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Abstract : Human’s trypanosomiasis or sleeping sickness is a protozoan disease which is
caused primarily by Trypanosoma brucei in India. Trypanosomiasis is re-emerging in India due
to the proximity of domesticated animals with the people. Though the human infection through
animal vector is unlikely, still there are number of report of a distinctive human infection
caused by animal trypanosomes in recent times. As the available medication is either too
expensive or possess side effects, there is an urgent need for the discovery of novel natural
drugs. In this research, a study was performed to identify an efficient drug molecule possessing
antitrypanosomal activity. From the literature study, plant Compounds of Eucalyptus
tereticornis which is well known for its antiparasitic property have been identified and its
structure was retrived and tested for its drug likeness activities. The proteins responsible for
causing Trypanosomiasis were identified, their structures were retrieved and their binding
sites were predicted. In Silico molecular docking was performed and the result demonstrated a
particular target revealing exceptional binding affinity with the inhibitors in contrast to other
targets. Further, clinical studies will confirm the inhibitors efficiency as a superior contender
for development of improved drug against Trypanosomiasis.
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Introduction:

In India Trypanosomiasis is caused by Trypanosoma brucei and remains as the world’s most neglected
parasitic diseases, endangering millions of people and livestock in India and sub-Saharan Africa'. Even though
encouraging lead compounds to fight the disease have been revealed in the recent times, the current treatments
are still proving to be unproductive and have serious adversarial effects. Thus, hunting for antitrypanosomal
agents is need of the hour and requires constant effort’. In third world countries, protozoal infections
particularly trypanosomiasis is a foremost health problem and the available drugs for the treatment are Suramin,
Pentamidine, Melarsoprol and Eflornithine, but these drugs have side effects and are prone to resistance, so
therefore treating trypanosomiasis has been a big challenge for long time>** A number of drug targets have
been identified in 7. brucei like kinase ,pteridine reductase, dihydrofolate reductase, trypanothione reductase,
cathepsin B , heat shock protein 90, as well as sterol 14a-demethylase, nucleoside hydrolase, triose phosphate

isomerase, nucleoside 2-deoxyribosyltransferase, UDP-galactose 4’epimerase and ornithine decarboxylase
6,7,8,9,10

The small molecules were taken from plant FEucalyptus tereticornis. The Eucalyptus is a traditional
Aboriginal remedy for a variety of ailments''. Internally Eucalyptus appears to help relieve symptoms of colds,
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flu, chest congestion, sore throat, bronchitis, pneumonia, and respiratory infections. Eucalyptus can be made
into a tea or tincture. Externally, the antiseptic, slightly anaesthetic, anti-bacterial, and warming properties of
Eucalyptus make it a valuable resource treatment of burns, sores, ulcers, scrapes, boils, and wounds. '

Ligand-based drug design (or indirect drug design) relies on knowledge of other molecules that bind to
the biological target of interest””. Lately the scientific focus has turned on the application of virtual docking
methods which are less intensive on labour, time and cost'* '>. This work presents the molecular docking of
antitrypanosomal natural products into 7. brucei drug targets with a view of obtaining small molecules that
indeed interact with these targets. This will not only help in designing natural drugs but also in compound
isolation schemes for target-based bioassays, which could lead to the isolation of potent antitrypanosomal
agents that can become leads for drug development.

Materials and Methods:
Protein Preparation

The three dimensional crystal structures for various trypanosomal proteins were retrived from the PDB
database were used as the target for docking studies. All solvent molecules and the co-crystallized ligands were
removed from the structures in order to be used as a receptor for docking, protein structures should be
processed. Some of the typical operations include (i) addition of hydrogen atoms, (ii) elimination of water
molecules that are not involved in ligand binding (iii) making binding groups were done using arguslab. For all
the above target proteins, its active site was predicted using Metapocket™’.

Ligand Preparation:

The five small molecules (p-cymene, Euglobal, Betulonic acid, Beta-pinene, Alpha-pinene) were
identified from the Pubmed literatures which have good inhibitory effects towards protein trypanosome” >
03132 They were downloaded from the Pubchem database in (.SDF format)” using PYMOL™, all the 3D
structure of the molecules were viewed and converted to PDB format and these molecules are further tested for
its ADMET (Druglikness test) properties using AdmetSAR* which was done base on Lipinski’s rule of five.
The rule states that an active oral drug should not violate more than one following criteria i,e., Molecular
Weight < 500 Daltons, Log P >5, H-bond Donor >5, H-bond Acceptor >10, No of Rotatable Bonds >5.

Protein-Ligand Interaction Using Autodock vina PyRx:

The compounds obtained from the plants were docked against the proteins using AutoDock Vina, to
find the reasonable binding geometries and explore the protein-ligand interactions.*® Docking of the protein-
ligand complex was mainly targeted to the predicted active site only. The selected residues of the receptor were
defined to be a part of the binding site. After completion of docking, the docked protein (protein-ligand
complex) was analysed using Pymol to investigate the type of interactions. The docking poses saved for each
compound were ranked according to their dock score function and best docking result were further analysed
using Arugus lab.

Results and Discussion:
Preparation of targets & ligands for docking studies.

The three Dimensional structures of the trypanosomal protein used as targets for docking studies were
shown in the table 1. For further study, the binding site of the protein was predicted using Metapocket. The
binding sites of target protein comprises of amino acids which has been listed below in table 2a & b. The
Three dimensional ligand structures obtained through literature search are shown in table.3 and all the above
compounds pass its drug likeness test which was performed based on Lipinski’s rule of five using AdmetSAR™
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Table 1: PDB ID for target trypanosomal proteins with its Function

Sl.no Protein name PDB ID Function
1. | TbAMP - T.brucei Adenosine 2XTB' | Catalysis the phosphorylation of ingested adenosine to
Monophosphate form adenosine monophosphate as the preferred
phosphoryl donor
2. | TbAK - T brucei Adenosine 30TX" | Key player in purine salvage
Kinase
3. | TbPTRI1 - T. brucei Pteridine 3JQ7"™ | Catalyse a two-step reduction of oxidisedpterins to
Reductase 1 active tetrahydropterin
4 TbTR - T.brucei Trypanothione | 3QFX" | Immunity and hypersensitivity
Reductase
5. TbDHFR - T.brucei 3RG9® | Its role in thymidine biosynthesis is the reduction of
Dihydrofolate Reductase dihydrofolate to tetrahydrofolate using the cofactor
NADPH
6. | TbDHFD- T. brucei 3MHU*" | Pyrimidine biosynthesis
Dihydrofolate Dehydrogenase
7. | TOHSP9O - T. brucei Heat 30PD™ | It is involved in the folding of key molecules of the
Shock Protein 90 cellular signal transduction system such as kinases and
steroid receptors F HSP90
8. | T.brucei Tyrosine Kinase 3FZ0” | It is implicated in multiple signallingpathways.It is a
Nonreceptor tyrosine negative regulator of osteogenesis
9. | TbTIM - T.brucei 1IH" |1t catalyses the interconversion of
Triosephosphate Isomerase dihydroxyacetonephosphate and glyceraldehyde-3-
phosphate
10. | TbODC - T.brucei Ornithine INJJ® | They are important for stabilizing DNA structure, the
Decarboxylase DNA double strand-break repair pathway

Note: A prefix present in the PDBID represents the references of the particular protein.

Table 2a: The active site of proteins predicted using Metapocket

Active Sites of Target Proteins with Its Positions
SL | Amino Acid
No 3JQ7 | 2X | INJ | 3RGY | 3QF | 3MH | 30P | 30TX | 1IIH | 3ZF
TB J X U D 0
- 25, - 20, 59, 25, - 12, 25, 20,
1 Cystine 33,1 37, 84, |33,14 123,2 | 33,14 | 56,
40 78, 95, 0 39 0 88
102, 100,
111, 107,
136, 183
153,
198
89, 57, | 33, 223, - 265, 133 | 7,34, | 57, -
2 98, 60, | 35, 245, 316 5870, | 60,
Argenine 106, | 68, | 106, | 265, 94, 68,
108, | 71, | 108, | 316, 132, 71,
192, | 98, | 192, | 332 156, 98,
216 | 109, | 216, 265, 109,
283 | 289 316, | 283,
332
- 125, | - 13, - 225, |90, 13, 125, | -
278, 56, 279, | 305 56, 278,
3 Asparagine 291, 67, 268, 67, 291,
329 195, 241, 195, 329
222, 228, 222,
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231, 231,
295 295
90, - 105, | 7, 34, 90, - 85, 15, - -
97, 137, | 58 70, | 97, 93, 16,
4 Leucin 105, 168, | 94, 105 168 39,
137, 190, | 132, 134,
168 156 138,
286
46, - 46, 17, 43, - - 17, - -
86, 86, |92, 45, 92,
5 Aspergine 164, 164, | 238, 54, 238,
184 184 | 266, 88, 266,
287, 120 287,
289, 289,
293,2 293,
99 299
43, - 43, 15, 89, - - 19, - -
45, 45, 16, 98, 64,
6 Serine 54, 54, | 39, 106, 197,
88, 88, 134, 108, 269
120 120 | 138 192,
216
34, 19,6 | 34, | 28619 | 34, 108, , | - 20, 19, 34,
7 Alanine 226 4, 226 |, 226 3301 37, 64, 56,
197, 64,19 25, 78, 197, | 123,
269, 7, 278, 102, 269 226
269,1 291, 111,1
23,23 329 36,
9 153,1
98,
157,2
21,
52, 21, |52, |21, 182 71, - 21, 21, 136,
60, 105, | 60, 105, 98, 105, 105, | 161,
8 Histidine 101 114, | 101 | 114, 109, 114, 114, | 162,
224, 224, 283, 224, 224, | 163
323 323 240, 323 323
- 225, | - 33, 200, | 28,51 | 33, 160,
279, 101, 74 , 118, | 101, 225,
9 Glucine 268, 104,1 160, | 104,1 | 279,
241, 06, 165 06, 268,
228, 131,1 |- 131,1 | 241,
328, 60, 60,
339 225,2 2252 -
79, 79,
268,2 268,2
41, 41,
2283 2283
28, 28,
339 339

113
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42, 35, |42, |35, 42, 80, 35, 35, 42,
44, 107, | 44, | 62, 44, 285, 62, 62, 44,
10 Glycine 45, 129, | 136, | 63, 45, 288, 63, 63, 45,
&3, 298, | 161, | 81, &3, 3273 81, 81, &3
136, | 296 | 162, | 107, 136, |40 107, 107,
161, 163 | 129, 161, 129, 129,
162, 298, 162, 298, 298,
163 296 163 296 296
46, 36, |46, |36, 46, 169, 36, 36, 46,
86, 85, |86, |85, 86, 110, 85, 85, 86,
11 Threonine 164, | 172, | 164, | 172, 164, | 294, 172, 172, | 164,
184 | 264, | 184 | 264, 184 | 302 264, 264, | 184
270, 270, 270, 270,
280, 280, 280, 280,
325 325 325
41, 38, |50, |38, 41, 59, 38, 33, 28,5
47, 90, |41, |90, 47, 79, 90, 101, |1,
12 Isolucine 51, 108, | 47, | 108, 51, 95, 108, 104, | 118,
118, |, 51, | 127, 118, | 165 127, 106, | 160,
160, | 330, 267, 160, 267, 131 165
165 125, 292 165 292,
330

Table 2b: The active site of proteins comprises of amino acid were predicted using Metapocket

Active Sites of Target Proteins with its Positions

S1 | Amino Acid
No 3JQ7 | 2XTB | INJ | 3RG | 3QF | 3MH | 30P | 30TX | 1IIH | 3ZF
J 9 X U D (0]
- 55, 61, | - 55, 48, 55, 42, 55, 33, -
199, 61, 52, 61, 44, 61, 81,
13 | Proline 282, 199, |91, 199, |45, 199, 27,
284, 282, 92,11 | 282, | 83 282, 267,
338, 284, |9 284, 292
127, 338
267,
- 57, 60, 57, 32, 284, | - 57, 57, -
68, 71, 60, 33, 338, 60, 60,
14 | Valine 98, 68, 195 127, 68, 68,
109, - 71, 267, 71, 71,
283, 98, 292 283,2 | 109,
240, 109, 40, 283,
283 125,2 | 240
78,
291,
329
- 59, 79, | - 125, |- - - 59, 59, -
15 | Tyrosine 95, 165 278, 79, 79,
291 95, 95,
165 165
50, 73, 77, 73, 50, 33, - 73, 73, 52,
234 203, , 717, 234 101, 717, 717, 60,

114



Radha Mahendran et al /International Journal of PharmTech Research, 2016,9(8),pp 110-118. 115

16 | Glutamine 82, 97, | 234 | 203, 104, 203, 203, , | 101
100, 285, 106, 285, 82, 50,
130, 288, 131 288, 97, 234
227 327 327 100,
130
30, 301 30, 294, | 57, - - 74 11, 30,
17 | Tyrpsin 168 168 | 302 166 33, 123,
62 235
85, 80, 55, | 80, 85, - 136, | 80, 80, 85,
93, 285, 98, |82, 93, 161, | 82, 285, |93,
18 | Lysine 123, | 288, 133 | 97, 123, 162, | 97, 288, | 168
235 | 327340 100, | 235 163 | 100, 32,
130, 130, 73,
227, 227, 40
340 340
55, 200,74 | 55, | 111, |55, - - 110, 155,
19 | Methionine | 90, 90, | 265 82 294, - 2
100, 100, 302 90,
105 305
55, 169, 85, 169, |38, - 34, | 169, - 133
20 | Phenylalani | 98, 110, 93, |200, |94, 56, | 200,
ne 133 | 294, 123, | 301 233 123, | 301
302 235 226

Table 3: Shows the 3 D structure of compound with its name and pubchem ID

W
\¥, ‘ W,
/\_\ TN\ f
| L |
\"H H = . \
Alpha Pinene P-cymene Beta Pinene Euglobal Betulonic Acid
CpID- 6654 CID: 7463 CID: 14896 CID: 10068739 CID: 9933683

Docking Analysis using Autodock vina PyRx;

The interactions between the ligands and the trypanosomal proteins were explored to check their
binding affinity using docking software Autodock vina PyRx. The docking results exhibited the interaction
between proteins (10) and plant compounds (5) Eucalyptus terticornis. The Interaction between all the 50
docking complexes were compared with each other based on their binding energy which in turn depends on the
interaction of hydrogen bond between protein and ligands. The binding energy obtained by interaction between
the ten trypanosomal proteins and the five plant compounds were compiled in the Table4.

By using Arguslab the docking results were compared to see which interaction yielded the best binding
energy, out of fifty dockings executed only two docking results exhibited the binding energy with its hydrogen
bond interaction as expected with the binding energy of < 12 shown in Table 5. The best docking interaction
were further analysed for finding their interaction. The best docking interaction between betulonic acid with
trypanothione reductase were shown in Figure 1, exhibiting a binding energy of -15.66 kcal/mol with hydrogen
bond interaction of 2.9. The next best docking interaction between Euglobal and Adenosine kinase were
shown in Figure 2 giving a binding energy of -12.24 kcal/mol with hydrogen bond interaction of <2.4.

On analyzing the docking result it was predicted that among 10 trypanosomal protein, two protein
(trypanothione reductase Adenosine kinase) play a mojor role in causing Humans trypanosomiasis. The protein
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trypanothione reductase play a mojor role in the process of Immunity and hypersensitivity of the human body'*
and the other protein, Adenosine kinase is the key player in purine salvage'®, Trypanosoma brucei when it
enters in the human body, first affect immune system where trypanothione reductase plays a mojor role’® and
later terminate the Nucleotide salvage by inhibiting the purine salvage where Adenosine kinase act as the main
enzyme’’. The two small molecules predicted by this study were Betulonic acid and Euglobal. Betulonic acid is
the the most potent derivative which act as antitrypanosomial agents* and another derivative euglobal also
exhibit good antitrypanosomial activity*' when compared with other three derivative.

Table 4: Docking result of ligand and receptor using Autodock vina PyRx

Ligand (kcal/mol)

Protein Betulonic Acid | Euglobal Beta pinene Alpha pinene P- Cymene
3JQ7 -7.698 -8.24 -8.313 -10.18 -8.6045
2XTB -9.544 -9.042 -10.31 -8.844 -8.386
INJJ -8.386 -7.24 -9.313 -10.18 -10.31
3RGY -8.313 NALP -8.6045 -10.41 -10.15
3QFX -15.66 -9.24 -9.10 -9.121 NALP
3MHU NALP -10.24 NALP -8.18 NALP
30PD -6.325 -6.589 NALP -9.122 -8.045
30TX -7.66 -12.24 -10.313 -10.3418 -10.604
11TH -7.38 -7.20 -9.114 -9.364 -8.857
3ZFO -10.12 -9.982 NALP -10.3418 NALP

Table 5: Best docking result of ligand and receptor using Arguslab

SINo Protein Ligand Binding Energy with H bond interaction
1 Trypanothione | Betulonic acid >
Reductase
2 Adenosine Euglobal
kinase
Pose 1: - 12_24 kcal/rmal
Conclusion:

The In silico docking results finally predicted the compounds that best fits with target proteins by
interacting to each other with higher affinity in the active site of the target protein. The two small active
molecules predicted by this study Betulonic acid and Euglobal exhibits strong inhibitory activity against
trypanosomal Proteins (Trypanothione Reductase & Adenosine kinase). Those two molecules can be further
tested in wet lab experiment for the designing and development of novel compounds having better inhibitory
activity against several type of trypanosomiasis.*” These potential drug candidates can be further be validated
in wet lab studies for its proper function.
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