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Abstract. In recent years, as the production and use of dyes have been greatly developed, the treatment of
dye wastewater has become one of the current environmental problems that must be resolved. Ozone (O3) is
a strong oxidant and is widely used in water treatment. In this study, the interaction process of ozone-treated
Direct Red 80 (otDR80) and human serum albumin (HSA) was explored using multi-spectra methods. The
results showed that otDR80 made the skeleton structure of HSA loosened and unfolded. OtDR80 changed the
secondary structure of HSA, making the chromophore in the hydrophobic interior of HSA more tightly packed.
The intensity of RLS spectra showed a upward trend after exposure to otDR80, indicating that the size of the
reaction system increased. This study provides a new method for the degradation of DR80 and its toxicological
study at the molecular level.

1 Introduction
The printing and dyeing industry is a typical industry with
high energy and water consumption, and it is also one of
the key polluting industries in my country. In recent years,
with the development of the dye industry, dyes have been
more widely used in industry and textile industries, and a
large amount of dye wastewater has been produced.
Although the use of this dye has been banned in some
countries and has not been approved by the US Food and
Drug Administration, it is still used in many parts of the
world.
O3 is a strong oxidant, its oxidizing ability is second
only to fluorine, and 1.52 times that of elemental chlorine,
and it is widely used in water treatment. It can react with
aromatic azo compounds to break the azo bond, thereby
degrading it. There are two main oxidation paths of O3,
namely direct oxidation of ozone molecules and indirect
oxidation mainly based on hydroxyl radicals. Because
ozone is a highly effective decolorant and oxidant, many
factories will use ozone to pre-treat DR80 dye wastewater
before discharging to meet emission standards. The
current studies focus on the degradation and
decolorization effects of DR80[1,2]. However, there are
few studies on the interaction mechanism of DR80 and
proteins and the effect of ozone treatment on this process.
In this studies, Human serum albumin (HSA) was selected
as the protein model because of its low cost, ready
availability, and unusual ligand-binding properties.
HSA plays an important role in maintaining plasma
osmotic pressure, blood volume, pH and osmotic

pressure[3]. It consists of three domains of I (1-195 amino
acids), II (196-383 amino acids), III (384-585 amino acids)
which have similar α-helical structure[4], containing 585
amino acids, each domain is connected by a disulfide bond,
and each domain is composed of two structural
subdomains, and the spatial structure is heart-shaped[5].
Albumin is unique in that it binds to a variety of
compounds such as metabolites, drugs, dyes and fatty
acids[6].
In this paper, the interactions process of ozone-treated
DR80 (otDR80) and HSA were explored using multispectra methods and the research flow chart was shown in
Fig.1(a).

2 Materials and methods
2.1 Chemicals and regents
The DR80 was got from Xingtai Caiyuan Chemical Co.,
LTD, with a molecular weight of 1373 and a molecular
formula of C45H26N10Na6O21S6. When used, it was
formulated into a corresponding concentration of stock
solution as needed. The buffer solution was selected to be
0.2 M NaH2PO4/Na2HPO4 solution with pH=7.4 (0.2M
NaH2PO4•2H2O and Na2HPO4•12H2O).
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(SHIMADZU UV-2600). Use a cuvette with optical
diameter of 1 cm, wavelength range of 190-900 nm, slit
width set as 2 nm, and use ultrapure water for zero setting.
2.5 Circular dichroism spectra
The circular dichroism spectrum of the experimental
system was scanned with a 1 mm path length quartz cell,
purged with nitrogen, the instrument response time was 1
s, the scanning range was set at 190 – 260 nm, the scanning
speed was set at 200 nm/min, the data acquisition interval
was selected as 0.5 nm, each spectrum was scanned three
times, and its average value was taken. The signal value of
NaH2PO4/Na2HPO4 buffer was scanned for background
subtraction at the time of measurement.

3 Result and discussions
3.1 Effect of otDR80 on the skeleton structure of
HSA

Fig.1 Interaction mechanisms of DR80 with HSA (a) and the
molecular structure of DR80(b).

2.2 Apparatus and methods
The experiment used 1mL phosphate buffer, 1mL HSA
solution and 1mL of different concentration and different
oxidation degree of DR80 diluted with ultrapure water in
a 10 mL colorimetric tube, and then reacted at the required
temperature after 40 minutes to ensure the system was
equilibrated.
Fig.2 Effect of otDR80 on the UV–vis spectra of HSA.
(a) UV–vis spectra; (b) The scatter plots of UV–vis spectra
under different ozone dosage;
Conditions：T=310K, pH=7.4, [HSA]=1 μM, [DR80] =10 μM
Ozone dosage to DR80:(A→G)=HSA
only,0,0.62,1.25,2.5,6.25,10 g/L.

2.3 Fluorescence analysis
Three-dimensional fluorescence spectra of the
experimental system were scanned using an F-4600
spectrofluorometer and a 1 cm optical diameter cuvette.
The excitation wavelength was set at 200-400 nm, the
emission wavelength was set at 200-500 nm, the excitation
and emission slit spectral width was 5 nm, the excitation
and emission wavelength steps were 5 nm, the scanning
speed was set at 12,000 nm/min, and the photomultiplier
detector voltage was 700 V.
For fluorescence spectroscopy and synchronous
fluorescence spectroscopy, the inner filter effect (IFE) may
cause the deviation of the fluorescence intensity, so the
IFE needs to be corrected when analyzing the fluorescence
results[7,8]. The following equation was used to correct
the fluorescence intensity in this study.

Fc o r = Fo b s u 1 0 ( A 1 + A 2 ) / 2

In order to investigate and compare the effect of
otDR80 on the structure and conformation of HSA, we
measured the changes of UV-vis absorption spectra of
HSA with DR80 which was treated in different dosage of
ozone. As can be seen in Fig.2(a/b), the intensity of the
absorption peak at 210 nm showed a downward trend with
an obvious red shift, which was same as the dosedependent result. This phenomenon demonstrated that
otDR80 made the skeleton structure of HSA loosened and
unfolded and we speculated that the changes in the UV-Vis
absorption spectra was caused by the composite effect of
the ozone treatment products of DR80[9]. Nevertheless,
Fig.2(b) showed that the intensity of absorption peak
around 280 nm had no regular change, hence we used the
fluorescence spectra to detect the changes of HSA amino
acid residue in the following section.

(1)

where Fcor and Fobs are the fluorescence intensity
before and after the correction; A1 and A2 are the
absorption values of the system at the excitation and
relative emission wavelengths.

3.2 Effect of otDR80 on the secondary structure
contents of HAS

2.4 UV-vis analysis

Table.1 Effects of otDR80 on HSA secondary structure

The UV-Vis absorption spectra of the system were
measured
using
a
UV-Vis
spectrophotometer
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RLS peak intensities under different ozone dosage. The
intensity of RLS spectra showed a upward trend after
exposure to otDR80, indicating that the size of the reaction
system increased. It was worth noting that the intensity of
the system RLS is positively correlated with the dosage of
ozone added, which might be because the more thorough
the oxidation, the more small molecule intermediates were
produced, and these small molecule intermediates were
more likely to form aggregates with HSA[10,11].
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Fig.3 Effect of otDR80 on the CD spectra of HSA.
Conditions：T=310K, pH=7.4, [HSA]=1 μM, [DR80] =10
μM；Ozone dosage to DR80: (A→C)=0,0.94,10 g/L;

The CD spectra of HSA under exposure of otDR80
which shown in Fig.3 and Table.1 displayed the contents
change of HSA secondary structure. It was clearly that two
negative bands at 209 nm and 218 nm showed a downward
trend after treatment of the otDR80, we can see that the
content of HSA α-helical structure increased by 6.4%
while the contents of β-sheet, β-turn and unordered curling
decreased by 1.7%, 4.6% and 0.8% respectively. This
result indicated that after ozone treatment, DR80 and its
ozone oxidized products changed the secondary structure
of HSA, making the chromophore in the hydrophobic
interior of HSA more tightly packed. In addition, The CD
spectra peaks of HSA exposed to otDR80 only showed a
downward trend in intensity, no shift of the peaks position,
and no new peaks were generated during the interaction,
indicating that DR80 and its ozonization products only
changed the secondary structure content without
disrupting the overall conformation of the protein.

Fig.5 Effect of otDR80 on amino acid residue of HSA.
(a) Fluorescence spectra of HSA. (b) Synchronous fluorescence
spectra (Δλ =15 nm) of HSA. (c) Synchronous fluorescence
spectra (Δλ =60 nm) of HSA. (d) Difference in wavelength of
fluorescence and synchronous fluorescence spectra from the
sample of HSA only.
Conditions: T=310K, pH=7.4, [HSA]=1 μM；Ozone dosage to
DR80(A→G)=0,0.62,0.94,3.75,6.25,12.5, HSA only (g/L).

The effect of otDR80 on HSA fluorescence spectra is
shown in Fig.5(a). The results showed that with the
progress of ozonization, the fluorescence quenching
degree of HSA caused by Direct Red 80 was gradually
weakened, and the peak values were rising. During the
ozone oxidation, the composite effect of ozonization
products of DR80 made the chromophore in the
hydrophobic interior of HSA more tightly packed[12].
This is similar to micellar sensitization, which increased
the fluorescence quantum yield, reduced the energy loss
and the degree of fluorescence quenching of collision
between small molecules and chromophores, thus
increasing the fluorescence intensity of the entire
system[5].
The synchronous fluorescence spectra of the otDR80HSA system showed the same tendency as the
fluorescence spectra (Fig.5 b/c). It can be seen that the
otDR80 increased the fluorescence intensity of
tyrosine(Tyr), but the highest peak did not shift regularly,
indicating that the otDR80 could not affect the
microenvironment where tyrosine(Tyr) was located. For
tryptophan(Trp), it is characterized by fluorescence
enhancement with a slight red shift (see Fig.5d), indicating
that the microenvironment of the tryptophan(Trp) residue

3.3 Effect of otDR80 on the protein size of HSA
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Fig.4 Effect of otDR80 on the RLS spectra of HSA.
Conditions：T=310K, pH=7.4, [HSA]=1 μM, [DR80] =10
μM；Ozone dosage to DR80:(A→F)=0,1.56,1.88,3.75,10,12.5
g/L

Fig.4 showed the RLS spectra of HSA under the
exposure of otDR80 and the inset was the scatter plot of

3

E3S Web of Conferences 206, 03017 (2020)
ICGEC 2020

https://doi.org/10.1051/e3sconf/202020603017

4 Conclusions

was enhanced in hydrophobicity and its polarity was
weakened[13].

In this paper, the interaction process of ozone-treated
Direct Red 80 and human serum albumin was explored
using mult-spectra methods. The otDR80 made the
skeleton structure of HSA loosened and unfolded. The
small molecule intermediates of DR80 after ozonization
were more likely to form aggregates with HSA. The
otDR80 made the fluorescent chromophores in the interior
of HSA more tightly packed. In addition, after oxidation,
the composite effect of ozonization products changed the
microenvironment of the tryptophan(Trp) residue,
enhanced its hydrophobicity. This study provides a new
method for the degradation of DR80 and its toxicological
study at the molecular level.

3.5 Effect of DR80 and otDR80 on Threedimensional fluorescence spectra of HSA.
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Fig.6 Effect of otDR80 on three-dimensional fluorescence
spectra of HSA.
Conditions: T=310K, pH=7.4, [HSA]=1 μM (a-d) Ozone
dosage to DR80=0.21,0.62,6.25,12.5 g/L; [DR80]=10 μM
Table.2 Three-dimensional fluorescence information of otDR80
combined with HSA
Ozone
dosage
(g/L)
0.21
0.62
6.25
12.5

Peak1
Position
λex/λem
(nm/nm)
228/326
228/326
228/330
224/338

Intensity
F
445.33
681.83
1157.43
199.77

Reference:

Peak2
Position
Intensity
λex/λem
F
(nm/nm)
276/322
368.37
276/318
504.29
280/334
830.74
276/334
1120
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Three-dimensional fluorescence spectroscopy is an
emerging means to analyze protein conformational
changes[14]. In order to investigate the effect of DR80 and
otDR80 on HSA structure and conformation, the threedimensional fluorescence spectra of the two system were
scanned. The results was shown in Fig.6 and Table.2.
As can be seen from Fig.6(a-d) and Table. 2, peak 1
(λex=225-235nm/λem=305-340nm) can reflect the
characteristic absorption peak of the HSA polypeptide
chain skeleton structure of C=O while peak 2 (λex=275285nm/λem=310-340nm) represents the information of
the tryptophan(Trp) microenvironment. The peak of λem
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the oxidation of ozone progresses, both peak 1 and peak 2
showed a upward trend in intensity, and peak 2 was
accompanied by a blue shift in the emission wavelength,
indicating that after oxidation, the composite effect of
ozonization products changed the HSA skeleton structure,
and the microenvironment of the tryptophan(Trp) residue
is enhanced in hydrophobicity and its polarity is weakened,
which is consistent with the results of fluorescence results.
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