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In this paper, a novel biocompatible and long-life lyso-
some labeling and tracking method based on dye en-
trapped silica nanoparticles (DSiNPs) has been put
forward. Through colocalization studies using LysoTracker
Green as the standard lysosome marker, it has been
demonstrated that DSiNPs selectively accumulated in
lysosomes of Hela cells and the photostability of DSiNPs
associated with lysosomes was detectable, at least, 30
times as long as that of LysoTracker Green involved in
lysosomes. By comparison with LysoTracker Green and
Alexa 488-dextran, the fluorescence of DSiNPs could be
detected over a 5-day postrecultivation period and the
staining pattern in lysosomes could be well retained after
cell fixation and permeabilization. In addition, results
from MTT assays showed that DSiNPs did not affect the
viability of Hela cells at the concentration for lysosome
labeling. Primary applications of DSiNPs were then
further performed in lysosome tracking in chloroquine-
treated Hela cells, and lysosome labeling of differnet cell
lines, including MCF-7 cells, MEAR cells, and MSC cells.
These results indicated that DSiNPs, therefore, can be
used as a biocompatible, long-life, and highly photostable
lysosome marker for lysosome-related studies.

As one of the vital organelles, lysosomes participate in
multiplicate life activities including intracellular transportation,
metabolism, cell membrane recycling, and even apoptosis.1-7

Lysosomes are single membrane-bound vesicles containing diges-
tive enzymes, and their chief function is the digestion or clearance
of exogenetic and endogenetic things.7,8 The abnormality of

lysosomal functions could result in diverse deseases, such as
inflammation, tumor, silicosis, and various lysosomal storage
diseases.9,10 Recently, interest in lysosomes has increased, espe-
cially studies related to the innovative design and engineering of
new gene and drug carriers for the organelle-targeted delivery.11-16

Since lysosomes are either the targeted organelles or the physi-
ological barriers in organelle-targeted delivery process, visualiza-
tion of the ability to locate in or escape from lysosomes is very
important to evaluate drug and gene delivery systems and will
provide a significant direction to improve therapy efficacy.17-21

For these lysosome-related studies, perfect labeling and long-term
tracking of lysosomes are always needed to be achieved.

Up to now, a variety of markers have been used for lysosome
labeling and tracking studies. Weakly basic amines, such as
DAMP, neutral red, acridine orange, and LysoTracker probes, can
selectively accumulate in cellular compartments with low internal
pH and are frequently used to label lysosomes.22 However, DAMP
is not fluorescent,23 and neutral red and acridine orange lack
staining specificity.24 LysoTracker probes are popular fluorescent
acidotropic probes developed by Molecular Probes, Inc. (USA),
for lysosome labeling, which have several important features
including high selectivity and effective labeling of living cells at
nanomolar concentrations. But the longer incubation of LysoTrack-
er probes with cells can induce an increase in lysosomal pH, which
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may lead to potential physiological changes of lysosomes.25 Apart
from the above-mentioned small-molecule markers, some big
biomolecules, including dextran and bovine serum albumin (BSA)
labeled with a fluorophore, are also often used for endosome/
lysosome labeling. The severe shortcomings like low-photostability
and short-circulating life in living cells make them incapable of
continuous observation and long-term imaging for living cell
studies.2,3,26 Along with the emerging and developing of nano-
biotechnology, attempts have been made to label intracellular
organelles using nanomaterials.11,26 Hanaki et al. has examined
albumin from 10 species in their efficacy as the adjuvant to
disperse CdSe/ZnS-core/shell quantum dots (QDs) in biological
buffers and found that quantum dots/sheep serum albumin (QDs/
SSA) complex could be used as a long-life and highly photostable
endosome/lysosome marker.26 However, the potential cell toxicity
of QDs could not be ignored,26,27 and the indispensability of sheep
serum albumin for aiding QDs to be suspended stably in solution
and taken up into cells made the application of this lysosome
marker complex and inefficient. It is the limitation of the existing
lysosome markers that has motivated us to search for novel
lysosome labeling and tracking methods with high selectivity,
photostability, long-circulating life, and biocompatibility.

With extraordinary properties including simple synthesis,
relatively low cost, high hydrophilicity, and strong fluorescence,
dye entrapped silica nanoparticles (DSiNPs) have been widely
applied in biomedical imaging and detection fields,28-39 such as
biomarkers for tumor cells and bacteria recognition,28–31 biosen-
sors for DNA, intracellular pH, human prostate-specific antigen
and tumor necrosis factor,32–35 and so on. However, applications
have seldom been reported for labeling and tracking of intracel-
lular organelles using DSiNPs as the markers. Here, by utilizing
the property that DSiNPs can be transported into living cells
through endocytosis,40 DSiNPs have been developed to be a novel
biocompatible and long-life lysosome marker. The staining pattern
of DSiNPs in lysosomes after cell fixation and permeabilization
was investigated by comparison with both the big molecule

dextran and small molecule LysoTracker. And, the photostability
of DSiNPs associated with lysosomes also has been compared
with LysoTracker Green. Moreover, primary applications for
lysosome tracking in chloroquine-treated Hela cells and lysosome
labeling in different cell lines have also been performed.

EXPERIMENTAL SECTION
Chemicals and Materials. 5-Carboxytetramethylrhodamine,

succinimidyl ester (5-TAMRA, SE), was obtained from GuangZhou
ChangRui Biotech. Co., Ltd. (China). Tris(2,2′-bipyridyl)dichlo-
roruthenium(II) hexahydrate (RuBpy) was purchased from Sigma.
LysoTracker Green and Alexa Fluor 488-labeled dextran (Alexa
488-dextran, 10K MW, fixable) were obtained from Molecular
Probes, Inc. (USA). 3-Aminopropyl triethyloxylsilane (APTES) was
obtained from the Institute of Organic Silicon Materials (Wuhan,
China). Chloroquine (CQ) was purchased from Fluka (Buchs,
Switzerland). Cell medium RPMI 1640 and DMEM were obtained
from Clontech (Mountain View, CA) and Cyagen Biosciences Inc.,
respectively. Other chemicals, if not specified here, were all
commercially available and used as received.

Cells. Hela cells (human epitheloid cervix carcinoma cell line),
MCF-7 cells (human breast adenocarcinoma cell line), and MEAR
cells (BNL 1ME A.7R.1 mouse liver hepatoma cell line) were
provided by the Cell Center of our lab and cultured in RPMI 1640
medium supplemented with 15% fetal calf serum, 100 µg/mL
streptomycin, and 100 IU/mL penicillin. MSC cells (Spraqgue-
Dawley rat mesenchymal stem cell line) were purchased from
Cyagen Biosciences Inc. and cultured in DMEM supplemented
with 10% fetal bovine serum, 100 IU/mL penicillin-streptomycin,
and 2 mM glutamine. Cells were all incubated at 37 °C in a
humidified incubator containing 5% CO2.

Preparation of TAMRA-DSiNPs. TAMRA dye was prepared
in aqueous solution and, then, mixed with an equimolar quantity
of APTES for reacting overnight at room temperature. The
monomer precursor product (TAMRA-APTES) was directly used
to prepare TAMRA-DSiNPs by the reverse microemulsion
method.36 Briefly, the NPs were synthesized by adding 1.8 mL of
Triton X-100, 7.5 mL of cyclohexane, and 1.6 mL of n-hexanol to
a glass vial with continuous magnetic stirring. Next, 400 µL of
H2O and 100 µL of 0.1 M TAMRA-APTES solution were added.
Followed by the addition of 200 µL of tetraethyl orthosilicate
(TEOS), 100 µL of NH4OH was added to initiate the silica
polymerization. The reaction proceeded over a period of 24 h
at room temperature. Nanoparticles were then isolated from
the microemulsion and washed with ethanol and water for
several times to discard the unreacted materials. The TAMRA-
DSiNPs obtained were stored in deionized water in the dark
at 4 °C. RuBpy-DSiNPs were synthesized by the same process
with TAMRA-APTES solution replaced with RuBpy dye solution.

Characterization of TAMRA-DSiNPs. TAMRA-DSiNPs were
suspended in double-distilled water and ultrasonicated for a few
minutes. Then the TAMRA-DSiNPs suspension was added drop-
wise onto the carbon-coated copper grid and dried at room
temperature. The morphology of TAMRA-DSiNPs was character-
ized by a JEM-1230 transmission electron microscope. Addition-
ally, the � potential of TAMRA-DSiNPs was determined in double-
distilled water by measuring the electrophoretic mobility using a
Malvern Zetasizer 3000 HS (Malvern, Worcestershire, England).
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Feasibility Investigation of TAMRA-DSiNPs as the Lyso-
some Marker. Hela cells were seeded in cell culture dishes at a
density of 4 × 104 cells/dish in RPMI 1640 medium with 15%
fetal calf serum and allowed to grow for 2 days. Subsequently,
cells were incubated with 80 µg/mL TAMRA-DSiNPs in serum-
free RPMI 1640 medium, with the incubation time increased
from 1 to 6 h. After rinsed with PBS, cells were incubated with
500 nM LysoTracker Green for 5 min and then observed by a
laser scanning confocal microscope to investigate the interac-
tion of TAMRA-DSiNPs and cells. Then, Hela cells that were
incubated with 80 µg/mL TAMRA-DSiNPs for 3 h were
selected to be cultured in fresh nanoparticles-free serum
medium with the postincubation time increased from 3 to 9 h.
Lastly, cells were rinsed with PBS and labeled with 500 nM
LysoTracker Green for 5 min before the laser scanning confocal
microscopy imaging. (TAMRA-DSiNPs channel: EX 543 nm,
EM 560 nm long-pass. LysoTracker Green channel: EX 488
nm, EM 505-525 nm bandpass. Gray channel: optical images.
Yellow: colocalization of red and green fluorescence.)

Cell Fixation and Permeabilization after Lysosome Label-
ing. Hela cells were incubated with 80 µg/mL TAMRA-DSiNPs
or Alexa 488-dextran for 3 h and, then, received a 6-h postincu-
bation in fresh nanoparticle-free serum medium. Lysosome label-
ing of cells with LysoTracker Green was done by the same method
as mentioned previously. After stained with TAMRA-DSiNPs,
Alexa 488-dextran, and LysoTracker Green, respectively, Hela cells
were washed with the prewarmed growth medium and then fixed
by 4% paraformaldehyde for 15 min at 37 °C. Cell permeabilization
was performed by incubating the fixed cells in PBS containing
0.2% Triton X-100 at room temperature for 5 min. (TAMRA-DSiNPs
channel: EX 543 nm, EM 560 nm long-pass. Alexa 488-dextran
and LysoTracker Green channel: EX 488 nm, EM 505-525 nm
bandpass. Gray channel: optical images.)

Photostability Test. After incubation with 80 µg/mL TAMRA-
DSiNPs for 3 h, Hela cells received a 6-h postincubation in fresh
nanoparticle-free serum medium and, then, were labeled by 500
nM LysoTracker Green for 5 min before the photostability test.
Subsequently, the photostabilities of TAMRA-DSiNPs and Lyso-
Tracker Green in lysosomes of the same living cells were
compared under a simultaneous continuous excitation by both a
488-nm Ar-ion laser and a 543-nm He-Ne laser. Fluorescent
images were acquired every few seconds. (TAMRA-DSiNPs
channel: EX 543 nm, EM 560 nm long-pass. Alexa 488-dextran
channel: EX 488 nm, EM 505-525 nm bandpass.)

Long-Term Lysosome Tracking Studies. The ability of
TAMRA-DSiNPs for long-term lysosome tracking in living cells
was investigated and compared with Alexa 488-dextran, which is
known to stay in the endosome/lysosome longer than other
lysosome markers.3 Hela cells were first incubated with 80 µg/
mL TAMRA-DSiNPs or Alexa 488-dextran for 3 h at 37 °C. After
being rinsed with PBS, cells were postincubated for 3 h in fresh
nanoparticle-free serum medium. Subsequently, Hela cells, labeled
with TAMRA-DSiNPs or Alexa 488-dextran, were further reculti-
vated on cell culture dishes and harvested at intervals. The
fluorescence of the stained cells was then detected by a FACScan
cytometer (BD Biosciences, Mountain View, CA) armed with a
488-nm laser as the excitation source. Hela cells without labeling
were used as the negative control samples.

Cell Toxicity Analysis. The viability of TAMRA-DSiNPs labeled
Hela cells was determined by MTT assays.41 Hela cells were seeded
in 24-well plates at a density of 3 × 104 cells/well in RPMI 1640
medium with 15% fetal calf serum and allowed to grow for 2 days.
After incubation with 200 µg/mL TAMRA-DSiNPs for 3 h, cells
were further cultured in fresh nanoparticle-free serum medium
and MTT assays were then performed at intervals. Briefly, 1 mL
of MTT (0.5 mg/mL in PBS) was added to each well and
incubated with the cells at 37 °C for 4 h. After the medium was
removed gently, 600 µL of dimethyl sulfoxide was added and the
mixture was incubated for 15 min to dissolve all the crystals. The
optical density of each well was measured at 570 nm using a
microplate reader (Bio-Rad ELISA reader, Hercules, CA). The
percent viable vs unstained control cells was calculated through
dividing the viability of the stained cells by that of the unstained
cells.

Lysosome Tracking in Chloroquine-Treated Hela Cells.
Hela cells were first labeled with TAMRA-DSiNPs, Alexa 488-
dextran, and LysoTracker Green, respectively. The detailed
labeling processes were listed as follows. Cells were labeled with
80 µg/mL TAMRA-DSiNPs for 3 h followed by a 14-h postincu-
bation in fresh nanoparticle-free serum medium. The cell labeling
with Alexa 488-dextran was performed by incubating the cells with
80 µg/mL Alexa 488-dextran for 14 h. And, the lysosome labeling
of cells with LysoTracker Green was done by the same method
as described previously. After stained, Hela cells were preincu-
bated with 300 µM chloroquine for 5 h and, then, postincubated
in fresh serum medium. Cells were observed by a laser scanning
confocal microscope at intervals. (TAMRA-DSiNPs channel: EX
543 nm, EM 560 nm long-pass. Alexa 488-dextran and LysoTracker
Green channel: EX 488 nm, EM 505-525 nm bandpass. Gray
channel: optical images.)

Application of the TAMRA-DSiNPs Based Lysosome
Marker for Different Cell Lines. Lysosome labeling of MCF-7
cells and MEAR cells was performed by a 6-h postincubation in
fresh nanoparticle-free serum medium after cells were incubated
with 80 µg/mL TAMRA-DSiNPs for 3 h. MSC cells were stained
through the following process. MSC cells were seeded in cell
culture dishes at a density of 4 × 104 cells/dish in DMEM with
10% fetal bovine serum and allowed to grow for 2 days.
Lysosome labeling with TAMRA-DSiNPs was initiated by
exchanging the culture medium with TAMRA-DSiNPs contain-
ing serum-free DMEM at a final nanoparticles concentration
of 80 µg/mL. After 2 h, the TAMRA-DSiNPs suspension was
removed from the dishes and fresh DMEM with 10% fetal
bovine serum was added for another 3-h cell culture. Then,
cells were rinsed with PBS and incubated with 500 nM
LysoTracker Green for 10 min before laser scanning confocal
microscopy imaging. (TAMRA-DSiNPs channel: EX 543 nm,
EM 560 nm long-pass. LysoTracker Green channel: EX 488
nm, EM 505-525 nm bandpass. Gray channel: optical images.
Yellow: colocalization of red and green fluorescence.)

RESULTS AND DISCUSSION
Characterization of TAMRA-DSiNPs. TAMRA-DSiNPs were

characterized by TEM and a Malvern Zetasizer. As shown in
Figure 1A, TAMRA-DSiNPs were quite uniform in size, having
diameters of 44 ± 5 nm, and the particles were spheric and
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nonaggregative. This property was conducive to the easy uptake
of TAMRA-DSiNPs by living cells. The � potential of TAMRA-
DSiNPs has also been determined using a Malvern Zetasizer. In
Figure 1B, the result showed that TAMRA-DSiNPs possessed a
surface charge of -44.6 ± 9.31 mV at netural pH, which
contributed to the stability of TAMRA-DSiNPs in solution.

Feasibility Investigation of TAMRA-DSiNPs as the Lyso-
some Marker. The interaction of TAMRA-DSiNPs with Hela cells
has been investigated by colocalization study using LysoTracker
Green and a laser scanning confocal microscope. As shown in
Figure 2A, with the incubation time prolonged, TAMRA-DSiNPs
were gradually transported into cells. Simultaneously, the ob-
served yellow colocalization areas of the red fluorescence from
TAMRA-DSiNPs and the green fluorescence from LysoTracker
Green also exhibited an increasing trend, which indicated a
gradual accumulation of TAMRA-DSiNPs into the lysosomes of
Hela cells. This phenomenon has been further clarified by the

quantified colocalization efficiency, as shown in Figure 2C. With
the incubation time increased from 1 to 3 h, the analysis of
colocalization presented an increase of Pearson’s coefficient from
0.269 ± 0.048 to 0.523 ± 0.044. When Hela cells were incubated
with TAMRA-DSiNPs at 37 °C for 6 h, a Pearson’s coefficient of
0.717 ± 0.023 was detected, which showed a quite high colocal-
ization efficiency and the location in lysosomes for most TAMRA-
DSiNPs. It is obviously revealed that TAMRA-DSiNPs could be
potentially developed to be a novel lysosome marker.

In order to further demonstrate the feasibility of TAMRA-
DSiNPs to be used as a specific lysosome marker, Hela cells that
were incubated with 80 µg/mL TAMRA-DSiNPs for 3 h and
considered to take up sufficient nanoparticles have been selected
to be postincubated in fresh nanoparticle-free serum medium. As
shown in Figure 2B, with the postincubation time increased from
3 to 6 h, the yellow spots were observed to be increased and the
red fluorescece gradually disappeared. The further quantification

Figure 1. Characterization of TAMRA-DSiNPs. (A) Transmission electron micrograph of the prepared TAMRA-DSiNPs at 300 000× magnification.
Scale bar, 100 nm. (B) � potential plot of TAMRA-DSiNPs measured by a Malvern Zetasizer 3000 HS (Malvern, Worcestershire, England).

Figure 2. Feasibility investigation of TAMRA-DSiNPs as the lysosome marker. (A) Laser sanning confocal microscopy images of Hela cells
that were incubated with 80 µg/mL TAMRA-DSiNPs for 1, 3, and 6 h, respectively. (B) Laser sanning confocal microscopy images of Hela cells
that were incubated with 80 µg/mL TAMRA-DSiNPs for 3 h and then postincubated in fresh nanoparticle-free serum medium for 3, 6, and 9 h,
respectively. Lysosome labeling was done with LysoTracker Green (500 nM) just 5 min before cell imaging. (C) Analysis of fluorescence
colocalization. Pearson’s coefficient ( standard deviation (n ) 6) for the colocalization of TAMRA-DSiNPs with LysoTracker Green fluorescence
was obtained with ImageJ.
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of colocalization efficiency has revealed that there was a time-
dependent enhancement of Pearson’s coefficient from 0.682 ±
0.035 in 3 h to 0.736 ± 0.037 in 6 h (Figure 2C). However, the
colocalization efficiency did not continue to increase by furtherly
prolonging the postincubation time to 9 h. Therefore, it was
considered that the postincubation time of 6 h was sufficient to
achieve the perfect staining pattern of lysosomes. It is obvious
that TAMRA-DSiNPs could be used as a high specific lysosome
marker for living cells.

The same conclusion has been demonstrated in the lysosome
labeling experiments using RuBpy-DSiNPs as the marker with
the Pearson’s Coefficient of 0.854 ± 0.025 (Figure S1 of the
Supporting Information). It seems that the lysosome labeling
ability of DSiNPs will not be influenced by the type of dye doped
in the nanoparticles, which promises a variety of available DSiNPs
with different fluorescent colors for future multicolor labeling
applications.

Cell Fixation and Permeabilization after Lysosome Label-
ing. After staining, living cells are usually required to be fixed
and permeabilized so that it is possible to probe other intracellular
structures by immunocytochemistry and store the slides for a long
time. Upon that, the retention ability of TAMRA-DSiNPs in
lysosomes following cell fixation and permeabilization was inves-
tigated by comparison with the other two conventionally used
lysosome markers. As shown in Figure 3, lysosomes in living Hela
cells were first stained with TAMRA-DSiNPs, Alexa 488-dextran,
and LysoTracker Green, respectively, and all displayed bright and
clear fluorescence. After fixation by 4% paraformaldehyde, the
green fluorescence of the cells labeled with LysoTracker Green
completely disappeared. Although the staining of Alexa 488-
dextran was still observed after cell fixation, the green fluores-
cence became faint and unclear, and the labeling signals could
not be detected at all after the fixed cells were furtherly

permeabilized by 0.2% Triton X-100. On the contrary, the lysosome
labeling pattern of TAMRA-DSiNPs was nearly similar to the one
before fixation and permeabilization (Figure 3B and C). It is
obvious that TAMRA-DSiNPs are adoptable for lysosome-related
studies both in living cells, fixed cells, and permeabilized cells,
which indicates its potential application in widespread biomedical
areas.

Photostability of TAMRA-DSiNPs as the Lysosome Marker.
To test the photostability of TAMRA-DSiNPs as the lysosome
marker, Hela cells were labeled with TAMRA-DSiNPs and
LysoTracker Green simultaneously. The same group of cells was
excited for 10 min by the successive intense irradiation, and the
fluorescent images were acquired every few seconds, with the
corresponding intensity curves recorded. As displayed in Figure
4A, the fluorescence of LysoTracker Green was bleached very
quickly during 60 s, and the green signals were faint. In contrast,
the fluorescence intensity of TAMRA-DSiNPs decreased very
slowly, and the red signals were still clearly distinguishable to
our naked eyes even after 10 min of continuous intensive
irradiation (Figure 4B). Additionally, as shown in Figure 4C, a
small amount of photobleaching was detected for TAMRA-DSiNPs
in lysosomes of living cells after a 10-min irradiation, the emission
intensity of which decreased to about 60% of that upon initial
excitation. However, a significant decrease of the fluorescence
intensity was observed for LysoTracker Green involved in lyso-
somes just after a 5-min irradiation, the emission intensity of which
dropped to about 5% of that upon initial excitation. It is clearly
demonstrated that the photostability of TAMRA-DSiNPs as the
lysosome maker is much better than LysoTracker Green, indicat-
ing a promising application in lysosome-related real-time living
cell imaging.

Long-Term Lysosome Tracking Studies. The ability to stay
in living cells for a long time is important for lysosome markers
to be applied in long-term lysosome tracking studies. In order to
exhibit TAMRA-DSiNPs as a long-life lysosome marker, Alexa 488-
dextran, which is known to stay in the endosome/lysosome longer
than other lysosome markers,3 was selected to be compared with
TAMRA-DSiNPs by flow cytometry assays. As displayed in Figure
5A and B, with the postrecultivation time increased, the fluores-
cence intensity of Alexa 488-dextran labeled cells dropped quickly,
and about 86.2% Hela cells moved into the negative region after
the 48-h postrecultivation. Meanwhile, there was a different case
for Hela cells stained by TAMRA-DSiNPs, which not only have
the higher initial fluorescence intensity than Alexa 488-dextran
labeled cells but also displayed a slower intensity decrease. Even
after 4-day postrecultivation, about 40% Hela cells were still
detected in the positive region. In addition, Hela cells were further
recultivated on glass-bottomed dishes after incubation with
TAMRA-DSiNPs for 3 h and observed at intervals with a laser
scanning confocal microscope. As shown in Figure 5C, after even
5 days, about half of the cells still had several vesicles containing
TAMRA-DSiNPs granules. In order to investigate whether these
red fluorescence spots still indicated the lysosomes, colocalization
studies have been performed using LysoTracker Green (Figure
S2 of the Supporting Information). The results revealed that even
after 5-day postincubation, the images obtained were still lyso-
some-specific. It is obvious that as a long-life lysosome marker,
TAMRA-DSiNPs are especially useful for convenient long-term

Figure 3. Laser sanning confocal microscopy images of Hela cells
that were labeled with TAMRA-DSiNPs, Alexa 488-dextran, and
LysoTracker Green, respectively. Merged images were taken (A) after
cell staining, (B) after cell staining and fixation by 4% paraformalde-
hyde, and (C) after cell staining, fixation, and permeabilization with
0.2% Triton X-100.
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lysosome tracking applications. The same study was performed
using LysoTracker Green, luminescence of which could not be
detected just after 2-h postrecultivation (Figure S3 of the Sup-
porting Information).

We also checked the cell toxicity of TAMRA-DSiNPs as the
lysosome marker by MTT assays. The results showed that,
although displaying a slight decrease after Hela cells were
incubated with 0.2 mg/mL TAMRA-DSiNPs for 3 h, the percent

viable stained cells gradually increased as the postincubation time
was prolonged. When the stained cells were postincubated for 4
days, the cell viability completely recovered (Figure S4 of the
Supporting Information). Because the used concentration of
TAMRA-DSiNPs in lysosome labeling studies was just 80 µg/mL,
which was much lower than that in the cell toxicity study, it is
easy to conclude that TAMRA-DSiNPs is a kind of biocompatible
lysosome marker.

Figure 4. Photostability comparison of LysoTracker Green and TAMRA-DSiNPs as lysosome markers. Laser sanning confocal microscopy
images of Hela cells that were labeled with both (A) LysoTracker Green and (B) TAMRA-DSiNPs were taken at (a) 0 s, (b) 16 s, (c) 1 min, (d)
5 min, and (e) 10 min upon continually intense excitation. (C) Corresponding fluorescence intensity curves of A and B.

Figure 5. Long-term lysosome tracking studies in Hela cells. (A) Hela cells were first labeled with TAMRA-DSiNPs or Alexa 488-dextran and,
then, harvested to be detected by a flow cytometer after (a) 0-h, (b) 14-h, (c) 1-day, (d) 2-day, (e) 3-day, and (f) 4-day postrecultivation, respectively.
Curves g were the Hela cells without labeling. (B) Normalized background-subtracted fluorescence intensity histogram of part A. (C) Laser
scanning confocal microscopy images of Hela cells labeled with TAMRA-DSiNPs after (a) 0-h, (b) 1-day, (c) 2-day, and (d) 5-day postincubation,
respectively.
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Lysosome Tracking in Chloroquine-Treated Hela cells
with TAMRA-DSiNPs. Intracellular delivery of various drugs,
including DNA and drug carriers can sharply increase the
efficiency of various treatment protocols.14 However, a number
of barriers exist, which will block the drugs to be delivered into
the target organelles. One of the barriers is the degradation in
lysosomes following their internalization by endocytosis.15 To
overcome this difficulty, cells are often treated with the antimalaria
drug chloroquine,42 which is a cell-permeable base and can
neutralize the acidic environment in lysosomes, thus leading to
the reduction of endolysosomal hydrolytic degradation and
destabilization of the complex between carrier and cargo. In this

study, the effect of chloroquine treatment on the staining pattern
of TAMRA-DSiNPs in lysosomes has been investigated by
comparison with both non-pH sensitive Alexa 488-dextran (10K
MW) and pH sensitive LysoTracker Green. As displayed in Figure
6, due to the neutralization of the acidic environment in lysosomes,
the green fluorescence from LysoTracker Green completely
disappeared after cells were treated with chloroquine. And the
green spots of Alexa 488-dextran in lysosomes were observed to
decrease markedly. Especially when the postincubation time was
increased to 24 h, there were only several bright green spots
detected. It was considered that chloroquine treatment might
promote lysosome membrane destabilization and thus provide
cytoplasmic escape chances for Alexa 488-dextran molecules.
However, TAMRA-DSiNPs, which are not pH sensitive and also
bigger than Alexa 488-dextran, resultingly exhibited a much better
labeling pattern by the same treatment. Additionally, a further
investigation for lysosome tracking in chloroquine-treated cells
has been performed by using TAMRA-DSiNPs and LysoTracker
Green as the lysosome markers simultaneously (Figure S5 of the
Supporting Information). The results showed that after 23-h
postincubation, thecolocalizationofTAMRA-DSiNPsandLysoTrack-
er Green in lysosomes were nearly like before chloroquine
treatment, which revealed that TAMRA-DSiNPs might still be
lysosome-specific during the whole chloroquine treatment and
subsequent postincubation process. This notable advantage makes
TAMRA-DSiNPs especially adaptive for lysosome tracking ap-
plications in chloroquine-treated cells, such as studies on the
escape efficacy of drugs and drug carriers from lysosomes after
chloroquine treatment.

APPLICATION OF THE TAMRA-DSINPS BASED
LYSOSOME MARKER FOR DIFFERENT CELL
LINES

In this study, the Hela cell line was chosen as the
representative cell line to investigate the properties of TAMRA-
DSiNPs as the lysosome marker. It has been demonstrated that
TAMRA-DSiNPs is a kind of specific, photostable, long-life, and
biocompatible lysosome marker for Hela cells. On account of

(42) Walther, C.; Meyer, K.; Rennert, R.; Neundorf, I. Bioconjugate Chem. 2008,
19, 2346–2356.

Figure 6. Labeling retention investigation of lysosome markers in chloroquine-treated Hela cells. Hela cells were first labeled with TAMRA-
DSiNPs, Alexa 488-dextran, and LysoTracker Green, respectively. Laser sanning confocal microscopy images were acquired (a) before chloroquine
treatment, and after treatment with 300 µM chloroquine followed by (b) 0-h, (c) 6-h, and (d) 24-h postincubation in fresh serum medium, respectively.

Figure 7. Laser sanning confocal microscopy images of (A) MCF-
7, (B) MEAR, and (C) MSC cells, all of which were labeled with both
TAMRA-DSiNPs and LysoTracker Green.
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the diversity of cell lines and their uptake capacity, it is
necessary to test the ability of TAMRA-DSiNPs to label
lysosomes in different cell lines. Upon that, lysosome labeling
studies were performed with TAMRA-DSiNPs in the MCF-7
(human breast adenocarcinoma cell line) and MEAR cell lines
(BNL 1ME A.7R.1 mouse liver hepatoma cell line). As shown
in Figure 7A and B, perfect staining patterns of lysosomes have
been achieved in both MCF-7 (Pearson’s coefficient ) 0. 818
± 0.022) and MEAR cells (Pearson’s coefficient ) 0.787 ± 0.045).
In addition, another type of cell line, the stem cell line, has
also been paid attention to, due to its potential applications in
tissue engineering for the repair and replacement of damaged
tissues and organs. MSC cells (Spraqgue-Dawley rat mesen-
chymal stem cell line) were representatively selected to be
incubated with TAMRA-DSiNPs, and the results showed that
TAMRA-DSiNPs were largely taken up by MSC cells and mostly
colocalized with LysoTracker Green (Pearson’s coefficient )
0.714 ± 0.033), as displayed in Figure 7C. It is indicated that
TAMRA-DSiNPs possesses a perfect applicability in different
cell lines as the lysosome marker.

CONCLUSION
Here, a novel lysosome labeling and tracking method with high

specificity, high photostability, long-circulating life, and biocom-
patibility has been developed based on TAMRA dye entrapped
silica nanoparticles (TAMRA-DSiNPs). Under optimized staining
conditions, lysosomes in living Hela cells have been specifically
labeled with TAMRA-DSiNPs. By comparison with two conven-
tionally used lysosome markers, Alexa 488-dextran and LysoTrack-

er Green, TAMRA-DSiNPs have been demonstrated to possess
various advantages and to be adoptable for lysosome-related
studies both in living cells, fixed cells, and permeabilized cells.
In addition, applications of TAMRA-DSiNPs have also been
successfully performed for lysosome tracking in chloroquine-
treated Hela cells and lysosome labeling in different cell lines.
These results will pave the way for TAMRA-DSiNPs to be used
as the lysosome marker in lysosome-related studies. More
interestingly, it was found that the lysosome labeling ability of
DSiNPs was not influenced by the change of dye doped in the
nanoparticles, which promises a variety of available DSiNPs with
different fluorescent colors for multicolor labeling in living cell
studies.
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