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Abstract. Buruli ulcer is caused primarily by Mycobacterium ulcerans. Due to
its high association with the Buruli ulcer, Mycobacterium ulcerans microbiota
were used in the study. This microbiota taxon and functional profile have been
identified thanks to advances in Metatranscriptomic Sequencing. Then there are
several genes associated with the disease that are identified and used for the further
docking study. There are many Ayurvedic medicinal plants, such as Jatropha
curcas L., Aloe vera (L.) Burm. f., and Capsicum annum L., that are used for
medicine.
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1 Introduction

The environmental pathogen Mycobacterium ulcerans primarily causes buruli ulcers,
which are infections of the subcutaneous fat. The Buruli ulcer clinical lesion typically
begins as a lump that later develops into an ulcer with recognizable undermined mar-
gins. Mycolactone, a toxin produced by Mycobacterium ulcerans, has cytotoxic and
immunosuppressive effects that cause necrosis and ulceration. Some individuals expe-
rience joint lesions as well as bone (osteomyelitis) lesions. Buruli ulcer is the third
most prevalent Mycobacterial infection in humans, after leprosy and tuberculosis. The
nodular, plaque, and oedematous forms of Buruli ulcer have more challenging clinical
diagnoses, despite the ulcerative form’s simple clinical diagnosis [1]. Mycobacterium
ulcerans has been studied in some depth with regard to its dissemination, but it is still
unclear exactly how this bacteria spreads, which makes it difficult to regulate.Mycobac-
terium ulcerans is regarded as an environmental pathogen because it is connected to
lentic environments and rarely spreads from person to person. However, a number of
mammals and invertebrates also carry the virus, and these animals may act as impor-
tant reservoirs and mechanical vectors, respectively [2]. The diagnosis of Buruli ulcer
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is typically relied on clinical factors and infrequently verified. Ziehl-Neelsen staining is
thought to be 40–80% sensitive, histopathology and PCR is over 90% sensitive whereas
culture method is 20–60% sensitive. The quickest and most accurate diagnosis tool is
PCR, but implementing it in the field is technically challenging. The Buruli ulcer disease
burden includes high costs, major surgery, protracted hospital stays, and emergence of
disabling consequences. Early detection and rapid treatment of Buruli ulcer is the best
way to reduce morbidity and costs of the disease. Early detection and treatment will
not decrease transmission, as human-to-human transmission is very rare. Inexpensive
prevention strategies such as wearing protective clothing and immediate cleansing of
traumatic skin injuries might also help [1].

Metatranscriptomic analysis using Galaxy
The non-Sanger-based sequencing technology known as next-generation sequencing
(NGS) is an improved variant that enables us. Galaxy is a web-based, open source
platform for cutting-edge computational biomedical research [3]. Metagenomics’ tran-
scriptomics dataset provides valuable information regarding the entire gene utterance
profiling of a complexmicrobial ecosystem component.While metatranscriptomics pro-
vides the variety of the active genes within such a community, their expression profile,
and how these levels alter as a result of changes in environmental conditions, metage-
nomic studies primarily focus on the genomic content and recognition of microbes
nearby within a community. Metatranscriptomics is a viable method for searching the
eukaryotic gene pool for genes with biotechnological significance because it relies on
the use of mRNA isolated from environmental samples [4].

Computer aided drug design
Drug design refers to the entire process of developing a new compound or medicinal
molecule. Here, the molecular structure is constructed, displayed, simulated, and exam-
ined using a structure-based drug development technique. with the help of the SWISS-
MODEL tool [5] for modelling the proteins responsible for Buruli ulcer disease. Then,
ADME drug analysis is performed to determine the toxicity of the drug, followed by
molecular docking to determine the interaction between the ligand and receptor [6, 7].

2 Materials and Method

Mycobacterium ulcerans fastq sequences SRR16611551.1.1 and SRR16611551.1.2
obtained from the SRA database FASTQC [8] confirmed the sequence’s quality
score.MultiQC [9] is used to combine the reports of FastaQC. Sequences were trimmed
using cutadapt.
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TheSortMeRNA tool [10–14] is then used for local sequence alignment and sequence
mapping and clustering.Next, using the FASTQ INTERLACE tool [15], we paired end-
to-end FASTQ reads from two different segregated files.

MetaPhlAn [16] profilesmicrobial communities (Bacteria,Archaea, andEukaryotes)
in our research microbiota.

Krona tool [17, 18] was used to show themicrobial communities in the diagrammatic
image. Further, theHUMAnN[19] pipelinewasused to efficiently identify the abundance
of microbial pathways in our microbiota.

Next, our disease genes were identified, and their 3D structure was obtained using
SWISS-MODEL [5].

The properties and actions of phytocompounds are identified, and their structures
are downloaded.

Using molinspiration software [20], used for the identification of the chemical
properties of phytocompounds.

Further, docking was performed using patchdock [22, 23].

3 Results and Discussion

Metagenome, having Accession number SRR16611551, for Mycobacterium ulcerans
was downloaded from SRA Database.

We proceed with trimming the sequence because of the poor sequence quality, as
indicated by the results of FASTQC and MultiQC’s per-base sequence quality tests.

CUTADAPT tool [24] is used for trimming. It detects and removes from our data any
adaptor sequences, primers, poly-A tails, and other sorts of undesirable sequence. When
it locates the adapter, it looks through all reads and removes it. In addition, the sequence
quality of the output from the cutadapt is examined using FASTQC and MultiQC, and
it is discovered to be within the acceptable range.

SortMeRNA tool removes any reads identified as rRNA from our sequence. Taxo-
nomic profiling [25] was obtain from the using MetaPhlAn tool (Table 1). The output is
visualized using Krona (Fig. 1).

Fig. 1. Visualization of Taxonomic profile in Krona
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We next go on to functional knowledge about our microbiome after taxonomy gen-
eration. Functional information of this microbiome community [24] was obtain from the
using HUMAnN pipeline (Table 2).

Table 2. Functional information of microbiome

(continued)
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Table 2. (continued)

(continued)
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Table 2. (continued)

(continued)
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Table 2. (continued)

Table 3. Protein with its NCBI Accession number

Sl. no. Protein Name NCBI Accession
Number

Homologous Template

1. SDR family
oxidoreductase
[Mycobacterium
ulcerans]

WP_156091109.1 2cfc.1.A 2-(R)-hydroxypropyl-com
dehydrogenase

Structure based drug designing for Mycobacterium ulcerans
Since, Buruli ulcer is a bacterial disease, we further go ahead towards designing novel
drug for the disease. From NCBI, we retrieve reads of Whole Genome Sequencing of
Mycobacterium ulcerans and run BLASTx (Translate nucleotide to Protein). Select the
first proteins’ accession number in description ofBLAST result.Obtain FASTAsequence
of the protein and enter it in SWISS-MODEL search box and execute Build model.

Homology Modeling
SWISS-MODEL server is used to model the homology of the above mentioned receptor.
The receptormodel is shown, alongwith the associated ramachandranplot data. Template
used for modeling is given in Table 3 (Fig. 2) [21].
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Fig. 2. Swiss-model generated receptor model with its ramachandran plot

Table 4. ADME results of Phytocompounds used to treat Buruli ulcer

Sl
no.

Phytocompound miLogP TPSA natoms Mol wt. nON nOHNH nrotb Volume nviolations

1 1-Docosanol 9.17 20.23 23 326.61 1 1 20 390.05 1

2 1-Triacontanol 9.98 20.23 31 438.82 1 1 28 524.47 1

3 Anthraquinone 3.67 34.14 16 208.22 2 0 0 182.58 0

4 Apigenin 2.46 90.89 20 270.24 5 3 1 224.05 0

5 Capsaicinoids 3. 10 58.56 22 305.42 4 2 9 310.37 0

6 Capsorubin 8.46 74. 60 44 600.88 4 2 12 624.19 2

7 Chromone 1.82 30.21 11 146.15 2 0 0 128.59 0

8 Conessine 4.79 6.48 26 356. 60 2 0 1 379. 40 0

9 Coumarins 3.03 67.51 23 308.33 4 1 4 277.19 0

10 Cryptoxanthin 9.64 20.23 41 552.89 1 1 10 600.01 2

11 Holadysamine 4.41 32.26 24 329.53 2 2 2 345.52 0

12 Holarrhenine 3.87 26. 70 27 372. 60 3 1 1 387.45 0

13 Kurchamine 4.07 38.05 24 330.56 2 3 2 355.01 0

14 Lignin -1.19 188.45 31 463.45 11 2 5 347.93 1

15 Lutein 9.31 40.46 42 568.89 2 2 10 608.08 2

16 Progesterone 3.81 34.14 23 314.47 2 0 1 319.07 0

17 Salicylic acid 1.87 57.53 10 138.12 3 2 1 119.06 0

18 Sapogenins 7. 50 18.47 29 400.65 2 0 0 417.55 1

19 Saponins 0. 10 388.05 79 1131.27 24 13 16 1016.89 3

20 Sitosterol 8.62 20.23 30 414.72 1 1 6 456.52 1

21 Stearic acid 8.07 37. 30 20 284.48 2 1 16 325.03 1

22 Stigmasterol 7.87 20.23 30 412. 70 1 1 5 450.33 1

Ayurvedic Medicinal plants such as Pupalia lappacea, Holarrhena floribunda, Aloe
vera (L.) Burm. f., Jatropha curcas L., Capsicum annum L. are traditionally apply to
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Table 5. Docking of 2cfc.1.A 2-(R)-hydroxypropyl-com dehydrogenase gene receptor

Protein  Plant name  Phytocompo
unds

Interacting
Amino 
acids

No. of 
interac
tions  

Dockin
g Score  

(-
Kcal/m

ol)

Docking 

2cfc.1.A 2-(R)-

hydroxypropyl-

com 

dehydrogenase 

Aloe vera (L.) 
Burm. f. 

Anthraquinon

e 

MET-184 1 -4022 

2cfc.1.A 2-(R)-

hydroxypropyl-

com 

dehydrogenase  

Jatropha curcas 
L.

Apigenin TYR-157, 

MET-164, 

ILE-180 

3 -4334 

2cfc.1.A 2-(R)-

hydroxypropyl-

com 

dehydrogenase 

Capsicum
annum L. 

Capsaicinoids ALA-84, 

GLY-178 

2 -5742 

2cfc.1.A 2-(R)-

hydroxypropyl-

com 

dehydrogenase 

Aloe vera (L.) 
Burm. f. 

Chromone TYR-147, 

THR-133, 

SER-134 

3 -3126 

2cfc.1.A 2-(R)-

hydroxypropyl-

com 

dehydrogenase  

Holarrhena
floribunda 

Conessine - - - - 

2cfc.1.A 2-(R)-

hydroxypropyl-

com 

dehydrogenase  

Pupalia 
lappacea 

Coumarins ARG-188 1 -4662

(continued)
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Table 5. (continued)

2cfc.1.A 2-(R)-

hydroxypropyl-

com 

dehydrogenase  

Holarrhena
floribunda 

Holadysamin

e 

LYS-151 1 -5096 

2cfc.1.A 2-(R)-

hydroxypropyl-

com 

dehydrogenase 

Holarrhena
floribunda 

Holarrhenine TYR-147 1 -5572 

2cfc.1.A 2-(R)-

hydroxypropyl-

com 

dehydrogenase  

Holarrhena
floribunda 

Kurchamine - - - - 

2cfc.1.A 2-(R)-

hydroxypropyl-

com 

dehydrogenase 

Holarrhena
floribunda 

Progesterone ALA-84 1 -5434  

2cfc.1.A 2-(R)-

hydroxypropyl-

com 

dehydrogenase 

Aloe vera (L.) 
Burm. f. 

Salicylic acid TYR-147 1 -2826 

treatment of disease and inflammation, ecrosis ablation, wound curing, and exorcism.
The potency of their phytocompounds in treating Buruli ulcer is studied here.

According to Lipinski’s rule of ADME, we check the drug likeness of the above
phytocompounds (Table 4).

It is seen that phytocompounds 1-Docosanol, 1-Triacontanol, Lignin, Sapogenins,
Sitosterol, Stearic acid, Stigmasterol, Vitexin have 1 violations each and Zeaxanthin,
Lutein, Cryptoxanthin, Capsorubin have 2 violations each and Saponins has 3 violations
and Tannins has 4 violations number, so according to Lipinski’s rule and it now can not
be considered as ligands for the disease.

Molecular Docking
Next docking is performed in Table 5.
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As per docking studies it is seen that phytocompounds Apigenin, Chromone, and
Capsaicinoids from Jatropha curcas L., Aloe vera (L.) Burm. f., and Capsicum annum
L. respectively have good interactions with the Buruli ulcer gene receptors.

4 Conclusion

RNA sequence inMycobacterium ulceransmicrobiomewas analyzed byMetatranscrip-
tomics by using Galaxy Australia tool. This tool identifies the quality of the sequence
in bacteria and also helps in generation of functional taxonomy pathway. Taxonomic
profiling was done using MetaPhlAn tool. The output is Visualized using Krona. The
output as phylogenetic tree was observed. It depicts that Mycobacteriaceae, a family of
Mycobacterium has evolutionary connection withMycobacterium ulcerans. To analyze
the action of proteins on homology modeling docking studies was carried out to find
novel ligands against Buruli ulcer. Again, as per docking studies and ADME analysis
it is seen that phytocompounds Apigenin, Chromone, and Capsaicinoids from Jatropha
curcas L., Aloe vera (L.) Burm. f., and Capsicum annum L. respectively have good inter-
actions with the Buruli ulcer gene receptors. They work as a possible ligands for the
receptors of Buruli ulcer, and the ADME analysis and docking studies prove that this
ligand shows a potent impact against the disease. For this reason, we are investigating
the above phytocompounds in vitro and in vivo to determine their potential impact on
the Buruli ulcer.
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