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ABSTRACT

Tuberculosis is a highly transmissible disease caused by Mycobacterium
tuberculosis (Mtb), a member of the mycobacteriaceae family, that can endure in
a latent state. Mtb is a slow-growing bacteria with a mycolic acid cell wall
contributing to drug resistance, making tuberculosis treatment complex.
Intracellular growth within host cells and the ability to persist in the environment
further complicate the control of this infectious disease, making it a significant
global health concern. G-quadruplexes have emerged as significant players in
regulation at all levels of the central dogma. This study compares the distribution
of putative quadruplex sequences (PQS) in mycobacteria with that in other
bacteria. In contrast to the other bacteria, mycobacteria stand out and contain
almost ten times more quadruplex densities in both the genomic and transcript
sequences. Interestingly, our data shows that the PQS were enriched in transcript
sequences (PQS density in transcripts is more than PQS density in the genome)
in the case of slow-growing pathogenic mycobacteria. rG4s enrichment in just
the slow-growing pathogenic cannot be a mere coincidence. Notably, the
distribution of G-quadruplexes in Mtb is not uniform among the classified gene
families and PE/PPE genes contain almost half the PQS found in Mtb. PE/PPE
genes are two large families of genes found only in pathogenic mycobacteria and
are associated with pathogenesis. Such RNA G-quadruplexes (rG4s) enrichment
in any gene family has not been reported in bacteria. Our CD spectroscopy results
confirm that the RNA oligonucleotides of the selected PE/PPE genes form the

GQ structures, which are stabilized upon the addition of BRACO19. The results



indicate that stabilizing GQs by BRACO19 in PE/PPE genes (PPE56, PPE67,
PPE68, PE PGRS39, and PE PGRS41) leads to the downregulation of
transcription. BRACO19 also shows selective inhibition of Mtb growth at low
micromolar concentrations, while the other bacteria were not affected even at
much higher concentrations. Heterologous expression of the selected genes
indicates that the GQ-mediated downregulation is not limited to the transcription
level. Ectopic expression in both M. smegmatis and E. coli shows the
downregulation of PE/PPE protein levels due to rG4s. In addition, the rG4-
mediated reduction in PE/PPE protein levels attenuates proinflammatory
response upon infection of THP-1 cells. Thus, our findings on the role of G-
quadruplexes in regulating transcription of the PE/PPE genes, the post-
transcriptional translation inhibition by rG4s in the transcripts, and its impact on
macrophage pro-inflammatory response provide new insights into our current

understanding of Mtb adaption, stress response and survival within the host.



qaR

TUfeeh/ &TERYIT Ueh Hshlereh A9T & S ATShIeRREH SeRaINTad (THE) ERT YehTid gid
T, S ATSRIde RIATTAY gRaR &1 Ueh ST &, S Ush oice AT Tg o opdal &1 THSE!
v it faerra aren Sfiam] § o Argeifors tiie ¥ dar sadh siwfar gforiferar i
ARSI e &, o o erRieT &1 geftar Sifee 81 Srar § 1 AT Sifdrenrs  siafifea
gfe 3R feara Y amaaT, 39 Hohee AeT & =0T &1 3R 31fee Sifee st 8, foras g

Th Ak Tre il T S=aT 51 SH-FaIgeied e wel o Hell 'R W fAgeer A
Agaqu! Eenfedl & w9 A ydhe 81 W} &1 3H NI H ARSI H galarterd
FATGEIR s (PQS) ol TATRUT 3131 SHATOp3 o |1 Jofell foharm 91T &1 317 Siiarogsh &
faodid, AR SHAffeh 3R Yfciora sheil # o111 o TOT 3ifeleh FATgToloRd Eefcd
MRSt § 1 feorered o1 Ig & foh gamT Ser fewran § o qatepariaid srargeled sha (Videral &
rG4 BT STellA H PQS Bl &l gotell # 318 §) I ¥R ¥ Asrfad g aret IeTe=iah
ATgHISFARGT & HHA & wfderal & wage: fovar a1 o1 vHée & Sit-sFargeererd 1 fadwor
gaffepd SiteT IRaRT & &g A= 5181 § 31X PE/PPE STl 3 THSIST 3 9TV 31T rG4s I oIaTeTeT
3mer =T 81 PE/PPE ST AaTSTeAeh ATSHININGT H Y UTU ST et & 3 Sl 9RaR §
3R TSt & Heiferd g1 fonelt off Sitet aRaR & T IRTAT Sit-sFargtele Haelel dediian
# RATE g1 fomam 91 1 g9 W8t WagrehidT aRoma g oed § for 9afad PE/PPE Sii=il &
3RTAT U[EEE -3 EXAU §01d 8, i1 BRACO19 & Silgsl W R grdt &1 aRoma

GTd & g foh PE/PPE ST H BRACO19 GRT -3 &l R &¥el W (PPES6, PPE67, PPEGS,
PE PGRS39, 3R PE PGRS41) Wfdergsl o1 fas=1 3fafaassd gdr §1 BRACO19 &
HATSHIATGR affaa R oft Tadia Fi gfg o1 gt sy yefla avar §, stafe s
Siarogan o S it srafefaal w o genfad =&l fohan strar &1 waferd Sie &y fawe
sfcafara ST el & o SheRl-AeTeerdr SRR dfdei@s &R d& difAd el 8l
ATSHISFRIH WA 3R $. Plelts, Al & 33 A=Al gRT PE/PPE Md TR i

fAe=NeoT &1 Ueele rG4 & SIRUT idT &1 S8 3TITdT, THP-1 hifen13N & HshHUT W rG4 &



HIETH A PE/PPE WAl TR & &helt 7 W-saretraied] ufafshar & el g1t §1 ST YSR, PE/PPE
Stet & Hfdere ol fafraffid shet & Sil-rargroterT i sfffenl W g fosh, fdoral # rc4
SR GRe-giafsheereel 3igarg fave, 3iR Hshithel W-SFiHC TfAfshar TR gHHT 9HTd gAY
ATET & AR THANET 31gger, detrd afafshan 3R sidaadas &1 aast # 72 3iae’®

Ul aRdT gl |
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