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ABSTRACT

The interaction between food colorant tartrazine and lipase was studied by multi-spectroscopic and molecular docking simulation
under simulated physiological conditions to evaluate the toxic of tartrazine at the protein level. The results showed that tartrazine
could effectively quench the endogenous fluorescence of lipase. The thermodynamic parameters were obtained from the van't Hoff
equation, and the Gibbs free energy AG<0, indicating that the reaction was spontaneous; AH<0, AS>0, indicating hydrophobic
interaction played a major role in forming the tartrazine-lipase complex. as shown by the synchronous fluorescence, UV-vis
absorption and circular dichroism data, tartrazine could lead to the conformational and micro environmental changes of lipase,
which may affect its physiological function. Molecular docking results showed that tartrazine was site in the active center of

lipase, which altered the microenvironment of amino acid residues at the catalytic active center of lipase.
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INTRODUCTION

artrazine (structure formula see Fig. 1) is a synthetic

acid azo dye; its aqueous solution is yellow. As a

colorant, it is widely used in sugar coating and
capsule of pastry, candy, beverage and pharmaceutical
preparation’. Generally speaking, synthetic dyes contain azo
functional groups and aromatic ring structures, which are
harmful to human health. Long-term intake or intake of
foods containing large amounts of tartrazine can cause
allergies, migraines, eczema, anxiety, and digestive system?.
Excessive intake of tartrazine may exceed the affordability
of the liver and accumulate in the body, resulting in kidney
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and liver damage®. Some reports also suggest that tartrazine
can cause allergic reactions, hyperactivity, and restlessness
and sleep disorders in children *.

Lipase is a kind of hydrolytic enzyme that decomposes
triacylglycerol. It belongs to intracellular enzyme. Its
catalytic site contains nucleophilic catalytic triad (SHD or
SHE), catalytic site is buried in the molecule. The surface is
covered by a spiral cover structure formed by relatively
hydrophobic amino acid residues; it has a protective effect
on the catalytic site of triad °. Human lipase is mainly
secreted by pancreatic acinar cells, so it is also called
pancreatic lipase and plays an important role in digesting fat
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in the duodenum and in the absorption of triglycerides in
the small intestine. Hydrolyzed triglycerides are converted
into glycerol and fatty acids and are absorbed by human
body °, which plays an important role in the process of
human digestion and absorption. Zhao Lining et al.” studied
the interaction between three mercaptopropionic acid-
terminated CdTe quantum dots and lipase, and proved that
three mercaptopropionic acid-terminated CdTe quantum
dots have toxic and side effects on lipase. Zhang Rui et al. ®
studied the interaction between bisphenol A and lipase in
vitro in order to better understand the toxicity mechanism of
bisphenol A.

In recent years, fluorescence spectroscopy has become an
important means to study the mechanism of ligand-protein
system, but so far, the study of lipase binding to tartrazine
by a variety of spectroscopy and molecular docking
techniques has not been reported. In this paper, the binding
constant, binding site number and thermodynamic
parameters of tartrazine-lipase system were obtained by
fluorescence spectroscopy and molecular docking method.
Thus, the binding mechanism of tartrazine and lipase was
revealed, which provided a theoretical basis for
understanding the toxicity of tartrazine to human body at
the molecular level.
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Figure 1: The structure formula of tartrazine
Experimental
Apparatus

These fluorescence spectra were acquired with a Shimadzu
RF-5301PC spectrofluorophotometer. Circular dichroism
spectra were recorded on a MOS-450/SFM300 circular
dichroism spectrometer (Bio-Logic, France). Absorption
was measured with an UV-vis recording spectrophotometer
(UV-3600, Shimadzu, Japan). All pH measurements were
made with a pHS-3C precision acidity meter (Leici,
Shanghai, China). All temperatures were controlled by a
SYC-15g superheated water bath (Sangli, Nanjing, China).

Materials

Porcine pancreatic lipase (PPL) was purchased from Sigma-
Aldrich (purity grade inferior 99%, Shanghai, China),
standard solution (5.0x10°® mol/L) was prepared. Tartrazine
(TTZ) standard solution (1.0x10° mol/L) was prepared.
Tris-HCI buffer solution was used to keep the pH of the
solution at 7.40, containing NaCl (0.15 mol/L) to maintain
the ionic strength of the solution. All other reagents were
analytical grade and all aqueous solutions were prepared
with newly double-distilled water and stored at 277 K.
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The fluorescence intensity measured in the experiment was
corrected by the “internal filter effect” Eq.(1) °:

lcor = lobs X e(AEﬁAbm)/z )

Where I, and lq,s are the fluorescence intensities corrected
and observed, respectively, and Aex and Aem are the
absorption of the system at the excitation and the emission
wavelength, respectively. The intensity of fluorescence used
in this paper is the corrected fluorescence intensity.

Results and discussion
Experiment procedure
Fluorescence measurements

1.0 mL Tris-HCI buffer solution, 2.0 mL PPL (5.0x10°
mol/L), and different volume of TTZ were added into 10.0
mL colorimetric tube successively. The samples were
diluted to scaled volume with double-distilled water, mixed
thoroughly by shaking, and kept static for 30 min at
different temperatures (298 K, 310 K, and 318 K).
Excitation wavelength with excitation and emission slit at 5
nm for PPL was 280 nm and 295 nm, respectively. The
fluorescence spectra were measured (emission wavelengths
of 280-450 nm). At the same time fixed AA=15 nm or
A2=60 nm, the synchronous fluorescence spectra of PPL
and TTZ were recorded.

Circular dichroism measurements

A total of 1.0 mL Tris-HCI buffer solution , 2.0 mL PPL
solution (5.0x10° mol/L), and different volumes of TTZ
were added into a 10.0 mL colorimetric tube successively.
The samples were diluted to scaled volume with water,
mixed thoroughly by shaking, and kept static for 30 min at
298 K. Each spectrum was recorded at wavelengths
between 190 and 300 nm and a scan speed of 1 nm/s.

UV-vis measurements

1.0 mL Tris-HCI buffer solution, 2.0 mL PPL solution
(5.0x10° mol/L) and different volume of TTZ were
successively added to a 10.0 mL colorimetric tube, and the
reference solutions were the corresponding concentration of
TTZ solutions. The samples were diluted to scaled volume
with water, mixed thoroughly by shaking, and kept static for
30 min at 298 K. The UV-vis absorption spectrum of TTZ
in the presence and absence of PPL were scanned with 1cm
quartz cells over the range from 190 nm to 400 nm.

Molecular docking

The two-dimensional structure of TTZ was drawn in
ChemDraw 15.0, and its three-dimensional structure was
optimized by model of molecular mechanics in ChemDraw
3D. The crystal structure of PPL used for molecular
docking was obtained from protein data bank (PDB ID:
10IL). Waters and all other HETATM molecules were
removed from the PDB file of PPL. Polar hydrogen atoms
and Gasteiger charges were added to prepare the PPL
molecule for docking. Protein-ligand docking was
performed with the rigid docking tool in the Autodock
4.2.6. In this work, the selection of flexible residues for the
induced fit is based on the active site of the PPL. The most
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favorable docking model was selected according to the
binding energy and the geometry matching *°.

Results and Discussion

The Fluorescence spectra of TTZ-PPL system

At 280nm wavelength, the Trp and Tyr residues in PPL are
excited, whereas a wavelength of 295nm excites only Trp
residues ™. Fig. 2 showed that the fluorescence emission
spectrum of PPL when TTZ was added at different
concentrations. A typical emission peak was observed at
about 348 nm when the excitation wavelength was 1,=280
nm. (The fluorescence emission spectrum of TTZ-PPL was
similar to 1,=295 nm, but the fluorescence intensity was
low.) As the TTZ concentration increased, the degree of
fluorescence quenching increased, and the maximum
emission peak was blue-shifted, indicating that TTZ
interacted with PPL and formed a stable complex *2.

Fluorescence intensity(a.u.)

Wavelength(nm)

Figure 2: Fluorescence emission spectra of TTZ-PPL system (T=310 K,
Aex=280 nm)

Cep=1.0x10® mol/L, 1~9 Cr12=(0, 0.1, 0.5, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0)x10°®
mol/L

In order to study the quenching mechanism, the quenching
data was processed according to the Stern-Volmer Eq. (2) =,
and the results were shown in Table 1.

lp/1 =14k 7 [L] =1+ K [L] =14 Ko[L]  (2)

Where, I, and | are the fluorescence intensities of PPL in the
absence and presence of the TTZ, respectively. K, is the
bimolecular quenching constant and [L] is the concentration
of the quencher, 7, is the average lifetime of fluorescence
(about 10® s) and K is the Stern-Volmer quenching
constant. From Table 1, it could be seen that the k, value

was greater than

2.0x10%

L/mol-s

at  different
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temperatures'®. The K, value was inversely correlated with
temperatures. The result indicated that the combination
process of TTZ-PPL system was a static quenching process.
Stern-Volmer plots of the fluorescence of PPL quenched by
TTZ at different temperatures were shown in Fig. 3. The
good linear relationship reflected the existence of a single
annihilation.

298 K
310K -

318 K /

18 |-

>on

T T T T T
0.00000 0.00001 0.00002 0.00003 0.00004 0.00005

L(mol/L)

Figure 3: Stern-Volmer plots for the quenching of PPL by TTZ at
different temperatures

Cepr= 1.0x10® mol/L, Crrz=(0, 0.1, 0.5, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5)
mol/L

The relationship between fluorescence intensity and the
concentration of quencher can usually be described using
Eq. (3) ™ to obtain the binding constant (K,) and the number
of binging sites (n):

Ig[l"l;lj =nlgK, +n Ig{[L]f n%[gt]} 3)

Where [L] and [B{] are the concentrations of TTZ and PPL,
respectively. On the assumption that n in the bracket is
equal to 1, the curve of Ig(lo-1)/F versus Ig{[L]-n[B](lo-1)/1}
is drawn and linearly fitted, then the value of n can be
obtained from the slope of the plot. On the basis of value of
n obtained, the binding constant K, can also be determined.
The results were listed in the Table 1. The results showed
that all the values of n were approximately equal to 1 at
different temperatures, indicating that TTZ had only one
high-affinity binding site when bound to PPL *°, that was,
TTZ and PPL formed a 1:1 complex. When the temperature
rose, the binding constant K, value was in the order of 10*
and showed a decreasing trend, and the binding ability of
TTZ to PPL was reduced, which further proved that the
TTZ-PPL system was static quenching.

Table 1: Quenching reactive parameters of TTZ-PPL system at different temperatures

Jex (NM) TI(K) K (L/mol-s) | kq(L/mol) | 1y Ka (L/mol) n r;

Jex=280 298 1.93x10* 1.86x10” | 0.9953 | 2.11x10* 1.21 0.9966
310 1.75x10* 1.61x10% | 0.9949 | 1.89x10* 1.11 0.9937
318 1.46x10* 1.34x10% | 0.9978 | 1.51x10* 0.94 0.9962

Jex=295 298 1.36x10* 151x10% | 0.9912 | 1.38x10* 1.16 0.9955
310 1.19x10* 1.27x10% | 0.9949 | 1.26x10* 1.12 0.9948
318 1.11x10* 0.99x10% | 0.9922 | 1.08x10* 0.89 0.9931

ry is the linear relative coefficient of lo/I~[L], r, is the linear relative coefficient of Ig [(lo-1)/1]~1g{[L]-n[B](lo-1)/10}
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Type of interaction force of TTZ-PPL system

Thermodynamic parameters of TTZ-PPL system can be calculated by the van’t Hoff equations *'.

RINK=AS—-AH /T

AG =AH —-TAS

(4)
©)

Table 2: The thermodynamic parameters of TTZ-PPL at different temperatures

system T/(K) | Ka/(L/mol) | AH/(kJ/mol) AS/(J/mol-K) | AG/(kJ/mol)
Jex= 280 nm 298 2.11x10* -12.71 40.15 -24.66

310 1.89%x10* 40.75 -25.33

318 1.51x10* 40.05 -25.45
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R is the gas constant (R=8.314 J/mol-K). Based on the
linear fit plot of RINK, versus 1/T, the AH and AS values can
be obtained. The results obtained are listed in Table 2. It can
be seen from Table 2 that AG<O0, indicating that the
quenching reaction of TTZ to PPL was spontaneous; AS>0,
suggesting that there was hydrophobic interaction between
TTZ and PPL; AH<O cannot be used as a sign of inter
molecular electrostatic attraction, Ross pointed out that
when AH=0, AS>0, it could be considered as electrostatic
attraction, and AH<O is considered as the result of hydrogen
bonding **%. Therefore, the force between TTZ and PPL
was mainly hydrophobic interaction and hydrogen bonding.

Synchronous fluorescence studies of TTZ-PPL system

For synchronous fluorescence spectra of proteins, when the

AZ value between the excitation and emission wavelengths
250

Fluorescence intensity(a.u.)

0 == . .

280 300 320
Wavelength(nm)

is stabilized at 15 or 60 nm, the synchronous fluorescence
gives characteristic information for Tyr or Trp residues **.
Fig. 4 (A and B) showed the effects of TTZ on the
synchronous fluorescence spectra of PPL. It can be seen
from Fig. 4 that when AA=15 nm or AA=60 nm, the
fluorescence intensity of PPL decreased with the increase of
TTZ concentration, showing that Tyr and Trp residues both
participated in the interaction of TTZ with PPL. In addition,
the maximum emission wavelength of Tyr and Trp residues

had a slightly red shift, suggesting that the
microenvironment of these residues became more
hydrophobic and polarity enhancement. The results

indicated that the TTZ caused a change in the conformation
of the PPL.

0 1
320 340 360 380
Wavelength(nm)

Figure 4: synchronous fluorescence spectra of TTZ-PPL system (T=298 K). (A) AA=15 nm; (B) A1=60nm
Cpp.=1.0x10° mol/L, 1~9 C+2=(0, 0.1, 0.5, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0)x10° mol/L

UV-vis absorption spectra studies of TTZ-PPL system

The UV-vis absorption spectra of TTZ-PPL system was
shown in Fig. 5. PPL had two absorption peaks, the strong
absorption peak at about 208 nm reflects the framework
conformation of the protein, the weak absorption peak at
about 280 nm appears to be due to the aromatic amino acids
(Trp, Tyr, and Phe) %. With gradual addition of TTZ to PPL
solution, the intensity peak of PPL at 208 nm decreased
with a red shift and the intensity of the peak at 280 nm had
minimal changes (Fig. 5). The intensity of the absorption
peak at 280 nm was reduced, illustrating that the interaction
between TTZ and PPL happened in the ground-state
molecules. The results showed that type of fluorescence
quenching of TTZ-PPL system was static quenching . This

ISSN: 2320-4850 [4]

conclusion was consistent with the conclusion of the
fluorescence quenching experiment.
0.
06 .;
; oogl ~ 30
‘.;.
300 350 400

Wavelength{(nm)
Figure 5: Absorption spectrum of TTZ-PPL system (T=298 K)
Crp=1.0x10° mol/L, 1~6: C11z=(0, 0.1, 1.0, 1.5, 2.0)x10° mol/L
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Circular dichroism spectra studies of TTZ-PPL system

Circular dichroism (CD) spectroscopy is commonly used to
detect changes in the secondary structure of proteins 2. The
CD spectrum of the TTZ-PPL system was shown in Fig. 6.
When the concentration ratio of PPL to TTZ was 1:0, 1:5
and 1:10, the a-helix content of PPL decreased from

Asian Journal of Pharmaceutical Research and Development. 2019; 7(4): -01-07

10.55% to 6.48%. As the concentration of TTZ increased,
the absorption intensity of the negative peak gradually
decreased, implying that TTZ caused a change in the
secondary structure of PPL, and made the protein structure
loose. But the peak shape and peak position had not been
changed, indicating that the o-helix in the PPL molecule
still dominated.

Circular dichroism(mdeg)

-4.0 L

(1)PPL
(2)('”,‘ Coz 1:5

(3)C,,:C,,=1:10

200 220

240 260

Wavelength(nm)

Figure 6: The circular dichroism spectra of TTZ-PPL system (T=298 K)
CrpL = 1.0x10°° mol/L; Crrz = (0, 1.0, 2.0) x10° mol/L

Molecular docking

Molecular docking method can simulate the interaction
between small molecules and proteins at the atomic level,
so that it can find small molecules at the target protein

binding site and clarify interesting biochemical processes.
The best combination mode predicted by the docking
software Autodock 4.2.6 was shown in Fig. 7.

Figure 7: Computation docking model of the interaction between TTZ and PPL
TTZ located within the hydrophobic pocket in PPL (B) Detailed illustration of the amino acid residues lining the binding site in the TTZ and PPL cavity

Fig. 7 (A) showed the optimal binding configuration of the
TTZ-PPL complex. The active sites of different lipases are
usually composed of serine (Ser) residues and histidine
(His) residues, and together with aspartic (Asp) residues or
glutamic(Glu) residues to form a ternary catalytic center 2.
It can be seen from Fig 7(B) that the binding site of TTZ
was near the active center of PPL, indicating that the
binding of TTZ to PPL might affect the catalytic activity of
PPL, and the binding site of TTZ was very close to the
residues of Tyr269 and Trp85, as a result, the combination
of TTZ and PPL could effectively quench the intrinsic
fluorescence of PPL. It is consistent with the conclusion of
fluorescence experiment. TTZ was surrounded by various
hydrophobic residues, such as Phe335, Tyr269, Leu275,
ILE274 and Trp85, which indicated that hydrophobicity
promotes the binding process between TTZ and PPL. And
the Asn334, Asn92, His264 residues in PPL formed three
hydrogen bonds with TTZ, and the bond lengths are 2.241
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A, 2116 A and 2.098 A, respectively, indicating that
hydrogen bonds play a very important role in the binding of
TTZ to PPL. The binding energy between TTZ and PPL
obtained by molecular docking was about -22.58kJ/mol,
which was similar to the AG (about-25.33kJ/mol) of TTZ-
PPL system obtained by fluorescence experiment at 310K.
The difference in data results may be due to the exclusion of
solvents or receptors other than amino acid residues Trp, Tyr
in docking simulations . The energy data obtained by
molecular docking were shown in Table 3, from which we
could see that the electrostatic energy was much lower than
the sum of vanderization energy, hydrogen bond energy and
desolvation free energy in the process of TTZ and PPL
binding. The results showed that the electrostatic interaction
between TTZ and PPL was very weak, which was
consistent with the effect of ionic intensity on the
fluorescence experiment of TTZ-PPL binding. From the
data of molecular docking, it can be further explained that
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the main force types of TTZ-PPL system were hydrophobic

Asian Journal of Pharmaceutical Research and Development. 2019; 7(4): -01-07

interaction and hydrogen bonding interaction.

Table 3: Docking energy of TTZ-PPL system (unit: kJ/mol)

Protein PDB ID AGy AE;

AEZ AES

10IL -22.58 -35.04

-33.33 -1.75

AGyis the binding energy in the binding process.

AE; denotes intermolecular interaction energy, which is a sum of van der Waals energy, hydrogen bonding energy, desolvation free energy and

electrostatic energy.

AE,is the sum of van der Waals energy, hydrogen bonding energy and desolvation free energy.

AE;is the electrostatic energy.

CONCLUSION

Under simulated physiological conditions, a variety of
spectroscopy and molecular docking techniques were used
to explore the interaction between TTZ and PPL.
Experiments have proved that TTZ has a strong binding
ability to PPL, which provides theoretical guidance for
further understanding the toxicity of colorants to human and
further studies are needed to provide for health risk
assessment of food colorants. At present, the use of
spectroscopy to study the interaction between proteins and
ligands is more and more popular and favored by
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