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“Application” of the RationalDrugDesign Lab:

Several proteins, where mutations change interaction with low-molecular
compounds, will be selected as "targets" to investigate...

...how the course of biochemical processes would change, if there were
modifications in the encoding genes ?

...how the "external pressure" (e.g. when cancer develops , the variants that
accelerate the growth of the tumor and reduce the "feedback" of cancer cells
to the immune response\medications are fixed) influences the accumulation
of these changes ?




Mutations in binding sites can dramatically
change protein-ligand interactions

MPO p.Ser406 (PDB id 5QJ3)

We can:

* estimate the binding energy of the protein-ligand complex
(AG_native) using computational methods (molecular docking)

* predict the structure of an altered protein for each mutation in
the active site

Aaff prot+lig = 3.7 kcal/mol

* re-estimate the binding energy of the protein-ligand complex for
the mutant structure (AG_mutant)

* compare the binding energies of the ligand "before" and "after"
mutation (AGG_native_vs_mutant) - to evaluate the mutation
effect
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Gene statistics
by cancer/ non-cancer substitutions
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Results of “weighing” genes and mutations
In cancer/ non-cancer using a neural network
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Cancer and noncancer mutation ratio in proteins
(potential targets are labeled)
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Expression data
M) EASSNB;:QN&F;{:?TITUTE Projects 4% Exploration &+ Analysis £ Repository

Harmonized Cancer Datasets LAML - Acute Myeloid Leukemia
Genomic Data Commons Data Portal COAD - Colon adenocarcinoma

Get Started by Exploring: SARC - Sarcoma
B Projects % | Exoloration | [ Analysis € Repository BRCA - Breast invasive carcinoma

STAD - Stomach adenocarcinoma )

The Cancer Genome Atlas (TCGA), a landmark cancer genomics
program, molecularly characterized over 20,000 primary cancer and
matched normal samples spanning 33 cancer types.
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https://www.cancer.gov/about-nci/organization/ccg/cancer-genomics-overview
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Cancer and noncancer mutation ratio
VS
gene expression in colon cancer (COAD)
(potential targets are labeled)

10k

@KLKS genes_of_interest

® Na
1000 & Interesting
L]
100
10
.i

1
0.1
0.01

0.01 1 100

cancer_noncancer_ratio



Methods of molecular docking and modelling

Docking is like that, just not with
dogs, but with molecules.
Everything to optimize energy costs
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That is how our working process looked like
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Visualization of mutation frequency
(in binding site)

Receptor:
phosphatidylcholine
transfer protein

sn-glycero-3-
phosphocholine

Ligand : 1,2-dilinoleoyl -
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our Holy Graal

Criteria:

e Mutation from a protein that is rarely mutated in cancer

e This protein is highly expressed in cancer

e This mutation disrupts interaction protein-ligand
e This mutation is frequently mentioned in GNOMAD

D-amino acid oxydase, Asp46Glu Phosphatidylcholine transfer protein, Tyr72Cys
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Example of specific mutation in binding sites

Receptor: phosphatidylcholine transfer protein
Ligand: 1,2-dilinoleoyl -sn-glycero-3-phosphocholine
Mutation: Tyr72Cys 14



RationalDrugDesign laboratory results:

For the analysis, proteins that were previously prioritized by the neural
network were selected, as well as the ones that are highly expressed in
cancer and have significant differences in the number of mutations in tumor
and healthy tissues

Structures of selected proteins with the most interesting mutations were
modeled (SwissModel)

Interaction of the selected proteins with their ligands were modeled (Vina
AutoDock)

A comparison of free energies of ligand binding in normal and mutated
binding sites was made - and mutations that adversely affect the ability of a
protein to bind to a ligand were identified
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