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Abstract
Aim of present study was to investigate the interaction of coomassie brilliant blue G-250 (CBBG-250) with bovine serum 
albumin (BSA) by the multispectroscopic methods. Fluorescence-data showed that the complex of BSA-CBBG-250 forming 
made the intrinsic fluorescence quenching of BSA by CBBG-250 interaction. BSA also could interact with CBBG-250 and 
the CBBG-BSA complexes formed in a molar ratio of 1:1. UV–Vis results displayed that the apparent binding (association) 
constant Ka of CBBG-250 with BSA was 5.03 × 104 (298 K), 3.04 × 104 (303 K), 2.84 × 104 (308 K) and 1.99 × 104 (313 K) 
L  mol−1 at different temperatures, respectively. The enthalpy change (△H) and entropy change (△S) were respectively 
calculated to be − 45.32 kJ  mol−1 and − 139.18 J  mol−1  K−1, indicating that the hydrogen bonds and Van der Waals forces 
played dominant roles in the interaction. The results showed that the diphenylamine structure and amino acid residues in the 
Coomassie Brilliant Blue G-250 had a strong Van der Waals force. The phenyl sulphonic acid group undergoes electrostatic 
interactions and hydrogen bond interactions with basic amino acids; the compound Coomassie Brilliant Blue G-250 can 
form a stable complex with BSA.
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Introduction

Coomassie brilliant blue G-250 (CBBG-250), known as a 
chemical dye, has a molecular formula of  C47H48N3O7S2Na 
whose structure is shown in Fig. 1. Bradford (1976) first 
reported the Bradford assay that Coomassie Brilliant Blue 
G-250 could bind to Bovine Serum Albumin to form a 
protein–dye complex and had the linear correlation at a 
wavelength of 595 nm. This method provided a general 
and quantitative way to measure protein. Considering this 
method has attractive features including high sensitivity and 
specificity, simple operating, less interference factors, it has 
been commonly used in biochemistry analysis. Currently, 
the research on CBBG-250 and biological macromolecular 

protein mainly focused on two aspects: (I) study of discol-
oration mechanism Coomassie brilliant blue G-250 (Guo 
and Jiang 1996; Macart and Gerbaut 1982; Compton and 
Jones 1985; Cao et al. 2002, 2008) and determination pro-
cess improvement (Schaffner and Weissmann 1973; Spector 
et al. 1978; Duhamel et al. 1981; Löffler and Kunze 1989; 
LãPez et al. 1993; Chen et al. 2009; Wang et al. 2013, 2017; 
Liang et al. 2018; Yang et al. 2020; Ren et al. 2018). In 
contrast to above study, little reports were known about the 
interaction mechanism between CBBG-250 and protein. In 
previous studies, authors separately measured the absorb-
ance values of BSA, bovine hemoglobin, pepsin, trypsin, 
Type I and II collagen at the same molarity by using the 
Bradford method, the results showed that absorbance values 
of CBBG-250 response to different proteins exist significant 
differences (Wang et al. 2013). Thus, we considered that the 
difference of protein composition and structure exhibited the 
different interaction way with CBBG-250.

Spectroscopy and Molecular modeling techniques are 
primary ways to research the interaction between small mol-
ecule compounds and macromolecules (Cao and Yufen 2004; 
Li et al. 2006, 2009). As early as 1894, the molecular dock-
ing method was first proposed by scientists at the molecular 
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level to study chemical problems in biological systems. E. 
Fisher used the metaphor of a yoke and a key to describe 
the specific binding of an enzyme to a substrate, called rec-
ognition. At the same time, Langley’s theory of receptors 
suggested that most drugs can bind to specific molecules on 
the cell membrane or inside cells. These specific molecules 
were called receptors. Therefore, the concept of acceptors in 
receptor theory was basically the same as that in molecular 
docking, which given a theoretical foundation for molecu-
lar docking methods. The high-throughput virtual screening 
technology (parallelized molecular docking method) had a 
large amount of screening, and it can complete testing of 
databases containing hundreds of thousands or even mil-
lions of compounds per day. In general, virtual screening was 
more efficient than empirical screening. Molecular docking 
techniques have become complementary to high-throughput 
screening to find lead compounds (Morris et al. 2008; Duan 
et al. 2009; Falchi et al. 2014; Shin and Kihara 2018; Pinzi 
and Rastelli 2019). In this study, the binding constants and 
the thermodynamic parameters between CBBG-250 and BSA 
were measured using fluorescence spectroscopy and ultra-
violet spectroscopy, the changes of functional groups also 
were analyzed before and after intermolecular reaction by 
fourier transform infrared spectroscopy and circular dichro-
ism spectrum, which were of great significance to explore the 
mechanisms of the interaction between CBBG-250 and BSA.

Materials and Methods

Apparatus and Reagents

Apparatus: Ultraviolet–Vis spectrophotometer (Cary 
50, Varian, USA); Fluorescence spectrophotometer 

(RF-5301-PC, Shimadzu, Japan); Fourier Transform Infra-
red Spectrometry (FTIR-850, Nicole, USA); Circular dichro-
ism (Jasco-20c, Shimadzu); Digital constant temperature 
water bath (HH-S, China); Electronic balance (AB104-N, 
mettler); pH Meter (PXSJ-226, Rex Electric Chemical, 
Shanghai, China).

Reagents: Coomassie brilliant blue G-250 (CBBG-250) 
was purchased from Shanghai solarbio Bioscience & Tech-
nology Company. Bovine serum albumin (BSA) was pur-
chased from Roche Company. Absolute alcohol, 85% 
phosphoric acid and other reagents used were of analyti-
cal reagent grade. Distilled water was used throughout the 
experiment.

Preparation of the Reagents

0.1 mg/mL BSA solution preparation: 10 mg BSA were 
weighed on an electronic balance, dissolved and diluted 
with ultrapure water to give a final volume of 100 mL; 
3.5  mg/100  mL CBBG-250: weigh accurately 3.5  mg 
CBBG-250, dissolved fully in 5 mL 95% ethanol, then add 
10 mL 85% phosphoric acid, add ultrapure water to bring 
the volume up to 100 mL.

Fluorescence Spectra Measurements

Accurately take 1.0 ml BSA standard solution (0.1 mg/mL) 
to 10 mL colorimetric tube, 5 mL of different concentrations 
CBBG-250 solution and 4.0 mL ultrapure water were added, 
respectively, and then the mixture incubate for 10 min at 
303, 308 and 313 K. Fluorescence spectra were recorded 
on a Spectrophotometer with the excitation wavelength of 
280 nm, slit widths of 5 nm for both excitation and emission 
bandwidths. When the scanning interval of excitation and 
emission wavelength was fixed at 15 and 60 nm, respec-
tively. Synchronous fluorescence spectroscopy between BSA 
and CBBG-250 were recorded over a wavelength range of 
300–500 nm.

UV–Vis Spectrum Measurements

Under the temperature of 298 K, 303 K, 308 K and 313 K 
to analyze the UV–Vis absorption at 200–800 nm about the 
interaction of known concentrations of BSA and CBBG-250 
solution of different concentrations which can be used to 
explore the largest absorption peak and measure the light 
absorption value in the maximum absorption peak and draw 
the corresponding curve of thermodynamics.

Fig. 1  Structures of CBBG-250
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Fourier Transforms Infrared Spectrometry

Take a small amount of 0.1 mg/mL BSA, 3.5 mg/100 mL 
CBBG-250 solution respectively and mix well coating, 
analysis the functional groups correlated with the pres-
ence of itself, the different functional groups between 
two materials after reaction was recorded in the featured 
region of 4000–400 cm−1, with 4 cm−1 resolutions at room 
temperature.

Circular Dichroism (CD) Measurements

Accurately take 5.0 mL CBBG-250 solution in 10 mL col-
orimetric tube, 1.0 mL BSA standard solution and 4 mL dis-
tilled water were added to a final volume, the samples were 
incubated for 10 min. the CD spectra of CBBG-250 in the 
absence and presence of BSA were recorded at a wavelength 
range of 200–280 nm with three scans times. The change of 
the α-helical contents in BSA was analyzed according to the 
following equation (Lee et al. 2012).

Molecular Docking

The mechanism of Coomassie Brilliant Blue G250 and 
bovine serum albumin BSA (PDB ID: 4F5S) was studied 
at the molecular level using the molecular docking software 
Autodock vina 1.1.2. Firstly, the active sites of bovine serum 
albumin were found by bond energy analysis, and the pos-
sible conformation was obtained through virtual docking. 
With the affinity as the evaluation criterion, the highest affin-
ity was found, the best conformation was docked, and their 
connection groups and interactions were determined.

Results and Discussion

The Florescence Spectrum of Interaction Between 
CBBG‑250 and BSA

The Fluorescence Quenching Spectrum and Synchronous 
Fluorescence Spectrum for BSA and CBBG‑250

BSA, a kind of endogenous f luorescent substances, 
includes three phenyl-structure amino acid residues with 
tryptophan, tyrosine and phenylalanine which can be capa-
ble of emitting a certain intensity of endogenous fluores-
cent (Shahabadi et al. 2011). Among them, tryptophan 
residue is the high one. The excitation wavelength was 

� =
−[�]208 − 4000

33,000 − 4000
× 100%

set at 280 nm and the concentration of CBBG-250 was 
changed by degrees, then we scanned the fluorescence 
spectrum (Fig. 2). This result shows that the emission 
wavelength of BSA is 342 nm and its fluorescence inten-
sity quenches with increasing concentration of CBBG-250, 
suggesting that interaction between CBBG-250 and BSA 
occurred as well as increased the polarity of Amino acid 
microenvironment.

In order to gather some insights into the interaction of 
CBBG-250 with BSA, to understand the conformational 
change of BSA, we performed the synchronous fluores-
cence spectra analysis. When the wavelength interval 
(Δλ) between excitation and emission wavelength is 15 
or 60 nm from 300 to 500 nm, the synchronous fluores-
cence spectra offer the characteristics of tyrosine residues 
and tryptophan residues of BSA. The maximum emission 
wavelength of above two amino acids was relevant to the 
polarity of their microenvironment. A blue shift in their 
maximum emission wavelength with the increase of the 
hydrophobicity of its environment was observed, on the 
other hand, the red shift (Lloyd 1971). Figure 3a and b 
respectively shows the synchronous fluorescence spectra 
condition (Δλ = 15 nm and Δλ = 60 nm) of BSA interact 
with CBBG-250. As seen from above Figure, when Δλ = 
15 nm, with the increase of concentration of CBBG-250, 
no obvious wavelength shift was observed at the maxi-
mum emission wavelength (312 nm), in contrast, when 
Δλ = 60 nm, synchronous fluorescence spectrum of the 
maximum emission wavelength has a remarkable red shift 
(342 nm–350 nm). The results indicated that the hydropho-
bicity in the environment around the tryptophan residues 
of BSA was decreased with the join of CBBG-250.

Fig. 2  Fluorescence emission spectra of BSA with different concen-
tration of CBBG-250. c(BSA) = 1.49 μmol  L−1, λex = 280 nm, T = 
303 K, (1 → 5) notes the concentration of CBBG-250 was 0, 35.13, 
40.98, 46.8, 52.69 μmol  L−1, respectively
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The mechanism of fluorescence quenching

Fluorescence quenching refers to a physical or chemical pro-
cess between the fluorescent substance and the solute mole-
cules, lead to the changes of fluorescence intensity or related 
excitation peak position. It can be classified as dynamic 
quenching or static quenching. For dynamic quenching, the 
number of ion effective collision to increase with increas-
ing temperature, electron transfer starts intensify, the bimo-
lecular quenching constants are also increase with increas-
ing temperature. In contrast, in static quenching process, 
increased temperature is likely to result in decreased stability 
of complexes, make the bimolecular quenching constants 
decrease. In order to confirm the quenching mechanism of 
BSA and CBBG-250, we analyzed the fluorescence quench-
ing of BSA under different temperature according to the 
well-known Stern–Volmer equation (Shahabadi et al. 2011):

In the above formula:  F0 and F represent the steady-state 
fluorescence intensities in the absence and presence of 
quencher (CBBG-250) respectively;  Kq is the quenching rate 
constant of biomolecular, it reflects the molecules collide 
with each other and mutual diffusion affect the fluorescence 
lifetime of the biopolymer; τ0 is the average lifetime of bio-
molecular without the quencher and its value is  10−8 s; [Q] 
is the concentration of quencher;  Ksv is the Stern–Volmer 
quenching constant, which describes the biological macro-
molecules and fluorescence quencher diffused and collided 
with each other reached the concentration–response relation-
ship to achieve dynamic balance, Ksv = Kqτ0 (Ware 1962).

F0

F
= 1 + Kq�0[Q] = Ksv[Q]

In our experiments, we studied fluorescence spectrum 
of the interaction between CBBG-250 and BSA at 303 K, 
308 K, 313 K, Calibration curve of F0

F
 shows the linear-

ity against the corresponding CBBG-250 concentration, 
the results are shown in Fig. 4. Stern–Volmer curves are 
in good linear relationship at various temperatures, with 
the temperature increases, the slope of Stern–Volmer plot 
decrease, values for  Kq were 1.061 × 1011 L  moL−1  s−1 
(303 K), 0.79686 × 1011 (308 K) and 0.66881 × 1011 (313 K). 
Moreover, the minimum  Kq value is much greater than 
the maximum diffusion collision quenching rate constant 
(2.0 × 1010 M−1  s−1) of a variety of quenchers with biopoly-
mer. The quenching constant is decreasing with increasing 
temperature, and the results obtained from the fluorescence 

Fig. 3  Synchronous fluorescence spectra of BSA in the absence and presence of CBBG-250. a Δλ = 15 nm; b Δλ = 60 nm. T = 303 K, c(BSA) 
= 1.49 μmol  L−1, the concentration of CBBG-250 (1 → 5): 0, 35.13, 40.98, 46.8, 52.69 μmol  L−1

Fig. 4  Stern–Volmer curves of fluorescence quenching of BSA by 
CBBG-250 at different temperatures



425International Journal of Peptide Research and Therapeutics (2021) 27:421–431 

1 3

spectroscopy indicated that an interaction occurred between 
CBBG-250 and BSA through a static quenching type.

The Binding Constant (Ka) and Number of Binding Sites (n)

The result of fluorescence spectrum analysis shows that 
interaction between CBBG-250 and BSA through a static 
quenching type. So according to the following equation (Li 
et al. 2009):

Figure 5 shows the linearity in the plot lg F
o
−F

F
 against 

lg[Q].The CBBG-250 and BSA binding constant  (Ka) and 
number of binding sites (n) was calculated through the slope 
and intercept of the straight line. The corresponding values 
of  Ka and n are presented in Table 1. The table data showed 
that CBBG-250 and BSA have strong interaction with the 
binding constant of  103. In addition, the values of binding 
constant were reduced by the temperature increasing, sug-
gesting the combination capabilities of CBBG-250 with 
BSA were greatly influenced by temperature.

lg
F0 − F

F
= lgK + nlog[Q].

Identification of Interaction Force Between CBBG‑250 
and BSA

The acting forces between small molecules and biological 
macromolecules may include hydrophobic force, electro-
static interactions, Van der Waals interactions, hydrogen 
bonds. They were belongs to the weak interaction between 
the molecules. The negative value of ΔG revealed that the 
interaction process was spontaneous. The relative value of 
the entropy change (ΔS) and enthalpy change (ΔH) before 
and after the reaction can determine the acting forces 
between small molecules and proteins: ΔH > 0, ΔS > 0 
exhibited the binding style of interaction force between two 
component was hydrophobic force; ΔS < 0, ΔH < 0 implied 
the binding style of interaction force between two compo-
nent was the Van der Waals force and hydrogen bonds; 
ΔH < 0, ΔS > 0 displayed the binding style of interaction 
force between two component was electrostatic interactions 
(Ross and Subramanian, 1981; Wu et al. 2019). Therefore, 
according to the thermodynamic functions: ΔG = - RTlnK 
and lnK2

K1
=

(

1

T1
−

1

T2

)

ΔH

R
 , ΔG = ΔH − TΔS , Table 1 showed 

thermodynamic parameters of CBBG-BSA reaction process, 
the value ΔH < 0, Δ S < 0 indicated that the binding style of 
interaction force between CBBG-250 and BSA was mainly 
for hydrogen bonding and Van der Waals force. Hence, the 
binding process was always spontaneous It can be concluded 
that in the condition of different temperature, the interaction 
process between CBBG-250 and BSA gradually tend to be 
stable. ΔH < 0 indicated that the reaction was a exothermic 
process, the spontaneous process between CBBG-250 and 
B S A  m o l e c u l a r  w a s  m a i n l y  d r i v e n  b y 
positive entropic changes.

UV–Vis Spectrum Measurements Between CBBG‑250 
and BSA

UV–Vis Spectrum of Interaction Between CBBG‑250 
and BSA

The combination effects between a fixed concentration 
CBBG-250 and various concentration BSA under the tem-
perature of 298 K, 303 K, 308 K, 313 K were analyzed using 
a UV–Vis spectrum with a wavelength of 200–280 nm. 
From the Fig. 6, the characteristic absorption peak of the Fig. 5  Double-log plot of CBBG-250 quenching effect on BSA fluo-

rescence at different temperatures

Table 1  Thermodynamic 
parameters of CBBG-BSA 
reaction process

T/K K/(mol/L)−1 n r G/( kJ  mol−1) △H/(kJ  mol−1) △S/(J  K−1·mol−1)

303 K 4251.087 1.1736 0.9903 − 2.53 − 4.38 − 6.1598
308 K 3118.172 1.1959 0.9965 − 2.48
313 K 2675.469 1.1528 0.9958 − 2.47
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combination of CBBG-250 and BSA was 595  nm, the 
absorption value also increased with the increase of con-
centration of BSA, and exhibited a well linear relationship. 
In addition, and when the temperature is 313 K, the lin-
ear relationship is poor under the same condition and the 
increase of absorption value slowed down. It suggested that 
the temperature had an effect on the combination between 
CBBG-250 and BSA.

Binding Constant (Ka) and CBBG‑250 Type 
with the Active Force of BSA

The reaction equation between CBBG-250 and BSA could 
be expressed as n CBBG-250 + BSA = BSA-CBBG-250n, 
In the Fluorescence Spectroscopy research, the number of 
binding site (n) of the interaction of CBBG-250 with BSA 
was 1, so:

By Eq. (1),

(1)K =
BSA - CBBG - 250n

[CBBG - 250]n[BSA]

In the formula,  [BSA]0 and [CBBG-250]0, respectively, 
for the initial concentration of BSA and CBBG-250.We sup-
pose  [BSA]0 ≥ [CBBG-250]0 that can infer [BSA] ≈  [BSA]0, 
by Eq. (3),

Because  [BSA]0 ≥ [CBBG-250]0 and the absorbance ratio 
A is in direct proportion to the [BSA-CBBG-250n] that com-
ply with Beer-Lambert’s Law, that is

In the equation, the ε is molar absorption coefficient and 
the L (cm) is thickness of the pool suction light.

According to the formula (1), the Eq. (5) could be con-
verted into (6):

(2)
[BSA]0 = [BSA] + [BSA - CBBG - 250 ⋅ n]

= [BSA] + K ⋅ [BSA] [CBBG - 250] ⋅ n

(3)

[CBBG - 250]0 = [CBBG - 250] + [BSA - CBBG - 250 ⋅ n]

= [CBBG - 250] + K ⋅ [BSA][CBBG - 250] ⋅ n

(4)[CBBG - 250]n =
[CBBG - 250]0

1 + K [BSA]0

(5)A = � ⋅ [BSA - CBBG - 250n] ⋅ L

Fig. 6  UV–Vis spectra of CBBG-250 with different concentration of BSA. c(CBBG-250) = 0.05 mg/mL, (1 → 5) shows the concentration of 
BSA is 0.02, 0.04, 0.06, 0.08, 0.1 mg/mL, respectively
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The formula (6) also can be expressed as (7)

Because of [BSA] ≈  [BSA]0, the Eq. (7) is converted to 
(8)

The formula (8) is simplified to be (9)

Mapping from 1
A
 and 1

[BSA]0
 , we can obtain  Ka and ε from 

the slope and intercept. At the same time, ln K =
H

RT
+

S

R
 . 

We can work out the △H and △S from slope and intercept 
in the working curve between ln K and 1

T
.

In this study, the UV–Vis spectroscopy spectra of CBBG-
250 with BSA at the temperature of 303 K, 308 K and 
313 K were investigated at a wavelength of  A595 nm. At 
different temperature, the working curve between 1/A and 

(6)A = � ⋅ K ⋅ [BSA] [CBBG - 250] ⋅ n

(7)A = �K ⋅

[CBBG - 250]0

1 + K ⋅ [BSA]0
[BSA]0

(8)
[CBBG - 250]0

A
=

1

Kε
⋅

1

[BSA]0
+

1

ε

(9)

1

A
=

1

Kε ⋅ [CBBG - 250]0
⋅

1

[BSA]0
+

1

ε ⋅ [CBBG - 250]0

1/[BSA]0 could be drawed and the correlation coefficient 
(r) were obtained as shown in Fig. 7. The curves at differ-
ent temperature all showed a good linear relationship with 
the increase of concentration of BSA. But, the absorbance 
value and slope decreased with the increase of tempera-
ture. The forming constants (k) was calculated respectively 
by the slope and intercept of the combination of different 
temperature (Table 2). From the Table 2, we can see the k 
value decreased with the increase of temperature that sug-
gested temperature changes greatly influenced the role of 
CBBG-250 with BSA. In the woring curve between ln k 
and 1/T (Fig. 8), we can infer that △G < 0 and △G increases 
with the increase of temperature. Hence, it can be inferred 
that the reaction of different concentration BSA and CBBG-
250 at different temperature was a spontaneous process and 
this process gradually tend to be stable. and △H < 0 shows 
that the reaction was exothermic process. The reaction of 
BSA and CBBG-250 existed hydrogen bonds and Van der 
Waals force in the process.   

Ultraviolet Absorption Spectrometry

Add different concentrations of CBBG-250 into the certain 
concentration of BSA solution in turn, the ultraviolet–vis-
ible absorption spectrum of scanning was determined in 
the range 200 nm-800 nm. The result is shown in Fig. 9, 

Fig. 7  Curves of 1/[BSA]0 and 1/A at different temperatures

Table 2  Thermodynamic 
parameters of BSA-CBBG-250 
reaction process

T/K K/(mol/L)−1 r △G/( kJ·  mol−1) △H/(kJ·  mol−1) △S/(J·K−1·mol−1)

298 K 5.03 × 104 0.9983 − 4.0021 − 45.3229 − 139.1847
303 K 3.04 × 104 0.9903 − 2.7984
308 K 2.84 × 104 0.9965 − 2.6726
313 K 1.99 × 104 0.9958 − 1.7963

Fig. 8  Curves of 1/T and lnK at different temperature
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The BSA had two absorption spectra with the position 
peaks at 203 nm and 274 nm (the reports in the literature 
is 220 nm and 278 nm) (Duan et al. 2009), the absorbance 
with a position peak at 274 nm was mainly due to these 
bases undergone n to π* and π to π* transitions from aro-
matic  side chains of  tryptophan,  tyrosine in BSA mol-
ecules. While the absorption peaks for BSA at 203 nm in 
an UV–Vis spectrum was mainly due to the bases undergo 
n to π* transitions from C=O in the polypeptide backbone, 
which was also associated to the α-helix content in BSA 
(Shahabadi et al. 2011). The hyperchromic effect was dis-
covered with increasing protein concentration. The confor-
mation of BSA has also changed, inducing the extension 
of peptide bond in the BSA molecules, which makes the 
aromatic heterocyclic of chromophore (like tryptophan and 
tyrosine) expose, leading to the increasing of absorbance. 
Meanwhile, the characteristic absorption peak of CBBG-250 
solution appeared at 465 nm with the increase of CBBG-250 
solution, and a characteristic peak of the complex structure 
of BSA–CBBG-250 also exhibited in the UV–Vis region 
at 600 nm. Together, these results further showed that an 
interaction occurred between CBBG-250 and BSA and it 
was a saturation reaction.

Fourier Transforms Infrared Spectrometry

Fourier transform infrared spectroscopy is often used to 
study hydrogen bonding interactions. In order to gather some 
insights into the changes in the secondary and functional 
groups of BSA, a detailed analysis of the every components 

of BSA in the absence and presence of CBBG-250 was car-
ried out by Fourier transform infrared spectroscopy. The 
amide bands of the proteins in infrared area, amide I rang-
ing from 1600 to 1700 cm−1 (mainly C=O) and amide II 
1548 cm−1 (mainly C–N and N–H) have been widely used as 
typical properties. In Fig. 10, the position peak of BSA with-
out significant change with the addition of CBBG-250, but 
the amide I band was blue-shifted (from 1650 to 1710 cm−1), 
the structure of α-helix in BSA (of 1650–1658 cm−1) and 
β-sheet in BSA (the band characteristics 1620–1640 cm−1, 
1675 cm−1) has been changed. Moreover, an decrease of the 
structure of α-helix was observed (Byler et al. 1986; Zhang 
et al. 2012).

One possible reason was that the formation of the com-
plex of BSA–CBBG-250 induced amino, carboxyl hydrogen 
in the peptide to occur large rearrangements. Sulfonic acid 
group, amino group, hydroxy benzene in CBBG-250 mol-
ecules can not only could react or form hydrogen bonding 
with amino group, hydroxyl group and carboxyl group in the 
protein side chain, but also can form a hydrogen bond struc-
ture with the peptide bond to change the stretching vibration 
of –C=O, C–N, which can lead to plane bending of –NH. 
As a result, the peak position of amide band changed, so as 
protein secondary structure also was changed (SUN 2013).

Circular Dichroism

The typical structural features of BSA was that α-helix have 
negative cotton effects at 212 nm and 215 nm, β-sheet con-
formation with a characteristic  negative  peak was at 
about 215 nm, one positive peak of the  random coil  at 
220 nm appeared (Demchenko 1988).

The CD spectra of BSA and CBBG-250-BSA complex 
were shown in Fig. 11. As can be seen from Fig. 11, the 

Fig. 9  UV–Vis absorption spectra of BSA in the presence of various 
concentrations of CBBG-250. c(BSA) = 1.49 μmol·L−1, T = 303 K, 
(1 → 5) notes the concentration of CBBG-250 is 0, 35.13, 40.98, 46.8, 
52.69, 58.34 μmol·L−1, respectively

Fig. 10  FT-IR spectra of the interaction BSA and CBBG-250
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CD spectrum of BSA exhibited two negative bands in the 
ultraviolet region at 209 and 222 nm, which was a character-
istic of α-helical structure of protein. The binding of BSA to 
CBBG-250 caused no obvious change about the shape of the 
CD spectrum and peak position. Meanwhile the calculated 
results exhibit an decline of from 42.15 to 1.27%, most of the 
α-helical structure become to β-sheet. The results revealed 
that the secondary structure of BSA had been changed due 
to the binding of CBBG-250 to BSA. The reason may be that 
CBBG-250 interacted with the amino acid residues, which 
from the alpha helix by hydrophobic force and hydrogen 
bond, destroyed the alpha helix structure in BSA, thus result-
ing in a decline in alpha helix content.

Molecular Docking Results

In order to elucidate its mechanism of action from the molec-
ular level, we docked Coomassie Brilliant Blue G-250 into 
the active pocket of BSA. The docking results were shown 

in Table 3, and 9 kinds of conformations were generated. 
We selected the conformation 1 with the highest affinity for 
study, and the results were shown in Fig. 12.

It can be seen from Fig.  12 that the diphenylamine 
structure in Coomassie Brilliant Blue G-250 molecule 
can strongly interact with amino acid residues GLN203, 
LYS204, ARG196, GLU464, ASP108, LYS465, LYS106 
and TRP147. The phenyl sulfonic acid group on one side 
of the CBBG-250 molecule extended toward the basic 
amino acid HIS105, undergone electrostatic interactions, 
and simultaneously formed a double hydrogen bond with 

Fig. 11  CD spectra of CBBG-250-BSA system. c(BSA) = 
1.49 μmol·L−1, T = 303 K, c(CBBG-250) = 40.98 μmol·L−1

Table 3  Molecular docking 
results

Conformation Affinity 
(kcal/
mol)

1 − 8.1
2 − 8.0
3 − 7.6
4 − 7.5
5 − 7.3
6 − 7.1
7 − 7.0
8 − 6.9
9 − 6.8

Fig. 12  CBBG-250 docked to the active pocket of BSA

Fig. 13  Hydrogen bonding between CBBG-250 and amino acid 
SER104
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the amino acid residue SER104 (Fig. 13). The other side 
of the phenyl sulfonate structure formed electrostatic inter-
actions with the basic amino acids LYS242 and HIS246. 
More importantly, its sulfonic acid structure can form a 
tetrahydrogen bond with amino acid residues HIS246 and 
ASP248 (Fig. 14). Due to the stable mode of action, the 
compound Coomassie Brilliant Blue G-250 can form a 
stable complex with BSA.

Conclusion

In this study, new evidences of binding of BSA to CBBG-
250 were provided by fluorescence spectroscopy, circular 
dichroism (CD), Fourier transform infrared (FT-IR), and 
molecular docking. The results indicated that the binding 
of CBBG-250 to BSA interacted via static quenching, and 
that their binding changed the secondary structure of BSA. 
A stable complex of between CBBG-250 and the amino 
acid residue of BSA formed through hydrogen bonding, 
Van der Waals force and hydrophobic interaction, and the 
reaction is a saturated reaction. During this reaction, their 
binding ability was affected by heat-induced changes.
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