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ABSTRACT

Mycobacterium tuberculosis (Mtb) is the causative organism of one of the deadliest infectious
diseases worldwide, tuberculosis (TB). It possesses a remarkable feature of entering into a
dormant state upon encountering a stressful milieu and emerging to the active state under
favorable conditions; furthermore, it senses and adapts to the different environmental
conditions experienced during early infection and persistence in the host cell. This capricious
nature has made it an uphill battle to target this stubborn bacterium. Mtb deploys several
sensors and transcription regulators to sense and subvert the host immune response, regulate
the expression of some essential genes, eliminate the redox stress and survive inside the host
for decades. Iron-sulphur cluster-containing WhiB transcription factors are one such redox-
sensing internal sensor and regulator. The engagement of the whiB family of genes as redox
sensors and regulators in so many fundamental metabolic pathways of Mtb and not showing
homology with human proteins makes them an attractive drug target. The thesis entitled
‘Expression, purification, and functional characterization of WhiB proteins of
Mycobacterium tuberculosis is concerned with the optimization of expression and purification
of unstable and insoluble WhiB proteins and comprehending the interaction of WhiB proteins
with their binding partners (promoter DNA of crucial genes of Mtb) employing biophysical
techniques. The findings of this work will help target WhiB proteins for developing new

therapeutic drugs.

Chapter 1 (Introduction) provides an overview of tuberculosis and the peculiar nature and
survival mechanisms adopted by its causative organism, Mtb. A detailed review of the WhiB
family of proteins of Mtb has been presented, including the crucial role they play in the survival
of Mtb inside the host and cause infection, the structural details of these proteins, and their
interaction with promoter DNA of genes of Mtb. This chapter further includes a brief
description of WhiB-DNA interaction studies and the need to understand WhiB-DNA
interaction in detail. The chapter concludes with the origin of the problem in the context of the

thesis and the outline of the research problem tackled in the thesis.

Chapter 2 (Material and methodologies) provides the details of the procurement of chemicals
and reagents used for protein expression, purification, and interaction studies. It further
describes the techniques and methods utilized during the investigation. The techniques like gel
electrophoresis, fast protein liquid chromatography (FPLC), UV-Visible spectroscopy,
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fluorescence spectroscopy, circular dichroism spectroscopy (CD), isothermal titration
calorimetry (ITC), and surface-enhanced Raman spectroscopy (SERS), etc. are discussed with

their principles.

Chapter 3 (Optimization of expression and purification of WhiB1, WhiB3, and WhiB6
proteins of Mycobacterium tuberculosis) describes in detail the experiments carried out to
find optimum conditions for expressing and purifying WhiB proteins. Different strategies used
to overcome the instability, insolubility, and aggregation-prone behavior of WhiB proteins are
mentioned in this chapter. The low temperature, along with the fusion tags, significantly
improved WhiB1 and WhiB3 protein solubility. We used the co-expression of chaperones to
rescue WhiB6 from inclusion bodies. We have shown that the coordinated action of a
combination of the DnaK-DnaJ-GrpE-GroEL-GroES chaperone network remarkably enhanced
the solubility of WhiB6 in soluble fraction during over-expression. Furthermore, the E. coli
strains like BL21-CodonPlus (DE3)-RIL and BL21 A(DE3) Rosetta-gami (DE3) cells further
improved WhiB proteins expression.

Chapter 4 (Biophysical Characterization of WhiB6 protein and its interaction with espA
promoter DNA) presents a comprehensive investigation of the biophysical characteristics of
the WhiB6 protein and the interaction between WhiB6 and espA promoter DNA. To get insight
into the binding parameters, biophysical techniques were employed. Far-UV CD spectroscopy,
Raman spectroscopy, and steady-state fluorescence spectroscopy gave insight into the
conformational changes in WhiB6 due to the interaction. We used Raman spectroscopy to get
information regarding the residues of WhiB6 involved in the interaction. The thermodynamic
parameters and the binding affinity of the WhiB6-DNA interaction obtained from the ITC
experiments are also mentioned in this chapter. These findings will provide a better

understanding of the interaction of WhiB6 with its binding partners.

Chapter 5 (Investigation of biophysical characteristics of WhiB3 protein and its
interaction with pks2 promoter DNA) describes the biophysical characterization studies of
WhiB3 protein and the interaction study of WhiB3 with promoter DNA of the pks2 gene.
WhiB3 protein regulates the expression of genes involved in virulence lipid anabolism.
Biophysical techniques, including far-UV CD spectroscopy, surface-enhanced Raman
spectroscopy, steady-state fluorescence spectroscopy, and ITC, were employed to get detailed
insight into the binding parameters of interaction, the conformation changes in protein during
the interaction, and the residues involved in the binding of WhiB3-pks2. The information
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obtained regarding the biophysical characteristics of the protein, the binding affinity, and the
thermodynamic parameters of the WhiB3-pks2 interaction can be taken advantage of in

designing drugs to cure TB.

Chapter 6 (Biophysical Characterization of WhiB1 protein and its interaction with the
binding partner: whiB1 promoter DNA) deals with the biophysical characterization of
WhiB1 protein and its interaction with whiB1 promoter DNA. WhiB1 binds to its promoter
DNA and represses the expression. In this chapter, we used biophysical techniques to
understand the interaction. The thermodynamic parameters associated with interaction were
obtained from ITC. The details of conformational changes in WhiB1 upon interaction with the

DNA was obtained from far-UV CD and steady-state fluorescence spectroscopy.

In Chapter 7 (Conclusion and Future perspectives), the salient observations of this study are
outlined. The present study has provided insight into the biophysical characteristics of WhiB
proteins and unveiled the binding parameters of the interaction of WhiB proteins with the
promoter DNA. These findings will further help in understanding the structural and functional
behaviors of WhiB proteins. They will help design new drug molecules or small-molecule that
could imitate the specificity and binding affinity of WhiB proteins. This idea could be deployed
in the research of finding promising drugs to cure TB.
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NI

AEHIGa I RTH CIeRGAT (THCHE) gHar R & Tad gidd e A § ¥ U
qofe® (e &1 RS Siia gl STH U dH1aq0] aTdaRUl &1 ATEAT TR 3R 3% d
gfRfRufaal 4 Iibd el § SURA IR Y AT H Fd=I H3A P Ueh Icaia-1g fa=Ivdr
2; 3P 3T, T8 3T JehHUN 3R ASIE I H TGal b SR IHT BI T3 e
TafaRuf fRUT &) Tegg T § 8IR I 3% 8idl 8| 39 GI! Ui = 59 o]
ST &1 =T S & o U H3- aeTs STl ¢ | THSTH! HotaT UioRe Ufafehar &
A 3R P TR & (o8 Fs AW 3R A=A ! &1 aH1d HRd1 8, $S I
St @t sifieafad &1 afa w1 ], YSTa a1d ! Wel ol ¢ 3R S-H! dh AoldH
& 3R oNfad gl g | SRA-Teh FaweR Jad WhiB TG RM HRE Th U1 1S 1a9-
TR il TR 3R VAR §1 THSTS & a1 TR A Tag=d AR § YSTay IR
3R e & U H o9 & fgat uRar &t UrfieRt 3R 7Fd TidH & Iy giiarol el
T 3% U MHYd a1 Aed TIT ¢ | AP IaaCNGH cgaRGalad & WhiB WicH
! Hftefaa, YfGHur 3R Hrafate demr qui 2R are SR SRR 3R srga-=ia
WhiB T &Y iftreafa 3k YEevur & arfea- § Gafid ? 3R whis WdH &1 39
FFBHRT HFNGRT (HE@YU STF & JHICR SITAT) & 1Y Se¥aRM P 9 I Y&fd g
ST A1 Bl fHaioTd HRT ¢ | 39 HTH o hY -3 afbad garsii & fasm™
& foTT WhiB U1 & dférd 3 | Hag B3|

31 1 (Ui dqufeed SR 3Ud SRS Siid, THCHS! gRT 3UATS TS follaRId Ui
3R ITReifadI dF &1 U RigTadie UeMH &l g | THSIE & Wil & fget uRar &t
T faeqd GHile TRdd 1 TS 7, ROH 3 AoiaH & 3ieR THANE & 3if&ia H Ay
Yf¥erT fAUTA § 3TR ThHUl T BRI §-d &, 5 U] & IRaTe® faaRur, 3R THCTs!
& STl b YHICR SITT & 1Y I SSRaRM | 39 37ear H 1) feat- S srirafssa
el BT Tiar faavor R fdl-Sivau si=fshar & faedR ¥ JHgM P Il
M B 1 U A HT JHYA R & e & gown ot Idiy iR MRE dga a1 1
Y T &1 E0RAT & Y A ¢ |
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31Ty 2 (ATt SR usfera) Tie sifveufad, Yfgaxur SR saafehan sreaaHl & forg
ST 3T o aTet IR SR B! &1 Wi BT e Ue a1 § | I8 3 i
& SR YT B! ST aTelt davmiieb! iR fafrat &1 qui a1 3 | Sidt 3aae [ RN, R
YheR STeehigod Weaclwpldl (IS, SMgHiyHd ergeTH baid! (MR, #R
WHY-TBRS T Wae RSB (THSIRTY), 31 St dab-iien! W =4l ol T3 81 395
Rigidl & 91|

T 3 (ATSPIARINGH STERPATIT & WhiB1, WhiB3, 3k WhiB6 W i
JfeafaT 3R IIFSHIVT BT SIFHE) WhiB UIEH B Tad 3R Y& B b [0 STAH

fRufaal o) Giom & fo for T vl &1 fovaR & 90 FHra1 5 1 39 31eamd & WhiB WicH
@1 SRR, SYATRNAT 3R THABRU-UIU HGER Pl g B o 018 YA BT A
aren fafid Yoo &1 Iy fobat T 1 HH diaHH, T ¢ & 91, WhiBl 3R
WhiB3 TIcH ga-=itaral § &%) JUR §3HTI 8- WhiB6 &I THGRM HerIl 4 §aH &
fore TRerp @) Tg-3ifiyeafad o1 IuanT fasan| g9 fxaman g f Dnak-Dnal-GrpE-GroEL-
GroES IR Hedd & TaIoH &1 JH-Id HRATS 7 3NaR-TRURM & SR ga-=iid 3
T WhiB6 &I ga-Riiad &1 I@E-1d ¥U I S/ 81 §9d 3{aTdl, BL21-CodonPlus
(DE3)-RIL 3R BL21 \(DE3) Rosetta-gami (DE3) PIRBI3N WY 3. Plclls IUHG! 7 WhiB
A sifieafad # $iR guR faa|

3T 4 (WhiB6 M &1 SrNfhforerd Hhiaeriswiv{ 3T espA THIER SITT &
TIY YD FeaRM) WhiBs WK &1 SRfbfied faRiwdref 8iR WhiB6 3R espA
THIex SIEU & o9 B IeaR & Ud UG oiid Udd Bl & | TSR ATucs! o
T U e & g, Sa-1ifds aow-ie! & o fear mar o1l BR-gdh et
TWFRRDIUT, T WRRDUT, 3R LW TRIY WaeRGU 7 TeaRH & HRU
WhiB6 B eI TRad-! &1 STHSHRT | $e¥aRM H 2T WhiB6 & AR & aR #
SFER! U H & o0 §HF I WaCb Ul BT SUANT fhar| 39 31 | gt
T ¥ U YHISTaATS IRTHEH 3R WhiB6-DNA SRA-Ifhdl & sed ST o off
I ot T g1 T e S ST UTGRT & 1 WhiB6 T SEXaR &1 dgaR

A o™ Hel|




3T 5 (WhiB3 M &1 Sauifae faRivarsit @ Siw 3R pks2 UHIeR SieT &
1Y SHB! Fe¥ax ) 3 MAT & Saxifde demr gui e iR fieud? ofiF &
THICR SITY & A1Y fRai3 & Saafehar 31eqg= &1 guiF St g1 WhiB3 TIEH faum
forftre Su=ra & =mfta oiH &1 sifieafad &1 i &xar g | R-gd! el Wag Rt Idg-
qbTich! Pl SENAR b FHBR] TP, SCXIRM & GRIA WA H W1 gRacH, 3R
a2 7 fagd i e w1 & fer FafSra fasam T ATl whiB3-pks2 & s #
A g1 WA B Savifdes faRwdrsil, sreasRY smeiadn, 3R WhiB3-pks2 $e¥aRH &
YHISIHTH® ATUGS! & IR H U BRI &I ATH Sldll Bl S B & o8 qdrsf Bl
fgTg & o feran ST b 21

3T 6 (WhiB1 W &1 Tafhioed SHiaersoq iR arsfET urdR & a1y
TYP! SSYERM: whiBLl THIER SITAE) WhiB1 T & Ifthfea deur gufa 3R
whiB1 THICR SITTT & 1Y P! Se¥aRH I Tafdd g1 WhiB1 30+ THICR SITT g[Sl
2 3R 3ifyufad ! gar SaT 81 39 3feard W, AR 3ic:fohan &l whg & forg Saahfastg
TH-1ep| BT SUTNT fhaT B | TR ¥ I YA ST URTHICR 3Mac i § U g g
3| SN & 1Y 3A:fha1 B IR WhiB1 H TReATTd URadH! &l faavor R-gdt et iR
RR-Ie gfadiftd Wac ke ! 9 ured favam 7 o1l

3ty 7 (e 3R Hfasy & efdwion #, 39 sreoaq ot o few ot &1 Waifed fosan
T § | aaEE 3Ed A WhiB UIcH &t Sig-Hifde faRwarst & Sidef® UeH &t § 3R
THIe} ST & 1 WhiB I @1 SearM & SIedhR! ATUCS! HI SARY fhar gl 3
Y S WhiB T & WRIATAS 3R AT Ta8R B HIH & Heg Hil| 9 Y
GaT 3Up3ft T Bic-3M0] BT fEome &+ § Agg HUT off WhiB WicH &t fafkmsar 8k
THBR GG B ADHA HR GDHd ¢ | $H [GIR B 16l DI 31 B & (7Y SRS Gard
WoM & TNy H T S JHT ¢ |
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(24 kDa), Carbonic Anhydrase (29 kDa), Glyceraldehyde-3-Phosphate
Dehydrogenase (36 kDa), Albumin, Egg (45kDa), and Albumin,
Bovine (66 kDa)
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studied at 25 °C. (A) Far-UV CD spectra of WhiB3 from pH 2.0 to 8.0.
(B) Far-UV CD spectra of WhiB3 in the pH 7.0 to 11.0 range. (C) CD

signal at 203 nm as a function of pH
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Intrinsic tryptophan fluorescence spectra of WhiB3 protein (15 uM)
showing changes in the tertiary structure upon incubation in buffers of
different pH, studied at 25 °C. (A) Fluorescence emission spectra of
WhiB3 from pH 2.0 to 8.0. (B) Fluorescence emission spectra of WhiB3
from pH 7.0 to 12.0. (C) Spectra showing the emission intensity at 350
nm, excited at 195 nm plotted against pH
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ANS-probed fluorescence spectra of WhiB3 at different pH. (A) ANS-
fluorescence spectra of WhiB3 from pH 2.0 to 8.0. (B) ANS-
fluorescence spectra of WhiB3 in the pH 7.0 to 12.0 range (C) spectra
showing pH-dependent maximum emission wavelength. ANS was
excited at 350 nm to measure the ANS emission spectra from 400 to 600

nm
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represented by the black and red curves, respectively
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of different concentrations of pks2 promoter DNA (0-10 pM) in the
absence of MgCl: in binding buffer (B) modified Stern-Volmer plot of
fluorescence quenching of WhiB3 Protein by DNA. The fluorescence

emission maxima was observed at 350 nm
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pks2 Promoter DNA (in the presence of 10 mM MgCl; in binding
buffer) (B) Modified Stern-Volmer plots for the estimation of the
binding constant and number of binding sites. The fluorescence

emission maxima was observed at 350 nm
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5.13

Isothermal titration calorimetry (ITC) of interaction between WhiB3 (20
uM) and pks2 promoter DNA (200 uM) in 10 mM Tris pH 8.0, 50 mM
NaCl, 10 mM MgCl.. The upper panel represents the raw ITC
thermogram for heat flow during the reaction versus time, whereas the

lower panel represents the integrated and normalized heat of pks2
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promoter DNA titration into the WhiB3 solution. The solid line

indicated the integrated data’s best fit to a single binding site model
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Bar diagram showing the comparison of thermodynamic parameters in

the binding event
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Far-UV Circular Dichroism spectra showing changes in the secondary
structure of Apo-WhiB3 on interaction with pks2 promoter DNA. (A)
in the absence of MgCl». (B) in the presence of 10 mM MgCl»
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Amino acid sequence comparison of WhiB3 and WhiB4 of Mth. The
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WhiB4 are also highlighted in red
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