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In recent years, non-toxic quantum dot has caught the attention of biomedical fields.

However, the inherent cytotoxicity of QDs makes its biomedical application painful,

and is a major drawback of this method. In this paper, a non-toxic and water-soluble

quantum dot AgInZnS-GO using graphene oxide was synthesized. A simple model

of state complex was also established, which is produced through a combination of

quantum dots and protein. The interaction between AIZS-GO QDs and human serum

albumin (HSA) has significant meaning in vivo biological application. Herein, the binding

of AIZS-GO QDs and HSA were researched using fluorescence spectra, Uv-visible

absorption spectra, FT-IR spectra, and circular dichroism (CD) spectra. The results of

fluorescence spectra demonstrate that AIZS-GO QDs have an obvious fluorescence

quenching effect on HSA. The quenching mechanism is static quenching, which implies

that some type of complex was produced by the binding of QDs and HSA. These results

were further proved by Uv-visible absorption spectroscopy. The Stern-Volmer quenching

constant Ksv at various temperatures (298K, 303K, 308K) were acquired from analyzing

Stern-Volmer plots of the fluorescence quenching information. The Van’t Hoff equation

could describe the thermodynamic parameters, which demonstrated that the van der

Waals and hydrogen bonds had an essential effect on the interaction. FT-IR spectra

and CD spectra further indicate that AIZS-GO QDs can alter the structure of HSA.

These spectral methods show that the quantum dot can combine well with HSA. The

experimental results showed that AgInZn-GO water-soluble quantum dots have good

biocompatibility, which can be combined with proteins to form new compounds which

have no cytotoxicity and biological practicability. It provides an important basis for the

combination of quantum dots and specific proteins as well as fluorescent labeling.

Keywords: quantum dots, AgInZnS-graphene oxide, non-toxic, interaction mechanism, human serum albumin,

spectroscopy

INTRODUCTION

In recent years, researchers have devoted themselves to the development of various nanomaterials
and their manufacturing methods, which have opened up new research directions for
nano-biotechnology in the field of biomedicine. Due to its special optical and physical
properties, quantum dots (QDs) have caught the attention of various research fields
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(Alivisatos, 1996; Dabbousi et al., 1997; Niemeyer, 2001; Fu
and Lakowicz, 2006; Jiang et al., 2018; Tang et al., 2019; Wang
et al., 2019). Quantum dots can be used as fluorescent markers
to detect proteins, DNA, and specific proteases qualitatively or
quantitatively. In general, reactions will occur between QDs and
proteins because of the diverse modified coating agents and
elemental composition on the surface of QDs (Bruchez et al.,
1998; Chan and Nie, 1998). However, the inherent cytotoxicity
of QDs makes the biomedical application painful, a major
drawbacks of the method. For instance, many studies reported
the influence CdTe and CdSe quantum dots have on protein.
The toxicity of Cd, Te, and Se elements remains a problem for
practical application and makes its use non-negligible (Nirmal
et al., 1994; Shiang et al., 1995; Ragab et al., 2014). In response to
the above issues, some researches refer to the I-III-VI2 type QDs
(Allen and Bawendi, 2008) like AgInS2 (Hamanaka et al., 2011),
CuInS2 (Cassette et al., 2010; Li et al., 2015) and ZnS-AgInS2
(Torimoto et al., 2007).

In this paper, we focus on novelty AgInZnS (AIZS) non-toxic
quantum dots. AIZS QDs are prevalent in diverse fields because
of their optical and electrical characteristics, which include
tunable-emission wavelength, high absorbance coefficient, and
high quantum yield (Sheng et al., 2012). The as-prepared
hydrophobic AIZS QDs should be converted into a hydrophilic
polymer before reacting with the protein. Compared with other
phase transfer agents, strong absorption ability was shown in
graphene oxide (GO) (Gao et al., 2013; Shin et al., 2014;
Farid et al., 2016). Due to its biocompatibility, non-toxicity,
and excellent water solubility, GO is suitable to transfer the
hydrophobic AIZS QDs in hydrophilic polymers and for further
biological application (Zu et al., 2016).

HSA is broadly distributed in blood plasma. It has a significant
effect on equilibrium osmotic pressure and transports various
molecules in blood (Carter et al., 1989; Dong et al., 1990;
Leckband, 2000; Lin et al., 2019a). Nanoparticles and drugs
can bind with HSA for their exogenous ligand and is then
transported into the body’s circulatory system. Because there are
some interactions between nanoparticles and the protein, it is
necessary to analyze the influence of nanoparticles on HSA at
the molecular level after it enters the human body. In many
biophysical and biochemical studies, HSA has been diffusely
utilized as a model protein because of its medicinal value and its
unique ligand binding properties (Figge et al., 1991).

As far as we know, AIZS-GO QDs has enormous potential in
biological research. At first, we wanted to establish a molecular
model of interaction in vitro between quantum dots and
proteins. In this paper, the specific biomedical research contents
mainly include the following three aspects. First, the preparation
of the water-soluble quantum dot AgInZnS-GO with high
biocompatibility. The particle size and distribution of quantum
dots were observed by transmission electron microscopy, and
the carboxyl group was distributed according to the Fourier
transform infrared spectroscopy. Second, the effects of the
AgInZnS-GO quantum dot with HSA was studied using a
multispectral technique. In this paper, the quenching mechanism
of the quantum dot and protein interaction was analyzed by
fluorescence spectrometry. The ultraviolet and visible absorption

spectra is used to determine whether a new ground state complex
was generated. The structural changes of protein and the major
chemical bond changes during the reaction were analyzed by the
Fourie transform infrared spectra and the circular dichromatic
spectrum. Third, the cytotoxicity of quantum dots was analyzed.
The safe concentration and time range of quantum dots were
analyzed from two perspectives: cell appreciation rate and cell
morphology. Next, we will perform a binding study in vivo in
animal models.

MATERIALS AND METHODS

Materials
HSA was purchased from Sigma-Aldrich (Sigma, St, Louis,
MO, USA), and its purity was greater than 99.9%, containing
very few fatty acids. HSA was dissolved in 0.058M Tris-HCL
buffer solution (pH 7.4) and kept at 4◦C. Tris-HCL buffer
was widely used as the solvent of the protein, which could
prevent the dramatic fluctuation of PH, thus preventing the
denaturation of the protein which could create an approximate
physiological condition. The concentration was measured by Uv-
visible absorption spectrum, to which the extinction coefficient
at 280 nm of 36,600 L.mol−1.cm−1 was applied. AgInZnS
nanoparticles were synthesized base on previous research. The
oily AIZS QDs were transferred by graphene oxide into red-
emission water soluble quantum dots. All the experiments used
ultrapure water.

Synthesis of AIZS QDs
The synthesis of high quality water-soluble AIZS QDs is an
important factor in the research, which enabled it to be further
applied in biological detection. The main synthesis process was
as follows. First, 0.1mM indium acetate, 0.1mM silver nitrate,
0.1mM oleic acid, 2mM double chlorobenzene trichloroethane,
40ml trioctylphosphine, and 4mM octadecene, respectively,
were added to three neck flasks heated to 85◦C for 30min. Next,
0.1mM sulfur was added into the ODE and oleic acid, after
which they were gradually added into a three-neck flask. After
2min, 0.1mM zinc was dissolved in the ODE and oleic acid and
gradually added into the reaction solution. At the same time,
the solution was quickly heated to 130◦C, and 10 drops of zinc
stearate was then added, and the ODE mixture was annealed
for 10min. Lastly, the mixture left to cool to room temperature.
Oil-soluble AIZS QDs are obtained by centrifugation after
dropping ethanol. Based on the synthesis of oil-soluble AIZS
QDs, the AIZS-GO QDs composite nanomaterials can be further
synthesized by micro-emulsification. First, GO is modified with
oleylamine as the emulsifier, and then GO-OAM is precipitated
after cleaning. Finally, GO-OAM and oil-soluble AIZS QDs are
mixed in chloroform, then the pure AIZS-GO QDs are obtained
through a series of processes.

Fluorescence Spectroscopy
All fluorescence spectra were obtained by Cary Eclipse
spectrofluorometer (Varian, USA), which was equipped with a
150W xenon lamp and a thermostatic water bath. Quartz cells
(1 cm path-length) were applied to all measurements. At various
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temperatures (298K, 303K, 308K), the fluorescence emission
spectra were obtained with a wavelength range of 300–480 nm
and excitation at 285 nm as titration of QDs was used in HSA.
Excitation and emission slit widths were then set to 5.0 nm and
10.0 nm. The averages of the three scans were reflected in the
spectra. To begin with, 2.8ml of 1 × 10−6 mol/L HSA solution
was added to a 10mm quartz cell and 5 ul AIZS-GO QDs of
different concentrations was subsequently added to the HSA each
time, which meant that a series of HSA concentrations were
obtained to determine the quenching capacity.

Uv-Visible Absorption Spectroscopy
Uv-visible absorption spectrum was recorded by Cary 60 Uv-
visible spectrophotometer (Varian, USA), which was equipped
with 10mm quartz cells. The recorded wavelength ranged from
220 to 440 nm at 298K. The dissimilitude between AIZS-GO
QDs-HSA and AIZS-GO QDs was acquired by the Uv-visible
absorption spectrum of AIZS-GO QDs-HSA, which put AIZS-
GO QDs as the reference.

CD Spectroscopy
CD spectrum was recorded by MOS-450CD spectropolarimeter
(Bio-Logic, France), which was equipped with 10mm quartz
cells. The CD spectrum ranged from 190 to 250 nm and the
acquisition duration was set at 2 s. Each spectrum was corrected
by 0.05M Tris-HCl buffer solution. The results were the average
of the three scans. As reported in the literature, the tris buffer
system was widely used as the solvent of protein, which could
prevent the dramatic fluctuation of PH, thus preventing the
denaturation of protein, which could create an approximate
physiological condition (Chuang and Otagiri, 2002; Hu et al.,
2005; Zhang et al., 2008; Feroz et al., 2012; Lin et al., 2017, 2019b).
So, we used the tris buffer system as the environment for the
protein binding assay in vitro.

FT-IR Spectroscopy
Fourier transform infrared (FT-IR) spectrum was measured by
Nicolet iS5 spectrometer (Thermo, USA). All FT-IR spectra were
obtained in the range of 1,300–1,800 cm−1 with the resolution
ratio of 4 cm−1. Tris-HCl solution as the reference solution was
used to ensure the spectra of HSA and AIZS-GO QDs-has were
not influenced.

RESULTS AND DISCUSSION

Characterization of AgInZnS-GO QDs
The typical Uv-visible absorption of AIZS QDs and AIZS-GO
QDs can be seen in Figure 1A. Both had strong absorptivity
but had no obvious absorption peak. AIZS-GO QDs had high
water solubility while AIZS QDs had high oil solubility. From
Figure 1B, we can see the fluorescence spectra of AgInZnS QDs
and AgInZnS-GO QDs, which demonstrates that AIZS QDs
and AIZS-GO QDs exhibit obvious and almost symmetrical
emission spectrums with excitation wavelengths of 370 nm. The
emission wavelength of AIZS QDs was about 570–750 nm, while

the emission wavelength of AIZS-GO QDs was about 500–
780 nm. The spectrums were symmetric, indicating that they
were homogenous.

Effects of Reaction Time
By observing the reaction time influence on the florescence
intensity of the AIZS-GO QDs and HSA system, the extent of
interaction in the system could be researched better. As shown
in Figure 1C, in the first 20min during the reaction process, the
fluorescence intensity of the system reduced along with the time.
That was because AIZS-GO QDs had an obvious fluorescence
quenching effect on HSA and it was a static quenching. In
the early stage of the static quenching, AIZS-GO QDs could
combine with the fluorescent molecules which were in the
ground state, so as to generate the new compound which had
no fluorescence characteristics. That is to say, the photons
were not emitted in the new compound, which resulted in
the dramatic decline of the fluorescence intensity in the first
20min. After 25min, the number of new compounds formed by
the combination between AIZS-GO QDs and HSA was stable,
and the fluorescence intensity of the system was approximately
unchanged. All experiment data should therefore be tested after
25min, when the AIZS-GO solution titrated.

Fluorescence Quenching of HSA by QDs
AIZS-GO QDs are able to effectively quench the fluorescence
intensity of HSA. Figure 2 shows the influence of AIZS-GO
QDs on HSA fluorescence intensity. It obviously illustrated
that the fluorescence intensity decreased bit by bit when
the concentration of AIZS-GO QDs increased at diverse
temperatures (298K, 303K, 308K). At the same time, Figure 2
shows that AIZS-GO QDs had a weak fluorescence peak when
the excitation wavelength was 285nm, but the fluorescence
peak did not appear at 340 nm where the fluorescence peak
of AIZS-GO QDs and the HSA system appeared. Furthermore,
the fluorescence peak value of AIZS-GO QDs was very low.
Therefore, the fluorescence of AIZS-GO QDs will not affect the
fluorescence spectrum of HSA. We did not therefore correct the
fluorescence data for inner filter effect.

The fluorescence quenching mechanism could be distributed
into dynamic quenching and static quenching. Quencher and
fluorescence materials generated no fluorescing complex in
static quenching, which could result in the decrease of the
fluorescence intensity. Dynamic quenching was caused by
quencher and fluoresce material molecules colliding at the
excited state. Quenching mechanisms could be distinguished
by quenching constants at various temperatures (Ghali, 2010;
Lacerda et al., 2010). Higher temperatures lead to larger diffusion
coefficients and larger masses of collisional quenching. As a
result, higher temperatures could also increase the dynamic
quenching constants. On the contrary, higher temperatures could
not only bring about stability of decreased complexes, but also
decreased the static quenching constants (Brown and Royer,
1997; Dzagli et al., 2010). The fluorescence quenching is able to
be ordinarily determined by Stern-Volmer equation.

F0

F
= 1+Kqτ0 [Q]= 1+KSV [Q] (1)
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FIGURE 1 | (A) Uv-visible absorption of AIZS QDs and AIZS-GO QDs; (B) the fluorescence spectra of AgInZnS QDs and AgInZnS-GO QDs; (C) the influence of

reaction time on the interaction between AIZS-GO QDs and HSA.

FIGURE 2 | Influence of AIZS-GO QDs on HAS fluorescence intensity at diverse temperatures. (A) 298K, (B) 303K, (C) 308K. c(HSA) = 1.0 × 10−6molL−1,

c(AIZS-GO QDs): (a-k): 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 ×10−6molL−1 pH = 7.4, λex = 285 nm.

where F0 and F are steady-state of fluorescence intensities
before and after adding quencher (AIZS-GO QDs solution),
respectively. Kq is the quenching rate constant of bimolecular,
KSV is the Stern-Volmer quenching constant, [Q] is the
concentration of quenching agent.

Therefore, the above equation could determine KSV by linear
regression of a plot of F0/F against [Q]. Figure 3A shows the
graphs of Stern-Volmer equation at diverse temperatures. And
the Stern-Volmer quenching constant KSV values are listed in
Table 1.

In order to determine whether it was dynamic
quenching or static quenching, we explored the quenching
mechanism of AIZS-GO QDs and HSA systems by studying
fluorescence quenching under different temperatures.
It was obvious that the Stern-Volmer quenching
constant KSV reduced when the temperature increased,
which implied that the quenching mechanism was
static quenching.

Moreover, the quenching information was further verified by
the amendatory Stern-Volmer equation (Liang et al., 2008; Asha

Jhonsi et al., 2009; Sun et al., 2015).

F0

1F
=

F0

F0−F
=

1

faKa

1

[Q]
+

1

fa
(2)

where 1F is a variation of fluorescence intensity, fa is
a proportion of accessible fluorescence. Ka is an effective
quenching constant. The dependence of F0/1F on the reciprocal
value of the quenching agent concentration [Q]−1 was linear
with the slope, equaling the value of (faKa)

−1 and the ordinate
equaling the value of fa

−1. Figure 3B shows the graphs of the
amendatory Stern-Volmer equation at diverse temperatures.

We found that the effective quenching constant Ka reduced
when temperature increased in Table 1. And it was same as
the change of KSV , which further implied the static quenching
mechanism of AIZS-GO QDs and the HSA system.

Moreover, the Ka values varied slightly, indicating that the
combination between AIZS-GOQDs and HSA is stronger, which
is a result of the synergistic forces among ions. Meanwhile, these
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FIGURE 3 | The Stern-Volmer and amendatory Stern-Volmer curves of AIZS-GO QDs with HSA at diverse temperatures. (A) Stern-Volmer, (B) the amendatory

Stern-Volmer.

TABLE 1 | Stern-Volmer quenching constant KSV , amendatory Stern-Volmer

effective quenching constant Ka and the correlation coefficient R for the

interaction between AIZS-GO QDs and HSA at diverse temperatures.

T(K) Ksv(10
5Lmol−1) R Ka(10

5Lmol−1) R

298 2.230 0.9999 2.147 0.9993

303 1.922 0.9996 1.970 0.9995

308 1.829 0.9994 0.999 0.9998

demonstrate that QDs will stay in the blood plasma longer and
will be more difficult clear away.

When quantum dots bind with HSA, molecules were in a state
of partial equilibrium. This relationship can be calculated using
the following equation (Huang et al., 2012; Tabassum et al., 2012).

lg
F0−F

F
= lgKA + nlg[Q] (3)

where KA is the binding constant and n is the number of binding
points in the interaction between AIZS-GO QDs and HSA at
diverse temperatures. Figure 4 shows graphs of the double log
equation at diverse temperatures. The binding constantKA values
and the number of binding points n are listed in Table 2. From
the results, n was close to 1, which indicates that there was at
least one binding point in the interaction between AIZS-GOQDs
and HSA. The binding constant is importance to understand
the distribution of AIZS-GO solution. The binding constant
increased with rising temperatures, meaning that the complex
produced in the reaction became more stable. From the above
analysis, we could form a site binding model to judge the reaction
degree of protein and quenching agent. That was why we studied
the other temperatures condition in this study.

Combination Between QDs and HSA
The combination power between extraneous parts and HSA
mainly involve hydrophobic, van derWaals, and hydrogen bonds
(Sudlow et al., 1976). Based on plenty of experimental data

FIGURE 4 | The double log plot of AIZS-GO QDs with HSA at diverse

temperatures.

and by analyzing results, Ross and Surbamanian concluded
that the interaction forces were associated with a magnitude
of thermodynamic parameters, containing enthalpy (1H) and
entropy (1S). The thermodynamic parameters can be described
by van’t Hoff’s equation (Koegler et al., 2012).

lnKA = −
H

RT
+
S

R
(4)

G = −RTlnKA = H − TS (5)

whereKA is the binding constant at settled temperature T, R is the
gas constant, and 1G is free energy. We could draw the linear
fitting plot of lnKA against 1

RT . The values of 1H and 1S were
acquired from the slope and intercept of the plot. The values
are shown in Table 3. The values of 1H and 1S were both less
than zero demonstrating that hydrogen bonds and van derWaals’

Frontiers in Chemistry | www.frontiersin.org 5 May 2020 | Volume 8 | Article 331

https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


Song et al. AgInZnS-Graphene Oxide Quantum Dots

forces made great contributions to the interaction of AIZS-GO
QDs and HSA. The values of 1G were negative demonstrating
that the interaction is a spontaneous process.

UV-Vis Absorption Spectra
Furthermore, the distinction of Uv-visible absorption spectrum
could identify the fluorescence quenching mechanism. Dynamic
quenching only affects exited states of molecules, and there was
no distinction in the absorption spectrum. But the complex
generation in the process of static quenching disturbed the
absorption spectrum (Gelamo et al., 2002; Hu et al., 2010).

We could see that the Uv-visible absorption spectrum of HSA
was significantly altered by adding different concentrations of
AIZS-QDs in Figure 5A. Figure 5B shows that AIZS-GO QDs
have strong absorptivity, and the absorption spectrum between
the AIZS-GO QDs-HSA system and AIZS-GO illustrated that
changes in the absorption spectrum of has, after instilling

TABLE 2 | The binding constant KA, numbers of binding site n and the correlation

coefficient R for the interaction between AIZS-GO QDs and HSA at diverse

temperatures.

T(K) Ksv (10
5Lmol−1) n R

298 5.695 1.076 0.9992

303 6.490 1.101 0.9988

308 10.942 1.150 0.9973

TABLE 3 | The thermodynamic parameters of AIZS-GO QDs and HSA system at

diverse temperatures.

T(K) 1H (KJmol−1) 1G (KJmol−1) 1S (Jmol−1K−1)

298 −30.723

303 −66.417 −30.124 −119.78

308 −29.525

AIZS-GO, was not influenced by the absorbency of quantum
dots. This further confirmed the static quenching mechanism.

Conformation Alteration of HSA by QDs
FT-IR spectroscopy can effectively analyze the alteration of the
structure of HSA (Ding et al., 2011; Hemmateenejad et al., 2015).
Figure 6A shows that HSA had two primary amide bands of
about 1652 cm−1 (C=O stretch) and 1,544 cm−1(C-N stretch,
N-H bending mode). QDs had two primary absorption bands of
about 1,634 cm−1 (C=O stretch) and 1,466 cm−1 (C-H stretch),
too. Furthermore, the absorption spectrum of AIZS-GO QDs-
HSA had a distinct wavelength movement (from 1,652–1,650 to

1,544–1,537 cm−1) when it was compared with HSA
′

s. These
results demonstrate that QDs interact with groups on the surface
of HSA that alter HSA’s structure.

CD spectroscopy can research the conformation of HSA
quantitatively (Nordén and Tjerneld, 1982; Venyaminov and
Woody, 1999). Figure 6B shows that HSA had two negative
absorption points of about 208, 220 nm. It implies that the α-
helical structure existed in HSA. This phenomenon was owed
to the n→ π∗ and π → π∗ electron transfer to the peptide’s
bonds of the α-helica. Meanwhile, the diversity between the HSA
and AIZS-GO QDs-HSA system demonstrates the cause of the
conformational alteration of HSA. CD spectra can be described
using following equation.

MRE208nm =
ObservedCD

(

mdeg
)

cnl× 10
(6)

α − helix (%) =
−MRE208nm−4000

33000− 4000
×100 (7)

Where MRE208nm is the mean residue ellipticity at 208 nm, c is
the concentration of HSA, n is the number of amino acid residues
in HSA (n = 585) and l is the path length. It was calculated
that approximately 54.52% of the α-helix existed in HSA, which
implied that HSA remained α-helix structure. In addition, when
AIZS-GOQDs exist, the α-helix would decrease to 50.35%, which

FIGURE 5 | (A) Uv-visible absorption spectra of HSA (T = 298K) in different concentration of AIZS-GO QDs. c(HSA) = 1.0× 10−6molL−1, c(AIZS-GO QDs): (a-f): 0, 1,

2, 3, 4, 5 ×10−6molL−1, pH = 7.4. (B) is the Uv-visible absorption spectra of QDs, HSA and the distinction of HSA-QD and QDs.
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FIGURE 6 | (A) FT-IR spectra of HSA, AIZS-GO QDs, and AIZS-GO QDs-HSA system. (B) CD spectra of HSA with different concentration AIZS-GO QDs. c(HSA)

= 1.0× 10−6molL−1, c(AIZS-GO QDs): (a-e): 0, 2, 4, 6, 8 ×10−6molL−1. pH = 7.4.

demonstrates more alterations in the structure and that surface
coverage of HSA is reduced after interacting with AIZS-GOQDs.
The α-helix content of HSA has an effect on the bioactivity
of HSA.

All FT-IR spectra and CD spectra results demonstrate that
AIZS-GO QDs bind stronger with HSA, which leads to major
conformation alterations of HSA.

Cytotoxicity of QDs
The quantum dots in this work were nearly non-toxic. When
AIZS-GO QDs are gradually applied to live experiments, their
toxicity always needs to be further researched systematically.
In order to use AIZS-GO QDs to label liver cancer cells,
the cck-8(Cell Counting Kit-8) analytical method was used to
test the survival rate of hepatocellular carcinoma Hep-G2 cells
and to determine the cytotoxicity of AIZS-GO QDs in the
experiment. The results were the average of five tests. The
cytotoxicity of AIZS-GO QDs was analyzed by using quantum
dots with different concentrations (1,10,50,100 µmol/L) and
different action times (6, 12, 24 h). The cell survival rate is shown
in Figure 7.

Figure 7 shows that the damage to cells was the greatest when
the concentration of AIZS-GO QDs was 10−6 mol/L. After 24 h
of culture, cell survival rate was only 53.87%. With the increased
action time, the cell survival rate gradually decreased at different
concentrations. When the concentration of AIZS-GO QDs was
10−8mol/L and the action time was 24 h, the cell survival rate
was still 78.15%, indicating that the effect of AIZS-GO QDs on
cell activity was not significant at the appropriate concentration.
The results also implied that AIZS-GO QDs could affect the cells’
survival rate by cultivating with them for too long. Moreover,
when the concentration of AIZS-GO QDs exceeded a certain
range, the apoptosis rate of cells could increase.

FIGURE 7 | The influence of different concentrations of AIZS-GO QDs and

different incubation time on the survival rate of hepatocellular carcinoma

Hep-G2 cells.

Table 4 shows the comparison in cytotoxicity of different
quantum dots of the other reported work. It was shown that the
synthesized AIZS-GO QDs had greatly lowered cytotoxicity than
cadmium quantum dots which contained heavy metal ions. It is
beneficial for us to study the cytotoxicity of AIZS-GO QDs in
normal cells in the future.

CONCLUSIONS

In summary, the interaction between AIZS-GO QDs and HSA
was researched by fluorescence spectra, Uv-visible absorption
spectra, FT-IR spectra, and CD spectra. AIZS-GO QDs then
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TABLE 4 | Cytotoxicity comparison of different quantum dots after 6 h.

Quantum

dots

Concentration

of QDs

Cells Cells survival

rate

Reference

NAC-CdTe

QDs

20 nM Hepatocytes 75.38% Wang et al., 2019

CdSe QD-

polymerNPs

10 nM HaCaT cells 71.84% Ando et al., 2016

AIZS-GO

QDs

10 nM Hep-G2 cells 99.15% This work

AIZS-

GO QDs

100 nM Hep-G2 cells 95.23% This work

closely bind to HSA and form a complex, and hydrogen bonds
and van der Waals’ forces have made major contributions to
this binding process. The Stern-Volmer quenching constants and
thermodynamic parameters were determined by fluorescence
information. The results demonstrate that the fluorescence
intensity of HSA can be quenched by AIZS-GO QDs. The FT-
IR spectra and CD spectra further accounted for the structure
alterations of HSA when AIZS-GO QDs existed. It means that
AIZS-GO QDs can influence the bioactivity of HSA. All the
results are conducive to understanding the interaction between
AIZS-GO QDs and HSA. Besides HSA, we also found that
AIZS - GO QDs could combine with the lysozyme which is a
kind of protein in the blood. After AIZS - GO QDs combined
with the lysozyme, however, the fluorescence characteristic,
Uv-visible absorption spectroscopy, and the conformation of
the lysozyme were obviously distinct from the corresponding
performance of HSA. It also implied that after AIZS - GO
QDs combined with HSA, the performance of HSA had
specificity. In the future, specific antibodies and antigens can
be connected on the surface of quantum dots through this
binding mechanism to make bioluminescence probes to detect
and label corresponding proteins or tumor cells. It can also
further promote the development of medical diagnostics and

medical research. Compared with the other substitutes, AIZS-
GO QDs have high luminescence efficiency, low preparation

costs, and strong fluorescence performance. Most importantly,
the advantage is that AIZS-GO QDs are non-toxic because
they do not contain heavy metal ions which are toxic. In
other words, AIZS-GO QDs have more potential, than other
substitutes, to be applied in biological fields for medical diagnosis
and research. The experimental results show that AgInZn-GO
water soluble quantum dots have good biocompatibility, which
can be combined with proteins to form new compounds and
have no cytotoxicity and biological practicability. It provides an
important basis for the combination of quantum dots and specific
proteins and fluorescent labeling (Zhou et al., 2019).
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