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Abstract:

Medicines discovery has come a long way since our ancient ancestors from the Neanderthals
to the people of Mesopotamia, Egypt, Greece, and China used herbal remedies to treat ill
people. In medieval times, the quest for the elixir of life was pursued by alchemists, but it is
the scientists of the past 100-150 years who have had success in translating laboratory-based
discoveries into drugs that have saved countless millions of lives (Sneader, 2005){1}. The
German stock market collapsed in 1873 and it was during the recovery period that the upsurge
in the economy lead to an expansion of chemical and electrical industries. The significant
investment in the manufacture of Synthetic dyes soon put Germany well ahead of all its
competitors. As a consequence, German chemists did not only become very influential in the
field of organic chemistry, but also led to the rise of the German pharmaceutical industry.
Central to this industry was leading manufacturers, including F. Bayer Company and
Farbenfabriken Hoechst, who realized that their chemists researching and developing dyes also
had the potential to Produce new medicines (Sneader, 2005). One such scientist was Paul
Ehrlich. Ehrlich was fascinated by colorful dyes and their capacity to interact with histological
and cellular structures.Over several decades, he benefited from chemical companies that
provided hundreds to thousands of new dyes for his research.

Key words: Automation; bio informatics; computational software’s; drug design and
development; global health; innovation; natural products;omics;precision medicine.

Introduction

During the two World Wars essential medicines normally supplied by Germany dried up and
a gradual change in favor of synthetic drugs came about. Synthetic organic chemistry became
an exceptionally important discipline and is still one of the cornerstones of drug discovery.
Synthetic organic chemistry has continually adapted to embrace innovative techniques and
methodologies central to drug development. Much synthetic drug discovery emerged from
cancer drug development and began with an observation that mustard gas, employed in
chemical warfare during World Wars | and Il, destroyed lymphatic tissue and bone marrow
formation. The observations made by Drs. Gilman, Goodman, and co-workers laid the
foundation for conducting the first clinical trials with nitrogen mustard (B-chloroethyl amines)
in 1942 at Yale-New Haven Hospital, but a report of the clinical results was only made public
four years later, due to the cloak of secrecy during World War II

(Goodman et al, 1946; Hirsch, 2006).{2.3} An array of DNA alkylating agents ensued, which
paralleled an increased understanding of DNA in the 1950s. Several other agents subsequently
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emerged, such as the vinca alkaloids and purine/pyrimidine synthesis inhibitors (Denny,
2002){4}. These advances were, to a large extent, driven by the National Cancer Institute
(NCI), enabling the assessment of primarily cytotoxic agents. By the 1970s, the importance of
natural product-based early drug discovery had been realized (Denny, 2002). Unfortunately,
the synthesis of many of these frequently promising, novel agents was often too complex and
too expensive to allow progression into early-stage clinical trials. This situation facilitated a
paradigm shift whereby natural product screening was implemented into stage discovery
initiatives, providing an opportunity to identify natural products as bona fide lead compounds.
These leads were then subsequently developed into truncated
molecules more amenable to synthesis. More recently, advances in organic
chemistry have successfully enabled the complete synthesis of many complex natural products,
a milestone that has dramatically improved the ease with which chemists can now deal with
the complexity of many of these naturally-derived architectural structures. Synthetic chemistry
has also been instrumental in the development of drug delivery and pro drug strategies, which
have focused on the development of selective therapeutics with reduced side-effect profiles
(Brown & Wilson, 2004; Roose boom et al, 2004){5.6}. Although research in cancer medicines
was the driver of much synthetic drug discovery it did run parallel with research against other
diseases as illustrated in Figure 1. Today, the emergence of the genomics era and the focus on
events at the molecular level is changing the landscape of drug discovery. A wealth of
convergent data that has caused many to not only speculate on an expanding druggable genome
but also give optimism for grasping new opportunities to take drug discovery to the next level
has become available (Billings ley, 2008){.7} The number of gene products that are targets for
existing drugs has been a topic for much debate and depends on the analysis performed,
however, a valid estimate is in the region of 300-500 gene products (Overington et al,
2006){8}. As the human genome is estimated to encode 20,000-25,000 human gene products,
the number of drug targets is likely to increase. However, it will take some time to validate
targets at the protein level, which has an added level of complexity. Both gene and protein
expression profiling methodologies have been emerging over the last decade or so to monitor
and catalog changes in the expression of genes and their respective protein products. As such
there are serious demanding situations beforehand. Our information on human disease at the
molecular level to elucidate changes in biochemical techniques associated with disorder
phenotypes is of high importance. From a drug discovery point of view, the last purpose is to
generate identifiable healing targets at the same time as decreasing drug development attrition.
The mapping of the human genome became a huge landmark. Can scientists working at the
interface of chemistry and biology in drug discovery make use of the data available to them to
discover new ground-breaking tablets? Will the ever-growing cost of drug discovery halt the
development, in particular in instances of recession? Will research and improvement (R&D) in
emerging markets be an opportunity to climb to the following stage of know-how in how to
broaden successful pills? those are a number of the questions to be able to be discussed within
the following sections.
The evolution of cutting-edge drug discovery
At the beginning of the 20th century, drug discovery has become in large part accomplished by
individuals such as Paul Ehrlich and his buddies. This is now not possible and calls for
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teamwork encompassing members from various disciplines along with chemistry,
computational modeling, structural biology, and pharmacology. This segment outlines a
popular technique for Drug discovery has been dominant during the last couple of many years.
The method of drug design relies upon the goals of the design and investigational crew,
however, will also Rely to some extent on the ailment that is focused on. The facts available
from the literature, approximately a specific disorder or target, are used by the research group
to determine what Intervention might be most likely to result in the preferred result. the exact
nature of the task progression relies upon the resources available: as an example, an educational
group may not be as expansive as a large pharmaceutical company in terms of the way to tackle
the problems of validating a unique goal or growing ‘hit’ and ‘lead” compounds that will be
able to modulate that target. The drug discovery procedure outlined in Determine 2 is,
therefore,an approximate version that is hired using pharmaceutical companies, however, one
in which a small biotech enterprise or a college also can engage thru multiple collaborations.

This discovery technique may be instigated at numerous points and adapted to bring about the
Consequences that had to take a mission to the next level. For a recent in-intensity evaluation
of the early Drug discovery process sees (Philpott et al., 2011){9}. Up till the mid-80s, drug
discovery became focused on the isolation of herbal merchandise and medicinal chemistry
changed into central for a research team to find more potent and selective compounds than the
herbal product or artificial compounds themselves. After isolation and characterization of the
herbal products, structure-activity relationship (SAR) studies were and still a crucial tool in
optimizing a pharmacophore. to start with, a drug layout procedure turned into an iterative
route of motion among the synthesis of new compounds by a synthetic/medicinal chemist and
the screening of those for biological pastime by using a pharmacologist. The drug discovery
procedure became chemistry-focused rather than goal pushed. As mentioned in Parent 2, the
discovery procedure of a drug now includes a Multidisciplinary attempt this is synergistic, and
frequently encompass HTS techniques. it’s miles also one which frequently follows regulations
that are based totally on empirical findings from clinical Investigations, including Lipinski’s
rule of 5 (Lipinski et al., 1997){10}. ‘Hit> compounds are improved into a ‘lead’ compound,
which undergoes thorough pharmacological and toxicological checking out. The results of
these checks allow a research team to decide whether it’s miles worthwhile to retain with the
development of a particular task. The scenario is frequently to display screen digital or
industrial libraries of compounds to become aware of hit molecules. the second degree is to
prepare libraries of small molecules based totally around the hit molecule, degree there hobby,
and correlate the consequences to determine the chemical structure with the choicest activity.

This analysis may make use of SARS, computational chemistry, combinatorial chemistry, and
enzymatic and cellular assays to assist resolve biological activity derived from the unique
mechanism of motion of a small molecule. the choice of a lead compound and the development
of a synthetic pathway for its training on a large scale for preclinical and Medical investigations
should additionally be considered at an early stage in the discovery process. If the lead molecule
cannot be synthesized on a large scale progression to clinical evaluation will not be possible.
Similarly, researchers must also devise suitable in vitro and in vivo tests to assess the activity
and toxicity of the compounds produced. If there is no suitable way of testing a hit or lead
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molecule in vivo the project may come to a halt unless it is decided to spend resources on
developing appropriate models.
Nowadays, hit and lead molecules with proven activity are assessed for susceptibility for phase
I and Il metabolisms in the very early stages of the discovery process. For example, many HTS
technologies are now available to detect cytochrome P450 (CYP) substrates or inhibitors,
which should decrease the number of withdrawals of novel drugs from the market due to
affinity for major CYP metabolizing isozyme. HTS CYP data can be used to guide medicinal
chemistry away from these interactions at an early stage and in certain cases might entirely
solve the issue by targeted modification of the CYP interacting functionality (Zlokarnik et al,
2005){11}.
HTS methodologies have been developed and have enabled research teams to generate vast
numbers of compound variations of a desired pharmacophore. Combinatorial chemistry
(combi-chem) was first applied to the generation of peptide arrays in 1984 and evolved rapidly
into a new discipline that was hailed to revolutionize drug discovery (Lam & Renil, 2002).{12}
The early generations of combi-chem scientists captured the fascination of the industry and
coined or modified the common use of several buzzwords, phrases, and abbreviations that
became widespread in the literature including de convolution, diversomer, split-and-mix, multi
pin, SPOC, or SPOS (solid-phase organic chemistry or synthesis), sub monomer synthesis, T-
bag (Teflon bag) to name a few (Moos et al, 2009){13}.
Interestingly, from the discovery point of view, the scientists working in the combi-chem the
environment requires different management solutions than classical synthetic chemists. For
example, chemists planning a traditional synthesis to obtain a target compound or a natural
product typically conduct a retro synthetic analysis to determine the best, and perhaps cheapest,
way to obtain the target. In contrast, combinatorial chemists will primarily consider forward
synthesis strategies that are founded in which building blocks are commercially available or
indeed worth synthesizing. Accordingly, chemical information systems that can be quickly
accessed via updated databases of inventory and commercially available reagents are
invaluable tools in reagent acquisition by combinatorial chemists.
While combi-chem matured from solid-phase synthesis to solid-supported synthesis, new
synthetic strategies, and techniques evolved. Some of these are now well integrated into the
drug design process including microwave synthesis (Gedye et al, 1986){14}, fluorous synthesis
(Studer et al, 1997){15}, click chemistry (Sharpless et al, 2001) {16}and flow reactors
(SalimiMoosavi et al, 1997).{17} As with traditional drug design, combi-chem relies on
organic synthesis methodologies and exploits automation and miniaturization to synthesize
large libraries of compounds, which can accelerate the drug discovery process. The
combinatorial approach is often systematic and repetitive, using sets of commercially available
chemical reagents to form a diverse set of molecular entities. It is very powerful in early-stage
discovery and allows HTS to take place, combining rapid synthesis of chemical compounds to
be screened using both enzymatic and cellular assays for evaluation. The quick turnaround of
data allows a flow of information, which enables second and third-generation compounds to
be generated rapidly. Combi chem mostly concerns “parallel” synthesis and “split and mix”
synthesis (Figure 3)
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there is absolute confidence that combi-chem has ended up a mainstay device of the drug
discovery system. The electricity of combinatorial techniques is based totally on the
introduction of massive populations of molecules or libraries that may be screened correctly en
masse in a quick duration. The substantial quantities of money spent on the improvement of
combinatorial strategies have now not yet resulted in many drug successes. The best real
fulfillment tale at gift is the improvement of the multi kinase inhibitor sorafenib, which now
has been accredited for medical use using the Food and Drug Management (FDA) for the
remedy of superior renal cancers (Wilhelm et al, 2006){18}. however, combi-chem has spun
out much thrilling technology that now occupies an important location within the biotech
enterprise. The mapping of the human genome may additionally have furnished a brand new
place of application of combi-chem in combination with other HTS methodologies such as
strategies and instruments advanced for DNA micro arrays. indeed, excessive-density chemical
micro arrays can now be synthesized in situ on glass slides or revealed through covalent linkage
or non-unique adsorption to the floor of the stable assist with fully computerized arrays. along
with the only-bead one-compound combinatorial library approach, chemical micro arrays have
been tested to be very precious in ‘hit’ identity and ‘lead’ optimization. HTS protein expression
systems, strong excessive-density protein, peptide, and small molecule micro array systems,
and automated mass spectrometers are important gear for the discipline of purposeful
proteomics (Lam & Renil, 2002) In despite of this more focused method of drug discovery,
combi-chem has been disappointing in handing over capsules to the marketplace (Rydzewski,
2008){19}. one of the foremost reasons is that combi-chem has been constructed on peptide
chemistry that now has been used in protein and nucleotide research, however, which isn't
always fine ideal for producing orally energetic drugs (Moos et al., 2009). some other difficulty
of combi-chem is that small molecules advanced thru this technique no longer cover broad
chemical space. while evaluating the houses of compounds in combi-chem libraries to those of
accepted pills and natural merchandise, it has been observed that combi-chem libraries suffer
particularly from the lack of chirality, in addition to shape tension, each of that extensively
appeared as drug-like homes (Feher & Schmidt, 2003).{20} for the reason that significant
achievement of herbal products as pills or use for drug improvement within the 70-the 80s, it
has now not been stylish for the pharmaceutical enterprise to apply those as leads for drug
improvement. frequently due to the complicated structural structure of natural merchandise,
which makes them hard to synthesize within the laboratory on a huge scale basis. but, what can
not be disputed is that natural merchandise cowl a good deal of chemical range. As chirality
and tension are the two maximum vital functions distinguishing authorized capsules and herbal
merchandise from compounds in combi-chem libraries, those are the two issues that are
essential additives of variety-orientated synthesis (DOS) that purpose at coverage of the
chemical space, in place of libraries including tremendous numbers of compounds
Discovery of small molecules to explore organic pathways and uncover new objectives
The mapping of the human genome, the improved expertise of both pathological
reasons and function of biological targets, and the development of HTS technologies need to
have led to a higher wide variety of new chemical entities (NMEs) for medicinal use. So why
has this not been the case? There may be numerous motives, order to now be considered.
Computational molecular modeling has provided
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Fig. 1. Chronology of drug innovation. (Reprinted with permission from the
Biopharmaceuticals Industry Contributions to State and US Economics, available at
www.milkeninstitute.org/pdf/biopharma_report.pdf, Milken Institute).
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scientists with insight into biochemical activities on the molecular level. Knowledge of the
binding method of small molecules to many macro molecules such as DNA is properly
understood, however the equal can't be stated approximately different goals. Many stones are
still left unturned, possibly because of the lack of hobby or notion that so-called “draggable”
proteins can be successfully centered.

it has been estimated that only 10-14% of the proteins encoded inside the human genome are
‘draggable’ in the usage of present ‘drug-like’ molecules (Hopkins & Groom, 2002){21}. but,
given that the chemical space, the entire set of all possible small molecules, has been calculated
to include 1030-10200 systems relying upon the parameters used (Bauer et al, 2010){22} there
is an outstanding variety of but exposed chemical structures. thinking about the constraints of
chemical libraries in addressing challenging objectives, it's miles vital to apprehend that the
vast majority of available libraries of small molecules are primarily based on current tablets
(MouraLetts et al, 2011){23}. Drugging objectives which are inside our potential to just accept
as targets and exercise concepts including Lipinski’s “rule of 5” that has yielded fulfillment
within the past is the secure territory, so, understandably, we need to retain such traces of
studies. “Me too” compounds are in all likelihood to offer pharmaceutical companies a
monetary return and academic scientists may additionally achieve supply investment if the
proposed research makes sense. supply reviewers can recognize the hypotheses and the
scientific methodologies and
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may be willing to fund initiatives to be able to provide an outcome of types. but, it additionally
seems that enterprises, research councils, and different funding bodies need to hold an element
of blue sky research — they just don’t need to fund it. historically we understand that serendipity
has performed a major component in most fulfillment testimonies. So reducing investment that
isn't always to guide the blue sky however mainstream research is probably to have profound
effects. even though Lipinski’s “rule of five” has an advantage and a place in drug discovery it
can also be an Achilles heel in progressing new drug discovery tasks (Abad-Zapatero,
2007).{24} Why? A drawback is that the form and size of medicine turn out to be constrained.
unless carefully used, HTS technology including combi-chem will continue to best generate
low hit fees, especially while screening against
tough targets (Boehringer et al, 2000; Edwards et al, 2007){.25,26} additionally, optimization
of lead compounds can be difficult owing to the often big and relatively lipophilic nature of the
screening hits (Chessari & Woodhead, 2009a){27}. clever men will always use reports from
the beyond and present, however, the discovery of NMEs should additionally entail trespassing
new horizons or inside the drug discovery world, new chemical space.
An insight into the difficulties in successful drug development is provided by Hann and co-
workers who in their study suggest that if a drug discovery process starts with very simple
chemical structures, then there is a better chance of finding both detectable binding and a
unique binding mode. Similarly, simpler lead molecules also give more available chemical
space for optimization, especially in light of the properties that are needed for oral
bioavailability (Zartler & Shapiro, 2005){28}. Figure 4A shows the trade-off between
detecting binding and a unique match. Essentially, the chance of finding a detectable and
unique binding mode is dependent on the chance of determining to bind and the chance of
having a
distinctive binding mode or match. For example, if 3-aminophenol was a ligand in a screening
collection, there would be a high probability of its binding, but due to low affinity and time of
occupancy at the binding site, it would be difficult to detect any such binding (Figure 4B). If
3-aminophenol was further reacted to afford 3-(2-morpholino ethoxy)aniline, the complexity
of this ligand would increase and the probability of the binding would increase as a result.
However, if the aniline amine moiety was derivatized with a fluorinated indoline to generate a
the ligand of high complexity, steric hindrance would hamper any binding in this specific
receptor
model (Figure 4D). By increasing the molecular complexity of a ligand the chance of
measuring the binding is enhanced, but at the same time such modifications may also augment
the likelihood of negative interactions (Zartler & Shapiro, 2005).
One approach toward broadening our understanding of the relationship between structure and
function of a target protein is to generate many new small molecules, simple in shape and size,
which is to Hann’s study, that modulates the proteins’ functions. This enables the study of the
interactions of ligands and proteins. The past 10 years have seen the screening of specific
components of small molecules evolve from a niche area of research to become an important
tool known as fragment-based drug discovery (FBDD). Fragments are defined as low
molecular weight (MW <300), moderately lipophilic (clog P < 3), and highly soluble organic
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molecules (Chessari & Woodhead, 2009a). As a consequence, medicinal chemists use hit
compounds to probe new chemical space in several ways as illustrated in Figure 5.
The first medicinal chemistry approaches employing FBDD as a key component of the
discovery process can be traced back 15-20 years. In contrast to combi-chem, FBDD strategies
have had a more rapid impact in terms of developing drugs with clinical potential. The wide
variety of contexts in which FBDD is now being used (SAR-by-NMR, HTX, scaffold hopping,
selectivity mapping) illustrates its practical utility in mainstream medicinal chemistry. The
promise of more resourceful technology has fueled enthusiasm for FBDD, which is design
intensive and enabled by structural biology. Indeed, screening fragments, particularly when
using sensitive biophysical techniques may also allow scientists to tackle some of the more
challenging drug discovery targets. Fragment libraries statistically cover chemical space better
than drug-like or lead-like libraries and as a consequence, fewer
compounds need to be screened. Also, fragment-based screening tends to deliver high hit rates
with the additional benefit of providing multiple start points for optimization programs
(Chessari & Woodhead, 2009a}. FBDD’s recent successes outlined in Table 1 (Chessari &
Woodhead, 2009b){29} indicate that the use of this design-intensive drug discovery approach
is delivering results that have paved the way to clinical evaluation and it may not be long before
the first drug reaches the
marketplace (de Kloe et al, 2009){30}.
Exploring chemical space
Drug discovery today critically depends on the HTS of compound libraries in silico and in
vitro. Novel chemical structures (also known as chemo types) are of particular interest since
these might display different properties to drug-like small molecules and may be used to
interrogate biological pathways. Unfortunately, most approaches to creating new compounds
rely on using commercially-available known starting materials or building blocks and utilize
existing reactions to generate small molecules, which are not well-suited to uncover novel
chemo types (Raymond & Fink, 2007).{31} A change to the discovery of small molecules that
possess biological
activity, but are under-represented in commercial screening collections may provide suitably
fragments for further development. An analysis by Stoichet and co-workers (Shoichet et al,
2009){32} revealed amongst other things that currently commercially-available compounds
and libraries have more in common with compounds derived from natural products and
metabolites than with a virtual library of 26.4 million molecules (chemo types containing up to
11 atoms of C, N, O, and F comprising 110.9 million stereoisomers). Is this a surprise? Stoichet
argued that the reason current libraries are effective at all in identifying new chemo types are
that they are based, albeit largely unintentionally, on structures in naturally occurring
molecules, which have co evolved with proteins that bind them.
In a recent have a look at, Tan and co-workers analyzed forty pinnacle-promoting small
molecule tablets (39 of which might be orally bioavailable), a group of 60 diverse natural
merchandise (which includes the 24 recognized by Ganesan as having brought about a
permitted drug from 1970 to 2006) and 20 drug-like compounds from Cambridge and Chem
Div. each compound was analyzed for 20
calculated structural and physiomedical parameters, and then the important issue
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analysis was used to re-plot the records in a 2-dimensional layout representing 73% of the data
within the full 20-dimensional dataset (for complete details, (Bauer et al, 2010)setting the
information apart, the key message from the representation of this record (figure 6) is that the
pinnacle-promoting tablets are located as a cluster in a particular place of the plot with the
drug-like libraries overlapping the identical nearby zone. moreover, the few outlier capsules
are herbal merchandise or derivatives, and those molecules, in conjunction with the 60 herbal
products, span a a great deal broader variety of chemical areas. In element, this study factors
into natural merchandise as chemical architectures that no longer handiest cowl chemical space
fine but are also probably to be appropriate for growing probe and drug-like molecules that can
modulate macromolecularly proteins in diverse methods. Small molecules have great
capability to resource the method of know-how and improving human fitness. hence, there may
be much incentive for the usage of small molecules to discover new chemical areas using
methodologies that can be aimed toward exploring un chartered waters and leaving properly-
researched areas in the back of, however by no means forgotten. As we've visible, FBDD is
beginning to prove that developing technology outside mainstream medicinal chemistry may
be fruitful. aware of the truth that bioactivity isn't always randomly dispersed inside the big
chemical area, chemists had been cultivating hypotheses that can deliver them toward the
islands of bio activities. herbal merchandise has usually been a source of the idea and their
structural motifs provide biologically applicable starting factors for library synthesis to
generate new molecules integrating pharmacophores regarded to supply organic hobby. in
addition to FBDD, rising gear to guide compound discovery consist of diversity-oriented
synthesis and chemical genetics.
Diversity-oriented synthesis
Diversity-oriented synthesis (DOS) aims to synthesize small molecules that cover
in congruent targets in a multidimensional descriptor space (Burke & Schreiber, 2004){33}.
Essentially what this means is that multiple regions in a confined chemical space are targeted
with small molecules often comprising a fragment of a pharmacophore with proven biological
activity. Such collections are also essential to chemical genetics, which is discussed further
below (section 2.1.2.). DOS is built on a solid platform comprising traditional medicinal
chemistry but can also incorporate HTS technologies such as combi-chem. Essentially, drug
discovery of small molecules can be categorized into three approaches that cover chemical
space differently: The first approach uses target-oriented synthesis (TOS) and resembles a well-
trodden path that relies primarily on nature to discover molecules with useful, macro molecule-
perturbing properties. After isolation and characterization, natural products possessing
biological activity become a target for chemical synthesis. Using conventional synthetic
chemistry based on retro synthetic planning, TOS aims to populate a discrete point in chemical
space that is known to yield biological
activity (Figure 7A). The second approach uses either medicinal chemistry or combi-chem and
aims to explore chemistry space that is in close vicinity to a precise region known to have
useful properties (Figure 7B). The source of the starting or lead compounds can vary and may
include a natural product, a known drug or pharmacophore, or a rationally designed structure
derived from i.e. a crystal structure of a macro molecule of interest. This approach aims to
access diversity to some degree using diverse building blocks and usually involves synthesizing
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analogs of a given target structure using retro synthetic planning. The synthesis effort in DOS
aims to create a broad distribution of compounds in chemistry space (Figure 7C), including
currently poorly populated (or even vacuous) space, and in the future, space found empirically
to correlate best with desired properties.
Synthesis pathways employed in DOS are branched and divergent, and they are planned in the
forward-synthetic direction (Bender et al, 2006; Burke & Schreiber, 2004; Spring et al,
2008){34,35}
As described in two prominent reviews (Burke & Schreiber, 2004; Spring et al, 2008),
skeletal diversity can be achieved principally in two ways. The first method involves the use
of different reagents and a common building block as starting point. This ‘reagent-based
approach’ is also known as a branching pathway. The second method or the ‘substrate-based
approach’ uses different building blocks that contain pre-encoded information of desired
architectural geometry which is subjected to a common set of conditions leading to a diverse
set of small molecules (Figure 8). Although there are not many successes at this point, DOS is
used increasingly as an attempt to probe biological pathways or develop NMEs. Conceptually,
it is important to appreciate that it is the functional diversity and not the structural diversity of
small molecules that is a key measure of success in the application of DOS. For specific
chemical strategies of DOS application, see for example (Burke & Schreiber, 2004; Hanson et
al, 2010; Nielsen & Schreiber, 2008b; Spandl et al, 2008).{36,37,38}
Chemical genetics
in many methods, modern-day genetics began with the carried out and theoretical paintings of
the character of inheritance in vegetation by German-Czech scientist Gregor Mendel in the
mid-nineteenth century. In contrast, the technological know-how in chemical genetics is
handiest more than one decade antique but has been
gaining momentum in the latest years. Chemical genetics has very a whole lot it's beginning in
classical genetics and makes use of most of the strategies and terminology already mounted.
Genetic knockouts were key to illustrating biological pathways and causation of pathological
sicknesses and now the fields of chemical biology and associated modern fields are enabling
small molecules to be found and advanced and used as chemical ‘knockdowns’. To understand
a gadget, you want to perturb it. This precept underlies maximum of the experimental sciences
and explains why our depth of knowledge of biological structures has been in large part decided
by way of the provision of gear that can be used to disrupt them
(Stockwell, 2004).{39} to close the genotype-phenotype hole, biological studies have to attain
beyond genomics, proteomics, and the dissection of organic structures into their top
constituents (Bon & Waldmann, 2010).{40} Protein function is regulated in complex networks
with other biomacromolecules, small molecules, and supra molecular structures like
membranes (Zamir & Bastiaens, 2008){41}. whereas genetic manipulation effects in a
permanent alteration of the native shape of the community, chemical perturbations with small
molecule modulators of protein characteristics provide temporal manage the usage of dose-
response explorations without basically remodeling the biological community (Stockwell,
2004){42}. it's far very appealing to apply small molecules to perturb an organic gadget
because of their dynamic
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nature, which gives many advantages: (i) the capacity to target an unmarried area of a multi
domain protein, (ii) allowing specific temporal manipulate that is vital for rapidly appearing
procedures, (iii) can target orthologous or paralogous proteins, enabling comparisons between
species or redundant features, and (iv) do now not immediately modify the concentrations of a
targeted protein, for that reason fending off indirect consequences on multi protein complexes
(Lehar et al, 2008a){43}.

The small molecules used to probe organic networks are ideally advanced using mainstream
medicinal chemistry and an increasing number of supported using modern methodologies
together with DOS to encompass regions of chemical area that aren't described by using current
screening collections as mentioned previously.
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Fig. 6. Principal component analysis of 20 structural and physicochemical characteristics of
40 top-selling drugs (red circles), 60 natural products (blue triangles), including Ganesan's
rule-of-five compliant (pink filled) and non-compliant (blue filled) subsets, and 20
compounds from commercial drug-like libraries (ChemBridge, pink plusses; Chem Div,
maroon crosses). The two unitless, orthogonal axes represent 73% of the information in the
full 20-dimensional dataset. Recent examples of natural products and library-derived probes
that address challenging targets discussed herein are also shown (green diamonds).
(Reprinted with permission from Bauer et. al., Expanding the range of 'druggable’ targets
with natural product-based libraries: an academic perspective. Curr. Opin. Chem. Biol., 2010,
14(3), 308-314, copyright (2009) Elsevier).
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Essentially, chemical genetic research may be designed to be both forward or opposite
depending on the direction of getting to know that underlies their motivation (Nghiem &
Kawasumi, 2007; Stockwell, 2004){44,}. forward research contains evaluating many chemical
probes in opposition to one or some phenotypes to discover energetic compounds and reverse
research execute multiple phenotype measurements on some related chemical probes to
symbolize their characteristic. In each case, the chemical probes may be analyzed across a
panel of phenotypic assays to discover either huge interest or selectivity between the
phenotypes (Lehar et al, 2008a). to raise the complexity of the take a look at gadget to reflect
as an instance upon a a diseased state of a cell aggregate chemical genetics (CCG) may be
employed. CCG may be described as the systematic testing of multiple perturbations regarding
chemical probes and may include either chemical combos or combined chemical and genetic
perturbations. Classical and chemical genetics (determine nine) is usually divided into ahead
monitors, wherein un characterized perturbers are tested towards a specific phenotype to hit
upon genes associated with that phenotype, and reverse research, in which a particular gene or
protein is modulated and more than one phenotype is monitored to decide the results of that
particular goal (Nghiem & Kawasumi, 2007; Stockwell, 2004) studies related to mixed
perturbations may be further classified with the mechanistic consciousness shifted from
personal objectives to interactions among them (Lehar et al, 2008b){45}

.Chemical biology has made an impact in drug discovery and great strides towards

offering new technologies that can progress our understanding of human health have been
made. Given the temporal control offered by small molecules and the ability to use
combinations of small molecule modulators, chemical genetics promises to complement the
use of pure genetic analysis to study a wide range of biological systems. Chemical genetics
aims to answer questions in complex test systems and may provide the field with commercial
chemical probes that can be used to probe pathways and elucidate more about biological
targets. The discovery of the potent and selective deacetylases inhibitors tubacin and historian
are examples of how powerful DOS and chemical genetics can be in combination with
computational methods such as principal component analysis (Haggarty et al, 2003){46}.
However, good chemical probes for in vitro and especially in vivo perturbation are not easy to
come by as small molecules are generally pleiotropic and they have multiple dose-dependent
molecular targets that are often not fully characterized, which leads to unexpected activities.
Obstacles and challenges are similar to those in drug development: small molecules often have
inherent problems such as in vitro aggregation, poor solubility, difficulty in crossing biological
membranes, and reactive or toxic functionalities. At present, the development of chemical
probes for in vivo testing may be too ambitious a goal. As a result, evaluation of the effect of
chemical ‘knockdowns’ in clinically relevant tissue should shortly be in more complex assays-
that mimic for example malignant tissue. 3D cell culture technologies are increasingly
becoming essential to in vitro screening. High content screening (HCS)has improved cell-based
assays by combining high-resolution digital imaging with powerful software algorithms to
increase the amount of data produced per well. 3D cell culture will not only empower HCS by
supporting in vivo morphologies with current cell types but also enable the use of primary and
stem cells in drug discovery. Regardless of the challenges, primary and stem cells will become
the focal point of 3D cell culture in the coming years (Justice et al, 2009){47}, which could
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take chemical genetics to the next level. In summary, the success of chemical genetics heavily
relies on the availability of chemical libraries that offer structural diversity of small molecules
that possess biological activity and complement libraries of compounds based on drugs and
natural products

(Lehar et al, 2008a). However, there is still a gap between developing commercial probes and
inventing innovative drugs to treat illnesses.

Conclusion and Future Direction

“Prediction is very hard, particularly about destiny.” Niels Bohr (1885 — 1962)

Drug discovery has come a long way because Paul Ehrlich researched dyes for medicinal
residences. Drug discovery now calls for a multidisciplinary attempt and the continuing want
for the schooling of top-notch scientists working at the interface of chemistry and biology is
imperative, not best to successful drug improvement but additionally to the exploration of new
goals using small molecules to probe mobile and molecular mechanisms. certainly, small
molecules designed and synthesized in chemistry laboratories are valuable for treating illnesses
and constitute among the drug treatments marketed these days (Nielsen & Schreiber, 2008a).
consequently, their effect on biomedical studies all through the past decade has been dramatic,
presenting both new gears for knowledge living systems in addition to permitting a didactic
transition from biology to remedy (Dobson, 2004; Nielsen & Schreiber, 2008a; Stockwell,
2004){48}. the foundation of HTS technologies, and the supply of chem- and bioinformatic
databases coupled with rising equipment along with FBDD, DOS, and chemical genetics has
led drug discovery into the 21st century with optimism for in addition development and know-
how of what's required for successful drug development. We understand that there's no “magic
bullet” around the nook, however, thru hard work and modern questioning, we're likely to
enhance our information and slowly but incrementally increase higher capsules. There must
additionally be an element of braveness and entrepreneurship if we are to remedy difficult
objectives and there may be a want for enterprise and governmental groups to finance such
ventures. for example, ventures into under exploited areas of chemical space to make bigger
the variety of ‘druggable’ targets, such that the identification of new ligands for presently
difficult targets including protein-protein interaction (Fuller et al, 2009){49} ultimately
becomes routine. fulfillment in this undertaking is possible to have the most important effective
impacts on medicinal chemistry, chemical biology, and drug discovery (Moura-Letts et al,
2011). it's miles really worth noting, but, that the economic success of a drug isn't associated
with the novelty of the mechanism upon which it is primarily based, but the differentiation that
it affords (sales space & Zemmel, 2003; Ma et al, 2008){50,}. finding a new therapeutically
applicable target is extraordinarily difficult and pioneering drug discovery has come to be
prohibitively expensive.

Many confirmed objectives ought to also be further exploited along innovative projects to offer
better merchandise with decreased hazards and costs (Zhao & Guo, 2009){51} however, there
is a purpose for the challenge. Declining authority's investment and reformed instructional
guidelines inside the Western international are probably to have serious implications for drug
discovery educators and practitioners, which could widen the already extensive hole between
studies scientists at the best degree and the schooling of students at undergraduate and
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postgraduate tiers. there is a real difficulty that the scientists of tomorrow will now not possess
the ‘right’ equipment inside the toolkit to efficiently interrogate and cope with the questions
being asked by way of research scientists in academia and industry nowadays. The demanding
situations can only be met if government businesses global are inclined to make investments
in the training of lecturers and college students alike. The onus is also on lecturers to be capable
of adapting to the unexpectedly changing investment priorities (Pors et al, 2009){52}. in
addition, drug
discovery is getting into a length of uncertainty wherein possibilities in emerging markets must
be grasped by way of the horn. A near collaboration between the pharmaceutical industry,
governments in US and Europe, and rising markets are crucial for adapting to the ever-growing
prices of drug discovery. hence, the current nature of the boom in investment in modern
research in China and other emerging international locations may want to facilitate an
opportunity to innovate in several regions and as a result, lead to a better number of NMEs for
marketplace approval. the subsequent 50 years may want to see joint efforts among mounted
and rising markets in advancing drug discovery. The strategic making plans and the vision of
the pharmaceutical industry and American and EU governments would facilitate continuous
entry from hooked-up markets with R&D knowledge that could preserve a high degree of
leadership in innovation, but additionally allow the rising markets to be key gamers in future
innovation.
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