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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 (B-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.



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 (GdmHCI).
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. GdmHCI 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.
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CHAPTER 3
Schematic representation of crowder induced quenching of
intrinsic Tryptophans of serum albumins
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
Stern—Volmer plots for (A) BSA and (B) HSA in the presence
of different crowding agents. Aey,, = 341 nm. The concentration
of crowders on a moles per liter scale has been shown for the
different crowding agents
Stern—Volmer plots for BSA in the presence of different
crowding agents at different concentrations of urea. Aem. = 341
nm. Error bars have also been shown in the Figure. (The error is
in the range of 3 to 4%.)
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nm. The plots showing enhancement in tryptophan fluorescence
in the case of PEG 8000 have been fitted using a negative
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Schematic representation of our hypothesis

CHAPTER 4
Schematic representation of the Crowder Induced Quenching in
presence of small quenchers
Emission spectra of HEWL in presence of (A) Dextran 6 and
(B) PEG8000 respectively (A exc =295 nm, A ¢, = 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
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) (Aexe =295 nm, Aem =
340 nm). Lysozyme in the figure legend signifies the quenching
of the protein in absence of the crowders
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) (Aexe = 295 nm, Aey, = 340
nm). Lysozyme in the figure legend signifies the quenching of
the protein in absence of the crowders
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
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 (Aexc = 295 nm, Aeyy = 340 nm).
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 GdmHCI (A exc = 295 nm, A ¢ = 344
nm).
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 (Aexc = 295 nm, Aeyy = 350nm).
3D Representation of Hen Egg White Lysozyme (HEWL)
(2LYZ, Protein Data Bank) generated using PyMOL software.
(A) Trp62, Trp63, Trpl08, 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
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whereas in case of dimer the two are highlighted in yellow
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Stern Volmer plots for Beta Lactoglobulin as a function of
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332 nm (dimer)
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Ksv as a function of temperature for B-Lg at pH 7 [(A) and (B)]
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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

Lifetime (ns) as a function of crowder concentration for ANS
bound to B-Lg at pH 7 and pH 3
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Aem= 341 nm)
Emission spectra for BSA in absence of crowding agents as a
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Dextran 40 at 45 °C, 65 °C, and 85 °C

Stern  Volmer plots for BSA in presence of varying
concentrations of GdmHCI in presence of 100 g/L and 200 g/L
of Dextran 40 at 45 °C, 65 °C, and 85 °C.

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

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

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

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.

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

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

Fluorescence lifetime decays of BSA (top panels) and HSA
(bottom panels) in presence of Dextran 40 in presence and
absence of 4 M urea, Aexe. = 280 nm, Aery, = 340 nm

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

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

Plots for Fo/F versus increasing concentration of urea in
presence of 50, 100, 150 and 200 g/1 of Ficoll 70

Plots for Fo/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 Fy/F value with increase
in urea concentration; however for HSA the Fo/F values are less
than 1, signifying enhancement in Trp fluorescence

(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
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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

Plots of 6¢/0 versus increasing concentration of urea in presence
of 50, 100, 150 and 200 g/l of Dextran 6 monitored at 222 nm
Plots of 6¢/0 versus increasing concentration of urea in presence
of 50, 100, 150 and 200 g/l of Dextran 40 monitored at 222 nm
Plots of 6¢/0 versus increasing concentration of urea in presence
of 50, 100, 150 and 200 g/I of Ficoll 70 monitored at 222 nm
Plots of 6¢/0 versus increasing concentration of urea in presence
of 50, 100, 150 and 200 g/l of PEG 8000 monitored at 222 nm
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

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

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

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

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

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

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

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 Aexe = 295 nm and emission wavelength at all
denaturant concentrations 3.5 M Urea (Aem = 340 nm), 6 M
Urea (Aem = 341 nm), 8 M Urea (Aey = 342 nm), 3.5 M GdmHCI
(Aem= 344 nm), 7 M GdmHCI (Aer, = 350 nm)

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 (hexe = 295 nm, Aey = 341 nm).

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 (Aexe = 295 nm, Ae, = 342 nm).

Stern Volmer plots of (HEWL) with varying concentrations of
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acrylamide and iodide in presence of dextran based crowding
agents at 25 °C at 7 M GAmHCI (Aexe = 295 nm, Aepy = 350 nm).
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. (Aexc = 295 nm, Aep = 342 nm).

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 GdmHC]I (Aexc = 295 nm, Aep = 344 nm)

Stern Volmer plots of (HEWL) with varying concentrations of
acrylamide and iodide in presence of different crowding agents
at 25 °C at 7 M GdmHCI. (Aexe = 295 nm, Aeyy = 350 nm).

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. (Aexc= 295 nm, Aeyy = 350 nm)

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 GdmHCI. (Aexe =295 nm, Ae, = 350 nm)

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 GdmHCI. (Aexe = 295 nm, Aery = 350 nm)

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

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

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

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

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

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

Thermal unfolding of B-lactoglobulin at pH 3 (Aem =
and pH 7 (Aem= 332 nm)., Aexc =295 nm

Thermal unfolding of B-lactoglobulin at pH 3 and pH 7 in
presence of 200 g/L (A) Dextran 6 and (B) PEG 8000. Aexe =
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295 nm
Stern-Volmer plots for B-Lg in presence of Dextran 6 at pH 7
[(A) and (B)] and at pH 3 [(C) and (D)]

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

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

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

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

Plots 1o/t for ANS bound to B-Lg where 19 is the lifetime in
absence of any crowder while t 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

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

Emission spectra for BSA in absence of crowding agents as a
function of temperature at different GdmHCI concentrations
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

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

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

Stern  Volmer plots for BSA in presence of varying
concentrations of GAmHCI in presence of 100 g/L of PEG 8000
at 45 °C, 65 °C, and 85 °C
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(A) Urea (B) GAmHCI (top panel) and (C) 100 g/L (D) 200 g/L
of different crowding agents (Bottom panel) at highest
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Ksv as a function of temperature plots for BSA in presence of
Dextran 6 at varying concentrations of [(A), (B)] urea and [(C),
(D)] GdmHCI at highest acrylamide concentration of 0.35M

Ks as a function of temperature plots for BSA in presence of
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(D)] GAmHCI at highest acrylamide concentration of 0.35M

Ksv as a function of temperature plots for BSA in presence of
PEG 8000 at varying concentrations of [(A), (B)] urea and (C)
GdmHCI at highest acrylamide concentration of 0.35M

Plots for F¢/F versus increasing concentration of Urea in
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