Pradnya Prashant Shinde, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 7, 171-176 [Review

INTERNATIONAL JOURNAL OF

PHARMACEUTICAL SCIENCES
[ISSN: 0975-4725; CODEN(USA):1JPS00]
Journal Homepage: https://www.ijpsjournal.com

= 1L

ACCESS

Review Article

Fragment Based Drug Design: A Review

Pradnya Prashant Shinde'*, Monika Gopal Shinde?

!Department of Pharmaceutical Chemistry, Sahyadri college of Pharmacy, Methawde, Sangola
2 Associate Professor of Sahyadri college of Pharmacy, Methawde, Sangola
Address for Correspondence: Pradnya Prashant Shinde, Vidyanagar, Akluj road, Malshiras, Dist. Solapur

ARTICLE INFO ABSTRACT

Received: 14 June 2024 Effective small molecule development can be achieved through the use of fragment
Accepted: 18 June 2024 based drug design. Several powerful compounds with a wide range of targets have been
Published: 01 July 2024 created with this method. Finding tiny chemical fragments that bind to biological targets
Keywords: and can then be refined to resemble lead molecules is known as ‘fragment-based drug

leads, Fragments, x- ray
crystallography, FBDD.
DOI:
10.5281/zen0d0.12610829

based techniques.

design’. The methods for identifying fragments, screening them, and turning them into
hits or leads—including fragment growth, fragment linking, fragment self-assembly,
and targeted libraries—are covered in this article. FBDD will be more crucial to drug
development since it is easily conducted using a variety of biophysical and computer-

INTRODUCTION

Over the past 15 years, Fragment based drug
design has proven to be an effective replacement
for high throughput screening in the identification
of lead compounds during the drug development
process.1 It is a major strategy for identifying high
quality lead candidates during past years. 40
compounds identified by FBDD have moved to
clinical trials, and two medications already on the
market are the result of fragment based library
screening efforts.3 This method builds powerful
small molecule hits from fragments with minimal
molecular mass. For a given protein target, this

technique entails creating a diverse fragment
library from commercial sources by applying
filters (such as natural product-likeness, fraction of
SP3 centres, and atom-pair fingerprints-to filter
clusters). Next, fragments are affinity screened
against the target protein, and fragments are
filtered based on affinity numbers. Proteins
containing fragments or fragment mixtures are
crystallized, and binding sites and modes of
fragments are located in three-dimensional
structures. These spatial separation and chemical
environments of fragments are then used to design
linkers that join or expand a fragment. The benefits
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of biophysical and biochemical methods are used
in fragment-based drug design to detect fragments,
which are extremely small molecules. The
fragment connects to a particular target location.
Fragment hits provide an intriguing beginning for
the creation of fresh leads. Finding low molecular
weight chemical fragments from much smaller
compound libraries is the basis of fragment-based
drug design. Lead compounds are created by
combining or optimizing these pieces. Another
name for fragment-based drug design is fragment-
based lead discovery. that is employed in the
process of discovering new drugs to identify lead
compounds.9
What is fragment?
Small organic molecules with a low molecular
weight and size are known as fragments. The
principle behind FBDD is to find small chemical
fragments that bind to biological targets weakly,
then expand or combine them to create a lead with
a larger affinity. These pieces bind to the target
protein in various locations. A lead molecule is
created when the fragments mix or link with one
another after binding.
The three-rule test
compound is a fragment.

I.  Molecular mass less than 300 da

[I.  When Log P is less than3.
I1l.  There are at least three hydrogen bond

donors and acceptors.9

With the advancement of structural biology and
the creation of new screening techniques, FBDD
has been easily continued and is now a significant
component of target-based drug discovery. To
create more active molecules, fragments within
protein binding pockets can be expanded,
connected, or combined once they have been
found.
Identification of fragments
It is challenging to find fragments using the
convectional method. Several biophysical
screening techniques, like as NMR and X-ray

determines whether a
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crystallography, are employed in addition to the
convectional method. These methods are
appropriate since they offer a substantial structural
comprehension of the binding event between
ligands and proteins. The first real-world
application of these concepts was documented by
Abbott Laboratories researchers in their "SAR by
NMR™ description. They made it possible to
distinguish between two different molecules that
attached themselves to nearby protein surface
pockets. A substantial improvement in potency
and structural analysis of co-structures found
through NMR and X-ray crystallography can be
obtained by joining two molecules. It shows that
each component of the connected molecule kept its
unique binding orientation.2 The following
techniques are also used to identify compounds:
Assay for directed or functional binding at high
concentration. Generally speaking, fragments
have modest binding affinities. They are
challenging to find using a standard HTS assay.
According to Ellman GR, the way to get around
this issue is to filter fragment at a greater
concentration.

NMR:

Using NMR screening, one can find tiny
molecules that attach to protein targets. a library of
fragments that have been filtered to find the ones
that attach to the biological targets with N labels.
The amide chemical shift that results from
compound binding is centred on the nuclear signal
quantum correlation spectrum. These data are used
with structural details to determine the location of
a compound's binding on a protein.10
Crystallography via X-ray

A strong method for obtaining high-resolution
protein and complex structures is X-ray
crystallography. It is crucial to the structure-based
drug discovery process. One reliable technique for
identifying and verifying fragment hits is X-ray
crystallography. The hardest part of X-ray
structural research is getting the targets' and
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complexes' crystals. Because fragments can be
soaked into crystals to determine their binding
modes at a high precision, X-ray crystallography
is crucial to FBDD. In drug development, X-ray
structures are frequently combined with other
biophysical techniques. Not every target can be
crystallized for X-ray investigations, it has been
found. Occasionally, the original fragments
soaked into the target crystals may not produce
high-resolution structures. Other biophysical
techniques must be used in these circumstances to
direct fragment growth.

Transforming bits and pieces into hits and leads
Smaller, less complicated molecules with a weaker
binder are called fragments. They are more
challenging to find using the traditional HTS
method. Split often weaker hits acquired through
HTS. As a result, they go through a number of

procedures to become potential leads. To pursue

FBDD, take into account the following actions:

e After defining the goal, bioinformatics will be
used to comprehend structure, which can be
understood by using x-ray crystallography
and other techniques.

e The target protein is discovered second. For
fragment screening, NMR, DSF, or x-ray
crystallography will be used. Three rules must
be followed in order for a fragment to be
chosen.

e A thirdly appropriate library will be chosen.

e The fourth hit will be conformed using
biochemical, biophysical, and structural
techniques. Finally, appropriate techniques
can be employed to leverage fragment growth.

Fragment based drug discovery

| S

Fragment
library

Fig. no 1: Chart shows steps for lead generation

Fragment library:

The quantity and size of compounds in a library
are not strictly regulated. The term "fragment"
denotes a relatively short molecular weight of the
compounds, leading to high ligand efficiency and
greater potential for hit growth. Fragments are
advised to adhere to the rules-of-three, which state
that compounds should have less than three
hydrogen donors and acceptors, a molecular
weight of less than 300 Da, and a Clog P value of
less than three. Typically, researchers use their
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own specially made FBDD libraries, and a
fragment's molecular weight can exceed 300 Da.
Because a virtual screening may be completed
quickly, the fragment library can be enlarged with
an increasing diversity. The quantity of
compounds in the fragment library is not a limiting
factor because fragments can supply a variety of
compounds for optimization. Using FBDD and a
library of roughly 800 fragments, a powerful
compound was able to be created.

Screening techniques:
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Fragments and their targets typically have
relatively low binding affinities. It is particularly
difficult to investigate fragment and target
interactions using biochemical techniques that rely
on spectrophotometric and fluorescence assays.
Several methods, including differential scanning
fluorimetry, x-ray crystallography, and NMR
spectroscopy, are employed for the screening
process.

Fragment growth:

Additional hit optimization is necessary because
fragments often bind to targets weakly and don't

W
(B

Figno 2 (a)
Fragment Linking:
This method is thought to be the most effective for
generating strong inhibitors from fragments. It is
possible to create a lead compound by joining two
or more fragments. The development of chemical

binding to protein A replication has been a

\/

show strong inhibitory effects on target activity.
The first fragment found using the direct binding
technique is improved by functionally adding to
attach to the active site's surrounding region. The
most popular technique for growing fragment into
compounds with a higher molecular weight and
potency is fragment growing. This picture
illustrates how a fragment connects to a receptor in
2(a) and how a lead molecule evolves in 2(b) by
growing into a second pocket and expanding away
from the beginning fragment and making good
contact with the upper surface.

v

2 (b)
successful use of this method. Figure 3(a)
illustrates how fragment 1 attaches to the receptor
at one site, Figure 3(b) illustrates how fragment 2
binds to the receptor at a neighbouring site, and
Figure 3(c) illustrates how the connecting group

connects the two fragments.4

Fig no 3(a), 3(b) and 3(c)

Fragment self-assembly

The capacity of a fragment to self-assemble when
a template is present is known as fragment self-
assembly. Another method for transforming
fragments into powerful molecules is by fragment
self-assembly or merging. This method involves
combining the chemical features of two or more
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fragments to create a powerful molecule. With
reactive groups positioned within each other's
conformational reach, fragments 1 and 2 bind to
the receptor site concurrently in figure 4(a),
whereas lead molecule production occurs in the
active site in figure 4(b).4
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Fig no 4(a) and 4(b)

Targeted libraries:

This strategy optimizes lead's drug-like qualities in
addition to binding affinity. The existing lead
molecule found using a fragment-based strategy is

D <oud

depicted in Figure 5(a). Additionally, the lead
molecule in figure 5(b) has been redesigned to
optimize a certain attribute.4

N~

%

b.

Fig no 5(a) and 5(b)

Developments in FBDD

Universities can undertake fragment-based drug
design (FBDD) for tiny biotechnology companies
because it is used to evaluate a limited number of
compounds. Fragment is chosen to offer perfect
beginning points for additional optimization since
it interacts with the target protein in an efficient
manner.  Scientists  frequently use Xx-ray
crystallography to study the interaction between
the target and fragment as well as to design and
synthesize analogs with the necessary desirable
features.5 It reduces the level of intricacy. With the
recent approval of the covalent KRASG12C
inhibitor sotorasib, which highlights the usefulness
of FBDD against targets that were long thought to
be undruggable, the impact of innovative FBDD
techniques is already being seen. FBDD is used in
more hydrophilic hits where affinity is more likely
to be influenced by hydrogen bonding.
Hydrophobic  groups make it generally
considerably easier to increase affinity. Greater
ligand efficiency increases the likelihood that the
optimized ligand will have a molecular weight that
is quite low (MW < 500). A fragment library has
an even greater combinatorial advantage since
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fragments are less likely to contain sterically
blocking groups that obstruct an otherwise
advantageous ligand-protein interaction. FBDD is
also utilized in the creation of diverse inhibitors
that are beneficial in numerous medical ailments.
For example, matrix metalloproteinase inhibitors
and protein kinase inhibitors.7

FBDD's limitations

The variety of protein families that can be targeted
by FBDD is one possible drawback. The
abundance of high-resolution protein structures is
reflected in the numerous instances of kinases and
other enzymes as well as PPIs; yet, FBDD has only
targeted a small number of membrane proteins.
This could soon change, as advances in
transmembrane proteins have been made possible
by cryo-electron microscopy. Since fragment
binding has been demonstrated by the method,
FBDD may be used more extensively. As the
number of targets and protein families grows, we
might be able to determine whether specific
binding pocket characteristics are necessary for
effective FBDD.13

Prospects for the future of FBDD
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Drug leads that come from fragment-based drug
design are more likely to be effective. It is
anticipated that the fragment strategy would
enhance lead compound development quality and
productivity in pharmaceutical R&D over the next
ten years. The fragmented approach of the future
will progress in two directions: first, it will expand
and combine fragments into libraries for functional
screening, and second, it will break down HTS hits
into component fragments for individual
optimization. Many of the medications and
molecules that FBDD found made it to clinical
trials.

CONCLUSION

Drug discovery initiatives should use fragment

based drug design. Fragment-based drug design

can be applied to a variety of targets, and the
fragment screening hit rate can also be used to
evaluate the target's drug ability. This information
can then be used to direct HTS efforts and provide
evidence for a project's approval or rejection.

Furthermore, creating strong binders of a protein

without enzymatic activity is a great use for

FBDD. FBDD has emerged as a credible substitute

for large compound library high throughput

screens.

REFERENCE:

1. A. Kumar, A. Voet and K. Y. J. Zhang
‘Fragment based drug design from
experimental to  the  computational
approaches’ Current medicinal chemistry
2012, 19(20).

2. Bradley C. Doak, Raymond S, Norton, Martin
J. Scanlon ‘The ways and means of fragment
based drug design’ Pharmacology and

therapeutics 2016, vol 167, 28-37.
3. Celien Jacquemard and Esther kellenberge ‘A
bright

future  for  fragment  based

10.

11.

13.

drugdiscovery: What does it hold? Expect
opinion on drug discovery 2019, 14(5), 413-
416.

Rees, D., Congreve, M., Murray, C. et al.,
Fragment based lead discovery . Nat rev Drug
Discov 3, 660-672 (2004).

Dr. Tim Mitchell and Dr. Mike Cherry
‘Fragment based drug design’ serum Ltd.
Laura Elizabeth Lansdowne ‘Advances in
fragment based drug discovery’ Technology
networks drug discovery, 2023.

Marta Bon, Alan Bilsland, Justin Bower and
Kirsten, Kirsten McAulay ‘Fragment-based
drug discovery — the importance of high
quality molecule’ Molecular Oncology vol
16(21), 3761-3777.

Miles Congreve, Robin Carr, Chris Murray,
Harren Jhoti ‘A rule of three for fragment
based lead discovery?’ Drug discovery today
2003, 8(19), 876-877.

Philine kirsch, alwin M. Hartman, anna k. h.
Hirsch, and martin empting ‘concept and core
principle of fragment based drug design’
PubMed central 2019, 24(23), 4309.

Qingxin Li ‘Application of fragment based
drug discovery to versatile targets’ Front.
Mol. Biosci., 2020, 7.

Rahul Ashok Sachdeo, Tulika Anthwal and
Sumitra Nain ‘Fragment based drug design’
De Gruyter 2022.

. Yuemin Bian and Xiang- Qun (Sean) Xie

‘Computational Fragment based drug design:
current, trends, strategies and applications’
AAPS J20, 59, 2018.

David C. Rees, Anna k. h. Hairsch and Daniel
A. FErlanson ‘Introduction to the themed
collection on fragment based drug discovery’
RSC Med.Chem., 2022 13, 1439-1439.

HOW TO CITE: Pradnya Prashant Shinde, Monika
Gopal Shinde, Fragment Based Drug Design: A Review,
Int. J. of Pharm. Sci., 2024, Vol 2, Issue 7, 171-176.
https://doi.org/10.5281/zen0do.12610829

176 |Page



