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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 λ(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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सार 

माइकोबैक्टीरियम टू्यबिकुलोसिि (एमटीबी) दुसिया भि में िबिे घातक िंक्रामक िोगो ंमें िे एक 

तपेसदक (टीबी) का पे्रिक जीव है। इिमें एक तिावपूर्ण वाताविर् का िामिा कििे औि अिुकूल 

परिस्थिसतयो ंमें िसक्रय अविा में उभििे पि िुप्त अविा में प्रवेश कििे की एक उले्लखिीय सवशेषता 

है; इिके अलावा, यह शुरुआती िंक्रमर् औि मेजबाि िेल में दृढ़ता के दौिाि अिुभव की गई सवसभन्न 

पयाणविर्ीय स्थिसतयो ंको महिूि किता है औि उिके अिुकूल होता है। इि ििकी प्रकृसत िे इि सजद्दी 

जीवारु् को सिशािा बिािे के सलए एक कसिि लडाई बिा दी है। एमटीबी मेजबाि प्रसतिक्षा प्रसतसक्रया को 

िमझिे औि िष्ट कििे के सलए कई िेंिि औि ट्ांिसक्रप्शि सियामको ंको तैिात किता है, कुछ आवश्यक 

जीिो ंकी असभव्यस्थि को सियंसित किता है, िेडॉक्स तिाव को खत्म किता है औि दशको ंतक मेजबाि 

के अंदि जीसवत िहता है। आयिि-िल्फि क्लस्टि युि WhiB ट्ांिसक्रप्शि कािक एक ऐिा िेडॉक्स-

िेंसिंग आंतरिक िेंिि औि िेगुलेटि हैं। एमटीबी के इतिे िािे मौसलक चयापचय मागों में िेडॉक्स िेंिि 

औि सियामको ंके रूप में जीि के स्थिबी परिवाि की भागीदािी औि मािव प्रोटीि के िाथ होमोलॉजी िही ं

सदखािा उन्हें एक आकषणक दवा लक्ष्य बिाता है। माइकोबैक्टीरियम टू्यबिकुलोसिि के WhiB प्रोटीि 

की असभव्यस्थि, शुस्थिकिर् औि कायाणत्मक लक्षर् वर्णि शीषणक वाली थीसिि अस्थिि औि अघुलिशील 

WhiB प्रोटीि की असभव्यस्थि औि शुस्थिकिर् के अिुकूलि िे िंबंसित है औि WhiB प्रोटीि की उिके 

बाध्यकािी भागीदािो ं(महत्वपूर्ण जीि के प्रमोटि डीएिए) के िाथ इंटिैक्शि को िमझिे िे िंबंसित है। 

बायोसिसजकल तकिीको ंको सियोसजत किता है। इि काम के सिष्कषण िई सचसकत्सीय दवाओ ंके सवकाि 

के सलए WhiB प्रोटीि को लसक्षत कििे में मदद किें गे। 

अध्याय 1 (पररचय) तपेसदक औि इिके कािक जीव, एमटीबी द्वािा अपिाई गई अजीबोगिीब प्रकृसत 

औि उत्तिजीसवता तंि का एक सिंहावलोकि प्रदाि किता है। एमटीबी के प्रोटीिो ंके स्थिबी परिवाि की 

एक सवसृ्तत िमीक्षा प्रसु्तत की गई है, सजिमें वे मेजबाि के अंदि एमटीबी के अस्थस्तत्व में महत्वपूर्ण 

भूसमका सिभाते हैं औि िंक्रमर् का कािर् बिते हैं, इि प्रोटीिो ंके िंिचिात्मक सवविर्, औि एमटीबी 

के जीिो ंके प्रमोटि डीएिए के िाथ उिकी इंटिैक्शि । इि अध्याय में आगे स्थिबी-डीएिए अन्योन्यसक्रया 

अध्ययिो ंका िंसक्षप्त सवविर् औि स्थिबी-डीएिए अन्योन्यसक्रया को सवस्ताि िे िमझिे की आवश्यकता 

शासमल है। इि अध्याय का िमापि थीसिि के िंदभण में िमस्या की उत्पसत्त औि थीसिि में हल की गई 

शोि िमस्या की रूपिेखा के िाथ होता है। 
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अध्याय 2 (सामग्री और पद्धतियाां) प्रोटीि असभव्यस्थि, शुस्थिकिर् औि अन्योन्यसक्रया अध्ययिो ंके सलए 

उपयोग सकए जािे वाले ििायिो ंऔि असभकमणको ंकी खिीद का सवविर् प्रदाि किता है। यह आगे जांच 

के दौिाि उपयोग की जािे वाली तकिीको ंऔि सवसियो ंका वर्णि किता है। जेल इलेक््टोिोिेसिि, िास्ट 

प्रोटीि सलसिड क्रोमैटोग्रािी (एिपीएलिी), यूवी-सवसजबल से्पक््टोस्कोपी, फ्लोिेिेंि से्पक््टोस्कोपी, 

िकुण लि डाइक्रोइज्म से्पक््टोस्कोपी (िीडी), आइिोथमणल टाइटे्शि कैलोिीमेट्ी (आईटीिी), औि 

िििेि-एन्हांस्ड िमि से्पक््टोस्कोपी (एिईआिएि), आसद जैिी तकिीको ंपि चचाण की गई है। उिके 

सििांतो ंके िाथ। 

अध्याय 3 (माइकोबैक्टीररयम टू्यबरकुलोतसस के WhiB1, WhiB3, और WhiB6 प्रोटीन की 

अतिव्यक्ति और शुक्तद्धकरण का अनुकूलन) WhiB प्रोटीि को व्यि औि शुि कििे के सलए इष्टतम 

स्थिसतयो ंको खोजिे के सलए सकए गए प्रयोगो ंका सवस्ताि िे वर्णि किता है। इि अध्याय में WhiB प्रोटीि 

की अस्थििता, अघुलिशीलता औि एकिीकिर्-प्रवर् व्यवहाि को दूि कििे के सलए उपयोग की जािे 

वाली सवसभन्न िर्िीसतयो ंका उले्लख सकया गया है। कम तापमाि, िंलयि टैग के िाथ, WhiB1 औि 

WhiB3 प्रोटीि घुलिशीलता में कािी िुिाि हुआ। हमिे WhiB6 को िमावेशि सिकायो ंिे बचािे के 

सलए िंिक्षको ंकी िह-असभव्यस्थि का उपयोग सकया। हमिे सदखाया है सक DnaK-DnaJ-GrpE-GroEL-

GroES चैपिोि िेटवकण  के िंयोजि की िमस्थित कािणवाई िे ओवि-एक्सपे्रशि के दौिाि घुलिशील अंश 

में WhiB6 की घुलिशीलता को उले्लखिीय रूप िे बढ़ाया है। इिके अलावा, BL21-CodonPlus 

(DE3)-RIL औि BL21 λ(DE3) Rosetta-gami (DE3) कोसशकाओ ंजैिे ई. कोलाई उपभेदो ंिे WhiB 

प्रोटीि असभव्यस्थि में औि िुिाि सकया। 

अध्याय 4 (WhiB6 प्रोटीन का बायोतितिकल कैरेक्टराइिेशन और espA प्रमोटर डीएनए के 

साथ इसकी इांटरैक्शन) WhiB6 प्रोटीि की बायोसिसजकल सवशेषताओ ंऔि WhiB6 औि espA 

प्रमोटि डीएिए के बीच की इंटिैक्शि की एक व्यापक जांच प्रसु्तत किता है। बाध्यकािी मापदंडो ंमें 

अंतदृणसष्ट प्राप्त कििे के सलए, जैव-भौसतक तकिीको ंको सियोसजत सकया गया था। िाि-यूवी िीडी 

से्पक््टोस्कोपी, िमि से्पक््टोस्कोपी, औि से्टडी-से्टट फ्लोिेिेंि से्पक््टोस्कोपी िे इंटिैक्शि के कािर् 

WhiB6 में गििात्मक परिवतणिो ंकी जािकािी दी। इंटिैक्शि में शासमल WhiB6 के अवशेषो ंके बािे में 

जािकािी प्राप्त कििे के सलए हमिे िमि से्पक््टोस्कोपी का उपयोग सकया। इि अध्याय में आईटीिी 

प्रयोगो ं िे प्राप्त थमोडायिासमक पैिामीटिण औि WhiB6-DNA अन्योन्यसक्रया के बंिि बंिुता का भी 

उले्लख सकया गया है। ये सिष्कषण अपिे बाध्यकािी भागीदािो ंके िाथ WhiB6 की इंटिैक्शि की बेहति 

िमझ प्रदाि किें गे। 
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अध्याय 5 (WhiB3 प्रोटीन की िैविौतिक तवशेषिाओां की िाांच और pks2 प्रमोटर डीएनए के 

साथ इसकी इांटरैक्शन) स्थिबी3 प्रोटीि के जैवभौसतक लक्षर् वर्णि अध्ययि औि पीकेएि2 जीि के 

प्रमोटि डीएिए के िाथ स्थिबी3 के अन्योन्यसक्रया अध्ययि का वर्णि किती है। WhiB3 प्रोटीि सवषारु् 

सलसपड उपचय में शासमल जीि की असभव्यस्थि को सियंसित किता है। दूि-यूवी िीडी से्पक््टोस्कोपी, ितह-

िंवसिणत िमि से्पक््टोस्कोपी, स्थिि-िाज्य फ्लोिोिेंि से्पक््टोस्कोपी, औि आईटीिी िसहत बायोसिसजकल 

तकिीको ंको इंटिैक्शि के बाध्यकािी मािको,ं इंटिैक्शि के दौिाि प्रोटीि में िंिचिा परिवतणि, औि 

अवशेषो ंमें सवसृ्तत अंतदृणसष्ट प्राप्त कििे के सलए सियोसजत सकया गया था। WhiB3-pks2 के बंिि में 

शासमल है। प्रोटीि की जैवभौसतक सवशेषताओ,ं बाध्यकािी आत्मीयता, औि WhiB3-pks2 इंटिैक्शि के 

थमोडायिासमक मापदंडो ंके बािे में प्राप्त जािकािी का लाभ टीबी को िीक कििे के सलए दवाओ ंको 

सडजाइि कििे में सलया जा िकता है। 

अध्याय 6 (WhiB1 प्रोटीन का बायोतितिकल कैरेक्टराइिेशन और बाइांतडांग पाटटनर के साथ 

इसकी इांटरैक्शन: whiB1 प्रमोटर डीएनए) WhiB1 प्रोटीि के बायोसिसजकल लक्षर् वर्णि औि 

whiB1 प्रमोटि डीएिए के िाथ इिकी इंटिैक्शि िे िंबंसित है। WhiB1 अपिे प्रमोटि डीएिए िे जुडता 

है औि असभव्यस्थि को दबा देता है। इि अध्याय में, हमिे अंतः सक्रया को िमझिे के सलए जैवभौसतकीय 

तकिीको ंका उपयोग सकया है। इंटिेक्शि िे जुडे थमोडायिासमक पैिामीटि आईटीिी िे प्राप्त सकए गए 

थे। डीएिए के िाथ अंतः सक्रया कििे पि WhiB1 में िंिचिागत परिवतणिो ंका सवविर् दूि-यूवी िीडी औि 

स्थिि-िाज्य प्रसतदीस्थप्त से्पक््टोस्कोपी िे प्राप्त सकया गया था। 

अध्याय 7 (तनष्कषट और ितवष्य के दृतिकोण) में, इि अध्ययि की मुख्य सटप्पसर्यो ंको िेखांसकत सकया 

गया है। वतणमाि अध्ययि िे WhiB प्रोटीि की जैव-भौसतक सवशेषताओ ंमें अंतदृणसष्ट प्रदाि की है औि 

प्रमोटि डीएिए के िाथ WhiB प्रोटीि की इंटिैक्शि के बाध्यकािी मापदंडो ंका अिाविर् सकया है। ये 

सिष्कषण आगे WhiB प्रोटीि के िंिचिात्मक औि कायाणत्मक व्यवहाि को िमझिे में मदद किें गे। वे िए 

दवा अरु्ओ ंया छोटे-अरु् को सडजाइि कििे में मदद किें गे जो WhiB प्रोटीि की सवसशष्टता औि 

बाध्यकािी िंबंि की िकल कि िकते हैं। इि सवचाि को टीबी को िीक कििे के सलए आशाजिक दवाएं 

खोजिे के शोि में लगाया जा िकता है। 
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lane 5, wash; lane 6, fraction 3 (200 mM); lane 7, fraction 6 (200 mM); 

lane 8, fraction 8 (200 mM); lane 9, fraction 9 (200 mM); lane 10, 

fraction 11 (200 mM). (B) Lane 1, fraction 13 (200 mM); lane 2, 

Standard protein marker; lane 3, fraction 16 (200 mM); lane 4, fraction 

19 (200 mM); lane 5, fraction 22 (200 mM); lane 6, fraction 25 (200 

mM); lane 7, fraction 27 (200 mM); lane 8, fraction 2 (400 mM); lane 
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3.9 (A) SDS-PAGE analysis of purification of WhiB3.Trx by Ni-NTA 

affinity chromatography. Lane 1, Uninduced sample (UI); lane 2, pellet 

of induced sample; lane 3, supernatant (Load); lane 4, flow-through 

(FT); lane 5, wash 30 mM; lane 6, 100 mM elution fractions; lane 7, 
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standard protein marker; lane 8, 200 mM elution fractions; lane 9, 300 

mM elution fractions; lane 10, 500 mM elution fractions. (B) 

Purification profile of WhiB3.Trx protein purified using Ni-NTA 

affinity Chromatography 

3.10 SDS-PAGE analysis of WhiB3 protein after Thrombin protease 

cleavage. Lane 1, Control (WhiB3.Trx) (1mg/ml); lane 2, untagged 
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3.14 LB-Agar plate showing the transformation of BL21(DE3) competent 
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plasmid (C1 plasmid). (B)SDS-PAGE analysis showing expression of 

WhiB6 in the soluble fraction. Lane 1, WhiB6 Expression Pellet; lane 
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mg/ml Arabinose; lane 7, total pellet (C1+WhiB6) expressed at 37 °C 
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3.16 SDS-PAGE showing optimization of co-expression of WhiB6 under 

different conditions. A. Co-expression at different temperatures. Lane 
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chaperone culture; lane 3-4, supernatant (soluble fraction) of co-

expression at 37 ºC; lane 5, standard protein marker; lane 6-7, 

supernatant (soluble fraction) of co-expression at 30 ºC; lane 8-9, 

supernatant (soluble fraction) of co- expression at 18 ºC; lane 10, 

chaperone culture pellet (post-induction). B. Co-expression at different 

inducer concentrations at 37 ºC. Lane 1, WhiB6 culture pellet post 

induction; lane 2, chaperone culture pellet (post induction); lane 3-5, 

pellet (insoluble fraction) of co-expression with 2 mg/ml L-arabinose 

concentration; lane 4, supernatant (soluble fraction) of co- expression 

with 2 mg/ml L-arabinose concentration; lane 6, standard protein 

marker; lane 7- 8, pellet (insoluble fraction) of co-expression with 4 

mg/ml of L-arabinose concentration; supernatant (soluble fraction) of 

co-expression with 4 mg/ml of L-arabinose concentration 
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expression in the presence of osmolytes at different temperatures. A. 

Co-expression at 30 ºC in the presence of osmolytes. Lane 1, 

supernatant of WhiB6+chaperone co-expression; lane 2, standard 

protein marker; lane 3, supernatant of WhiB6+chaperone co-expression 
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WhiB6+chaperone co-expression in the presence of 0.5 M Mannitol; 

lane 5, supernatant of WhiB6+chaperone co-expression in the presence 

of 0.5 M Sucrose; lane 6, supernatant of WhiB6+chaperone co-

expression in the presence of 0.5 M Arginine Hydrochloride; lane 7, 

supernatant of WhiB6+chaperone co- expression in the presence of 0.5 

M Trehalose; lane 8, supernatant of WhiB6+chaperone co- expression 

in the presence of 0.5 M Glucose; lane 9, supernatant of 

WhiB6+chaperone co- expression in the presence of 10 % Glycerol. B. 

Co-expression at 37 ºC in the presence of osmolytes. The sequence of 

samples loaded in wells is the same as figure A. C. Co- expression at 16 

ºC in the presence of osmolytes. The sequence of samples loaded in 

wells is the same as in figure A. Arrows in black indicate the WhiB6 

expression band 
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3.18 SDS- SDS-PAGE showing overexpression of WhiB6 in the presence of 

osmolytes at 16 ºC. Lane 1, standard protein marker; lane 2, supernatant 

of WhiB6 overexpression culture in the presence of 10 % Glycerol; lane 

3, supernatant of WhiB6 overexpression culture in the presence of 0.5 
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overexpression culture in the presence of 0.5 M Arginine 

Hydrochloride; lane 6, supernatant of WhiB6 overexpression culture in 

the presence of 0.5 M Sucrose; lane 7, supernatant of WhiB6 

overexpression culture in the presence of 0.5 M Mannitol; lane 8, 

supernatant of WhiB6 overexpression culture in the presence of 0.5 M 

Sorbitol; lane 9, total expression pellet of WhiB6 (alone). 

103 
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cells. Lane 1, Standard protein marker; lane 2, the total pellet of the 
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lane 3, flow-through; lane 4, 30 mM Wash; lane 5,6, 100 mM elution 
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purified WhiB6 on Superdex 200 Increase (10/300) GL column. (A) 

Size-exclusion chromatogram showing the elution profile; single peak 

shows the presence of monomer. (B) Calibration Curve plotted using 

standard proteins: α-Lactalbumin (14.2 kDa), Trypsin Inhibitor 

(20.1 kDa), Trypsinogen (24 kDa), Carbonic Anhydrase (29 kDa), 

Glyceraldehyde-3- Phosphate Dehydrogenase (36 kDa), Albumin, Egg 
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4.8 Changes in the secondary structure of WhiB6 induced by different pH, 

studied at 25 °C. (A) Far-UV CD spectra of WhiB6 in the pH 2.0 to 8.0 

range (B) Far-UV CD spectra of WhiB6 from pH 7.0 to 11.0. (C) CD 

signal at 222 nm at different pH (pH 2.0 to 11.0). (D) Far-UV CD signal 

at 202 nm as a function of pH (pH 2.0 to 11.0) 
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4.9 Intrinsic tryptophan fluorescence spectra of WhiB6 protein (15 µM) 

showing changes in the tertiary structure upon incubation in buffers of 

different pH, studied at 25 °C. (A) Fluorescence emission spectra of 

WhiB6 in the pH 2.0 to 8.0 range. (B) Fluorescence emission spectra of 

WhiB6 from pH 7.0 to 12.0. (C) Spectra showing the fluorescence 
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4.11 Spectra showing the intermediate molten globule-like state of WhiB6 at 
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spectra, and (C) ANS-probed fluorescence spectra. The spectra of the 
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espA Promoter DNA (in the absence of MgCl2 in binding buffer). (B) 
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Modified Stern-Volmer plot to estimate the binding constant and 

number of binding sites. The emission maximum was obtained at 350 

nm 

4.13 Normalized tryptophan emission spectra of WhiB6 showing a blue shift 

in the maximum wavelength upon interaction with espA promoter DNA 

(in the absence of MgCl2 in binding buffer). (A) Spectra showing a blue 

shift in the λmax (black arrow showing the direction of shift of the 

maximum wavelength). (B) Plot showing maximum emission 

wavelength at each concentration of DNA during the interaction 
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4.14 Tryptophan emission spectra of WhiB6 (15 μM, pH 8.0) in the presence 
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(in the presence of 10 mM MgCl2 in binding buffer and WhiB6 is 

reduced). (A) Spectra showing a blue shift in the λmax (black arrow 

indicating the direction of shift of the maximum wavelength). (B) plot 

showing the maximum emission wavelength at each concentration of 

DNA during the interaction 

4.19 Isothermal titration calorimetry (ITC) of interaction between WhiB6 (20 

μM) and espA promoter DNA (200 µM) in 20 mM Tris pH 8.0, 100 mM 

NaCl, 10 mM MgCl2. 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 espA 

promoter DNA titration into the WhiB6 solution. The solid line 
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conserved Cysteine residues, the amino acids in blue depict the 

conserved tryptophan region, and those in red are the residues predicted 

by SERS that were found to be involved in the WhiB6-espA interaction. 
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supernatant of the lysed-induced sample (S); lane 4, the pellet of the 

lysed-induced sample (P). B. Purification profile of WhiB3. Lane 1, 

Uninduced sample; lane 2, the pellet of induced sample; lane 3, 

supernatant (Load); lane 4, flow-through; lane 5, wash 50 mM; lane 6, 

100 mM elution fractions; lane 7, standard protein marker; lane 8, 200 

mM elution fractions; lane 9, 300 mM elution fractions; lane 10, 500 

mM elution fractions 
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5.2 Lane 1, Control (WhiB3.Trx) (1mg/ml); lane 2, untagged WhiB3 and 
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5.3 Gel filtration chromatography analysis of WhiB3 using Superdex 200 

Increase (10/300) GL column. (A) Size-exclusion chromatogram 
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Lactalbumin (14.2 kDa), Trypsin Inhibitor (20.1 kDa), Trypsinogen 

(24 kDa), Carbonic Anhydrase (29 kDa), Glyceraldehyde-3-Phosphate 
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WhiB3 from pH 2.0 to 8.0. (B) Fluorescence emission spectra of WhiB3 
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5.13 Isothermal titration calorimetry (ITC) of interaction between WhiB3 (20 
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promoter DNA titration into the WhiB3 solution. The solid line 
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