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ABSTRACT

This study investigated the interaction between the whey protein Beta-lactoglobulin (BLG) and the food colorant
tartrazine (TART). This study used techniques such as UV-vis absorption spectroscopy, fluorescence
spectroscopy, Fourier transform infrared (FT-IR) spectroscopy, and molecular docking to investigate these
interactions. The results showed that the quenching of BLG emission by TART was due to the formation of a
ground-state complex (BLG-TART) with substantial binding affinity. Steady-state emission and time-resolved
fluorescence studies provided insights into this binding process. According to Forster's theory of non-radiative
energy transfer, the average distance at which binding occurs (r) between beta-lactoglobulin (BLG) and tartrazine
(TART) was evaluated and analyzed to interpret changes in the secondary structure of BLG using Fourier
transform infrared spectroscopy (FTIR). Furthermore, molecular docking studies revealed that hydrogen bonds
and hydrophobic forces played a significant role in stabilizing the BLG-TART complex. These results may be
beneficial for developing a better understanding of the interactions between food additives and proteins, which
could have implications for the food industry and related fields.
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INTRODUCTION

Beta-lactoglobulin (BLG) is a globular protein present in cow's milk and other animals such as sheep, horses, and
pigs. BLG constitutes approximately 10—15% of the total milk proteins. It is a high-quality whey protein isolate
with excellent nutritional value[1]. The molecular weight of BLG is 18.4 kDa, and it contains 162 amino acids[2].
BLG has numerous applications in the food and pharmaceutical industries, such as in baked goods, sports
nutrition, salad dressings, emulsifiers, medical nutritional formulas, and infant formulas. Its high biological and
nutritional qualities make it a suitable candidate for such applications. Research conducted by Tai et al. revealed
that BLG has a significant impact on enhancing immune responses by improving cell proliferation via the
Immunoglobulin M (IgM) receptor[3].

Food coloring or color additives are substances that are added to food and beverages to give them a specific
color. These additives can include dyes, pigments, or chemicals that enhance the visual appeal of various food
products, compensate for natural color variations, and ensure consistent coloring. Sensory quality assessment has
long considered food coloring an essential aspect. Owing to changing lifestyles and the rise of urbanization, the
demand for ready-to-eat processed foods has increased rapidly. Color additives are crucial for maintaining the
visual appeal of these products and preventing color loss during storage[4].Tartrazine, also known as FD&C
Yellow No. 5, is an anionic, water-soluble, synthetic monoazo dye. It is commonly used as a certified food
colorant and found in a wide range of food and pharmaceutical products. Interestingly, tartrazine retains its color
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even under high-temperature and acidic conditions. The Joint FAO/WHO Expert Committee on Food Additives
(JECFA) established an acceptable daily intake (ADI) of 0-10 mg/kg body weight per day for tartrazine. While it
is primarily used in food products such as ice cream, confectionery, soft drinks, and breakfast cereals, it is also
commonly found in pharmaceuticals [5].Tartrazine and its metabolites have been found to induce cytotoxicity
and genetic damage in human blood lymphocytes, as reported in literature [6]. Azo dyes, such as ponceau, red
40, sunset yellow, and tartrazine, have been associated with genotoxicity in the mouse bone marrow, as detected
by the micronucleus assay [7]. In vitro evaluations revealed significant cytotoxicity in human stomach and rat
fibroblast cell lines. Additionally, tartrazine has been found to interact with serum proteins such as human serum
albumin (HSA) and bovine serum albumin (BSA), leading to amyloid fibril formation. This is of particular
concern because amyloid fibrils play a role in the pathogenesis of various neurodegenerative diseases. Tartrazine
and its metabolites can enter the bloodstream and bind carrier proteins [8].The nutritional and functional value of
BLG is now generally acknowledged and it is commonly utilized as a premium ingredient in contemporary
beverages and foods [9]. However, as a food additive, BLG may interact with other food colors and affect their
performance.

This study investigated the interaction between the TART dye and whey protein (BLG). Both these
components are present in food chain systems. Steady-state fluorescence quenching was used to analyze the in
vitro interactions between the TART dye and BLG. Binding constants were calculated in a phosphate buffer (pH
7.4) solution. Conformational changes in BLG were studied using synchronous fluorescence spectra (SFS), and
Forster's energy transfer theory was used to determine the distances between BLG as the donor and TART as
acceptors. Time-resolved studies were conducted to explore the mechanism of interaction between the dye and
whey protein. Molecular docking studies with BLG were performed to confirm the findings of in vitro studies.
The presence of tartrazine was detected by FTIR as a conformational change in the secondary structure of BLG.
This study offers comprehensive information on the structural changes that occur in dairy proteins owing to their
interactions with food additive dyes.
2.MATERIALS AND METHODS:

2.1 Reagents and chemicals

Beta-lactoglobulin (purity > 90%), tartrazine (dye content, 85-95, & phosphate buffer (pH 7-4) were procured
from Sigma Aldrich Company, Bangalore. All the reagents used in this study were of analytical grade. Phosphate
buffer and distilled water were used as solvents throughout the study.

2.2 Stock solution preparation

BLG stock solution (1x 107 M) was prepared in 1 M phosphate buffer (i.e., physiologic pH 7.4

7.4). The TART dye (1x 107 M) was dissolved in distilled water. All stock solutions were freshly prepared.

2.3 UV-Visible spectroscopic analysis

Absorption measurements were carried out using UV-visible spectrophotometer Shimadzu —

UV 1800. The spectra of the prepared solutions were recorded over the wavelength range of 200-800 nm using a
quartz cell with an optical path length of 1 cm.

2.4 Steady-state fluorescence spectroscopy

A Shimadzu (Shimadzu Corporation, model RF-5301PC) spectrofluorometer was used to obtain the steady-state
fluorescence spectra. Intrinsic fluorescence spectroscopy of BLG with different concentrations of TART was

297



EXPLORING THE MOLECULAR INTERACTION OF BETA-LACTOGLOBULIN WITH TARTRAZINE: A DETAILED SPECTROSCOPIC AND MOLECULAR DOCKING STUDY

performed by scanning emission wavelengths in the range of 250-500 nm with an excitation wavelength of 282
nm. The excitation and emission slit widths were kept at 5.0 nm.

2.5 Time-resolved fluorescence measurements

Fluorescence lifetime intensity decay measurements were carried out using a Fluorolog- FL3-11
spectrofluorometer equipped with a time-correlated single-photon counting method with a nano-LED source
(Jobin Yvon) used as the excitation source. The fitting of the decays was based on the residual function and the y
2 value.

2.6 Synchronous fluorescence spectroscopy

Synchronous fluorescence spectra of BLG in the presence of increasing TART concentrations were recorded
using an RF-5301PC spectrofluorometer. The concentration was the same as that used for the fluorescence
measurements. To assess changes in the microenvironment of tyrosine and tryptophan residues in biomolecules.
The AL values were fixed at 15 nm and 60 nm.

2.7 FTIR measurements

FTIR spectra of BLG and BLG-TART samples in the range from 4000 to 400 cm™ ! with a resolution of 4.0 cm™!
were recorded using a Perklin Elmer spectrometer. The FTIR acquisition used ethanol instead of H>O as the
solvent to prepare the sample to reduce the interference of the solvent with the measurement results.

2.8 Molecular docking

The molecular docking of TART binding to BLG was performed using AutoDock 1.5.6 software, which was
downloaded from the SWISS-MODEL Repository (http://autodock.scripps.edu/).

2.8.1 Protein structural preparation

For docking simulations, the three-dimensional coordinates of BLG were extracted from its X-ray crystal structure
(PDB ID: 3NPO resolved at 2.20 A) available in the RCSB database. The protein X-ray crystal structure
refinement process was prepared by removing nonessential water molecules and optimizing polar hydrogen
atoms, and the Kollman charges were assigned using Auto dock. A grid box with dimensions of 40 X 40x 40 A
was generated, as the whole active site cavity of BLG was embedded in it, with a default grid spacing of 0.375.
2.8.2 Ligand structural preparation

A two-dimensional crystal structure of TART (CID: 164825) was downloaded from the National Centre of
Biological Information (PubChem database). Tartrazine was considered flexible for docking. Nonpolar hydrogens
were merged, Gasteiger charges were imposed, aromatic carbons and rotatable bonds were counted, and
TORSDOF was determined and converted to PDBQT (Protein Data Bank, Partial Charge (Q), and Atom Type
(T)) file format using Auto Dock Tools version 1.5.6.

2.8.3 Docking protocol

The Lamarckian Genetic Algorithm (LGA) was executed for flexible ligand-protein docking. BLG was
considered rigid, and the input torsion roots of the flexible TART ligand were set. Parameters such as the
maximum number of 2.5 x 10° energy evaluations, population size of 150, and maximum number of 27,000
generations were performed with 10 genetic algorithm (GA) runs, and other parameters were set as default. The
stable conformation of the docked complexes with the lowest binding energy was visualized using PYMOL and
BIOVIA Discovery Studio.

3. RESULTS AND DISCUSSION

3.1 UV-Vis absorption spectral studies
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UV-visible absorption spectroscopy is a widely used technique for investigating structural changes in proteins
and their interactions with ligands. This method is simple yet fundamental, providing valuable insights into
complex formation between biomolecules [10]. Fig. 1(a) shows UV-Vis absorption spectra of the BLG-TART
complex. A fixed concentration of BLG (0.2X 10 ml) was titrated without and with an increasing concentration
of TART.
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Fig.1. (a) UV-Vis absorption spectra of beta lactoglobulin with different concentrations of tartrazine (mol L)
(1)0.0,(2)0.2,(3) 0.4, (4) 0.6, (5) 0.8 & (6) 1.0. (b). The inset panel presents the plot of !

A-4y

with TART.
Fig. 1(a). depicts the absorbance maxima of BLG at 282 nm owing to the presence of aromatic amino
acid (tryptophan and tyrosine) residues [11]. Upon increasing the concentration of tartrazine in the solution, a
notable increase in the absorption intensity of the peak at 282 nm was observed. This increase led to a significant
blue shift in the excitation maxima from 282 to 272 nm, indicative of the formation of a new BLG-TART complex.

Versus L for BLG
[Q]

The change in Amax indicates a shift in polarity around the tryptophan residue, causing a change in the peptide
strand of beta-lactoglobulin molecules, resulting in a change in hydrophobicity. Thus, it can be concluded that
the binding mechanism between tartrazine and proteins involves intricate structural changes in the protein and its
surrounding environment.This result suggested that the interaction between TART and BLG altered the
microenvironment of amino acid residues in BLG These findings align with previous studies conducted on the
binding between tartrazine and bovine serum albumin, which reported similar outcomes [12] .BLG-TART
complex formation can be determined from the following equations:

BLG + TART = BLG: TART (D)
[BLG: Tartrazine]

K= [BLG] [Tartrazine] (2)
Where K is the binding constant

Assuming, [BLG: TART] =Cg
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K= i 3)

[CBLG—CB] [CTART—CB]
Where Cgrg and Crarr are the analytical concentrations of BLG and TART in the solution, respectively.
According to Beer-Lambert’s law

CiLG = o and CgLg _AS_AO 4)

épLG-1 B-1
Where Ao and A absorbance of BLG in the absence and presence of TART, respectively. esLg and ep are the

molar extinction coefficients of BLG and TART, respectively. One shows the light path of the cuvette (1 cm).
By displacing equation (3) by equation (4), equation (5) can be deduced:

t; J SBLG\t[Lj "/J — (5)

Jl\esul e graph of 1/( —A,) versus 1/ [ tartrazine] yields a linear delineation in Fig.1(b). Thus K=3.65 x
10* (L mol™") can be calculated by dividing the intercept by the slope with a linear regression coefficient R?>=0.99.
3.2 Fluorescence quenching study of BLG by tartrazine
Tryptophan, tyrosine, and phenylalanine are among the amino acid residues in proteins that can produce protein-
intrinsic fluorophores that produce intrinsic fluorescence at a specific excitation wavelength [13]. They have been
widely explored for tracking changes in protein structure because they are extremely sensitive to the polarity of
the microenvironment. The binding mechanisms, binding constants, and binding sites between BLG and TART
were determined by fluorescence spectroscopy. The fluorescence emission spectra of BLG with various TART
concentrations at 298 K are shown in Fig.2(a). They have been widely explored for tracking changes in protein
structure because they are extremely sensitive to the polarity of the microenvironment. The binding mechanisms,
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binding constants,and binding sites between BLG and TARTwere determinedd by fluorescence spectroscope.
The fluorescence emission spectra of BLG with various TART concentrations at 298 K are shown in Fig.2(a).
Under physiological conditions, Beta-lactoglobulin (BLG) emits strong fluorescence at 333 nm when excited at
282 nm, which is consistent with previous reports works in the literature [14]. This intrinsic fluorescence was
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due to the presence of Trp residues. The addition of TART to a fixed concentration of BLG decreased the BLG
fluorescence intensity.
Fig.2. (a) Steady-state fluorescence spectra of beta lactoglobulin with different concentrations of tartrazine (mol
L1 (1)0.0,(2) 0.2, (3) 0.4, (4) 0.6, (5) 0.8, and (6) 1.0. (b) The inset panel shows the Stern-Volmer plot for BLG
with TART.

The peak maximum of the BLG fluorescence shifted from 333 nm to 330 nm as the concentration of
TART increased from 0 to 1.0 M. This shift was accompanied by a 3 nm blue shift in the emission wavelength,
which was attributed to changes in the hydrophobic cavity of tryptophan upon binding to TART. These changes
resulted in decreased hydrophobicity and microenvironmental changes around the tryptophan residues. These
findings suggested that TART interacts with BLG and reduces its inherent fluorescence. A similar observation
was made regarding the binding interaction of tartrazine with serum albumin [8].
For a quantitative analysis of the quenching mechanism of TART with BLG, the fluorescence quenching process
was studied using the Stern—Volmer equation.

= 1+ keul[Q] = 1+K«[Q] (©)

Where Fo and F represent the fluorescence emission intensities in the absence and presence of tartrazine
(quencher), respectively. Kq is the quenching constant for steady-state fluorescent biomolecules, which was
calculated using the following (Eqn.6).
ko= 22

(7
To

where 19 is the average lifetime of BLG (1) obtained from a time-resolved fluorescence study, Ksv is the Stern—
Volmer (SV) quenching constant, and [Q] is the concentration of tartrazine. The Stern—Volmer plot was linear
(Fig. 2b), with K= 1.092 x 10° (L mol'). This indicates that the azo dye tartrazine has strong quenching ability.
The value of Ky was found to be 2.83 x 10'* (L mol'S™). According to Lakowicz, the dynamic fluorescence
quenching mechanism occurs when the maximum quenching constant Kq in an aqueous solution is 1 x 10'° [M!
s 11 [15]. The obtained Kq value is greater than the maximum value possible for a dynamic process, revealing
that the quenching mechanism is static in nature and forms a ground state complex between BLG-tartrazine. The
creation of a non-fluorescent fluorophore-quenching combination is referred to as static quenching. The
calculated correlation coefficient of the SV plot is R?=0.99. This further supports the dominance of a static
quenching mechanism in fluorophore-quencher systems [16].

where 19 is the average lifetime of BLG (t) obtained from the time-resolved fluorescence study, Ky is the
Stern—Volmer quenching constant, and [Q] denotes the concentration of tartrazine. The Stern—Volmer equation
plot of BLG fluorescence quenched by varying concentrations of TART is shown in Fig.2(b). Thus, the Stern—
Volmer quenching constant Ksy was obtained from the slope of Fo/F against [Q] in the linear range, and K4 was
also calculated, reflecting the binding affinity between the protein (BLG) and the quencher (TART), with higher
values representing a stronger binding affinity, effectiveness of quenching, or the accessibility of the fluorophore
to the quencher. According to the Stern-Volmer plot, a single quenching mechanism, either static or dynamic, is
represented by a linear plot. By analyzing the slope of the linear function of Fo/F versus the quencher concentration
[Q], one can determine the necessary values for Ky, which is equal to 5.01 x 10* L mol'.Kq is as high as 2.83 x
10'> M's"1. The calculated Kq from the Stern-Volmer curve equation was three orders higher than the limiting
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diffusion rate constant of the biomolecules (2x 10 [M s 11)[17], indicating that
static quenching was the main quenching mechanism between BLG and TART and was not dynamic.

3.3. Binding Constant and Binding sites

The binding constant and binding sites for the interaction of BLG with tartrazine can be obtained from the double-

logarithm equation (8)
Fo—F

log || = logky, + nlog[Q] (8)

log [FOI:F]is plotted against log[Q] (Fig.3.) and the slope obtained from the plot gives the number of binding sites

(n) and intercept yields the value of binding constant K,

The binding free energy can be calculated using Eqn.9.

AG =-2.303RTLK, 9)
Where R is the gas constant and T is the temperature(298 K).

The values of K, (binding constant) and n (number of binding sites) were determined to be 5.7 x10° L
mol-1 and 1.4, respectively, with a high degree of correlation (R* = 0.99). The study of the BLG-TART complex
indicated that the binding of TART to BLG is a spontaneous process, as the complex exhibits a negative free
energy (AG) value of -74.95 KJ mol-1. The K, value, which measures the efficiency of protein interactions, ranges
from to 10-10° M-1, suggesting that the BLG-TART complex has a highly efficient interaction with the protein
[18].

These findings are supported by negative AG values, which indicate that the binding of TART to BLG is
energetically favorable.
Fig.3. Double log plot of beta lactoglobulin with tartrazine
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3.4. Synchronous fluorescence spectroscopy
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To provide information on polarity changes in the chromophore's surroundings, synchronized fluorescence
spectroscopy is frequently employed to analyze conformational changes in protein structure. Tryptophan residues
of BLG, can be seen in the synchronous fluorescence spectrum when AA is set to 60 nm. When the wavelength is
tuned to AA =15 nm, one may a unique peak of tyrosine residues in the proteins may be observed. The change in
polarity of the local environment is determined by the change in the maximum emission [31]. The synchronous
fluorescence spectra of BLG and the complex upon addition of TART are displayed in Fig. 4(a) and 4(b).

Fig. 4. Synchronous fluorescence spectra of beta-lactoglobulin

with tartrazine at (a) AA=15 nm and (b) AA=60 nm.
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As illustrated in Fig.4, the addition of TART to BLG resulted in a significant reduction in the fluorescence
intensity of amino acids Tyr and Trp. Interestingly, Trp was more susceptible to the quenching effect of TART
than Tyr. These findings suggest that TART causes a transformation in the conformational structure of BLG,
leading to the exposure of Trp residues. This exposure of Trp residues was the main cause of quenched intrinsic
fluorescence, as Trp is exceptionally sensitive to changes in the polarity of its surrounding environment [19].The
Fig .4(b) indicates that the presence of TART caused a blue shift of 1 nm in the maximum emission peak of Trp
residues, indicating an increase in hydrophobicity and a decrease in polarity of the microenvironment of Trp due
to the BLG-TART interaction. These findings were in agreement with the results of the fluorescence experiments.
During the interaction of TART with BLG, a regular decrease in tyrosine fluorescence emission was observed.
However, there was no notable change in the wavelength. This indicates that the conformation of the tyrosine
microregion remains unaffected by the interaction between TART and BLG. Synchronous fluorescence
spectroscopy results indicated that the BLG-TART complex involves a hydrophobic interaction between
tartrazine and BLG, and the amino acid residues on BLG form stable complexes with the aromatic groups of the
azo dye. These findings indicate that tartrazine has an impact on the microenvironment around tryptophan residues
that surround BLG. This interaction modifies the conformation of BLG. However, the binding of TART to BLG
did not affect the conformation of the tyrosine microregion. Similar findings were reported for the interaction of
Sudan III with bovine serum albumin [20].

3.5. Time resolved fluorescence studies
3.5. Time resolved fluorescence studies
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According to Lakowicz's theory, static and dynamic processes can be easily distinguished by fluorescence
quenching obtained from time-resolved fluorescence measurements [29]. While dynamic quenching causes
significant changes in the fluorescence lifetime, static quenching is characterized by stable fluorescence lifetime
values. The fluorescence decay of free BLG and the protein with ligand (BLG + TART) addition is illustrated in
Fig. 5. The fitted results are presented in Table 1.

Fig.5.Time-resolved fluorescence decays of beta lactoglobulin in phosphate buffer (pH=7.4)with different
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concentrations of tartrazine (1) 0.0, (2) 0.4, and (3) 0.8 (mol I').
Fig.5 displays representative fluorescence decay images of beta-lactoglobulin at different molar ratios of

tartrazine in phosphate buffer with a pH value of 7.4. Table 1 shows the fluorescence lifetime and amplitude
measurements for the same samples. The value of y2 is the Durbin—Watson parameter (greater than 1.7),
indicating goodness of fit [21,22]. The decay curves were accurately fit to a tri-exponential function, revealing an
emerging relative fluorescence lifetime of t1 =0.93 ns, 12 = 3.15 ns and 13 = 6.15 ns of BLG while in the maximum
concentration of TART, the lifetime is t1 = 0.74 ns, 12 = 1.83 ns and 13 = 4.90 ns. The independent components
were not included. Instead, qualitative analysis was performed using the average fluorescence lifetime. The
average lifetime was calculated using Eq. (5).

0(1'[% +0(2T% + 0(3'[%

Counts

<t> =

)
Tablel.Fluorescence lifetime and relative amplitudes of beta lactoglobulin with different concentrations of
tartrazine

a1T1+aT,+a3T3

Avera S.D
Concentration | Lifetime (ns) ge life | Relative amplitude e 107! sec

time X
(M) 10—9

T1 T2 13 sec al a2 as T1 T2 13

BLG 093 |2.11 |6.15 |1.77 |37.64 |59.74 |2.62|1.20 |6.49 |3.71 |18.34
BLG + TART | 0.87 |2.01 |5.20 |1.76 |33.68 |61.79 |4.53 |1.17 | 6.55 |4.46 |23.25
(0.4M)

304



EXPLORING THE MOLECULAR INTERACTION OF BETA-LACTOGLOBULIN WITH TARTRAZINE: A DETAILED SPECTROSCOPIC AND MOLECULAR DOCKING STUDY

BLG + TART [0.74 [ 1.83 [4.90 [1.68 [29.21 [6527 [552[122 [6.49 [3.71 | 18.34
(0.8M)

The average lifetime of beta-lactoglobulin did not change significantly, only from 1.77 to 1.76 ns and 1.68
ns, at different tartrazine concentrations, indicating that fluorescence quenching is essentially a static mechanism.
This study indicates that the BLG-TART complex exhibits a static quenching mechanism, which is in line with
the outcomes acquired from the SV plot. Furthermore, the fluorescence lifetime of one constituent (t1) remained
unchanged in all three systems, but the fluorescence lifetime of another component (t3) increased when tartrazine
was bound to beta-lactoglobulin. This suggests that complex formation between the fluorophore and tartrazine
generates a non-fluorescent beta-lactoglobulin-azo dye complex [23].

3.6. Fluorescence resonance energy transfer (FRET) between TART and BLG

FRET is a non-destructive spectroscopic approach used to gauge the proximal distance and relative angular
orientation between donor and acceptor molecules [24]. The overlapping fluorescence spectra of BLG (donor)
and the UV—Vis absorption spectra of TART(acceptor) are shown in Fig.6. In this instance, TART acts as the
acceptor, the tryptophan residue of the BLG protein serves as the donor, and the shaded area delineates the
sufficient spectral overlap between the donor and acceptor (Fig.6). .

The following equations determine the energy transfer efficiency (E) in accordance with Forster's nonradiative
energy transfer theory:

_(.F__R3
E= l-FO RE+76 6)
Rg =8.79 X 1072%> X k?n~*¢J (7)

_NF)e(W)A*ar
X F(D)AL )

Forster's hypothesis states that the energy transfer efficiency (E) is related to both the distance (r) between
acceptor and donor and Ry the characteristic distance (or Forster radius) with a 50% transfer efficiency. where F
and Fo are the fluorescence intensities of the donor in the presence and absence of the acceptor, respectively; r
represents the acceptor-donor distance, where k? =2/3 is the spatial orientation factor of the dipole, which is the
average value integrated over all possible angles; N is the refractive index of the medium (1.336); @ is the
fluorescence quantum yield of the donor (0.15); and J is the overlap integral of the emission spectrum of the donor
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and the absorption spectrum of the acceptor calculated using Eqn.8.F() is the corrected fluorescence intensity of
the donor in the wavelength range, from A to A + AA; g(A) is the extinction coefficient of the acceptor at A.
According to Eqn. 6—8. The evaluated parameters are listed in Table 2.

Fig.6. The overlap of UV absorption spectra of tartrazine (solid line) with the fluorescence emission spectra of
Beta lactoglobulin (dashed line)

FRET, or Forster resonance energy transfer, plays a crucial role in measuring the distance between
molecules. In this context, the overlap region between the donor and acceptor molecules must be less than 8 nm,
and typically, r values between 0.5 R, and 1.5R, result in a high energy transfer probability. The static quenching
observed between BLG and TART suggested the formation of a complex between them. The overlap between
the emission spectra of equimolar concentrations of BLG and the absorption spectra of tartrazine indicates good
energy transfer efficiency, which was computed within the wavelength range of 300-500 nm. The results of the
computation are presented in Table 2, where it is evident that the addition of tartrazine led to a reduction in the
fluorescence intensity, which is indicative of Forster energy transfer.

Table 2. Efficiency transfer energy (E) and critical energy transfer distance (Ro) of BLG with TART

Quenchers | Energy(E) | Ro J r
(nm) | (cm *mM™) (10°%) | (nm)

Tartrazine | 0.30 2.89 |7.09 3.31

The interaction between BLG and tartrazine involved a static quenching process that transferred energy
without radiation. The distance between the donor and acceptor was measured to be 3.31 nm, which was greater
than the maximum critical distance of 2.89 nm. This indicates that the observed quenching process can be
attributed to static quenching. The Forster distance (R,) and donor-acceptor distance (r) obtained from these
studies are consistent with previous findings. Efficient energy transfer in beta-lactoglobulin (BLG) depends on
the proximity of the donor and acceptor molecules as well as the presence of two tryptophan (Trp) residues.
Therefore, both Trp residues must be considered when determining the energy transfer efficiency [25].

3.7.2 Fourier Transform Infrared Spectroscopy

With great sensitivity and specificity, Fourier-transform infrared (FTIR) spectroscopy is a quick and non-
destructive technique for identifying alterations in molecular structure. It can be used to distinguish between the
different functional groups found in a sample. When FTIR analysis was performed on proteins, nine amide bands,
including amide I, I1, and III bands, which correlate to various peptide moiety vibration ranges, were found. These
bands are particularly helpful for studying protein conformation [26]. FTIR spectroscopy analyzes changes in
protein secondary and tertiary structures to identify conformational changes brought about by ligand binding to
globular proteins [9]. Using this method, the effect of tartrazine on the secondary structure of BLG protein
molecules has been examined; Fig. 7 shows the spectrum region of interest.
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Fig.7.FTIR Spectra of (a) Beta lactoglobulin, (b) Beta lactoglobulin + Tartrazine

The amide band of protein amide I, ranging from to 1700-1600 cm-1, is a result of the degree of hydrogen
bonding between the C=0 components. The amide I region, which is widely used for protein conformational
studies, assigns a-helices between 1649-1658 cm™!, intramolecular B-sheets between 1620-1635 cm™!, and B-turns
between 1665-1690 cm™! [27,28].Table 3 shows the FTIR peak assignments of BLG with and without tartrazine.
The FTIR spectra of BLG and BLG-Tartrazine complex FTIR tartrazine are shown in Fig. 7. A shift in the amide
I band peak location from 1652 cm-1 to 1653 cm-1 is evident. The alterations in these peak positions indicated
that the polypeptide carbonyl hydrogen bonding pattern was rearranged as a result of tartrazine interaction with
the C =0 group in the protein structural subunits [29]. A conformational shift in BLG resulting from the local
unraveling of the a-helix into loops is indicated by the slight spectral shift of the amide I band at 1651 cm-1 upon
BLG-TART complexation [30]. These results are evident in the changes in the secondary structure of BLG upon
binding with tartrazine.
Table.3 FTIR tentative peak assignments of BLG without and with tartrazine

Wavenumber (cm™) Tentative peak assignments
BLG BLG+TART

3376 3376 (N-H Stretching)

2976 2976 CH2 stretching vibrations
1652 1653 (C=0 Stretching)

1394 1394 N-H Bending

1331 1331 (C-N stretching)

1274 1274 N-H Bending
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1049 1049 C—C and C—OH stretching modes
881 881 C-H Bending vibration
673 673 OCN Bending

3.8. Molecular Docking
In silico docking predicts the optimal orientation of the ligand in the active site of the receptor, and investigates
the compatibility between a ligand and a protein target at the molecular level. Beta-lactoglobulin is a single
polypeptide chain with 162 amino acid residues. An a-helix and nine anti-parallel -strands with eight B-sheets
were folded into a cone-shaped barrel, forming a hydrophobic pocket constituting the subunit of the core of the
BLG structure. The B-strands A—H form a B-barrel, which is the central calyx of the BLG crystal structure; it is
the primary binding site of many ligands, especially palmitic acid [31]. The primary binding site was named site
1, located in the internal cavity of the B-barrel, whereas site 2 was identified to be towards the exterior of the -
barrel. These are the two most probable binding sites in BLG [32]. Molecular docking was performed using TART
at the primary binding site of BLG, and the results are presented in Fig.8. and Table.4 ,5. It seems that TART fits
comfortably in the hydrophobic cavity of the BLG.

The TART-BLG complex could be stabilized by four hydrogen bonds with LYS69(1.77 A), ASNS88 (1.95
A), ASN90(1.95A), GLN120(2.80 A) (Table.4). The BLG-TART complex was further stabilized by four
hydrophobic interactions with VAL41(4.67 A), LEU58 (5.45 A), ILE7(14.67 A), ALA86 (5.28 A).

Interactions

g Conventional Hydrogen Bond

Pi-Sigma [] Pi-Alkyl
Fig.8. (a)3D molecular docking and (b) 3D ligand interaction. (¢) 2D diagram ligand interaction of beta-
lactoglobulin with tartrazine dye.
Table 4. Interacting residues of beta lactoglobulin With tartrazine dye
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SI.NO. | Nature of interactions | DISTANCE (A) | TYPES OF BOND

1. LYS69 1.77 Hydrogen Bond

2. ASNS8S 1.95 Hydrogen bond

3. ASNO90 1.95 Hydrogen bond

4. GLN120 2.80 Hydrogen bond

5. MET107 3.89 Hydrophobic(Pi-Sigma)
6. MET107 3.59 other (Pi-Sulfur)

7. VALA41 4.67 Hydrophobic (Pi-Alkyl)
8. LEUSS8 5.45 Hydrophobic (Pi-Alkyl)
9. ILE71 4.67 Hydrophobic (Pi-Alkyl)
10. ALAS86 5.28 Hydrophobic (Pi-Alkyl)

The docking results (Table.5) showed that tartrazine had good docking scores with BLG, with a binding
energy of -8.22 Kcal/mol. In Fig. 8(b), it can be observed that the ligand is stabilized by four hydrogen bonds
involving the D B-strand, F B-strand, Lys69, Asn88, Asn90, and GLN 120 residues. Additionally, m-alkyl
interactions between the aromatic ring of tartrazine and Val41, Leu58, and Ala86 residues indicate that the B, C,
and E B-strands also contribute to ligand stabilization within the calyx region of B-lactoglobulin [11]. The residue
Met107 in the protein points towards the inside and is affected by ligand binding in the central cavity.
Additionally, loop EF (residues 85-90) acts as a gate over the central calyx. On one hand, binding within the
central cavity was evidenced by the involvement of the calyx entrance with the perturbation of Ly69 and residues
around Ile71[33,34].The docking results (Table.5) of hydrophobic interactions and hydrogen bonds have been
implicated in the binding of ligands to the hydrophobic cavities of BLG has been reported earlier.

Table.5 Docking results of BLG with tartrazine

DYE | PROTEIN | BINDING | RMSD | INHIBITION | INTER Vdw+ ELECTROSTATIC
ID ENERGY | A CONSTANT | MOLECULAR | Hbond+ | ENERGY
kcal/mol uM ENERGY Desolv | kcal/mol
kcal/mol Energy
kcal/mol
TART | 3NPO -8.22 5.44 0.94 -10.61 -9.71 -0.89
CONCLUSION

The binding interaction between tartrazine (TART) and beta-lactoglobulin (BLG) has been studied using various
experimental techniques. The results showed that TART quenched the fluorescence of BLG via a static quenching
mechanism, and the binding process was spontaneous with negative Gibbs free energy. Synchronous fluorescence
spectroscopy showed that the polarity around the Tyr and Trp residues of BLG increased upon interaction with
TART, indicating a slight change in the conformation of the protein. The distance (r) between nalorphine and the
tryptophan residue of BLG was calculated to be 3.31 nm using Forster’s theory of non-radiation energy transfer.
Changes in the secondary structure of BLG were also observed upon binding to TART, and molecular docking
studies confirmed the interaction between the tartrazine molecule and the protein. Understanding the interactions
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between food color and proteins is crucial for determining the safety of food dyes. For instance, TART food
additives can bind to the BLG protein and induce conformational changes, which have significant implications in
food science. These findings highlight the potential toxicity of food dyes and underscore the importance of careful
evaluation.
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