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Abstract

Fragment based approaches have been proved to be efficacious in the drug discovery process. The
fragmentation of drug leads into smaller pieces, or even into discrete functional can be useful to simplify
the computational analysis of ligand binding and to map out different pharmacophoric el ements required for
high-affinity binding [1]. An ideal fragment is chemically diverse, structurally less complex; possess
agueous solubility and high availability [2]. These fragments can then be elaborated, combined with other
molecules to provide novel drug leads. Natural products are the most popular source of drug leads.
Exploiting the natural sources has now become the greatest interest of pharmaceutical industries for
discovery of new leads. Genetic manipulations of micro-organisms or metabolic engineering have now been
seen as a striking innovation in the natural product drug discovery process pathways leading to efficient
production of drugs and drug precursors [3]. Alteration of natural pathways in organism leads to increased
titer and production in the most inexpensive way [4]. In this study, we are investigating the fragments that
are significantly enriched between plant products and known drug compounds and identify the biosynthesis
pathway with the enriched fragment as an intermediate. A pipeline has been developed to engineer the
enriched fragments in living organisms such as E.coli, Arabidopsis thaliana, Pea sativum etc. Once the
fragments from the natural sources have been aobtained, further scope of this research is to find all possible
pathways which yield compounds with therapeutic activities (drugs) using the enriched fragment as the

starting material in microorganisms.



Chapter 1
I ntroduction

The emergence of natural products has occurred due to the failure of the alternative drug compounds
involved in metabolic diseases. As natural products, contain a large number of bioactive structures
compared to synthetic compounds, using this as an advantage the pharmaceutical companies are making
huge investments in natural compound drug discovery [5]. Over the years, attempts have been made to
obtain drugs from natural sources because synthetically processed drugs are nonspecific to their targets.
Synthetic drugs are susceptible to cause toxicity and side-effects in the body. It is known from the literature
that natura compounds undergo positive selection to possess relevant biological function such as
advantageous (ADME) absorption, distribution, metabolism and excretion properties (Atanasov, 2015) and
are easily available. Asaresult, the pharmaceutical industry is now focused towards devel oping new plant-
or bio-based drugs. Although, there has been a lot of struggle to extract compounds entirely from natural
sources because of minuscule yield and expensive intermediate processing. Most pharmaceutical companies
follow HTP screening of combinatorial libraries, but the screened products undergo severe disadvantage of

poor interactions with the macro molecule.

The solution to this problem is “fragment based approach” meaning drugs are made by stepwise
addition of building blocks (fragments) rather than total synthesis. Such fragments have stericaly stable
side groups which ensure favorable ligand-protein interactions [6]. The other advantage is the synthesis of
partial analogues which may be therapeutic in nature. Further, cloning techniques may be used to produce
the desired amount of the products in microbial or plant systems. The aim of this research is to extract only
the biosynthetic intermediate or a bioactive fragment instead of harvesting the entire lead compound. The
desired fragment is produced by engineering the plant or microbial cells (Benner and Sismour, 2005). Once
the fragments are synthesized in a biological system, the further objective is to determine the pathway for
the production of a drug with the fragment as an intermediate reactant. The production of drugs from
natural sources has been difficult due to miniscule yield and tedious extraction. With the help of synthetic
biology and systems biology, the pathways within the micro-organisms and plants can be easily modified to
produce drugs in the most natural way. Later, the specific genes can be tweaked and cloned to produce

products in huge quantity.

Interestingly, there are several pieces of evidence of therapeutic drug fragments in plants with anti-
fertility properties, which are used as intermediate in the synthesis of contraceptive drugs from the natural
source. Iridoid is an example of such fragment, which is found in Clerodendrum bucchanii and it is known

to have anti-fertility property [7]. The history of Morphine and Quinine reveas that the constituents of



medicinal plants can be extracted. There are various advantages of using fragment based approach for drug
discovery. Firgt, fragments from plant sources reduce down the risk of severe toxicity and side effectsin the
body. The likelihood of unstable steric groups which produce unfavorable interaction is reduced. Fragment
based approach allows the identification of small-molecule fragments that bind to specific regions of a
protein target. These fragments can then be elaborated, combined with other molecules, or combined with
one another to provide high-affinity drug leads [8]. Natural products with therapeutic properties are an
important source of drugs or medicines. Severa important drugs such as Taxol, camptothecin, morphine
and quinine have been isolated from plant sources [9]. Though a large number of anti- Cancer drugs and
chemotherapies are available, there is still aneed of drugs that are less toxic, more selective. The aim of the
research is to find new drugs from plant sources and alter the nature of the drug so that the independent
fragment that has novel therapeutic activity can be biosynthesized. Alteration in the nature of the drug
administered will ensure that drug acts only on the target cells and manifest fewer side effects. Clinical,
pharmacological, and chemical studies of these traditional medicines, which were derived predominantly
from plants, were the basis of most early medicines such as aspirin, digitoxin, morphine, quinine, and

pilocarpine [10].

An enrichment of Drugs and natural products is a source of variety of substructures for the design of
novel bioactive molecules. With the help of Chemo informatics parameters, common fragments between
drugs and natural compounds are obtained. According to Peter et.a (2008) NPs are again the center of
attention of the pharmaceutical industry as a promising and reliable source of new bioactive molecules.
Another area where the availability of new effective drugs is becoming a pressing need is the treatment of
infectious diseases, as antibiotic-resistant bacteria are becoming more common and widespread and are a

cause for serious concern.

The natural product derived structure plays a significant role in the discovery of novel pharmaceutical
agents and/or bioactive molecules. The anti-diabetic activity in lupins has been attributed to quinozolidine
akaloids and areview of the literature shows many such examples of natural products as sources of new
drugs including Paclitaxel, which is one of the most widely prescribed anticancer drugs on the market.
Cinchon (aflowering plant) contains 25 closely related akaloids, of which the most important are quinine
, quinidine , cinchonine, and cinchonidine [11]. Most of the natura products are biologicaly active and
have favorable absorption, distribution, metabolism, excretion and toxicology properties. Plants are often
the predominant source for the discovery of natural products due to the relative ease of access. However,
more recently microbial aswell as marine sources have been identified as alternative resources, particularly

for antibiotics. Severa databases of natural products have been published and reviewed.



Pharmaceutically relevant natural products are of low molecular weight and often restricted to special
plant families. While these compounds are not important for the primary metabolism of the plants, they are
of great importance for their survival in a given environment. Therefore, medicinally important plants are
often collected from the wild or their natural habitat and are more likely to be endangered due to severe
over collection. Unfortunately, we till have limited knowledge about plant secondary metabolism, its
regulation, molecular mechanisms concerning gene expression and rate-limiting enzymes found within a

diverse network of biosynthetic pathwaysin living organisms.

Another application of Fragment based natural compound drug discovery is the use of low molecular
weight probes (Fragments) for screening against array of biological targets. The small size enhances the

complementary binding between fragment and targets[12].

Most plants contain metabolites with various biological properties. However, these days most of the
chemotherapeutics used in clinical settings are produced through in vitro synthesis. With few exceptions,
like vincristine and taxol that are difficult to synthesize in vitro because of complex metabolite structures
[13]. Many synthetic drugs cause several side effects that were not acceptable except as treatments of last
resort for terminal diseases such as cancer. The presence of metabolites in natural products and medicinal
plants avoid side effects over synthetic drugs. It occurs because the metabolites are naturally occurring in
plant system and may be used for growth and metabolism. Obtaining a drug completely from a plant source
may be difficult as yield from natural source may be small or extraction process may require some
chemicals. The solution to these problems is Partial chemical Synthesis or Semi synthesis. In this process,
instead of harvesting the lead compound, the aim is to extract only a biosynthetic intermediate or a
bioactive fragment [14]. From the intermediate fragment the compound can be prepared by conventiona
synthesis. This approach has two advantages. First, the intermediate may be more easily extracted in higher
yield than the final product itself. Second, it may allow the possibility of synthesizing analogues of the final
product. The production of penicillin is an example of this approach. According to M Lohlou (2013)
another example is that of Paclitaxel which was manufactured by extracting 10-deacetylbaccatin from the

needles of the yew, then carrying out a four-stage synthesis[15].

The growing trend of drug discovery from natural sources along with improved technological inputs
promises better returns to the Pharmacy industry. There has been a history of beneficial uses of medicinal
plants. Drugs derived from natural sources also served as drug leads suitable for optimization by synthetic
means. For certain therapy areas, such as antimicrobials, anticancer antihypertensive and anti-inflammatory
drugs, the number was even higher the most of all approved small molecule new chemical entities were

derived from nature. Natural products not only complement synthetic molecules, they aso exhibit drug



relevant features unsurpassable by any synthetic compound. One key feature of natural products is their
enormous structural and chemical diversity. In fact, about 40% of the chemical scaffolds found in natural
products are absent in today’s medicinal chemistry, and therefore complementary to synthetically produced
molecules [16]. Most possibly this is one of the reasons for their historical success in drug discovery, with

45% of today’s best selling drugs originating from natural products or their derivatives.

Biosynthesis of natura products involves repeated interaction with modulating enzymes, and the
actual biologica function of many natural products comprises binding to other proteins. Thus, the ability of
natural products to interact with other molecules, an indispensable prerequisite to making an effective drug,
might be considered as biologically validated. It is an unsurprising, but often overlooked, fact that many
natural products exhibit advanced binding characteristics compared with synthetics. Most probably, the
sterically more complex structure of natural products contributes to this. The success of natural productsis
related to the forces of natural products chemistry, molecular and cellular biology, synthetic and analytical
chemistry, biochemistry, and pharmacology to exploit the vast diversity of chemical structures and
biological activities of these products. Moreover, the exploration of structural chemical databases
comprising a wide variety of chemotypes, in conjunction with databases on target genes and proteins, will
facilitate the creation of new chemica entities through computational molecular modeling for
pharmacological evaluation. The enrichment process extracts few fragments that can act as potentia

scaffolds. The computational pipeline gives enriched fragments between plant and drug compounds [17].

Limited knowledge is available about the pharmaceutical value of these enriched fragments as an
intermediate compound. Therefore, our present work encompasses investigation of these fragments and
determines the biosynthetic routes that exist naturally and have been the main target of engineering in the
past few years. Currently, a number of computational tools have been published to aid in the pathway
reconstruction from source to query. One such agorithm is Retropath [18] which gives the most promising
route in terms of metabolite exchange, maximum allowable pathway yield, toxicity and enzyme efficiency.
It islinked to KEGG database [19]. Another tool that was used for the analysis was Pathpred [20], a web-
based server to predict plausible pathways of multi-step reactions starting from a query compound, which
focus on predicting pathways for microbial biodegradation and biosynthesis of plant secondary metabolites.



Chapter 2
Background Pipeline and Tools

MolBlocks: A suite of programs for breaking down sets of small molecules into fragments according to a
predefined set of chemical rules, clustering the resulting fragments, and uncovering statistically enriched

fragments.
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Fig. 1: Thefragment program takes as input a set of small molecules and user-defined rules that specify
the bonds to break, and then applies these rules to fragment the molecules. As an optional second step,
carried out by the analyze program, the user can cluster the fragments and/or determine whether the
frequency of any of the fragmentsis enriched as compared with a background set of fragments [21].

Enrichment Pipéeline:

The fina step of the pipeline involves the comparison between enriched fragments from the drug dataset
against fragments obtained from the natural compounds set. In order to calculate the pairwise similarity
between each of the enriched drug fragments and each of the fragments from natural compounds we used
the Tanimoto equation. To carry out the calculations we wrote an in-house program that uses the Python
API [23] of the OpenBabel library, and retained the drug fragment—natural product fragment pairs that

had a Tanimoto similarity > 0.9.
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Fig. 2 : Simplified overview of the pipeline. Each approved drug (obtained from Drugbank) is assigned a
therapeutic class using the ATC nomenclature. The drugs are then broken down into fragments using the
molBLOCKS software, and enrichment analysis is performed on each therapeutic class to identify
statistically overrepresented fragments (FDR < 0.05). Each overrepresented fragment is then compared
against similarly obtained fragments from a database of natural compounds (SuperNatural 11) [22].

Retropath:

A web-based pathway analysis platform available at http://xtms.issb.genopole.fr, which provides full

access to the set of pathways that can be imported into a chassis organism such as Escherichia
coli through the application of an Extended Metabolic Space modeling framework. The XTM S approach
consists on determining the set of biochemical transformations that can potentially be processed in vivo as
modeled by molecular signatures, a specific coding system for derivation of reaction rules for metabolic
reactions and enumeration of all the corresponding substrates and products. Most promising routes are
described in terms of metabolite exchange, maximum allowable pathway yield, toxicity and enzyme
efficiency. By answering such critical design points, XTMS not only paves the road toward the
rationalization of metabolic engineering, but also opens new processing possibilities for non-natura
metabolites and novel enzymatic transformations. The following figure demonstrates the full working of
thetool. [23]
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Fig. 3. Schematic representation of the query process in the XTMS server. After the user inputs a query
compound, pathways for heterologous compounds that match the query are retrieved from the Extended
Metabolic Space by RetroPath. After selecting a desired diameter, pathways and constructs are ranked
and information about reactions and metabolites is provided, with the possibility of downloading the
desired construct in SBML/SBOL format.

Pathpred: A web-based server to predict plausible pathways of muti-step reactions starting from a query
compound, based on the local RDM pattern match and the global chemical structure alignment against the
reactant pair library. In this server, we focus on predicting pathways for microbial biodegradation of
environmental compounds and biosynthesis of plant secondary metabolites, which correspond to
characteristic RDM patternsin 947 and 1397 reactant pairs, respectively. The server provides transformed
compounds and reference transformation patterns in each predicted reaction, and displays all predicted
multi-step reaction pathways in atree-shaped graph.
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Fig. 4 : The predicted pathway tree consists compounds (node) and reactions (edge). The blue-colored C

numbers are compounds in the KEGG pathway and the black-colored CX numbers are compounds not

stored in KEGG. A greyed-out node means that there is the same compound elsewhere in the tree. When

the pathway reaches to the final compound in bi-directional prediction, the compound is highlighted in

red. The consecutive reactions in same color show that the reference reactions are consecutive in KEGG

pathway. The thickness of the line shows the plausibility of the predicted reaction based on the reaction

Score.
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Chapter 3
M ethodology

To systematically compare functionally relevant drug fragments and natural products, a computational
pipeline described previously by our group was used. The pipeline compared approved drugs obtained
from the DrugBank database against alarge collection of natural products, assembled in the SuperNatural
Il database. The statistically enriched fragments, associated with an anatomic therapeutic group known as
ATC code in DrugBank, were compared against the fragments derived from the natural compounds. The
fragmentation process for both drug and natural compounds was performed using molBLOCKS suite.
The fragment information consisted of the SMILE code, SuperNatura Compound ID and DrugBank ID

with ATC code which was used further for downstream analysis.

A. Obtaining and representing drugs and natural products

The DrugBank database (version 4.1) was used to obtain information on drugs that were approved for
therapeutic use in at least one country. The initial set of drugs contained 1,554 molecules. Natural
products were obtained from the SuperNatural Il database , containing 325,508 molecules. Drugs and
natural products were represented using the SMILES system, a widely used notation that makes it
possible to encode chemicals as ASCII strings. SMILES strings for drugs and natural products were
directly obtained from the

DrugBank and SuperNatural 11 databases, respectively.

B. Fragmenting the molecules

Both drugs and natural products were fragmented with the fragment program, part of the molBLOCKS
suite, which breaks molecules along chemically important bonds and returns the corresponding fragments
(or putative building blocks). The list of chemica bonds that were used by the program to fragment the
molecules, and is based on Lewell et al. The minimum size for a fragment was set to four atoms, and the
fragmentation was carried out with the “extensive” flag turned on, which yields all possible fragments
that can be generated given the list of chemical bonds of interest . It is noteworthy to mention that the
fragmentation rules are encoded as SMARTS (SMiles ARbitrary Target Specification), an extension to
the SMILES notation created by Daylight Chemical Information System, Inc. and widely used
chemistry. Using SMARTS patterns the particular bonds that are to be cleaved are encoded as regular

expressions, making it straightforward to add other cleavable bonds to the fragmentation rules.

14



C. Clustering fragments

Drug fragments obtained as described above were clustered with the analyze program using standard
parameters. In order to compute the fragment similarity for clustering, the program converts the fragment
to afingerprint representation, based on linear segments of up to 7 atomsin length (FP2

fingerprints). The fingerprints are stored as bit arrays, where the presence or absence of a particular linear
segment is represented by a 1 or O, respectively. The FP2 fingerprint representation is obtained via the
Open Babdl libraryl. Then, the Tanimoto coefficient Ts between two fragmentsx andy is

computed as:

where X and Y are the bit array representations of the linear segments found in fragment x and v,
respectively, and ~ and_ are the bitwise and and or operators. The analyze program computes pairwise
similarities between fragments and converts them to a graph representation, where an edge between
fragments indicates a pairwise Tanimoto greater than the chosen threshold, which was set to 0.7 in this
study. Subsequently, the program extracts the connected components of the graph, and selects the
representative element for each cluster as the fragment with the highest average similarity against al the

other fragmentsin the cluster.

D. Extracting enriched fragmentsfor each ATC code

In order to assign functional categories to drugs, we used the Anatomical Therapeutic Chemical (ATC)
classification system?2, a widely used nomenclature that organizes drugs according to the organ or system
which they modulate and their therapeutic properties. The ATC code system is hierarchically

organized into five levels of increasing specificity. We considered the second level, which describes the
therapeutic main groups. We note that a single drug can be annotated with multiple ATC codes, if it has
multiple therapeutic indications. For this study, to get meaningful statistics we selected all the ATC codes
that annotated at least 10 distinct drugs. Enrichment analysis was carried out in order to identify the
specific fragments (or clusters of fragments) that appear in a set of molecules more frequently than
expected by chance, given a background distribution. In this study the background was represented by the
union of al approved drugs.

The analyze program uses the hypergeometric distribution to model the probability of obtaining a number

of fragments (or clusters of fragments) equal to or greater than the observed by chance alone where N is

15



the total number of fragments; K is number of fragments of the given type; n is the total number of
fragments in the main set; and x is the total number of fragments of thegiven type in the main set.

The program returns both uncorrected p-values and False Discovery Rate (FDR) corrected p-values,
obtained with the procedure of Benjamini-Hochberg. In this study we selected fragments that were
enriched with an FDR < 0:05.

E. Comparing enriched fragmentsin the drug dataset against fragments from natural compounds.

The final step of the pipeline involves the comparison between enriched fragments from the drug dataset
against fragments obtained from the natural compounds set. In order to calculate the pair-wise similarity
between each of the enriched drug fragments and each of the fragments from natural compounds we used
the Tanimoto coefficient. To carry out the calculations we wrote an in-house program that uses the
Python API [23] of the OpenBabel library , and retained the drug fragment—natural product fragment pairs
that had a Tanimoto similarity > 0:9.

F.Computational requirements.

The most time-consuming step of the pipeline is represented by the pairwise fragment comparison, which
took approximately 12 hours on a 24-core machine. Fragmentation of the 325,509 molecules found in the
SuperNatural |1 database took approximately eight hours on a 24-core machine, bringing

the entire analysisto roughly 20 hours.

G. Data Processing

We used the online SMILE converter program (https:.//cactus.nci.nih.gov/ trandate/) to convert all the

chemical structures from SMILE format to MDL moal structural files, to be used later as an input for the
pathway prediction algorithms. Chemspider (http://www.chemspider.con/) , a free chemica structure

database, was used to retrieve the [lUPAC name and chemical information for the enriched fragments.

H. Biosynthesis Pathway Annotation

Our initial goal in the pathway annotation was to determine the natural source and biosynthesis pathway
for the enriched fragments obtained from the enrichment pipeline. We used Retropath webserver

(http://www.issh.genopole. fr/~faulon/retropath.php) where each enriched fragment was given as an

input query in MDL mol structural format and the resulting output was a feasible biosynthesis pathway

from the natural source, including the names of the enzymes catalyzing the reactions (Fig 1.).

16



The next step of pathway annotation was to determine the synthesis pathway from fragments to drug
compound. We required an algorithm which could predict the synthesis pathway given the starting and
fina product. Pathpred server (http://www.genome.jp/tools/pathpred/) was suitable for performing this

task. The enriched fragments, with known biosynthesis pathway from Retropath, was given as an initial
substrate. The drug compound associated with the enriched fragment, obtained from the enrichment
pipeline were given as the final product in order to obtain the probable synthesis routes between the
fragment and drug. This server is linked with KEGG databased and the user can input a query compound
inthe MDL mol file format, in the SMILES representation, or by the KEGG compound/drug identifier.

17



Results and Discussions

Chapter 4

The data for 112 enriched fragments were obtained from the fragment based enrichment pipeline. From

which we were able to retrieve the pathway information for 8 fragments with biosynthesis route from

plant source and 1 fragment with a fungi source, using Retropath server. The fragment information with

the enzymes catalysing the reaction.

Enriched fragment E.C number | IUPAC name of the | Plant Source
fragment
CCCclccc(cc1)O 1.14.13.11 Trans-cinnamate 4- | Brasica -
MONooXygenase napus(Rapese
ed)
ccccecececececececcce 1.11.1.3,4.1.9 | hydrogen-peroxide Pea sativums
9.5 oxidoreductase,aldeh
yde oxygenase
Cccceeeecec(=0)o 11113 hydrogen-peroxide Pea sativums
oxidoreductase
O=C[C@H](CC(C)C)N 14321 primary-amine Arabidopsis
oxidase thaliana
O=c1[nH]¢(=0)c2¢(n1C)nc[nH] 2 2.1.1.160 caffeine synthase Caméllia
irrawadiensis
OC(=0)[C@H](Cclc[nH]c2clccec2)N 1.14.13.125 tryptophan N- | Sinabis alba
MOoNooXygenase %@t:r d)
Cclc[nH]c(=0)[nH]c1=0 1.14.11.6 thymine dioxygenase | Rhototorula
glutinis
O=Cl[C@@H](N)[C@@H]2N1C(=C(CS2)C) | 6.3.2.26 - N-(5-amino-5- Acremonium
C(=0)O carboxypentanoyl)- chrysogenum
L-cysteinyl-D-valine
synthase
C/C=Clclcceecl 41.1.- lysine/ornithine Sophora
lavascence

carboxy-lyase
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These 9 fragments were then provided to the Pathpred server with final drug product to find out the
biosynthesis pathway between fragment and drug. We were successfully able to retrieve information for 5
fragments which we will discussin detail

Caffeine Fragment Biosynthesis

One of the enriched fragment from our results from Retropath was 1,3,7-trimethylxanthine commonly
known as caffeine which is abundantly found in coffee plants (Coffea arabica) and young leaves of tea
plant (Camellia sinesis). Caffeine synthesis process begins in these plants with Xanthosine as the initial
substrate which is then converted into 7-methylxanthosine which is followed by second methylation step
which leads to the formation of theobromine. The final product caffeine is synthesized by the enzyme
caffeine synthase which converts 7-methylxanthine to theobromine and theobromine to caffeine. (Fig
5.).According to the enrichment pipeline, this fragment is significantly enriched in theophylline
(DB00277) drug which is used in the treatment of asthma and bronchodilation. Pathpred provided the
synthesis route between caffeine fragment and theophylline. Additionally, it also provided the synthesis
pathway for theophylline derivatives - 1-methylruic acid and xanthine (Fig 5.)
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Fig. 5 . Caffeine biosynthesis pathway from plant source followed by synthesis of drugs- theophylline,
xanthine and 1-methylruic acid from Caffeine fragment
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Pentanal biosynthesisfrom 5-aminopentanal fragment

5- aminopentana fragment has its synthesis source in algae and land plants. Primary-amine oxidase (EC
1.4.3.21) catalyzes the substrate cadaverine which leads to the production of the fragment 5-
aminopentanal . This fragment is an intermediate substrate for the synthesis of pentanal (DB01919), adrug
that interacts with cAMP-dependent protein kinase cataytic subunit apha and is involved with
phosphorylation in the cytoplasm. The synthesis of drug from the enriched fragment is catalysed by
leucine dehydrogenase( EC 1.4.1.9) and branched chain amino acid transferase (EC 2.6.1.42) (Fig. 6.)
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Fig. 6. The Pentanal biosynthesis pathway from fragment 5-aminopentanal
Glycine Biosynthesis Pathway

Glycine was found to be significantly enriched between compounds from the DrugBank and supernatural
database. Interestingly, Glycine (DB00145) is a drug in itself with its known ability in anti-spastic and
anti-inflammatory activities. The biosynthesis pathway for Glycine exists in plant Arabidopsis thaliana
with enzyme serine Hydroxymethyl transferase (EC 2.1.2.1) which catalyses the initial substrate |-serine

into glycine. Alternative synthesis pathways for Glycine also exists in other natural sources like bacteria
(E cali.) and yeast (Saccharomyces cerevisiae).
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Fig. 7. Glycine biosynthesis from Arabidopsis thaliana plant source
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Fragment Biosynthesis from Non-Plant Sour ces

For two enriched fragments we could not find the biosynthesis pathway in plants but they had their source
from other natural source. Styrene fragment was found to have a biosynthesis pathway in Sacchromyces
Cerevisiae. The enzyme Ferulic acid decarboxylase (EC Number: 4.1.1.M2) catalyses the substrate trans-
cinnamate to produce styrenene. This fragment results in the synthesis of drugs: Eugenol (DB09086) and
Coumarin (DB04665) with the catalyzing enzymes, p-Coumarate 3 monooxygenase (EC: 1.14.18.1) acts
on p-anol and Caffeic acid 3-O-methyltransferase (EC: 2.1.1.68) acts on 4-[(1E)-Propen-1-yl]-1,2-
benzenediol (Fig 8.) .Eugenol has an anesthetic property and is used as a sedative. It also prevents
oxidative changes in membrane and acts as an antioxidant.While coumarin is a vasoactive agent and used
in antivaricose therapy(a condition of abnormally enlarged dilated veins). It also has anti-fungicidal and

anti-tumor activities.
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Fig. 8. Production of styrene fragment followed by synthesis of coumarin and eugenol

Fragment Biosynthesis from Non-Plant Sour ces

Thymine fragment can be biosynthesised from E coli where thymidine is the initial substrate and the
enzymes catalysing the reaction are pyrimidine nucleoside phosphorylase (EC 2.4.2.2) and thymidine
phosphorylase (EC 2.224) (Fig. 9.). Thymine fragment can be used to synthesize drug
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hydroxytryptophan commonly known as Okxitriptan (DB02959 ) which is an antidepressant,appetite

suppressant, and deep aid. It is a one step reaction catalysed by enzyme tyrosinase (EC 1.14.18.1).

B TREMENT SUnTesis
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Fig. 9. Thymine biosynthesis pathway and synthesis of hydroxytryptophan drug

Retrieval Data

Fragment [ Smiles) Mo. of Drugsin ho. of Drugs which % of Retrieval
which the Fragment | are biosynthesized
is enrichment from the fragment

O=c1nH]le(=0c2cn Cnglrd2 11 3 7.2y
D=C[C@H]{CC(CIC)N 4 1 25
NCC(=0)0 3 1 33.33
CIC=C/ciocoec 2 2 100
ZolenH]le(=0)ndci=0 3 1 33.33

Fig. 10. The above table shows the quantitative analysis of the drugs obtained from the fragments. The
above five fragments are shown to give rise to drugs which are registered in DrugBank and are

categorized as small molecule drugs.
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Conclusion

Natural products not only complement synthetic molecules, they also exhibit drug relevant features
unsurpassable by any synthetic compound which is probably one of the reasons why metabolic
engineering in plants sources has been the basis of modern medicine and is seen to pave the way for
future of pharmaceutical industry. The possibility of using an enriched fragment as an intermediate to
improve the drug yield have opened exciting perspectives for the exploitation of biosynthetic capacity of
plants cells. Fragment based enrichment methods can be significant for metabolic engineering especialy
for identification of novel drug leads from the highly diverse plant sources. Our current results validate
the utilitarian significance of fragment enrichment across drug and natural compounds in two ways: First,
it can be used to identify the biosynthesis pathway which can be used alternatively for the production of a
drug compounds instead of conventional methods used in synthetic chemistry. Second, an enriched
fragment can predict the ability of a natural source to be a potential therapeutic agent. Hence, providing a
rationale for the identification of novel drug leads with biosynthetic ability.
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