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Abstract

MTS1338 (ncRv11733), a distinctive small non-coding RNA (sRNA) in pathogenic mycobacteria,
is crucial in host-pathogen interactions during infection. Mycobacterial cells encounter
heterogeneous stresses in macrophages upon infection. MTS1338 has been shown to be highly
abundant in response to various stress conditions, including exposure to low pH, H>O>, hypoxia, and
NO. The dormancy regulatory factor DosR is a part of two-component system that regulates ~50
genes in Mycobacteria and has only recently been identified as involved in MTS1338 abundance.
Little is known about sSRNA-mediated regulation in Mycobacterium tuberculosis. We have taken a
biophysicochemical approach in the current study to investigate how DosR interacts with the
upstream promoter region of the MTS1338 gene, also known as the DosR-regulated sSRNA (DrrS).
We also examined whether PhoP, a response regulator that controls the expression of a wide range
of low-pH-inducible genes, interacts with the promoter of the MTS1338 gene. We identified that
DosR can strongly bind to the two regions upstream of the MTS1338 gene. The proximal region,
though individually, possesses a 3-fold higher affinity than the distal site; however, the presence of
both regions increased the affinity of the MTS1338 gene for DosR by >10-fold. Although PhoP did
not directly bind to the MTS1338 gene, it binds to the DosR-bound MTS1338 gene, which is
evocative of a concerted regulation of MTS1338 expression under stresses. whiB6 (Rv3862c) product
is also a part of this virulence network. It controls metabolism, cell division, and virulence, and its
gene is under the control of PhoP. The ESX-1 (Type VII) secretion system in M. tuberculosis delivers
virulence factors like ESAT-6 (EsxA)to harm host cells, causing tuberculosis. Once WhiB6 is
translated as a stress signal, it can modulate the expression of DosR and ESX-1 differentially, thus
making the understanding more complex. We found that whiB6 expression was upregulated >3-fold
under pH 4.5 stress and ~10-fold under the MTS1338 overexpression conditions compared to the
wild-type. Furthermore, we utilized in vitro transcribed RNAs to validate our theory using gel-shift
assays. MTS1338 binds whiB6 mRNA at 3’ end. Our findings indicate that PhoP phosphorylation
enhanced its binding to the whiB6 upstream promoter, where the PhoP box is crucial for the binding.
On the other hand, DosR binds only PhoP:DNA binary complex, and thus, a super-shifted band was
observed. This research highlights the PhoP network as a part of SRNA regulation at low pH and may
significantly aid in targeting such seed interactions. This study substantially adds to our knowledge
of regulating MTS1338 expression in M. tuberculosis. Further research can lead to novel strategies
and antibiotics against devastating human diseases.

Keywords: Small RNA; Mycobacteria; Dormancy regulatory factor; Cooperative binding; DNA-
protein interaction; Two-component system
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AR

MTS 1338, TSI AISHIa AT 7 Ueh fAfRTy BYel TR-BIIET RNA (sSRNA) B, Sl GHHUI B SR ASIH-INTe-d
3fa:fepansit ¥ Heauul 81 A3 Ieac IRTd BIRIBTE YHHUT P S1E Fehithol H AT qHTaT T FH-T Bt 3 | fafdre
g fufeat, S fob &9 pH, H202, TSUIGTAT 3R NO & TUh H 3 TR MTS1338 &1 AT 3dUd TS T8 B
ST Waest aeR DosR T G1-U¢H YUITE &1 36T § off AIgdIaaeiRar H TRIHT 50 Sl &) Fifyd dvar @
3R BTA BT H MTS1338 1 TRl B SUS! YHHT &1 Ugd[ $1 TS § | FEHI9FINTH CqaRGNTTH sRNA-TER]
fafoa & IR o 95 HH TSR €| A1 99 31eqg | U8 i & oIt U d Imafies ef¥aion - §
f% DosR MTS1338 il & U TfIex & & 1Y ¥ 3fck:fohal vl §, 3 DosR-fAfaffd sRNA (Drrs) it Fgt
STa1 8 1 g9 I Y Sffe &t fob am phoP, T Ufafsrar fafamaes St &1 pH-ORa S @) 3ifierar o sifyeafad &
fafa &ar 8, MTS1338 SfiF & UHIeR & 1Y 3fd:fohan &aT g1 89 UgaTT f% DosR MTS1338 SflF & SMUIH
& 3 & A Aot © S Tehall & | THIURY &7, BTafifc afekivTa U W, G WIge b1 qarT & 3 7T 3ifies Siafad
TG §; gTaifep, Q1 &t Bt JUfRURT A DosR & o1 MTS 1338 SiF 1 3irerfiarar o) > 10 A1 S¢1 faan| gTaiifes PhoP
HY MTS1338 S ¥ &Y ST, AP T8 DosR-T& MTS1338 S J ST 7, S a9 & dgd MTS1338 3if¥aafad
¥ TP grfad fafom= &1 Yahd 3T 81 whiB6 (Rv3862¢) Iate Wi 59 fawT] eads &1 Us fewn g1 9 9am9=y,
HIFRABT faHSH 3R fawTu[r &1 Fifid a1 8, SR 39T SiH PhoP & G0 & §1 M. SZaRFTIT | ESX-1
(TT3Y VII) Td UMl ESAT-6 (EsxA) S fauT0] HRep! 1 Aeta Hifiereil de ugard 8, Frad qufes giar g
UH SR 91§ WhiB6 ®! d1d Tobd & ¥ H faTfed fam ST §, T T8 DosR 3R ESX-1 ®T 3ifNaafad &I -
T TP T AT B TobaTl 7, oY T 3R 4% Sifed 1 St 81 WhiB6 (Rv3862c) TaTTEY, I
faure SR fawmoy &1 Fafd wxar § | &9 U f whiss &1 Sifiaafad pH 4.5 9919 & dgd > 3 TAT 3R MTS1338
STRURTUR (U & d8d AT es-c13U &1 Ja1 8 ~ 10 AT 31fee Ut | 3Hds 31eld, g0 Sid- Rt URW &1 U
PRD 3T RIGid 1 A A o 18 3 fag! giahisd T T RNA &1 IUANT BTl MTS1338 3' BR WR whiB6
mRNA &I ST g1 FAR fIwst J udl Iadl § f PhoP BITHINGRA T whiB6 UK THICR I TP &7 P
QT STgT PhoP STa ¢ & fod Aigwayuf 1 gORY 3R, DosR %dd PhoP:DNA TSI HIAQIRT & Fiefdl §, 3R
3 UPR, U YR-RIUCS § 31 T11 I8 MY HH pH W sRNA faF 0= & T YT & F9 H PhoP Acdd R
THTRT STAT & 3R U A6 & SISl SSXaRM P! Aferd H3- H Agayul ©U ¥ Teradl IR &l § | Tg T M,
SFERE T § MTS1338 3ifiaafad & fafafid - & §AR I 8 S gl Hal ol 3 & g8 4
TR T AT & faeeg A o ok tdtamaifeay faw i 8 9ad g

PIgS: Y RUAT; HTSHISaCIRAT; JuIdl Fa® HRE; Ted TS S8, SITE-UIEH ofd:fohar; feaesd gomett
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sRNA : Regulatory small non-coding RNA
ss : Single-stranded
SUF : Sulfur utilization factor

T7SS : Type VII secretion system
TB : Tuberculosis

tBHP : Tert-butyl Hydroperoxide
TCA : Tricarboxylic acid

TCR : T cell receptors

TCS : Two-component system i.e., sensor histidine kinase (HK), an effector response regulator (RR).
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TEMED : N,N,N’,N'-Tetramethylethylenediamine
TF : Transcription factor

TLR2 : Toll-like receptor 2

TSS : Transcription start site
UN : United Nations

UV : Ultraviolet
WHO : World health organization

WT : Wild-type
XDR-TB : Extreme-drug resistance
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