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Surface functional groups affect CdTe QDs
behavior at mitochondrial level

Xun Xiang, a Tao Gao,a Bo-Rui Zhang,a Feng-Lei Jiang *a and Yi Liu*a,b,c

Quantum dots (QDs) are used in the bio-medical area because of their excellent optical properties. Their

biomedical utilization has remained a serious biosecurity concern. Cytotoxicity experiments have shown

that QD toxicity is connected to the properties of the QDs. In this paper, the toxicity of QDs was studied

from the aspect of surface functional groups at the mitochondrial level. Three types of ligands, thioglycol-

lic acid (TGA), mercaptoethylamine (MEA) and L-cysteine (L-Cys), which have similar structures but

different functional groups were used to coat CdTe QDs. The effects of the three types of CdTe QDs on

mitochondria were then observed. The experimental results showed the three types of CdTe QDs could

impair mitochondrial respiration, destroy membrane potential and induce mitochondrial swelling.

Interestingly, MEA-CdTe QDs showed similar effects on membrane potential and mitochondrial swelling

as did L-Cys-CdTe QDs, while TGA-CdTe QDs showed stronger effects than that of the two other QDs.

Moreover, the three types of CdTe QDs showed significantly different effects on mitochondrial membrane

fluidity. MEA-CdTe QDs decreased mitochondrial membrane fluidity, L-Cys-CdTe QDs showed no

obvious influence on mitochondrial membrane fluidity and TGA-CdTe QDs increased mitochondrial

membrane fluidity. The interaction mechanism of CdTe QDs on mitochondrial permeability transition

(MPT) pores as well as Cd2+ release by CdTe QDs were checked to determine the reason for their

different effects on mitochondria. The results showed that the impact of the three types of CdTe QDs on

mitochondria was not only related to the released metal ion, but also to their interaction with MPT pore

proteins. This work emphasizes the importance of surface functional groups in the behavior of CdTe QDs

at the sub-cellular level.

1. Introduction

Quantum dots (QDs) are also called semiconductor nano-
crystals. They have many excellent optical properties such as
broadband excitation, narrow bandwidth emission, high
quantum yield and resistance to photobleaching, which make
them the perfect bio-medical fluorescence probe.1,2 Their
biomedical utilization has remained a serious biosecurity
concern.3,4

Mitochondria are important organelles in eukaryocytes.
They have many important physiological functions such as

energy production, calcium homeostasis and apoptosis
regulation.5–7 Many diseases are related to mitochondrial
dysfunction.8–11 Some studies have shown that mitochondria
were the potentially relevant target organelles for QDs
toxicity.12–15

Cytotoxicity experiments have shown that the toxicity of
QDs was connected to their properties such as size, surface
charge and functional group.16,17 How these properties affect
QD behavior at mitochondrial level is unclear. To illuminate
this question, our group discussed the effects of surface
ligand length as well as particle size on the toxicity of CdTe
QDs at the mitochondrial level.18,19 In this work, we further
investigated the action mechanism of CdTe QDs on mito-
chondria from the aspect of the surface functional group.
–COOH and –NH2 are two of the most commonly used
functional groups when QDs are used in bio-systems.
Thioglycollic acid (TGA) contains –COOH and mercaptoethyl-
amine (MEA) contains –NH2. L-Cysteine (L-Cys) contains both
–COOH and –NH2. Except for these functional groups, the
three compounds have similar structures, which make them
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the perfect choice to study the effects of the surface func-
tional group on mitochondria. CdTe QDs were coated by the
three types of compounds, and then their effects on mito-
chondrial physiological functions were studied. This work
helps us to better understand the toxicity mechanism of QDs
at the subcellular level.

2. Experimental section
2.1 Materials and reagents

CdCl2 (99.99%), tellurium powder (99.999%), NaBH4 (99%),
NaOH, thioglycollic acid (TGA), mercaptoethylamine (MEA),
L-cysteine (L-Cys), rhodamine 123 (Rh123), hematoporphyrin
(HP), dithoithreitol (DTT), Ethylene Diamine Tetraacetic Acid
(EDTA), Ethylene Glycol Tetraacetic Acid (EGTA), cyclosporin A
(CsA), ruthenium red (RR) and ADP were purchased from
Sigma-Aldrich Chemical Co. and used without further purifi-
cation. All other reagents were of analytical grade. Solutions
were prepared using ultrapure water (18.2 MΩ cm−1,
Millipore).

Buffer A: 100 mM sucrose, 10 mM Tris-MOPS, 1 mM EDTA,
50 mM KCl, 2 mM MgCl2, 10 mM KH2PO4 and 2 mM rotenone,
pH 7.4. Buffer B: 200 mM sucrose, 5 mM succinate, 1 µM
EGTA-Tris, 1 mM Tris-MOPS, 2 µM rotenone and 3 µg mL−1

oligomycin, pH 7.4.

2.2 Preparation of TGA-CdTe QDs

0.2 mol Te powder and 0.5 mol NaBH4 were added to 20 mL
ultrapure water. The mixture was stirred on an ice bath for 4 h
under N2 flow. The NaHTe solution was thus prepared. The
solution was stored at 4 °C for further use.

0.48 mmol CdCl2 and 0.2 mmol TGA were dissolved in
100 mL ultrapure water. The pH of solution was adjusted to
8.0. N2 flow was used to remove the oxygen in the solution and
the experimental apparatus for 30 min 4 mL freshly prepared
NaHTe solution (40 mmol) was injected into the solution with
vigorous stirring at room temperature. The stirring continued
for 15 min, the solution was then heated to 100 °C and
refluxed for 6 h. TGA-CdTe QDs solution was thus prepared.

2-Propanol was added to the solution to separate the
TGA-CdTe QD particles by centrifugation. Later, the particles
were dissolved in water and re-precipitated. This process was
repeated 3 times to obtain pure TGA-CdTe QDs. The products
were finally dispersed in water and stored at 4 °C for further
experiments.

2.3 Preparation of MEA-CdTe QDs

The pH of CdCl2 and MEA solution was adjusted to 5.5 and
the reflux time was changed to 45 min. Rest of the reaction
conditions and purification process were the same as stated
above for the preparation of TGA-CdTe QDs.

2.4 Preparation of L-Cys-CdTe QDs

The pH of CdCl2 and L-Cys solution was adjusted to 10 and the
reflux time was changed to 50 min. Rest of the reaction con-

ditions and purification process were the same as stated above
for the preparation of TGA-CdTe QDs.

2.5 Characterization of QDs

UV-visible absorption spectra of QDs were obtained by a
Mapada TU1900 UV-vis spectrophotometer at room tempera-
ture. Fluorescence spectroscopy measurements of QDs were
performed on a PerkinElmer LS55 spectrophotometer with an
excitation wavelength of 385 nm at room temperature.
Transmission electron microscopy (TEM) of QDs was con-
ducted on a JEOL JEM-2100 electron microscope. Size distri-
butions of QDs were calculated from the results of TEM.
ζ-Potential and hydrodynamic size of the QDs were tested on a
Malvern Zetasizer Nano ZS. The concentrations of QDs were
quantified by their extinction coefficients according to a
ref. 20.

2.6 Isolation of mitochondria

Experimental mitochondria were isolated from the liver tissue
of female Wistar rats (150–200 g) by a commonly used differen-
tial centrifugation method.21 The detailed isolation process
was described in our previous work.18 Concentration of mito-
chondria was quantified by biuret method using BSA as stan-
dard agent.

2.7 Mitochondrial respiratory rate

Mitochondrial respiratory rate was measured by checking the
oxygen consumption of 1 mL mitochondrial suspensions
(1 mg mL−1) in buffer A with a Clark oxygen electrode
(Hansatech, UK) at 25 °C.22 5 mM succinate served as the res-
piratory substrate. State 4 of mitochondrial respiratory rate was
detected in the condition of substrate. State 3 of mitochondrial
respiratory rate was detected in the condition of substrate and
2.5 mM ADP. Uncoupled state of mitochondrial respiratory
rate was detected in the condition of substrate and 30 μM
DNP. Respiratory control ratio (RCR) was the ratio of state 3 to
state 4. The effects of different concentrations of QDs on mito-
chondrial respiratory rate were tested.

2.8 Mitochondrial swelling

Mitochondria were dispersed in buffer B (1 mg mL−1). The
absorbance of 200 μL mitochondrial suspensions at 540 nm
were recorded on a multifunctional enzyme marking instru-
ment (BiTech, China) at 25 °C.21 Mitochondrial swelling was
reflected by the change in absorbance. The effects of different
concentrations of QDs on mitochondrial swelling were
measured.

2.9 Interaction mechanism of QDs on mitochondrial
permeability transition (MPT) pore

The interaction mechanism of QDs on MPT pore was
measured by the protective effects of several MPT inhibitors
on mitochondrial swelling. Inhibitors CsA, ADP, EDTA, EGTA,
RR and DTT were pre-incubated with mitochondria for 3 min
before adding 400 nM QDs.
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2.10 Mitochondrial membrane potential

200 μL mitochondrial suspensions (1 mg mL−1) were pre-incu-
bated with 1 μM Rh123 in buffer B for 3 min. Different concen-
trations of QDs were then added into the mixture. The fluo-
rescence intensity at λex = 488 nm and λem = 525 nm was
recorded on a multifunctional enzyme marking instrument
(BiTech, China) at 25 °C. The change in mitochondrial mem-
brane potential was assessed by the fluorescence intensity of
Rh123.23

2.11 Mitochondrial membrane fluidity

2 mL mitochondrial suspensions (0.5 mg mL−1) were pre-incu-
bated with 5 μM HP in buffer B for 3 min. Different concen-
trations of QDs were then added into the mixture. The an-
isotropy value (r) of the system was recorded at λex = 520 nm
and λem = 626 nm on a LS-55 fluorophotometer (PerkinElmer,
USA) at 25 °C. The change in mitochondrial membrane fluidity
was reflected by the anisotropy value.24,25

2.12 Cd2+ released by CdTe QDs

3 mL mitochondrial suspensions (0.5 mg mL−1) were co-incu-
bated with 100 nM CdTe QDs in buffer B for 30 min at 25 °C.
Mitochondria and un-decomposed CdTe QDs were separated
from the system by high speed centrifugation (11 000 rpm) for
30 min. Supernatant was collected and re-centrifuged (11 000
rpm) for 1 h in a 3 kDa Amicon (Millipore). The filter liquor
was collected, nitrified and then quantified to 10 mL with
ultrapure water. The Cd2+ content was measured using
Inductively Coupled Plasma-Atomic Emission Spectrometry
(ICP-AES, IRIS Intrepid II XSP, Thermo Electron, USA). The
initial content of free Cd2+ in CdTe QDs was also tested after
ultrafiltration.

3. Results
3.1 Characterization of QDs

UV-visible absorption spectra and photoluminescence spectra
of the three types of CdTe QDs are shown in Fig. 1. The three
types of CdTe QDs had the same absorption peak at 523 nm.
The fluorescence peaks of MEA-CdTe QDs, L-Cys-CdTe QDs
and TGA-CdTe QDs were 548 nm, 573 nm and 541 nm,
respectively. Transmission electronic microscopic (TEM)
images and size distributions of the three types of CdTe QDs
are shown in Fig. 2. The diameters of MEA-CdTe QDs,
L-Cys-CdTe QDs and TGA-CdTe QDs were 2.20 ± 0.60 nm,
2.35 ± 0.55 nm and 2.35 ± 0.40 nm, respectively. The three
types of CdTe QDs had similar size. The hydrodynamic size
and ζ-potential of the three types of CdTe QDs were tested.
The results are listed in Table 1. The hydrodynamic sizes of
MEA-CdTe QDs, L-Cys-CdTe QDs and TGA-CdTe QDs were
19.5 ± 0.5 nm, 23.1 ± 0.6 nm and 15.2 ± 0.6 nm, respectively.
The ζ-potential of MEA-CdTe QDs, L-Cys-CdTe QDs and
TGA-CdTe QDs were 20.3 ± 0.9 mV, −10.2 ± 0.4 mV and
−24.0 ± 2.0 mV, respectively.

3.2 Effects of QDs on mitochondrial respiration

Fig. 3 shows the effects of different concentrations of QDs on
mitochondrial respiratory functions. It was observed that all
three types of CdTe QDs decreased the mitochondrial respirat-
ory rate of state 3, state 4 and the uncoupled state in a dose-
dependent manner. This result shows that all three types of
CdTe QDs could impair mitochondrial respiratory functions.26

RCR, an important parameter that revealed the coupling of oxi-
dative phosphorylation,27 changed slightly with the addition of
the three types of CdTe QDs. In general, the three types of

Fig. 1 UV-visible absorption spectra and photoluminescence spectra of
MEA-CdTe QDs, L-Cys-CdTe QDs and TGA-CdTe QDs. The insets are
their photographs under ambient light (left) and UV lamp (right).
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CdTe QDs showed similar effects on mitochondrial respiratory
functions.

3.3 Effects of QDs on mitochondrial swelling

Mitochondrial swelling was reflected by the absorbance at
540 nm. Effects of the three types of CdTe QDs on mitochon-
drial swelling are shown in Fig. 4. The absorbance decreased
very slightly when a low concentration of CdTe QDs was
added (100–200 nM for MEA-CdTe QDs and L-Cys-CdTe QDs,
100 nM for TGA-CdTe QDs), whereas the absorbance
decreased significantly when a high concentration of CdTe
QDs was added (300–400 nM for MEA-CdTe QDs and L-Cys-
CdTe QDs, 200–400 nM for TGA-CdTe QDs). It could also be
observed that TGA-CdTe QDs decreased the absorbance faster
and stronger than MEA-CdTe QDs and L-Cys-CdTe QDs at the
same concentration (200–400 nM). MEA-CdTe QDs and L-Cys-
CdTe QDs decreased the absorbance in a similar manner.
This result revealed that MEA-CdTe QDs and L-Cys-CdTe QDs

had basically the same effects on mitochondrial swelling,
while TGA-CdTe QDs had stronger effects than those of the
other two.

3.4 Effects of QDs on mitochondrial membrane potential

Rh123 accumulated in the mitochondrial matrix was driven
by the transmembrane potential and released in buffer
when the transmembrane potential dissipated.28 The fluo-
rescence signal of Rh123 reflected the transmembrane
potential. Fig. 5 shows the effects of the three types of CdTe
QDs on the mitochondrial transmembrane potential. It was
observed that all the three types of CdTe QDs could induce
the increase of Rh123 fluorescence. And, when the concen-
tration of the three types of CdTe QDs increased, the fluo-
rescence of Rh123 changed faster. This result showed all
three types of CdTe QDs could impair mitochondrial trans-
membrane potential in a dose-dependent manner. It could
also be found that the increase of Rh123 fluorescence was
similar under the same concentration of MEA-CdTe QDs
and L-Cys-CdTe QDs, while TGA-CdTe QDs induced an
obviously faster increase of Rh123 fluorescence than the
other two. This result revealed that MEA-CdTe QDs and
L-Cys-CdTe QDs had similar effects on the mitochondrial
membrane potential, while TGA-CdTe QDs had stronger
effects than those of the other two.

Fig. 2 TEM images of different CdTe QDs. A: MEA-CdTe QDs, B: L-Cys-CdTe QDs, C: TGA-CdTe QDs. The insets are their diameter distributions.

Table 1 Hydrodynamic size and ζ-potential of different CdTe QDs

Hydrodynamic size (nm) ζ-Potential (mV)

MEA-CdTe QDs 19.5 ± 0.5 20.3 ± 0.9
L-Cys-CdTe QDs 23.1 ± 0.6 −10.2 ± 0.4
TGA-CdTe QDs 15.2 ± 0.6 −24.0 ± 2.0
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3.5 Effects of QDs on mitochondrial membrane fluidity

HP is a commonly used fluorescence probe to check mem-
brane fluidity, and its high anisotropy value means low mem-
brane fluidity.29 The effects of the three types of CdTe QDs on
mitochondrial membrane fluidity are shown in Fig. 6. It can
be observed that the three types of CdTe QDs showed
completely different effects on mitochondrial membrane fluid-
ity. MEA-CdTe QDs decreased mitochondrial membrane fluid-
ity in a dose-dependent manner. L-Cys-CdTe QDs showed no

obvious influence on mitochondrial membrane fluidity.
TGA-CdTe QDs increased mitochondrial membrane fluidity in
a dose-dependent manner.

3.6 Interaction mechanism of CdTe QDs on MPT

Mitochondrial swelling usually indicates the opening of MPT
pores.30 The interaction mechanism of CdTe QDs on MPT
pores was studied in the presence of some inhibitors. The
results are shown in Fig. 7. RR is a non-competitive inhibitor

Fig. 3 Effects of different concentrations of MEA-CdTe QDs, L-Cys-
CdTe QDs and TGA-CdTe QDs on mitochondrial respiratory rate. The
results were expressed as mean ± SD of three separate tests.

Fig. 4 Mitochondrial swelling induced by different concentrations of
MEA-CdTe QDs, L-Cys-CdTe QDs and TGA-CdTe QDs. a, b, c, d, e rep-
resents mitochondria treated with 0 nM, 100 nM, 200 nM, 300 nM and
400 nM QDs respectively.
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of Ca2+, which can cross the mitochondrial inner membrane.31

EGTA and EDTA are two types of metal ion chelators.32

Mitochondrial swelling induced by the three kinds of CdTe
QDs (400 nM) was completely inhibited in the presence of
EGTA and EDTA (curve f and g), and was effectively inhibited

in the presence of RR (curve d). This result indicates that the
interaction mechanism of the three types of CdTe QDs on the
MPT pore was related to the metal ion released by them. CyP-D

Fig. 5 Decrease in the transmembrane potential caused by different
concentrations of MEA-CdTe QDs, L-Cys-CdTe QDs and TGA-CdTe
QDs. a: Rh123, b: Rh123 + mitochondria, c: Rh123 + mitochondria + 100
nM QDs, d: Rh123 + mitochondria + 200 nM QDs, e: Rh123 + mitochon-
dria + 300 nM QDs, f: Rh123 + mitochondria + 400 nM QDs.

Fig. 6 Effects of different concentrations of MEA-CdTe QDs, L-Cys-
CdTe QDs and TGA-CdTe QDs on mitochondrial membrane fluidity
assessed by the anisotropy of HP. a, b, c, d, e represented mitochondria
treated with 0 nM, 100 nM, 200 nM, 300 nM and 400 nM CdTe QDs
respectively.
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and ANT are two kinds of MPT pore proteins. CsA interacts
with CyP-D to inhibit the opening of MPT pores.33 ADP regu-
lates the conformation of ANT to modulate MPT.34 Both CsA
and ADP could inhibit mitochondrial swelling induced by
the three types of CdTe QDs (400 nM) to a certain degree
(curve h and e). This result showed that the three types of
CdTe QDs could interact with MPT pore proteins. However,
it could also be observed that CsA and ADP showed better

inhibitory effects on MEA-CdTe QDs and L-Cys-CdTe QDs
(400 nM) than on TGA-CdTe QDs (400 nM). This meant
TGA-CdTe QDs had a larger effect on MPT pore proteins
than MEA-CdTe QDs and L-Cys-CdTe QDs. DTT can permeate
the mitochondrial inner membrane and can inhibit MPT
pore by reducing the –SH on inner membrane proteins.35 It
was observed that DTT effectively inhibited mitochondrial
swelling induced by MEA-CdTe QDs and L-Cys-CdTe QDs
(400 nM), while only partly slowed down the mitochondrial
swelling induced by TGA-CdTe QDs (400 nM, curve c). This
result not only verified the effects of the three types of CdTe
QDs on mitochondrial membrane proteins, but also indi-
cated the stronger impact of TGA-CdTe QDs on membrane
proteins than those of MEA-CdTe QDs and L-Cys-CdTe QDs.
Taking the effects of all six inhibitors into consideration, it
could be concluded that the impact of the three types of
CdTe QDs on MPT pores was not only related to the metal
ion released by them but also to their interaction with MPT
pore proteins.

3.7 Cd2+ released by CdTe QDs

CdTe QDs decompose and release Cd2+ when they interact
with mitochondria. The Cd2+ content released by the three
types of CdTe QDs was analyzed. The results are listed in
Table 2. The initial amount of free Cd2+ in the three types of
CdTe QDs solutions was negligible and could not be detected.
The Cd2+ released by MEA-CdTe QDs, L-Cys-CdTe QDs and
TGA-CdTe QDs were 0.085 ± 0.01 mg L−1, 0.19 ± 0.02 mg L−1

and 0.21 ± 0.02 mg L−1, respectively.

4. Discussion

Particle size could affect the bio-behavior of QDs.16 To illumi-
nate the effects of surface functional groups on QD toxicity,
the size of the QDs needs to be very similar. Strict experi-
mental conditions were adopted and three types of CdTe QDs
with similar size were synthesized. Their similar size was certi-
fied by the results obtained from the absorption spectrum
(Fig. 1), TEM and size distributions (Fig. 2).

Energy production by respiration is the fundamental phys-
iological function of mitochondria. The effects of the three
types of CdTe QDs on mitochondrial respiration were tested.
The results showed that the three types of CdTe QDs impaired

Fig. 7 Protective effects of some inhibitors on mitochondrial swelling
induced by 400 nM QDs. a: Control, b: 400 nM QDs, c: 250 µM DTT +
400 nM QDs, d: 10 µM RR + 400 nM QDs, e: 1 mM ADP + 400 nM QDs,
f: 50 µM EGTA + 400 nM QDs, g: 50 µM EDTA + 400 nM QDs, h: 15 µM
CsA + 400 nM QDs.

Table 2 The content of Cd2+ released by CdTe QDs

Initial Cd2+ in CdTe
QDs solution (mg L−1)

Cd2+ released by
CdTe QDs (mg L−1)

MEA-CdTe QDs NA 0.085 ± 0.01
L-Cys-CdTe QDs NA 0.19 ± 0.02
TGA-CdTe QDs NA 0.21 ± 0.02

NA (not available): under the detection limit of the instrument. The
results were expressed as mean ± SD of three separate tests.
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mitochondrial respiration of different states in a similar
manner (Fig. 3). The respiration of state 4 was considered to
be related to proton leak and inner membrane integrity.36

The damage of the three types of CdTe QDs on proton leak
and inner membrane integrity was proven by their effects on
membrane potential and mitochondrial swelling (Fig. 5 and
4). Interestingly, though all the three types of CdTe QDs
showed effects on membrane potential and mitochondrial
swelling, their abilities were different. In general, MEA-CdTe
QDs and L-Cys-CdTe QDs showed a similar ability, while
TGA-CdTe QDs showed a stronger ability. Mitochondrial
swelling and membrane potential dissipation indicated the
opening of MPT pores.37,38 When MPT pore opening
occurred, the fluidity of the membrane usually changed.39

The effects of the three types of CdTe QDs on mitochondrial
membrane fluidity were studied (Fig. 6). Very interestingly,
the three types of CdTe QDs showed significantly different
effects on mitochondrial membrane fluidity. MEA-CdTe QDs
decreased mitochondrial membrane fluidity in a dose-depen-
dent manner, L-Cys-CdTe QDs showed no obvious influence
on mitochondrial membrane fluidity, while TGA-CdTe QDs
increased mitochondrial membrane fluidity in a dose-depen-
dent manner. To clarify the different effects of the three types
of CdTe QDs on mitochondrial structure and functions, their
interaction mechanism on MPT pores was studied with some
inhibitors (Fig. 7). The metal ion chelators EGTA, EDTA and
RR could effectively inhibit mitochondrial swelling induced
by the three types of CdTe QDs. The protein inhibitors CsA,
ADP and DTT could prevent mitochondrial swelling induced
by the three types of CdTe QDs to a certain degree. This result
showed the impact of the three types of CdTe QDs on MPT
pore was not only related to the metal ion released by them
but also to their interaction with MPT pore proteins.
Particularly, it could also be observed that protein inhibitors
showed better inhibitory effects on MEA-CdTe QDs and L-Cys-
CdTe QDs than on TGA-CdTe QDs. This meant TGA-CdTe
QDs had stronger effects on MPT pore proteins than that of
the two other QDs. To further illuminate the role of metal ion
in the toxicity of CdTe QDs, mitochondria were incubated
with the three types of CdTe QDs and then the Cd2+ content
released by them was analyzed (Table 2). Cd2+ released by
MEA-CdTe QDs, L-Cys-CdTe QDs and TGA-CdTe QDs were
0.085 ± 0.01 mg L−1, 0.19 ± 0.02 mg L−1 and 0.21 ± 0.02
mg L−1, respectively. The amount of Cd2+ released by the
three types of CdTe QDs was not in accordance with their
effects on mitochondrial structure and functions. This veri-
fied the point that the metal ion was not the only factor that
affected CdTe QDs toxicity.

MEA, L-Cys and TGA have similar structures except for
the surface functional groups. Surface functional groups
affect the interaction of the three types of CdTe QDs with
mitochondrial membrane proteins, and thus affect the tox-
icity of CdTe QDs on mitochondria. This work helps us to
better understand the CdTe QDs toxicity mechanism from
the aspect of surface functional groups at the sub-cellular
level.

5. Conclusion

Strict experimental conditions were adopted and three types of
CdTe QDs with similar size but different surface functional
groups were synthesized. The effects of the three types of CdTe
QDs on mitochondria were studied. The three types of CdTe
QDs impaired mitochondrial respirations of different states in
a similar manner while they affected membrane potential and
mitochondrial swelling with different abilities. In general,
MEA-CdTe QDs and L-Cys-CdTe QDs showed similar abilities,
TGA-CdTe QDs showed a stronger ability. Moreover, the three
types of CdTe QDs showed significantly different effects on
mitochondrial membrane fluidity. MEA-CdTe QDs decreased
mitochondrial membrane fluidity, L-Cys-CdTe QDs showed no
obvious influence on mitochondrial membrane fluidity and
TGA-CdTe QDs increased mitochondrial membrane fluidity.
To clarify the different effects of the three types of CdTe QDs
on mitochondrial structure and functions, their interaction
mechanism on the MPT pore as well as the amount of Cd2+

released were studied. The results showed the impact of the
three types of CdTe QDs on mitochondria was not only related
to the release of metal ion by them but also to their interaction
with MPT pore proteins.
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