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ABSTRACT

Water-soluble fluorescent colloidal quantum dots (QDs) have been widely used in some biological and
biomedical fields, so the interaction of QDs with biomolecules recently attracts increasing attention. In
this study, the fluorescence (FL) quenching method, circular dichroism (CD) technique, attenuated total
reflection-Fourier transform infrared (ATR-FTIR) and UV-vis absorption spectra were used to investigate
systematically the influence of CdTe QDs size on the toxic interaction with bovine serum albumin (BSA).
Three size CdTe QDs with maximum emission of 543 nm (green-emitting QDs, GQDs), 579 nm (yellow-
emitting QDs, YQDs) and 647 nm (red-emitting QDs, RQDs) were tested. The Stern-Volmer quenching
constant (K;,) at different temperatures, corresponding thermodynamic parameters (AH, AG and AS),
and information of the structural features of BSA were gained. The FL results indicated that QDs can
effectively quench the FL of BSA in a size-dependent manner, electrostatic interactions play a major role
in the binding reaction, and the nature of quenching is static, resulting in forming QDs-BSA complexes.
The CD and ATR-FTIR spectra showed that the secondary structure of BSA was changed by QDs, indicating

the toxic on protein.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Quantum dots (QDs, semiconductor nanocrystals) are ver-
satile inorganic probes with unique photophysical properties,
such as narrow and size-dependent fluorescence (FL) with
broad absorption spectra, strong FL intensity, and excellent
anti-photobleaching[1-5]. Since Alivisatos and Nie et al. [4,5]
demonstrated the application of QDs for biology. QDs have been
used in a diverse range of biological applications such as cell label-
ing, genomic detection, optical sensors, bioimaging[6-9].

Owing to the tremendous focus on applying QDs, there has been
increasing interest in an investigation the toxicity of QDs [10-16].
In order to explore the bioeffect of QDs on organisms, there are lots
of studies about the interactions between QDs and protein [17-21].
There are at least two potential reasons for study QDs on protein:
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(i) QDs can be combined with proteins in vivo and thus impact the
structure and function of protein [22,23]; (ii) protein was used to
modify QDs in many applications, e.g.,ion sensors, fluorescence res-
onance energy transfer, and chemiluminescence resonance energy
transfer [24-26]. For example, in order to elucidate the fate of QDs
introduced to organism, the interactions between QDs and human
serum albumin (HSA) were systematically investigated by vari-
ous spectroscopic techniques under the physiological conditions.
The thermodynamic parameters and the quenching constant were
obtained. It was suggested that the binding of QDs and HSA is a
result of the formation of QDs-HSA complex and electrostatic inter-
actions play a major role in stabilizing the complex [23]. In another
study, Han et al. thought hydrophobic force and sulphydryl group
played a key role in the QDs-protein interaction [27]. Further-
more, Zhou’s results showed hydrogen bonds and van der Waals
interactions played a major role in the binding reaction between
QDs and protein [22]. Though the above scholars have already
started to research the bioeffect of QDs on protein and got differ-
ent results, synthetic methods of QDs are various, and each kind
of QDs has its own physical and chemical properties, including
size, charge, biological activity of their surface coating materials,
stability, etc., which determine the toxicity of QDs associate with
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environmental conditions, that is, the interactions between QDs
and protein depend on the size, charge, capping agent of QDs and so
forth. Xiao et al. thought those differences may be caused by the dif-
ferent QDs sizes [28,29]. However, few reports have focused on the
effect of QDs size on the interaction between QDs and protein. As
we know, the smaller nanomaterials (QDs) have the more surface
energy, so there are the different active when binding with groups
of biomolecule (protein). Thus, the results of studies presently are
not enough, and it is necessary to continue to study the interaction
between different sizes QDs and protein for further investigating
the biological effects of QDs.

Here, we choose BSA as our protein model because of its
medicinal importance, low cost, ready availability, and unusual
ligand-binding properties [22,30]. Three different size CdTe/MPA
QDs are selected as the protein receptor. The fluorescence quench-
ing method and CD technique were used to investigate the
influence of CdTe QDs size on the toxic interaction with BSA. It
was proven that the binding of QDs and BSA is a result of the for-
mation of QDs-BSA complex and electrostatic interactions play a
major role in stabilizing the complex. The Stern-Volmer quenching
constant (Ks,) at different temperatures, corresponding thermo-
dynamic parameters (AH, AG and AS), and information of the
structural features of BSA were gained.

2. Material and methods
2.1. Materials

Mercaptopropanoic acid (MPA), cadmium chloride (CdCl,), tel-
lurium (Te), sodium borohydride (NaBH,4), ethanol (CoHsO0H),
sodium hydroxide (NaOH), tris (hydroxymethyl) aminomethane,
bovine serum albumin (BSA), and other routine chemicals were
purchased from Shenshi Chem. Ltd. All the chemicals used were
of analytical grade and double distilled deionized water was used
in all experiments.

2.2. Instrumental

All FL measurements were recorded using a RF-5301 (Shimadzu)
and F-4500 (Hitachi) fluorometers. A Lambda 35 (PerkinElmer)
Spectrophotometer was used with a cell of 1.0 cm path length. The
CD spectra were recorded on Jasco (J-810-150S) automatic record-
ing spectropolarimeter, using a cylindrical cuvette with 0.1 cm path
length. The CD profiles were obtained by employing a scan speed
of 100 nm/min and response time of 0.5s.

3. Methods

A 2mL solution, containing appropriate concentration of QDs
was added to 10 uM BSA solution and mixed. UV-visible spectra of
all solutions were recorded in the range of 200-800 nm.

A known concentration of QDs in Tris—HCI buffer solution was
added to 10 wM BSA solution and mixed at 298, 304, and 310K.
The fluorescent intensity of the solution was recorded at excita-
tion wavelength of 280 nm using an F-4500 fluorometer, with slit
widths for excitation and emission at 5 nm.

For the CD experiment, the concentration of BSA was kept at
10 pM. Far-CD spectra were recorded from 200 to 260 nm in 0.05 M
Tris—-HCI (containing 0.10 M NaCl, pH 7.4 +0.1), at 25 °C. And appro-
priate baseline corrections in the CD spectra were made.

Attenuated total reflection-Fourier transform infrared (ATR-
FTIR) of samples was recorded by FT-IR spectroscopy (AVATAR 370,
Thermo Nicolet Co. of America). The samples were prepared as the
followings: 0.5 mL of the liquid from the samples was evaporated
on the ZnSe vessel and dried in a vacuum chamber.

The respective blanks of Tris—HCI buffer were used for the cor-
rection of all spectra. The above each spectrum was the average of
three successive scans.

4. Results and discussion
4.1. Characterization of QDs

The preparation of CdTe/MPA QDs was adopted from litera-
ture [31]. The CdTe/MPA QDs precursor was subjected to different
refluxing time to control the nanocrystals size. And then, three
different CdTe/MPA QDs with maximum emission of 543 nm
(green-emitting QDs, GQDs), 579 nm (yellow-emitting QDs, YQDs)
and 647 nm (red-emitting QDs, RQDs) were obtained (Fig. 1a). It
is worthwhile to note that CdTe/MPA QDs were obtained through
ethanol precipitation with centrifugation at 4000 rpm for 5 min;
these QDs were treated with ethanol in three repeated cycles to
remove the contaminant (unreacted Cd%*, etc.). Besides FL spectra,
the absorption spectra are also shown in Fig. 1a. From this figure, we
can find that a large red-shift of the maximum absorption and emis-
sion peaks took place with the passage of refluxing time. Besides
these, the distinctive absorption peak shape was transformed into
smooth shoulder peak gradually, and a full width at half-maximum
of PL spectra became wider gradually. The above results suggest
the diameter of the CdTe/MPA QDs was increasing and the particle
size distribution was broadening. The morphology and size of the
prepared QDs was studied by TEM (Fig. 1b-d). The shape of these
nanoparticles is close to monodisperse, the mean diameter of GQDs,
YQDs, and RQDs is about 2.5, 3.5, and 4.5 nm, respectively. Distinct
lattice fringes indicating a crystalline product were also observed.

4.2. Effect of QDs on BSA absorption spectra

As we know, the absorption spectra cannot only distin-
guish between dynamic quenching (collisional process) and static
quenching (ground state complex formation), but also get the bind-
ing constant (K) of the corresponding reaction [32,33]. So we used
the difference absorption spectroscopy to obtain spectra (Fig. 2).
The UV-vis absorption spectra of BSA (Fig. 2, curve A) and the dif-
ference absorption spectra between BSA/GQDs 1:1 complex and
GQDs (Fig. 2, curve D) could not be superposed within experimen-
tal error, the results suggest the ground state complex formation.
The absorption spectra of BSA in absence and presence of differ-
ent concentration GQDs, at room temperature (298 K) are shown
in Fig. 3a (the data of YQDs and RQDs are not shown). The addi-
tion of QDs led to a gradual increase in the absorption intensity of
BSA. However, our previous study showed that CdSe QDs led to a
minor decrease in the absorption intensity of BSA with the appear-
ance of the isoabsorptive point [7], consistent with other studies
[32,34,35]. Since static, but not dynamic quenching (which only
affects the excited state of fluorophore) often leads to a change in
an absorption spectra via ground state complex formation [33], the
above results suggest the ground state complex formation between
BSA and QDs. The absorbance change that we observed in the spec-
trum of the complex was not due to the experimental error because
baseline corrections were done for all measurements.

The equilibrium between BSA and QDs is defined by Egs. (1) and
(2),

Kapp
BSA + QDs = BSA — — — QDs (1)
_ [BSA— — —QDs]
Kapp = ~T35AT-[qDs] @
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Fig. 1. Absorption and normalized FL spectra of different size (colors: green, yellow, and red) of CdTe/MPA QDs (a) and TEM images of CdTe/MPA QDs with emission of green

(b), yellow (c), and red (d) FL.

where Kgpp is the apparent association constant. Kgpp can be
obtained from the changes of the intensity of absorption and
expressed as Eq. (3) [32,35,36]:
1 1 1 1 1

A=Fo ~ Ac—Ao Kapp Ac—Ao [QDS] ®
where A, Ag, Ac are the absorbance of BSA containing different
concentrations of QDs, BSA and the complex, respectively. The val-
ues of 1/(A—Ag) were calculated and plotted against quencher
concentration 1/[QDs] according to Eq. (3) as shown in Fig. 3b.
After a linear fit, the slope equals the value of 1/Kgpp-1/(Ac —Ao)
with an intercept of 1/(Ac —Ap) on the ordinate. The calculated
value of Kgpp is 1.72 x 105M-1 (GQDs), 1.95 x 105M~! (YQDs),
and 5.93 x 10°M~! (RQDs), respectively (correlation coefficient
R>0.9900). These results suggest that the effect of QDs with dif-
ferent sizes on BSA absorbance was different from each other. The
apparent association constant between RQDs and BSA was higher
than that of YQDs and GQDs, that is, the larger size is, the stronger
binding force is.

4.3. Effect of QDs on BSA FL spectra

FL quenching efficiency and aspects of the quenching mecha-
nism of the BSA by QDs were studied by FL measurements. The
quenching FL is known to occur by excited state reactions, energy
transfer, collisional quenching (dynamic quenching) and complex
formation (static quenching)[33]. Both dynamic quenching and
static quenching reveal the connection of linearity between rela-
tive FL intensity (Fo/F) and QDs concentration. The quenching of
BSA FL by QDs can be described by a Stern-Volmer equation:

Fo
T =1+Ky[Q] (4)

where Fy and F are the FL intensity of BSA in the absence and pres-
ence of QDs respectively, [Q] is the QDs concentration and Kj, is the
Stern-Volmer quenching constant.

Fig. 4 displays FL spectra of BSA with various concentrations
of YQDs/MPA at 298K (other data of GQDs/MPA and RQDs/MPA
are not shown). The observed FL band centered around 350 nm.

The FL intensity was significantly quenched by the addition of
YQDs/MPA when the concentration of BSA is 10 wM. Because
YQDs/MPA’s emission wavelengths are much farther away from
the BSA absorption and emission wavelengths, the emission of
YQDs/MPA between 290 and 450 nm is not considered. Our results
suggest that the quenching effect of YQDs/MPA on the FL emission
of BSA is the concentration dependent, and YQDs/MPA can bind
to the BSA. Furthermore, it was observed that the FL intensity of
YQDs/MPA was nearly zero compared with BSA in the wavelength
range of 290-450 nm upon excitation at 280 nm (Fig. 4).

The ratios Fo/F were calculated and plotted against quencher
concentration according to Eq. (5) at 298 K as shown in Fig. 5a. After
a linear fit, K5y (~10° L/mol) was calculated from the slope of the
plots. The Stern-Volmer quenching constant between RQDs and
BSA was higher than that of YQDs and GQDs, which is identical to

—— A: BSA

A —— B: GQDs
——C: GQDs-BSA
—— D. Difference

Absorbance/a.u

1

200 300 400 500 600 700

Wavelength/nm

Fig. 2. UV-visible spectra of BSA in the presence of GQDs: A, absorption spectrum of
BSA only; B, absorption spectrum of QDs only; C, absorption spectrum of GQDs-BSA
1:1 complex; D, difference between absorption spectrum of GQDs-BSA 1:1 complex
and QDs. ¢(BSA)=c(QDs)) 1.0 x 10~5 M.
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Fig. 3. Absorption spectra of BSA in the presence of GQDs, YQDs, and RQDs in the concentration range of (0-10) x 0.1 wM (a), the straight line dependence of 1/(A—Ao) on

the reciprocal concentration of different size QDs (b).

the absorption spectral results. The result suggests that QDs can
effectively quench the FL of BSA in a size-dependent manner.

Because the fluorescence life time (7g) of the bimolecular is
10-8s, the dimolecular quenching constants Ky (Ksy=Kgq-7Tg) of
GQDs, YQDs, and RQDs for BSA were calculated to be 1.72 x 1013,
1.93 x 1013, and 3.32 x 10'3L/(mols), respectively [33]. As we
know, the large diffusion and collision constant of various
quenchers with the biological macromolecules is 1019 L/(mols)
(dynamic quenching). Considering that in our experiment the rate
constants of the BSA quenching procedure initiated by QDs were
much greater than 1019L/(mols), it can be concluded that the
nature of quenching is not dynamic but probably static, resulting
in forming QDs-BSA complexes [37].

4.4. Binding constants and the number of binding sites

The binding constants were calculated according to the double-
logarithm equation (Eq. (5)) [32,38],

Fo—F

log [ ] =logK +nlog[Q] (5)

where K is the binding constant and n is the number of binding
sites per BSA. Fig. 5b shows the double-logarithm curves of different
sizes QDs quenching BSA fluorescence at 298 K. From this figure, the
binding constants and the number of binding sites between RQDs
and BSA were higher than those of YQDs and GQDs. The results illus-
trate that the size of CdTe QDs affected the affinity for BSA and the
increasing size of QDs enhanced the binding force with BSA. K was
calculated at different temperatures according to Eq. (5) as shown
in Table 1. The results show the binding constant K is inversely cor-
related with temperature. Due to dynamic quenching depends on
diffusion, and the coefficient of diffusion will increase with increas-
ing temperature, the binding constant is directly correlated with
temperature. However, for static quenching, the stability of com-
plex formation will decrease with increasing temperature, causing
the quenching constant to be inversely correlated with the temper-
ature. Thus, our results also suggest that the quenching mechanism
is static in nature. The number of binding sites is about 1 for differ-
ent sizes QDs, in agreement with other authors [22,28], suggesting
there is only one type of interaction between BSA and QDs.

4.5. The determination of the force acting between QDs and BSA

In general, the interaction between endogenous or exogenous
ligands and biological macromolecules is a complex process that
involves not only electrostatic interactions, multiple hydrogen
bonds, and van der Waals force, but also hydrophobic, -1 stacking
and so forth [22,23,39,40]. Ross and Subramanian [41] thought that
electrostaticinteractions are important if the enthalpy change (AH)
is negative; and the entropy change (AS) <0 results from common
characteristics of hydrogen bond and van der Waals force. Thus, to
study the interaction between QDs and BSA, the thermodynamic
parameters were calculated from the van’t Hoff plots. If the AH is
temperature independent in the temperature range studied, both
AH and AS can be calculated from the van’'t Hoff equation (Eq. (6));
Furthermore, the temperature range cannot change too much, or
else the protein will be denatured, and the temperature range we
chose is widely used in previous study [22,23,42].

AH AS

InK = -2 + = (6)
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Fig. 4. Fluorescence emission spectra of YQDs/MPA-BSA complex in the presence
of different concentrations YQDs/MPA in Tris-HCl buffer solution after exciting it at
280 nm.
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Fig. 5. Stern-Volmer plots (a), binding constant (K), and binding sites (n, b) for the quenching of BSA by different size QDs at 298 K.

where AH and AS are the standard enthalpy and entropy change
for the reaction, respectively, R is the gas constant and T is the
temperature. The values of In K were plotted against 1/T accord-
ing to Eq. (6) at different temperatures as shown in Fig. 6. AH
and AS were calculated at different temperatures according to the
slope and the intercept as shown in Table 1. Using the relationship
AG=AH - TAS, the free energy change (AG) was estimated as also
shown in Table 1.

As we know, all chemical, physical, and biological processes
are accompanied by a change in thermodynamic parameters (AG,
AH, and AS) [43,44]. Table 1 shows the values of thermodynamic
parameters (AG<0, AH<0, AS>0), the negative values of AG
suggest that the binding process of QDs to BSA is spontaneous,
AH<0 and AS>0 suggest that the intermolecular bond energies
is decreasing and the disorder of the system is increasing. So
the interaction between QDs and BSA would certainly happen.
The results indicate that electrostatic interactions play a major
role in the binding reaction between BSA and QDs. It also was

proved by Liu’s results [23], because the electrostatic interactions
occurred between the negatively charged QDs and the cationic “hot
spot” around the active site of the protein (human serum albumin,
HSA). Furthermore, the hydrophobic interactions are also impor-
tant [22,45].

4.6. Energy transfer between BSA and QDs

From Figs. 1 and 4, there is an overlap between the FL emission
band of BSA and an excitation band of three QDs. So we can calculate
the distance between the QDs binding sites and the fluorophore
(BSA) according to Forster theory of molecular resonance energy
transfer. According to this theory, the efficiency of energy transfer
between the donor and acceptor, E, could be calculated by Eq. (7)
[46,47].

6
F R3

E=1—- —=—"
Fy R60 + 16

(7)

11.62
L GQDs/MIPA

11.55 __ InA=6.49+1513.34/T , R}=0.9604

11.48 |
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11.34 L L . . . )
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Fig. 6. Van't Hoff plots of QDs—BSA system.
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where r is the distance between the donor and acceptor, and Rg is
g the critical distance when the efficiency of transfer is 50%.
()]
S RE=8.8x 107 k2n ¢ (8)
o D
= § In Eq. (8), k2 is the orientation factor related to the geometry of
‘ the donor and acceptor of dipoles and «2 =2/3 for random orienta-
tion as in fluid solution; n is the average refracted index of medium
a in the wavelength range where spectral overlap is significant; ¢
§ is the FL quantum yield of the donor; J is the effect of the spec-
S tral overlap between the emission spectrum of the donor and the
g8 absorption spectrum of the acceptor, which could be calculated by
= 2‘ the equation:
] Jo  FQOe(r)A4dA ©)
~ =T ™o
é fo F(X)dA
e where F(1) is the corrected FL intensity of the donor in the wave-
%. § § ﬁ length range, from A to A + AX; g(A) is the extinction coefficient of
AN the acceptor at A.
In the present case, n=1.36, ¢=0.1 [48], according to Egs.
_ (7)-(9),Rg and r could be calculated (GQDs (4.06 and 4.80 nm), YQDs
E (4.11 and 4.82 nm), and RQDs (4.32 and 4.87 nm)), respectively. The
2 values for Ry and r are on the 2-8 nm scale, and 0.5Ry <r<1.5Ry,
5 o indicating an existence of an interaction between QDs and BSA. It
Sg also suggested that the binding of QDs to BSA is through energy
! transfer [49].
@ 4.7. CD spectra study
[~}
(o))
S In order to verify the binding of CdTe QDs to BSA, the CD tech-
3 g nique was applied. As we know, the CD spectra of HSA exhibited
q two negative bands in the UV region at 208 and 222 nm. The band
is characteristic of an a-helical structure of protein. The peak at
220 nm is contributed by the n— 7* transition of peptide bonds
2 in the a-helix, and the peak at 208 nm is contributed by 7 — 7*
§. transitions of the peptide bonds on the «-helices[17]. The CD
=0 o~ results were expressed in terms of mean residue ellipticity (MRE)
= = 3 in deg cm? dmol~! according to Eq. (10):
(|
Observed CD (m deg)
MRE = 10
Gonl x 10 (10)
=)
o where G, is the molar concentration of the protein, n the number of
S amino acid residues (583 for BSA) and I is the path length (0.1 cm).
R Fig. 7 shows the far-UV CD spectra of BSA after addition of different
© C'Nr size QDs. It can be seen that the negative peak decreases gradually
> 38
§ 5000
. e
< © Ll
oD Rl
=} % 0 E
':‘_6 S
5
< ng 5000
g (%]
58238 ¥ -10000 |- RQDs/MPA
“RSR YOQDSMPA
bl GODSIMPA
-15000 |- BSA
2 ; . ‘ . : . : L :
E’ _ 200 210 220 230 240 250
—_—
géég Wavelength/nm
= g%i Fig. 7. The far-UV CD spectra of the QDs-BSA system, BSA concentration was
oad 2 1.0 x 10~ mol/L, the QDs concentration was 1.0 x 10~% mol/L. The inset shows the
a-helicity of BSA versus the different sizes QDs at 208 nm.
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Table 2
Fractions of different secondary structures determined by SELCON3.
QDs Percentage of secondary structure
a-helix B-strand Turn Unordered
R oP BR g°
BSA 26.5 16.2 8.0 5.9 18.7 26.5
BSA +GQDs 25.8 16.5 6.9 5.5 18.6 26.3
BSA+YQDs 241 15.9 7.4 5.8 18.9 27.2
BSA +RQDs 22.6 16.0 7.9 6.3 19.8 28.7

The superscripts “R” and “D” represent “ordered” and “disordered”, respectively.

with the size of QDs increasing from 2.29 to 4.07 nm. Therefore,
we can deduce that the molecular structure of BSA is changed by
QDs. The «-helical contents of free and combined BSA were also
calculated from MRE values at 208 nm using Eq. (11) [23]:
o —~MRE;pg — 4000

a-helix(%) = 33000 —4000 (11)
where MRE,qg is the observed MRE value at 208 nm, 4000 is the
MRE of the B-form and random coil conformation cross at 208 nm,
and 33,000 is the MRE value of a pure «-helix at 208 nm. The inset
of Fig. 7 shows the helicity of BSA versus the size of QDs at 208 nm.
We can conclude that the helicity of BSA decreased significantly
withincreasing the size of QDs, which suggests a stronger structural
change.

Further, in order to quantify the different types content of sec-
ondary structures, far-UV CD spectra have been analyzed by the
algorithm SELCONS3. Table 2 shows the fractions of different sec-
ondary structures after addition of different size QDs. An apparent
decreasing tendency of the a-helices content and an increasing ten-
dency of B-strands, turn, and unordered structure contents could
be observed (Table 2). As known, the secondary structure contents
are related close to the biological activity of the protein, thus a
decrease in a-helical implied the loss of the biological activity of
BSA upon interaction with the different size of QDs. The confor-
mation changes here implied that the serum albumin would adopt
a more incompact conformation state on the surface of QDs and
resulted in the exposure of the hydrophobic cavities.

4.8. ATR-FTIR characterization

As we know, ATR-FTIR spectroscopy offers another valuable
method to monitor the changes in the secondary structure of pro-
teins when interacted with ligands (QDs). Usually the amide I peak
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Fig. 8. The ATR-FTIR spectra of BSA in the absence and presence of QDs.

position of BSA occurs in the region of 1600-1700cm~! (mainly
C=0 stretch), and its main absorption is due to the stretching
vibration of amino acid residue and the hydrogen bond formed by
carbonyl and hydrogen in acid amides. The amide II band usually
occurs in the region of 1500-1550 cm~! which includes C—N stretch
coupled with N—H bending mode, and it is an important band to
reflect the structure of proteins [50]. Fig. 8 shows the ATR-FTIR
spectrum of BSA in the absence and presence of three QDs. As can
be seen from the ATR-FTIR spectrum, the peak position of amide
I moved from 1643 to 1654cm~! and amide II moved from 1523
to 1535cm~! when BSA was interacted with three QDs. Though
the peak position changed a little between GQDs-BSA, YQDs-BSA,
and RQDs-BSA, the results suggested that the secondary structure
change of the BSA had been induced by QDs [50,51].

5. Conclusion

The biological effects of three size CdTe QDs to BSA have been
investigated mainly by FL spectra, UV-vis absorption spectra and
circular dichroism (CD). The Stern-Volmer quenching constant (Ksy )
at different temperatures, corresponding thermodynamic param-
eters (AH, AG and AS), and information of the structural features
of BSA were gained. We found that QDs can effectively quench the
FL of BSA in a size-dependent manner, electrostatic interactions
play a major role in the binding reaction, and the nature of quench-
ing is static, resulting in forming QDs-BSA complexes. The CD and
ATR-FTIR spectra showed that the secondary structure of BSA was
changed by QDs. This study contributes to a better understanding
of the size effects on QDs-proteins interactions, which is a critical
issue for applications in vivo.
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