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A B S T R A C T

The interplay of lipid droplets (LDs) and lysosome plays an important role in cell metabolism, and the visua-
lization of this process can provide useful information of organelle communication and function. However,
fluorescent bioprobes based on organic fluorophores that can respond to LD-lysosome interplay are much rare.
Herein, fluorescent bioprobes with high photostability, excellent biocompatibility and intracellular polarity
sensitivity are achieved by encapsulating a new red fluorogenic molecule TPA-BTTDO within polymeric matrix
(DSPE-PEG2000). They can sequentially localize in lysosome and LDs with red and cyan emissions, respectively.
By monitoring the emission color change, the interesting dynamic processes of the probes escaping from lyso-
some and then enriching in LDs, and finally returning to lysosome after LDs consumption are visualized. In
addition, the tracing of dynamic movement and consumption of LDs is realized by the probes with a high signal-
to-noise ratio. The unique labeling behaviors and distinguished dual emissions of the probes in LDs and lysosome
make them promising agents for fluorescence visualization studies of LD-lysosome related bioprocess and me-
tabolism diseases.

1. Introduction

Lipid droplet (LD), existing in the cytoplasm of most eukaryotic
cells, is a well-connected organelle that regulates the storage and me-
tabolism of neutral lipids. It has exhibited important multifunctions in
energy generation and membrane formation in cells [1,2], and can
prevent cells from lipotoxicity induced by the buildup of excess lipids,
which is relevant to many diseases, such as obesity, type II diabetes,
cardiovascular disease and virus infections [3–6]. Moreover, the level of
LD has been regarded as a biomarker of cancer because of the great
requirement of fatty acids and phospholipids during cancer growth
[7,8]. Lysosome is another important cytoplasmic organelle that is
present in all nucleated mammalian cells, and the functional deficiency
of lysosome will result in many lysosomal storage disorders. It is acidic

and contains various hydrolytic enzymes to break down kinds of bio-
molecules. Unwanted components inside and outside cells can be di-
gested by lysosome, performing as a waste disposal and recycle system,
to produce building block metabolites. Actually, LD is highly related to
lysosome, and the components in LD can be degraded by lysosomal
enzymes via autophagy, which is termed as lipophagy [9,10]. Recently,
it is found that LD-lysosome interplay has strong affinities with chronic
inflammation and metabolic diseases [11,12]. Therefore, the mon-
itoring of LD and lysosome dynamic movements, metabolism and
communication is of high significance to gain more valuable informa-
tion for LD-lysosome interplay related diseases.

Respective researches on LD and lysosomes have been widely con-
ducted over the past decades, such as movement tracking and formation
mechanism observation [13–18]. Techniques based on molecular
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genetic analysis and biochemical reconstitution have been adopted to
investigate the biological functions of LD and lysosome, however, their
morphology and dynamic behavior cannot be visualized by these
methods. Fluorescence imaging has demonstrated high sensitivity and
non-invasive feature, and has become a powerful and widely used
technique to study the dynamic process and functions of LD and lyso-
some [19–29]. Although fluorescent proteins had been reported to be
used to study LD-lysosome interplay [29b], fluorescent probes based on
organic fluorphores that can respond to LD-lysosome interplay for the
application in fluorescence bioimaging are rarely reported. In this
contribution, we develop a new red fluorogenic molecule (TPA-BTTDO)
with aggregation-induced emission (AIE) property. Photostable and
biocompatible fluorescent bioprobes are fabricated by encapsulating
TPA-BTTDO within 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-
N-[methoxy(polyethylene glycol)-2000] (DSPE-PEG2000) matrix by na-
noprecipitation method. The generated bioprobes can sequentially lo-
calize in lysosome and LD, with red and cyan emissions, respectively.
More importantly, by monitoring the emission color change, the es-
caping of the bioprobes from lysosome to LD, and finally get back to
lysosome after LD metabolization are observed (Fig. 1), demonstrating
the great potential for visualization of LD-lysosome interplay.

2. Results and discussion

The molecular structure of TPA-BTTDO is illustrated in Fig. 1, which
is comprised of an electron-withdrawing thieno[3,2-b]thiophene S,S-
dioxide (TTDO) core and electron-donating triphenylamine (TPA)
groups [30a], indicating the molecule is prone to experience twisted
intramolecular charge transfer (TICT) between TTPO and TPA, parti-
cularly in high polar environment. TPA-BTTDO can be facilely syn-
thesized in a high yield. It is well soluble in common organic solvents
such as THF, CH2Cl2, DMF and so on, but shows poor solubility in
water. To improve the water dispersibility of TPA-BTTDO for bioima-
ging application, nanoparticles (NPs) of TPA-BTTDO are prepared by
encapsulating it within DSPE-PEG2000 matrix via nanoprecipitation
method. DSPE-PEG2000 is selected as the encapsulation matrix owing to
its high water-solubility and excellent biocompatibility. As revealed by
transmission electronic microscope (TEM) and dynamic light scattering
(DLS), the resulting TPA-BTTDO NPs have a mean diameter of 52 nm
and a hydrophobic diameter of 107 nm (Fig. S1). And a negative surface

charge (−19mV) of the NPs is also detected, resulting from the nega-
tively charged DSPE-PEG2000. No apparent change is found in size after
the storing of TPA-BTTDO NPs for 360 h at PBS buffers (pH=5 or 7) at
37 °C (Fig. S2), demonstrating that TPA-BTTDO NPs are highly stable.
Besides, the concentration of DSPE-PEG2000 (4.8 μg/mL; 2.4× 10−5 M)
used in this work is much higher than its critical micelle concentration
(0.2 μg/mL; 1× 10−6 M) [30b], thus, TPA-BTTDO NPs also possess
high stability at a lower concentration.

The fluorogenic molecule TPA-BTTDO shows absorption maximum
at 463 nm with a molar absorptivity of 2.09×104mol−1 L cm−1 and
exhibits red emission peaking at 616 nm in THF solution (Fig. 2A). The
emission wavelength of TPA-BTTDO is sensitive to the polarity of the
environment. As the increase of solvent polarity, the emission peak is
red-shifted progressively from 564 nm in hexane to 630 nm in DMF
(Fig. 2B), which is attributed to the TICT effect. TPA-BTTDO can
fluoresce efficiently in the aggregated state. The emission of TPA-
BTTDO decreases along with a small red shift as the addition of a small
amount of water into THF solution, which is attributed to the TICT in a
more polar media. When the water fraction gets higher than 60%, most
of the molecules start to form aggregate, in which the intermolecular
motion is restricted and the nonradiative decay channel is blocked,
resulting in enhanced emission, namely TPA-BTTDO has AIE property
(Fig. 2C and D) [32–36]. TPA-BTTDO can also emit intensely at 614 nm
in solid, with a high fluorescence quantum yield of 44.1%. Thanks to
the AIE property, the TPA-BTTDO NPs show strong red emission at
611 nm, which are similar to those of TPA-BTTDO in aggregate or solid.
The photostability and biocompatibility of TPA-BTTDO NPs are also
evaluated. Upon exposure to 405 nm laser for 30 scans, the emission
intensity of TPA-BTTDO NPs is only slightly decreased, while that of the
control reagent BODIPY, a commercial LD probe, declines apparently,
demonstrating that TPA-BTTDO NPs have much better photostability
than BODIPY (Fig. 2E). The classical MTT assay is employed to in-
vestigate the biocompatibility, and the result shows that more than 95%
cells are viable after incubation with TPA-BTTDO NPs for 24 h at a
concentration range of 0.93–3.11 μg/mL, revealing the excellent bio-
compatibility (Fig. 2F). We have also evaluated the intracellular pH
value of HeLa cells without and with the incubation of TPA-BTTDO
NPs, and no obvious change can be observed, indicating the enrichment
of TPA-BTTDO NPs in cells will hardly impact cells function (Fig. S3).

The confocal laser scan microscope (CLSM) is utilized to study the

Fig. 1. The illustration of the internalization and consumption processes of TPA-BTTDO NPs in cells.
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staining behavior of TPA-BTTDO NPs towards cells, and HeLa cells are
selected for the study. TPA-BTTDO NPs can successfully pass through
the cell membrane after incubation at 37 °C (Fig. 3A and Fig. S4A).
Upon co-staining with Lysotracker DND 99, it is found that only a small
amount of TPA-BTTDO NPs localize in lysosome with an overlap
coefficient of 0.55 ± 0.07 and a Pearson correlation coefficient of
0.52 ± 0.05. The majority of TPA-BTTDO NPs enrich in LDs as evi-
denced by the better colocalization with the commercial LD probe
BODIPY (overlap coefficient= 0.63 ± 0.05; Pearson correlation coef-
ficient= 0.57 ± 0.04) (Fig. 3C and Fig. S4B). In order to further
confirm the selectivity of TPA-BTTDO NPs between LD and lysosome,

HeLa cells are treated with oleinic acid to induce the formation of LDs
intracellularly, and then incubated with TPA-BTTDO NPs. As shown in
Fig. 3E, an even better colocalization (overlap coefficient= 0.86 ±
0.02; Pearson correlation coefficient= 0.85 ± 0.02) of TPA-BTTDO
NPs with BODIPY is observed. The line series analysis for each group
further verifies this specific labelling behavior (Fig. 3B, D and F). These
imaging results indicate that although TPA-BTTDO NPs can enrich in
both lysosome and LD, they prefer to localize in LDs. We have also
investigated the enrichment of TPA-BTTDO NPs in normal cells of NIH
3T3 and kidney cancer cells of ktr-3, and similar phenomena of loca-
lization in lysosome and LDs are observed as well (Fig. S5).

Fig. 2. (A) Absorption and photoluminescence (PL) spectra of TPA-BTTDO in THF solution and TPA-BTTDO NPs in water. (B) PL spectra of TPA-BTTDO in solvents
with different polarity. (C) PL spectra of TPA-BTTDO in THF/water mixtures with different water fractions. (D) Plots of I/I0 versus water fractions, where I0 is the PL
intensity in pure THF solution, inset: photos of TPA-BTTDO in THF/water (fw=0, 60 and 90%), taken under 365 nm excitation. (E) Photostability of TPA-BTTDO and
BODIPY upon exposure to 405 nm laser with the intensity of 99%. (F) Viability of HeLa cells incubated with TPA-BTTDO NPs at different concentrations for 24 h.
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To investigate the enrichment process of TPA-BTTDO NPs in LDs,
HeLa cells incubated with TPA-BTTDO NPs for different times are stu-
died under CLSM. As shown in Fig. 4, after 2 h incubation, intense red
emission of TPA-BTTDO NPs can be detected, which is well overlapped
with the emission of Lysotracker and shows relatively low colocaliza-
tion with BODIPY, indicating that TPA-BTTDO NPs can pass through
cell membrane within 2 h and localize in lysosome at first. Interestingly,
after 4 h incubation, the colocalization efficiency of TPA-BTTDO with
Lysotracker decreases, as the overlap coefficient and Pearson correla-
tion coefficient reduce gradually (Fig. S6), and an obvious enhancement
of overlap with BODIPY is observed (overlap coefficient= 0.70 ±
0.02; Pearson correlation coefficient= 0.68 ± 0.03) at the same time,
demonstrating the localization of TPA-BTTDO in LDs increases. By
further elongating the incubation time, more and more TPA-BTTDO
escapes from lysosome and then enriches in LDs, rendering greatly in-
tensified emission, while the emission in lysosome becomes weak. The
overlap coefficient of TPA-BTTDO with BODIPY increases from 0.45 to
0.87, while that of TPA-BTTDO with Lysotracker decreases from 0.63 to
0.56 at the same time. By combining the selective staining behavior, we
believe that TPA-BTTDO can escape from lysosome and then enter LDs.

As discussed above, TPA-BTTDO NPs initially localize in lysosome,
thus, we speculate that NPs penetrate the cell membrane via en-
docytosis process. To confirm the internalization mechanism of TPA-
BTTDO NPs in HeLa cells, the endocytosis inhibition assay is employed.
In experimental groups, HeLa cells are treated under different en-
docytosis inhibition conditions, including low-temperature incubation
and other inhibitor treatments of chlorpromazine, cytochalasin. D,
nystatin, dynasore and sucrose, before the incubation with TPA-BTTDO
NPs. Herein, chlorpromazine can inhibit the clathrin-mediated en-
docytosis, and nystatin has great depression effect on endocytosis based
on caveolae. Besides, sucrose and cytochalasin. D can block receptor
and actin mediated endocytosis, respectively. At 4 °C, the emission
signal of TPA-BTTDO NPs is barely recorded (Fig. S7), as the

endocytosis process is inhibited by energy blocking under low tem-
perature. Meanwhile, among the different inhibitor treatments, only
dynasore shows strong inhibition efficiency, indicating that dynamin-
mediated endocytosis is the primary driving force for internalization
process of TPA-BTTDO NPs. Therefore, TPA-BTTDO NPs will localize in
lysosome before accumulation in LDs. According to the time-dependent
internalization process in LDs, it is reasonable that TPA-BTTDO NPs will
pass through the cell membrane via endocytosis and localize in lyso-
some at first, and then they will escape from lysosome and subsequently
be internalized in LDs. Since there are complicated enzymes in lyso-
some, the DSPE-PEG2000 matrix may be decomposed. The resulting
highly hydrophobic bare TPA-BTTDO prefer to accumulate in LDs be-
cause of the similar hydrophobic nature, which probably accounts for
the interesting staining behaviors [27b].

More interestingly, by using Lambda-scanning under CLSM, dual
emission property of TPA-BTTDO NPs is observed. By respective colo-
calization observation, high overlap coefficient (0.86 ± 0.03) and
Pearson correlation coefficient (0.84 ± 0.02) are detected when TPA-
BTTDO with cyan fluorescence colocalized with BODIPY, demon-
strating that cyan fluorescent TPA-BTTDO enriches in lipid droplet.
Meanwhile, upon colocalization with Lysotracker, perfect overlap
coefficient (0.87 ± 0.05) and Pearson correlation coefficient
(0.83 ± 0.03) are also observed for red fluorescent TPA-BTTDO. Thus,
we can verify that TPA-BTTDO with cyan emission localizes in lipid
droplet and TPA-BTTDO with red fluorescence enriches in lysosome
(Fig. 5A and C). By studying the spectrum, TPA-BTTDO NPs show cyan
emission (498 nm) in LDs, while red emission (614 nm) in lysosome
(Fig. 5B and D). This should be caused by the different polarity of ly-
sosome (high polarity) and LD (low polarity). To further confirm this,
the emissions of TPA-BTTDO in cholesteryl oleate and glycerol trilau-
rate, the main components of LDs, are measured. As expected, TPA-
BTTDO exhibits apparently blue-shifted emission at 588 nm in these
environments, which is close to that in non-polar hexane (562 nm) (Fig.

Fig. 3. CLSM images of HeLa cells incubated with TPA-BTTDO NPs followed by co-staining with (A) Lysotracker and (C) BODIPY. (E) CLSM images of HeLa cells
incubated with TPA-BTTDO NPs after treated by oleic acid, followed by colocalization with BODIPY. Line series analysis for TPA-BTTDO NPs with (B) Lysotracker,
(D) BODIPY and (F) BODIPY in cells treated by oleinic acid. [TPA-BTTDO NPs]=2.4 μg/mL, [Lysotracker]= 100 nM, [BODIPY]= 10 μg/mL. TPA-BTTDP is
highlighted in red; Lysotracker and BODIPY are highlighted in green. Scale bar= 10 μm.
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S8). These findings imply that the polarity variation of the environ-
ments could be a major reason for the distinct emission color change of
TPA-BTTDO. In addition, the components in LD should be much more
complicated, which are also responsible for the bluer emission of TPA-
BTTDO in LD (498 nm). Similar phenomena had been observed for

many other fluorescent probes with donor-accepter structures [31a,36].
Nevertheless, this interesting “chameleon” behavior is quite promising
for specific monitoring dynamic process of LDs.

Since LDs are highly dynamic organelles, and their movements
along the skeleton of cells are of close relationship with membrane

Fig. 4. CLSM images of HeLa cells incubated with TPA-BTTDO NPs for 2 (A), 4 (B), 12(C) and 24 h (D), respectively, followed by co-staining with BODIPY and
Lysotracker. The overlap coefficient values of TPA-BTTDO NPs with Lysotracker and BODIPY were calculated. [TPA-BTTDO NPs]= 2.4 μg/mL, [BODIPY]= 10 μg/
mL, [Lysotracker]= 100 nM. TPA-BTTDO is highlighted by red, BODIPY is highlighted in green, and Lysotracker is highlighted by blue. Scale bar= 10 μm.

Fig. 5. Colocalization of cyan and red fluorescent TPA-BTTDO with BODIPY and Lysotracker, respectively. (A) Lambda-scanning images of HeLa cells labeled by cyan
fluorescent TPA-BTTDO, followed with the co-stain with BODIPY. (B) The PL spectrum of TPA-BTTDO in lipid droplets. (C) Lambda-scanning images of HeLa cells
labeled by red fluorescent TPA-BTTDO, followed with the co-stain with Lysotracker. (D) The PL spectrum of TPA-BTTDO in lysosome. [TPA-BTTDO NPs]=2.4 μg/
mL λex= 405 nm; λem= 450–725 nm [BPDIPY]=10 μg/mL, λex= 488 nm; λem= 510–540 nm [Lysotracker]= 100 nM, λex= 543 nm; λem=570–700 nm. Scale
bar= 10 μm.
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synthesis and protein degradation, the dynamic movements of LDs are
monitored based on the unique staining behavior as well as good
photostability of TPA-BTTDO NPs. As shown in Fig. 6, the spatial dis-
tribution of LDs in HeLa cells can be observed easily at different stages,
and their dynamic movements are traced with a high signal-to-noise
ratio. As denoted by the yellow circles with the amplified images in
white frames, the fusion and division processes of LDs are clearly vi-
sualized by monitoring the emission signal of TPA-BTTDO NPs, which
can barely be observed under bright field.

In addition, the intracellular consumption of LDs can also be well
distinguished with TPA-BTTDO NPs. As displayed in Fig. 7A, TPA-
BTTDO NPs are successfully accumulated in LDs and exhibit bright cyan
emission at the first day. Then, weak red emission can be detected on
the second day. This phenomenon becomes more evident along with the
extension of incubation time. At the fourth day, only red emission can
be observed and the cyan emission disappears, demonstrating no TPA-
BTTDO localize in LDs at this time. It is well known that LD has a close
association with mitochondria because LD is an alternative resource for
intracellular energy. And the consumption of LDs naturally results in
the failure of localization of TPA-BTTDO in LDs. Meanwhile, lysosome
can act as an important waste disposal system inside cells for biomo-
lecules and unwanted materials digestion. Thus, the colocalization of
TPA-BTTDO NPs with Lysotracker and Mitotracker are conducted, re-
spectively. Delightfully, a perfect colocalization of TPA-BTTDO (red
emission) with Lysotracker (green emission) is observed (overlap
coefficient= 0.85 ± 0.02; Pearson correlation coefficient= 0.84 ±
0.02) (Fig. 7B, C and Fig. S9). These findings indicate that LDs are
consumed and TPA-BTTDO are transferred into lysosome after LD
consumption, owing to the stomach activity of lysosome.

In comparison with the fluorescent proteins expressed in lysosome
and LD, these new fluorescent probes in this work possess several ad-
vantages for the study of LD-lysosome interplay. First, the labeling
procedures for TPA-BTTDO NPs are quite simple, while the complicated
transfection process is needed for fluorescent proteins. Second, the la-
beling efficiency of TPA-BTTDO NPs can reach 100%, but fluorescent
protein generally only shows 50–80% labeling efficiency. Third, TPA-
BTTDO NPs have perfect biocompatibility, but the transfection process
often results in high cytotoxicity due to the use of Lipo 2000. Fourth,
one fluorescent probe TPA-BTTDO shows dual emission when located
in lysosome and LD, respectively, which can be more easily used to
study the dynamic process by monitoring the fluorescence change.
Clearly, TPA-BTTDO NPs hold a great potential in monitoring dynamic

process for biofunctional observation of LD-lysosome interplay.

3. Conclusions

In summary, we have developed unique fluorescent probes (TPA-
BTTDO NPs) for LD dynamic movement tracing and consumption. The
TPA-BTTDO NPs fabricated by encapsulating the fluorogenic molecule
TPA-BTTDO that possesses AIE and TICT features within DSPE-PEG2000

matrix show bright red emission, high photostability, excellent bio-
compatibility and intracellular-polarity sensitivity. They can be inter-
nalized by cells via dynamin-mediated endocytosis, and localize in ly-
sosome, followed by escaping from lysosome and then accumulating in
LDs. When LDs are consumed, they can finally return to lysosome. By
utilizing Lambda-scanning mode, red and cyan emissions are detected
in lysosome and LDs, respectively, which is attributed to the environ-
mental polarity variation. The tracing of dynamic movement and con-
sumption of LDs are visualized by TPA-BTTDO NPs with a high signal-
to-noise ratio. These intriguing “chameleon” bioprobes could be an
ideal candidate in fluorescence visualization of LDs for the investigation
of biological functions, and holds a great potential in prevention of LDs-
lysosome related metabolism diseases.

4. Experimental

4.1. Materials and measurements

All chemicals and reagents were purchased from commercial
sources and used as received without further purification. 1H and 13C
NMR spectra were measured on a Bruker AV 500 spectrometer in ap-
propriated deuterated solution at room temperature. High resolution
mass spectra (HRMS) were recorded on a GCT premier CAB048 mass
spectrometer operating in MALDI-TOF mode. UV–vis absorption spectra
were measured on a Shimadzu UV-2600 spectrophotometer.
Photoluminescence spectra were recorded on a Horiba Fluoromax-4
spectrofluorometer. Fluorescence quantum yields were measured using
a Hamamatsu absolute PL quantum yield spectrometer C11347
Quantaurus_QY. Confocal laser scanning microscope (CLSM) char-
acterization was conducted with a confocal laser scanning biological
microscope (LSM 710, Zeiss, Germany). The absorbance for MTT ana-
lysis was recorded on a microplate reader (Thermo Fisher, USA) at a
wavelength of 570 nm. Size and zeta potential measurements were
conducted on Dynamic Light Scattering (ZSE, Malvern, UK).

Fig. 6. CLSM images of HeLa cells stained with TPA-
BTTDO NPs to illustrate the fluorescence images at
different times of 0min (A), 2min (B), 4min (C),
7min (D), 8min (E) and 10.5min (F). [TPA-BTTDO
NPs]=2.4 μg/mL. The images in white frame in the
upper left are the amplified images denoted by
yellow circle. Scale bar= 5 μm.
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Nanoparticles were prepared on cell crusher (Qsonica Sonicators, USA).
Automated cell counter (Countess II, Invitrogen) was employed for cell
counting. Transmission electron microscope was carried on JEM-1400
Plus (JEOL, Japan). HeLa cells, NIH 3T3 cells and ktr-3 cells were ob-
tained from cell culture center of Institute of Basic Medical Sciences,
Chinese Academy of Medical Science (Beijing, China). PBS buffer,
DMEM (Dulbecco's modified Eagle medium) and fetal bovine serum
(FBS) were purchased from Thermo Fisher Scientific (Shanghai, China).
Lysotracker DND 99, Mitotracker, pHrodo Red AM and BODIPY were
purchased from Thermo Fisher Scientific (Shanghai, China). Water was
purified with a Millipore filtration system. MTT was purchased from
Tiangen Biotech (Beijing, China).

4.2. Synthesis

2,5-Bis(4-(diphenylamino)phenyl)-3,6-diphenylthieno[3,2-b]thio-
phene 1,1-dioxide (TPA-BTTDO): Compounds 2 (0.54 g, 1.11mmol)
and 3 (0.96 g, 3.39mmol), Pd(PPh3)4 (0.13 g, 0.12mmol) and K2CO3

(0.63 g, 4.53mmol) were added in 100mL two-necked bottle under a
flow of nitrogen (Scheme 1). After then, a mixed solvent system of to-
luene, C2H5OH and H2O (v/v/v= 8:1:1) was injected into the bottle,
and the reaction mixture was refluxed for 12 h under nitrogen atmo-
sphere. After cooling to room temperature, the mixture was poured into
water and extracted twice with dichloromethane. The combined or-
ganic layers were washed successively with brine and water, and then
dried over anhydrous magnesium sulfate. After filtration, the solvent
was evaporated under reduced pressure and the residue was purified by
silica-gel column chromatography using dichloromethane/hexane as
eluent. Red solid of TPA-BTTDO was obtained in 89% yield. 1H NMR

(500MHz, CDCl3), δ (TMS, ppm): 7.60–7.57 (m, 2H), 7.54–7.51 (m,
2H), 7.45–7.41 (m, 3H), 7.40–7.31 (m, 5H), 7.30–7.23 (m, 9H),
7.15–7.01 (m, 13H), 6.92–6.87 (m, 4H). 13C NMR (125MHz, CDCl3), δ
(TMS, ppm): 148.92, 148.17, 147.04, 146.75, 144.81, 141.66, 137.96,
137.55, 132.91, 132.30, 132.17, 129.88, 129.72, 129.67, 129.44,
129.40, 129.29, 128.78, 128.47, 128.37, 125.90, 125.59, 125.13,
124.05, 123.69, 121.97, 121.10, 119.91. HRMS (C54H38N2O2S2): m/z
810.2406 (M+, calcd 810.2375).

4.3. The preparation of nanoparticles

TPA-BTTDO (3mg) was dissolved in 1mL of THF (Solution A), and
DSPE-PEG2000 (3 mg) was dissolved in 1mL of THF (Solution B).
Solution A (300 μL) and Solution B (600 μL) were mixed uniformly,
followed by the addition of 9mL water under ultrasound. THF in
mixture was removed by N2 and dialysed with a membrane with mo-
lecular weight cutoff of 3500 g/mL. At last, the solution was filtered by
a filter with the size of 0.22 μm.

4.4. Cell viability assay

HeLa cells were seeded in 96-well plate with 8×103 cells per well,
and incubated with TPA-BTTDO NPs in DMEM (10% FBS) with the final
concentration ranging from 0 to 3.1 μg/mL (100 μL/well), respectively.
24 h later, 100 μL of MTT (10 μM) in DMEM (10% FBS) was added, and
4 h incubation was needed. After removing the culture medium, 100 μL
of DMSO was added to every well. The absorption was recorded by a
microplate reader at 570 nm after shaking for 2min. The cell viability
ratio (VR) was evaluated according to the following equation:

Fig. 7. The consumption process of TPA-BTTDO NPs in HeLa cells. (A) Lambda-scanning images of HeLa cells after incubated with TPA-BTTDO NPs during 4 days.
CLSM images of HeLa cells after incubating with TPA-BTTDO NPs on the fourth day, followed by co-staining with (B) Lysotracker and (C) Mitotracker. [TPA-BTTDO
NPs]=2.4 μg/mL; [Lysotracker]= 100 nM; [Mitotracker]= 1 μM. TPA-BTTDO is highlighted in red; (B) Mitotracker and (C) Lysotracker are highlighted in green.
Scale bar= 10 μm. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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= ×
A
A

VR 100%
0

Where A0 is the absorbance of cells without any drugs, and A is the
absorbance of cells incubated with TPA-BTTDO NPs.

4.5. The CLSM characterization of cells treated by TPA-BTTDO NPs

Normal incubation: HeLa cells were incubated with TPA-BTTDO
NPs (2.4 μg/mL) in DMEM for 12 h, followed with the incubation of
Lysotracker DND 99 (100 nM) or BODIPY (10 μM) in DMEM for 30min.
Then, the spices were observed on CLSM. The same treatments were
carried for NIH 3T3 and ktr-3 cells.

Oleic acid treatment: HeLa cells were treated with oleic acid (10 μg/
mL) in DMEM (10% FBS) for 6 h, followed with the incubation of TPA-
BTTDO NPs (2.4 μg/mL) in DMEM for 12 h. Then, HeLa cells were
furtherly treated with BODIPY (10 μM) in DMEM for 30min. TPA-
BTTDO NPs: λex= 405 nm, λem=450–725 nm. BODIPY:
λex= 488 nm, λem= 510–540 nm. Lysotracker DND 99: λex= 543 nm,
λem= 570–650 nm. Overlap coefficient and Pearson correlation coef-
ficient were analyzed on Zeiss LSM 710.

4.6. Internalization speed of NPs by HeLa cells

HeLa cells were incubated with TPA-BTTDO NPs (2.4 μg/mL) in
DEME for 2, 4, 12 and 24 h, respectively. After washed by PBS for three
times, HeLa cells were incubated with Lysotracker (100 nM) in DMEM
for 30min, followed by characterization with CLSM.

4.7. Endocytosis inhibition assay

After washed by PBS for three times, HeLa cells were treated by
Dynasore (100 μM) for 1 h, Chlorpromazine (5 μg/mL) for 30min, cy-
tochalasin D (10 μg/mL) for 30min, nystatin (15 μM) for 1 h or Sucrose
(150mM) for 1 h, respectively. HeLa cells without any treatment was
set as control. Then, the cells were incubated with TPA-BTTDO NPs
(4 μM) in DMEM for 4 h under 37 °C. One group of cells wthout treat-
ment was cultured under 4 °C. After washed by PBS for three times,
HeLa cells were characterized under CLSM.

4.8. The tracing of LDs dynamic movements and consumption

HeLa cells were treated by oleic acid (10 μg/mL) in DMEM (10%
FBS) for 6 h, followed with the incubation of TPA-BTTDO NPs in DMEM
for 12 h. The movement was studied by CLSM every 30 s. Meanwhile,
HeLa cells were imaged every 24 h with the lambda-scanning mode. At
the fourth day, cells were costained with Lysotracker (100 nM) or
Mitotracker (1 μM). Mitotracker: λex= 543 nm, λem= 570–650 nm.
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