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In this work, an azo-ester dye with phenol blocked isocyante and N,N’-dialkanol groups at the ends were studied as fluorescent probe for
protein detection. The photophysical properties of the azo-ester dye were characterized both in its unbound state and in the presence of a
globular protein like ovalbumin. Upon increasing concentrations of ovalbumin, a significant enhancement in fluorescence intensity was
observed, indicating strong interaction between the dye and the protein. The formation of a 1:1 host-guest complex was further supported
by competitive binding experiments using hydrogen-bonding molecules such as urea and guanidine hydrochloride (GuHCI), which disrupted
the dye-protein complex and led to the formation of solute-protein hydrogen-bonded interactions instead. Molecular docking studies
provided the additional insight into the binding mechanism, revealing a negative docking score for the dye-ovalbumin complex, attributed
to hydrogen bonding, n—= stacking and multiple hydrophobic interactions. These findings suggest that the dye binds strongly to ovalbumin

and may play a role in modulating its activity, highlighting potential applications in therapeutic strategies and cancer prevention.
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INTRODUCTION

Organic dyes, especially azo compounds, have long been
used as traditional photosensitizers in applications such as
photodynamic therapy [1,2]. Among these, azo-ester dyes
stand out due to their distinctive physico-chemical and photo-
chemical properties as well as their medicinal potential [3,4].
Studying the interactions between dye and proteins is essen-
tial in drug design, as it provides valuable insights into pharma-
codynamics and pharmacokinetics [5-9]. These interactions
typically involve non-covalent forces such as hydrogen bonding,
hydrophobic effects and electrostatic interactions that can pro-
foundly affect protein structure and function, particularly when
fluorescent probes are employed [10,11].

Ovalbumin (OVA), a 385-residue glycoprotein from egg
white with a molecular weight of ~45 kDa, belongs to the serpin
superfamily but lacks serine protease inhibitor activity [12-14].
It is widely used in food, pharmaceutical and immunological
studies. Structurally, OVA comprise nine a-helices, three -sheets
and three tryptophan residues (Trp148, Trp184, and Trp267),

which contribute to its intrinsic fluorescence [13,15]. The
protein has an isoelectric point of 4.5 and comes in different
phosphorylated forms (A1, A2, and A3) [16]. Though several
crystal structures of OVA exist, detailed studies of its inter-
action with azo-ester dyes remain limited [17,18].

Fluorescence spectroscopy, supported by molecular dock-
ing, has proven to be an effective tool for characterizing dye-
protein interactions [19-21]. These techniques help determine
binding affinities, conformational changes and interaction forces.
For example, the quercetin-OV A studies revealed binding cons-
tants in the order of 10* L mol~%, driven by hydrogen bonding
and hydrophobic interactions [21]. Other studies involving
bovine serum albumin (BSA) and molecules like atorvastatin
and glutathione also demonstrated fluorescence quenching,
wavelength shifts, and structural alterations upon binding
[10,22].

Numerous investigations have explored OV A interactions
with compounds such as curcumin, sulfonamides, resveratrol,
aspirin, etc. [23-25], consistently highlighting the roles of
hydrogen bonding and hydrophobic effects in stabilizing dye-
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protein complexes [26-30]. Advanced methods like real-time
quartz crystal microbalance and computational docking further
enhance the understanding of these interactions [31].

Fluorescence modulation can occur via inner filter effects,
collisional quenching or structural changes upon ligand bind-
ing [32,33]. Molecular docking, a computational technique to
predict the ligand-protein binding modes, complements experi-
mental studies by providing insights into binding sites and affi-
nities. A more negative docking score generally indicates stro-
nger binding affinity and this approach has become a corner-
stone in drug discovery, significantly reducing time and cost
[34-36]. Despite extensive studies on various dye-protein syst-
ems, no systematic investigation has been reported on fluoro-
phores bearing azo, ester, phenyl carbamate and N,N’-dialkanol
groups interacting with OVA.

To address this gap, a multifunctional azo-ester dye (Fig.
1) was synthesized and explored its interaction with OVA using
UV-visible and fluorescence spectroscopies. The dye was
designed with structural features such as azo groups (for cis—
trans isomerization), ester linkages (to enhance flexibility), and
phenyl carbamate/N,N’-dialkanol amines (to mimic peptide
bonds and reduce rigidity) making it an ideal candidate for
binding to globular proteins like OVA. The role of competitive
hydrogen bonding using solutes like urea and guanidine hydro-
chloride (GUHCI) were also evaluated and performed mole-
cular docking to confirm the binding mechanism and site.

[N tatal

HO
Fig. 1. Structure of azo-ester fluorophore

EXPERIMENTAL

Ovalbumin was procured from Sigma-Aldrich Chemical
Co., while urea and guanidine hydrochloride (GuHCI) were
obtained from SRL, India). All chemicals were of analytical
grade and used without further purification.

Synthesis of azo-ester dye: The azo-dye was synthesized
according to the reported procedure [37]. In brief, diazotized
4-aminophenol was reacted with N,N-bis[2-hydroxyethyl]-
aniline (1) to obtain a red-orange precipitate 2, which was
filtered and washed. In the second step, 4-amino-benzoic acid
was acylated with phenyl chloroformate in dry THF to yield
4-{(benzoxycarbonyl)imino}benzoic acid (3). This interme-
diate was then treated with SOCI, under reflux to convert the
carboxylic acid group into the corresponding acid chloride 3.
This acid chloride dissolved in dry THF was added dropwise
to a mixture of N,N’-bis(2-hydroxyethyl)-4-(4-hydroxyphe-
nylazo)aniline (2), triethylamine and DMAP at 0 °C under N
atmosphere. The product was purified by column chromato-
graphy using hexane:ethyl acetate (4:1) (Scheme-1).

Preparation of stock solutions of dyes and proteins:
Azo-ester dye stock solutions were prepared by dissolving the
weighed amount of dye in DMSO to obtain a final concentra-
tion of 2 mM. Ovalbumin (OVA) stock solutions were prepared
by dissolving the protein in 0.05 M Tris-HCI buffer (pH 7.9)
at a concentration of 0.2 mg/mL, corresponding to approxima-
tely 4.5 uM.

Preparation of working solutions of dyes and proteins:
Working solutions of dye were prepared by dilution of the dye
stock solution in 0.05 M Tris-HCI buffer (pH 7.9), 0.05 M
phosphate buffer (pH 6.0), 0.05 M Tris-HCI (pH 9.0), in water.
Working solutions of the dye in the presence of proteins were
prepared by the addition of aliquot of the dye stock solution to
the protein stock solution. The concentrations of dye working
solutions amounted to 5 uM except for absorption spectra
measurements where it was equal to 10 pM. All working
solutions were prepared immediately before the experiments

Spectral measurements: Spectroscopic measurements
were performed in a standard quartz cuvette (10 x 10 mm).
Fluorescence excitation and emission spectra were registered
using the fluorescent spectrophotometer Cary Eclipse (Varian,
Australia). Absorption spectra were registered using the spectro-
photometers Genesys 20 (ThermoScientific) and Shimadzu UV-
3600. All the spectral-luminescent characteristics of dyes were
studied at room temperature.

Ligand and protein preparation: The 3D structures of
synthesized compounds were constructed by maestro builder
panel. The ligand preparation wizard was used to add hydrogen
atoms and regulate the rational bond angles, geometry and
ring conformations. The most favourable ionization states of the
compounds were generated using the OPLS-2005 (Optimized
Potentials for Liquid Simulations) force field. Geometry optimi-
zation was then performed until the structure converged to a
root-mean-square deviation (RMSD) cutoff of 0.01 A, ensuring
a minimized energy conformation [38]. The subsequent output
structure of compounds was suitable for docking with protein
Ova.

The crystal structure of the ovalbumin (PDB-10VA) was
downloaded from the protein data bank (http://www.rcsb.org).
The receptor was fully optimized in the protein preparation
wizard, which involved adding polar hydrogen atoms, assig-
ning bond orders, determining protonation states and subse-
quently removing water molecules beyond a 5 A distance.
Thereafter, by using force field (OPLS-2005) the energy
minimization of 0.03 A RMSD was performed to reduce the
steric hindrance caused by the addition of hydrogen atoms.
Now the minimized OVA receptor was suitable for docking
by supplied x, y and z coordinates 45.14, -7.99 and -8.72 A,
respectively with grid box diameter (xyz) of 30 x 30 x 30 A.
The chemical structures from Chem-Draw were transformed
into energy-optimized PDB (Protein Data Bank) format using
Chem 3D 17.0. This conversion allows the representation of
the compounds in a suitable format for further computational
analysis and modelling. Pymol software was used for the
visualization of the docked molecules.

RESULTS AND DISCUSSION

Absorption and emission studies of dye: The absorp-
tion spectrum of azo-ester dye at 10 ® M in water exhibit peaks
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Scheme-1: Synthetic route of azo-ester dye [Ref. 39]

at 290 and 450 nm (Fig. 2a). The n-* transition is due to the
absorption peak at 290 nm indicating that there will be conju-
gation in the dye whereas the n-n* transition is responsible for
the peak at 450 nm, which indicates the presence of heteroatom
in the synthesized fluorophore. When electron-donor and
electron-acceptor groups are positioned at the 4- and 4’-posi-
tions of azobenzene chromophore, the dipole moment of the
molecule increases. This effect leads to an increment in the
charge transfer (CT) character of the n-n* transition across the
long axis of the molecule. Thus, an enhancement of the CT
character gives rise to a red shift of the n-n* transition band,
which then overlaps the weak n-r* transition band. Moreover,
the polarity of the solvent has a strong influence on the posi-
tion of this band due to its CT character [39]. The synthesized
azo ester dye is organic nature and found to be insoluble in
solvent like water, but it is worth to mention that its solubility
in water is very low and we carried out all the experiments in
this work as a concentration of 10° M in H;O.

The emission spectra of dye at 10° M concentration are
shown in Fig. 2b. The absorption peaks observed at 290 nm and
450 nm on excitation give emission at 326 nm with an inten-
sity of 900 while there is no emissive peak observed at 450 nm.

This behaviour can be attributed either to non-radiative
transitions or to high-energy electronic transitions whose corr-
esponding wavelengths fall in the far-UV region, outside the
typical spectroscopic range of 200-800 nm. Moreover, the dye
in a polar solvent such as water exhibits a Stokes shift of 36
nm. This shift is significantly influenced by solvent polarity;
in polar environments, stabilization of the excited state
relative to the ground state leads to an increased Stokes shift.
Thus, the presence of polar solvents causes a significant red
shift in the fluorescence emission.

Absorption and emission studies of ovalbumin (OVA):
The UV-vis spectrum of OVA at 10° M concentration (Fig.
3a) exhibits an absorption peak at 290 nm with an absorbance
of 0.41, which is due to almost entirely w-n* transitions in the
peptide backbone of the proteins. Absorption in the range
of 230-300 nm is dominated by the aromatic side-chains of
tryptophan (Trp), tyrosine (Tyr) and phenylalanine (Phe)
residues and there is a weak contribution by disulfide bonds
near 260 nm in the absorption spectrum.

In OVA, the residues TRP148, TRP184 and TRP267 act as
the principal intrinsic fluorophores and play a key role in the
structural changes during ligand binding [40]. Therefore, to
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Fig. 2. (a) UV-vis spectrum of dye measured at concentration of 106 M in H20, (b) emission spectrum of dye measured at a concentration

of 105 M in H20 on excitation at 290 nm
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Fig. 3. (a) UV-vis spectrum of ovalbumin measured at a concentration of 108 M in H20, (b) emission spectrum of ovalbumin measured at

a concentration of 106 M in H20 on excitation at 290 nm

investigate the conformational dynamics and ligand inter-
actions, the fluorescence emission spectra of native OVA were
analyzed. Changes in emission can reveal alterations in the
tertiary structure, highlighting the role of specific Trp residues
as sensitive reporters of protein-ligand interactions. Amino
acid residues, such as tryptophan residues (TRP148, TRP184
and TRP267) are the major fluorophores.

Fig. 3b displays the emission spectrum of OVA measured
at 10° M in H,O on excitation at 290 nm, the maximum emis-
sion wavelength for the OVA was observed at 343 nm. This
can be attributed to the presence of tryptophan residue present
in the OVA. The tryptophan emission analysis helps to reveal
the information about the conformational changes of OVA
protein and avoids the contribution of tyrosine residue [41].
This was accomplished by selecting 295 nm as the excitation
wavelength for the OV A protein.

UV-Visible absorption spectral studies of OVA with
varying azo-ester dye concentration: According to Tian et
al. [42] when the protein-ligand interaction mechanism
occurs by dynamic quenching, the UV-vis absorption
spectrum of the protein is not altered in the presence of the
ligand, as this is caused by collisions between the fluorophore
in the excited state in the protein and the ligand. In our
present study, upon addition of various concentrations of azo-
ester dye (10°° to 10-8 M) to fixed concentration of OVA (10~
6 M) does not cause any change in the UV-visible absorption
spectra (spectra not shown).

UV-Visible spectral studies of azo-ester dye with
various concentrations of OVA: To determine the ideal
conditions for the interaction to occur, the UV-vis absorption
spectra of OV A at different concentrations (10° M to 108 M)
with a fixed dye concentration (10-® M) were examined. The



Vol. 37, No. 10 (2025)

Photophysical & Spectroscopic Insights into the Interaction Mechanism of Azo-Ester Dyes with Ovalbumin 2565

0.4 e
e OVA 10 M
OVA10" M
e OVA 10 M

(@)

0.3

Absorbance

0.1

T T T
275 300
Wavelength (nm)

PL intensity

40000+

N
o
o
o
o
|

T T T T

320 340 360 380
Wavelength (nm)

400

Fig. 4. (a) UV-vis spectrum of various concentrations of ovaloumin with dye 108 M, (b) emission spectra of various concentrations of

ovalbumin on excitation at 290 nm

UV spectra of different concentrations in water such as 106 M,
107 M and 108 M, reveal that all concentrations have an
absorption peak at 290 nm, with absorption values of 0.41, 0.28
and 0.21, respectively (Fig. 4a). Upon titration with increasing
concentrations of OV, the absorption intensity of the azo-
ester dye gradually increased, accompanied by a notable red
shift of approximately 6 nm. This shift indicates an increase
in the hydrophobicity of the microenvironment surrounding
the aromatic amino acid residues of OVA, suggesting the
conformational change upon binding. The observed spectral
changes may also be attributed to alterations in the oscillator
strength of the dye’s chromophore. These findings support the
formation of a specific, non-electrostatic interaction between
the azo-ester dye and OVA [43]. Furthermore, the spectral
behaviour is consistent with the formation of a 1:1 stable dye-
protein complex.

Emission spectral studies of azo-ester dye with various
concentrations of OVA: Tryptophan residues (TRP148,
TRP184 and TRP267) are the major fluorophores in OVA
and play a crucial role in conformational (quaternary structure)
changes upon drug interaction. To monitor these conformational
changes, tryptophan fluorescence emission was analyzed,
using an excitation wavelength of 295 nm. This wavelength
selectively excites tryptophan while minimizing interference
from tyrosine residues [44]. The emission spectra of OVA at
different concentrations, e.g. 10 M, 107 M and 108 M are
shown in Fig. 4b. Upon excitation at 290 nm, emission peaks
were observed at 326 nm for all concentrations, with fluore-
scence intensities of 49000, 6800 and 1900, respectively. These
results indicate a concentration-dependent increase in fluore-
scence intensity. The enhancement in fluorescence suggests
a strong interaction between OVA and the azo-ester dye,
likely involving hydrophobic amino acid residues. This inter-
action appears to expose previously buried tryptophan residues
to a more hydrophilic environment, which aligns with previ-
ously reported studies [45].

The presence of dye molecules in structures such as hyd-
rogen-bonded self-assemblies, inclusion complexes or micelles
is known to enhance protein fluorescence, suggesting that the

dye may bind within the hydrophobic cavities of the protein
[46]. Significantly, the 1:1 OVA:dye molar ratio (10° M
each) resulted in the highest fluorescence intensity (49000),
indicating the formation of a stable 1:1 complex.
Encouraged by the absorption and fluorescence findings,
further studies were conducted to understand the interaction
mechanism between OV A and the dye. Absorption measure-
ments showed a gradual increase in absorbance with protein
concentrations from 108 M to 107 M, followed by a sharp
increase from 10~" M to 108 M (Fig. 5), further supporting
complex formation. To probe the nature of the interactions,
additional experiments were conducted using hydrogen bond-
ing disruptors such as urea and guanidine hydrochloride
(GUHCI). The observed linear relationship in these studies
supports the formation of a 1:1 stoichiometric complex
between OVA and the azo-ester dye, likely stabilized by
hydrophobic and hydrogen bonding interactions.
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Fig. 5. Variation of OVA concentration with respect to absorption intensity
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Effect of hydrogen bonding solutes on OVA-azo-ester
dye complex: Both urea and GuHCI have strong hydrogen-



2566 Gopalakrishnan et al.

Asian J. Chem.

bonding capabilities with solvents and can change the structure
of water. Research on GuHCI [47] primarily focusses on the
ideas of protein folding and refolding, RNA isolation and
inhibition, hydrophobic interaction disruption and the solu-
bility of hydrophobic amino acids in water. In comparison to
urea in aqueous solutions, the inclusion of an imine and amino-
acetal moieties in GUHCI results in a larger change in the
H-bonding characteristics (humber of H bonding acceptor and
donor groups). The photophysical properties of an extrinsic
fluorescent probe with GUHCI is less compared to that of urea
interaction with fluorescent probes in water, and the change
in the photophysical properties of probes with high chemo-
sensitive compounds like GUHCI is an uncharted area [48].

UV-visible and fluorescence spectral studies of inter-
action of urea with 1:1 OVA and azo-ester dye complex:
The UV-visible spectra of different concentrations of urea are
depicted in Fig. 6. The (dye + OVA) mixture with a 1:1 ratio
(1078 M) reveals no notable change in the wavelength of 290
nm for all the mixtures and the absorption value of a 1:1
mixture is 0.32 while adding hydrogen bonding solutes like
0.1 M of urea to the 10~° M of dye and protein, there is a decr-
ease in the absorption intensity from 0.32 to 0.09 this shows
that there involves a weak interaction between dye and protein.
This is most likely due to the interaction in ground state, which
further decrease in the concentration of urea from 0.1 M to
1075 M, there will be a further decrease in the absorption inten-
sity from 0.06 there will be a three-fold decrease between the
different concentrations of urea. This is probably due to the
formation of a relatively stable adduct between the urea and
OVA-dye complex, in comparison to the already existing
urea-dye and urea-protein complex.

The fluorescence spectra of various concentrations of
urea to the 1:1 mixture of dye-OVA is shown in Fig. 7. The
addition of 10° M urea to the 1:1 mixture of OVA-dye on
excitation at 290 nm gives an emissive peak at 326 nm with
an intensity of 4500 while the intensity of 1:1 ratio was 49000
and also there involves the appearance of two new peaks at
363 and 430 nm on excitation at 320 nm and 370 nm, respect-
tively, with intensities of 660 and 190, respectively. It should
be mentioned that these two new emission peaks observed at
363 and 430 nm were not observed in the any of the dye-protein
complex and also where the peaks was not observed ina 1:1
ratio of OVA-dye complex. This indicates that there is a form-
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o
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Fig. 6.

ation of a new urea-OVA complex rather than an dye-OVA
complex.

The fluorescence spectra of different concentrations of
urea to the 1:1 mixture of dye-OVA is shown in Fig. 7. The
addition of 107> M urea to the 1:1 mixture of dye-OVA on
excitation at 290 nm gives an emissive peak at 326 nm with
an intensity of 4500 while the intensity of the 1:1 ratio was
49000 and also there involves the presence of two new peaks
at 363 and 430 nm on excitation at 320 nm and 370 nm, resp-
ectively, with intensities of 660 and 190 respectively. Here it
should be mentioned that these two new emission peaks obse-
rved at 363 and 430 nm were not noted in the any of the dye-
OVA complex and also where the peaks was not observed in
a 1:1 ratio of OVA-dye complex. This indicates that there is
a formation of a new urea-Ova complex rather than an OVA-
dye complex

Further, increase in concentration of urea from 10~° M to
10! M the intensity of emission on excitation of 290 nm
gives 4800 at 326 nm while the other two peaks (363 and 430)
give intensities at 920 and 350, respectively which is approxi-
mately three-folds and two-fold increments when compared
to 10~° M urea. An increase in concentration results in higher
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Fig. 7. Emission spectra of a mixture of dye with ovalbumin of 1:1 ratio (108 M) of various emission wavelengths of 0.1 M and 105 M

concentrations of urea
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emission intensities, suggesting the involvement of both ground
and excited state interactions. This enhancement indicates the
formation of a more stable and stronger OVA-urea complex.
The interaction leads to the formation of a new host-compe-
titive guest complex, causing the breakdown of the OVA-dye
host-guest complex. In the 1:1 OVA-dye complex, the trypot-
phan residues are buried within the protein structure. However,
the addition of hydrogen-bonding solutes like urea increases
the intensity and generates new peaks at 320 nm and 370 nm.
These new peaks correspond to the previously buried trypot-
phan residues being exposed on the surface, confirming their
relocation through this spectral shift [49].

UV-visible and fluorescence spectral studies of inter-
action of GUHCI with 1:1 OVA and azo-ester dye complex:
To further investigate the hydrogen bonding effects, GUHCI
was used as a competing solute. As shown in Fig. 8, the 1:1
mixture of azo-ester dye and OVA at a concentration of 106 M
exhibits an absorption maximum at 290 nm, with an intensity
of 0.32. Upon the addition of 0.1 M GuHClI, a significant decr-
ease in absorption intensity from 0.32 to 0.08 was observed,
suggesting a weakening of the dye—protein interaction, likely
due to ground-state complex disruption. A further reduction
in GUHCI concentration from 0.1 M to 10> M resulted in an
additional decrease in absorption to 0.06, indicating a concen-
tration-dependent competitive interaction, where GuHClI increa-
singly dominates the binding site.
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Fig. 8.

Fig. 9 displays the emission spectra of the dye-OVA
complex upon titration with GuHCI. The addition of 10° M
GuHCl to the 1:1 dye-OV A mixture, excited at 290 nm, results
in an emission peak at 326 nm with an intensity of 4700, com-
pared to 4900 for the unmodified 1:1 complex. Additionally,
two new emission peaks emerge at 363 nm and 430 nm, upon
excitation at 320 nm and 370 nm, with intensities of 750 and
280, respectively peaks absent in the dye-OVA complex alone.
These spectral changes strongly indicate the formation of a
new OVA-GuHCI complex, displacing the original dye from
its binding site.

As the GUHCI concentration increases from 10° M to
101 M, the emission intensity at 326 nm further increases to
5000, and the corresponding intensities at 363 nm and 430
nm rise to 840 and 310, respectively. This trend confirms that
increasing GUHCI concentration enhances emission intensity,
supporting the involvement of both ground- and excited-state
interactions. The observed spectral shifts and new peaks suggest
a competitive host—guest interaction, wherein GUHCI replaces
the dye, forming a more stable OVA-GuUHCI complex. This
complex formation likely exposes previously buried trypto-
phan residues, as indicated by the appearance of new emiss-
ion peaks associated with their transition to a more solvent-
accessible environment.

Docking studies of OVA-azo-ester dye complex: Mole-
cular docking study was performed to determine the basic
binding location of OV A to azo-ester dye [50]. The finest inter-
action position of organic compounds with select protein is
visualized in Fig. 10 and data are summarized in Table-1. The
observed docking score value of azo-ester dye is -5.753 kcal/
mol. The docking score results revealed that dye molecules
are well located in the hydrophobic site and strongly associate
with the ovalbumin receptor via n-r stacking, hydrophobic,
and H-bonding connections. The dye displayed the negative
docking score, which was controlled by hydrogen bond with
residue ASN B:49, ASN D:91, PRO B:391, GLU A:339 and
n-7 stacking ARG B:170, LY'S A:292 numerous hydrophobic
contacts like VAL D:90, ILE B:168, MET A:291, MET
B:293, PRO B:391. Based on the information above, the dye
binds and organizes the ovalbumin function in a way that
promotes the healing and prevents cancer.

Frontier molecular orbital (FMO) analysis: The calcu-
lated HOMO and LUMO energy levels offer critical insight
into the electronic, chemical and optical properties of the mole-
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Fig. 9. Emission spectra of mixtures of dye with ovalbumin of 1:1 ratio (108 M) of various emission wavelengths of 0.1 M and 10> M

concentrations of guanidine hydrochloride
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0 Charged (negative) Polar Distance - Salt bridge
- Charged (positive) é Unspecified residue H-bond Solvent exposure
Glycine Water Metal coordination
- Hydrophobic Hydration site Pi-Pi stacking
- Metal x Hydration site (displaced) Pi-cation
Fig. 10. 3D and 2D interactions of the compound 1 with the receptor ovalbumin
TABLE-1
MOLECULAR DOCKING PARAMETERS OF THE SYNTHESIZED COMPOUNDS WITH OVALBUMIN RECEPTOR
Compound Docking score Active sites with a mode of interaction
P (kcal mol) H-bond n- stacking Hydrophobic contacts (cut-off at 5 A)
Azo-ester dve 5.753 ASN B:49, ASN D:91, ARG B:170, VAL D:90, ILE B:168, MET A:291,
Y ' PRO B:391, GLU A:339 LYS A:292 MET B:293, PRO B:391
cule [30]. The LUMO, in particular, plays a key role in dictat- In this study, the quantum chemical calculations revealed

ing chemical reactivity as well as the electronic and opto- Enomo =-5.107 eV and ELumo =—2.014 eV, resulting in a AE
electronic behaviour of molecule. The HOMO-LUMO energy ~ of 3.093 eV. A lower AE value indicates higher reactivity,
gap (AE) is an important parameter to assess molecular stabi-  greater polarizability and lower Kinetic stability, characteris-
lity, reactivity and polarizability. tics typically associated with the soft molecules. The negative
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energy values reflect the convention where zero energy corre-
sponds to an electron at infinite separation from the molecule;
thus, any bound electron (in HOMO or LUMO) exists in a
more stable, negative energy state. The relatively low band gap
of the synthesized dye suggests facilitated electronic transi-
tions from ground to excited states, which may enhance its
photophysical behaviour. Furthermore, this narrow gap is also
indicative of potential biological activity, as molecules with
smaller AE are often more interactive with biological targets.

Conclusion

In this work, the absorption and emission studies had been
measured for the ovalbumin-dye fluorophore complex. The
addition of ovalbumin results in an increase in the absorbance
of the dye. This is attributed to the strong absorbance of oval-
bumin, moreover, the variation of concentration of ovalbumin
employed influences the absorbance peaks in the visible region
significantly compared to the UV region. The formation of the
host-guest complex is confirmed by the addition of compe-
ting guest molecules like urea and guanidine hydrochloride
to the OVA-dye complex, which resulted in the breakdown
of the host-guest complex. Fluorescence studies of dye-OVA
resulted in a broad emission peak and intensity values show-
ing the stronger binding complex between dye and OVA. In
the presence of hydrogen bonding solutes, the host-competing
guest complex was formed. This is further proved by mole-
cular docking studies which show a binding score of -5.753
kcal mol™. Molecular docking studies were performed to
locate the binding site of azo-ester dye in OVA and the inter-
actions with the following residues were confirmed within the
binding pocket: ASN B:49, ASN D:91, PRO B:391, GLU
A:339, ARG B:170, LYS A:292 VAL D:90, ILE B:168,
MET A:291, MET B:293, PRO B:391. The moderate affinity
of azo-ester dye for OVA was determined, which is a crucial
characteristic for efficient drug binding and release.
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