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ABSTRACT: A series of crescent-shaped fluorescent dyes (CP1−CP6) were
synthesized by hybridizing coumarin and pyronin moieties with different
amino substituents at both ends. The molecular structures and photophysical
properties of these fluorescent dyes were investigated through X-ray
diffraction, absorption spectroscopy, and fluorescence spectroscopy. Results
show that the fluorescent dyes exhibited crescent-shaped structures, deep-red
emissions (approximately 650 nm), and significant Stokes shifts. In live-cell-
imaging experiments, CP1 stains mitochondria, whereas CP3 and CP6 stain
the lysosomes in a cytoplasm and the RNA in nucleoli. The relationships
between different amino substituent groups and the imaging properties of CP
dyes were discussed as well. Additionally, findings from the cytotoxicity and
photostability experiments on living cells indicated the favorable biocompat-
ibility and high photostability of the CP dyes.
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■ INTRODUCTION

Cells contain many small elements known as organelles, which
perform specific functions related to the life and health of cells.
For example, the mitochondrion is an important area from
which to produce the energy currency of the cell through
respiration and to regulate cellular metabolism.1−3 Lysosomes
act as the waste disposal system of the cell by digesting virtually
all types of macromolecules taken in during the processes of
phagocytosis, endocytosis, and autophagy.4,5 The nucleolus
performs a key function in ribosome biogenesis. The number,
size, and activity of nucleoli increase in exponentially growing
cells.6,7 Therefore, the visualization of organelles is critical to
understanding their intracellular function. In line with this
need, several imaging techniques have been developed to
visualize and study specific organelles, such as the electron
microscopy study of cell structures,8 silver staining for the
nucleolar organizer region,9,10 and fluorescent imaging using
different fluorescent probes.11−14 Among these imaging
techniques, fluorescence imaging technology that uses organic
molecules is a powerful tool for cell imaging.15−17 Especially,
small-molecule fluorescent probes can permeate the cell
membrane and can be used on organelle visualization in living
cells.18−20 As a result, organelle operation can be established.
The output of this method is better than the snapshots
captured by imaging studies on fixed cells.21−24

The design and synthesis of fluorescent dyes is essential to
fluorescent molecular imaging, and much effort has been
exerted to exploit new dyes, especially long-wavelength dyes
(>600 nm).25−27 Fluorescence imaging excited with deep-red

light induces minimal photodamage in living cells.28−30

Moreover, interference from the background autofluorescence
of biomolecules in the cells is negligible. Nonetheless,
fluorescent dyes with brand-new structures and excellent
properties are rare. The rigid hybridization of two classical
fluorescent dyes is a novel, efficient strategy for the design of
new fluorescent dyes.31−37 Such dyes display the following
advantages: (1) favorable photostability and high fluorescence
quantum yields as a result of the rigid structure; (2)
extraordinary properties aside from retaining the individual
advantages of each classical dye. For instance, we recently
constructed a novel fluorescent dye (CP4; Scheme 1) by
hybridizing coumarin and pyroine moieties.38 This dye not only
exhibited excellent photophysical properties, such as deep-red
emission wavelength, excellent fluorescence quantum yields,
favorable photostability, and significant Stokes shifts, but also
stained the RNA in the nucleoli of living cells selectively.
Although CP4 can permeate nucleoli easily, the factors that
influence nuclear membrane permeability are unknown.
In the current study, we design and synthesize a series of

crescent-shaped fluorescent dyes (CP1, CP3, and CP6;
Scheme 1) with different amino substituents at both ends.
For comparison, we also synthesize CP2 and CP5 to determine
nuclear membrane permeability. The structure of CP1 has been
published by Haucke et al.,39 but its synthetic method and
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application in bioimaging have not been reported. The
properties of these CP dyes are investigated through X-ray
diffraction, absorption spectroscopy, fluorescence spectroscopy,
and confocal laser scanning microscopy. As in CP4, clear
nucleolus and lysosome staining was observed in living cells for
CP3 and CP6. These two dyes contain 1-methyl-1,2,3,4-
tetrahydroquinoline parts at one or both ends. Surprisingly,
CP1 with N,N-dimethylaniline at both ends can localize stably
in mitochondria. Thus, the different organelle stain of CP dyes
can be obtained by regulating different amino substituents.

■ RESULTS AND DISCUSSION
Synthesis and Characterization. In our previous work,38

a crescent-shaped dye (CP4) with positive charges exhibited
good cell membrane permeability and could stain the nucleoli
and lysosomes of living cells. To study the steric effect of
substituents and the size effect of crescent shapes, we
synthesized a series of crescent-shaped CP dyes containing
different amino substituents at both ends. The detailed
synthetic routes and methods of CP dyes are shown in Scheme
2. Compounds 5 and 6 were acquired through interester-
ification and the Friedel−Crafts reaction of aminophenol
(compound 1 or 2) with compound 4. Compounds 7 and 8
were synthesized through a Vilsmeier−Haack reaction.

Eventually, CP1−CP3, CP5, and CP6 were obtained through
the condensation reaction of compounds 7 and 8 with relative
aminophenol. The overall chemical structures of CP dyes were
confirmed via 1H and 13C NMR and electrospray ionization
high-resolution mass spectroscopy (ESI-HRMS; Figure S1 in
the Supporting Information, SI).
Single crystals of CP6 that were suitable for X-ray

crystallographic analysis were obtained by the slow evaporation
of CH3OH and CH3COOH solutions of CP6 at ambient
temperature. The details of the X-ray experimental conditions
and cell and refinement data of CP6 are summarized in Table
S1 in the SI. The molecular structures of CP6 were elucidated
through X-ray crystallography, which revealed a coumarin- and
pyronin-fused skeleton that formed a triclinic unit cell and a P1 ̅
space group (Figure 1). The CP6 skeleton without C3 and C22

of the six-membered ring at both ends is highly planar, with a
torsion angle C5−C10−C18−C19 of θ = 171.040°. This angle
indicates the strong π-electron delocalization within the two
main planes. X-ray crystallographic data showed that the C−N
bond length r values of CP6 are 1.458 and 1.477 Å, thus
implying delocalization of the positive charge. The molecule
curve radian, which is the angle of C4−C11−N2, is 111.500°.

Spectral Properties. We investigated the absorption and
fluorescence spectra of CP dyes in CH2Cl2 or tris-
(hydroxymethyl)aminomethane−ethylenediaminetetraacetic
acid (TE) buffer solution (pH = 7.4; Figure S2 in the SI). The
corresponding photophysical data are summarized in Table 1.
The absorption of CP dyes is maximized in the region ranging

Scheme 1. Structure of CP Dyes

Scheme 2. Synthesis of CP Dyesa

aConditions: (a) toluene, reflux, 6 h; (b) phosphoroxychloride/
dimethylformamide, 50 °C, 30 min; (c) acetic acid, 85 °C, 2 h.

Figure 1. ORTEP views of the molecular structures of CP6 with
thermal ellipsoids shown at 50%. All hydrogen and partial carbon
atoms have been omitted for clarity.
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from 584 to 600 nm. Emission is maximized at 638−658 nm in
a TE buffer solution. Compared with CP1−CP3, CP4−CP6
red shift during the absorption and fluorescence peaks because
of the increasing donor property of the amino group in the
coumarin moiety. Therefore, the fluorescence quantum yields
for CP4−CP6 are low given that the energy gap decreases.40,41

The Stokes shift (50−60 nm) of CP dyes is more significant
than that of xanthene dyes in aqueous solution. This shift can
reduce self-absorption, as well as determine the high-resolution
and low-detection limits. The high molar extinction coefficients
exceed 104 M−1 cm−1 in all CP dyes. Moreover, the
fluorescence quantum yields of CP dyes range from 0.215 to
0.555 in CH2Cl2. These yields are significant for deep-red
fluorescent dyes. However, the fluorescence quantum yields of
CP dyes range from only 0.01 to 0.044 in a TE buffer solution.
Thus, the striking difference in the fluorescence quantum yields
in different environments can provide a strong contrast and
almost no background for bioimaging.
Fluorescent Imaging Properties. Laser confocal imaging

experiments were conducted to study the cellular distribution

of CP dyes in HeLa cells (Figure 2a). CP1, CP3, and CP6
easily permeated the living cells upon loading in a culture
medium at optimum concentration, with the exception of CP2
and CP5. The cell morphology or viability did not change
significantly during the imaging process (Figure 2b). CP1 was
mainly localized at the cytoplasm, and the nucleus was not
obviously stained at a concentration of 5 μM. However, a very
slight stain in the nucleus can be observed at an increased
concentration (10 μM), along with the high cytotoxicity of CP1
(Figure S3). On the contrary, the nucleolus in the nucleus was
clearly stained by CP3 and CP6, as indicated by the bright
spots in the cytoplasm (Figure 2a). On the basis of the results
above, the closed loop at one or both ends of CP dyes may be
an important factor in favorable nuclear membrane perme-
ability. Moreover, the hydrophilicity/hydrophobicity of dyes
also affects cell/nuclear membrane permeability significantly.
The large lipophilic groups of CP2 and CP5 hinder the dyes
from entering the cell, although CP5 exhibits a closed-loop
structure at one end. As presented in Figure 2, the nucleoli
unstaining of CP2 and CP5 even at 20 μM also highlighted the
importance of appropriate hydrophobicity to nuclear mem-
brane permeability.
Interestingly, the localization of CP1 with N,N-dimethylani-

line at both ends in a cytoplasm is different from that of other
CP dyes. Colocalization experiments demonstrated that
fluorescence throughout in the cytoplasm is predominantly
associated with mitochondria for CP1 (Figure 3a). However,
CP3 and CP6 can specifically localize in lysosomes (Figure 3b),
as with CP4.38 Positively charged moieties accumulate in either
mitochondria or lysosomes.18,19 The varying stains of CP dyes
on organelles can extend the applicability of such dyes in cell
imaging. In addition, the dyes may exhibit different cell-staining
behaviors in varied cell lines. Thus, we investigated CP1, CP3,
and CP6 staining in other common cell lines (cancer cell A549
and normal cell L929). Figure 4 shows that staining is similar in

Table 1. Photophysical Data of CP Dyes

dye solvent
λmax
(nm)

λem
(nm)

Stokes shift
(nm)

ε (M−1

cm−1) Φ

CP1 CH2Cl2 606 632 26 82800 0.537
TE buffer 589 639 50 47000 0.024

CP2 CH2Cl2 610 634 24 94400 0.377
TE buffer 594 640 56 41000 0.044

CP3 CH2Cl2 604 630 26 152800 0.555
TE buffer 584 638 54 67000 0.041

CP438 CH2Cl2 618 648 30 80800 0.215
TE buffer 598 658 60 39000 0.01

CP5 CH2Cl2 623 649 26 63800 0.251
TE buffer 604 657 53 42000 0.017

CP6 CH2Cl2 616 648 32 86400 0.338
TE buffer 595 655 60 51000 0.015

Figure 2. Live cell imaging of HeLa cells with CP dyes: (a) fluorescence imaging of CP dyes; (b) bright-field image; (c) overlay of parts a and b.
[CP1] = 5 μM, [CP2] = 20 μM, [CP3] = 7 μM, [CP5] = 20 μM, and [CP6] = 7 μM.
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the two cell lines, thus indicating that CP1, CP3, and CP6 can
be used to image cancerous and normal cells.

To confirm that CP3 and CP6 stain the RNA in nucleoli
selectively as with CP4, deoxyribonuclease (DNase) and
ribonuclease (RNase) digest experiments were performed
using fixed-permeabilized HeLa cells. SYTO RNASelect was
tested as a control. As depicted in Figure 5, fluorescence in the
nucleoli was not significantly lost for CP3, CP6, and
RNASelect upon treatment with DNase. By contrast, the
fluorescence signals of CP3, CP6, and RNASelect were
completely lost in the nucleoli after RNase digestion. These
results indicate that CP3 and CP6 mainly stain the RNA in
nucleoli.38,43

Cytotoxicity and Photostability. Cytotoxicity and photo-
stability are important factors in evaluating the applicability of
new fluorescent probes for live cell imaging. Thus, the
cytotoxicity of CP1, CP3, and CP6 to HeLa cell lines was
studied by using a standard 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-2H-tetrazolium (MTT) assay after 24 h of incubation

(Figure 6a). Three dyes exhibit good cell tolerability at imaging
concentration after 24 h of incubation. Among all of the CP

dyes, CP1 displayed slight cytotoxicity at high concentrations.
We compared the imaging properties of CP dyes, MTG, and
SYTO RNASelect dye through photostability experiments. The
three CP dyes exhibited better photostability than MTG and
SYTO RNASelect did (Figure 6b). Furthermore, the
fluorescent intensity did not decrease under imaging as in
CP4. Good photostability is necessary for the use of a dye in
cell imaging, especially for long-term illumination. The results
reveal that the three dyes are promising and can be used for the

Figure 3. Colocalization of CP1 with MitoTracker Green (MTG) (a)
and CP3 and CP6 with LysoTracker Green (LTG) (b) in HeLa cells.
[CP1] = 5 μM, [CP3] = 7 μM, [CP6] = 7 μM, [MTG] = 50 nM, and
[LTG] = 50 nM.

Figure 4. Live cell imaging of A549 and L929 cells with CP1, CP3,
and CP6. [CP1] = 5 μM, [CP3] = 7 μM, and [CP6] = 7 μM.

Figure 5. DNase and RNase digest experiments in fixed HeLa cells.
[CP3] = 1 μM, [CP6] = 1 μM, and [SYTO RNASelect] = 0.5 μM.

Figure 6. (a) Cytotoxicity of CP dyes in Hela cells. (b) Photostability
of CP dyes, MTG, and SYTO RNaselect in cell imaging. [CP1] = 5
μM, [CP3] = 7 μM, [CP6] = 7 μM, [MTG] = 100 nM, and [SYTO
RNASelect] = 0.5 μM.
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long-term imaging of mitochondria, lysosomes, or RNA in
nucleoli.

■ CONCLUSIONS

A series of crescent-shaped, deep-red emission CP dyes that
contain coumarin- and pyronin-fused conjugated skeletons
were designed and synthesized based on our previous work.
The hybridization of coumarin and pyronin Y moieties induces
significant stock shifts and long-wavelength emissions. The
results of live cell fluorescence imaging experiments indicate
that different amino substituents significantly influence the
imaging properties of CP dyes, including cell membrane
permeability, nuclear membrane permeability, and the organelle
location. CP1, CP3, and CP6 can stain various organelles in
living cells. Moreover, they possess low cell cytotoxicity and
high photostability, which makes CP dyes good options for
monitoring the dynamic changes in mitochondria, lysosomes,
or nucleoli in living cells. This design strategy may be extended
to the development of other fluorescent dyes for live cell
imaging.

■ EXPERIMENTAL SECTION
Materials and Measurements. All commercial chemicals were

used without further purification. The stock solutions of CP dyes were
prepared in dimethyl sulfoxide (DMSO; 1.0 × 10−2 M). Water was
purified by a Millipore filtration system. Fluorescence quantum yields
were measured with cresyl violet in methanol as the reference (Φf =
0.54).38,44 All measurements were taken at room temperature. All
UV−vis and fluorescence spectra in this work were recorded by
Hitachi U3010 and F4500 fluorescence spectrometers. 1H (400 MHz)
and 13C (100 MHz) NMR spectra were collected on a Bruker Advance
400 spectrometer with tetramethylsilane as an internal standard. ESI-
HRMS spectra were obtained on a Bruker Apex IV Fourier transform
mass spectrometer. Images were acquired with a Nikon C1si laser
scanning confocal microscope equipped with a live cell incubation
chamber that maintained a humidified atmosphere of 37 °C and 5%
CO2.
Synthesis. Synthesis of 7-(Dimethylamino)-4-hydroxycoumarin

(5). 3-(Dimethylamino)phenol (3; 1.37 g, 10.0 mmol) and diphenyl
malonate (4; 2.56 g, 10.0 mmol) were added into anhydrous toluene
(15 mL). The mixture was refluxed for 6 h, and compound 5 was
obtained by filtration as hoar solid (1.30 g, 63.4%). 1H NMR (400
MHz, DMSO-d6): δ 11.93 (s, 1H), 7.55 (d, J = 8.9 Hz, 1H), 6.68 (dd,
J = 9.0 and 2.4 Hz, 1H), 6.47 (d, J = 2.4 Hz, 1H), 5.26 (s, 1H), 2.99 (s,
6H). 13C NMR (100 MHz, DMSO-d6): δ 166.55, 162.76, 155.70,
153.27, 123.78, 108.52, 104.10, 97.12, 86.42. ESI-HRMS. Calcd for
[C11H11NO3 + Na]+: m/z 228.06276. Found: m/z 228.06276.
Synthesis of 4-Chloro-7-(dimethylamino)coumarin-3-carbalde-

hyde (7). To 3 mL of dry dimethylformamide was slowly added 2 mL
of phosphoroxychloride, and the resulting mixture was heated for 30
min at 50 °C. Compound 5 (1.03 g, 5.0 mmol) was dissolved in 10 mL
of dimethylformamide, and the resulting solution was added dropwise
into the mixture. The mixture was stirred for 6 h at 60 °C and poured
into 20 mL of ice water to obtain an orange solid (1.10 g, 87.6%). 1H
NMR (400 MHz, CDCl3): δ 10.30 (s, 1H), 7.86 (d, J = 9.3 Hz, 1H),
6.71 (dd, J = 9.3 and 2.5 Hz, 1H), 6.44 (d, J = 2.5 Hz, 1H), 3.16 (s,
6H). 13C NMR (100 MHz, CDCl3): δ 186.92, 159.76, 156.01, 155.44,
154.09, 128.95, 111.36, 110.66, 107.85, 96.89, 40.33. ESI-HRMS.
Calcd for [C12H10ClNO3 + Na]+: m/z 274.02469. Found: m/z
274.02340.
Synthesis of Compound 8. Compound 8 was synthesized from

compound 2 according to our previous report.38 1H NMR (400 MHz,
CDCl3): δ 10.28 (s, 1H), 7.53 (s, 1H), 6.32 (s, 1H), 3.48 (t, J = 6.0
Hz, 2H), 3.07 (s, 3H), 2.80 (t, J = 6.0 Hz, 2H), 2.00 (m, 2H). 13C
NMR (100 MHz, CDCl3): δ 186.06, 159.42, 154.58, 153.32, 152.07,
125.43, 121.48, 109.84, 107.07, 95.11, 50.74, 38.79, 26.48, 20.32. ESI-

HRMS. Calcd for [C14H12ClNO3 + H]+: m/z 278.05785. Found: m/z
278.05804.

Synthesis of CP Dyes. Compound 7 (1 mmol) or 8 (1 mmol) and
compound 1, 2, or 3 (1 mmol) were heated for 2 h at 85 °C in 3 mL
of acetic acid. After cooling, to the mixture was added 2.0 mL of
perchloric acid (70%). A blue-violet power solid was precipitated by
the dropwise addition of water. Filtration and drying in vacuo, a blue-
violet powder was obtained. The crude product was purified by
column chromatography using 50:1 (v/v) CH2Cl2/CH3OH as the
eluent and recrystallized from absolute methanol to afford CP dyes as
deep-green powders.

CP1. Yield: 17.3%. 1H NMR (400 MHz, DMSO-d6): δ 8.93 (s,
1H), 8.01 (t, J = 7.0 Hz, 2H), 7.38 (d, J = 9.3 Hz, 1H), 7.27 (s, 1H),
7.04 (d, J = 9.3 Hz, 1H), 6.75 (s, 1H), 3.37 (s, 6H), 3.22 (s, 6H). 13C
NMR (100 MHz, DMSO-d6): δ 162.34, 158.67, 158.21, 157.19,
156.99, 156.80, 145.20, 133.98, 125.99, 116.87, 116.45, 111.82, 105.49,
100.16, 97.76, 97.55, 41.15, 40.35. ESI-HRMS. calcd for
[C20H19N2O3]

+: m/z 335.13902. Found: m/z 335.13862.
CP2. Yield: 14.9%. 1H NMR (400 MHz, CD3OD): δ 8.77 (s, 1H),

8.13 (d, J = 9.3 Hz, 1H), 7.89 (d, J = 9.4 Hz, 1H), 7.31 (dd, J = 9.4 and
2.1 Hz, 1H), 7.18 (s, 1H), 7.00 (d, J = 9.3 Hz, 1H), 6.69 (s, 1H), 3.72
(t, 4H), 3.26 (s, 6H), 1.75 (m, 4H), 1.48 (m, J = 6.7 Hz, 4H), 1.03 (t, J
= 7.3 Hz, 6H). 13C NMR (100 MHz, DMSO-d6): δ 162.34, 158.20,
157.49, 157.43, 156.89, 156.68, 144.89, 134.17, 126.13, 116.83, 116.49,
111.54, 105.41, 100.11, 97.66, 97.32, 51.30, 40.23, 28.92, 19.32, 13.66.
ESI-HRMS. calcd for [C26H31N2O3]

+: m/z 419.23292. Found: m/z
419.23238.

CP3. Yield: 16.8%. 1H NMR (400 MHz, DMSO-d6): δ 8.76 (s,
1H), 8.01 (d, J = 9.2 Hz, 1H), 7.72 (s, 1H), 7.23 (s, 1H), 7.03 (d, J =
9.3 Hz, 1H), 6.75 (s, 1H), 3.70 (t, 2H), 3.34 (s, 3H), 3.21 (s, 6H),
2.85 (t, 2H), 1.96 (m, 2H). 13C NMR (100 MHz, DMSO-d6): δ
161.43, 158.19, 156.76, 156.49, 156.39, 156.26, 142.73, 130.04, 127.80,
125.46, 116.90, 111.42, 104.74, 99.98, 96.42, 51.85, 40.42, 40.13,
26.29, 19.78. ESI-HRMS. Calcd for [C22H21N2O3]

+: m/z 361.15467.
Found: m/z 361.15489.

CP5. Yield: 16.2%. 1H NMR (400 MHz, CD3OD): δ 8.73 (s, 1H),
7.86 (d, J = 9.4 Hz, 1H), 7.81 (s, 1H), 7.26 (d, J = 9.4 Hz, 1H), 7.15
(s, 1H), 6.58 (s, 1H), 3.70 (t, J = 7.8 Hz, 4H), 3.59 (t, J = 5.7 Hz, 2H),
3.18 (s, 3H), 2.88 (t, J = 6.1 Hz, 2H), 2.01 (m, 2H), 1.70 (m, 4H),
1.46 (m, 4H), 1.03 (t, J = 7.3 Hz, 6H). 13C NMR (100 MHz, DMSO-
d6): δ 161.57, 158.31, 157.51, 157.31, 156.63, 154.19, 144.94, 134.19,
123.03, 122.61, 116.46, 115.98, 105.49, 99.68, 97.30, 96.56, 51.27,
51.02, 28.96, 26.43, 20.54, 19.45, 13.79. ESI-HRMS. Calcd for
[C28H33N2O3]

+: m/z 445.24857. Found: m/z 445.24777.
CP6. Yield: 20.1%. 1H NMR (400 MHz, DMSO-d6): δ 8.74 (s,

1H), 7.69 (s, 2H), 7.18 (s, 1H), 6.64 (s, 1H), 3.68 (s, 2H), 3.53 (s,
2H), 3.31 (d, J = 4.6 Hz, 3H), 3.13 (s, 3H), 2.81 (s, 4H), 1.94 (s, 4H).
13C NMR (100 MHz, DMSO-d6): δ 161.11, 158.24, 156.81, 156.28,
156.22, 153.76, 143.00, 130.08, 127.43, 122.58, 122.39, 116.37, 104.80,
99.55, 96.35, 51.80, 50.85, 40.31, 26.40, 26.33, 20.51, 19.89. ESI-
HRMS. Calcd for [C24H23N2O3]

+: m/z 387.17032. Found: m/z
387.16994.

Cell Culture and Staining. HeLa (uterine cervix cancer cell line),
A549 (nonsmall cell lung cancer cell line), and L929 (fibroblasts cell
line) cells were provided by the Cell Center at the Peking Union
Medical College. Specifically, the L929, A549, and HeLa cells were
grown in RPM1640, McCoy’s 5A, and Dulbecco’s Modified Eagle
Medium (DMEM), respectively. They were supplemented with 10%
fetal bovine serum and 1% penicillin/streptomycin. They were then
incubated under 5% CO2 at 37 °C. The cells were seeded on a
confocal dish for imaging 12−24 h prior to the experiment. The CP
dyes were dissolved in DMSO to a final concentration. Upon the
addition of the appropriate amount of a dye stock solution directly to
the culture medium, the cells were then incubated for 20 min at 37 °C
in 5% CO2 and then imaged in a dye medium under this atmosphere
without washing. For colocalization experiments, CP dyes incubated
with HeLa cells were seeded on coverslips in DMEM for 20 min. The
medium was replaced with a fresh medium in the presence of MTG (a
commercially available mitochondria-specific staining probe) or LTG
(a commercially available lysosome-specific staining probe) for another
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20 min. The coverslips were twice washed with phosphate-buffered
saline (PBS) and imaged.
DNase and RNase Treatment. The HeLa cells were fixed in

prechilled methanol at −20 °C for 1 min. The cell membrane was
permeabilized with 1% Triton X-100 in PBS for 1 min at room
temperature. Upon rinsing twice with PBS, 0.5 μL each of a 10 mM
dye stock solution and a 1 mL PBS solution were added. The cells
were then incubated in this dye PBS solution for 20 min at room
temperature before they were rinsed clean by PBS twice. A total of 1
mL of clean PBS (as the control experiment), 20 μg/mL DNase
(Takara), and 25 μg/mL DNase-free RNase (Takara) were added into
the three other dishes. These dishes were incubated at 37 °C in 5%
CO2 for 2 h. The cells were rinsed clean by PBS twice more before
imaging. The fluorescent imaging pictures were obtained at an equal
exposure time for the control, DNase, and RNase experiments.
Cytotoxicity Test. CP dye stock solutions were diluted by a fresh

medium into three desired concentrations (1, 3, 5, 7, or 10 μM). The
HeLa Cells were cultured in a 96-well plate for 12−24 h before the
experiments. The cell medium was then replaced with different
concentrations of CP dye medium solutions. These solutions were
then incubated at 37 °C in 5% CO2 for 24 h before the cell viability
was measured by MTT assay. The cell medium solutions were
replaced with 100 μL of a fresh medium, followed by the addition of
20 μL (5 mg/mL) of a MTT solution to each well. The cell plates
were then incubated at 37 °C in 5% CO2 for 4 h. The absorbance was
measured at 570 nm, and that measured for an untreated cell
population under the same experimental conditions was used as the
reference point to establish 100% cell viability. The experiments have
been duplicated.
Photostability Test. The HeLa cells were fixed in prechilled

methanol at −20 °C for 1 min. Upon rinsing twice with PBS, the cells
then were incubated in 1 mL of a PBS solution containing CP1, CP3,
CP6, MTG, or RNASelect for 20 min. The cells were washed twice
and then imaged by a confocal microscope (Nikon C1si). All of the
dyes were continuously excited at 488 nm with equal laser power, and
fluorescence was determined at the fluorescein isothiocyanate channel
for RNASelect and at Cy5 for CP dyes through the no delay scan
mode. The initial intensity referred to the first scan for each dye.
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