f

e

" *
SAPIENZAE

|
UNTVERSITA DI ROMA :

¥ i
LIGAND BASED INVESTIGATIONS

BY 3-D OSAR ON SERIES OF
SHMT INHIBITORS

Relatore: Professor Rino Ragno

Student: Hadi Eidgah.T1734802
Academic Year 2019/2020



SERINE HYDROXYMETHYLTRANSFERASE
SHMT

SHMT&PLP

Dependent: Pyridoxal Phosphate (PLP) (Vitamin B6)

* Role: Cellular One-Carbon Pathway
* Provides Units for Amino acid and Nucleotide Metabolism
e Cancer cells require SHMT to generate tumors

* Ligand Based Investigations By 3D-QSAR on SHMT
Inhibitors.
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Abstract: Malaria remains a major threat to mankind due to  Seven co-crystal structures with P vivax (Pv) SHMT were
the perpetual emergence of resistance against marketed  solved at 22-2.6 A resolution. We observed an unprecedent-
drugs. Twenty-one pyrazolopyran-based inhibitors bearing ed influence of the torsion angle of ortho-substituted bi-

terminal biphenyl, aryl sulfonamide, or aryl sulfone mortifs
were synthesized and tested towards serine hydroxymethyl-
transferase (SHMT). a key enzyme of the folate cycle. The
best ligands inhibited Plasmodium falciparum (Pfi and Arabi-
dopsis thaliana (At) SHMT in target, as well as PANF54 strains
in cell-based assays in the low nanomolar range (18-56 nm).

phenyl moieties on cell-based efficacy. The peculiar lipophilic
character of the sulfonyl moiety was highlighted in the com-
plexes with aryl sulfonamide analogues, which bind in their
prefemed staggered orientation. The results are discussed
within the context of conformational preferences in the |-
gands,
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CHEMO-INFORMATICS
AND MODELING

e Statistical Tools to Discover
molecular entities

e 3D Quantitative Structure-
Activity Relationship(3D-QSAR)

e Algorithms (PLS)

* Prediction of activity based on
modifying structures
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Welcome to www.3D-QSAR.com
-
The underlying idea of any field-based 3-D QSAR is that differences in a target propriety,
e.g., biological activity, are often closely related to equivalent changes in shapes and
intensities of noncovalent calculated interaction surrounding the molecules (also called
molecular interaction fields, MIFs). This concept was introduced in 1988 by Cramer et al.
the well-known Comparative Molecular Field Analysis (CoMFA). The procedure to build
a MIF-based 3-D QSAR model involves the following steps: Training-set selection, alignmen
of molecules’ conformations, MIFs calculation, statistical model definition, model validation
and graphical interpretation. To perform all the steps, any user is asked to install specialized
software, either costly or even open source, which require the user to have infoﬂw%tips ski

Here, the very first 3-D QSAR series of web applications is presented by which 3-D QSAR

models can be easily built and graphically analyzed. The followin@e\b applications ¢

automatic molecular alignment software, leads to molecular alig

defined different templates conformations or user selected ones; (4)

v Ce


http://www.3d-qsar.com/

GENERATING
3D-CONFORMATIONS

» Explore the conformational space of

each molecule
* Provide an idea of the flexibility
e 3 Methods:

* Rdkit * Openbabel *Balloon
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ALIGNMENT

Superimposition of the molecules of a

single conformation
Final step of training set preparation
Different approaches

*Methods * Scoring functions

*Reference based

96 Alignments on each Conformation

analysis




CALCULATION OF MIF FIELDS AND MODEL
GENERATION

e Generation of a 3D-OSAR model on each

aligned training set(Py-CoMFA)

e Molecular Interaction Fields between

ligands and probe atoms, in the center of
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 More than 1186 models for our dataset.
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VALIDATION AND ROBUST Statistical Tools
OF THE MODEL * PLS and Generation of Principal Components

e The r squared correlation coefficient

Minimum
PC L2 rzlz SDEC & q2 & SDEP 2 r2Yslz q2YSlk SDEPYSI:  CutOff It Sigma [

1.000 0.650 0.459 0.197 0.696 0.000 0.000 0.000 30.000 0.600
2.000 0.811 0.338 0.349 0.626 0.000 0.000 0.000 30.000 0.600
3.000 0.890 0.258 0.597 0.493 0.000 0.000 0.000 30.000 0.600

O 4.000 0.960 @135 0.629 0.473 0.000 0.000 0.000 30.000 0.600
5.000 0.979 0.114 0.605 0.488 0.000 0.000 0.000 30.000 0.600
6.000 0.993 0.064 0.606 0.487 0.000 0.000 0.000 30.000 0.600
7.000 0.996 0.048 0.600 0.491 0.000 0.000 0.000 30.000 0.600

8.000 0.998 0.034 0.597 0.493 0.000 0.000 0.000 30.000 0.600 =
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RESULTS AND GRAPHICAL

OVQI‘Q" Model INTERPRETATION
Observ qtion » Visualizing through Polyhedrons by

connecting similar grid points.
* Standard CoMFA Contour maps

at each grid point the product of PLS
coefficient by the corresponding MIF
standard deviation calculated on all

training set molecules
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CONCLUSION

* A python implementation of CoMFA in the www.3d-gsar.com models proved effective models built on

Ligand Based investigations of pyrazolopyran scaffolds as SHMT inhibitors. The models were built and
analyzed, studied and predicted the activity of the compounds obtained from the Medical journals. We
have demonstrated the effectiveness of a tool with a quiet appropriate approach in drug design and
discovery and in pharmaceutical concept and medicine; here most importantly, Pyrazolpyran core that
inhibit the enzyme SHMT which can be profoundly affected by conformational change of the geometry
and biological activity of this target. we understand that there is a considerable need to develop novel
scaffolds that are different from the existing ligands to overcome cross-resistance, having in hand models,

helping the professionals in this field to predict where and how to modify the core scaffolds.


http://www.3d-qsar.com/




