®

Check for
updates

Establishing Novel Drug Leads For Bubonic Plague Using In-
Silico Approach

Pratik Dherange’, Shraddha Lavhale, Preenon Bagchi
Institute of Biosciences and Technology, MGM University, Chht.
Sambhajinagar, India

pratikdherange9l@gmail.com

Abstract. Bubonic plague is an infection spread mostly to humans by infected
fleas that feed on rodents which is also known as ‘Black death’. It killed millions
of Europeans during the middles ages. Bubonic Plague is an infectious disease
caused by a specific type of bacterium called Yersinia pestis. Which is also know
as Y.pestis can affect humans spread mainly by fleas. Prevention doesn’t include
a vaccine, but does involve reducing your exposure to mice, rats, squirrels and
other animals that may be infected. The deaths exceeded 25 million people during
the middle ages. The plague is rare now. Only a few thousand people around the
world get it each year most of the cases are in Africa, India.

The FASTA sequence of the genes-receptors of the above disease were retrieved
from Genbank database. Next, we modelled the 3D structure of the FASTA
protein sequence using modeller. The best model was selected using
Ramachandran plot. Phytocompounds from medicinal plants is considered
Emblica Officinalis, Terminalia Chebula, Terminalia Bellirica, Asphaltum
Punjabianum, Azadirachta Indica as considered as novel drug leads is retrieved
from PUBCHEM database. The phytocompounds are checked for drug-like
properties using molinspiration software. The compounds having no violations
was considered for further docking studies.

Thannilignan, Ellagic acid, Quercetin, Termilignan docks best with both the
receptors. Hence these phytocompounds can be used as ligands for the Bubonic
Plague.

Keywords: Bubonic Plague, Yersinia pestis, Bioinformatics, Docking,
Phytocompound.

1 Introduction

Bubonic plague is an infection spread mostly to and by humans by infected fleas which travel on
rodents. These rodents are also known as ‘black death’ since they killed millions of Europeans
[1]. This infectious disease is caused by Yersinia pestis [2] (Fig. 1). This plague is rare now but
each year most of the cases are reported in India [3].
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How the Bubonic Plague Was Transmitted

Fig. 1: Bubonic plague transmission (reproduced from https://www.nextgurukul.in/questions-
answers-forum/question/academic/bubonic-plague/29980)

Genes involved

1. T3SS:

Type 3 Secretion Systems (T3SSS) are complex bacterial structures, that enables some bacteria
to directly inject effector proteins into host cells, facilitating colonization [4]. Yersinia pestis, the
causative agent of plague, possesses a number of virulence mechanisms that allows it to survive
and proliferate during its interaction with the host. Yersinia pestis, the etiologic agent of plague,
causes a variety of serious diseases in humans and animals. The clinical syndromes in humans
include bubonic, pneumonic, and septicemic plague[5].

2. RovA:

The pathogenic species of yersinia contain the transcriptional regulator RovA[6]. RovA regulates
expression of the invasion factor invasin (inv), which mediates translocation across the intestinal
epithelium[7].

research to any language, breaking down language barriers and enabling more effective
collaboration.

Materials and Methodology

The FASTA sequence of the T3SSA and ROVA gene receptor was retrieved from Genbank. Their 3d
structure was modeled using modelled using modeler[8]. The phytocompounds of the plants Emblica
officinalis, Terminalia chebula, Terminalia bellirica, Asphaltum punjabianum and Azadirachta indica
were selected and their SMILES were retrieved from PubChem database. The selected compounds were
docked using the best receptor model.

3. Results

The receptors’ amino acid sequence were retrieved from Genbank and their homologous
templates selected using BLAST & download from RCSB PDB (Table 1).

Table 1: Receptors” Genbank Accession number with their homologous templates.

Gene Genbank Accession number Homologous templates
RovA OW971834.1 SAOXF
T3SS Q7AR18.1 6NJOA

20BLA

4NPHA
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The receptors’ 3d structures were modeled using Modeller. Modeller generated 5 models (Table 2). The

models were verified using VADAR Ramachandran Plot server [9] (Fig. 2).

Table 2(a): Ramachandran plot analysis of RovA

# res in|# res in|# res in|# res in
phipsi core | phipsi phipsi phipsi
allowed generous outside
T3SS.B99990001 | 421 (95%) | 16 (3%) 2 (0%) 0 (0%) Selected
T3SS.B99990002 | 415 (94%) | 17 ( 3%) 4 ( 0%) 3 (0%)
T3SS.B99990003 | 423 (96%) | 11 (2%) 4 (0%) 1 (0%)
T3SS.B99990004 | 418 (95%) | 19 (4%) 2 (0%) 0 (0%)
T3SS.B99990005 | 414 (94%) | 22 (5%) 2 (0%) 1 (0%)
Table 2(b): Ramachandran plot analysis of T3SS
TEMPLATE # res in|# res in|# res in|# res in
phipsi core | phipsi phipsi phipsi
allowed generous outside
ROVA.B99990001 | 356 (52%) | 187 (27%) | 81 (11%) 58 (8%)
ROVA.B9999000 | 432 (63%) | 144 (21%) |49 (7%) 57 (8%)
ROVA.B99990003 | 325 (7%) | 170 (24%) | 94 (13%) 93 (13%)
ROVA.B99990004 | 349 (51%) | 166 (24%) | 86 (12%) 81 (11%)
ROVA.B99990005 | 405 (59%) | 158 (23%) | 68 (9%) 51 (7%) selected
: : *‘ D

RovA
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Fig. 2: Ramachandran Plot of RovA & T3SS

PLANT : EMBLICA OFFICINALIS

PHYTOCOMPOU

D

ASCORBIC ACID | C([C@@H]([C@@H]1C(=C(C(=0)01)0)0)0)0O

ELLAGIC ACID | C1=C2C3=C(C(=C10)0)OC(=0)C4=CC(=C(C(=C43)0C2=0)0)0

RUTIN C[CeH]l[C@@H]([Ce@H]([C@H]([C@@H](O1)OC[C@@H]2[C@H]([C@@H]([
C@H]([C@@H](02)0C3=C(OC4=CC(=CC(=C4C3=0)0)0)C5=CC(=C(C=C5)0)0)
0)0)0)0)0)0

QUERCETIN C1=CC(=C(C=C1C2=C(C(=0)C3=C(C=C(C=C302)0)0)0)0)0

CATECHOL C1=CC=C(C(=C1)0)O

Plant: TERMINALIA CHEBULA

Phytocompound | SMILES

CHEBULIC C1=C2C(=C(C(=C10)0)0)[C@@H]([C@H](0C2=0)C(=0)0)[C@H](CC(=0)O)C(=0)O
ACID

GALLIC ACID | C1=C(C=C(C(=C10)0)0)C(=0)O

ELLAGIC C1=C2C3=C(C(=C10)0)OC(=0)C4=CC(=C(C(=C43)0C2=0)0)0

ACID

EUGENOL COCI1=C(C=CC(=C1)CC=0C)0O

METHYL COC(=0)C1=CC(=C(C(=C1)0)0)0O

GALLATE

PLANT : TERMINALIA BELLIRICA

PHYTOCOMPOUND | SMILES

TERMILIGNAN

COC1=CC(=C(C=C1)CC(=C)C(=C)CC2=CC=C(C=C2)0)0

THANNILIGNAN COC1=CC(=C(C=C1)CC(CO)(C(=C)CC2=CC=C(C=C2)0)0)O

ELLAGIC ACID

C1=C2C3=C(C(=C10)0)OC(=0)C4=CC(=C(C(=C43)0C2=0)0)0

CHEBULIC ACID C1=C2C(=C(C(=C10)0)0)[C@@H]([C@H](0C2=0)C(=0)0)[C@H](CC

(=0)0)C(=0)0

PLANT : ASPHALTUM PUNJABIANUM

PHYTOCOMPOUND

FLAVAN

CICC2=CC=CC=C20C1C3=CC=CC=C3
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ISOFLAVONE C1=CC=C(C=C1)C2=COC3=CC=CC=C3C2=0
QUERCETIN C1=CC(=C(C=C1C2=C(C(=0)C3=C(C=C(C=C302)0)0)0)0)0O
MYRICETIN C1=C(C=C(C(=C10)0)0)C2=C(C(=0)C3=C(C=C(C=C302)0)0)0

PLANT : AZADIRACHTA INDICA

PHYTOCOMPOUND

LIMONOIC ACID CI[C@]1(CC[C@HR[C@]([C@@]13[C@H](03)C(=0)0)(C(=0)C[C@@H4[C
@@12([C@@H](0C4(C)C)CC(=0)0)CO)C)[C@H](C5=COC=C5)0

GLYCERIDES CCCCCCCCCCCCCCCCCC(=0)0C(CO)COC(=0)CCCCCCCCCCCCCCC

BETA- SITOSTENOL | CC[C@H](CC[C@@H](C)[C@H]ICC[C@@H2[C@@]1(CC[C@H3[C@H]2
CC=C4[C@@]3(CC[C@@H](C4)0)C)C)C(C)C

QUERCETIN C1=CC(=C(C=C1C2=C(C(=0)C3=C(C=C(C=C302)0)0)0)0)O

Table 3: SMILES notation of the phytocompounds

Further, the phytocompounds of the plants Emblica officinalis, Terminalia chebula, Terminalia
bellirica, Asphaltum punjabianum and Azadirachta indica were selected and their SMILES were
retrieved from PubChem (Table 3).

Using molinspiration the drug-likeliness of the above compounds were ascertained (Table 4).

Phytocompoun | miLog | TPS |nato | MW | nON | nOH | nrot | volu | Nviolatio
d P A ms NH |b me ns
ASCORBIC -1.40 | 107.2 |12 176.1 | 6 4 2 139.7 |0
ACID 2 2 1
ELLAGIC 0.94 141.3 | 22 302.1 | 8 4 0 221.7 |0
ACID 3 9 8
RUTIN -1.06 | 269.4 | 43 610.5 |16 |10 6 496.0 |3
3 2 7
QUERCETIN | 1.68 1313 | 22 3022 |7 5 1 240.0 |0
5 4 8
CATECHOL 0.99 40.46 | 8 110.1 | 2 2 0 100.0 | 0
1 8



https://www.molinspiration.com/services/logp.html
https://www.molinspiration.com/services/logp.html
https://www.molinspiration.com/services/psa.html
https://www.molinspiration.com/services/psa.html
https://www.molinspiration.com/services/volume.html
https://www.molinspiration.com/services/volume.html
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CHEBULIC -1.14 | 1988 | 25 3562 |11 |6 5 2735 |2
ACID 9 4 1

GALLIC ACID | 0.59 [97.98 | 12 170.1 |5 |4 1 135.1 |0
2 0

ELLAGIC 094 | 141322 30218 |4 0 2217 |0
ACID 3 9 8

EUGENOL 2.10 [29.46 |12 164.2 | 2 1 3 162.1 |0
0 4

METHYL 0.85 [86.99 |13 18415 |3 2 1526 |0
GALLATE 5 3

TERMILIGNA | 4.58 |49.69 | 22 29633 |2 6 286.1 |0
N 7 0

THANNILIGN |2.79 [90.15 | 24 33035 |4 7 307.7 |0
AN 8 1

ELLAGIC 094 | 141322 30218 |4 0 2217 |0
ACID 3 9 8

CHEBULIC -1.14 [ 1988 | 25 3562 |11 |6 5 2735 |2
ACID 9 4 1

FLAVAN 409 923 |16 21021 |0 1 2040 |0
8 3

ISOFLAVONE | 3.54 [30.21]17 222212 |0 1 200.0 |0
4 0

QUERCETIN | 1.68 |131.3]22 30227 |5 1 240.0 |0
5 4 8

MYRICETIN | 139 |[151.5]23 31828 |6 1 248.1 |1
8 4 0

LIMONOIC 0.48 |167.0 |36 5065 |10 |4 6 446.1 |1
ACID 3 5 4

GLYCERIDES | 10.05 | 72.84 | 42 596.9 | 5 1 36 | 6642 |2
8 0
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BETA- 8.62 20.23 | 30 414.7 | 1 1 6 456.5 |1

SITOSTENOL 2 2

QUERCETINS | 1.68 1313 | 22 302.2 | 7 5 1 2400 |0
5 4 8

Table 4: ADME properties of phytocompounds using molinspiration

The compounds having nviolations 0 are selected and docked with the selected receptors [10]
from Table 2 (Table 5, Fig. 3).

Phyto-componds Docking score No .of interactions Docking yes/no
ASCORBIC ACID -13.39kcalL/MOL 53 YES
CATECHOL -0.61kcal/mol 38 YES
ELLAGIC ACID -0.06K cal/mol 81 YES
EUGENOL -0.01Kcal/mol 39 YES
FLAVAN -0.06kcal/mol 54 YES
GALLIC ACID -0.82Kcal/mol 56 YES
ISOFLAVONE -0.13Kcal/mol 50 YES
METHYL -1.15Kcal/mol 59 YES
GALLATE

QUERCETIN -0.28Kcal/mol 80 YES
TERMILIGNAN +0.39Kcal/mol 79 YES
THANNILIGNAN +0.19Kcal/mol 90 YES

Table 5(a): Docking analysis of T3SS
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ASCORBIC ACID DOCKING ASCORBIC ACID DOCKING
INTERACTING AMINO ACIDS

CATECHOL ACID DOCKING CATECHOL ACID DOCKING
INTERACTING AMINO ACIDS
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GALLIC ACID DOCKING

GALLIC ACID DOCKING
INTERACTING AMINO ACIDS

ISOFLAVONE ACID DOCKING

ISOFLAVONE  ACID  DOCKING
INTERACTING AMINO ACIDS
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[ e ——c -

THANNILIGNAN ACID DOCKING

THANNILIGNAN DOCKING
INTERACTING AMINO ACIDS

Fig. 3(a): Docking results of T3SS.

Table 5(b): Docking analysis of ROVA

Phyto-componds Docking score No .of interactions Docking yes/no
ASCORBIC ACID -2.83kcal/mol 32 YES
CATECHOL -4.89kcal/mol 22 YES

135
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ELLAGIC ACID -2.13kcal./mol 62 YES
EUGENOL -5.74kcal/mol 24 YES
FLAVAN -7.16kcal/mol 33 YES
GALLIC ACID -4.87kcal/mol 26 YES
ISOFLAVONE -7.14kcal/mol 38 YES
METHYL -4.63kcal/mol 29 YES
GALLATE

QUERCETIN -4.32 kcal/mol 70 YES
TERMILIGNAN -6.23 kcal/mol 57 YES
THANNILIGNAN -5.90 kcal/mol 69 YES
ASCORBIC ACID DOCKING ASCORBIC ACID DOCKING

INTERACTING AMINO ACIDS
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EUGENOL ACID DOCKING

EUGENOL ACID DOCKING
INTERACTING AMINO ACIDS
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THANNILIGNAN ACID DOCKING THANNILIGNAN ACID DOCKING

INTERACTING AMINO ACIDS

Fig. 3(b): Docking results of RovA

5. Discussion

As per the results it is seen that T3SS docks with thannilignan with a docking score of
+0.19kcal/mol with 90 interaction and ROV A docks with thannilignan with a docking score -5.90
kcal/mol with 69 interaction.

T3SS docks with Ellagic acid with a docking score of -0.06 kcal/mol with 81 interaction and
ROVA docks with Ellagic acid with a docking score -2.13 kcal/mol with 62 interaction.

T3SS docks with quercetin with a docking score of -0.28 kcal/mol with 80 interaction and ROVA
docks with quercetin with a docking score -4.32 kcal/mol with 70 interaction.

T3SS docks with termilignan with a docking score of -0.39 kcal/mol with 79 interaction and
ROVA docks with termilignan with a docking score -6.23 kcal/mol with 57 interaction.

6. Conclusion

As per the results it is seen that Thannilignan, Ellagic acid, Quercetin Termilignan . T3SS docks
with quercetin with docking score of -0.28kcal/mol with 80 interactions.ROVA docks with
qurecitin with docking score -4.32kcal/mol with 70 interaction.

T3SS docks with termilignan with docking score -0.39kcal/mol with 79 interactions. ROVA
docks with termilignan with docking score -6.23kcal/molwith 57 interactions.

Hence these phytocompounds can be used as ligands for the Bubonic Plague
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