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In silico study of ornithine decarboxylase and HSP-90
gene in the "anti-trypanosomal activities of Annona
muricata Annonaceae

ABSTRACT

Aims: Trypanosomosis is one of the neglected tropical diseases of Sub-Saharan Africa
caused by the numerous species and sub-species of the protozoan genus Trypanosoma.
Soursop, also known as Annona muricata (Annonaceae), is a prevalent tropical plant
species renowned for its numerous medicinal properties, including the treatment of
protozoan infections. The fundamental mechanism of anti-trypanosomal effects of A.
muricata was investigated using ornithine decarboxylase and HSP-90, which are validated
potential drug targets.

Place and Duration of Study: Animal Parasitology and Microbiology Research Unit,
Department of Animal Production and Health, Federal University of Technology, Akure,
Nigeria, between March and October 2022.

Methodology: The interaction of compounds previously characterized from A. muricata was
investigated against Ornithine decarboxylase and HSP-90 genes of Trypanosoma brucei
brucei using Autodock Vina.

Results: Based on their binding affinity and binding free energy, eight compounds (rutin,
kaempferol 3-O-rutinoside, annomuricinA, murihexocin B, muricatocin A, acetogenin,
asimilobine, and gigantetrocin A) out of the 160 compounds screened were found to be
effective against Trypanosoma brucei brucei. The hit molecules were further screened for
ADME profiles. Acetogenin and asimilobine were considered the ideal drug candidates
because they showed moderation for ADME properties and obeyed Lipinski’s rule of five.

Conclusion: This study confirmed the use of Annona muricata in the treatment of
trypanosomosis and the probable compounds responsible for its antitrypanosomal effect are
acetogenin and asimilobine which acts at the HSP-90 genes of the parasite Trypanosoma
brucei brucei.

Keywords: Annona muricata; antitrypanosomal activities; ornithine decarboxylase; HSP-
90; Trypanosoma brucei brucei; binding affinity; rigid docking.

1. INTRODUCTION

In tropical Africa, animal trypanosomiasis has a catastrophic economic impact and poses a
significant barrier to livestock production [1]. It is a parasitic infection caused by
haemoprotozoa belonging to the Trypanosoma genus and the Trypanosomatidae family,




which proliferate in the blood, lymphatic vessels, and tissues such as cardiac muscles and
the central nervous system. Although not contagious (with the exception of dourine, a form
of equine venereal trypanosomiasis), it is severe, inoculable, fatal, and zoonotic. The
transmission of trypanosomiasis is by a variety of hematophagous insects, primarily
Glossina species, often known as tsetse flies [2].

Controlling the intermediate host and administering chemotherapy have been the primary
methods for combating this disease. The available pharmaceuticals have adverse effects,
including toxicity, cost, and scarcity. Consequently, it is necessary to search for alternate
drug sources. Plants are well-known sources of secondary metabolites, which have proved
over the years to be effective in the treatment of numerous animal and human diseases.

Soursop (Annona muricata L.), also known as Graviola or guanabana, is«an extensively
cultivated edible tropical fruit tree [3]. The economic importance of soursop fruit in the
production of beverages, candies, and sherbets is widely acknowledged[4]. Extensive
chemical research on the leaves and seeds of this plant has led to.the isalation of a large
number of bioactive compounds with intriguing biological properties, such‘as anticancer,
cytotoxic, antiparasitic, and pesticidal activities.

Throughout the globe, medicinal plants have been used to treat and prevent a wide range of
diseases, particularly in underdeveloped countries where infectious diseases are prevalent
and there are insufficient modern health facilities and services. [5]. Historically, various parts
of the A. muricata tree have been used to treat a variety of human diseases and ailments. In
the past, the fruit was used to cure a wide range of conditions, including arthritis pain,
rheumatism, dysentery, diarrhea, fever, parasites, and skin rashes. The leaves are effective
at treating diabetes, incontinence, rheumatism, and headaches [6]. “Seeds were used as an
antihelmintic against a variety of parasites and worms, both internal and external” [7].

“Ornithine decarboxylase (ODC) catalyzes the ornithine decarboxylation to putrescine. This
is a crucial phase in the biosynthesis of polyamines in Trypanosoma brucei. These
polyamines are essential for the growth and proliferation of microbial cells. Therefore, the
ODC enzyme is the ideal target'for treating the protozoan parasite that causes African
sleeping sickness, T. brucei. ODC is a 5-pyridoxal phosphate (PLP)-dependent, obligate
homodimer enzyme with.two identical active sites at the dimer interface, consisting of the
beta or alpha barrel. domain from one subunit and the beta-sheet domain from the other” [8].

For survival in-theuinsect vector and mammalian host, the trypanosome requires heat shock
proteins. Heat shock protein 90 (HSP90) serves a crucial role in the cellular stress response.
The inhibition of:its interactions with chaperones and co-chaperones has been investigated
as a potential therapeutic target for a variety of diseases.

“The HSP90 apparatus is essential for environmental sensing and life cycle regulation in
Trypanosoma and Leishmania” [9]; [10]. There have been publications of in silico analyses
of the HSP9O/HSPC family of intracellular kinetoplastid parasites [11], [12], [13], [14], [15].

2. METHODOLOGY
21 Preparation of natural compounds

Compounds previously characterized from Annona muricata were retrieved from a variety of
published works [16], [17] and drawn using the ChemAxon  suite
(https://www.chemaxon.com). Using the ligprep panel on Maestro 11.5 and the OPLS3 force
field at pH 7.0 +/- 2.0, the compounds were generated. Desalt and generate tautomers were
selected in the ligprep tab. The stereoisomer computation was set to produce a maximum of
32 per ligand. The output format was not changed from maestro.



2.2 Protein preparation

The crystal structures of ornithine decarboxylase (PDB ID-1NJJ) and HSP90 of T. brucei
(PDI ID-30PD) were obtained from the protein data bank (PDB) and uploaded to the
Maestro (11.8) workstation. “The downloaded protein was prepared via protein preparation
wizard of Schrodinger suite. In preprocessing of the protein, bond orders were assigned,
waters were deleted from 5.0 A from het groups, het states was set at pH 7.0 +/- 2.0” [18].
“Hydrogen bond was added, ions were removed. In the refine tab, H-bond network was
optimized using PROPKA; water molecules with less than 3 H-bonds to non-waters were
removed” [19]. The retrained minimization was carried out using OPLS3 force field with
RMSD at 0.30 A. Using the protein preparation program, the resulting three-dimensional
crystal structure was created.

2.3 Molecular Docking (Rigid Docking)

“The prepared compounds were docked into the active site of the protein crystals using high
throughput virtual screening (HTVS) with flexible ligand sampling, followed by extra precision
(XP) with none (refine only) ligand sampling. Using a model energy. score ‘(e-model) that
incorporates glide score, the non-bonded interaction energy, andthe excess internal energy
of the generated ligand conformation, the optimal dockedstructure“for each ligand was
determined. The procedure was carried out by considering the-flexibility of the ligand such
that all rotational bonds were set free and the estimated binding, energies for the best pose
were recorded” [20].

2,4 ADME predictions

Using Qikprop [18], the Absorption, Distribution, Metabolism, and Excretion (ADME) and
molecular properties of the principal, compounds were predicted. This evaluates the
acceptability of hit compounds based on Lipinski's rule of five, provides ranges for
comparing the properties of a particular molecule to those of 95% of known drugs, and
retrieves the most similar drugs available.

3. RESULTS AND DISCUSSION

3.1 Docking analysis

In the present study 160 compounds from Annona muricata were screened, and compounds
with high docking score.were picked. About five compounds each have shown high binding
affinity with. ornithine decarboxylase and HSP-90 proteins of Trypanosoma brucei brucei.
Molecular docking result ant the interacting residues of the respective ligand-protein complex
of the.investigated compounds are presented in Table 1 and 2. Rutin (-8.069kcal/mol) and
Kaempferol:, 3-O-rutinoside (-7.867kcal/mol) showed highest binding affinity for ornithine
decarboxylase (Table 1). Kaempferol 3-O-rutinoside and rutin has docking scores of -12.469
kcal/mol -and -12.135kcal/mol respectively with HSP-90 (Table 2). From this study,
Muricatocin A showed the least binding affinity with a docking score of -6.778kcal/mol with
ornithine decarboxylase while Gigantetrocin A showed the least binding affinity with a
docking score of -10.283kcal/mol with HSP-90.



Table 1: Docking score of lead compounds of Annona muricata and interacting residues of

ornithine decarboxylase

S/IN

Compound name
1 rutin
2. kaempferol 3-O-
rutinoside
3. Annomuricin A
4, murihexocin B
5. muricatocin A

Docking
score

-8.069

-7.867

-7.086

-6.812

-6.778

Interacting residues

ARG337, GLU384,
ARG242, SER282,
THR285, THR21
ARG242, ASP47,
ARG22, THR285,
ASP385, GLU384
ARG242, ARG22,
THR285, ASP383,
GLU384, PRO340
GLU384, LEU339,
PRO340, ARG342,
GLU343

GLU343, PRO340,

LEU381,,ARG342

Salt Pi
bridge cation

Number
of H-
bonds

8 - 1

Table 2: Docking score of lead compounds of Annona muricata and interacting residues of

HSP-90
S/IN Compound name Docking Interacting Number  Salt Pi cation
score residues of H- bridge
bonds
1. Kaempferol 3-O- -12.469 ASN91, 5 - -
rutinoside TYR124,
ASP39,
LYSA43,
ASP78
2.  Rutin -12.135 LYSA43, 3 - -
ASP39,
ASP78
3. Acetogenin -11.133 ASN91, 4 - -
TYR124,
GLY120,
ASN139
4. Asimilobine -11.121 ASNO91, 1 - 1

TRP147




5. Gigantetrocin A -10.283 ASP78, 2 - -
GLY82

The hit molecules were further accessed for interacting profiles with the protein targets.
Figures 1-10 showed the 2D diagram of hit compounds illustrating their intermolecular
interaction at the active sites of ornithine decarboxylase and HSP-90.

e 2 = —
,@/Fy iy | ; N
.-gs v r "“"-Tfﬂ Y @F
o, e ;3;4 zos 4
gl N
ane

SER
410

e i}
m J
J  Charged (negative) Polar - Dstance —a  Pication
o Charged (posikive) o Unspecified reskdue = Hbomd —  Salt bridge
Glycine Water #  Halogen bond Solvent exposure
Hydrophobic Hydration site —  Metal coordination
J Metal *  Hydration site (displaced) ®=  PiPi stacking

Fig. 1: Binding-pese of rutin from Annona muricata with T. brucei ornithine decarboxylase
showing critical amino acid interactive within the protein’s active site in 2D
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Fig. 2: Binding pose of kaempferol 3-O-rutinoside from Annona muricata with T. brucei

ornithine decarboxylase showing:critical'lamino acid interactive within the protein’s active site
in 2D
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Fig. 5: Binding pose of muricatocin A from Annona muricata with T. brucei ornithine
decarboxylase showing critical amino acid interactive within the protein’s active site in 2D
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Fig. 8: Binding pose of/Acetogenin from Annona muricata with T. brucei HSP-90 showing
critical amino acid.interactive within the protein’s active site in 2D
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Fig. 9: Binding pose of Asimilobine from Annona muricata with T. brucei HSP-90 showing
critical amino acid interactive within the protein’s active site in 2D
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Fig. 10: Binding pose of Gigantetrocin A from Annona muricata with T. brucei HSP-90
showing critical amino acid interactive within the protein’s active site in 2D

3.2  ADME predictions

The analysis'of the eight hit compounds using Lipinski rule of five is presented in Table 3.
Acetogenin and asimilobine passed the rule of five.

Table 3: Physicochemical properties of lead compounds.

Rule
Molecular H-B H-B Of
S/N Entry name Weight Donor acceptor QPlogPo/w QPlogBB PSA Five

1 rutin 612.54 9 20.8 -2.343 -4.061 267.856 3
Kaempferol
2 3-O-rutinoside 598.513 9 20.8 -2.788 -4.675 272.457 3

3 annomuricinA  626.913 5 13.2 5.864 -4.79 149.399 2




murihexocin

4 B 628.885 6 14.9 4512 -4.853 169.376 2
5 muricatocin A 612.886 5 13.2 5.219 -3.742 148.615 2
6 Acetogenin 470.645 4 115 3.293 -3.086 128.986 O
7 Asimilobine 269.343 2 3 2.652 0.327 39.204 O

Gigantetrocin
8 A 638.967 4 115 7.689 -4.481 129.025 2

Note: [Recommended values]: PSA (Polar surface area) = 7 to 200; QlogBB, between -3.0
and 1.0; QPlogPo/w (expected octanol/water partition coefficient) between —2 and 6.5; MW
between 130 and 725.

4. DISCUSSION

“Ornithine decarboxylase (ODC) catalyzes the ornithine decarboxylation to putrescine. This
is a crucial phase in the biosynthesis of polyamines: in Trypanosoma brucei. These
polyamines are essential for the growth and proliferation of microbial cells” [21]. They
modulate gene expression and cell growth by.interacting with RNA and proteins in the cell
[22]. In T. brucei, polyamines are precursors/ for‘the synthesis of trypanothione, a
trypanosomatid-specific thiol that is essential-for.redox regulation and defense against
oxidative damage [23] and is associated/ with: drug extrusion in the closely related
trypanosomatid Leishmania [24]. - Ornithine decarboxylation, catalyzed by ornithine
decarboxylase, results in the production of putrescine, a precursor for the polyamines, which
are essential for cell division. Consequently, targeting this enzyme has been shown to be
effective in the treatment of trypanosomosis.

“To obtain accurate predictions of ligand conformation and orientation within a targeted
binding site, docking studies were conducted” [25], [26], [27]. To determine the binding
affinity of the compounds with the receptor, each compound was individually docked using
the glide docking -algorithm'into the active site of ornithine decarboxylase and HSP-90 of
Trypanosoma brucei-brucei: [28], [29]. Glide docking employs hierarchical filters to identify
the optimal ligand binding sites in the defined receptor grid space. Extra precision (XP)
docking scores. were reported for the docked compounds. The hit molecules showed a
docking, score. ranging from -6.778 kcal/mol to -12.469 kcal/mol. The four top docked
compounds ‘which are kaempferol 3-O-rutinoside, rutin, acetogenin, and assimilobine had a
docking score of -12.469 kcal/mol, -12.135kcal/mol, -11.133kcal/mol, and -11.121kcal/mol
respectively. Rampogu et al., [30] reported that “the docking score reflects the inhibitory
activities -of the ligand in the protein-ligand complex. Therefore this result proves that the
lead compounds may have inhibitory activities”.

The interacting residues of ornithine decarboxylase and HSP-90 with lead compounds were
listed in Tables 1 and 2. Pro-340, Glu-384, Asp-385, and Asp-243 have been reported to
make H-bonds with the inhibitors of ODC [31]. Our results interestingly revealed that some of
the studied compounds isolated from Annona muricata (rutin, kaempferol-3-0-rutinoside,
Annomuricin A, murihexocinB and muricatocin A) as proposed inhibitors of ornithine
decarboxylase were involved in hydrogen bond interaction with GLU384, PRO 340,
ARG242, THR285, and ARG342. Furthermore, water-mediated interactions have been
shown to occur between the ligand and the residues Asn91, Gly122, Phel23, Asp78, and
Asn36 at HSP90 binding site [32]. In this study also, Kaempferol 3-O-rutinoside, acetogenin,



asimilobine, and gigantetrocin-A as proposed inhibitors of HSP-90 formed hydrogen
interaction with ASN91. “The importance of hydrogen bonds for their crucial role in
evaluating the specificity of ligand binding has been reported” by Wade and Goodford [33].

The evaluation of the efficacy and toxicity of the new drug candidates is one of the most
essential aspects of drug discovery. The introduction of ADME has considerably reduced the
number of ineffective drug candidates in the early stages of drug development, allowing
more resources to be allocated to promising drug candidates [34]. Matias et al. [35] state
that “a number of methods and instruments exist to evaluate the physicochemical properties
of a molecule that can influence its pharmacokinetic and pharmacodynamic properties.
Relevant physicochemical and pharmacokinetic properties were conducted on ‘the lead
compounds identified in this study. Before a compound is designated a drug candidate, the
Lipinski rule of five (ROF) is one of the necessary criteria”. They were: molecular weight in
g/mol (acceptable range of 150-650), Octanol/water partition coefficient which is.critical for
estimation of absorption and distribution of drugs within the body (QlogP o/w, -2 to 6.5),
Brain/blood partition coefficient which is used as a measure of access to the central nervous
system (QPlogBB in ml blood/g brain, —3.0 to 1.2), hydrogen bond donor <5, hydrogen bond
acceptor <10 [36]. [37] have demonstrated that the polar surface:area (PSA) can accurately
predict drug absorption. The polar surface area is the combined surface area of oxygen,
nitrogen, and hydrogen atoms bonded to these electronegative atoms. PSA ranges between
7 to 200.

From our study, the pharmacokinetic properties of acétogenin and assimilobine obeyed the
rule of five indicating their potential as drug-like candidates.

5. CONCLUSION

In the present study, acetogenins and asimilobine from Annona muricata seem to have
better criteria than other tested compounds as inhibitors of HSP-90 of Trypanosoma brucei
brucei. They possess excellent ADME attributessas potential drug candidates and showed
good docking scores. In view of this, further, in vitro and in vivo biological investigations are
needed to affirm their therapeutic effects.in the management of trypanosomosis.
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