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Docking a large virtual docking library to target
proteins can assist in rapidly discovering new
drugs and therapeutics
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Case study reports first rare semi-identical
twins in humans to be identified during
pregnancy and only second ever known
till now
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been tested in animal models
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New study in mice shows that getting
enough sleep every night could provide
protection from cardiovascular diseases
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innovative self-powered heart pacemaker
tested successfully in pigs
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Researchers have created 2-dimensional mineral
nanoparticles to deliver treatment in the body for
cartilage regeneration
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B8 Structure-based Drug Design I

A Virtual Large

Library to Assist
Rapid Drug Discovery

and Design

®
Docking a large virtual docking library to target proteins can assist
in rapidly discovering new drugs and therapeutics
o develop new drugs and medications  in silico docking of chemical compounds onto
for illnesses, a potential way is to  a target protein is a promising alternative
‘screen’ a large number of therapeutic =~ approach to speed up drug discovery and
molecules and generate ‘leads’. Drug  reduce laboratory costs. Molecular docking is
discovery is a long and challenging now an integral part of computer-aided
process. To speed up the process of  structure-based drug design. Many software
discovering a new drug, drug companies generally ~ programs like AutoDock and DOCK are available
use core structures (called scaffolds) of already  which can autonomously perform docking in
known drug-like molecules since exploring a new  high configuration computer systems. The 3-D
molecule is arduous and expensive. macromolecular structure of the target
receptor is taken from either an experimental
Structure-based drug discovery approach method like X-ray crystallography or through in
Computational modelling followed by virtual or  silico homology modeling. ZINC*? is a freely
[ .
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available open source database of commercial-
ly-available 230 million compounds in download-
able 3D format which can be used for molecular
docking and virtual screening. Post docking,
molecules can be visually analyzed on how well
they dock to the receptor protein. This analysis
includes their calculated binding energies and
their 3D conformations. The interaction between
a compound and target protein can provide
information about that molecule’s pharmacologi-
cal properties. Computational modelling and
docking provide an opportunity to screen large
number of molecules before proceeding to wet
laboratory, cutting down resources as only
one-time computational infrastructure is
required to be set up.

Building and utilizing a large library for in
silico docking

In a new study? published in Nature, researchers
analyzed structure-based virtual docking of a
library containing a staggering 170 million
molecules!. Millions of diverse drug-like
molecules are known to exist but they are inacces-
sible due to the limitations faced in building
molecular libraries. A virtual docking technique
can show up false positives called ‘decoys’ which
may be well docked in silico but they would be
unable to achieve similar result in laboratory
testing and may be biologically inactive. To
overcome this scenario, researchers focused on
molecules which were from well-characterized
and understood 130 chemical reactions by
utilizing 70,000 different chemical building
blocks. The library is very diverse as it represents
10.7 million scaffolds which were not part of any
other library. These compounds were simulated
on the computer and this contributed to library
growth and limited the presence of decoys.

Researchers performed docking experiments

using X-ray crystal structures of two receptors,
first the D4 dopamine receptor - an important
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Key points

@ Computational modelling and docking
provide an opportunity to screen large
number of molecules before proceeding to
wet laboratory, thus cutting down
resources.

Using a large and diverse library against
two protein receptors gave robust and
clear results, confirming that virtual
docking with large libraries can predict
better and outperform multiple studies
using smaller libraries.

ZINC is a freely available open source
database of commercially-available 230
million compounds in downloadable 3D
format which can be used for molecular
docking and virtual screening.

protein belonging to G protein-coupled receptors
family which carries out actions of dopamine -
brain chemical messenger. D4 receptor is thought
to play a central role in cognition and other
functions of brain which gets affected during a
mental illness. Second, they performed docking
on an enzyme AmpC which is a leading cause of
resistance of certain antibiotics and is difficult to
block. The top 549 molecules from docking of D4
receptor and top 44 from enzyme AmpC was
shortlisted, synthesized and tested in the labora-
tory. Results indicated that several molecules
binding strongly and specifically to D4 receptor
(while not to D2 and D3 receptors which are
closely related to D4). One molecule, a strong
binder of AmpC enzyme, was unknown up till
now. Docking results were indicative of testing
results in bioassay.

The library used in the current study is large and
diverse and therefore results were robust and
clear confirming that virtual docking with large
libraries can predict better and thus outperform
multiple studies using smaller libraries. The
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compounds used in this study are freely available
in ZINC library which is being expanded and is
expected to grow to the 1 billion mark by 2020.
The process of first discovering a lead and then
designing it into a drug remains challenging, but
a larger library will provide access to newer
chemical compounds which may lead to surprise
findings. This study showcases in silico computa-
tional modelling and docking using powerful
libraries as a promising approach to discover
new potential therapeutic compounds for
different illnesses.
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0 Rare Human Twins i aEeE e

Understanding

Sesquizygotic (Semi-Identical)

Twins: The Second, Previously

Unreported Type of
I'winning

Case study reports first rare semi-identical twins in humans to be
identified during pregnancy and only second ever known till now

I dentical twins (monozygotic) are conceived Semi-identical twins identified during

when cells from a single egg are fertilized by a pregnancy

single sperm and they divide into two post In a case study published in The New England
fertilization. Identical twins are always of the Journal of Medicine researchers at Queensland

same gender and have identical genetic materi- University of technology, Australia have reported
al or DNA. Fraternal twins (dizygotic) are semi-identical twins - a boy and a girl - identified
conceived when two eggs are fertilized by two for first time during pregnancy and they are the
individual sperms and they develop together so only second set of such twins known!. During the
they can be of different sexes. Fraternal twins 28-year-old mothers’ ultrasound at six weeks, it
are as genetically similar as siblings of same was indicated that identical twins are expected
parents born at a different time. based upon the presence of a single shared
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placenta and positioning of amniotic sacs. Later
at her 14 weeks ultrasound in the second
trimester, the twins were seen to be a boy and girl
which is only possible for fraternal twins and not
identical.

Genetic inspection done by amniocentesis
showed that the twins shared 100 percent
maternal DNA and for most part one twin
received paternal DNA from one set of paternal
cells and other twin from the other set. However,
some mixture happened during early embryonic
development revealing that these twins were not
ordinary twins but chimeras i.e. they have cells
from different genes. Chimeras are composed of
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different populations of genetically distinct cells
and thus are not genetically uniform. The typical
chromosome arrangement for boy is 46XY and girl
is 46XX but these twins both have an assortment of
female XX cells and male XY cells in varied
proportions - meaning that some cells in their
body were XX and others XY. The boy had XX/XY
chimerism ratio of 47:53 and girl had XX/XY
chimerism ratio of 90:10. This conveys the
potential domination towards male and female
development of the respective twin.

How are semi-identical twins conceived

When a sperm penetrates an egg, the egg's
membrane changes and thus locks out another
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