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ABSTRACT 

The thesis entitled “Residue Level Investigation of Protein Conformations in the 

Crowded Medium: A Fluorescence Quenching Approach” describes the novel approach 

of using the sensitivity of the tryptophan (Trp) fluorescence of different proteins to its (Trp) 

surroundings to monitor the local perturbations in the immediate proximity of the intrinsic 

fluorophore. The thesis features detailed investigation of the Fluorescence quenching using 

the intrinsic tryptophan residues as the local reporters of modulations of protein 

conformations in the crowded milieu, in presence of a variety of external conditions such as 

changes in pH, thermal and/ or chemical denaturation. Moreover we have also included 

traditional quenchers like acrylamide and KI to interrogate the local conformational changes 

taking place in different proteins under these aforementioned conditions. Our work highlights 

the importance of using local probes in understanding alterations in protein structure in 

greater detail in presence of crowding agents. 

Chapter 1 entitled (Introduction) anticipate how macromolecular crowding has been known 

to influence the conformational landscape of proteins both globally and locally. The chapter 

gives an account of the research work that has been carried out by various research groups to 

understand and overcome the limitations and challenges for the local perturbation and 

dynamics of proteins using various site specific IR probes and nonnatural amino acid. 

Quenching studies using Trp (Tryptophan) as local reporters have been focused. The chapter 

further discusses macromolecular crowding, that has also been shown to modulate the protein 

conformation. 

 

Chapter 2 entitled (Materials and Methods) describes chemical procurement, purification 

and storage along with techniques used for carrying out experiments have been summarized. 

Specifically, steady-state and time-resolved fluorescence, UV-VIS spectroscopy, Circular 

Dichroism (CD) and Dynamic light scattering (DLS) measurements were used to carry out 

the requisite characterization. The techniques of fluorescence (steady-state and time-resolved) 

and CD spectroscopy have been employed to study the conformational changes of the 

proteins.  

Chapter 3 entitled "Crowding-Induced Quenching of Intrinsic Tryptophans of Serum 

Albumins: A Residue-Level Investigation of Different Conformations" In this chapter, 

we have used the intrinsic fluorescence of the tryptophan (Trp) residues of two homologous 

proteins, BSA (bovine serum albumin) and HSA (human serum albumin), to provide residue-

level interrogation of the protein conformations in the presence of different crowding agents 

(e.g., Dextran 6, Dextran 40, Ficoll 70, and PEG 8000). Our results hint at significant 

modulation in local structure as addressed by the Trp residues, with almost all of the 

crowding agents bringing about quenching of the Trp fluorescence. The nature of 

perturbation was observed to be largely dependent on the specific crowding agent used, with 

Dextran 6 showing the maximum effect while PEG 8000 showed the least. Additionally the 

extent of local structure modulation was found to be the largest either in the native state of 

the proteins or under near-native conditions, signifying the important role that the 
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surrounding amino acids play in determining the fluorescence of the Trp residues. Although 

BSA and HSA show ∼76% sequence homology and have almost identical structural 

disposition in the native state, their individual responses to the crowder-induced perturbation 

were found to be quite different.  The observed quenching occurs via a static mechanism that 

we hypothesize to be resulting from ground-state complex formation between Trp and the 

neighboring amino acid residues in response to the enhanced excluded volume effect as the 

crowder concentration is increased. 

Chapter 4 entitled "Unravelling the Intricacy of the Crowded Environment Through 

Tryptophan Quenching in Lysozyme" In this work, using the intrinsic tryptophan (Trp) 

residues of lysozyme, we have studied the effect of the crowding agents on the local 

conformation of this biomolecule. In presence of the macromolecular crowder Dextran 6, 

considerable quenching of tryptophan fluorescence was observed, which we have attributed 

to the enhanced proximity of the surrounding charged residues arising from local perturbation 

of protein structure. Accessibility of the Trp residues in presence of crowders as a function of 

thermal and chemical denaturation has also been monitored using the traditional quenchers, 

acrylamide and iodide. Quenching in presence of the crowding agents had to be modelled 

predominantly using the sphere-of-action model, with the sphere-of-volume ‘V’ being 

postulated to be a signature of the cage-like environments that can exist in the solutions of 

such polymeric macromolecular crowding agents. Moreover, percolation of the quencher 

molecules through the entangled crowder systems was observed to be dependent on the 

micropolarity of the specific crowding agent being studied, with the neutral quencher 

acrylamide exhibiting maximum quenching in presence of Dextran 6, while iodide being 

charged, exhibits higher quenching efficiency when Dextran 70 was the crowder. 

Additionally, control studies with the free amino acid tryptophan suggest that the variation in 

quenching so observed is not only due to the changes in the conformation of lysozyme and 

hence accessibility of the Trp residues but is also dictated by the underlying details and 

complexity of the crowder solutions to an appreciable extent. 

Chapter 5 entitled "Effect of Macromolecular Crowding on the Homodimeric protein, 

Beta Lactoglobulin: Local Interactions and Hydrophobic Changes" In this chapter we 

have compared the modulations in the local conformations of Beta lactoglobulin (β-LG) in its 

two different forms by probing how the intrinsic Trp fluorescence is affected in presence of 

different crowding agents namely, Dextran 6, Dextran 40, Dextran 70, Ficoll 70 and 

monomers like glucose and sucrose, ethylene glycol (EG) and PEG 8000. Using crowder 

induced quenching Dextran 6 was the most dominating and potent amongst all the crowding 

agents. Thermal studies in presence of traditional quencher acrylamide have been carried out 

under crowded media leading to dramatic modulations of protein conformation. To reveal the 

changes in hydrophobic patches as a function of the crowders, we have also performed ANS 

binding assays for both the monomeric and dimeric forms of the protein. It was evident that 

for the high molecular weight crowders, hydrophobic patches become increasingly more 

accessible for the dimeric form while the reverse happens for the monomer.  
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Chapter 6 entitled "Probing the Accessibility of Intrinsic Tryptophans of Bovine Serum 

Albumin in Crowded Environments using Fluorescence Quenching" In this chapter we 

have focused on intrinsic tryptophan fluorescence quenching to monitor the changes in a 

multidomain protein Bovine serum albumin (BSA) in the presence of various crowding 

agents like Dextran 6, 40, 70, Ficoll 70 and PEG 8000. Temperature dependent quenching 

experiments were carried out in buffer and in presence of different concentrations of the 

commonly used chemical denaturants, Urea and Guanidium Hydrochloride (GdmHCl). 

Interestingly enough, BSA only (in absence of the crowders) exhibited the lowest exposure of 

its Trp residues. This implies that the crowders induced greater accessibility to the intrinsic 

fluorophore, an aspect that reveals significant changes in the immediate vicinity of the 

tryptophans. GdmHCl proved to be more potent in bringing into deciphering changes in Trp 

fluorescence as compared to urea under crowded media The data analysis based on 

quenching mechanism for the crowding agents can differ considerably (linear, sphere of 

action, or Lehrer’s plot) based on the solvent conditions thereby further alludes to the 

complexity of the energy landscape of proteins. 

Chapter 7 entitled “Conclusion and future prospects” represents the conclusions drawn 

from all the studies mentioned above and the future prospects of the work carried out so far in 

this thesis. Local probes are thus incredibly useful tools poised to play a tremendous role in 

deciphering the future challenges that the crowded medium has to offer. 

 

 

 

 



सारांश 
 
"मÚयम èतर पर प्रोटीन के जमाव के अवशेष èतर की जांच: एक प्रितदीिÜत शमन Ǻिçटकोण" शीषर्क 

वाली थीिसस èथानीय तिृÜत की िनगरानी करने के िलए िविभÛन प्रोटीनɉ की िट्रÜटोफैन (टीआरपी) की 
सवेंदनशीलता का उपयोग करने के महान Ǻिçटकोण का वणर्न करती है। आतंिरक Ýलोरोफोरे की त×काल 

िनकटता। थीिसस पीएच, थमर्ल और/या रासायिनक िवकृतीकरण मɅ पिरवतर्न जैसे बाहरी पिरिèथितयɉ 
की उपिèथित मɅ, भीड़ वाले मील मɅ प्रोटीन के पिरवतर्न के èथानीय सवंाददाताओं के Ǿप मɅ आतंिरक 

िट्रÜटोफैन अवशषेɉ का उपयोग करके प्रितदीिÜत शमन की िवèततृ जांच की सिुवधा है। इसके अलावा 
हमने इन पूवȾक्त िèथितयɉ के तहत िविभÛन प्रोटीनɉ मɅ होने वाले èथानीय Ǿपा×मक पिरवतर्नɉ से 

पूछताछ करने के िलए एिक्रलामाइड और केआई जैसे पारंपिरक क्वæैचरɉ को भी शािमल िकया है। हमारा 
काम भीड़ एजɅटɉ की उपिèथित मɅ प्रोटीन सरंचना मɅ पिरवतर्न को समझने मɅ èथानीय जांच का उपयोग 

करने के मह×व पर प्रकाश डालता है।   

अÚयाय 1 शीषर्क (पिरचय) अनुमान लगाता है िक विैæवक और èथानीय èतर पर मकै्रोलेक्युलर 

मांसपेिशयɉ को प्रोटीन के िवǾपण पिरǺæय को प्रभािवत करन े के िलए कैसे जाना जाता है। अÚयाय 

िविभÛन अनसुधंान समहूɉ ɮवारा िविभÛन साइट िविशçट आईआर जांच और गैर-अलौिकक अमीनो 
एिसड का उपयोग करके प्रोटीन के èथानीय गड़बड़ी और गितशीलता के िलए सीमाओं और चनुौितयɉ को 
समझने और दरू करने के िलए िकए गए शोध कायɟ का एक खाता देता है। èथानीय सवंाददाताओं के Ǿप 

मɅ ट्रप (िट्रÜटोफैन) का उपयोग करके शमन करने वाले अÚययनɉ पर Úयान कɅ िद्रत िकया गया है। अÚयाय 

मɅ मकै्रोमोलेक्यूलर भीड़ पर चचार् की गई है, िजसे प्रोटीन िवǾपण को सशंोिधत करने के िलए भी िदखाया 
गया है। 

अÚयाय 2 शीषर्क (सामग्री और िविधयाँ) रासायिनक खरीद, शुिद्ध और भंडारण का वणर्न करता है और 

साथ ही प्रयोगɉ को करन े के िलए उपयोग की जाने वाली तकनीकɉ को सकें्षप मɅ प्रèततु िकया गया है। 
िवशषे Ǿप से, िèथर-राÏय और समय-सकंãप प्रितदीिÜत, यूवी-िवज़ èपेक्ट्रोèकोपी, पिरपत्र ɮिववणर्ता 
(CD) और गितशील प्रकाश िबखरन े (DLS) माप का उपयोग अपेिक्षत लक्षण वणर्न करने के िलए िकया 
गया था। प्रितदीिÜत (िèथर-राÏय और समय-सकंãप) और सीडी èपेक्ट्रोèकोपी की तकनीकɉ को प्रोटीन के 

पिरवतर्नकारी पिरवतर्नɉ का अÚययन करन ेके िलए िनयोिजत िकया गया है। 

 

 

 



अÚयाय 3 शीषर्क "सीरम एãबमɉ के आतंिरक िट्रÜटोफैन की भीड़-पे्रिरत शमन का शीषर्क: िविभÛन 

िवकृितयɉ का एक अवशषे-èतरीय जांच" इस अÚयाय मɅ, हमन ेदो समǾप प्रोटीन, बीएसए (गोजातीय 

सीरम) के िट्रÜटोफैन (टीआरपी) अवशषेɉ के आंतिरक प्रितदीिÜत का उपयोग िकया है। एãÞयूिमन) और 
एचएसए (मानव सीरम एãÞयूिमन), िविभÛन भीड़भाड़ वाले एजɅटɉ (जैसे, डके्सट्रान 6, डके्सट्रान 40, 

िफकोल 70 और पेग 8000) की उपिèथित मɅ प्रोटीन के अवशषेɉ के èतर की पूछताछ प्रदान करन ेके िलए। 
हमारे पिरणाम èथानीय सरंचना मɅ मह×वपूणर् मॉɬयूलेशन पर सकेंत देत ेहɇ, जैसा िक ट्रप अवशषेɉ ɮवारा 
सबंोिधत िकया गया है, लगभग सभी क्राउिडगं एजɅटɉ ने टीआरपी प्रितदीिÜत को बुझान ेके िलए लाया है। 
गड़बड़ी की प्रकृित का उपयोग बड़ ेपैमाने पर िविशçट भीड़ एजɅट पर िनभर्र होने के िलए िकया गया था, 
िजसमɅ डके्सट्रान 6 अिधकतम प्रभाव िदखात ेहɇ जबिक पीईजी 8000 सबसे कम िदखा। इसके अितिरक्त 

èथानीय सरंचना मॉɬयूलेशन की सीमा या तो प्रोटीन की मलू िèथित मɅ या िनकट-देशी पिरिèथितयɉ मɅ 
सबसे बड़ी पाई गई, जो मह×वपूणर् भिूमका को दशार्ती है िक आसपास के अमीनो एिसड ट्रापी अवशषेɉ के 

प्रितदीिÜत का िनधार्रण करन ेमɅ खेलते हɇ। यɮयिप बीएसए और एचएसए 76% अनकु्रम होमोलॉजी 
िदखात ेहɇ और मलू राÏय मɅ लगभग समान सरंचना×मक èवभाव रखत ेहɇ, क्राउडर-पे्रिरत गड़बड़ी के िलए 

उनकी åयिक्तगत प्रितिक्रयाएं काफी िभÛन पाई गईं। मनाया शमन एक èथिैतक तंत्र के माÚयम से होता 
है िजसे हम टै्रप और पड़ोसी अमीनो एिसड अवशषेɉ के बीच ग्राउंड-èटेट कॉàÜलेक्स गठन के 

पिरणामèवǾप पिरकिãपत करत ेहɇ तािक बढ़ी हुई अपविजर्त मात्रा प्रभाव के जवाब मɅ पड़ोसी अमीनो 
एिसड अवशषेɉ के Ǿप मɅ भीड़ एकाग्रता बढ़े। 

अÚयाय 4  शीषर्क "लाइसोजाइम मɅ िट्रÜटोफैन शमन के माÚयम से भीड़ भरे वातावरण की गहनता को 
उजागर करना" शीषर्क है, इस काम मɅ, लाइसोजाइम के आतंिरक िट्रÜटोफैन (टीआरपी) अवशषेɉ का 
उपयोग करत े हुए, हमन ेइस बायोमोलेक्यूल के èथानीय संवहन पर भीड़ एजɅटɉ के प्रभाव का अÚययन 

िकया है। मकै्रोमोलेक्यूलर क्राउडर डके्सट्रान 6 की उपिèथित मɅ, िट्रÜटोफैन प्रितदीिÜत की काफी शमन 

िक्रया देखी गई, िजसे हमन ेप्रोटीन सरंचना के èथानीय गड़बड़ी से उ×पÛन होने वाले आसपास के आवेिशत 

अवशषेɉ की बढ़ी हुई िनकटता के िलए िजàमेदार ठहराया है। थमर्ल और रासायिनक िवकृतीकरण के कायर् 
के Ǿप मɅ भीड़ की उपिèथित मɅ ट्रप अवशषेɉ की पहंुच पर भी पारंपिरक क्वɅचसर्, एिक्रलामाइड और 

आयोडाइड का उपयोग करके िनगरानी की गई है। भीड़ एजɅटɉ की उपिèथित मɅ शमन मखु्य Ǿप से क्षेत्र-ए-

एक्शन मॉडल का उपयोग करके िकया जाना था, िजसमɅ गोले की मात्रा 'V' को िपजंरे जसेै वातावरण के 

हèताक्षर के Ǿप मɅ जाना जाता है जो समाधानɉ मɅ मौजदू हो सकत ेहɇ इस तरह के बहुलक मैक्रोमोलेक्यूलर 

भीड़ एजɅट। इसके अलावा, उलझा हुआ क्राउडर िसèटम के माÚयम से क्वेÛचर अणओु ंका परावतर्न 

अÚययन िकया जा रहा िविशçट क्राउिडगं एजɅट की सêूमता पर िनभर्र था, तटèथ क्वɅकर एिक्रलामाइड के 

साथ डके्सट्रान 6 की उपिèथित मɅ अिधकतम शमन का प्रदशर्न िकया गया, जबिक आयोडाइड का आरोप 

लगाया जा रहा है, उÍच शमन का प्रदशर्न करता है। दक्षता जब डके्सट्रान 70 भीड़ थी। इसके अितिरक्त, 



मकु्त अमीनो एिसड िट्रÜटोफैन के साथ िनयंत्रण अÚययन से पता चलता है िक बुझान ेमɅ िभÛनता न केवल 

लाइसोजाइम के सचंलन मɅ पिरवतर्न के कारण होती है और इसिलए टीआरपी अवशषेɉ की पहंुच मɅ कमी 
होती है, लेिकन यह भीड़ के अंतिनर्िहत िववरण और जिटलता से िनधार्िरत होती है। एक प्रशंसनीय सीमा 
तक समाधान। 

अÚयाय 5  शीषर्क "होमोिडमेिरक प्रोटीन, बीटा लकै्टोग्लोबुिलन पर मकै्रोमोलेक्यूलर क्राउिडगं का प्रभाव: 

èथानीय सहभािगता और हाइड्रोफोिबक पिरवतर्न" इस अÚयाय मɅ हमन ेबीटा लैक्टोग्लोÞयुिलन (β-LG) 

के èथानीय अनǾुपणɉ मɅ सशंोधन की तुलना अपने दो अलग-अलग Ǿपɉ मɅ जांच करके की है िक कैसे। 
आतंिरक टै्रप प्रितदीिÜत अलग-अलग भीड़ एजɅटɉ की उपिèथित मɅ प्रभािवत होती है, जैसे िक डके्सट्रान 6, 

डके्सट्रान 40, डके्सट्रान 70, िफकॉल 70 और ग्लकूोज और सकु्रोज, एिथलीन ग्लाइकॉल (ईजी) और खूंटी 
8000 जैसे मोनोमर। क्राउडर पे्रिरत शमन Dextran 6 का उपयोग करना सबसे अिधक था। सभी भीड़ 

एजɅटɉ के बीच हावी और शिक्तशाली। पारंपिरक क्वेनर एिक्रलामाइड की उपिèथित मɅ थमर्ल अÚययन 

भीड़ मीिडया के तहत िकया गया है, िजससे प्रोटीन िवǾपण के नाटकीय सशंोधन होते हɇ। भीड़ के एक 

समारोह के Ǿप मɅ हाइड्रोफोिबक पैच मɅ पिरवतर्न को प्रकट करन ेके िलए, हमने प्रोटीन के मोनोमेिरक और 

िडमिरक दोनɉ Ǿपɉ के िलए एएनएस बाÚयकारी assays का प्रदशर्न िकया है। यह èपçट था िक उÍच 

आणिवक भार भीड़ के िलए, मंदक के िलए हाइड्रोफोिबक पैच तजेी से अिधक सलुभ हो जाते हɇ, जबिक 

िरवसर् मोनोमर के िलए होता है।  

 

अÚयाय 6 शीषर्क "प्रितदीिÜत शमन का उपयोग करत े हुए भीड़ भरे वातावरण मɅ गोजातीय सीरम 

एãबिुमन के आतंिरक िट्रÜटोफैन की पहंुच की क्षमता" शीषर्क इस अÚयाय मɅ हमन ेएक मãटीडोमनै 

प्रोटीन गोजातीय सीरम एãÞयूिमन (बीएसए) की उपिèथित मɅ पिरवतर्न की िनगरानी के िलए आतंिरक 

िट्रÜटोफैन प्रितदीिÜत शमन पर Úयान कɅ िद्रत िकया है। Dextran 6, 40, 70, Ficoll 70 और PEG 8000 

जैसे िविभÛन क्राउिडगं एजɅट। बफर मɅ तापमान पर िनभर्र शमन प्रयोग िकए गए और आमतौर पर 

इèतेमाल िकए जाने वाले रासायिनक िडनोट्रानɅɪस, यूिरया और गनीडने हाइड्रोक्लोराइड (GdmHCl) के 

िविभÛन सांद्रता की उपिèथित मɅ। िदलचèप Ǿप से पयार्Üत है, बीएसए न ेकेवल (भीड़ की अनुपिèथित मɅ) 
अपने टै्रप अवशषेɉ के सबसे कम प्रदशर्न का प्रदशर्न िकया। इसका मतलब यह है िक भीड़ न ेआतंिरक 

Ýलोरोफोर के िलए अिधक पहंुच को पे्रिरत िकया, एक ऐसा पहल ूजो िट्रÜटोफैन के त×काल आसपास के 

क्षेत्र मɅ मह×वपूणर् पिरवतर्नɉ को प्रकट करता है। GdmHCl भीड़ मीिडया के तहत यूिरया की तलुना मɅ Trp 

प्रितदीिÜत मɅ िनणार्यक पिरवतर्न लाने मɅ अिधक शिक्तशाली सािबत हुआ। भीड़ एजɅटɉ के िलए शमन ततं्र 

पर आधािरत डटेा िवæलेषण िवलायक के आधार पर काफी िभÛन हो सकता है (रैिखक, कारर्वाई के क्षेत्र, या 
लेहरर की सािजश)। इस तरह की िèथितया ँप्रोटीन के ऊजार् पिरǺæय की जिटलता को और बढ़ाती हɇ। 



अÚयाय 7  शीषर्क "िनçकषर् और भिवçय की सभंावनाएं" शीषर्क से ऊपर उिãलिखत सभी अÚययनɉ और 

इस थीिसस मɅ अब तक िकए गए कायर् की भिवçय की सभंावनाओ ं से प्राÜत िनçकषɟ का प्रितिनिध×व 

करता है। èथानीय जांच इस प्रकार अिवæवसनीय Ǿप से उपयोगी उपकरण हɇ जो भिवçय की चनुौितयɉ का 
सामना करन ेमɅ एक जबरदèत भिूमका िनभाने के िलए तैयार की जाती हɇ जो िक भीड़-भाड़ वाले माÚयम 

को पेश करना पड़ता है। 

 

 

 

 



vii 
 

Table of Contents 

TITLES PAGE NO.
Certificate i 
Acknowledgements ii 
Abstract iv 
Table of Contents vii 
List of Figures ix 
List of Tables xviii 
  
  
CHAPTER 1:Introduction  
1.1 Protein Folding 1 
1.2 Global Probes 5 
1.3 Local Probes 5 
1.4 Site specific IR Probes 8 
       1.4.1 Backbone based site specific probes 8 
       1.4.2 Side chain based infra red probes 10 
             1.4.2 (a) C≡N  Stretching vibrations 10 
             1.4.2 (b) C=O Stretching Vibrations 18 
             1.4.2 (c) Metal carbonyl stretching vibrations 20 
             1.4.2 (d) Azide stretching vibrations 20 
1.5 Local fluorescence Probes 21 
1.6 Fluorescence Quenching 26 
       1.6.1 Fluorescence quenching studies 26 
1.7 Macromolecular Crowding 31 
       1.7.1 Effects of macromolecular crowding on the structure and stability of 

proteins 
34 

1 8 Structure and Functions of different Proteins 37 
       1.8.1 Bovine Serum Albumin 37 
       1.8.2 Human Serum Albumin 38 
       1.8.3 Hens Egg White Lysozyme 40 
       1.8.4 Beta Lactoglobulin 43 
1.9 Macromolecular Crowding Agents 47 
1 10 References 52 
  
CHAPTER 2: Materials and Methods  
2.1 Materials  77 
2 2 Sample preparation 77 
2 3 Quenchers of Fluorescence 80 
     2.3.1 Types of Quenching 82 
           2.3.1[A] Static Quenching 83 
           2.3.1[B] Collisional Quenching 84 
           2.3.1[C] Combined Quenching 84 
2.4 Quenching Models 85 
       2.4.1 Stern Volmer 86 
       2.4.2 Sphere of Action 88 
       2.4.3 Lehrer's Model 89 
2.5 Spectroscopic Measurements 90 
2.5.1 Absorption spectroscopy 90 



viii 
 

2.5.2 Fluorescence spectroscopy 92 
        2.5.2 [A] Steady State fluorescence spectroscopy 92 
       2.5.2 [B] Time Resolved fluorescence spectroscopy 96 
2.5.3 Circular Dichroism spectroscopy 107 
2.5.4 Dynamic light scattering (DLS) 111 
2.6 References 113 
  
CHAPTER 3: Crowding-Induced Quenching of Intrinsic Tryptophans of 
Serum Albumins: A Residue-Level Investigation of Different Conformations 

 

3.1 Introduction 117 
3.2 Results and Discussion 119 
3.3 Summary 132 
3.4 Conclusion 136 
3.5 Appendix Annexure 137 
3.6 References 138 
  
CHAPTER 4: Unravelling the Intricacy of the Crowded Environment 
through Tryptophan Quenching in Lysozyme 

 

4.1 Introduction 141 
4.2 Data Analyses 143 
4.3 Results 144 
4.4 Discussion 164 
4.5 Conclusion 171 
4.6 References 173 
  
CHAPTER 5: Effect of macromolecular crowding on the Homodimeric 
protein, Beta Lactoglobulin: Local interactions and hydrophobic changes 

 

5.1 Introduction 179 
5.2 Results 182 
5.3 Discussion 195 
5.4 Conclusion 198 
5.5 References 200 
  
CHAPTER 6:Probing the Accessibility of Intrinsic Tryptophans of Bovine 
Serum Albumin in Crowded Environments using Fluorescence Quenching 

 

6.1 Introduction 203 
6.2 Results  
6.3 Discussion                                                                                         

206 
231 

6.4 Conclusion 231 
6.5 References 235 
  
CHAPTER 7:Conclusion and future prospects 238 
  
ANNEXURE I: Supplementary Information for Chapter 3 241 
ANNEXURE II: Supplementary Information for Chapter 4 258 
ANNEXURE III: Supplementary Information for Chapter 5 292 
ANNEXURE IV: Supplementary Information for Chapter 6 311 
  
Brief Biodata of Author 332 
  



ix 

 

List of Figures 

Figure No. Figure Title 
 

Page No. 

CHAPTER 1 
1.1 Levels of Protein Organisation 1 
1.2 Anfinsen Paradigm 2 

1.3 (a) Protein Folding and Misfolding 3 
1.3 (b) Schematic representation of our work 5 

1.4 Representation of λ6−85 structure and stability. (a) A folded 
representation of λ12, (b) Raw CD and (c) fluorescence spectra 
of λ12 with increasing temperature  (d) Thermal denaturation of 
λ12 as detected by CD, fluorescence integrated intensity (FI), 
and fluorescence peak wavelength shift (FP)  

7 

1.5 Schematic representation of the coupling strategy.  9 
1.6 (A) Schematic representation  of photo triggering of S,S-

tetrazine. S,S-Tet-AKA peptide.(B). Representations of the 
backbone rotation around the psi angle of the labeled amides in 
the distorted constrained region upon release of tetrazine to 
reform the helical turn. 

10 

1.7 Site specific IR probes 12 
1.8 The C≡N stretching vibrational bands of a tripeptide, Gly-

PheCN-Gly obtained  under different solvent conditions. 
13 

1.9 Molecular dynamic simulations of α LAX (A) and α LAX (B) 
embedded vertically into a bilayer composed of 128 DMPC 
molecules, 5630 TIP3P water molecules and a molecule of each 
peptides (with the p-CN-Phe probe in space-filling 
representation). 

14 

1.10 (A) Structure of nSH3 (PDB 1CKA) showing the side chains of 
Phe143, Phe153, Leu159, Met181, and Tyr186 and (B) 
structures of the (S)CN probes (shown as free amino acids). 

15 

1.11 Crystal structure of the docked Ras-Ral complex highlighting 
amino acids G12, G13, and Q61 of Ras and I18 of Ral. Also 
shown is the non hydrolyzable GTP analogue GDPNP bound to 
the active site of Ras. 

16 

1.12 (A) The C≡N stretching vibrational bands of bosutinib bound to 
wild-type Src and eight gatekeeper mutants (B) View of the 
water-mediated hydrogen-bond network in the binding site. 

17 

1.13 Structure at 1.8-Å resolution of the HIV-1 reverse transcriptase 
enzyme RT52A complexed with the NNRTI drug TMC278 .  

18 

1.14 Schematic representation of the binding of S-peptide to the S-
protein of ribonuclease S, which brings the site-specific C=O 
probe to an environment with a smaller electrostatic field. 

19 

1.15 Intrinsic biochemical fluorophore 22 
1.16 Representative structures of the different families of 

solvatochromic fluorophores commonly used in peptide and 
protein studies 

24 

1.17 Structure of AMP 26 
1.18 Crowding in eukaryotic cytoplasm 31 



x 

 

1.19 Macromolecular Crowding leads to various consequences (a) 
protein stability (b) excluded volume (c) native state of protein 
(d) phase separation (e) protein aggregation (f) oligomer 
formation (g) amyloid formation. 
 

33 

1.20 BSA structure from Protein Data Bank.   38 
1.21 HSA (PDB structure showing different domains) 39 
1.22 Schematic view of the structure of Hens Egg White lysozyme 41 
1.23 MOLSCRIPT representations of native hen lysozyme showing 

the α-domain (residues 1–40 and 90–129) with the α-helices A–
D and a C-terminal 310 helix in purple. The β-domain, 
containing an antiparallel three-stranded β-sheet and a long 
loop, is shown in green. The helices are represented as 
cylinders 

41 

1.24 HEWL showing six Tryptophan residues 42 
1.25 Dimer and monomer forms of β -lactoglobulin with two 

tryptophan residues indicated in (blue) as Trp 19 and Trp 61 
(red). 

44 

1.26 The crystal structure of Beta Lactoglobulin 45 
1.27 Structure of Dextran 48 
1.28 Structure of Ficoll  48 
1.29 Structure of PEG 49 
1.30 Structure of Betaine 49 

   
CHAPTER 2 

2.1 Comparison of Static and Dynamic Quenching 87 
2.2 Schematic of Spectrophotometer 90 
2.3 Jablonski diagram 93 
2.4 Schematic diagram of TCSPC apparatus 98 
2.5 Schematic  of detailed arrangement of TCSPC set up 100 
2.6 The different components of TCSPC instrument 103 
2.7 Origin of the CD effect. 108 
2.8 Sketch of Dynamic Light Scattering (DLS) instrumentation 112 

   
CHAPTER 3 

3.1 Schematic representation of crowder induced quenching of 
intrinsic  Tryptophans of serum albumins 

118 

3.2 Fluorescence spectra of (A) BSA and (B) HSA in the presence 
of varying concentrations of Dextran 6; the spectra were 
acquired at 25 g/L intervals of Dextran 6 

119 

3.3 Stern−Volmer plots for (A) BSA and (B) HSA in the presence 
of different crowding agents. λem. = 341 nm. The concentration 
of crowders on a moles per liter scale has been shown for the 
different crowding agents 

121 

3.4 Stern−Volmer plots for BSA in the presence of different 
crowding agents at different concentrations of urea. λem. = 341 
nm. Error bars have also been shown in the Figure. (The error is 
in the range of 3 to 4%.) 

125 

3.5 Stern−Volmer plots for HSA in the presence of different 126 



xi 

 

crowding agents at different concentrations of urea. λem. = 341 
nm. The plots showing enhancement in tryptophan fluorescence 
in the case of PEG 8000 have been fitted using a negative 
slope. Error bars have also been shown on the Figure. (The 
error is in the range of 3 to 4%.). 

3.6 Schematic representation of our hypothesis 134 
   

CHAPTER 4 
4.1 Schematic representation of the Crowder Induced Quenching in 

presence of small quenchers 
143 

4.2 Emission spectra of HEWL in presence of (A) Dextran 6 and 
(B) PEG8000 respectively (λexc = 295 nm, λem = 340 nm). (C) 
Stern Volmer plots of HEWL in presence of different crowding 
agents. (D) Stern Volmer plots in presence of all the crowding 
agents except Dextran 6. In panels (A) and (B), Lysozyme in 
the figure legend refers to the protein in buffer only, that is, in 
absence of any crowding agents 

146 

4.3 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide in presence of different crowding agents at 25 °C 
(top panels) and 85 °C (bottom panels) (λexc =295 nm, λem = 
340 nm). Lysozyme in the figure legend signifies the quenching 
of the protein in absence of the crowders 

149 

4.4 Stern Volmer plots of (HEWL) with varying concentrations of 
iodide in presence of different crowding agents at 25 °C (top 
panels) and 85 °C (bottom panels) (λexc = 295 nm, λem = 340 
nm). Lysozyme in the figure legend signifies the quenching of 
the protein in absence of the crowders 

150 

4.5 Ksv as a function of temperature for (HEWL) in presence of 
acrylamide (top panels) and iodide (bottom panels) for 100 g/L 
and 200 g/L of different crowding agents 

152 

4.6 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in presence of dextran based crowding 
agents at 25 °C at 3.5 M Urea (λexc = 295 nm, λem = 340 nm). 

155 

4.7 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in presence of dextran based crowding 
agents at 25 °C at 3.5 M GdmHCl (λexc = 295 nm, λem = 344 
nm). 

157 

4.8 Stern Volmer plots for the free amino acid tryptophan with 
varying concentrations of acrylamide and KI at 25 °C for 
dextran based crowding agents of different molecular weights 
as mentioned in the figure legend. The dotted lines are the fits 
to the respective quenching data according to equations 1 & 3 
as given in the text (λexc = 295 nm, λem = 350nm). 

162 
 
 
 
 

4.9 3D Representation of Hen Egg White Lysozyme (HEWL) 
(2LYZ, Protein Data Bank) generated using PyMOL software. 
(A) Trp62, Trp63, Trp108, Trp 111, Trp 28 and Trp 123 are the 
six tryptophan residues that have been highlighted in (red). (B) 
Residues highlighted as in close proximity to Trp 62 are Arg 61 
and Arg 73 (cyan), Asp 101 (yellow) close to Trp 63, Glu 35 

166 



xii 

 

(orange) and Met 105 (marine blue) close to Trp 108, and Lys 
116 (magenta) close to Trp 111 

   
CHAPTER 5 

5.1 3D, Cartoon Representation of Beta Lactoglobulin (PDB ID: 
1BEB), generated using PyMOL. Trp19 and Trp61 are the two 
tryptophan residues highlighted in (red) in case of monomer 
whereas in case of dimer the two are highlighted in yellow 
(Trp19) and red (Trp61). 

183 

5.2 Stern Volmer plots for Beta Lactoglobulin as a function of 
different crowding agents at pH 7 [(A), (B), (C)] and at pH 3 
[(D), (E), (F)]. λexc = 295 nm, λem = 329 nm (monomer) and 
332 nm (dimer) 

184 

5.3 Stern Volmer plot for β-Lg as a function of varying 
concentrations of acrylamide at (A) pH 7 and (B) pH 3 

187 

5.4 Ksv as a function of temperature for β-Lg at pH 7 [(A) and (B)] 
and at pH 3 [(C) and (D)] 

189 

5.5 Fluorescence spectra of β-Lg with ANS at the two pH values 
and the normalised ANS fluorescence spectra in inset at pH 7 
and pH 3. The peaks with maxima ~330 nm can be attributed to 
the Trp emission of the proteins. λexc = 295 nm. 

191 

5.6 Plots of F0/F for ANS bound to β-Lg where F0 is the 
fluorescence intensity in absence of any crowder while F is the 
same as a function of the crowder concentration, at pH 7 [(A), 
(B), (C)] and at pH 3 [(D), (E), (F)]. The left column of figure 
panels is that for pH 7 while the right column of panels for pH 
3 

193 

5.7 Lifetime (ns) as a function of crowder concentration for ANS 
bound to β-Lg at pH 7 and pH 3 

194 

   
CHAPTER 6 

6.1 (A) Thermal denaturation and (B) Emission spectra for BSA in 
absence of crowding agents from 45 – 85 °C, (λexc = 295 nm, 
λem = 341 nm) 

208 

6.2 Emission spectra for BSA in absence of crowding agents as a 
function of  temperature at (A) 1 M  (B) 3 M (C) 5 M (D) 7 M 
urea concentrations, λexc = 295 nm 

209 

6.3 Stern Volmer plots for BSA in presence of 100 g/L and 200 g/L 
of different crowding agents at 45 °C, 65 °C, and 85 °C 

213 

6.4 Stern Volmer plots for BSA in presence of varying 
concentrations of Urea in presence of 100 g/L and 200 g/L of 
Dextran 6 at 45 °C, 65 °C, and 85 °C 

218 

6.5 Stern Volmer plots for BSA in presence of varying 
concentrations of GdmHCl in presence of 100 g/L and 200 g/L 
of Dextran 6 at 45 °C, 65 °C, and 85 °C  

219 

6.6 Stern Volmer plots for BSA in presence of varying 
concentrations of Urea in presence of 100 g/L and 200 g/L of 

221 



xiii 

 

Dextran 40 at 45 °C, 65 °C, and 85 °C 
6.7 Stern Volmer plots for BSA in presence of varying 

concentrations of GdmHCl in presence of 100 g/L and 200 g/L 
of Dextran 40 at 45 °C, 65 °C, and 85 °C. 

222 

6.8 Stern Volmer plots for BSA in presence of varying 
concentrations of Urea in presence of 100 g/L and 200 g/L of 
Dextran 70 at 45 °C, 65 °C, and 85 °C 

226 

6.9 Stern Volmer plots for BSA in presence of varying 
concentrations of GdmHCl in presence of 100 g/L and 200 g/L 
of Dextran 70 at three different temperatures 45 °C, 65 °C, and 
85 °C 

228 

   
Supplementary Information 

SI Figure 3.1 Stern Volmer plots for BSA (left column) and HSA (right 
column) in presence of different crowding agents at different 
concentrations of urea. The plots showing enhancement in 
tryptophan fluorescence in case of PEG 8000 have been fitted 
using a negative slope 

246 

SI Figure 3.2 Stern Volmer plots for BSA (top panels) and HSA (bottom 
panels) in presence of Dextran 6 at different concentrations of 
urea 

247 

SI Figure 3.3 Stern Volmer plots for BSA (top panels) and HSA (bottom 
panels) in presence of Dextran 40 at different concentrations of 
urea. The lines for the plots showing downward curvature 
should be treated as visual aids to help view the observed trend. 

248 

SI Figure 3.4 Stern Volmer plots for BSA (top panels) and HSA (bottom 
panels) in presence of Ficoll 70 at different concentrations of 
urea 

249 

SI Figure 3.5 Stern Volmer plots for BSA (top panels) and HSA (bottom 
panels) in presence of PEG 8000 at different concentrations of 
urea 

250 

SI Figure 3.6 Fluorescence lifetime decays of BSA (top panels) and HSA 
(bottom panels) in presence of Dextran 40 in presence and 
absence of 4 M urea, λexc. = 280 nm, λem  = 340 nm 

251 

SI Figure 3.7 Plots for F0/F versus increasing concentration of urea in 
presence of 50, 100, 150 and 200 g/l of Dextran 6 

252 

SI Figure 3.8 Plots for F0/F versus increasing concentration of urea in 
presence of 50, 100, 150 and 200 g/l of Dextran 40 

253 

SI Figure 3.9 Plots for F0/F versus increasing concentration of urea in 
presence of 50, 100, 150 and 200 g/l of Ficoll 70 

254 

SI Figure 3.10 Plots for F0/F versus increasing concentration of urea in 
presence of 50, 100, 150 and 200 g/l of PEG 8000. For both the 
proteins there is an overall decrease in F0/F value with increase 
in urea concentration; however for HSA the F0/F values are less 
than 1, signifying enhancement in Trp fluorescence 

255 

SI Figure 3.11 (A) Stern Volmer plots and (B) respective Lehrer's plots for 
BSA in presence of different crowders at different 
concentrations of urea; the dotted lines in the left panel are not 

256 



xiv 

 

the fits but are just guides to aid the visualization of the 
profiles; the lines in (B) are the fits obtained from the Lehrer’s 
equation 

SI Figure 3.12 Plots of θ0/θ versus increasing concentration of urea in presence 
of 50, 100, 150 and 200 g/l of Dextran 6 monitored at 222 nm 

257 

SI Figure 3.13 Plots of θ0/θ versus increasing concentration of urea in presence 
of 50, 100, 150 and 200 g/l of Dextran 40 monitored at 222 nm 

258 

SI Figure 3.14 Plots of θ0/θ versus increasing concentration of urea in presence 
of 50, 100, 150 and 200 g/l of Ficoll 70 monitored at 222 nm 

259 

SI Figure 3.15 Plots of θ0/θ versus increasing concentration of urea in presence 
of 50, 100, 150 and 200 g/l of PEG 8000 monitored at 222 nm 

260 

SI Figure 4.1 Analyses of the Stern-Volmer quenching plots in presence of 
crowders (as given in the legend) as the quenchers. Here the 
[Q] represents the concentration of the respective crowder as 
the quencher. [Q] has been expressed in molar (M) units for this 
figure 

272 

SI Figure 4.2 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in buffer (pH 7) only, that is, absence of 
crowding agents, at different temperatures 

273 

SI Figure 4.3 Stern Volmer plots of (HEWL) with varying concentrations 
acrylamide and iodide in presence of Dextran 6 at different 
temperatures 

274 

SI Figure 4.4 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in presence of Dextran 40 at different 
temperatures 

275 

SI Figure 4.5 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in presence of Dextran 70 at different 
temperatures 

276 

SI Figure 4.6 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in presence of Ficoll 70 at different 
temperatures 

277 

SI Figure 4.7 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in presence of PEG 8000 at different 
temperatures 

278 

SI Figure 4.8 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide at 25 °C in presence of different 
denaturants. Excitation wavelength at all denaturant 
concentrations λexc = 295 nm and emission wavelength at all 
denaturant concentrations 3.5 M Urea (λem = 340 nm), 6 M 
Urea (λem = 341 nm), 8 M Urea (λem = 342 nm), 3.5 M GdmHCl 
(λem = 344 nm), 7 M GdmHCl (λem = 350 nm) 

279 

SI Figure 4.9 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in presence of dextran based crowding 
agents at 25 °C at  6 M Urea (λexc = 295 nm, λem = 341 nm). 

280 

SI Figure 4.10 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in presence of dextran based crowding 
agents at 25 °C at  8 M Urea (λexc = 295 nm, λem = 342 nm). 

281 

SI Figure 4.11 Stern Volmer plots of (HEWL) with varying concentrations of 282 



xv 

 

acrylamide and iodide in presence of dextran based crowding 
agents at 25 °C at 7 M GdmHCl (λexc = 295 nm, λem = 350 nm). 

SI Figure 4.12 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in presence of different crowding agents 
at 25 °C at 8 M Urea. (λexc = 295 nm, λem = 342 nm). 

283 

SI Figure 4.13 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in presence of different crowding agents 
at 25 °C at 3.5 M GdmHCl (λexc = 295 nm, λem = 344 nm) 

284 

SI Figure 4.14 Stern Volmer plots of (HEWL) with varying concentrations of 
acrylamide and iodide in presence of different crowding agents 
at 25 °C at 7 M GdmHCl. (λexc = 295 nm, λem = 350 nm). 

285 

SI Figure 4.15 Stern Volmer plots of the free amino acid tryptophan with 
varying concentrations of acrylamide and iodide at 25 °C for 
dextran based crowding agents of different molecular weight at 
8 M Urea. (λexc = 295 nm, λem = 350 nm) 

286 

SI Figure 4.16 Stern Volmer plots of the free amino acid tryptophan with 
varying concentrations of acrylamide and iodide at 25 °C for 
dextran based crowding agents of different molecular weight at 
3.5 M GdmHCl. (λexc = 295 nm, λem = 350 nm) 

287 

SI Figure 4.17 Stern Volmer plots of the free amino acid tryptophan with 
varying concentrations of acrylamide and iodide at 25 °C for 
dextran based crowding agents of different molecular weight at 
7 M GdmHCl. (λexc = 295 nm, λem = 350 nm) 

288 

SI Figure 4.18 Binding plots of HEWL to the quencher acrylamide and KI in 
3.5 M Urea  in presence of Dextran 70 as mentioned in the 
legend associated with each panel. The dotted lines are the fits 
based on equation 5 as given in the main text with the binding 
constant K and the number of binding sites n being reported for 
every panel 

289 

SI Figure 4.19 Binding plots of HEWL to the quenchers acrylamide and iodide 
in 6 M urea in presence of Dextran 70 as the crowder as 
mentioned in the legend associated with each panel 

290 

SI Figure 4.20 Binding plots of HEWL to the quenchers acrylamide and iodide 
in 8 M urea in presence of Dextran 70 as the crowder as 
mentioned in the legend associated with each panel 

291 

SI Figure 4.21 Binding plots of HEWL to the quenchers acrylamide and iodide 
in 3.5 M GdmHCl in presence of the different crowding agents 
as mentioned in the legend associated with each panel 

292 

SI Figure 4.22 Binding plots of HEWL to the quencher acrylamide in 7 M 
GdmHCl in presence of the different crowding agents as 
mentioned in the legend associated with each panel. 

293 

SI Figure 4.23 Binding plots of HEWL to the quencher KI in 7 M GdmHCl in 
presence of the different crowding agents as mentioned in the 
legend associated with each panel. 

294 

SI Figure 5.1 Thermal unfolding of β-lactoglobulin at pH 3 (λem.= 329 nm)  
and pH 7 (λem.=  332 nm)., λexc = 295 nm 

303 

SI Figure 5.2 Thermal unfolding of β-lactoglobulin at pH 3 and pH 7 in 
presence of 200 g/L (A) Dextran 6 and (B) PEG 8000. λexc = 

303 



xvi 

 

295 nm 
SI Figure 5.3 Stern-Volmer plots for β-Lg in presence of Dextran 6 at pH 7 

[(A) and (B)] and at pH 3 [(C) and (D)] 
304 

SI Figure 5.4 Stern-Volmer plots for β-Lg in presence of Dextran 40 at pH 7 
[(A) and (B)] and at pH 3 [(C) and (D)] 

305 

SI Figure 5.5 Stern-Volmer plots for β-Lg in presence of Dextran 70 at pH 7 
[(A) and (B)] and at pH 3 [(C) and (D)] 

306 

SI Figure 5.6 Stern-Volmer plots for β-Lg in presence of Ficoll 70 at pH 7 
[(A) and (B)] and at pH 3 [(C) and (D)] 

307 

SI Figure 5.7 Stern-Volmer plots for β-Lg in presence of PEG 8000 at pH 7 
[(A) and (B)] and at pH 3 [(C) and (D)] 

308 

SI Figure 5.8 Plots τ0/τ for ANS bound to β-Lg where τ0  is the lifetime in 
absence of any crowder while τ is the same as a function of the 
crowder concentration, at pH 7 [(A), (B), (C)] and at pH 3 [(D), 
(E), (F)]. The left column of figure panels is that for pH 7 while 
the right column of panels for pH 3 

309 

SI Figure 5.9 Emission maximum shift for ANS fluorescence in presence of  
Dextran 6 and PEG 8000 at pH 3 and pH 7  

310 

SI Figure 6.1 Emission spectra for BSA in absence of crowding agents as a 
function of temperature at different GdmHCl concentrations 

319 

SI Figure 6.2 Stern Volmer plots for BSA in presence of varying 
concentrations of Urea in presence of 100 g/L and 200 g/L of 
Ficoll 70 at 45 °C, 65 °C, and 85 °C  

320 

SI Figure 6.3 Stern Volmer plots for BSA in presence of varying 
concentrations of GdmHCl in presence of 100 g/L and 200 g/L 
of Ficoll 70 at 45 °C, 65 °C, and 85 °C 

321 

SI Figure 6.4 Stern Volmer plots for BSA in presence of varying 
concentrations of Urea in presence of 100 g/L and 200 g/L of 
PEG 8000 at 45 °C, 65 °C, and 85 °C 

322 

SI Figure 6.5 Stern Volmer plots for BSA in presence of varying 
concentrations of GdmHCl in presence of 100 g/L of PEG 8000 
at 45 °C, 65 °C, and 85 °C 

323 

SI Figure 6.6 Ksv as a function of temperature plots for BSA in presence of 
(A) Urea (B) GdmHCl (top panel) and (C) 100 g/L (D) 200 g/L  
of different crowding agents (Bottom panel) at highest 
acrylamide concentration of 0.35M 

324 

SI Figure 6.7 Ksv as a function of temperature plots for BSA in presence of 
Dextran 6 at varying concentrations of [(A), (B)] urea and [(C), 
(D)] GdmHCl at highest acrylamide concentration of 0.35M 

325 

SI Figure 6.8 Ksv as a function of temperature plots for BSA in presence of 
Dextran 40 at varying concentrations of [(A), (B)] urea and 
[(C), (D)] GdmHCl at highest acrylamide concentration of 
0.35M 

326 

SI Figure 6.9 Ksv as a function of temperature plots for BSA in presence of 
Dextran 70 at varying concentrations [(A), (B)] urea and [(C), 
(D)] GdmHCl at highest acrylamide concentration of 0.35M 

327 

SI Figure 6.10 Ksv as a function of temperature plots for BSA in presence of 
Ficoll 70 at varying concentrations of [(A), (B)] urea and [(C), 

328 



xvii 

 

(D)] GdmHCl at highest acrylamide concentration of 0.35M 
SI Figure 6.11 Ksv as a function of temperature plots for BSA in presence of 

PEG 8000 at varying concentrations of [(A), (B)] urea and (C) 
GdmHCl at highest acrylamide concentration of 0.35M 
 

329 

SI Figure 6.12 Plots for F0/F versus increasing concentration of Urea in 
presence of 100 g/L and 200 g/L of different crowding agents 
as a function of temperature at 45 °C and 85 °C at highest 
acrylamide concentration of 0.35 M for BSA 
 

330 

SI Figure 6.13 Plots for F0/F versus increasing concentration of GdmHCl in 
presence of 100 g/L and 200 g/L of different crowding agents 
as a function of temperature at 45 °C and 85 °C at highest 
acrylamide concentration of 0.35 M for BSA 

331 

   
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xviii 

 

List of Tables 

Table No. Title 

 

Page No. 

CHAPTER 1 

Table 1.1 Overview of site specific IR probes 11 

Table 1.2 Summary of the solvatochromic fluorophores properties 25 

CHAPTER 2 

Table 2.1 Quenchers of Fluorescence 81 

CHAPTER 3 

Table 3.1 KSV (M -1), V (M -1), and r* (Å) values for BSA for different 
crowders in presence and absence of denaturant 

123 

Table 3.2 KSV (M -1), V (M -1), and r* (Å) values for HSA for different 
crowders in presence and absence of denaturant 

124 

Table 3.3(A) Percentage change in ellipticity* of BSA for a crowder 
concentration of 200 g/l in presence of varying concentrations of 
urea 

131 

Table 3.3(B) Percentage change in ellipticity* of HSA for a crowder 
concentration of 200 g/l in presence of varying concentrations of 
urea 

131 

CHAPTER 4 

Table 4.1 Ksv (M-1) and V (M-1) for HEWL in presence of dextran based 
crowding agents for acrylamide and iodide at a fixed denaturant 
concentration 

156 

Table 4.2 Ksv ( M -1)  and V ( M -1) values of the free amino acid tryptophan 
in presence of dextran based crowding agents for acrylamide and 
iodide as a function of denaturant concentration 

163 

CHAPTER 5 

Table 5.1 Ksv' (g-1 L) and V ( M -1) values of β-Lg in presence of different 
crowding agents 

183 

   



xix 

 

   

CHAPTER 6 

Table 6.1 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
varying concentrations of Urea as a function of Temperature 

210 

Table 6.2 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
different concentrations of crowding agents as a function of 
Temperature. 

214 

Table 6.3 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
Dextran 6 at varying concentration of GdmHCl  as a function of 
Temperature 

217 

Table 6.4 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
Dextran 40 at varying concentration of GdmHCl  as a function of 
Temperature 

223 

Table 6.5 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
Dextran 70 at varying concentration of GdmHCl  as a function of 
Temperature 

227 

Supplementary Information 

SI Table 3.1 fa values for different crowders at a fixed urea concentration 244 

SI Table 3.2 Fluorescence lifetime of BSA and HSA in presence of Dextran 40 
in absence and presence of 4 M urea 

245 

SI Table 4.1 Ksv' (g-1L)  and V (g-1L ) values of HEWL in presence of different 
crowding agents 

261 

SI Table 4.2 Binding constant K (M-1) and the number of binding sites 'n' of 
HEWL in presence of different crowding agents obtained from fits 
based on equation 5 (See text) 

261 

SI Table 4.3 Ksv (M -1)  and V (M -1) values of HEWL in presence of different 
crowding agents and in presence of acrylamide and iodide at 25 °C 

262 

SI Table 4.4 Ksv (M -1) and V (M -1) values of HEWL in presence of different 
crowding agents and in presence of acrylamide and iodide at 45 °C 

262 

SI Table 4.5 Ksv (M -1) and V (M -1) values of HEWL in presence of different 
crowding agents and in presence of acrylamide and iodide at 65 °C 

263 

SI Table 4.6 Ksv (M -1) and V (M -1) values of HEWL in presence of different 
crowding agents and in presence of acrylamide and iodide at 85 °C 

263 



xx 

 

SI Table 4.7 KD ( M -1), kq ( M -1s-1 ) and Ksv/ KD values of HEWL in presence 
of different crowding agents and in presence of acrylamide and 
iodide at a fixed denaturant concentration 

264 

SI Table 4.8 Lifetime values of HEWL at 8 M urea for varying conc. of 
acrylamide and iodide in absence & presence of crowders 

265 

SI Table 4.9 Lifetime values of HEWL at 3.5 M GdmHCl for varying conc. of 
acrylamide and KI in absence & presence of crowders 

267 

SI Table 
4.10 

Lifetime values of HEWL at 7 M GdmHCl for varying conc. of 
acrylamide and KI in absence & presence of crowders 

269 

SI Table 
4.11 

Percentage change in ellipticity of HEWL for a crowder 
concentration of 200 g/L in the presence of varying concentrations 
of denaturants 

271 

SI Table 5.1 Ksv ( M -1), and V ( M -1) values of β-Lg in presence of different 
crowding agents at pH 7 

292 

SI Table 5.2 Ksv ( M -1), and V ( M -1) values of β-Lg in presence of different 
crowding agents at pH 3 

293 

SI Table 5.3 Lifetime values of ANS bound to β-Lg in presence of Dextran 6 
and Dextran 40 at pH 7 

294 

SI Table 5.4 Lifetime values of ANS bound to β-Lg in presence of Dextran 70 
and Ficoll 70 at pH 7 

295 

SI Table 5.5 Lifetime values of ANS bound to β-Lg in presence of Glucose and 
Sucrose at pH 7  

296 

SI Table 5.6 Lifetime values of  ANS bound to β-Lg in presence of EG and 
PEG 200 at pH 7 

297 

SI Table 5.7 Lifetime values of ANS bound to β-Lg in presence of  PEG 8000 
at pH 7 and pH 3 

298 

SI Table 5.8 Lifetime values of ANS bound to β-Lg in presence of Dextran 6 
and Dextran 40 at pH 3 . 

299 

SI Table 5.9 Lifetime values of ANS bound to β-Lg in presence of Dextran 70 
and Ficoll 70 at pH 3.. 

300 

SI Table 
5.10 

Lifetime values of ANS bound to β-Lg in presence of Glucose and 
Sucrose at pH 3 

301 



xxi 

 

SI Table 
5.11 

Lifetime values of ANS bound to β-Lg in presence of  EG and 
PEG 200 at pH 3 

302 

SI Table 6.1 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
GdmHCl as a function of temperature 

311 

SI Table 6.2 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
Dextran 6 at varying concentrations of Urea as a function of 
temperature 

312 

SI Table 6.3 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
Dextran 40 at varying concentrations of Urea as a function of 
temperature 

313 

SI Table 6.4 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
Dextran 70 at varying concentrations of Urea as a function of 
temperature 

314 

SI Table 6.5 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
Ficoll 70 at varying concentrations of Urea as a function of 
temperature 

315 

SI Table 6.6 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
Ficoll 70 at varying concentrations of GdmHCl as a function of 
temperature 

316 

SI Table 6.7 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
PEG 8000 at varying concentrations of Urea as a function of 
temperature 

317 

SI Table 6.8 KSV (M -1), V (M -1), and r* (Å) values for BSA in presence of 
PEG 8000 at varying concentrations of GdmHCl as a function of 
temperature 

318 

 


	THESIS for phd viva with hindi ab.pdf



