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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
and Adcm E. coli chromosomes under triclosan stress using Hi-C to identify triclosan-induced
chromosomal interaction domains (CIDs). Two CIDs were common to the wild-type and Adcm
E. coli, including a CID with a common boundary at fabl 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 Decm methylation impacts short-range
interactions in triclosan stress. Single-base resolution methylome maps reveal
hypermethylation of adenines (GATC; in wild-type and Adcm) 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.



N HTIAR

<1 ufeRly iR fawmyy 7 3fE & Ty iy et BT Iwa afenr TR axit wfed
g WR H SUER 3R i uikomdl % AT § U S g ST o 81 ¢ | 7 ad
R a1 GfaeATd UfeRTe 3R AT A1 arct §9 T Siarv[sfi &1 amgasdr 3R
TR &t R &1 i ard 81 a1 &, Sfedh IR-XRATI T2 T Ul ST 4 SfTa=a e o,
oR o TSI STR ShIHRI TRa1 § uRadH, S saciar &1 sifiie Siifad g &1 ey
& bl g Fore INTorep & H gfs 81 Fabell 6l

g, B TEY UB HRA SUHETGIU H IR SeRT-SfA HRNie RIF R AHaRi®
WA bl H S a1 GGEIRG-SHieufgd TF Ty AHHU (UTIs) a1 a1 AR I
RIS TENTGIT FITTE (Escherichia coli) SMZAICT H JIMURI UfeRiy i
(ARGs) ! HTYHAT P oIid I | A T fob TTR-TH-TBR (CTX-M-type) fawamika-
WaeH del-daeTiy (ESBLs) BAR TG B Tad 3TH USRS (ARGs) &, Sl ClguH-
(TEM-) 3R THTEd- (SHV-) R STHEITA (ESBLSs) ¥ HCITHRI-TH-UHR (CTX-M-type)
ESBLs B dfY& 95amd &1 &¥1id § | 58 S=-SII1aH aTdl F-Tel 9Hg ST131 P ST 37ea
# RUYE 5T 71U S=f A I UTIs BT T STH RS Ao IR, 39 Fa 5 & SRt
# CTX-M-15 Stel-caeTiel Hig 51 BHR URUM I=-SREH ard daiHi & i o1
Thd & & forTH P dleT-aeTi o fdb NDM-5, CTX-M-15, OXA-1 3R TEM-4 ESBLs
TS 1Y HINIG & S P! RIAHe § 3R HRA H 95k AHUH 3R STIR I0FIT TR
A & 1T 91 g5 TR ) I al R YTl STadT 8|

s%lah dlq, E;J-I:I dr';d/r@/(/(*f/ Raifaar (Klebsiella pneumoniae) %mé’rﬁa@mmﬁ%ﬁt
TUIeT2Y (hvKp) I IS TftSHiee® HIdhRI & Wiel Bt | §H & b hvKp H 36 WA
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THABE (cKp) DI AT H TS (GATC) 3R AESIRF (CCWGG) THUETRM &1 THT TR
3 g1 hvKp & TIARIS ATHRI & U H YRA U I Ugd S arel fauT] S 30
S (S e BTgwRawee BHIesy & S 78 I ©) Bl gar H SIRURANIICS 8id &
TP ST, 6 iUl B o B Tadieut H % fanfed frgees siH (DMGs) e,
o eTg S TRIaIR, AedeT UUaay Uy, a-1d Ufdfehan & chafr=Ae fFame iR
I e 6 9 IS S WA &, e Siar] IS+ 1 ST HHT ST | gHR aRomdl
¥ Tord fBedT & f GATC 3R CCWGG FUidh! BT GIEIRATIARM hvKp EHIICH &
3ifdta gfioRiees gxier &1

3, gHA S &) fb T8 e, Uh ATUSh 0 ST b o arel IR-Terfes
ORISR, TN BIAE (E. coliy BT O AT Bl 4 JgHIfad &al g1 g9
TR A IS hIHNEI SEYRM S (CIDs) B Ugd B & Al Hi-C BT JUART

PP CIIIANT P HRUI GG & d8d o 3R Adem E. coli PIARIT & AGTHD URERH
%I AU fa11 &1 CIDs Jd 3R Adem E. coli & fU TAM 3, foRE § T CID &1 THT TR
fabl S T B fabs F TRAERA & ST-AeT P TIHIS TRl & | TISFANT P HRU]
g ara Tt ST IaRads (@GewH) ok Wees aRie TRaeH ¥ I3 CIDs &
R A1 I B ¢ Y| SHATH MU St Uil e gR1 d-1d § 4
T P BRI Se¥a=H Bl gHIad Hrelt 8 | River-a% Reileg= frugam At ued
=41 &1 TR & IHM TRENH-BRUT CIDs H TS (GATC: TA 3R Adem E. coli H) 3R
AIZCIRA (CCWGG: $Had Hd E. coli H) & TRURARKIRM &1 fG@Td g1 oiiF sifieafad
TSIl A SR oI ¥ 9 &l THM CIDs & HiaR Sfdieh e SiiHi o dadH &1 uga™
1| Y Fshs IR <13l o BRI B dTel SdTU] dHTd & GRT- SiaTy] URE & R
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gie % for Ue eyl oyttt <= § 9k MR srige @ T 7 smuifas
qHS T BRd 8 |

$ DR, TR e d1d § fob saciad fisforiarel $iR IRTeH ol fafafid &
o STl & OTU IUAT Gal A&, G1+1ds AThR T 9gaR UM Bt Wil 5l Jabel! 6l
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Investigation of classical and non-classical mechanisms underlying antimicrobial

resistance and virulence in bacteria

e Chapter 1: Review of literature

e Chapter 2: To perform genomic characterization of uropathogenic E. coli isolates from
paediatric patients presenting with community-acquired urinary tract infections

e Chapter 3: To perform comparative methylome analysis of classical and hypervirulent
Klebsiella pneumoniae clinical isolates

e Chapter 4: To investigate the effect of triclosan on the higher-order chromosome
structure of E. coli and its association with changes in the E. coli genome, methylome
and transcriptome profiles

e Chapter 5: Summary

e Future directions
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