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ABSTRACT 
 

Emergence of bacterial pathogens with increased drug resistance and virulence is increasingly 

becoming a major challenge in terms of treatment and clinical outcomes worldwide, including 

in South Asian countries. It has become imperative to not only monitor the prevalence and 

spread of these pathogenic bacteria carrying classical or well-known resistance and virulence 

markers, but it is also essential to explore non-classical mechanisms, such as changes in the 

epigenome and chromosome conformation, which can confer higher survival advantage to 

bacteria leading to increased pathogenic potential.   

Here, we first investigated the prevalence of antimicrobial resistance genes (ARGs) in 

uropathogenic E. coli (UPEC) isolates from paediatric patients with community-acquired 

urinary tract infections (UTIs) presenting to community health centers at four different 

geographic locations across the Indian subcontinent. We found that CTX-M-type extended-

spectrum beta-lactamases (ESBLs) are the most common ARGs in our communities, which 

mirrors the global shift to CTX-M-type ESBL from TEM- and SHV-type ESBLs. We found 

the high-risk clonal group, ST131, to be the most common causative pathogen of paediatric 

UTIs reported in this study, with majority of these clones harboring CTX-M-15 beta-lactamase. 

Our results also indicate the existence of high-risk clones that carry multiple beta-lactamases 

including NDM-5, CTX-M-15, OXA-1 and TEM-4 in Indian communities, which is quite 

alarming and highlights the need for increased surveillance to devise better prevention and 

treatment strategies. 

Next, we explored the epigenetic signatures associated with the recently emergent 

hypervirulent pathotype of Klebsiella pneumoniae (hvKp). We observed that hvKp has overall 

higher levels of adenine (GATC) and cytosine (CCWGG) methylation compared to its classical 

counterpart (cKp). Virulence genes classically recognized as genetic markers of hvKp are 
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hypermethylated compared to other genes not directly linked to the hypervirulent phenotype. 

Furthermore, we found several differentially methylated genes (DMGs) in hvKp compared to 

cKp, including metal ion transporters, multidrug efflux pumps, transcriptional regulators of 

stress response and genes associated with biofilm formation, which are known to be associated 

with bacterial pathogenicity. Our results indicate that hypermethylation of GATC and CCWGG 

motifs are unique epigenetic signatures of hvKp isolates.  

Lastly, we investigated how triclosan, a widely used non-antibiotic antimicrobial, affects the 

chromosome structure of Escherichia coli. We mapped the structural landscape of wild-type 

dcm E. coli chromosomes under triclosan stress using Hi-C to identify triclosan-induced 

chromosomal interaction domains (CIDs). Two CIDs were common to the wild- dcm 

E. coli, including a CID with a common boundary at fabI gene, which encodes the triclosan 

target. All mutations and structural variants under triclosan stress were observed within or in 

close proximity to triclosan-induced CIDs. Absence of Dcm methylation impacts short-range 

interactions in triclosan stress. Single-base resolution methylome maps reveal 

hypermethylation of adenines (GATC; in wild- dcm) and cytosines (CCWGG; in 

wild-type) in the two common triclosan-induced CIDs. Furthermore, global gene expression 

profiling identified enrichment of highly expressed genes within the two common CIDs. These 

findings indicate a pivotal role for spatial reorganization of the bacterial chromosome during 

antimicrobial stress response and provides a new molecular framework to understand 

antimicrobial adaptation. 

Overall, our findings indicate that it is crucial to examine both classical and non-classical 

mechanisms regulating bacterial physiology and pathogenesis, as this can lead to the discovery 

of novel drug targets, diagnostic markers or improved strategies for treating bacterial 

infections.    
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