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Binding thermodynamic and spectroscopic of Allura Red AC to Calf thymus DNA
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Abstract The binding behaviour of an azo dye, Allura Red AC with calf thymus deoxyribonucleic acid (ct-DNA)
was investigated using UV-vis absorption spectroscopy, fluorescence quenching method, DNA melting and
viscosity measurement. The physicochemical characteristics of Allura Red AC were investigated in 5 mM aqueous
phosphate buffer of pH 7.0 at 25 °C. Spectrophotometric studies of the interaction between Allura Red A C and ct-
DNA have shown that the binding constant was K,=7.5x10° M at 298 K. Thermodynamic parameters indicated
that hydrogen bond and van der Waals play major roles in the interaction. A competitive binding with ethidium
bromide (EB) showed that Allura Red AC displace EB from its binding site in ct-DNA. The thermal denaturation
experiments show the melting temperature of ct-DNA increases (about 5.0 °C) due to binding of Allura Red AC.
There is no obvious increasing of ct-DNA viscosity was observed. All of the experimental results show that the
groove binding must be predominant.
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Introduction

Deoxyribonucleic Acid (DNA plays major roles in many biological processes such as gene expression, transcription,
mutagenesis and carcinogenesis [1-2]. Therefore, study on the interaction of small molecules with DNA has been an
important research field [3-8]. Generally, the small molecules can bind to DNA by non-covalent interactions such as
the m-stacking, hydrogen-bonding, van der Waals, the electrostatic and hydrophobic forces [9-10]. The azo dyes as
the main important class of synthetic dyes account for more than 50 % of all the dyes and more than 2000 different
azo dyes used annually in various fields [11-15].
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Figure 1: The molecular structure of Allura Red AC
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The azo dyes containing azo (-N=N-) functional groups and aromatic ring are reductively cleaved into aromatic
amines such as benzidine with toxic, mutagenic and carcinogenic properties [16-19]. So, studies on the binding
mechanism between azo dyes and biological molecules are of great importance in the fields of environment and
molecular biology. Allura Red AC (Figure 1) is a synthetic azo dye that used as color additive in foodstuffs and
cosmetics [20, 21]. Recently, the toxic effects of several food colorants have been investigated and shown to be
toxic [22]. To the best of our knowledge; the binding of Allura Red AC with deoxyribonucleic Acid (DNA) has not
been reported. So, in the present work, we have investigated the interactions of Allura Red AC with ct-DNA using
Spectrophotometric, fluorimetric, viscosity and thermal denaturation measurement. These studies provide an
understanding of the binding affinity of Allura Red AC to ct-DNA.

Experimental Work

Materials and Instruments

Calf thymus DNA and Allura Red AC were purchased from Sigma Chemical Company and was used without
further purification. All experiments were performed in 5 Mm phosphate buffer solution at pH 7.0 at 25 °C. The
concentrations expressed in moles of base pairs per liter were obtained using e= 1.32 x 10* L.mol.cm™ at the
absorption maximum of 260 nm. The electronic absorption spectra were measured by a UV-vis Perkin Elmer
Lambda 25 double beam spectrophotometer. The fluorescence spectra were determined by a Hitachi MPF-4
spectrofluorimeter. The Melting experiments were performed using an UV-vis Perkin ElImer Lambda 25 double
beam spectrophotometer coupled with a thermostated cell compartment. The temperature inside the cuvette was
determined with a platinum probe and was increased over the range 25-86 °C by a heating rate of 0.5 °C/min
(Thermal software). The viscosity of ct-DNA solutions was measured using an Ostwald viscometer at 25 + 0.1 °C.
In all of the experiments, we used a potentiometer Metrohm744-model for measuring pH.

Results and Discussion

UV-vis absorption spectroscopy

At first, the physicochemical characteristics of Allura Red AC were investigated at various concentrations of Allura
Red AC and ionic strength (NaCl) in 5 mM aqueous phosphate buffer of pH 7.0 at 25°C. The absorption spectrum of
the Allura Red AC dye exhibits a strong absorption band in the visible region at Ao = 504 nm that is related to the
azo (-N=N-) functional group [23]. In the presence of increasing amounts of Allura Red AC, no change in the shape
of absorption band and the maximum of wavelength can not been observed (Fig.2).
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Figure 2: Absorption spectra of Allura Red AC solution (2x10~° M) in the presence of increasing amount of Allura
Red AC concentrations [2.95x107 M, 7.6x107 M, 2.4x10°M, 7.6x10° M, 1.38x10"° M and 2.26x10° M]. Arrow
shows the absorbance changes upon increasing dye concentrations.

D

&' The Pharmaceutical and Chemical Journal

)

As

=

49



Rasouli N et al The Pharmaceutical and Chemical Journal, 2016, 3(4):48-57

Also, the results showed that the absorption in the Ay = 504 nm of Allura Red AC and in the concentration range of
0 to 4.47x10° M obeys from Beer’s law (Fig.3).
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Figure 3: The absorption in the Ama= 504 nm of Allura Red AC obeys from Beer’s law in the concentration range of
0-4.47x10° M.
Also, the effect of NaCl salt on the absorption spectrum of aqueous solution of Allura Red AC is shown in Fig. 4.
The absorbance at all of the spectral regions of studied azo dye has been decreased due to increasing of NaCl
concentration and this hypochromocity for Allura Red AC spectrum is accompanying with blue shift. From these
results it can be concluded that Allura Red AC forms defined aggregate (H or J aggregate) at high concentration of
salt [24-26].
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Figure 4: Absorption spectra of Allura Red AC solution (2 x 10° M) upon addition of NaCl in 5 mM phosphate
buffer, pH 7.0 at 25 °C. Arrows indicate the change in absorbance upon increasing the NaCl concentration

In order to investigate the binding behavior of Allura Red AC and ct-DNA, the absorption titration experiments are
performed with fixed concentrations of the Allura Red AC (4.5 x 10° M), while gradually increasing the
concentration of ct-DNA (0-1.3x10™ M) at 25 °C. The absorption spectra of the Allura Red AC in the presence of
various ct-DNA concentrations are shown in Fig. 5.
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Figure 5: Absorption spectra of Allura Red AC solution (4.5 x 10° M) upon titration with stock solution of ct-DNA
in 5 Mm phosphate buffer, pH 7 and at 25 °C, DNA concentrations are: 0; 7.6 x 10° M; 2.7x10°° M; 7.6x10° M;
8.6x10° M; 9.7x10° M and 1.3x10™ M. Arrows indicate the changes in absorbance upon increasing the ct- DNA
concentration.
As can be seen, upon addition of increasing amount of ct-DNA, a significant “hypochromic” effect was observed in
all spectral region. Also, the existence of an isosbestic point in the 295 nm wavelength indicates the formation of
ground state complex between Allura Red AC and ct-DNA. The intrinsic binding constants (Kp) of the Allura Red
ACwith ct-DNA were determined using Eq. (1) [27-31]:
[Ct'DNA]/(Sa'Sf) = [Ct-DNA](Sb-Sf) + 1/Ky (Sb-Sf) (1)
Where ¢,, & and g, corresponded to the apparent extinction coefficient, the extinction coefficient for the free and
bound complex absorptivity, respectively. In the plots of [ct-DNA]/(g,-gf) versus [ct-DNA], Ky was given by the
ratio of the slope to intercept (Fig. 6). The binding constant was calculated to be 7.5x10° M™. Moreover, the K,
value obtained was lower than that of classical intercalators [32], whose binding constants are on the order of 10°-
10’. Comparing the intrinsic binding constant of the Allura Red AC with those of known DNA groove binders we
can deduce that this complex binds to ct-DNA via groove binding mode [33].
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Figure 6: The plot of [ct-DNA]/(eap-¢5) versus [ct-DNA]
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Competitive binding studies by fluorescence studies

To investigate the mode of Allura Red AC binding to DNA, a competitive binding experiment was performed. No
luminescence was observed for Allura Red AC in the absence or presence of ct-DNA. Ethidium bromide (EB)
demonstrates dramatic enhancement of DNA fluorescence efficiency when binds to the ct-DNA. When a second
ligand which competed for the DNA binding sites was added, fluorescence quenching was observed [34,35].The
interaction of EB with ct-DNA in 5 mM phosphate buffer, pH 7.0 at 25 °C showed by the fluorescence spectra (Fig.
7.
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Figure 7: UV-vis spectra of EB (10°® M) in the absence and presence of increasing amounts of ct-DNA
The fluorescent emission of EB (10°M) bound to ct-DNA (1.3x10-°uM) in the presence of the increasing amounts
of the Allura Red AC concentrations shows an decrease in the fluorescence intensity of the EB-ct-DNA. By addition
of Allura Red AC to solution of ct-DNA-EB complex, some EB molecules were released into solution after an
exchange with the Allura Red AC, and this resulted in fluorescence quenching.

3

y=0.243x+1
R?=0.909 e

2.5

0 1 2 3 4 5
[L] x 106 M

Figure 8: The Stern—Volmer plots of the quenching of fluorescence of Allura Red AC with ct-DNA.
This confirmed the view that Allura Red AC could interact as a groove binder. Fluorescence quenching is described
according to the Stern—Vollmer equation (Eq. 2)[35]:
Fo/F=1+ K [Q] (2)
Where Fy and F represent the emission intensity in the absence and presence of quencher, respectively, Ksy is a
linear Stern—Vollmer quenching constant and [Q] is the quencher concentration. The Stern—\Vollmer quenching plots
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from the fluorescence titration data are shown in Fig. 8 and Kg, was obtained 0.2438 M. When the Stern—\Vollmer
plot is linear, indicating that only one type of quenching process occurs.
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Figure 9: The Stern—Volmer plots of the quenching of fluorescence of Allura Red AC with ct-DNA.

Thermodynamic Studies
The thermodynamic parameters of binding are the main parameters for the confirming the binding force. From the
viewpoint of thermodynamics, AH > 0 and AS > 0 show hydrophobic interaction; AH < 0 and AS >0 indicate an
electrostatic force; AH < 0 and AS < 0 suggest the van der Waals force and hydrogen bonding [37]. In this study, the
formation constant of Allura Red AC—ct-DNA complex formation is calculated at different temperatures, allowing
for the determination of thermodynamic parameters by the van’t Hoff equation (Eq.3 & Eq.4):
Ln Ky=- AH°/RT + AS°/R 3)
AG® = AH° -TAS°® = -RT Ln K, (4)
Where K, is the binding constant at the corresponding temperature and R is the gas constant. The plot of In K, versus
1/T allows the determination of AH® and AS® (Fig.10).
The thermodynamic parameters (AH®, AS® and AG®) for the interaction of the Allura Red ACto ct-DNA are
summarized in Table.1.

Table 1: Thermodynamic Parameters of Interaction of Allura Red AC with ct- DNA in 5 mM Phosphate Buffer,
pH 7.0 at various temperatures

Ink

T(K) LnK AG (KJ/mol) AH (KJ/mol) AS (J/mol)

298  13.52872174+0.0339 -33.5183821815.20 -53.54216+2.64 -67.1938853+8.6
303  13.07107008+0.0163 -32.92788162+5.25 -68.03392205+8.6
308  12.72624077+0.0007 -32.5882347515.29 -68.03222484+8.6
313  12.46441983+0.0172 -32.4359353615.33 -67.4320276+8.6
318  12.13510323+0.0332 -32.08341694+5.38 -67.48032409+8.6

It can be seen that the negative sign for AG® values revealed the interaction process is spontaneous. We applied this
analysis to the binding of Allura Red AC to ct-DNA and found that AH < 0 and AS < 0. Therefore, van der Waals
interactions or hydrogen bonds are the main forces involved in the binding process [38].

Viscosity Study

Hydrodynamic data such as viscosity measurement as an effective test used for understanding of binding mode in
the absence of structural data such as X-ray and NMR [39]. A classical intercalation binding requires the space of
adjacent base pairs to accommodate the ligand, leading to an increase of DNA viscosity [40]. In contrast, there is
little effect on the viscosity of DNA if electrostatic or groove binding occurs in the binding process [41]. The
changes in relative viscosity of ct-DNA(n/mo)*? vs. r; (r; = [Allura Red AC]/ [ct-DNA]) (where 1o and n are the
specific viscosity of ct-DNA in the absence and in the presence of the Allura Red AC dye, respectively are shown in
Fig. 10. It can be seen that the relative viscosity of DNA does not change significantly with increasing of Allura Red
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AC concentration. This type of change in viscosity suggested that groove binding should be the interaction mode of
Allura Red AC with ct-DNA [42].
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Figure 10: Effect of increasing amounts of Allura Red AC on the viscosity of ct-DNA (1.2x10®° M) in in 5 mM
Phosphate Buffer, pH 7.0 at various molar ratios (r;= [Allura Red Ac]/[ct-DNA], r;=0, 0.013, 0.026,0.039 and
0.052)

Thermal denaturation Study

The dissociation of double helix DNA into two single strands results in significant hyperchromism at 260 nm, which
depending on the strength and mode of its interaction with the nucleic acid increase denaturation temperatures of
DNA. It has been reported that intercalation of small molecules into the double helix DNA is known to increase T,
significantly, while groove binding or electrostatic interaction mode are known to have little effect on T, [43]. In
this study, the thermal denaturation temperature of ct-DNA in the absence and presence of the Allura Red AC are
illustrated in Fig.12.
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Figure 12: Melting profiles (A = 260 nm) at various molar ratios (r = [Allura Red Ac]/[ct-DNA]), r1 = 0.0 (®), r, =
0.013 (), r3=0.026 (A ) and r, = 0.039 (¢) in 5 mM Phosphate buffer, pH 7 and in the temperature range of
25°C-86 °C.
The T,, value for the free ct-DNA is 80°C under our experimental conditions. A small change (1 to 5 °C) in the ct-
DNA melting temperature on addition of the Allura Red AC was observed (Table.2). The low AT,values showed
that the Allura Red AC interact with ct-DNAby non-intercalative mode.
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Table 2: Melting temperature of free ct-DNA in the absence and in the presence of various stoichiometric ratios (r =

[Allura Red AC]/[ct-DNA]).
R=[Allura Red AC]/[ct-DNA] T./K

0 353
0.013 354
0.026 350
0.039 358

Conclusion

The interactions of azo dye,Allura Red AC with ct-DNA was investigated by multi spectroscopic techniques. The
results of UV-vis absorption and fluorescence spectroscopy indicated that groove binding mode exists between
Allura Red AC and ct-DNA. Moreover, DNA melting studies and viscosity measurement confirmed the groove
binding mode of Allura Red AC with ct-DNA. Analysis of the binding between Allura Red AC and ct-DNA will
help to better understand the biologically-mediated environmental processes of azo dyes as food colorants.
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