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Introduction:

This internship report provides information about the work done by me as an
intern in order to gain knowledge during the 4-week internship period. My
internship work in computational structural biology was primarily concerned with
comprehending and applying computational biology to the understanding of
transmembrane proteins.

Computational structural biology is a field of study that utilizes software to
computationally analyze the structure of biological molecules such as proteins,
nucleic acids, and carbohydrates. Computational approaches can be used to
predict the structure of a molecule from its sequence or to compare the structures
of different molecules.

Computational structural biology also encompasses methods for predicting the
binding sites of proteins, the energetics of protein-protein interactions, and the
dynamics of proteins and nucleic acids.

Computational structural biology has become increasingly important in
understanding transmembrane proteins. It can be used to identify potential drug
targets, predict protein structures, and study protein-protein interactions.
Additionally, computational approaches can be used to determine the three-
dimensional structures of these proteins and how they interact with their
environment.

By understanding the structure of transmembrane proteins, researchers can better
understand their function and gain insight into how they affect the biological
processes they are involved in.

Computational methods are also used to analyze the dynamics of transmembrane
proteins and identify possible conformational changes that may be involved in
the function of the proteins. Finally, computational approaches can be used to
evaluate the thermodynamic and Kkinetic properties of transmembrane proteins
and predict their stability and activity.

Instead of taking a linear approach to the learning process, my internship mentor
Dr. Sukanta Mondal wanted me to learn and work in a comprehensive way. He
wanted me to learn and implement various computational techniques with a single
subject protein in order to build a comprehensive understanding of
transmembrane protein rather than just learning about different computational
techniques with random examples.
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Objective 1:

My first objective is to thoroughly educate myself on transmembrane proteins,
their biological functions, and their structural importance. Human MRP1, an
ABC type transport membrane protein, was the focus of my study. Therefore, my
first task is to review them. The very next task is to do a literature study of the
different computational approaches and the related software and databases that
have been presented for use in research on transmembrane proteins like P-
glycoprotein and other MRP proteins like MRP2, MRP4, etc.

ABC (ATP-Binding Cassette) type transport systems are membrane-associated
proteins found in the cells of all living organisms. These proteins are involved in
the movement of a variety of molecules across the cell membrane. The ABC
transport system is a group of proteins that are responsible for the active transport
of molecules, such as ions, sugars, and amino acids, from one side of the cell
membrane to the other.

The ABC type transport proteins are
composed of two main domains, namely the
Nucleotide-binding  protein  and  the
Transmembrane domains. The ATP binds to
the  Nucleotide-binding  domain  and
responsible for providing the energy required
for the transport to occur, while the
transmembrane domains form the “gate”
through which the molecules pass.
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The ABC transport protein system is essential for the efficient functioning of a
cell, as it helps regulate the concentration of various molecules in the cell.
Without the ABC transport system, the concentration of molecules inside and
outside the cell would be out of balance, leading to a variety of cellular
malfunctions. The ABC type transport protein system is also involved in the
movement of toxins and other harmful substances out of the cell and into the
extracellular environment. This is essential for the maintenance of homeostasis
and for the prevention of cell death due to toxic overload.

In addition, the ABC type transport protein system plays a role in the regulation
of gene expression. By controlling the movement of molecules into and out of the
cell, the ABC transport system can affect the expression of certain genes, leading
to either increased or decreased production of proteins.
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MRP1 (Multidrug Resistance-associated Protein 1) is a transmembrane protein
that is involved in the transport of a wide variety of molecules, including drugs
and their metabolites, across the plasma membrane of cells. MRP1 is found in the
brush border membrane of the kidney, liver, and intestine, where it mediates the
active transport of drugs and other molecules, such as glutathione conjugates and
certain metabolites, across the membrane.

MRP1 belongs to the ATP-binding cassette (ABC) transporter superfamily,
which consists of proteins that transport molecules across membranes by means
of ATP binding and hydrolysis. The MRP1 protein contains an N-terminal
(Transmembrane domain), a highly conserved ABC transporter domain, and a C-
terminal (Nucleotide Binding domain). The N-terminal Transmembrane domain
Is composed of 12 transmembrane helices, which form a ring-like structure in the
membrane. The highly conserved ABC transporter domain contains two ATP-
binding sites, an ATP-hydrolyzing site, and a regulatory domain. The C-terminal
hydrophilic domain is responsible for binding the substrate molecule and
facilitating its transport across the membrane.

MRP1 plays an important role in drug
resistance. It has been shown to be
involved in the active efflux of a variety
of drugs, including some chemotherapy
drugs, antiviral drugs, and antibiotics,
from cells, thus conferring resistance to
those drugs. In addition, MRP1 has been
implicated in the development of
multidrug resistance in cancer cells.

The expression of MRPL1 is regulated by
multiple mechanisms, including
transcriptional and post-transcriptional
regulation. Transcriptional regulation of
MRP1 is mediated by several
transcription factors, including STATS3,
NF-kB, and HIF-1a.

Post-transcriptional regulation of MRP1 is mediated by a variety of factors,
including miRNAs and small molecules, such as glucocorticoids. In conclusion,
MRPL1 is an important transmembrane protein that is involved in the transport of
a wide variety of molecules, including drugs and their metabolites, across the
plasma membrane of cells. The expression of MRP1 is regulated by multiple
mechanisms, including transcriptional and post-transcriptional regulation.
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The theoretical computation and computer simulation of the characteristics and
behavior of molecules is known as molecular modelling. The modelled system
may merely have one ligand or protein, but it may also contain protein-protein
complexes, protein-ligand complexes, or a sizable complex with membrane
structures that contain proteins. Homology Modeling of protein, Molecular
Docking studies, Molecular Dynamic studies, Quantum Mechanics, QSAR and
Pharmacophore Modeling are the part of Molecular Modeling.

In order to create 3D structures of receptors and to better understand drug-
receptor interactions, homology modelling research and molecular docking
simulations are essential tools. Molecular docking is a computational method
used to predict the preferred orientation of one molecule to a second when bound
to each other to form a stable complex. It is used to study protein-ligand binding
and protein-protein interactions, and can help researchers on studying the
molecular interactions. Molecular docking involves using a computer algorithm
to calculate the relative energies of different orientations of the two molecules,
and then selecting the configuration that has the lowest free energy. The method
can also be used to predict the binding affinity of a ligand for a target protein, as
well as its binding mode.

In computational structural biology, studies of quantum mechanics are widely
employed to prepare docking structures with geometric optimization. To
determine non-covalent interactions in ligand-receptor interactions and to do free
energy estimates in bigger systems, new techniques have been devised.

The energy calculations such as Homo-Lomo calculations, partial charge
calculations for the structure optimization are done through different methods,
namely:

e DFT - Density Functional Theory.

e HT — Hartree Fock Theory.

e Semiempirical quantum model PM6.

e The GFN2-xTB (G: Geometries; F: Frequencies; N: Noncovalent
interactions) tight-binding based electronic structure method.

The GFN2-xTB method was more accurate to experimental methods compared
to MD simulations and MMPB(GB)SA calculations. The QM study is confined
to 1000 atoms which is its major drawback when comes to transmembrane
proteins.
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The following is a list of various computational methods and related software that
were studied as part of the first objective.

Database:

Databases are collections of data related to biological processes and molecules,
such as genes, proteins, DNA sequences, and drug information. They are used to
store, organize, and analyze large amounts of biological data. Examples of
bioinformatics databases include the National Center for Biotechnology
Information (NCBI) GenBank, UniProt, the Protein Data Bank (PDB), and the
Human Genome Project.

Here | have listed major databases focused on structural biology.

Sl DATABASE REMARKS
No TITLE
01. |RCSB Protein structural data bank.
02. | Binding DB Contains 8,623 protein targets, and
1,015,369 small molecules.
03. | Drug Bank about drug and drug products.
04. | Protein Data Bank Contains models of protein structures
(PDB) generated from X-ray crystallography,
NMR spectroscopy, and other methods.
05. | Macromolecular Contains structures of large complex
Structure Database macromolecules.
(MSD)
06. | Structural Genomics Aims to provide information about the
Database (SGD) structure and function of gene products.
07. | Structural Classification | A hierarchical classification of protein
of Proteins (SCOP) structures, based on their evolutionary and
structural relationships.
08. | DUD-E about Docking Decoys.
09. | VARIDT 1.0 Protein database especially for ABC
transport protein.
10. | CHARMM-GUI for membrane embedded dynamic studies.
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Protein Modeling and Visualization:

Protein modeling is the process of using computer software to create a three-
dimensional representation of a protein molecule. The aim is to replicate the
physical structure of the protein as closely as possible, to create an accurate model
of the protein. Protein modeling can be used for a variety of purposes, including
designing drugs that target the protein, predicting the structure of proteins based
on their amino acid sequence, and studying the interactions between proteins and
other molecules. Protein visualization tools are computer programs used to create
an image of a protein's structure. They enable scientists to analyze a protein's
shape and size, as well as its 3D conformation. By visually inspecting protein
structures, researchers can gain insights into how the protein might interact with
other molecules, its role in a biological system, and its susceptibility to disease-
causing mutations.

Here I have listed major computational tools available for Protein Modeling and
Visualization.

SI. No TITLE REMARKS

01. | UCSF Chimera A widely used software for protein
visualization, with support for volumetric
data and molecular surface representation.
02. | MolMol An open-source molecular visualization
program, with support for 3D structure
viewing and surface representation.

03. | PyMOL An open-source molecular graphics
system, with support for 3D structure
viewing and ray-tracing.

04. | VMD A molecular visualization program, with
support for 3D structure viewing,
molecular dynamics, and surface
representation.

05. | RasMol An open-source molecular visualization
program, with support for 3D structure
viewing and surface representations.
06. |Jmol An open-source molecular visualization
program, with support for 3D structure
viewing and ray-tracing.

07. | YASARA An open-source molecular visualization
program, with support for 3D structure
viewing and molecular dynamics.
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Homology Modeling:

Homology modeling is a powerful tool for predicting a protein’s 3-dimensional
structure based on the amino acid sequence. It is an important tool in modern
biology and is used in a variety of applications such as drug design, functional
annotation, and biophysical studies. In homology modeling, a 3-dimensional
structure of a protein is predicted by comparing its amino acid sequence to that
of a known protein structure. The known protein’s structure is used as a reference
and its amino acid sequence is aligned to that of the target protein. This alignment
is then used to generate a 3-dimensional model of the target protein.

Homology modeling is important because it can be used to predict the structure
of a protein of unknown structure. This is important for understanding the
function of the protein, as the structure often dictates its function. It can also be
used to design drugs that target specific proteins, as well as to predict the effects
of mutations on a protein’s structure and function. Homology modeling is not
perfect, though. It relies on the assumption that the known protein structure is a
good reference for the target protein, and this is not always the case. Additionally,
the accuracy of the model decreases as the level of sequence similarity between
the target and reference proteins decreases. Nevertheless, it is an invaluable tool
in modern biology and has enabled us to gain a better understanding of the
structure and function of proteins.

Here | have listed major computational tools available for Homology Modeling.

SI. No TITLE REMARKS
01. | Maestro 11 Software Package.
02. | Discovery Studio Software Package.
03. | Alpha fold Al based.
04. | Swiss Model Webserver based.
05. | Itasser Webserver based.
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Molecular Docking:

Molecular docking is a computational method used to predict the preferred
orientation of one molecule to another when bound to each other to form a stable
complex. It is used to predict the binding affinity of a molecule to a receptor and
can be used to determine which molecules may bind to a target receptor and how
they may interact with it. Molecular docking is an important tool in drug design
as it can be used to identify potential drug candidates and to determine their
binding affinities to a target receptor. It can also be used to study the protein-
ligand interactions and to gain insights into the mechanism of action of a drug.
Additionally, molecular docking can be used to study the biological activities of
a given ligand and to identify novel drug targets.

Here | have listed major computational tools available for Molecular Docking.

SI. No TITLE REMARKS

01. | Autodock Accurate, fast, and easy to use; can be
used to dock ligands against a wide range
of protein structures.

02. | MolDock It was designed with the goal of providing
an efficient and accurate method for
predicting the binding of small molecules
to macromolecules.

03. | Molegro Virtual Docker | offers high-quality docking based on a
novel optimization technique combined
with a user interface experience focusing
on usability and productivity.

04. | Surflex dock module historically focused on re-docking the
cognate ligand of a well-determined
protein-ligand complex to measure.

05. | PatchDock Geometry-based molecular docking
algorithm. It is aimed at finding docking
transformations that yield good molecular
shape complementarity.

06. | HadDock High Ambiguity Driven protein-protein
docking is an information-driven flexible
docking approach

07. | SwissDock SwissDock is based on the protein-ligand
docking program EADock DSS and has a
simple and integrated interface.
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Molecular Dynamic Simulations:

Protein molecular dynamic simulations are a powerful tool in understanding and
predicting the behavior of proteins. These simulations can be used to study a
variety of biological processes and interactions, including protein folding,
protein-protein interactions, and protein-ligand interactions. The use of molecular
dynamic simulations has become increasingly important in the study of proteins,
as they provide a detailed look at a protein's behavior in a given environment. By
understanding the behavior of a protein, researchers can better predict how it will
interact with other molecules and how its activity may be altered. This knowledge
can then be used to design more effective drugs and therapies.

Here | have listed major computational tools available for Molecular Dynamics.

SI. No TITLE REMARKS

01. | CHARMM-GUI Free Energy Calculator for Absolute and
Relative Ligand Solvation and Binding
Free Energy Simulations.

02. | MDWeb personal workspace providing standard
protocols to prepare structures, run
standard molecular dynamics simulations
and to analyse trajectories.

03. |NAMD It is noted for its parallel efficiency and is
often used to simulate large systems.
04. | AMBER Assisted Model Building with Energy

Refinement (AMBER) is a family of force
fields for molecular dynamics of
biomolecules

05. | GROMACS One of the most widely used open-source
and free software codes in chemistry, used
primarily for dynamical simulations of
biomolecules. It provides a rich set of
calculation types, preparation and analysis
tools. Several advanced techniques for
free-energy calculations are supported.
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Objective: 2

My second objective was to build a homology model of the human MRP1
transmembrane protein. The absence of the experimental structure of the human
MRP1 necessitates the development of a homology model for the respective.
Transmembrane proteins are embedded in the cell membrane and can be difficult
to study experimentally because they are insoluble and difficult to extract in their
native environment. Additionally, the techniques used to determine protein
structure, such as X-ray crystallography and nuclear magnetic resonance
spectroscopy, require large, well-ordered protein crystals, which are difficult to
achieve with transmembrane proteins due to their highly hydrophobic nature.

The experimental structures of bovine MRP1 are available in the database,
Protein Data Bank (PDB IDs: 5UJ9, 5UJA, 6UYO, and 6BHU). As a result, the
plan is to construct a homology model of Human MRP1 using available
experimental structures. As previously stated, a good predicted model structure
can resemble the template structure to some extent and can be used for studies.

Transmembrane proteins have a challenging topology: they are embedded in the
membrane, frequently have an extended conformation, and can have large
extracellular and intracellular domains. This makes homology model generation
for transmembrane proteins more difficult and time-consuming than for normal
proteins or enzymes. Furthermore, the stability of the protein is greatly influenced
by the membrane environment, and it is challenging to anticipate how this
environment will affect the protein. Finally, it can be challenging to find
appropriate template proteins because the amino acid sequence of transmembrane
proteins is frequently more variable than that of other proteins.

L] »>sp|P33527 |MRP1_HUMAN Multidrug resistance-associated protein 1

Ste p 1 = Ret r I eval Of ta rg et MALRGFCSADGSDPLWDWNYTWNTSNPDFTKCFQNTVLVWVPCFYLWACFPFYFLYLSRH
DRGYIQMTPLNKTKTALGFLLWIVCWADLFYSFWERSRGIFLAPVFLVSPTLLGITMLLA
p rote i n Seq u e n Ce fo r h O m O I Ogy TFLIQLERRKGVQSSGIMLTFWLVALVCALAILRSKIMTALKEDAQVDLFRDITFYVYFS
LLLIQLVLSCFSDRSPLFSETIHDPNPCPESSASFLSRITFWWITGLIVRGYRQPLEGSD
LWSLNKEDTSEQVVPVLVKNWKKECAKTRKQPVKVVYSSKDPAQPKESSKVDANEEVEAL
I H IVKSPQKEWNPSLFKVLYKTFGPYFLMSFFFKAIHDLMMFSGPQILKLLIKFVNDTKAPD
mode generatl On N WQGYFYTVLLFVTACLQTLVLHQYFHICFVSGMRIKTAVIGAVYRKALVITNSARKSSTV
GEIVNLMSVDAQRFMDLATYINMIWSAPLQVILALYLLWLNLGPSVLAGVAVMVLMVPVN
AVMAMKTKTYQVAHMKSKDMRIKLMNETLNGIKVLKLYAWE LAFKDKVLATRQEELKVLK
The Sequence Of the query protein KSAYLSAVGTFTWYCTPFLVALCTFAVYVTIDENNILDAQTAFVSLALFNILRFPLNILP
MVISSIVQASVSLKRLRIFLSHEELEPDSIERRPVKDGGGTNSITVRNATFTWARSDPPT
LNGITFSIPEGALVAVVGQVGCGKSSLLSALLAEMDKVEGHVAIKGSVAYVPQQAWIQND

(hMRPl) was retrIEVEd from the UnIPrOt SLRENILFGCQLEEPYYRSVIQACALLPDLEILPSGDRTEIGEKGVNLSGGOKQRVSLAR
. . AVYSNADIYLFDDPLSAVDAHVGKHIFENVIGPKGHLKNKTRILVTHSMSYLPQUDVIIV
database Wlth |D P33527 haV|ng 1531 MSGGKISEMGSYQELLARDGAFAEFLRTYASTEQEQDAEENGYTGVSGPGKEAKQMENGM
' LVTDSAGKQLQRQLSSSSSYSGDISRHHNS TAE LQKAEAKKEE TWK LMEADKAQTGQVKL
- - SVYWDYMKATGLFISFLSTFLFMCNHVSALASNYWLSLWTDDPIVNGTQEHTKVRLSVYG
amino aC|dS. ALGISQGIAVFGYSMAVSTGGILASRCLHVDLLHSTLRSPMSFFERTPSGNLYNRFSKEL
DTVDSMIPEVIKMFMGSLFNVIGACTVILLATPIAATIIPPLGLIYFFVQRFYVASSRQL
KRLESVSRSPVYSHFNETLLGVSVIRAFEEQERF THQSDLKVDENQKAYYPSIVANRWLA
VRLECVGNCIVLFAALFAVISRHSLSAGLYGLSVSYSLQVTTYLNWLVRMSSEMETNIVA
VERLKEYSETEKEAPWQIQETAPPSSWPQVGRVEFRNYCLRYREDLDFVLRHINVTINGG
EKVGIVGRTGAGKSSLTLGLFRINESAEGEITIDGINIAKIGLHDLRFKITIIPQDPVLF
SGSLRMNLDPFSQYSDEEVWTSLELAHLKDFVSALPDKLDHECAEGGENL SVGQRQLVCL
ARALLRKTKILVLDEATAAVDLETDDLIQSTIRTQFEDCTVLTIAHRLNTIMDYTRVIVL

DKGETQEYGAPSDLLQQRGLFYSMAKDAGLY
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Step 2: Transmembrane region/topology prediction.

The transmembrane topology of the protein was predicted using the webserver
"DeepTMHMM: A Deep Learning Model for Transmembrane Topology
Prediction and Classification™ for the query protein using the retrieved protein
sequence.

DeepTMHMM - Most Likely Topology | Type: alpha TM
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The number of transmembrane regions predicted is 17, and the regions were also
depicted for the reference. which can be used to compare and correlate once a
homology model is generated.

Step 3: Template selection (Experimental Structure) for
Model Generation.

The existence of the experimental structures in the RCSB was determined through
manual search and BLAST (Protein Data Bank). Four experimental structures
were found to be predominant within MRP1 itself, namely 5UJ9, 5UJA, 6BHU,
and 6UYO. Only the 5UJ9 Apo-form existed among the four structures
mentioned above; the others were bound to ATP (6BHU,6UYQ) and substrate
(5UJA). Because the idea was primarily to generate the Apo-form, the
experimental structure that already existed in apo-form, 5UJ9, was chosen as the
template for homology model generation.
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Step 4: Homology Model Generation.

The homology model for the query protein was generated using the Swiss Model
web server, as it is one of the most commonly used and easily available tools for
building homology models. The retrieved sequence is loaded either by manual
copy-paste or as a FASTA file format in the input. Then it displays the available
templates, and by selecting a template, the models are generated and can be
viewed in the server.

The above-mentioned steps were carried out for the query sequence using the
5UJ9 experimental structure available as a template, and the model was generated
and saved for further assessment and studly.
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Step 5: Homology Model Validation.

The purpose of homology model validation is to get an idea of the degree of
correctness of the model generated. Usually, the primitive model generated has
to undergo model refinement to get a better model. By comparing the validation
parameters of the primitive and refinement models, the degree of refinement can
be determined. But the energy refinement techniques were not done due to the
reason that the implicit and explicit solvent parameters of the software algorithm
are not reasonable to be used for transmembrane proteins. They need specific
dynamic simulation parameters to resemble the protein in approximation.
Therefore, the validation was carried out with the primitive model itself.

Necessary validation parameters such as ERRAT SCORE, VERIFY 3D SCORE,
PROVE, PROCHECK, MOLPROBITY and QMEAN were analyzed.

e ERRAT - ERRAT (Error Rate Assessment Tool) is a software tool used to
assess the accuracy of a homology model of a protein. It uses statistical
methods to determine the reliability of the model, and compares it to a set
of known structures.

ERRAT can be used to evaluate the quality of a homology model, and to

identify regions of the protein that may need additional refinement or

modification.

- The ERRAT score calculated for the model generated was 96.724,
which passes the parameter criteria (Greater than 95% are considered
good).

e VERIFY 3D - Verify3D is a method used in homology model validation
that compares the predicted 3D structure of a protein to its known structure.
It assesses the similarity between the predicted and known structures at
both the local and global levels.

It uses a Z-score to compare the predicted structure to a database of

structurally similar proteins and then calculates an overall score to assess

the accuracy of the model. This score can then be used to assess the quality

of the homology model.

- The VERIFY3D score calculated for the model generated had less than
80% (70.1) of its residue with <=0.1, and the model failed the parameter
criteria.
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PROVE - PROVE stands for Protein Validation by Evolutionary
Relationship. PROVE evaluates the similarity of the amino acid sequences
of two protein structures, and compares the evolutionary relationships of
the sequences to the predicted structure of the target protein. If the
sequences are highly similar, and the structure of the target protein is
similar to that of the homology model, then the model is deemed to be
valid.

- The PROVE score calculated for the model generated was 0.82, which

passes the parameter criteria (Should be less than 1).

PROCHECK - PROCHECK is a program used to validate homology
models. It evaluates the stereochemical quality of protein structures by
calculating a number of parameters and plotting them in a Ramachandran
plot. The program also calculates a number of other parameters such as the
overall energy of the structure, its secondary structure composition, and the
root-mean-square deviation from the native structure. PROCHECK also
checks for any possible clashes between atoms, as well as any possible
gaps or clashes between the main-chain and side-chain atoms.

- The PROCHECK results were not that great for the model. Only 89.1%
of the residues were in the favored regions in the Ramachandran Plot.

---------- << P R O CHE CK S U M M A R Y >»--------——t
fvar fwea fSAVES/Jobs /1269261 /saves. pdb 1.5 1328 residues
Ramachandran plot: 89.1% core 5.9% allow 0.8% gener 8.3% disall

All Ramachandrans: 41 labelled residues (out of1326)

Chil-chi2 plots: 4 labelled residues (out of 79@)

Side-chain params: 5 better @ inside 8 worse

Residue properties: Max.deviation: 4.7 Bad contacts: a
Bond len/angle: 8.2 Morris et al class: 1 1 2

G-factors Dihedrals: -8.89% Covalent: -8.83 Overall: -8.85

Planar groups: 95.3% within limits 4.7% highlighted 7 off graph
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e MOLPROBITY - MolProbity is a web-based program used for validating

and improving homology models. It utilizes a combination of biochemical
and physical methods to evaluate the quality of a protein structure. It
provides an assessment of the stereochemical quality of the model,
including bond lengths and angles, and clashes between atoms, as well as
the overall energy of the structure. It also identifies potential problems such
as poorly defined regions, poorly packed sidechains and incorrect
protonation states. MolProbity can help to identify errors in the model and
suggest ways to improve it, such as through manual improvements or

running additional simulations.

The MOLPROBITY results was not that great depicting model has to
be refined to increase the degree of correctness.

Poor rotamers 2 0.17% Goal: <0.3%
Favored rotamers 1126 97.49% Goal: >98%
Ramachandran outliers 15 1.13% Goal: <0.05%
Protein Ramachandran favored 1237 93.29% Goal: >98%
Geometry Rama distribution Z-score -0.47+£0.21 Goal: abs(Z score) <2
CB deviations >0.254 19 1.52% Goal: 0
Bad bonds: 3710641 0.03% Goal: 0%
Bad angles: 95/ 14434 0.66% Goal: <0.1%
Peptide Omegas Cis Prolines: 0/51 0.00% Expected: <1 per chain, or <5%
. L CaBLAM outliers 50 3.8% Goal: <1.0%
Low-resolution Criteria -
CA Geometry outliers 13 0.98% Goal: <0.5%
Additional validations Tetrahedral geometry outliers 2

- The RMSD (Root Mean Square
Deviation) was calculated by aligning
both the homology model generated and
experimental structure (5UJ9) to know
about degree of structural difference.

- The RMSD calculated was 0.058
which is closer to Zero therefore depicts
the structural reliability.

- The structure is ‘Mesh’ form is the

5UJ9 and the one in ‘Ribbon’ form is the
Homology Model generated.
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Objective: 3

The third objective is to perform docking studies with the model protein.
Leukotriene C4, which is one of the natural substrates for the transmembrane
protein, was selected as the ligand for docking. The docking was carried out in
the Patch Dock webserver, and the results were interpreted. The top 10 hits with
the highest docking score were selected for analysis. Out of the top 10, the pocket
resembling the pocket of the experimental structure was selected, and the active
site prediction was carried out and compared.

- The above are the representation of 3d structure of Leukotriene C4
molecule followed by the pocket considered for docking of the ligand
to protein molecule.

Docking was carried out and the active site residues involving with the ligand
was estimated.

- The active residues estimated were = L-389,
Y-440, W-553, F-594, M-601, R-1196, Y-1242,
W-1245, R-1249.
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SI. No 5UJA DOCKED MODEL

01. H-335 -

02. L-389 L-389
03. Y-440 Y-440
04. W-553 W-553
05. F-594 F-594
06. M-601 M-601
07, R-1196 R-1196
08. Y-1242 Y-1242
09. N-1244 -

10. W-1245 W-1245
11. R-1249 R-1249

Almost all the residues that were predicted as active site residues for the docked
structure were some of the predicted active site residues of the experimental
structure 5UJA. This depicts the degree of correctness of the docking is relatively

good and reliable.
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Objective: 4

My last objective is to study and work on TUNNEL ANALYSIS by
CAVERWEB online server. Tunnel analysis of ligand in protein is a method used
to determine the location and size of binding sites in proteins. It involves the
analysis of the molecular interactions between a ligand (small molecule) and a
protein in order to understand the structural determinants of ligand binding and
its intrinsic passage. Tunnel analysis helps to identify and characterize sites of
interaction between ligands and proteins, and can be used to predict the affinity
of protein-ligand interactions and how they intrinsically transport. It can also be
used to evaluate the therapeutic potential of a given ligand. Tunnel analysis can
also provide insight into the dynamics of ligand binding and can provide valuable
information for the study of intrinsic transportation.

The tunnel analysis was carried out for the experimental structure SUJA (having
leukotriene C4 as its ligand) in order to study how the substrate intrinsically binds
to the transmembrane and gets transferred.

The PDB structure was loaded into the webserver and it calculates and produces
details of the ligand, binding pocket and much. Later the actual process of tunnel
analysis is carried out.

- 41 Tunnel possibilities were
estimated for the intrinsic binding
and transportation. The length of the
tunnels and the bottleneck radius
(the maximal probe size which can
fit in the narrowest part of the
tunnel) of the tunnels were
calculated and listed out for the
better understanding of the intrinsic
transportation possible and the
residues within.
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bottleneck radius [A]:

length [A]:

distance to surface [A]:
curvature:

throughput:

number of residues:

number of bottlenecks:

0.9

112.0

28.7

1.9

0.01

103

- The tunnel 41 shows complete
coverage with maximum bottleneck
radius, therefore this tunnel has
selected for the study of intrinsic ligand
transport.

- The Ligand Transport study of the
Ligand through all the 41 tunnels were
analyzed and the 41% tunnel holds
better energy parameters (Less
Binding Energy) and therefore acts as
good tunnel with maximum coverage
length and bottle neck radius.
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Conclusion:

So, this was all about the work I did with the internship opportunity | got. The
report highlighted the various activities conducted throughout the duration of the
internship, from the research of the project, to the practical application of the
knowledge gained.

The comprehensive study and work helped me to understand how | should keep
my approach in research and how to create a balanced and better workflow.
With this internship | also learnt a lot about structural biology of transmembrane
proteins and about the transport mechanism. I got to know, study and work on
many computational methods and software within.

Overall, it was found that the internship was an invaluable experience and it
provided me an opportunity to gain knowledge and experience in the research and
application of the subject, and to develop an understanding of the fundamentals
of the discipline. The internship also provided a platform for the development of
communication and interpersonal skills, which will be invaluable in future
professional endeavors. Additionally, the internship enabled me to gain an insight
into the complexities of the field, and to understand the importance of accurate
and thorough research.

And | hope that I could reproduce the work to better extent and add some extra
bytes the work. This also motivated me to new ideas which | would like to
investigate further.
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