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Abstract

Proteins are increasingly recognised as highly dynamic molecules that continuously
communicate with their surrounding environment to execute their biological functions with
precision and efficiency. What sets this thesis, Protein Dynamics, Energy Flow, and
Aggregation Modulation in the Ultrafast Timescale, apart is its unified investigation of
protein dynamics, by sequentially tracking how proteins fluctuate, reorganise, and respond to
perturbations arising from a crowded milieu. A key focus lies in uncovering the driving force
behind these dynamics and conformational fluctuations—specifically, how energy travels
through protein frameworks and how this flow maintains a delicate balance between the
internal cavity and the surrounding environment. Probing this balance clarifies why proteins
remain stable and functional under physiological conditions and what triggers their transition
toward aggregation when this equilibrium breaks down. The thesis further elucidates the
mechanistic pathways through which small molecules modulate aggregation and mitigate the
associated toxicity. Throughout, ultrafast spectroscopy serves as the central tool, capturing the

earliest molecular events that ultimately shape long-term protein behaviour.

Chapter 1, entitled Introduction, establishes the conceptual foundation of the thesis by
discussing how protein dynamics underpin biological function and how these motions are
influenced by macromolecular crowding. It highlights the roles of excluded-volume effects and
soft interactions in reshaping conformational landscapes and altering protein behaviour in
physiologically relevant environments. The chapter then introduces the concept of energy flow
within proteins, explains its significance, and reviews key studies spanning heme systems,
small peptides, and non-heme proteins to situate the present work within the broader field. A
detailed description of protein aggregation, including its molecular steps, its contribution to
various diseases, and current inhibition strategies, is provided, with special emphasis on the
role of natural polyphenols and their ESIPT-based photophysical mechanisms. The chapter
concludes with an overview of the six proteins investigated in this thesis, namely HSA (PDB:
1A06), BSA (PDB: 3VO3), B-Lactoglobulin (PDB: 2AKQ), Cytochrome ¢ (PDB: 2B4Z7),
SOD1 (PDB: 1HL5), and the intrinsically disordered Huntingtin exon-1 mutant HD39Q.

Chapter 2, entitled Materials and Methods, lists all chemicals, proteins, ligands, and reagents
used, and describes the recombinant expression and purification of the Huntingtin HD39Q
mutant and SOD1 proteins. It outlines the use of UV—-Vis spectroscopy for concentration

measurements and binding studies, steady-state fluorescence instruments (FLS920 and

v



Fluoromax) for emission to explore global conformation and binding interactions, circular
dichroism (CD) for secondary and tertiary structural intrusion, Raman spectroscopy for probing
vibrational signatures, and the Ultrafast transient absorption setup for tracking excited state
dynamics. Molecular docking procedures used to analyse ligand—protein interactions are also
summarised. Together, these techniques provide a comprehensive framework for probing

structure, dynamics, and interactions across all investigated systems.

Chapter 3, entitled Bridging Soft Interaction and Excluded Volume in Crowded Milieu
through Subtle Protein Dynamics, demonstrates how macromolecular crowding affects
protein dynamics, revealing a transition from soft—interaction—dominated behaviour at low
crowder concentrations to excluded—volume—dominated effects at higher ones. Using
temperature-dependent measurements on human serum albumin (HSA), it is shown that both
local and global protein motions are modulated by the nature and concentration of the crowders,
with asymmetric domain responses that reveal a “bridging” regime largely independent of
crowder identity. Interestingly, this study distinguishes between solvent-coupled and decoupled
motions, indicating a heterogeneous dynamic landscape in crowded environments. Finally, it
proposes a link between increased global stability and relaxed, finely tuned local dynamics,
suggesting that crowding-induced stabilisation can paradoxically facilitate subtle internal

fluctuations.

Chapter 4, entitled Capturing Ultrafast Energy Flow of a Heme Protein in Crowded
Milieu, reveals how macromolecular crowding alters the ultrafast relaxation pathways of the
heme protein, Cytochrome c¢, by modulating the efficiency and directionality of energy
dissipation. Using femtosecond transient absorption spectroscopy, the study shows that both
through-space (ferric) energy transfer and methionine-rebinding (ferrous) kinetics channels are
strongly solvent-coupled and exhibit pronounced slowing as crowding increases. The crowders
induce microstructural organisation—mainly transient, cluster formation—around the protein,
creating a heterogeneous environment that reshapes vibrational energy transport. This study
demonstrates that synthetic crowders cause only modest delays, whereas protein-based
crowders produce a significantly larger slowdown due to their more intimate and complex
interactions with the protein surface, which disrupt the native hydrogen-bonding network of
biological water. Together, these results demonstrate that the qualitative nature of the crowded
environment, not just the degree of crowding, dictates how effectively energy migrates through

the protein framework.



Chapter 5, entitled Dynamic Balance Between Solvent Shell and Protein Core: Ultrafast
Hemin Dynamics Mapping Energy Flow in Non-Heme Proteins, highlights how the
interplay between the protein core and its surrounding solvent shell governs the energy flow in
non-heme proteins through the relaxation of the excited hemin. Using femtosecond transient
absorption spectroscopy, the study reveals that proteins with buried binding pockets, such as
HSA, facilitate rapid sub-ps relaxation, whereas proteins with solvent-exposed pockets, like
BSA and B-LG, display delayed dynamics extending into the nanosecond regime. These
striking differences highlight how microenvironmental heterogeneity—particularly solvent
accessibility, hydrophobicity, and local structural organisation—dictates the energy-dissipation
pathways. The results demonstrate that the surrounding solvent often plays a louder, more

decisive role than the protein core itself in controlling the fate of energy flow.

Chapter 6, entitled Polyphenols at the Helm: Excited State Photophysics and Mechanistic
Insights into Protein Aggregation Modulation through Ultrafast Studies, explores how
natural polyphenols delay protein aggregation by mapping their excited-state behaviour.
Ultrafast spectroscopy reveals ESIPT-driven and related photophysical pathways that dictate
how polyphenols interact with early oligomeric species. A clear correlation emerges that
polyphenols that bind strongly to the native protein exhibit weaker inhibition, whereas those
that fail to bind tightly to the native state show markedly stronger aggregation suppression by
targeting oligomers instead. These findings demonstrate how excited-state reactivity guides
selective binding to aggregation-prone intermediates. Together, the chapter provides a
mechanistic framework that links transient photophysics to the long-timescale modulation of

protein aggregation, whether globular or intrinsically disordered.

Chapter 7, entitled Conclusion and Future Scope, synthesises how ultrafast spectroscopy
disentangles the combined influence of macromolecular crowding, solvent dynamics, and
small-molecule modulators in regulating protein behaviour under physiologically relevant
conditions. It highlights how crowding-driven soft interactions, heterogeneous caging, and
solvent coupling collectively shape protein dynamics and energy flow, and ESIPT-mediated
polyphenol activity modulate aggregation across diverse protein systems. The chapter proposes
extending these insights to cofactor-containing proteins other than heme, probing LLPS-
induced heterogeneity using hemin as a microenvironmental reporter, and integrating ultrafast
spectroscopy with in-cell measurements. Together, these future directions aim to achieve real-
time mapping of energy dissipation and aggregation pathways directly within living, crowded

environments.
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SI Figure | diethylamino-3-(4-maleimidylphenyl)-4-methylcoumarin
317 (CPM), and emission spectrum of donor (Trp-214) in 26
phosphate buffer.
SI Figure Temperature dependence of the rate of FRET- Arrhenius plot
3.18 of In kg against 1/T of FRET between Trp-214 and CPM-34 257
in the presence of different crowders.
Ground state absorption spectra of ferric Cytochrome c in the
SI Figure presence of (A) Dextran 40, (B) Ficoll 70, (C) PEG 8 and (D) 21
4.1.1 Dextran 70 (Dashed arrow in blue indicating the pump
wavelength 400 nm).
Ground state absorption spectra of ferrous Cytochrome ¢ in
SI Figure the presence of (A) Dextran 40, (B) Ficoll 70, (C) PEG 8 and .
4.1.2 (D) Dextran 70 (Dashed arrow in blue indicating the pump
wavelength 400 nm).
Ground state absorption spectra of ferric Cytochrome c in the
SI Figure presence of (A) Glucose, (B) Sucrose, and (C) Ethylene .
4.1.3 Glycol (Dashed arrow in blue indicating the pump wavelength
400 nm).
Ground state absorption spectra of ferrous Cytochrome ¢ in
SI Figure the presence of (A) Glucose, (B) Sucrose, and (C) Ethylene .
4.1.4 Glycol (Dashed arrow in blue indicating the pump wavelength
400 nm).
Ground state absorption spectra of (A) ferric and (B) ferrous
Slfilg;ll‘e Cytochrome ¢ in the presence of BSA as a crowder and (C) 283

ferric and (D) ferrous Cyt c in the presence of B-LG as a
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crowder (Dashed arrow in blue indicating the pump

wavelength 400 nm).

SI Figure 4.2

Transient Absorption Spectra of Fe** cyt ¢ in the presence of
Crowders, (A-D) Dextran 40, (E-H) Ficoll 70, (I-L) PEG 8
and (M-P) Dextran 70 at varying concentration from 50 to
200 g/L.

283

SI Figure 4.3

Single Wavelength Kinetics Spectra of Fe*" cytochrome ¢
probed at 600 nm in the presence of synthetic crowders, (A)
Dextran 40, (B) Dextran 70, (C) Ficoll 70, (D) PEG 8, (E)
Glucose, (F) Sucrose and (G) Ethylene glycol.

284

SI Figure 4.4

Comparison of (i) ground state absorption spectra and DAS
of excited state decay (7;) of heme of (A) ferric, (B) ferrous
in the buffer. (ii) transient absorption spectra at early time
delay (0.15 ps) and DAS of 7, component for (C) ferric and
(D) DAS of both 7, and 73 components for Ferrous. (iii)
Methionine rebinding DAS (74) of ferrous with (E)
Differential ground state absorption of ferric and ferrous and
(F) Ground state absorption spectra of ferrous Cyt ¢ in the
buffer.

285

SI Figure 4.5

Transient absorption spectra of (A) ferric and (B) ferrous Cyt
¢ in buffer exhibiting vibrational cooling through spectral blue

shift and narrowing of bands.

286

SI Figure 4.6

Overlapped transient absorption decay of (A-J) ferric (435
and 600 nm) and (K-T) ferrous Cyt ¢ (430 and 575 nm) in
buffer and in the presence of PEG 8 [(B-F) and (L-O)] and
BSA [(F-J) and (P-T)].

286

SI Figure 4.7

Normalised Decay Associated Spectra of ferric Cytochrome ¢
in the presence of buffer, (A - D) PEG 8, (E - H) Ficoll 70, (I
— L) Dextran 40 and (M - P) Dextran 70.

287

SI Figure 4.8

Normalised Decay Associated Spectra of ferrous Cytochrome
¢ in the presence of buffer, (A - D) PEG 8, (E - H) Ficoll 70,
(I - L) Dextran 40 and (M - P) Dextran 70.

287
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SI Figure 4.9

Comparison of transient absorption spectra at early time delay
(0.15 ps) and (i) DAS of 7, component for ferric (A-H), (i)
DAS of both 7, and 73 components for ferrous (I-L)
Cytochrome c in the presence of crowders as mentioned at the
top (concentrations as mentioned to the left of the figure

panels).

288

SI Figure
4.10

Secondary structure of Fe** Cyt ¢ obtained at 25 °C in the
presence of buffer and synthetic polymeric crowders of (A)
100 g/L, (B) 200 g/L and Fe?* Cyt ¢ in the presence of
crowders of (C) 100 g/L, (D) 200 g/L. Active site structure of
Fe’" Cyt c in the presence of buffer and crowders of (E) 100
g/L, (F) 200 g/L and Fe?" Cyt c in the presence of crowders
of (G) 100 g/L, (H) 200 g/L as mentioned in the panels, with
the data points in the CD spectra shown being an average of
four independent scans (error bars not shown for clarity of

data).

288

SI Figure
4.11

Steady-state fluorescence spectra of ferric Cytochrome c (top
panel) and ferrous Cytochrome c¢ (bottom panel) in the

presence of buffer and crowders.

289

SI Figure
4.12

Variation in 7, of ferric Cyt ¢ as a function of crowder
concentrations comparing the effects of (A) Glucose, Dextran
40 and Dextran 70, (B) Sucrose and Ficoll 70, (C) Ethylene
glycol and PEG 8 and the similar comparison of ferrous Cyt
¢ comparing (D) Glucose, Dextran 40 and Dextran 70, (E)
Sucrose and Ficoll 70, (F) Ethylene glycol and PEG 8.

289

SI Figure
4.13

Secondary structure of Fe** Cyt ¢ obtained at 25 °C in the
presence of buffer and small molecule crowders of (A) 100
g/L, (B) 200 g/L and Fe*" Cyt ¢ in the presence of crowders
of (C) 100 g/L, (D) 200 g/L. Active site structure of Fe*" Cyt
¢ in the presence of buffer and crowders of (E) 100 g/L, (F)
200 g/L and Fe?* Cyt c in the presence of crowders of (G) 100
g/L, (H) 200 g/L. as mentioned in the panels, with the data

290
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points in the CD spectra shown being an average of four

independent scans (error bars not shown for clarity of data).

SI Figure
4.14

Active site structure of Cyt ¢ in the presence of buffer and
protein-based crowders (BSA and B-LG) of (A) ferric and (B)
ferrous form at 50 and100 g/L as mentioned in the panels, with
the data points in the CD spectra shown being an average of
four independent scans (error bars not shown for clarity of

data).

290

SI Figure
4.15

Ground state absorption spectra of ferric Cytochrome ¢ in the
presence of (A) BSA and (B) B-LG as crowder (Dashed arrow
in black indicating the shift in soret band as a function of
crowder concentration) [Inset: Variation in absorbance of Q-

band].

291

SI Figure
4.16

Comparison of (A) ground state absorption spectra of ferric
Cyt c in buffer before and after exposure to pump laser and its
chemically reduced form after 1 hour of laser exposure, (B)
Transient absorption spectra of the ferric form at a later time
delay of 20 ps with the difference in the ground state
absorption spectra of both ferric and ferrous Cyt c. Panel B

was used to calculate the quantum yield of photoreduction.

291

SI Figure
4.17

Comparison of the decay kinetics of ferric Cyt ¢ probed at 600
nm in the ambient and aerobic conditions in the presence of
(A) buffer and (B-E) synthetic polymeric crowders (200 g/L)

as mentioned.

292

SI Figure
4.18

Comparison of (A) ground state absorption spectra of ferrous
Cyt c in buffer before and after exposure to pump laser and its
oxidised form before laser exposure, (B) Transient absorption
spectra of the ferrous form at a later time delay of 20 ps with
the difference in the ground state absorption spectra of both
ferric and ferrous Cyt c. Panel B was used to calculate the

quantum yield of photooxidation.

292

SI Figure
4.19

(A) Variation in ground state bleach signal (AA at 530 nm) for

ferric Cyt ¢ in buffer (transient absorption spectra provided as

293
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inset) and (B) Transient kinetics probed at 600 nm as a

function of increasing pump power.

SI Figure
4.20

(A) Variation in ground state bleach signal (AA at 550 nm) for
ferrous Cyt ¢ in buffer (transient absorption spectra provided
as inset) and (B) Transient kinetics probed at 575 nm as a

function of increasing pump power.

293

SI Figure 5.1

(A) Ground state absorption spectra of Hemin in a mixture of
DMSO-water with increasing volume fraction of DMSO (as
mentioned in the legends), Crystal structures of (B) PB-
Lactoglobulin (PDB: 2AKQ), (C) Bovine serum albumin
(PDB: 4F5S), (D) Human serum albumin (PDB: 1A06)
obtained from protein data bank. Protein images generated

using PyMOL software.

310

SI Figure 5.2

Overlapped single wavelength kinetics of the ESA bands at
corresponding maxima of hemin in buffer, MeOH and DMSO
(A-C). Normalised Decay-associated spectra of Hemin in (D)
Buftfer, (E) MeOH and (F) DMSO.

311

SI Figure 5.3

Comparison of (i) transient absorption spectra (black curve)
at early time delay (0.20 ps), (ii) DAS of 7, component (red
curve) and (iii) ground state absorption spectra (blue curve)
of hemin in (A) Methanol, (B) DMSO, and (C) Buffer.
(Scaled by a factor for overlapping the spectra).

311

SI Figure 5.4

Transient absorption spectra of hemin in binary mixture of
DMSO and water as a function of increasing volume fraction
of DMSO. (Volume fractions are mentioned in the figure

panels, [A-F]).

312

SI Figure 5.5

Transient absorption spectra of hemin in binary mixture of
MeOH and water as a function of increasing volume fraction
of MeOH. (Volume fractions are mentioned in the figure

panels [A-I]).

312

SI Figure 5.6

Single Wavelength Kinetics Spectra of hemin probed at 540-

580 nm in binary mixture of DMSO and water as a function

313
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of increasing volume fraction of DMSO. (Volume fractions

are mentioned at the top of every figure, [A-F]).

SI Figure 5.7

Single Wavelength Kinetics Spectra of hemin probed at 540
nm in binary mixture of MeOH and water as a function of
increasing volume fraction of MeOH. (Volume fractions are

mentioned at the top of every figure, [A-I]).

313

SI Figure 5.8

Normalised Decay-associated spectra of hemin in binary
mixture of DMSO and water as a function of increasing
volume fraction of DMSO. (Volume fractions are mentioned

at the top of every figure, [A-D]).

314

SI Figure 5.9

Normalised Decay-associated spectra of hemin probed at 540
nm in binary mixture of MeOH and water as a function of
increasing volume fraction of MeOH. (Volume fractions are

mentioned at the top of every figure, [A-F]).

314

SI Figure
5.10

(A) Chemical structures of the surfactants, SDS, CTAB, and
Brij 35, drawn using ChemDraw, (B) Plot of A4o/A360 of
hemin in surfactants as a function of their concentration.
Ground state absorption spectra of hemin in (C) SDS, (D) Brij
35, and (E) CTAB (top panel), Transient absorption spectra
of hemin in (F) SDS (20 mM), (G) Brij 35 (2 mM) and (H)
CTAB (5 mM) (middle panel) at above CMC.

315

SI Figure
5.11

Transient absorption spectra of hemin in surfactants SDS (A-
F) as a function of its increasing concentration.
(concentrations are mentioned at the top of every figure)

(Apump = 360 nm).

315

SI Figure
5.12

Single Wavelength Kinetics Spectra of hemin probed at 525
nm (A-F), and 660 nm (G-L) in surfactant SDS, as a function
of its increasing concentration. (concentrations are mentioned

at the top of every figure).

316

SI Figure
5.13

Decay-associated spectra of (A) 7;, (B) 7,, and (C) 73 of
hemin in SDS as a function of their increasing concentration.

(concentrations are mentioned in the legend).

317
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Transient absorption spectra of hemin in surfactants CTAB

(A-D) and Brij 35 (E-H) as a function of their increasing

SI Figure 317
5.14 concentration. (concentrations are mentioned at the top of
every figure). (Apymp = 360 nm)
Single Wavelength Kinetics Spectra of hemin in surfactants
SI Figure Brij 35 (A-F), and CTAB (G-L), probed at 520-530 nm and 318
5.15 640-650 nm as a function of their increasing concentration.
(concentrations are mentioned at the top of every figure).
Decay-associated spectra of 4, 75, and 73 of hemin in Brij 35
SI Figure (A-C, top panel) and CTAB (D-F, bottom panel) as a function 318
5.16 of their increasing concentration. (concentrations are
mentioned in the legend).
(A) Schematic of hemin in reverse micelle, (B) Plot of
Ayo0/Azeo of hemin in surfactants as a function wyvalues,
SI Figure (Inset: ground state absorption spectra of hemin in varying 310
5.17 wy), Transient absorption spectra of hemin in the reverse
micelle of varying w, from 4 to 28 (C-J). (w, are mentioned
at the top of every figure) (Apymp = 360 nm).
Single Wavelength Kinetics Spectra of hemin in reverse
SIFigure | micelle of varying w, from 4 to 28 [A-H], probed at 650 nm 319
>18 (wg are mentioned at the top of every figure).
Decay-associated spectra of 74, T,, and 73 of hemin in Brij 35
SI Figure (A-C, top panel) and CTAB (D-F, bottom panel) as a function 120
5.19 of their increasing concentration. (concentrations are
mentioned in the legend).
Ground state absorption spectra of hemin-protein complex
increasing concentrations of (A) HSA, (B) BSA, and (C) B-
LG from 0.5 uM to 200 uM, keeping hemin concentration
SI Figure fixed at 20 uM. Changes in the secondary structure of (D) 120
5.20 HSA, (E) BSA, and (F) B-LG upon hemin binding varying

ration between the two, at 25 °C where the data points in CD
spectra are shown as an average of four independent scans

(error bars not shown for clarity of data).
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(A) Steady-state fluorescence quenching of HSA (20 uM)
with increasing hemin concentrations (4,,= 295 nm), (B)
Stern-Volmer Plot of all three proteins as a function of

quencher concentration, Relative fluorescence, and lifetime

plots of (C) B-LG (Aey /o= 295 nm / 327 nm), T, = 1.27 ns

SI SFizglure (D) HSA (A5 /Aem= 295 nm / 337 nm), 7, = 5.86 ns and (E) 321
BSA (Agy /A= 295 nm / 341 nm), 7, = 6.13 ns as a function
of increasing [Hemin]/[Protein], (F) Modified Lehrer’s plot to
calculate the binding constant of hemin with proteins. [All the
fluorescence lifetime decays were collected exciting by 268
nm laser, IRF =~ 670 ps]
(A) Binding isotherm of hemin with the proteins, (B) double-
SI gizgzure logarithmic  plots of binding fraction and protein 321
concentration obtained from UV-Vis titration data.
SI Figure Transient absorption spectra of hemin bound to (A) BSA and .
5.23 (B) B-LG, pumping at 360 nm.
Single Wavelength Kinetics Spectra of hemin bound to HSA
SI gizg:re (1:2) probed at respective maxima of excited state absorption 322
bands.
Normalised Decay-associated spectra of Hemin bound to (A)
HSA, (B) BSA and (C) B-LG (top panel). Comparison of (i)
transient absorption spectra (black curve) at early time delay
(0.20 ps), (i1)) DAS of 7, component (red curve) and (ii1)
SI Figure ground state absorption spectra (blue curve) of hemin in (D) 123
5.25 HSA, (E) BSA and (F) B-LG (middle panel). (Scaled by a
factor for overlapping the spectra) and Comparison of (i)
transient absorption spectra (black curve) at later time delay
(30 ps), (i1)) DAS of T3 component (red curve) of hemin in (G)
Buffer, (H) BSA and (I) B-LG (bottom panel).
Single Wavelength Kinetics Spectra of hemin bound to BSA
SI gizg;‘re (A-C) and B-LG (D-F) (1:2) probed at respective maxima of 324

excited state absorption bands.
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SI Figure
5.27

RMSD plot of (A) BSA, (B) HSA, and (C) B-LG (top panel),
and potential energy curves of (D) BSA, (E) HSA, and (F) B-
LG, respectively (bottom panel).

324

SI Figure
5.28

Peaks obtained from Raman spectra of the aromatic amino
acid residues, Phenyl alanine peaks at 1005 cm™ and 1030
cm™' of (A) BSA, (B) HSA and (C) B-LG (top panel) and
Tyrosine doublet peaks at ~820 cm™ and 850 cm™ of (D)
BSA, (E) HSA and (F) B-LG in absence (Blue curve) and

presence of hemin (Red curve) (bottom panel).

325

SI Figure
5.29

Comparison of ground state absorption spectra of hemin
before and after exposure to pump laser and its chemically
reduced form in (A) Buffer, (B) DMSO, and (C) HSA (top
panel), Variation in ground state bleach signal (AA) for hemin
at (D) 470 nm in buffer, (E) 500 nm in DMSO and (F) 600
nm bound to HSA (transient absorption spectra provided as
inset) and Transient kinetics probed at 540 nm as a function
of increasing pump power after 1 hour of laser exposure in

(G) Buffer, (H) DMSO and (I) HSA (bottom panel).

325

SI Figure 6.1

(A) Steady-state fluorescence spectra of polyphenols in
ethanol and chemical structures of (B) Baicalein, (C) EGCG

and (D) Myricetin drawn using ChemDraw.

352

SI Figure 6.2

Transient absorption spectra of (A, B) Baicalein, (C, D)
EGCQG, and (E, F) Myricetin in acetonitrile (A, C, E) and
dimethylformamide (B, D, F), respectively.

353

SI Figure 6.3

Single wavelength kinetics of the transient absorption spectra
of (A, B) Baicalein, (C, D) EGCG, and (E, F) Myricetin in
acetonitrile (A, C, E) and dimethylformamide (B, D, F),

respectively.

354

SI Figure 6.4

Decay-associated spectra obtained from global analysis of the
transient absorption spectra of Baicalein in (A) EtOH, (B)
ACN, and (C) DMF, EGCG in (D) EtOH, (E) ACN, and (F)
DMF, and Myricetin in (G) EtOH, (H) ACN, and (I) DMF.

355
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SI Figure 6.5

(A, E, I) Transient absorption spectra of EGCG, Baicalein and
Mpyricetin in deuterated ethanol (EtOD). (B, F, J)
Representative single-wavelength kinetics of the transient
absorption spectra. (C, G, K) Overlapped normalised decay
profiles in EtOH and EtOD showing isotope-dependent
slowing of the fastest relaxation component. (D, H, L)
Corresponding decay-associated spectra (DAS) obtained
from global analysis. The identities of the polyphenols are

indicated at the left of each row.

356

SI Figure 6.6

(A) Chemical structure of DBU base, Crystal structures of (B)
B-Lactoglobulin (PDB: 2AKQ), (C) Bovine serum albumin
(PDB: 4F5S), (D) Superoxide dismutase 1 (PDB: 1HLS)
obtained from the protein data bank. Protein images generated

using PyMOL software.

356

SI Figure 6.7

Transient absorption spectra of Myricetin in (A, B) Brij 35,
(C, D) CTAB, and (E, F) SDS in Pre-CMC (left panel) and
Post-CMC (right panel).

357

SI Figure 6.8

Single wavelength kinetics of the transient absorption spectra
of Myricetin in (A, B) Brijj 35, (C, D) CTAB, and (E, F) SDS
in Pre-CMC (left panel) and post-CMC (right panel).

358

SI Figure 6.9

Transient absorption spectra (Top panel) of (A) Baicalein, (B)
EGCQG, (C) Mpyricetin, Single wavelength kinetics (middle
panel) of (D) Baicalein, (E) EGCG, (F) Myricetin and Decay-
associated spectra (bottom panel) of (G) Baicalein, (H)
EGCG, (I) Myricetin in buffer.

359

SI Figure
6.10

Ground state absorption spectra (top panel) of (A) Baicalein,
(B) EGCQG, and Time constants of relaxation obtained from
the global analysis of transient absorption spectra (bottom
panel) of (C) Baicalein and (D) EGCG in the presence of

surfactants.

360

SI Figure
6.11

Transient absorption spectra of Baicalein in (A, B) Brij 35,
(C, D) CTAB, and (E, F) SDS in Pre-CMC (left panel) and
post-CMC (right panel).
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Single wavelength kinetics of the transient absorption spectra

SI g ilgzure of Baicalein in (A, B) Brij 35, (C, D) CTAB, and (E, F) SDS 362
in Pre-CMC (left panel) and post-CMC (right panel).
Transient absorption spectra of EGCG in (A, B) Brij 35, (C)
SI g ilgsure CTAB, and (D, E) SDS in Pre-CMC (left panel) and post- 363
CMC (right panel).
Single wavelength kinetics of the transient absorption spectra
SI gilg:re of EGCG in (A, B) Brij 35, (C) CTAB, and (D, E) SDS in 364
Pre-CMC (left panel) and post-CMC (right panel).
Ground state absorption spectra (top panel) of (A) Myricetin,
(B) EGCQG, and Time constants of relaxation obtained from
SI gilgsure the global analysis of transient absorption spectra (bottom 365
panel) of (C) Myricetin and (D) EGCG in the presence of
reverse micelles.
Transient absorption spectra of (A-D) Baicalein, (E-H)
SIFigure | EGCG, and (I-L) Mpyricetin in reverse micelles with 366
616 increasing w, from 4 to 16.
Single wavelength kinetics of the transient absorption spectra
SI Figure | of (A-D) Baicalein, (E-H) EGCG, and (I-L) Myricetin in 366
617 reverse micelles with increasing w, from 4 to 16.
Decay-associated spectra of (A-D) Baicalein, (E-H) EGCG,
SI gilg;re and (I-L) Myricetin in reverse micelles with increasing wy 367
from 4 to 16.
Ground state absorption spectra of (A-C) Baicalein, (D-F)
SI Figure EGCQG, and (G-I) Myricetin with increasing concentrations of 367
6.19 BSA (A, G), and B-LG (B, D, H) from 0 to 200 uM, Htt (C,
E) from 0 to 55 uM, and SODI1 (F, I) from 0 to 30 pM.
(A-D) Binding isotherm of polyphenols with the proteins, (E-
SI gizg(;lre H) double-logarithmic plots of binding fraction and protein 368
concentration obtained from UV-Vis titration data.
SI Figure Steady-state fluorescence quenching of (A) BSA, (B) B-LG, 368
6.21 and (C) SODI1 by Baicalein, of (D) BSA, (E) B-LG, (F) Htt
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by Myricetin, and of (G) B-LG, (H) Htt, and (I) B-LG by
EGCG (A.,= 295 nm), keeping protein concentration 10 pM.

SI Figure
6.22

Normalised absorption spectra of the acceptor, polyphenols
(Baicalein, Myricetin and EGCG), and emission spectrum of
donor (Trp) of BSA (A-C), B-LG (D-F), Htt mutant (G-I) and
SODI1 (J-L) in phosphate buffer.

369

SI Figure
6.23

Number of binding sites and binding constants of the proteins
with polyphenols obtained from the plot of log g Vs

log[Polyphenol] of steady state fluorescence quenching.

369

SI Figure
6.24

Transient absorption data of (top panel) Baicalein bound (A)
BSA (2:1), (B) B-LG (2:1), (C) Htt (3:1), and (D) SODI1 (3:1)
[Apump= 325 nm], (middle panel) EGCG bound to (E) BSA
(2:1), (F) B-LG (2:1), (G) Htt (3:1), and (H) SODI1 (3:1)
[Apump= 290 nm], and (bottom panel) Myricetin bound (I)
BSA (2:1), (J) B-LG (2:1), (K) Htt (3:1), and (L)) SODI1 (3:1)
[Apump= 375 nm].

370

SI Figure
6.25

Single wavelength kinetics of the transient absorption data of
(top panel) Baicalein bound (A) BSA (2:1), (B) B-LG (2:1),
(C) Htt (3:1), and (D) SOD1 (3:1) [Aymp= 325 nm], (middle
panel) EGCG bound to (E) BSA (2:1), (F) B-LG (2:1), (G)
Htt (3:1), and (H) SOD1 (3:1) [Apymp= 290 nm], and (bottom
panel) Myricetin bound to (I) BSA (2:1), (J) B-LG (2:1), (K)
Htt (3:1), and (L) SOD1 (3:1) [Apymp= 375 nm].

370

SI Figure
6.26

Decay-associate spectra obtained from the global analysis of
the transient absorption data of (top panel) Baicalein bound
(A) BSA (2:1), (B) B-LG (2:1), (C) Htt (3:1), and (D) SOD1
(3:1) [Apyump= 325 nm], (middle panel) EGCG bound to (E)
BSA (2:1), (F) B-LG (2:1), (G) Htt (3:1), and (H) SODI1 (3:1)
[Apump= 290 nm], and (bottom panel) Myricetin bound (I)
BSA (2:1), (J) B-LG (2:1), (K) Htt (3:1), and (L) SODI1 (3:1)
[Apump= 375 nm].
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SI Figure
6.27

(A—C) Decay-associated spectra (DAS) of the fastest
component (7;) for EGCG, Baicalein, and Myricetin in neat
ethanol and protein environments, showing qualitative
spectral similarity across conditions. (D-F) Overlapped
normalised transient absorption kinetics at representative
probe wavelengths, highlighting delayed early-time dynamics
in proteins. (G-I) Extracted t; values demonstrating
systematic slowing of the fastest relaxation channel upon

protein binding.

371

SI Figure
6.28

Changes in the secondary structure of (A, D, G) BSA, (B, E,
H) B-LG, and (C, F, I) SOD1 upon polyphenol binding of
varying ration between the two, at 25 °C where the data points
in CD spectra are shown as an average of four independent

scans (error bars not shown for clarity of data)

372

SI Figure
6.29

Emission spectra of Thioflavin-T, excited at 420 nm in the
presence of evolving protein aggregates of (A-D) SOD1 and
(E-H) Htt mutant with polyphenols.

372

SI Figure
6.30

Transient absorption spectra of (A—D) Baicalein, (E-H)
EGCG, and (I-L) Myricetin recorded in the presence of
evolving BSA aggregates. The time labels above each panel
correspond to the incubation time during aggregation,
representing different stages of the aggregation process. The
spectra are shown as a function of increasing pump—probe
delay time (colour gradient) and illustrate the evolution of
ESIPT dynamics and subsequent excited-state relaxation

during aggregation.

373

SI Figure
6.31

Single wavelength kinetics of the Transient absorption data of
(A-QG) Baicalein, (H-N) EGCG, and (O-U) Myricetin in the
presence of evolving BSA aggregates. The time labels above
each panel correspond to the incubation time during
aggregation, representing different stages of the aggregation

process. The kinetic profiles highlight aggregation-dependent
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changes in ESIPT relaxation time constants and excited-state

decay components.

SI Figure
6.32

Decay-associate spectra obtained from the global analysis of
the transient absorption data of (A-G) Baicalein, (H-N)
EGCQG, and (O-U) Myricetin in the presence of evolving BSA
aggregates. The time labels above each panel correspond to
the incubation time during aggregation, representing different
stages of the aggregation process. The extracted spectral
components reveal aggregation-dependent variations in
ESIPT-associated time constants and subsequent excited-state
relaxation pathways, including proton transfer, vibrational

cooling, and solvation dynamics.

375

SI Figure
6.33

Transient absorption data of (A-D) Baicalein, (E-H) EGCG,
and (M-P) Myricetin recorded in the presence of evolving f3-
LG aggregates. The time labels above each panel correspond
to the incubation time during aggregation, representing
different stages of the aggregation process. The spectra are
shown as a function of increasing pump—probe delay time
(colour gradient) and illustrate the evolution of ESIPT
dynamics and subsequent excited-state relaxation during

aggregation.
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Single wavelength kinetics of the Transient absorption data of
(A-G) Baicalein, (H-M) EGCG, and (N-T) Myricetin in the
presence of evolving B-LG aggregates. The time labels above
each panel correspond to the incubation time during
aggregation, representing different stages of the aggregation
process. The kinetic profiles highlight aggregation-dependent
changes in ESIPT relaxation time constants and excited-state

decay components.
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Decay-associate spectra obtained from the global analysis of
the transient absorption data of (A-G) Baicalein, (H-M)
EGCQG, and (N-S) Myricetin in the presence of evolving -

LG aggregates. The time labels above each panel correspond
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to the incubation time during aggregation, representing
different stages of the aggregation process. The extracted
spectral components reveal aggregation-dependent variations
in ESIPT-associated time constants and subsequent excited-
state relaxation pathways, including proton transfer,

vibrational cooling, and solvation dynamics.
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6.36

Transient absorption data of (A-F) Baicalein, (G-J) EGCG,
and (K-P) Myricetin recorded in the presence of evolving Htt
aggregates. The time labels above each panel correspond to
the incubation time during aggregation, representing different
stages of the aggregation process. The spectra are shown as a
function of increasing pump—probe delay time (colour
gradient) and illustrate the evolution of ESIPT dynamics and

subsequent excited-state relaxation during aggregation.

379

SI Figure
6.37

Single wavelength kinetics of the Transient absorption data of
(A-G) Baicalein, (H-K) EGCG, and (L-R) Myricetin in the
presence of evolving Htt aggregates. The time labels above
each panel correspond to the incubation time during
aggregation, representing different stages of the aggregation
process. The kinetic profiles highlight aggregation-dependent
changes in ESIPT relaxation time constants and excited-state

decay components.
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Decay-associate spectra obtained from the global analysis of
the transient absorption data of (A-G) Baicalein, (H-K)
EGCQG, and (L-R) Myricetin in the presence of evolving Htt
aggregates. The time labels above each panel correspond to
the incubation time during aggregation, representing different
stages of the aggregation process. The extracted spectral
components reveal aggregation-dependent variations in
ESIPT-associated time constants and subsequent excited-state
relaxation pathways, including proton transfer, vibrational

cooling, and solvation dynamics.
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SI Figure
6.39

Transient absorption data of (A-F) Baicalein, (G-L) EGCG,
and (M-R) Myricetin recorded in the presence of evolving
SOD1 aggregates. The time labels above each panel
correspond to the incubation time during aggregation,
representing different stages of the aggregation process. The
spectra are shown as a function of increasing pump—probe
delay time (colour gradient) and illustrate the evolution of
ESIPT dynamics and subsequent excited-state relaxation

during aggregation.
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6.40

Single wavelength kinetics of the Transient absorption data of
(A-F) Baicalein, (G-L) EGCG, and (M-R) Myricetin in the
presence of evolving SOD1 aggregates. The time labels above
each panel correspond to the incubation time during
aggregation, representing different stages of the aggregation
process. The kinetic profiles highlight aggregation-dependent
changes in ESIPT relaxation time constants and excited-state

decay components.
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SI Figure
6.41

Decay-associate spectra obtained from the global analysis of
the transient absorption data of (A-E) Baicalein, (F-K) EGCG,
and (L-Q) Mpyricetin in the presence of evolving SOD1
aggregates. The time labels above each panel correspond to
the incubation time during aggregation, representing different
stages of the aggregation process. The extracted spectral
components reveal aggregation-dependent variations in
ESIPT-associated time constants and subsequent excited-state
relaxation pathways, including proton transfer, vibrational

cooling, and solvation dynamics.
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