International Journal of Advanced Research in 1SSN: 2349-2819

Engineering Technology & Science Impact Factor: 7.10
( Peer-Reviewed, Open Access, Fully Refereed International Journal)
Email: editor@jijarets.org Volume-12 Issue-4 April-2025 www.ijarets.org

Subtractive genomics analysis for the identification and
characterisation of drug targets in Staphylococcus aureus
causing sepsis

Priya Giri

Masters in biotechnology student, Amity University

Abstract:

Staphylococcus aureus is a major etiological agent of sepsis, a life-threatening condition marked by high
morbidity and mortality, further intensified by the emergence of antibiotic-resistant strains. This study
utilizes a subtractive genomics pipeline to identify pathogen-specific drug targets with minimal homology
to human proteins, thereby reducing host cytotoxicity risks. Whole genome and transcriptome datasets
were retrieved from NCBI and GEO databases using specific GSE identifiers. Initial screening involved
manual curation and removal of low-quality or irrelevant datasets. Essential genes were identified using
the Database of Essential Genes (DEG), followed by BLASTp analysis against the human genome to
exclude homologous sequences. Non-homologous essential genes were further analyzed for query
coverage and sequence identity. The Urease subunit alpha protein, with 16% query coverage and 31.18%
sequence identity, emerged as a prominent pathogen-specific target. Next-generation sequencing (NGS)
data were processed on the Galaxy Europe platform, involving FastQC for quality control, Trimmomatic
for adapter trimming, HISAT2 for sequence alignment, and FeatureCounts for gene quantification.
Differential gene expression analysis was performed using DESeq2, highlighting several upregulated host
genes (e.g., SH2D1B, DHXS58, SMG1P4, TRDC, MOK, TJAP1-AS1, CACNB4). Subcellular localization
for cytoplasmic bacterial proteins, ensuring druggability and accessibility. BLASTp analysis against Homo
sapiens further validated the uniqueness of these targets. DrugBank was queried to identify potential drug
candidates interacting with the selected protein, and acetohydroxamic acid was identified as a suitable
inhibitor. The three-dimensional structure of the ligand was obtained from PubChem and subjected to

molecular docking via DockThor, showing strong binding affinity with Urease subunit alpha.

Further, host protein analysis revealed CACNB4 as a potential candidate showing the lowest binding
energy with the same ligand, suggesting its possible role in sepsis pathophysiology and therapeutic
intervention. These findings establish a dual-target strategy by identifying both pathogen-specific and host-

related drug targets, thus contributing to the development of more precise antimicrobial therapies.
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Highlights-

e Staphylococcus aureus is a primary contributor to sepsis, especially in antibiotic-resistant
infections.

e A subtractive genomics approach was used to identify Urease subunit alpha as a non-human
homologous drug target.

e NGS-based differential expression analysis identified CACNB4 as a key host protein for
therapeutic consideration.

e Acetohydroxamic acid demonstrated promising binding with both pathogen and host proteins via
molecular docking.

e The study supports a dual-target strategy in combating sepsis through both pathogen-specific and

host-based therapeutic approaches.
1.Introduction

The Gram-positive bacteria known as Staphylococcus aureus is a prominent human pathogen that is
responsible for a wide range of illnesses. These diseases include superficial skin infections as well as
serious systemic ailments such as pneumonia, endocarditis, and sepsis. S. aureus-induced sepsis is one of
these, and it presents a substantial therapeutic challenge due to the fast course of the disease, the high death
rate, and the continuing development of antibiotic resistance. Methicillin-resistant Staphylococcus aureus
(MRSA) and vancomycin-intermediate or -resistant strains have emerged, which further exacerbates the
treatment issue. As a result, the scientific community is being urged to investigate novel drug targets and
alternative therapeutic options. The conventional approaches to drug discovery are not only time-
consuming and costly, but they also frequently have limitations in terms of their capacity to find highly
precise and non-toxic targets. In contrast, in silico methods, such as subtractive genomics, provide a
strategy that is not only very specific but also very quick and cost-effective when it comes to attempting to
find prospective therapeutic targets. The process of subtractive genomics entails comparing the genome of
the pathogen with the genome of the host in order to find genes or proteins that are necessary for the
survival of the pathogen but are not present in the immune system of the host. Through the use of this
technique, the identified targets are guaranteed to be pathogen-specific, hence lowering the probability of
adverse medication responses and toxicity to the host. For the purpose of this investigation, we utilised a
subtractive genomics workflow to analyse the whole proteome of S. aureus. Our objective was to discover

proteins that are non-homologous, essential, and druggable, with the potential to act as prospective

Copyright@ijarets.org Page 8


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science  ISSN 2349-2819
www.ijarets.org Volume-12 Issue-4 April-2025 Email- editor@jijarets.org

antibacterial targets. Multiple filtering procedures were incorporated in the methodology, including the
elimination of paralogous sequences, the determination of important genes that are not identical to human
genes, the examination of subcellular localisation, and the illustration of metabolic circuit mapping. In
addition, druggability evaluation and antigenicity prediction were carried out in order to narrow down the
list of probable targets. This work presents a complete examination of the S. aureus proteome by merging
computational biology technologies and databases. The researchers hope to discover novel therapeutic
targets that are especially relevant to sepsis through this investigation. In the setting of sepsis, when prompt
and effective therapy is essential for patient survival, the discovered targets show promise for the rational
design of novel treatments to address drug-resistant S. aureus infections. This is especially true in the

situation of sepsis.

Workflow
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Literature Review:

Sepsis, a disease that can be fatal that is brought on by an immune response that is not well managed in
response to an infection, continues to be a major cause of death all over the world. In comparison to the
other bacterial infections that are responsible for sepsis, Staphylococcus aureus stands out due to its
aggressiveness, adaptability, and growing resistance to a number of different antibiotics (Lowy, 1998; Otto,
2010). Chambers and DeLeo (2009) state that the growth of methicillin-resistant Staphylococcus aureus
(MRSA) and vancomycin-resistant strains has resulted in an increase in the number of treatment choices
that are becoming increasingly restricted. This has brought to light an urgent need for the development of

innovative antimicrobial medicines.

Traditional drug development pipelines frequently focus on target processes that are preserved in bacteria,
but they encounter problems such as drug resistance and toxicity that is not intended for the target. Over
the course of the last ten years, in silico methods, and subtractive genomics in particular, have become
more popular as very effective instruments for the identification of rational drug targets. Using subtractive
genomics, it is possible to compare the genome of the pathogen with that of the host in order to exclude
proteins that are not important to the pathogen's existence and proteins that are homologous to the
pathogen's genome. This allows the emphasis to be narrowed down to proteins that are crucial to the
pathogen's survival but are not present in the host (Dutta et al., 2006; Barh et al., 2011). This guarantees a
high level of specificity in target selection, hence reducing the likelihood of adverse effects and enhancing

the effectiveness of the medicine.

Utilising subtractive genomics for the purpose of target discovery in bacterial pathogens has been
effectively adopted in a number of studies. As an illustration, Barh et al. (2011) utilised subtractive
genomics and reverse vaccinology in order to determine vaccine targets in Mycobacterium TB. In a similar
manner, Shahbaaz et al. (2013) utilised this methodology in order to find prospective therapeutic targets in
Salmonella typhi, highlighting the fact that it is applicable to a wide variety of bacterial species. In the case
of Staphylococcus aureus, previous in silico studies have identified potential targets by utilising metabolic
pathway analysis and essential gene identification (Fatima & Pathak, 2019). However, many of these
studies lacked a focused strategy that combined druggability, host non-homology, and subcellular

localisation in a unified workflow.

High-throughput screening of prospective therapeutic targets has been made easier by the availability of
extensive databases such as the National Centre for Biotechnology Information (NCBI), UniProt, DEG
(Database of Essential Genes), KEGG, and DrugBank. In addition, techniques like as PSORTb and

CELLO, which are used for subcellular localisation, as well as tools such as VaxiJen and ANTIGENpro,
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which are used for antigenicity prediction, have become indispensable in the process of screening proteins
according to their potential utilisation as therapeutic and vaccine targets. These tools make it possible to
identify cytoplasmic proteins that are appropriate for the creation of small-molecule drugs, as well as

membrane or secreted proteins that are perfect for the development of vaccines.

In addition, the incorporation of metabolic pathway analysis by KEGG guarantees the prioritisation of
proteins that are involved in distinct bacterial processes that are not shared with the human host. The
exclusivity of this route increases the chance of uncovering functionally important proteins whose blockage

would jeopardise the survival of bacteria without having an effect on human cells (Singh et al., 2016).

Although considerable advancements have been made, many subtractive genomics investigations
frequently end at the theoretical discovery of targets without moving on to structural modelling, in vitro
validation, or drug formulation. Our work is to build a complete subtractive genomics pipeline in order to
find and characterise new therapeutic targets in S. aureus, especially those ones that contribute to the
virulence of the bacteria in sepsis. This will allow us to overcome the gap that now exists. Through the
incorporation of essentiality, non-homology to the human proteome and microbiota, subcellular
localisation, metabolic distinctiveness, druggability, and antigenicity, our method contributes to the

development of a comprehensive framework for the discovery of antimicrobial targets.
2. Materials and Methods
2.1 Data Collection and Initial Screening

We retrieved genomic and transcriptomic datasets related to Staphylococcus aureus infections from the
NCBI and GEO databases using specific GSE identifiers. For this study, we focused exclusively on female
patient samples, selecting three SRR IDs representing S. aureus-infected individuals. In total, the dataset
included transcriptomic data from 40 female patients and 16 healthy controls. Initial filtering involved
manual screening to eliminate low-quality or irrelevant entries, ensuring only high-confidence samples

were included for downstream analysis.
2.2 Target Protein Identification:

To identify a suitable drug target, the complete genome of Staphylococcus aureus was retrieved from the
NCBI database. Essential genes necessary for bacterial survival were identified using the Database of
Essential Genes (DEG). To ensure host safety and minimize potential cytotoxic effects, a BLASTp analysis

was performed against the human genome, allowing the exclusion of homologous genes..

2.3 NGS Data Processing
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For the analysis of transcriptomic data, raw FASTQ files were first organized and prepared for processing.
Quality assessment of the sequencing reads was carried out using FastQC, followed by the removal of
adapter sequences and low-quality reads with either Trimmomatic. The high-quality reads were then
aligned to the reference genome of Staphylococcus aureus using the HISAT2 aligner. Post-alignment,
FeatureCounts was employed to quantify the aligned reads and generate gene count tables. Differential
gene expression analysis was performed using DESeq?2 to identify genes that were significantly upregulated

or downregulated, with an adjusted p-value threshold of < 0.05 to ensure statistical relevance.
2.4 Pathogen-Specific Cytoplasmic Protein Filtering:

To identify potential pathogen-specific drug targets, protein-coding genes of Staphylococcus aureus were
retrieved from the NCBI database. Genes lacking defined symbols were excluded from further analysis to
ensure data reliability. Subcellular localization was predicted using bioinformatics tools such as PSORTD,
allowing for the selection of cytoplasmic proteins, which are more accessible to therapeutic agents. To
ensure host safety, a BLASTp analysis was conducted against the human proteome to filter out homologous

proteins. Among the shortlisted candidates.
2.5 Molecular Docking and Drug Target Screening:

The FASTA sequence of the selected target protein, Urease subunit alpha, was obtained from the UniProt
database for further analysis. To explore potential therapeutic agents, a BLASTp search was conducted
against the DrugBank database, which led to the identification of Acetohydroxamic acid as a promising
candidate drug. The three-dimensional (3D) SDF structure of this compound was then retrieved from
PubChem. Molecular docking studies were carried out using the DockThor platform to assess the binding

interactions between the drug and the target protein.
Step 6: Host Protein Analysis and Validation:

Upregulated host proteins were identified from the DESeq2 results, including notable examples such as
SH2D1B, DHX58, CACNB4, TRDC, and MOK. To explore potential interactions, ligands were docked

with these host proteins using the DockThor platform.
3. Result and discussion
3.1 Identification of target protein-

The resulting non-homologous proteins were further refined based on query coverage and sequence

identity. Among the shortlisted candidates, Urease subunit alpha emerged as a promising pathogen-specific
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target, exhibiting 16% query coverage and 31.18% sequence identity, making it a unique and viable option

for targeted drug development
3.2 Prioritization of Cytoplasmic Proteins and Target Validation:

Urease subunit alpha was confirmed as the most promising pathogen-specific target due to its minimal
similarity to human proteins and its essential role in bacterial survival. The docking results revealed a strong
binding affinity of Acetohydroxamic acid with Urease subunit alpha, indicating its potential as an effective

inhibitor for Staphylococcus aureus.
3.3 Host Protein Target Analysis and Validation of CACNB4:

The analysis revealed that CACNB4 exhibited the lowest binding energy with the selected ligand,
suggesting a strong interaction. Based on these findings, it can be interpreted that CACNB4 might play a
significant role in the progression of infection. Additionally, CACNB4 could serve as a potential biomarker
for sepsis and is likely involved in processes such as calcium signalling and immune response. These results
highlight the potential therapeutic relevance of targeting host proteins, particularly CACNB4, in

developing novel intervention strategies for sepsis

SERIAL DOCKING
NO. ACCESSION NO. PROTEIN | SCORE
1] 000175 NONE -6.161
2 | 000305 CACNB4 -6.201
3 | AOAO75B6X2 TRDC -6.024
4 Q96C10 DHX58
5| 014796 SH2D1B -5.892
6 | Q5JTDO TIAPL 5.712
7 QouQo7 MOK -6.086

Table 1. Molecular Docking Reveals High-Affinity Binding of
Acetohydroxamic Acid

Conclusion

Particularly in the context of sepsis, the rising danger posed by Staphylococcus aureus that is resistant to
several drugs brings to light the pressing requirement for the development of innovative antimicrobial

techniques. In this work, a thorough subtractive genomics method was utilised in order to discover possible

Copyright@ijarets.org Page 13


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science  ISSN 2349-2819
www.ijarets.org Volume-12 Issue-4 April-2025 Email- editor@jijarets.org

therapeutic targets that are important for the survival of S. aureus, are not homologous to the human host,
and are engaged in metabolic processes that are particular to pathogens. In order to develop a revised list
of high-confidence pharmacological targets, successive filtering was utilised. This process included
essentiality analysis, subcellular localisation, metabolic circuit mapping, druggability evaluation, and
antigenicity prediction. The cytoplasmic proteins and membrane-associated proteins that have been found
are both intriguing possibilities for the development of small-molecule medicines and peptide-based
therapies, respectively. This study assures a lower risk of host toxicity and off-target effects by removing
proteins that are similar to the human proteome and gut flora. As a result, the study improves the safety
profile of possible therapies. This study not only makes a contribution to the knowledge of the proteome
of S. aureus in the setting of sepsis, but it also develops a computational pipeline that is both reliable and
reproducible, and it may be extended to other pathogenic species. Molecular docking, structure-based drug
design, and experimental validation of the discovered targets are some of the next paths that will be pursued
in order to transform these computational insights into therapeutic medicines that are clinically feasible. In
conclusion, subtractive genomics has been demonstrated to be an effective and powerful method for the
early-stage finding of therapeutic targets in pathogenic bacteria. Furthermore, it has the potential to
significantly contribute to the fight against antibiotic resistance in Staphylococcus aureus and other

clinically important pathogens.
Future direction

Subtractive genomics was used in this investigation, which resulted in the successful identification of
multiple interesting drug targets in Staphylococcus aureus. However, more steps are required to confirm
and develop these discoveries towards actual therapeutic applications. There are some suggestions for the
future that are as follows: For the proteins that have been shortlisted, homology modelling or structure
prediction should be performed with the use of software programs such as SWISS-MODEL, AlphaFold,
or Phyre2. Once three-dimensional structures are available, molecular docking experiments may be carried
out using libraries of chemicals that are either already known or newly discovered in order to locate
potential inhibitors. It is possible to use magnetic resonance (MD) simulations in order to evaluate the
stability and binding effectiveness of drug-target complexes. With this information, the dynamic behaviour
of candidate chemicals in a biological setting may be evaluated more effectively. The confirmation of
identified targets by laboratory testing is absolutely necessary. There are a number of methods that may be
utilised to assist in establishing the significance of these targets, including gene knockout studies, CRISPR
interference, and RNA interference. Additionally, the effectiveness of lead compounds have to be evaluated
in cell cultures as well as other animal models that are appropriate. Absorption, distribution, metabolism,

excretion, and toxicity (ADMET) profiling should be carried out prior to going on to preclinical
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development in order to guarantee that the medication is similar to the one being developed and to reduce
the number of adverse effects. It is vital to do continuously monitored surveillance of the potential for
resistance development against the targets that have been identified. The simulation of evolutionary
pressure or the analysis of natural variations across S. aureus strains are both viable options for
accomplishing this goal. Certain membrane or secreted proteins that have been found have the potential to
also serve as candidates for vaccines. Tools from immunoinformatics and reverse vaccinology might be
utilised in the process of developing epitope-based vaccinations, particularly for immunocompromised
individuals who are at risk of developing sepsis caused by S. aureus. Taking into consideration the
complexity of sepsis, it is possible that future research might potentially investigate the possibility of
creating multi-target inhibitors. These inhibitors would work on more than one important protein at the
same time, therefore lowering the probability of resistance and increasing the effectiveness of therapeutic
interventions. Furthermore, the subtractive genomics pipeline that was built in this work has the potential
to be applied to additional clinically relevant pathogens that are implicated in sepsis or nosocomial
infections. This would facilitate the development of a more comprehensive arsenal of antimicrobial

medicines.
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