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In-silicoValidation of the Essentiality of Reactions
In Plasmodium Falciparum Metabolic Network
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Abstract—Plasmodium falciparum are instrumental in
causing malaria and have developed complex life cycles, thus, it
becomes very possible for the malaria parasite to take
advantage of the uniqueness of its pathways to design
therapeutic strategies. Despite the colossal efforts put in to
fight malaria the disease still affects up to over 200 million
people every year amongst which close to half a million dies.
The treatment of the disease, could be done successfully if the
essential enzymes of this parasite is precisely targeted.
Nevertheless, the development of the parasite to resisting
existing drugs now makes it a core responsibility to discover
novel drugs. In this study, existing essential reactions from
different literature are considered and evaluated to determine
reactions that are common in all literature and evaluated to
determine their essentiality level. This study evaluates essential
reactions that has been predicted in literature computationally
and validates its essentiality based on the reconstructed
metabolic network and identifies 10 essential reactions that are
common to all existing literature of which all this reaction were
validated to be essential by our method. This study has
established a simple novel in-silico method that validates
predicted essential reactions in a metabolic network which
makes validation of predicted anti-malarial drug target
cheaper, easier and faster. This study in-silico model serves as
a valuable tool for validation of Plasmodium falciparum
metabolic states under various perturbations.

Index Terms— drug targets, essential reactions, malaria,
metabolic network, plasmodium falciparum

I. INTRODUCTION

A. The Overview of Plasmodium falciparum

NOVELanti-maIaria cures are in immediate need to
combat the drug-resistant malaria parasite [1], [2].
The metabolism of Plasmodium falciparum (P. f.) in cells
that are infected would be quite a potential source of targets
for novel drugs but it’s rather complex. In-silico methods
can handle and take care of this complexity and gives room
for integrative analyses of the cell metabolism [3]. The
dominance of malaria in resistance to all identified anti-
malarial drugs in current circulation has given rise to the
increase of anti-malarial drug discovery research [4]-[6].

Manuscript received July24, 2017; revised August 08, 2017.

Jelili Oyelade is with the Department of Computer and Information
Sciences, Covenant University, Ota, Nigeria. (phone: 2348035755778; e-
mail: ola.oyelade@covenantuniversity.edu.ng).

Efosa Uwoghiren is with Department of Computer and Information
Sciences, Covenant University, Ota, Nigeria. (e-mail: efosal5@gmail.com)
Itunuoluwa Isewon is with Department of Computer & Information
Sciences, Covenant University, Ota Nigeria.(e-
mail:itunu.isewon@covenantuniversity.edu.ng).

Femi Aromolaran is with Department of Computer and Information
Sciences, Covenant University, Ota, Nigeria. (e-
mail:aromong@yahoo.com)

Olufunke Oladipupo is with Department of Computer & Information
Sciences ,Covenant University, Ota Nigeria.(e-
mail:funke.oladipupo@covenantuniversity.edu.ng).

ISBN: 978-988-14048-4-8
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

Plasmodium falciparum are instrumental in causing malaria
and have developed complex life cycles [7], [8]. Malaria,
which is a disease that threatens life, is initiated by 5
different species of the Plasmodium genre: P. f,
Plasmodium ovale, Plasmodium malariaeand Plasmodium
vivax Plasmodium knowlesi, of which the dangerous of them
all are P. f. and Plasmodium vivax[4], [6].The feminine
mosquito of the Anopheles genre is responsible for all the
transference of malaria from one patient to another [1], [9],
[10]. Despite the colossal efforts put in to fight malaria the
disease still affects up to over 200 million people every year
amongst which close to half a million dies [2], [4], [9]-[11].
The comprehensive Plasmodium falciparum lifecycle
comprises of 3 important developmental stages: the
mosquito stage, the liver stage, and the blood stage [12]. The
malaria parasite metabolic pathways are in a number of
ways different from that of a human being because of the
uniqueness in the malaria parasite life-cycle, thus it becomes
very possible for the malaria parasite to take advantage of
the uniqueness of its pathways to design therapeutic
strategies [13]-[15] which helps the parasite to resisting
existing drugs and makes it a core responsibility to discover
new drugs [1], [2]. The treatment of the parasite could be
done effectively if the essential enzymes of this parasite is
specifically targeted. Metabolic pathways are chains of
connected enzymatic reactions that takes place inside a cell
[16], [17], a metabolic pathway help form a different
chemical compound by modifying principal chemical which
is then passed on to start an alternative pathway or used up
or kept by the cell [18]. The representation of a metabolic
pathway is generally a graphical network of chemical
reactions [18]. It is essential to identify the components of a
metabolic pathway which are (reactants, enzymes, products
and reactions) and their relations in order to absolutely
describe a metabolic pathway. The stoichiometry represents
the quantifiable relations amid reactants and products in a
balanced chemical reaction. Combinations of information
from different sources such as, genomics, network analysis
and simulation, biochemistry, etc. are necessary in the study
of a metabolic pathway [19].

B. Metabolic Network

More than one metabolic pathway which consists of a
chain of reactions that contribute in the synthesis or
degradation of the same metabolite makes up a metabolic
network. Diverse data sources guides the genome-scale
reconstruction of metabolic networks [2]. [20], regarded
metabolic networks as a flow of substance from side to side
of biochemical intermediates that are converted into each
other [20]. A metabolic network is simply a graphical
representation of metabolism [21]. Metabolic networks are
characterized by a flow of substance through biochemical
intermediates that are interconverted into each other [20].
Metabolic Networks are useful tools for deepening our
understanding of metabolism and the role of genes through
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the evaluation of gene essentiality [22].

C. Essentiality of a Reaction in a Metabolic Network

Identifying essential reactions in a network allows the
identification of potential drug targets [23], [24]. Essential
reactions are widely recognized as ideal drug target
candidates since their deletion can lead to compromising the
integrity of the network [24], [25]. Essential reactions are
those reactions of an organism that are thought to be critical
for its survival. These essential reactions are very important
because without them, the network cannot function [26].
The prediction of experimental essential genes have need for
substantial time and resources, even for organisms that are
well-studied, and they are not at all times practical [2], [24],
[27], while the prediction of computational essential
reactions are faster and quite less expensive and they have
the capability to decrease the search space for new targets
for drugs in a metabolic network [2], [24].

D. Methods to detect Essential reactions

Thermodynamics-based Flux Analysis (TFA)

It’s a variant of metabolic flux analysis presented with the
capacity of producing thermodynamically feasible flux and
metabolite movement profiles on a genome scale [28], [29].
TMFA includes the utilization of an arrangement of straight
thermodynamic constraints notwithstanding the mass
balance limitations ordinarily utilized as a part of MFA [3],
[29]. TMFA is used to analyse the thermodynamically
possible extents for the free energy of fluxes and the Gibbs,
of the actions and reactions the metabolites in the metabolic
genome-scale network [3], [28].

Flux balance analysis (FBA)

It’s a computational method to gain insight into the
metabolic behaviour and capabilities of a cell. [2], [9]. Itis a
widely used and well-established method to assess the
essentiality of genes for an organism. However, one of the
puzzling failures of FBA techniques has been precisely the
lack of even moderate correlation between predicted gene
dispensability and evolutionary rate [30], [31]. FBA suffers
from incomplete annotation of the proteins in a genome
[32]. FBA suffers greatly in defining biologically relevant
objective function [32]. FBA requires the information about
the stoichiometry of the reaction pathway [9].

Extreme pathways (ExPas)

ExPas are metabolic pathways that are defined
mathematically calculated from a metabolic network that
has been reconstructed [33]. ExPas of a particular metabolic
network are set of vectors that are irreducible and describes
the root of the null-space of the network’s stoichiometric
matrix [34]-[36].

Metabolic Flux Analysis (MFA)

By using metabolic flux analysis [37], [38], any change
made in the metabolic pathway fluxes are measured that is
the outcome from genetic or environmental interventions.
Information like this gives more insights into how the
metabolic pathways are being regulated and could likely
suggest novel targets for added metabolic engineering of the
strains [39]. One major advantage of Metabolic flux analysis
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is that it can be easily applied making it easily accessible to
lots of researchers, since it entails only simple linear algebra
and depend on moderately robust measurements of
extracellular metabolites [39]. A major setback of Metabolic
flux analysis for a lot of biological systems is however, that
the amount of constraint is often not sufficient to observe
all essential intracellular metabolic pathways [39], [40].

Load point and Choke point Analysis

Choke points can be defined as the enzymes that
exclusively produces or/fand consumes a particular
metabolite and they play an essential role in a specific
reaction. The choke points are ordered by the amount or
number of k-shortest paths that passes through them and the
load point on it. When a choke point in an organism is
absent, the organism can rarely survive [41], [42]. It is
proposed and suggested that ‘load points’ has the
capabilities to accompaniment other already existing
technique of metabolic network analysis [43]. It is also
proposed that choke point enzymes are very essential in the
organism and are therefore possible targets for drugs [44].
Choke point analysis helps in examining the reliability
between assumptions about the regulation of the
biochemical pathway and the way it’s organized and of its
interdependencies with other processes and experimental
data [41].

E. Reaction Deletion / Perturbation studies

Perturbation in a pathway occurs by interrupting the
signal flow in a network which gives insight into both their
structure and their downstream targets. First, with the
interruption at a certain node in the pathway, the signal
cannot be transmitted further. Second, each node in the
pathway may have its own (direct or indirect) contribution
to the perturbation effects, such as reaction expression
changes [45].

In this study, existing essential reactions from different
literature are considered and evaluated to determine
reactions that are common in all literature and evaluated to
determine their essentiality level. This study determines the
essentiality of the different reactions from existing studies
and validate their essentiality. Therefore a list of
indispensable reactions in the Plasmodium falciparum
metabolic network was identified and proposed as potential
drug target for Plasmodium falciparum.

Il. MATERIALS AND METHOD

A. Reconstruction of the metabolic network

In this study the resource that was considered for the
reconstruction of the metabolic network, is the genome-
scale metabolic dataset of the 3D7 strain of Plasmodium
falciparum which was extracted from the BIOCYC flat file
database version 19.5 [46] because of its comprehensiveness
and robustness of which the dataset contains 894 metabolic
reactions and these reactions were catalyzed by a total
number of 710 enzymes. The BIOCYC identifiers were
chosen for this study as the generally accepted means of
identification. In this study currency metabolites of the 24
currency metabolites outlined by [47] were removed from
the reconstructed genome-scale metabolic dataset.
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B. The Algorithm

In the network a reaction is knocked out to determine the
dependent reaction on the knocked out reaction. The
procedure for determining which reaction is connected to
the knocked out is outlined in the following steps below:

1. Arreaction in the network is selected

2. The selected reaction is being knocked out

3. For every selected reaction that’s knocked out, it also

knocks out every reaction in the network that its
reactant is the product of the selected reaction except
the reactant of the reaction to be knocked out by the
selected knocked out reaction is a product of any
other reaction in the network

4. For every selected reaction that’s knocked out, it also

knocks out every reaction in the network that its
product is the reactant of the selected reaction except
the product of the reaction to be knocked out by the
selected knocked out reaction is a reactant of any
other reaction in the network

5. Step 3 and 4 is repeated until all knocked out reaction

for selected knocked out reaction is gotten

All above steps are performed for all reaction in the
network enabling this study to predict the essentiality of all
reaction in the network and exporting them in hierarchical
order. In this study reconstructed network, we determined
the essentiality of every reaction in the network and
validated the essentiality of previous proposed reactions in
literature. The essentiality of all reactions are saved in a .txt
file for easy access. The formula for determining the
essentiality of every reaction in the network is outlined in
the following steps below:

Y k(ri) .

EC)=sna ®
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C. Existing essential reactions in literature

A detailed list of essential reactions in Plasmodium
falciparum that have already been predicted in several
literature using computation methods were considered.

1. RESULTS

Computationally predicted Essential reactions from 5
different literatures were considered for this study, this
literatures were compared and 10 reactions that were
common to over 80% of all literature considered in this
study were identified and validated to be essential by our
method. We evaluated all 10 reactions by gold standard
consisting of reactions that are targets of already accepted
and tested drugs and they were all confirmed to be essential
thereby confirming our method as a valuable method for the
validation of drug computationally predicted drug target.
The list of the 10 reactions are given in Tablel, respectively
and figure 4 & 5 shows the essentiality of the reactions in
the metabolic network used in this study.

Essential Reaction

100 1.5
BO
1
60
40 :
NO}PEECTIDI] cpon. {Essentiality) 0.5
20 j ’E;entialit\c
0 o
No. of Reaction Essentiality

Expon. (Essentiality)

Fig. 1. Graph to show No. of reactions considered
and essentiality of reactions.

Table 1: RESULTS USING OUR METHOD TO VALIDATE EXISTING POTENTIAL DRUG TARGET PREDICTED COMPUTATIONALLY

ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

S/ Reaction EC Yeh[44]  Fatumo[48] Huthmach Plata[l] Bazzani[49] This

N Number er[2] Study

1 DIHYDROFOLATERE 1.5.1.3 Yes Yes Yes Yes Yes Yes
DUCT-RXN

2 THYMIDYLATESYN- 2.1.1.45 Yes Yes Yes Yes Yes Yes
RXN

3 H2PTEROATESYNTH  2.5.1.15 Yes Yes Yes Yes No Yes
-RXN

4 IMP-DEHYDROG- 1.1.1.205 Yes Yes Yes No Yes Yes
RXN

5 SUPEROX-DISMUT- 1.15.1.1 Yes Yes Yes No Yes Yes
RXN

6 ADENOSYLHOMOC 3.3.11 Yes Yes Yes No Yes Yes
YSTEINASE-RXN

7 OROTPDECARB-RXN 4.1.1.23 Yes Yes Yes Yes Yes Yes

8 SAMDECARB-RXN 4.1.1.50 Yes Yes Yes Yes Yes Yes

9 PORPHOBILSYNTH- 4.2.1.24 Yes Yes Yes Yes Yes Yes
RXN

10 GLUTCYSLIG-RXN 6.3.2.2 Yes Yes Yes No Yes Yes
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Essentiality

Fig. 2. Graph to represent essentiality of reactions

IV. DISCUSSION

This study evaluates essential reactions that has been
predicted in literature computationally and validates its
essentiality based on the reconstructed metabolic network
and identifies 10 essential reactions that are common to all
existing literature of which all this reaction were validated to
be essential by our method. This study has established a
simple novel in-silico method that validates predicted
essential reactions in a metabolic network which makes
validation of predicted anti-malarial drug target cheaper,
easier and faster. This study in-silico model serves as a
valuable tool for validation of Plasmodium falciparum
metabolic states under various perturbations. This study
contribution is important because the genome-scale model
can be used to investigate and predict genetic perturbations
from a network level perspective.
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