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Three birds with one stone: a single AIEgen for
dual-organelle imaging, cell viability evaluation
and photodynamic cancer cell ablation†

Yuewei Zhang, ab Shuohang Wang,a Ning Zhang,a Xiaodong Wang,b Qi Zan,b

Li Fan, *b Xue Yu,*a Shaomin Shuang b and Chuan Dong *b

Fully understanding the relationship among various organelles and cell viability is greatly important to

clarify the mechanism of cancer diagnosis and treatment. However, the development of a single

fluorescent probe capable of visualizing dual-organelles, cell viability and photodynamic therapy (PDT)

of cancer cells is severely deficient. Herein, we rationally designed and presented a multifunctional

aggregation-induced emission luminogen (AIEgen), Mito-TTPE, which first localized in mitochondria

with near-infrared (NIR) fluorescence, and further was partially hydrolyzed by esterase, resulting in the

accumulation of lipophilic and blue-emissive LD-TTP in lipid droplets. Owing to the distinct two-color

emission and dual-organelle targeting changes tuned by esterase hydrolysis, Mito-TTPE was successfully

used for evaluating cell viability. More importantly, the remarkable ROS generation ability of Mito-TTPE

enabled the efficient photodynamic ablation of cancer cells.

Introduction

As the basic unit of life, cells are ingenious and complex
chemical machines that perform a variety of biological activ-
ities. Various biological species within cells, including small
biomolecules and macromolecules, cooperate to perform mul-
tiple biological functions.1 For example, as one of the most
important intracellular macromolecules, enzymes participate
in a series of biochemical reactions necessary for normal life.2

Meanwhile, the subcellular organelles that assembled with
various biomolecules are also essential for various biological
processes.3 Amongst them, mitochondria as a double-
membrane-bound organelle play important roles in cell meta-
bolism, including energy supply for cell-life activities and
cellular status regulation.4–6 Lipid droplets (LDs), another
important cytoplasmic organelle found in most eukaryotic
cells, are involved in lipid metabolism, membrane formation,
and energy generation and storage.7–9 In particular, the inter-
actions between various biological species and different orga-
nelles play a crucial role in significant biological events, such as
the cellular apoptosis process. Previous research has shown

that the execution of cell apoptosis starts from the sudden
increase of mitochondrial membrane permeability, which
would release harmful substances contained within the mito-
chondrial double-membrane into the cytoplasm, thereby trig-
gering the apoptosis process.10,11 Meanwhile, this process is
inevitably accompanied by a decrease in enzymatic activity and
cell viability, and lipid droplets can collect toxic acids to reduce
inflammation.12,13 Thus, the development of a facile approach
for mitochondria/LD dual-imaging, cell viability evaluation and
simultaneously cancer cell diagnosis and precise therapy is
highly desirable and a critical challenge.

Fluorescence imaging techniques assisted with fluorescent
probes have become a powerful tool because of their non-
invasiveness, high sensitivity, and in situ and real-time visualization
of biological species at subcellular levels. Currently, many probes
have been developed for the imaging of intracellular active sub-
stances and/or single/double organelles.14–29 However, because of
the p–p stacking and other non-radiative pathways, conventional
fluorophores often suffer from an aggregation-caused quenching
(ACQ) effect, which might lead to weak fluorescence emission in the
aggregation state and easy photobleaching. Fortunately, a new class
of aggregation- induced emission (AIE) luminogens that was first
proposed by Tang’ group in 2001,30 could perfectly solve the ACQ
problems. The AIE luminogens (AIEgens) are non-emissive or faintly
emissive in solution but emit intense fluorescence in the aggregated
state due to the restriction of intramolecular motions (RIM).30–33

Taking advantage of their intrinsic features, AIEgens usually display
large Stokes shift, superior photostability and high sensitivity, which
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endow them with promising potential for monitoring of bioactive
substances like esterase activity in living systems. For example, Li
et al. reported an AIEgen-based bioprobe (DEAM) through integra-
tion with an esterase recognizable acetoxyl unit for sensing intra-
cellular esterase activity.34 By the conjugation of an AIEgen with
cationic and hydrolyzable moieties, a single AIEgen named TVQE
was developed for imaging of dual-organelles and evaluation of cell
viability.35 In addition, recent evidence demonstrated that some
AIEgens could also generate reactive oxygen species (ROS) in the
aggregation state upon light irradiation, making them effective
photosensitizers for photodynamic therapy (PDT).36–40 For instance,
Tang et al. rationally constructed a H2O2-responsive AIE probe
TTPy–H2O2 for imaging-guided organelle targeting and photody-
namic cancer cell ablation.38 Wang et al. reported a LD-targeted
and AIE-active photosensitizer TPECNPB for H2O2-activatable
fluorescence-guided PDT on cancer cells.39 Zhao et al. developed
an esterase-responsive prodrug (TPEQC) by conjugating an anti-
cancer drug of chlorambucil with an AIE active photosensitizer for
lysosome/mitochondria dual-targeted and image-guided cancer
therapy through synergetic chemo-photodynamic cancer therapy.40

However, a single AIEgen that is capable of the dual-imaging of
mitochondria/lipid droplets, detection of cell viability and simulta-
neously PDT on cancer cells has rarely been reported.

In view of the above situation, herein, we fabricated an esterase-
sensitive AIE probe for dual-organelle imaging, viability evaluation
and photodynamic cancer cell ablation for the first time. As
demonstrated in Scheme 1, Mito-TTPE contains a pyridinium
cationic moiety with a potential of 6.35 mV (Fig. S1, ESI†), which
could target mitochondria through electrostatic interactions with
the electronegative mitochondrial membrane.38,41 An acetoxy group
was chosen as the esterase activatable site, which was predicted to
reflect cell viability through esterase activity changes.35,42 Mean-
while, the hydrolyzed product LD-TTP with C log P of 6.698 has been

reported as a superior LD-specific probe.43 In addition, the electron-
accepting pyridinium cation was linked to a triphenylamine-
thiophene segment, forming a twisted donor–acceptor (D–A)
structure that facilitates red-shift, the fluorescence to the NIR
emission region and large Stokes shift. Furthermore, the multiple
freely rotatable phenyl groups and double bond help to quench the
fluorescence in the solution, while displaying AIE within the
targeted organelle.38,44 More importantly, it has been reported that
this strong D–A structure usually exhibited great potential as a good
photosensitizer for PDT.45,46 Based on the above design strategy, we
have successfully synthesized Mito-TTPE (Scheme 1 and Scheme S1,
ESI†), an AIE probe first targeted to mitochondria with NIR
fluorescence. After being hydrolyzed by mitochondrial esterase in
living cells, Mito-TTPE was partially transformed into a blue-
emissive LD-TTP, which could specifically accumulate in LDs. Due
to this distinct two-color emission and dual-organelle targeting
changes regulated by esterase hydrolysis, Mito-TTPE was success-
fully used for evaluating cell viability. More interestingly, Mito-TTPE
has been applied as an indicator for efficient PDT on cancer cells.

Experimental section
Materials and apparatus

4-(Bromomethyl)phenyl acetate, human carboxylesterase 2
(CES2), 9,10-anthracenediyl-bis(methylene)dimalonic acid
(ABDA) and 20,70-dichlorodihydrofluorescein diacetate (DCFH-
DA) were commercially available from Sigma-Aldrich. Mito-
Tracker Green (MTG) and Nile Red were obtained from Thermo
Fisher Scientific. A calcein-AM/PI kit was purchased from
Solarbio. All other solvents were bought from Tianjin Damao
Chemical Reagent Factory, and used without further purifica-
tion unless otherwise specified.

NMR spectra were determined with a Bruker instrument at
600 MHz for 1H NMR and 150 MHz for 13C NMR, respectively.
High-resolution mass spectrometric (HR-MS) data were
acquired on an Agilent Accurate-Mass-Q-TOF MS 6520 system.
UV-vis absorption spectra were measured on a TU-1901 double-
beam UV-vis spectrophotometer. Fluorescence spectra were
measured on an FLS-920 Edinburgh Fluorescence Spectrophot-
ometer. Fluorescence images were collected on a confocal laser
scanning microscope (CLSM) (Zeiss, LSM880).

Synthesis of Mito-TTPE

LD-TTP (50 mg, 0.12 mmol) and 4-(bromomethyl)phenyl acet-
ate (55 mg, 0.24 mmol) were refluxed in anhydrous toluene
(2.5 mL) overnight under argon. After cooling to room tem-
perature, the solvent was removed under reduced pressure, and
the residue was purified by silica chromatography using
CH2Cl2/MeOH = 30 : 1 (v/v) to give Mito-TTPE as a purple solid
(72 mg, 78%). 1H NMR (600 MHz, DMSO-d6) d 9.03 (s, J = 6.0 Hz,
2H, pyridyl-H), 8.23 (d, J = 16.8 Hz, 1H, HCQCH), 8.21 (d, J =
4.8 Hz, 2H, pyridyl-H), 7.62–7.63 (d, 2H, phenyl-H), 7.59–7.58
(d, 2H, phenyl-H), 7.51 (s, 2H, thienyl-H), 7.35–7.34 (m, 4H,
phenyl-H), 7.23–7.21 (d, J = 8.4 Hz, 2H, phenyl-H), 7.15–7.08
(m, 6H, phenyl-H), 7.12 (d, J = 16.8 Hz, 1H, HCQCH) 6.98–6.97

Scheme 1 (a) Chemical structure of Mito-TTPE. (b) Propose reaction
mechanism of Mito-TTPE towards esterase. (c) Illustration of dual-
organelle targeting of Mito-TTPE for cell viability evaluation and PDT on
cancer cells.
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(d, J = 8.4 Hz, 2H, phenyl-H), 5.72 (s, 2H, CH2), 2.27 (s, 3H, CH3).
13C NMR (150 MHz, DMSO-d6) d 169.60, 153.54, 151.49, 148.33,
147.98, 147.00, 144.48, 139.12, 134.89, 134.53, 132.64, 130.43,
130.24, 127.32, 126.68, 125.27, 124.41, 124.09, 123.13, 122.60,
121.61, 61.89, 21.31. HR-MS m/z: [M + H]+ calculated for
C38H31N2O2S+, 579.2101; measured, 579.2099.

Optical properties of Mito-TTPE

Mito-TTPE was dissolved in DMSO to prepare the stock solution
(1.0 mM). The AIE properties of Mito-TTPE (5 mM) were inves-
tigated in EtOH/hexane mixtures with various hexane fractions.
The spectra of Mito-TTPE (2 mM) with carboxylesterase 2 (CES2,
2 mg mL�1) were tested in PBS (pH 7.4) at different times. The
singlet oxygen (1O2) and total ROS generation capability of
Mito-TTPE (10 mM) or LD-TTP (10 mM) were monitored by UV/
vis spectroscopy of ABDA (100 mM) and fluorescence spectro-
scopy of dichlorofluorescin (DCFH, 10 mM), respectively, under
white light irradiation (1.75 mW cm�2).

Cell culture and cytotoxicity assay

The cell culture and cell cytotoxicity assay of Mito-TTPE and
LD-TTP on HeLa cells were listed in the ESI.†

Colocalization experiments

HeLa cells were co-incubated with Mito-TTPE or LD-TTP (5 mM)
and MTG (1 mM) or Nile Red (0.3 mM) for 30 min, respectively.
The fluorescence images were captured using a CLSM. Mito-
TTPE in the red channel: lex = 488 nm, lem = 600–710 nm; MTG:
lex = 488 nm, lem = 495–540 nm; Nile red: lex = 561 nm, lem =
600–670 nm; Mito-TTPE in the blue channel or LD-TTP:
lex = 405 nm, lem = 540–600 nm.

Evaluation of cell viability

For living cells: living HeLa cells were stained with Mito-TTPE
(5 mM) for 30 min. For early apoptotic cells: after being
pretreated with H2O2 (10 mM) for 1 h, living HeLa cells were
then incubated with Mito-TTPE (5 mM) for another 30 min. For
late apoptotic cells: after being pretreated with H2O2 (10 mM)
for 5 h, living HeLa cells were then incubated with Mito-TTPE
(5 mM) for another 40 min. For dead cells: living HeLa cells were
first treated with paraformaldehyde (4%) for 30 min, then
incubated with Mito-TTPE (5 mM) for a further 30 min. The
fluorescence images were captured using a CLSM in the blue
channel (lex = 405 nm, lem = 540–600 nm) for hydrolysate
LD-TTP and red channel (lex = 488 nm, lem = 600–710 nm) for
Mito-TTPE, respectively.

Intracellular ROS detection

HeLa cells were first treated with DCFH-DA (10 mM) for 1 h,
then incubated with Mito-TTPE (5 mM) for another 30 min. The
fluorescence images were captured using a CLSM in the green
channel (lex = 488 nm, lem = 500–550 nm) for DCFH-DA.

Cytotoxicity assay by calcein-AM/PI kit

A Calcein-AM/PI kit was used to analyze the cell viability and
morphology of HeLa cells. For H2O2-induced cells apoptosis:

after being treated with H2O2 (10 mM) for 4.5 h, HeLa cells were
incubated with Mito-TTPE (5 mM) for 30 min. Then calcein-AM
(0.67 mM)/PI (1.5 mM) was used to stain the HeLa cells for
another 30 min. For cell apoptosis induced by white light
irradiation: after being incubated with Mito-TTPE (5 mM) for
30 min, HeLa cells were treated with or without light irradiation
(50 mW cm�2) for 30 min. Then calcein-AM (0.67 mM)/PI
(1.5 mM) was used to stain the HeLa cells for another 30 min.
The fluorescence images were captured using a CLSM in the
green channel (lex = 488 nm, lem = 500–550 nm) for calcein-AM
and red channel (lex = 561 nm, lem = 630–700 nm) for PI.

Results and discussion
Synthesis and characterization of Mito-TTPE

Mito-TTPE was facilely synthesized by a substitution reaction
between LD-TTP and 4-(bromomethyl)phenyl acetate, as listed
in Scheme S1 in the ESI.† LD-TTP was synthesized according to
our reported literature,43 and was also the product in response
to human carboxylesterase 2 (CES2, which is majorly expressed
in the intestines for hydrolysis of esters, amides and thio-
esters). Mito-TTPE was prepared in good yield and fully char-
acterized by NMR spectroscopy and high-resolution mass spec-
trometry (HR-MS) (ESI†).

Photophysical properties

First, the AIE feature of Mito-TTPE was investigated in EtOH/
hexane mixtures with increasing hexane fractions ( fH). As
depicted in Fig. 1a, Mito-TTPE exhibited faint emission in
100% EtOH, while when fH was higher than 60%, the fluores-
cence intensity increased rapidly with a hypochromic shift from
712 nm to 646 nm. The strongest fluorescence intensity was
observed at a fH of 95% with aAIE(I/I0) about 28 (Fig. 1b),
suggesting typical AIE characteristics. Dynamic light scattering
(DLS) analysis further verified the nanoaggregate formation,
with an average hydrodynamic diameter of 186.9 nm (Fig. S2a,
ESI†). Moreover, the solid-state fluorescence emission was
peaked at about 714 nm (Fig. S2b, ESI†), displaying near-
infrared (NIR)-emissive AIE behaviour.

To verify whether Mito-TTPE was responsive to esterase as
designed, the optical properties of Mito-TTPE were measured in
the absence and presence of CES2, in PBS (pH 7.4) at room
temperature. Fig. 1c and d depict the fluorescence spectra of
Mito-TTPE reacting with CES2. In the absence of CES2, only a
maximum emission around 660 nm was observed (Fig. 1c).
With the extension of the reaction time, the emission reduced
gradually, accompanied by a significantly enhanced fluores-
cence emission with a peak around 550 nm (Fig. 1d), which was
in accordance with the fluorescence spectra of LD-TTP in PBS,43

indicating that Mito-TTPE could be hydrolyzed to LD-TTP by
active esterase. Notably, there was an about 140 nm emission
shift between the emission peak of Mito-TTPE and LD-TTP,
which was favorable for the use of Mito-TTPE in dual-imaging
in the red channel and blue channel. In addition, Mito-TTPE
was highly selective toward CES2 over other biological analytes
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(Fig. S3, ESI†), ensuring that the release of LD-TTP is specific
for CES2-triggered probe activation.

In order to confirm the response mechanism of Mito-TTPE
toward CES2 as proposed in Scheme 1, HR-MS analysis was
conducted as shown in Fig. S4 (ESI†). Upon reaction with CES2,
the mass peak of free Mito-TTPE at a peak of m/z = 579.2099
([Mito-TTPE]+, calcd: 579.2101) was no longer observed, while a
new peak of m/z = 430.6963 corresponding to the formation of
adduct ([Mito-TTPB-CES2]+) was trapped, in agreement with
LD-TTP ([LD-TTP]+, calcd: 430.1504). Thus, the results further
verified the design strategy illustrated in Scheme 1.

ROS generation ability of Mito-TTPE and LD-TTP

The efficiency of ROS generation of a photosensitizer (PS) upon
light irradiation plays an important role in PDT. Thus, we first
evaluated the total content of all kinds of ROS generation ability
of Mito-TTPE and LD-TTP by monitoring the enhanced fluores-
cence intensity of dichlorofluorescin (DCFH) at 525 nm. As
shown in Fig. 1e and Fig. S5 (ESI†), with increasing white light
irradiation time, the fluorescence intensity of DCFH rapidly
raised in the presence of Mito-TTPE and LD-TTP, reaching 167-
and 56-fold enhancement within 20 min, thereby suggesting a
high-efficiency ROS generation of Mito-TTPE and LD-TTP.
Meanwhile, the singlet oxygen (1O2) generation from
Mito-TTPE and LD-TTP was further evaluated by measuring the
absorption of the photodegradation rate of 9,10-anthracenediyl-
bis(methylene)dimalonic acid (ABDA). As expected, the absorption

intensity of ABDA at about 419 nm decreased gradually upon white
light irradiation in the presence of Mito-TTPE and LD-TTP, while
almost no obvious degradation was observed without PSs, indicat-
ing that Mito-TTPE and LD-TTP can generate ROS efficiently to
consume ABDA. Most importantly, Mito-TTPE was more powerful
for ROS production, even outperforming commercial photosensiti-
zer Rose Bengal (RB) (Fig. 1e and f). The results further demon-
strated the remarkable ROS generation ability of Mito-TTPE.

Organelle-targeting ability of Mito-TTPE

Based on the above design strategy, Mito-TTPE containing a
cationic moiety first tends to accumulate into mitochondria
due to the electrostatic interaction between the cationic moiety
and the mitochondrial negative membrane potential. Mean-
while, it can be hydrolyzed by intracellular carboxylesterases 2
(CES2) to compound LD-TTP, which has excellent lipid droplet
targeting ability.43 We speculated that both red fluorescence
from Mito-TTPE and blue fluorescence from the hydrolyzed
product LD-TTP could be observed in living cells.

To confirm this speculation, living HeLa cells were incu-
bated with Mito-TTPE and LD-TTP, respectively, and observed
in the dual-channel imaging mode (red and blue channels). As
expected, Mito-TTPE exhibited obvious fluorescence emissions
in both the red and blue channels (Fig. 2a–c), while only blue
fluorescent signals were detected in the LD-TTP-stained cells
(Fig. 2e–g). Moreover, in the red channel of Mito-TTPE, a clear
and typical mitochondrial filamentous structure was observed,
and in the both blue channel of Mito-TTPE and LD-TTP, the
spherical spot morphologies of LDs were observed (Fig. 2d
and e). These phenomena suggested that the red-emissive
Mito-TTPE could be hydrolyzed into LD-TTP with blue emission
in living cells.

To further verify the subcellular location of Mito-TTPE, co-
localization imaging experiments with commercial mitochon-
dria staining dye MTG and LD staining dye Nile Red were
performed, respectively. As expected, the red fluorescence
emission of Mito-TTPE overlapped well with that of MTG with
a high Pearson’s co-localization coefficient of 0.93 (Fig. 3a–d);
similarly, the blue fluorescence signal from Mito-TTPE showed

Fig. 1 (a) Fluorescence spectra of Mito-TTPE (5 mM) in EtOH/hexane mixtures
with increasing hexane fractions (fH) from 0% to 95%. lex = 488 nm. (b) Plot of
relative FL emission intensity (I/I0) versus fH. FL spectra of Mito-TTPE (2 mM) with
CES2 (2 mg mL�1) at different times with lex = 495 nm (c) and lex = 410 nm (d) at
25 1C. (e) Total ROS generation of Mito-TTPE (10 mM), LD-TTP (10 mM) and RB
(10 mM) upon white light irradiation (1.75 mW cm�2) using DCFH as an indicator.
(f) Singlet oxygen (1O2) generation of Mito-TTPE (10 mM), LD-TTP (10 mM) and
RB (10 mM) upon white light irradiation (1.75 mW cm�2) using ABDA (100 mM) as
an indicator.

Fig. 2 Fluorescence images of living HeLa cells stained with 5 mM Mito-
TTPE and 5 mM LD-TTP in the red channel: lex = 488 nm, lem =
600–710 nm (a and e), and blue channel: lex = 405 nm, lem = 540–
600 nm (b and f), respectively. (c and g) Merged image. (d and h) Bright-
field image. Scale bar: 20 mm.
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excellent overlap with that of Nile Red (Pearson’s colocalization
coefficient of 0.95) (Fig. 3e–h).

The results indicated that Mito-TTPE was a mitochondria-
targeting probe with red emission, while the hydrolysate
LD-TTP could specifically locate in LDs as per the previous
report.38,43

Then, the real-time and in situ imaging performance of
Mito-TTPE was investigated in living HeLa cells and A549 cells,
respectively. As shown in Fig. 4 and Fig. S6 (ESI†), Mito-TTPE
first stained mitochondria and emitted red fluorescence; about
20 minutes later, the lipid droplets in the blue channel are also
specifically lit in both living HeLa and A549 cells. It should be
noted that the fluorescence intensity in the red channel
reached the maximum at about 30 min in living HeLa cells
and 40 min in living A549 cells, respectively, and then both
decreased gradually. Meanwhile, the fluorescence in the blue

channel increased with increased time. The results demon-
strated that Mito-TTPE exclusively stained mitochondria owing
to the electrostatic interaction in living cells, and furthermore
was hydrolyzed to the lipophilic hydrolysate by intracellular
carboxylesterases, which could gradually accumulate in LDs.

Evaluation of cell viability using Mito-TTPE

Since esterase activity can reflect cell viability, we studied
whether Mito-TTPE can be used to assess cell viability. The
dual-channel imaging experiments were performed in living,
early apoptosis, late apoptosis and dead HeLa cells, respec-
tively. Because of the high activity of esterase in living cells, the
fluorescence emission signals in both the blue and red chan-
nels were clear in the Mito-TTPE-stained living cells (Fig. 5),
demonstrating that Mito-TTPE was partially hydrolyzed into
LD-TTP by active esterase. It is known that overexpression of
reactive oxygen species (ROS) such as H2O2 could lead to the
imbalance of the redox state in cells, eventually triggering cell
apoptosis,38,39 during which the esterase activity is reduced.
Then, HeLa cells were treated with H2O2 for 1 h and 5 h,
respectively, and early and late apoptotic cells could be clearly
and differentially visualized using Mito-TTPE. As revealed in
Fig. 5, the blue fluorescence signals in the late apoptotic cells
were weaker than those from the early apoptotic cells. In
particular, owing to the inactivated esterase activity in dead
cells, it is difficult to collect the blue fluorescence signals, but
strong red emission can be detected in the Mito-TTPE-stained
dead HeLa cells. The data indicated that Mito-TTPE can

Fig. 3 Fluorescence images of living HeLa cells co-stained with 5 mM
Mito-TTPE (a and e) and 1 mM MTG (b) or 0.3 mM Nile Red (f), respectively.
(c and g) Merged image. (d and h) Bright-field image. Mito-TTPE in the red
channel: lex = 488 nm, lem = 600–710 nm; Mito-TTPE in the blue
channel: lex = 405 nm, lem = 540–600 nm; MTG: lex = 488 nm,
lem = 495–540 nm; Nile Red: lex = 561 nm, lem = 600–670 nm. Scale
bar: 20 mm.

Fig. 4 (a) Time-dependent fluorescence images of living HeLa cells
stained with 5 mM Mito-TTPE. Red channel: lex = 488 nm, lem = 600–
710 nm; blue channel: lex = 405 nm, lem = 540–600 nm. Scale bar: 20 mm.
(b) FL intensity changes in the red and blue channel in living HeLa cells
incubated with Mito-TTPE at different time points (�S.D., n = 3).

Fig. 5 (a) Fluorescence images of living, early apoptotic, late apoptotic
and dead HeLa cells stained with 5 mM Mito-TTPE. Red channel:
lex = 488 nm, lem = 600–710 nm; blue channel: lex = 405 nm,
lem = 540–600 nm. Scale bar: 20 mm. (b) Normalized fluorescence
intensity obtained from a (�S.D., n = 3).
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effectively evaluate different cell viabilities with different
fluorescence intensity changes of the dual-channel in living,
early apoptosis, late apoptosis and dead cells. Furthermore, the
results were in agreement with the evaluation of cell viability
using an EdU assay (Fig. S7, ESI†).

Intracellular ROS detection and PDT ablation of cancer cells

With the explicit indications of dual-organelle imaging and
excellent ROS generation ability in vitro confirmed, Mito-TTPE
was studied for its ROS generation ability inside cells using
20,70-dichlorodi-hydrofluorescein diacetate (DCFH-DA, a non-
emissive dye that can be de-esterified intracellularly and turn to
highly emissive DCFH upon ROS oxidation) as the ROS fluores-
cence indicator. After incubating with Mito-TTPE for 30 min,
living HeLa cells were treated with DCFH-DA for monitoring the
intracellular ROS, which could be generated by both Mito-TTPE
in the mitochondria and LD-TTP within LDs. As depicted in
Fig. S8 (ESI†), control cells without Mito-TTPE displayed negligible
emission; in contrast, an obvious fluorescence enhancement was
observed along with increasing irradiation time in the presence of
DCFH-DA (Fig. 6), suggesting effective ROS generation from
Mito-TTPE in living cells upon light irradiation.

The efficient ROS generation by Mito-TTPE prompted us to
investigate the PDT ablation of cancer cells via live/dead cell
staining assay. Herein, after incubated with Mito-TTPE for
30 min, living HeLa cells were then treated with calcein-AM
(green fluorescence for living cells)/PI (red fluorescence for
dead cells) for a further 15 min. As shown in Fig. 7a, before
light irradiation, the control cells exhibited a green calcein-AM
signal, indicating the good biocompatibility of both Mito-TTPE
and LD-TTP in the dark. However, after light irradiation for 30
min, bright red emission of PI was observed and almost no
fluorescence was detected in the green channel, demonstrating
the efficient PDT ablation of cancer cells, which has been
confirmed by MTT assay (Fig. 7b). The results indicated that
Mito-TTPE was an effective photosensitizer in PDT.

In addition, the cell viability of Mito-TTPE and LD-TTP was
further confirmed in HeLa cells through the MTT assay. In dark
conditions, both Mito-TTPE and LD-TTP exhibited relatively
low cytotoxicity (Fig. S9, ESI†), implying their good biocompat-
ibility. In contrast, upon white light irradiation, an obvious
dose-dependent cytotoxicity was observed, after 30 min irradia-
tion, only 20% and 30% of cell viability remained in the
presence of 10 mM of Mito-TTPE and LD-TTP, respectively.
These results indicated that both Mito-TTPE and LD-TTP were
powerful for PDT of cancer cells, and Mito-TTPE exhibited more
effective therapeutic output than LD-TTP, which was in agree-
ment with the ROS generation ability in Fig. 1e and f.

Conclusion

In summary, we have constructed a versatile AIEgen,
Mito-TTPE, bearing a lipophilic triphenylamine segment, and
pyridinium cationic and esterase hydrolysis groups. Due to the
hydrolysis of esterase in living cells, Mito-TTPE was able to
selectively stain mitochondria and lipid droplets with NIR and
blue fluorescence, respectively. Since the apoptosis process was
usually accompanied by a decrease in esterase activity, living,
apoptotic and dead cells could be visually distinguished using
Mito-TTPE by monitoring the distinct two-color emission and
dual-organelle targeting changes, suggesting its excellent cell
viability evaluation ability. Noteworthily, Mito-TTPE also exhib-
ited prominent ROS generation ability upon white light irradia-
tion, which has been successfully used for efficient PDT of
cancer cells. Therefore, Mito-TTPE shows great potential for
both real-time monitoring of cell apoptosis and photodynamic
ablation of cancer cells.
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Fig. 6 (a) Intracellular ROS level using DCFH-DA as an indicator in living
HeLa cells stained with 5 mM Mito-TTPE under white light irradiation
(50 mW cm�2) for different times. DCFH-DA: lex = 488 nm, lem = 500–
550 nm. Scale bar: 20 mm. (b) Normalized fluorescence intensity obtained
from a (�S.D., n = 3).

Fig. 7 (a) Fluorescence imaging of PDT of HeLa cells. Fluorescence
imaging of HeLa cells stained with calcein-AM/PI after incubation with
5 mM Mito-TTPE, upon white light irradiation (50 mW cm�2, 30 min). Green
channel (lex = 488 nm, lem = 500–550 nm) for calcein-AM; red channel
(lex = 561 nm, lem = 630–700 nm) for PI. Scale bar: 20 mm. (b) Viability of
HeLa cells incubated with Mito-TTPE in the dark and under white light
irradiation (50 mW cm�2) for 30 min.
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