
surfaces of protein & ligand, and D. LigpProt of NSC37721




DISCUSSION

The protein with accession no. BAH14511.1was isolated from tongue tumor. This protein
when run on BLAST, revealed that it is identical to cGMP-dependent Protein Kinase Il
isoform b (PKGIIb). Seeing that protein sequence of BAH14511.1 was released on NCBI site
in 2008 and the protein sequence for PKGIllbwas released on NCBI site in 2014, clears that it
has been named to cGMP-dependent Protein Kinase Il isoform b in 2014. Much information
about isoform b of PKG Il is not known but two forms of PKG- PKGI and PKII are well
known.

PKG signalling is very important for the regulation of cancerous cells. In cancerous cells, the
levels of cGMP and PKG are very low. If these cancerous cells, PKG is activated and
somehow induced, it leads to suppression of cancer and apoptosis. PKG also blocks different
signal transductions in cancerous cells which help in the regulation of growth. This ultimately
results in decrease in growth of cancer and increase in apoptosis of cancerous cells. It has
been reported in many cancers. It has also been reported to decrease invasive activity of
tumour.

There are drugs which help in treatment of cancer by activation of PKG and by increasing the
levels of cGMP. These drugs are used to treat different forms of cancer. But PKGIIb is not
reported and hence, it was hypothesized that PKGIIb, like already known PKGs, it might also
possess some activity in the regulation of cancer. Hence, it was thought to find the chemical
structures that might bind to it with good score to have chemical structures that might be used
for drug designing of PKGIIb in near future.

Functional annotation and prediction of physiological properties revealed that PKGIIb is a
cytoplasmic protein with molecular weight 39466.7 and pl 8.87. The instability constant was
found to be 40.3 which signify protein to be unstable. An aliphatic index of 87.19 was
predicted. The protein had no transmembrane helix and no signal peptide cleavage sites.
Phosphorylation sites and 125 different cleavage sites were predicted. GRAVY was found
out to be -0.361. Negative value of GRAVY signifies the protein to be hydrophillic.

For the purpose of finding potential binders, structure had to be known for PKGIIb and
hence, homology modelling with 3L9M was done. The PDB structure contained two
structural units which contained 4 chains in total (A & C and B & D). A & B are catalytic
sub-unit alpha, and C & D are inhibitor alpha. For homology modelling, the chains B, C, and
D were removed while preparation of 3L9M protein structure and Chain C was taken as
template. In homology modelling, first the sequence of the query protein was given as input
and BLAST was done to find the homologs of the input sequence or a homolog can also be
given as input. After choosing homolog, the gaps in the query and template were filled by
PrepWiz. The knowledge based approach for building model was used.

The Binding site prediction for the protein was done. The results were having 5 sites with
different site scores and volume & location on the modelled protein structure, from which,
the top scoring site having a site score of 1.114 was proceeded with, for virtual screening. For
finding potential binders, Schrodinger fragments and NCI database were used.




The chemical structures formed from Schrodinger fragments were virtual screened and top 5
chemical structures which gave good docking score have been reported in this work. The
most negative score was -9.557. ADME properties were also calculated for these chemical
structures. Violations of Lipinski’s Rule of Five (MW< 500 Da; LogP< 5; H-bonds< 5, H-
bond donor <=5, H-bond acceptor <=10) were zero for all the structures which shows that all
these structures follow drug-like properties and hence can be used for further work of
designing drug for PKGIIb.

NCI database contained ~275,000 chemical structures. This is a huge database and hence, it
was better to filter out structures on some basis. Firstly, the ADME properties were predicted
for all the compounds, by using QikProp. In results, ADME properties of only 55,400
structures were returned. Theses ADME properties were used to further filter out the
structures. For this, Ligand Filtering was used. The criteria for filtering were specified as per
Lipinski’s Rule of Five. Finally, after filtering, 24,905 compounds of NCI database were left,
which were then docked to the binding site of the receptor protein and the results showed
even better results than that of chemical structures from Schrédinger Fragments. The most
negative docking score was -12.547. The more negative the docking score is, the better the
docking is. Around 25 NCI entries showed scores lesser than -10 but only top 5 has been
reported here. The violations of Rule of Five were zero for all the 5 compounds.




CONCLUSION

ChemStrl to ChemStr5, formed by Schrédinger fragments, and NSC1972, NSC12102,
NSC26850, NSC37721, and NSC14778 from NCI database were found to have good docking
scores. All these compounds followed Lipinski’s Rule. Good docking scores show good
binding affinity towards Site 1 (with highest site score) of PKGIIb. These ligands might
prove to be good drugs for PKGIIb but for validation, pharmacological studies will be needed
to be done in humans.
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APPENDIX

Tool and applications used:

1. Protein structure analysis

a. Secondary structure analysis
e SOPMA
e Sable
e Jpred
e Psipred

b. Tertiary structure analysis
e Phyre

2. Functional analysis
e Protparam
e SMART
e TMHMM
e SignalP
e SecretomeP
e NetChop
e NetPhos
e Cello

3. Homology Modelling
e Prime

4. Validation of built model
e Verify3D
e WhatlF

5. Preparation of protein
e PrepWiz

6. Binding Site Prediction
e SiteMap

7. Generation of grid
e Glide

8. Virtual Screening
e Glide




9. Docking
e Glide

10. Prediction of ADME properties
e QikProp

11. Combination of fragments to form structures
e Combine

12. Filteration of ligands
e Ligand filtering




