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INTRODUCTION 
The increasing prevalence of infections caused by Mycoplasma 
species, particularly Mycoplasma pneumoniae M129B7, poses 
significant public health challenges, especially in vulnerable 
populations such as children and the elderly people (1, 2). These 
bacteria are involved for their minimalistic genomic architecture and 
lack of a cell wall, rendering them inherently resistant to a wide range 
of antibiotics that target cell wall synthesis. As a result, treatment 
options for Mycoplasma-associated infections have become limited, 
and the rise of multidrug-resistant strains necessitates critical research 
into novel therapeutic strategies. This highlights the importance of 
understanding the molecular mechanisms underlying Mycoplasma 
pathogenicity and drug resistance (3, 4, 5).

The rising prevalence of infections caused by Mycoplasma species, 
particularly Mycoplasma pneumoniae M129B7, presents considerable 
public health challenges, particularly among vulnerable groups such as 
children and the elderly people. 

The study of Rosetta stones, which are conserved gene sequences or 
structural patterns that provide insights into protein activities and 
evolutionary links, is a promising path for identifying new therapeutic 
targets (6, 7). Through the examination of these Rosetta stones, 
scientists are able to identify vital proteins and processes specific to 
Mycoplasma species, which could potentially be useful targets for 
therapeutic intervention (7). These conserved domains are excellent 
prospects for the development of targeted medications that could get 
around the established antibiotic resistance since they frequently serve 
as essential parts of bacterial metabolism, pathogenicity, or resistance 
processes (8, 9).

Understanding the proteome landscape of Mycoplasma pneumoniae is 
critical for drug discovery (10). By employing advanced 
bioinformatics techniques, including domain composition analysis 
and interactome mapping, researchers can identify genome-specific 
domains and elucidate their roles in pathogenicity. By using an 
integrative approach, it is possible to identify proteins that are both 
essential for the survival of bacteria and missing in human hosts. This 

reduces the possibility of off-target effects in therapeutic applications. 
These kinds of discoveries are essential for the logical development of 
new antimicrobials that are capable of successfully treating 
Mycoplasma infections (11, 12, 13).

In this study, we analyze the proteome of Mycoplasma pneumoniae 
M129B7 using a comparative genomics approach, focusing on 
identifying unique regions that could serve as potential therapeutic 
targets (14). To uncover critical chemical insights for drug design, we 
integrate Rosetta stone analysis with protein interaction networks (15). 
Additionally, we leverage databases such as ChEMBL to correlate 
identified domains with existing bioactive molecules (16). This 
approach facilitates the identification of potential therapeutic 
candidates, which can be further evaluated for their efficacy against 
Mycoplasma pathogens (17).

Significant discoveries regarding protein domain architecture have 
proven beneficial in drug design. Analysing the domain architecture 
content in proteomes has been used to identify unique domains for 
each bacterial species and understand the evolution of proteins with 
competence domains. Consequently, applying domain architecture in 
drug design has the potential to transform medicine by enabling the 
development of more targeted and effective treatments. This study 
utilizes a Python script to analyse the versatility and abundance of 
protein domains in selected pneumonia-causing bacteria proteomes, 
along with interactome analysis of proteins with highly abundant 
domains, to identify potential drug targets.

MATERIALS AND METHODS
Data retrieval and protein domain repertoire analysis
Mycoplasma pneumoniae M129B7 (MPM129B7) protein domain 
composition and batch search sequences are obtained from the NCBI 
protein database. In the context of domain composition analysis, the 
Pfam database-which houses a set of profile Hidden Markov Models 
(16712 in the Pfam 31.0 release) based on UniProt reference 
proteome-is used to do a batch search of pneumonia-causing bacteria, 
including MPM129B7. These were obtained from the relevant FTP 
site and used locally with the HMMER program (19) to automatically 
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screen a large range of bacterial protein sequences. The SMART 
database was used to cross-check and determines the domain 
architecture (20).

Scoring of Rosetta stone Events
The Rosetta stone occurrences, which included the domain tethering 
phenomena and domain frequency, were estimated (21). In-house 
Python software was used to calculate the domain tethering, flexibility, 
and abundance patterns (23). Canonical Correspondence Analysis 
(CCA) was used to analyze the comparative composition of the 
domains, and the Jaccard similarity index (24), which ranks domain 
composition, was used to cluster the domains. A bubble plot was 
generated based on the adaptability, abundance, and number of 
domains under proteome investigation.

Constructing protein interaction network and analysis
An exclusive protein domain network of protein interactions was 
retrieved from STRING-DB (https://stringdb.org/). The following 
parameters were used: high confidence (0.700), a comprehensive 
STRING network (edges indicating both functional and physical 
protein interactions) and experimentally validated results (25).

Identification of network hubs
The exclusive domains identified on the proteins that were abundant in 
domains bearing above the threshold value. To retrieve Mycoplasma 
pneumonia M129B7 protein interaction network exclusive domain 
searches were selected. Protein interaction network was visualized and 
analyzed by using Cytoscape version 3.3.0 (26). Dense network 
modules were identified using the MCODE algorithm, leveraging 
alternative methods such as adjusting node score cutoffs, k-core 
thresholds, and utilizing options like haircut and fluff to refine cluster 
detection (27). The network was further analyzed with CentiScaPe to 
pinpoint hub proteins critical to network stability (28). These hub 
proteins were then screened against the ChEMBL database to evaluate 
their potential as viable drug targets (29).

RESULT AND DISCUSSION
Analysis of domain Composition
The proteomes of Mycoplasma pneumoniae strain M129B7 
(MPM129B7) were analysed, comprising a total of 1,420 protein 
sequences. The domains present in these proteins were enumerated, 
and the domain tethering phenomenon was assessed using an in-house 
Python program. The domain arrangement was tabulated based on 
abundance and versatility (30).

The proteins exhibited varying levels of abundance, with occurrence 
frequencies ranging from 1 to as high as 300. A threshold was 
established based on the abundance levels, identifying a significant 
drop in frequency from the preceding domain. Domains above this 
threshold were selected for further analysis due to their higher 
abundance and versatility. The abundance and versatility scores, along 
with the functions of the identified high-abundance domains in the 
studied proteomes, are presented in Tables 1-2 and fig.1.

Table 1: Mycoplasma pneumoniae M129-B7 (domain abundance 
and versatility)

Table 2: showing Mycoplasma pneumoniae M129-B7 domain 
abundance frequency, versatility frequency and abundance index 
(31)

Volume - 14 | Issue - 12 | December - 2024 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar

Mycoplasma pneumoniae M129-B7
Domain abundance versatility
DUF16 54 0
ABC_tran 45 10
Lipoprotein_3 39 0
DUF31 29 1
Lipoprotein_10 23 1
DUF237 22 1
DUF240 22 0
Lipoprotein_X 22 0
MMR_HSR1 22 17
Peptidase_S7 22 0
Methylase_S 19 0
AAA 17 22
Adhesin_P1 17 1
FeoB_N 15 0
tRNA-synt_1g 15 5
BPD_transp_1 14 1
CytadhesinP1 13 0
DUF3713 10 0

S6PP 10 1
SRP54_N 10 2
tRNA-synt_2b 10 5

Sl 
no. 

Domai
n  
name

Doma
in 
abund
ance 
freque
ncy

Function of 
Domain

No. of 
protei
ns 
containin
g domain 
X

Ratio 
(Maj
ority 
theor
y)

ABI Dom
ain 
versa
tility 
frequ
ency

1 DUF16 54 Protein of 
unknown 
function DUF16

52 0.962
96

0.024
51

0

2 ABC_t
ran

45 ABC transporter 43 0.955
56

0.020
43

10

3 Lipopr
otein_3

39 Lipoprotein 39 1 0.017
7

0

4 DUF31 29 Putative 
peptidase 
(DUF31)

29 1 0.013
16

1

5 Lipopr
otein_1
0

23 Putative 
mycoplasma 
lipoprotein, C-
terminal region

23 1 0.010
44

1

6 DUF23
7

22 Domain of 
unknown 
function 
(DUF237), 

22 1 0.009
99

1

7 DUF24
0

22 Domain of 
unknown 
function 
(DUF240)

22 1 0.009
99

0

8 Lipopr
otein_
X

22 Mycoplasma 
MG185/MG260 
protein,

22 1 0.009
99

0

9 MMR_
HSR1

22 50S ribosome-
binding GTPase 

20 0.909
09

0.009
99

17

10 Peptida
se_S7

22 Peptidase S7, 
Flavivirus NS3 
serine protease,

22 1 0.009
99

0

11 Methyl
ase_S

19 Type I restriction 
modification 
DNA specificity 
domain

19 1 0.008
62

0

12 AAA 17 ATPase family 
associated with 
various cellular 
activities (AAA)

14 0.823
53

0.007
72

22

13 Adhesi
n_P1

17 Mycoplasma 
adhesin P1

17 1 0.007
72

1

14 FeoB_
N

15 Ferrous iron 
transport protein 
B

13 0.866
67

0.006
81

0

15 tRNA-
synt_1
g

15 tRNA synthetases 
class I (M)

9 0.6 0.006
81

5

16 BPD_tr
ansp_1

14 Binding-protein-
dependent 
transport system 
inner membrane 
component

14 1 0.006
35

1

17 Cytadh
esinP1

13 Trypsin-sensitive 
surface-exposed 
protein

11 0.846
15

0.005
9

0

18 DUF37
13

10 Protein of 
unknown 
function 
(DUF3713)

10 1 0.004
54

0

19 S6PP 10 Sucrose-6F-
phosphate 
phosphohydrolas
e 

8 0.8 0.004
54

1



The Abundance Index (ABI) was employed to quantify the overall 
abundance of each domain within the Mycoplasma pneumoniae 
M129B7 proteome. This index not only reflects the frequency of 
individual domains but also assists in identifying which domains may 
serve as promising targets for therapeutic intervention. The combined 
data on domain names, frequencies, functions, the number of domains 
containing domain X, their ratios, and ABI contribute to a 
comprehensive understanding of the proteomic landscape, 
emphasizing the domains that underpin the pathogenicity and survival 
strategies of Mycoplasma pneumoniae.

Fig.1 The Abundance Index Graph (ABI) showing high abundance 
domains and their abundance frequency in Mycoplasma pneumoniae 
M129-B7

Mycoplasma pneumoniae M129B7 proteins revealed significant 
variability in the presence of specific domains across the analyzed 
proteome. The graphical representation of protein abundance 
illustrated the distribution of domain frequencies fig.1, while most 
proteins were represented at lower frequencies. This pattern indicates 
that certain domains play a crucial role in the biological functions of 
Mycoplasma pneumoniae M129B7, likely contributing to its 
pathogenicity and survival. The abundance graph not only underscores 
the proteins that may serve as potential therapeutic targets due to their 
high prevalence but also emphasizes the diversity of functional roles 
these proteins fulfill within the organism. Overall, this analysis 
provides insights into the essential components of the Mycoplasma 
proteome and their implications for understanding its biology and 
developing targeted interventions. Domains such as DUF_16, 
ABC_tran, Lipoprotein_3, DUF_31, Lipoprotein _10, DUF_237, 
Lipoprotein _X, MMR_HSR1, AAA, Peptidase_S7, FeoB_N are the 
most abundant domains.

Fig.2 Bubble plot showing the high versatility domains of studied 
proteome (generated by SR plots)

The analysis of the Mycoplasma pneumoniae M129B7 proteome 
revealed a diverse array of domains, each exhibiting distinct frequency 
and functional roles. Among the Proteome AAA, MMR_HSR1, 
FeoB_N and ABC_tran are most of the domains with high frequency. 
Domain frequency indicating how many times a specific domain was 
present across the proteome. 

Furthermore, the number of domains containing a specific domain 
(referred to as domain X) was recorded, providing insights into the 
prevalence and potential interactions within the proteome. The ratio 
calculated for each domain represented the proportion of occurrences 
of domain X relative to the total number of domains analysed, allowing 
for a comparative assessment of its prominence. The exclusive 
domains of mycoplasma are given in figure.3

Fig.3 Past XY-graph showing exclusive domains of Mycoplasma 
pneumoniaeM129B7

Protein interaction network was visualized by using Cytoscape version 
3.3.0. The interactome analysis was done by MCODE; it reveals the 
specific high density network modules, specific network topology and 
shows the network density and complexity of proteins of an organism 
as shown in fig.3. Additionally, the proteins in the high-density 
network were examined for their parameters like betweeness centrality 
and degree shown in fig.4 their draggability were screened by using the 
ChEMBL database, which produced a number of proteins that are 
being studied as possible drug targets at different phases of drug 
development (31).

Fig.4 (a) the protein-protein interaction network of Mycoplasma 
pneumoniae M129B7, in which map node size was to betweeness 
centrality and map node to Degree. (b) Unique high-density network 
topology module

 INDIAN JOURNAL OF APPLIED RESEARCH 65

Volume - 14 | Issue - 12 | December - 2024 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar

20 SRP54
_N

10 SRP54-type 
protein, helical 
bundle domain

10 1 0.004
54

2

21 tRNA-
synt_2
b

10 tRNA synthetase 
class II core 
domain (G, H, P, 
S and T)

10 1 0.004
54

5



Fig.5 The list of druggable proteins showing high Betweeness 
centrality and degree 

The function of each domain was also assessed, highlighting its 
biological significance, such as involvement in metabolic processes, 
cell signalling, or interactions with host proteins. The functional 
annotation of domains which shows high Betweeness centrality and 
degree giving in table.3

Table.3 showing functional annotation of the possible drug targets 
of Mycoplasma pneumonia M129B7

The identified proteins as potential drug targets are ranges from 
different metabolic enzymes, kinases to transport proteins, according 
to ChEMBEL database these are at various stages of target drug 
development. The present work describes the Python script and the 
analysis pipeline designed is novel and can be applied to any genome. 
Also, python script compares multiple genomes before reporting 
genome exclusive and common domains

CONCLUSION
This study highlights the significant role of protein domains in the 
pathogenicity and survival of Mycoplasma pneumoniae. Through a 
comprehensive analysis of domain composition, frequency, and 
functional relevance, we identified key domains that not only 
contribute to essential biological processes but also present potential 
targets for therapeutic intervention. The findings underscore the 
importance of understanding the proteomic landscape of Mycoplasma 
pneumoniae, particularly in the context of rising antibiotic resistance. 
By leveraging advanced bioinformatics tools and methodologies, our 
research paves the way for the development of novel antimicrobial 
strategies that could effectively combat infections caused by this 
elusive pathogen. Future investigations should focus on validating 
these domains as therapeutic targets and exploring their interactions 
within the broader microbial ecosystem, thereby contributing to a 
more profound understanding of Mycoplasma biology and its 
implications for public health.
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Prot
ein

Function Description

rplB 50S 
ribosomal 
protein L2 

One of the primary rRNA binding proteins. 
Required for association of the 30S and 50S 
subunits to form the 70S ribosome, for tRNA 
binding and peptide bond formation. It has been 
suggested to have peptidyltransferase activity; 
this is somewhat controversial. Makes several 
contacts with the 16S rRNA in the 70S ribosome

ffh Signal 
recognition 
particle 
protein

Involved in targeting and insertion of nascent 
membrane proteins into the cytoplasmic 
membrane. Binds to the hydrophobic signal 
sequence of the ribosome-nascent chain (RNC) 
as it emerges from the ribosomes. The SRP-
RNC complex is then targeted to the 
cytoplasmic membrane where it interacts with 
the SRP receptor FtsY

infB Translation 
initiation 
factor IF-2

One of the essential components for the 
initiation of protein synthesis. Protects 
formylmethionyl-tRNA from spontaneous 
hydrolysis and promotes its binding to the 30S 
ribosomal subunits. Also involved in the 
hydrolysis of GTP during the formation of the 
70S ribosomal complex (By similarity)

sec
Y

Protein 
translocase 
subunit 
SecY 

The central subunit of the protein translocation 
channel SecYEG. Consists of two halves formed 
by TMs 1-5 and 6-10. These two domains form 
a lateral gate at the front which open onto the 
bilayer between TMs 2 and 7, and are clamped 
together by SecE at the back. The channel is 
closed by both a pore ring composed of 
hydrophobic SecY resides and a short helix 
(helix 2A) on the extracellular side of the 
membrane which forms a plug. The plug 
probably moves laterally to allow the channel to 
open. The ring and the pore may move 
independently.

rplV 50S 
ribosomal 
protein L22

This protein binds specifically to 23S rRNA; its 
binding is stimulated by other ribosomal 
proteins, e.g. L4, L17, and L20. It is important 
during the early stages of 50S assembly. It 
makes multiple contacts with different domains 
of the 23S rRNA in the assembled 50S subunit 
and ribosome (By similarity).

cysS Cysteine--
tRNA ligase 

Catalytic Activity ATP + L-cysteine + 
tRNA(Cys) = AMP + diphosphate + L-cysteinyl-
tRNA(Cys)

gltX Glutamate--
tRNA ligase

Catalyzes the attachment of glutamate to tRNA 
(Glu) in a two-step reaction: glutamate is first 
activated by ATP to form Glu-AMP and then 
transferred to the acceptor end of tRNA(Glu).

ftsY Signal 
recognition 
particle 
receptor 
FtsY

Involved in targeting and insertion of nascent 
membrane proteins into the cytoplasmic 
membrane. Acts as a receptor for the complex 
formed by the signal recognition particle (SRP) 
and the ribosome-nascent chain (RNC).

leuS Leucine--
tRNA ligase

Catalytic Activity ATP + L-leucine + tRNA(Leu) 
= AMP + diphosphate + L-leucyl-tRNA(Leu)

rplD 50S 
ribosomal 
protein L4

One of the primary rRNA binding proteins, this 
protein initially binds near the 5'-end of the 23S 
rRNA. It is important during the early stages of 
50S assembly. It makes multiple contacts with 
different domains of the 23S rRNA in the 
assembled 50S subunit and ribosome.

rpsC 30S 
ribosomal 
protein S3

Binds the lower part of the 30S subunit head. 
Binds mRNA in the 70S ribosome, positioning it 
for translation.
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