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HIGHLIGHTS GRAPHICAL ABSTRACT

e BQL demonstrated a large Stokes shift
(minimizing interference from auto-
fluorescence) and a good response to
viscosity (using the TICT principle).

e BQL demonstrated little to no pH-
dependency, polarity-dependency, or
interference from other analytes.

e¢BQL was used to monitor viscosity
changes in mitochondria induced by ion
carriers, and was used to report on vis-
cosity in real time during mitophagy.

ARTICLE INFO ABSTRACT

Keywords: Mitochondria are the sites of respiration in cells, and they participate in many indispensable biological processes.
Fluorescent chemosensor Because variations in mitochondrial viscosity can lead to dysfunctions of mitochondrial structure and function
Viscosity

(and even induce malignant diseases), new sensors that can accurately monitor changes in mitochondrial vis-
cosity are essential. To better investigate these changes, we report the development and evaluation of a novel
benzothiophene-quinoline-based fluorescent chemosensor (BQL) that was designed especially for monitoring
mitochondrial viscosity. BQL demonstrated a large Stokes shift (minimizing interference from autofluorescence)
and a good response to viscosity (using the TICT principle). Moreover, BQL demonstrated little to no pH-
dependency, polarity-dependency, or interference from other analytes. Thus, BQL has an excellent specificity
for viscosity. BQL was used to monitor viscosity changes in mitochondria induced by ion carriers, and was used
to report on viscosity in real time during mitophagy. To sum up, BQL provided a new approach for detecting
viscosity in living cells and in vivo. BQL should prove to be an excellent tool for the analysis of viscosity changes
in live cells.
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1. Introduction

Intracellular viscosity is an important index affecting the normal
health and status of cells, influencing fundamental processes such as the
diffusion of intracellular substances, common intracellular macromo-
lecular interactions, signal transmission, and other vital biological pro-
cesses[1-4]. By modulating these fundamental processes, intracellular
viscosity can profoundly affect cell proliferation, cell differentiation,
and cell apoptosis. Moreover, because changes in intracellular viscosity
can affect these important cell processes, abnormal changes in viscosity
can result in disease, including atherosclerosis[5], hypertension[6],
malignancy[7], and Alzheimer’s disease[8,9]. To monitor these poten-
tially important changes in cellular viscosity, viscosity measurements in
specific organelles are essential, especially because viscosity is known to
inherently vary from region to region in the cell [10-14].

Mitochondria regulate nutrients to produce the energy they need to
function effectively inside cells. As important ‘power plants’ in cells,
mitochondria play an essential role in metabolism, respiration, differ-
entiation, and aging[15-17]. Mitochondria also play important roles in
the synthesis of biomacromolecules and the regulation of intracellular
homeostasis[18]. Because abnormalities in the mitochondrial microen-
vironment can cause mitochondrial dysfunctions that are associated
with neurological diseases, observations of mitochondrial viscosity are
essential[19-21]. Thus far, numerous mitochondrial dyes have been
designed to report on the mitochondrial microenvironment, and several
can be used for rapid and sensitive detection[12,22-24]. In general,
mitochondrial dyes are positively charged, and these are attracted into
the mitochondria because of the negative mitochondrial potential. In
recent years, fluorescence confocal imaging has become a popular and
widespread method for investigating biological phenomenon, largely
because its fast imaging speed, high signal intensity, and its ability to
link in vitro and in vivo experiments[25-27]. Thus, fluorescence confocal
imaging of mitochondrial viscosity holds great potential for monitoring
physiological relevant events.

In this work, we have designed a novel fluorescent chemosensor
(BQL) comprised of benzothiazole group, which functions as both a
fluorescence emitter and an electron-donating group, and a quinoline
derivative cation, which functions as both an electron-withdrawing
group and a mitochondria-specific targeting group. In addition, we
incorporated a benzene ring in the middle to expand the conjugated
structure. Together, these functional groups form a D-z-A structure for
viscosity detection. Generally, when a molecular rotor is combined with
a fluorophore, the molecular rotor can rotate (relative to the whole
molecule) in low viscosity solvent, allowing the relaxation process to
proceed by non-radiative transition, and resulting in significant
quenching of fluorescence. In contrast, non-radiative energy transitions
are inhibited in high viscosity solvents, resulting in an enhancement of
fluorescence intensity — the twisted intramolecular charge transfer
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(TICT) principle[28-30]. Through similar changes in its fluorescence,
BQL may sensitively reflect viscosity changes associated with
mitochondria-related physiological processes. With good spatiotem-
poral resolution and low cytotoxicity, BQL could potentially find wide
application in medicine, biology, chemistry, and many other fields.
Scheme 1 illustrates the sensing mechanism between BQL and viscosity.

2. Experimental section
2.1. Materials and instruments

Details of the materials and instruments used in this study can be
found in the Supplementary information section.

2.2. Synthesis of BQL

The BQL synthetic process is described in Fig. 1.

Compound 1. 2-Bromobenzothiazole (214 mg, 1 mmol) and 4-for-
mylphenylboronic acid (165 mg, 1.1 mmol) were dissolved in 17.5 mL
of solvent (4:2:1 ratio of toluene, ethanol, and 2 mol/L sodium bicar-
bonate aqueous solution) in a three-necked flask with stirring. Next,
tetrakis (triphenylphosphine) palladium (11.58 mg, 10 pmol) was added
as a catalyst. Using freeze-thaw and a vacuum device, water vapor and
oxygen were then removed from the flask. Next, the synthesis reaction
was allowed to proceed at 78°C. After 9 h reaction, the product was
extracted with dichloromethane and water. The lower organic phase
was then dried with magnesium sulfate and filtered with a suction filter.
The resulting liquid was rotary evaporated and then purified by column
chromatographic separation. The final product (Compound 3) was
eluted in dichloromethane/ absolute methanol (50:1). Finally, a
yellowish solid was obtained (126.69 mg, 53 %). 'H NMR (400 MHz,
DMSO) § 10.10 (s, 1H), 8.28 (d, 2H), 8.14 (dd, 1H), 7.98 (m, 3H), 7.56
(ddd, 1H), 7.45 (ddd, 1H) (Figure S1).

Compound 2. 4-Methyl quinoline and iodomethane were used to
synthesize compound 2 [31,32].

BQL. Compound 1 (66.1 mg, 0.418 mmol) and compound 2 (100 mg,
0.418 mmol) were added to a dry flask and dissolved in 25 mL ethanol.
Next, piperidine (165.5 pL) was added to the above mixture. The reac-
tion was then refluxed with stirring at 80 °C for 10 h. The product was
purified by TLC using dichloromethane/ absolute methanol (30:1).
Finally, a deep yellow solid (BQL) was collected (42.79 mg, 27 %). H
NMR (400 MHz, DMSO-dg) 6 9.43 (d, 1H), 9.12 (d, 1H), 8.56 (t, 1H),
8.54 - 8.47 (m, 2H), 8.34 - 8.29 (m, 1H), 8.26 (t, 3H), 8.21 (d, 3H), 8.11
(t, 2H), 7.60 (t, 1H), 7.52 (t, 1H), 4.59 (s, 3H) (Figure S2). MS (ESI):
Caled for [CosHoNoS]™: 379.13, found: 379.07 (Figure S3).

High viscous media

Strong Fluorescence

Scheme 1. The mechanism of BQL response to viscosity.
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2.3. Preparation and measurement of samples

2.3.1. Sample treatment

The viscosity of the solvent was varied by adjusting the proportion of
glycerol in a PBS-glycerol system (pH = 7.40, 10 mM PBS), and the
resulting viscosity values were recorded using an NDJ-5S digital rota-
tional viscometer. BQL stock solution (1 mM in ultrapure water) was
stored in a —40 °C freezer protected from light. Each sample (10 pM)
was prepared by dissolving 10 pL BQL in 990 pL of viscous solvent. All
samples were ultrasonicated to remove air bubbles and maintained at
37 °C for 1 h. The fluorescence emission spectrum and UV-Vis absorp-
tion spectrum were then measured and recorded at 37 °C.

2.3.2. pH experiments

Starting from a PBS stock solution (pH = 7.40, 10 mM), we adjusted
the pH of the solvent to 4.45, 5.49, 6.55, 7.40, 8.41, 9.89, and 10.66.
These different pH solvents were used to explore the influence of pH on
the chemosensor BQL. Each sample (10 pM) was prepared at the spec-
ified pH by adding 10 pL BQL stock solution to 990 pL of the relevant
solvent.

2.3.3. Effects of common interfering analytes

To investigate the effects of common interfering substances on vis-
cosity detection, we added Ca?t, cu?t, Fe?t, Fe?, KT, Mg2+, Mn?*,
Na*, Pb%*, Zn?*, Cys, and GSH to PBS (pH = 7.40, 10 mM) to obtain
solutions of the different interference analytes (final concentration, 50
pM). Sample solutions (10 pM) containing the specified common inter-
fering substance were then prepared from these solutions. All solutions
were maintained at 37 °C.

2.4. Cell experiments

2.4.1. Cytotoxicity assay

The MTT assay was used to evaluate the toxicity of BQL on A549
cells, and to find the optimum concentration conditions to conduct
subsequent cell experiments. First, A549 cells were cultivated in a 96-
well plate using a volume of 100 pL/well. Different concentrations of
the BQL (from 10 to 100 pM) were then added to the A549 cells. Next,
the cells were incubated for 24 h at 37 °C. MTT solution was then added
into each well, and the cells were incubated for 4 h. The MTT solution
was removed, and 150 pL of DMSO was added into each well. Finally,
the cytotoxicity at each concentration was assessed using a microplate
reader.

2.4.2. Co-localization experiments

A549 cells were incubated with the BQL (20 pM) for 5 min, and then
with MitoTracker Green (20 nM) for 25 min. To explore target speci-
ficity, A549 cells were co-incubated with the BQL (5 pM) and Lyso-
Tracker (20 nM) for 25 min.

2.4.3. Viscosity measurements

First, mitochondrial viscosity was perturbed by addition of an ion
carrier (monensin or nystatin). Monensin (final concentration, 6 pM) or
nystatin (final concentration, 6 pM) was added to A549 cells, and the
cells were then incubated for 25 min. Next, BQL (10 uM) was added, and
the cells were incubated for an additional 20 min. The A549 cells were
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then washed three times with PBS and used for imaging.

Second, mitochondrial viscosity was perturbed by mitophagy. A549
cells were incubated with BQL (10 pM) in serum-free medium for 25 min
or 60 min. A549 cells were then washed three times with PBS and used
for imaging.

3. Results and discussion
3.1. Spectral response

The spectral response of BQL to viscosity was evaluated. In the
absence of added glycerol (0 % glycerol), the viscosity of PBS was 0.70
cP. Glycerol was then added incrementally to PBS to prepare a set of
viscous solvents with a viscosity gradient, reaching a maximum viscosity
of 202.4 cP in 95 % glycerol. These viscous solvents were maintained at
37 °C for use in subsequent experiments. The fluorescence and UV-vis
absorption spectrums of the different viscous solvents were subse-
quently measured at 37 °C. The UV-vis absorption spectrum of BQL
obtained at the lowest and the highest viscosity (0.70 cP and 202.4 cP)
revealed two UV-vis absorption peaks at 320 nm and 404 nm. These two
peaks correspond to the benzothiazole fluorophore and quinoline de-
rivative cation, respectively (Figure S4). The UV-vis absorption in-
tensities of both peaks increased when the viscosity index increased.

A fluorescence spectrum series of the viscous solvents was also ob-
tained. As the viscosity increases, the rotation ability of BQL at the
rotating site is reduced. This is accompanied by a decrease in non-
radiation transition in the BQL molecule after laser stimulation. Ac-
cording to the TICT principle, there should be a resultant enhancement
in fluorescence intensity. BQL demonstrated the strongest fluorescence
emission peak at 560 nm (Fig. 2A). The large Stokes shift had the ad-
vantages of low background interference, little photodamage to bio-
logical samples, strong sample penetration and high detection
sensitivity. The observed Stokes shift was 128 nm, indicating that BQL
has the additional advantage of anti-interference. Upon gradual addition
of glycerol, the fluorescence intensity at 560 nm increased accordingly.
The fluorescence intensity of BQL was observed to increase 14.3-fold
over the full viscosity range. From the literature, mitochondrial viscos-
ity is known to range from 1 cP to 100 cP, and the fluorescence intensity
of BQL increased 9.3-fold in the mitochondrial viscous range.

To accomplish this, we investigated the mathematical relationship
between viscosity values (within the range of mitochondrial viscosity)
and their corresponding fluorescence intensities. As shown in Fig. 2B,
the relationship between 1g Is6p and lg # could be fit to the For-
ster—Hoffmann equation (Ig(I) = C + x lgy; R = 0.99624). The marked
increase in fluorescence intensity observed indicates that BQL can be
used as a tool for monitoring mitochondrial viscosity. As solvent vis-
cosity increased, the quantum number of the emitted light also
increased. This produced a notable change in the quantum yield (the
ratio of the emitted quantum number to the absorbed quantum number),
which increased from 0.21 % at the lowest viscosity to 1.26 % at the
highest viscosity. The data related to the probe BQL were made into a
clear table (Table S1).

3.2. Stability and selectivity

Because double bonds are known to decompose under laser

\ +
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Fig. 1. The BQL synthetic process.
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illumination, we next tested the optical stability of the BQL chemo-
sensor. The fluorescence intensity of BQL remained nearly unchanged
after continuous excitation light irradiation for 60 min in low-viscous
and high-viscous medium at 37°C (Fig. 2C). Thus, the BQL chemo-
sensor demonstrates excellent photostability. To investigate the
response of BQL to pH, BQL fluorescence was recorded under different
pH conditions. As shown in Fig. 2D, the fluorescence values did not
fluctuate significantly in the pH 2.28 — 12.52 range, demonstrating that
BQL had little to no interaction with hydroxide ions or hydrogen ions,
and that the effects of pH on the BQL chemosensor could be ignored.
Next, we performed polarity interference experiments in solvents of
different polarities. As shown in Figure S5, the fluorescence intensity
change of BQL in the most polarized solvent (DMSO) was markedly
lower than that in viscous solvents. Thus, the effects of polarity on the
chemosensor could also be ignored. Together, the above results indicate
that BQL is a sensitive chemosensor with the capability for specific
viscosity detection.

Finally, to investigate the specificity of the chemosensor, we per-
formed experiments using potential interference analytes. As shown in
Fig. 2E, the responses of BQL to common potential interfering species in
cells (Ca®", Cu®*, Fe?*, Fe3t, K, Mg?t, Mn?*, Na*, Pb?*, Zn?", Cys,
and GSH) were negligible, even at high (50 pM) final concentrations.
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This could be attributed to the fact that the BQL molecular structure did
not possess a reaction site for the interference analytes. In summary,
BQL (with its benzothiazole group and a rotating site) could be applied
to specifically identify mitochondrial viscosity in different complicated
mediums without interference from other environmental factors.

3.3. Theoretical calculations

To better understand the inherent relationship between molecular
rotation, solution viscosity, and fluorescence intensity, we performed
theoretical calculations to explain the fluorescence phenomenon in
detail. As shown in Fig. 3, in the ground state (S0), the structure of BQL
was nearly planar. The HOMO was mainly located in the benzothiazolyl
and phenyl groups, and the LUMO was located in the phenyl and methyl
quinoline groups. Because both HOMO and LUMO were associated with
the phenyl group, intramolecular charge transfer (ICT) was possible.
Hence, BQL demonstrated strong fluorescence emission in its quasi-
planar molecular structure. In the first excited state (S1), the benzo-
thiazolyl and the methyl quinoline groups demonstrated a dihedral
angle of about 90° (relative to each other) in the optimal BQL structure.
As a consequence, the HOMO and the LUMO exhibited obvious charge
separation with a TICT state. In agreement with electron hole theory, the
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Fig. 3. Theoretical calculations and descriptions of HOMO/ LUMO energy levels in the molecule BQL. TDDFT calculations demonstrate energy changes in different
states of the molecule as rotation angle (6;) increases. An isosurface map of the BQL hole is also displayed.

conjugate system was broken in the S; state, resulting in complete
charge separation and the subsequent quenching of fluorescence
emission.

According to previous research, the rotation barrier (Egg) and the
driving energy (Epg) are key parameters for evaluating whether or not
the molecule can spontaneously transit from the ICT state to the TICT
state [33]. We calculated the energy distribution of Sy (BQL nearly
planar) and S; (BQL contorted along a dihedral angle 6). According to
Fig. 3, the Egp of BQL was 0.0074 eV, and its Epg was —1.82 eV. Hence,
the TICT state occurred spontaneously, and in turn caused fluorescence
quenching of BQL. While calculations revealed that the molecule could
rotate spontaneously in low viscosity medium, molecule rotation was
limited in high viscosity medium, resulting in enhanced fluorescence
intensity. The above theory effectively explains the fluorescence phe-
nomenon demonstrated in 3.1.

3.4. Cytotoxicity and co-localization assay

First, we performed an MTT assay to evaluate cytotoxicity at various
BQL concentrations. Cytotoxicity was measured as the ratio of the ul-
traviolet absorption intensity at 490 nm in cells treated with BQL (at
different concentrations) to the ultraviolet absorption intensity at 490
nm in untreated cells. As shown in Figure S6, the viability of cells treated
with 100 pM BQL for 24 h remained above 82 %. The results show that
BQL at low concentrations is non-cytotoxic although after incubation for
a long time; therefore, it is safe for biological imaging.

In recent years, several organelle-targeting fluorescent chemosensors
have been developed to monitor specific substances in organelles or the
organelle microenvironment[34,35]. In the present study, A549 cells
were first incubated with BQL and MitoTracker Green. As shown in
Figure S7, the red channel reporting BQL fluorescence largely over-
lapped with the green channel marking mitochondria (Pearson’s cor-
relation coefficient, 0.95). Thus, the quinoline derivative cation
structure of the chemosensor fulfills its design. To investigate off-target
co-localization of BQL with other organelles, we performed a co-
localization experiment using BQL and a lysosome-specific dye. As
shown in Figure S8, BQL did not specifically target the lysosome
(Pearson’s correlation coefficient, 0.27). Together, these results
demonstrate the mitochondrial specificity of the BQL chemosensor.

Moreover, the results provide evidence that the BQL chemosensor can be
used to specifically report on the mitochondrial biological
microenvironment.

At the same time, we verified the effect of the concentration of BQL
on the fluorescence intensity of A549 cells. 8 pM, 10 pM and 12 pM of
BQL were added into A549 cells to observe the fluorescence intensity.
The results showed that there was no significant difference, indicating
that the concentration of the probe had almost no obvious effect on the
fluorescence intensity, and the variation of fluorescence intensity was
caused by the changes of microviscosity (Figure S9).

3.5. Detection of mitochondrial viscosity

To investigate the BQL response to natural variations in intracellular
viscosity, we manipulated the viscous microenvironment in A549 cells.
According to previous reports, monensin, nystatin, and autophagy in-
duction can all affect mitochondrial viscosity[22,36]. In our cell-based
experiments, we manipulated mitochondrial viscosity states using the
above three methods, and then added BQL to facilitate measurements of
viscosity by confocal imaging.

Monensin is an antibiotic commonly used as a growth promoter in
animals. The toxicological mechanism of monensin requires the for-
mation of a lipophile complex with Na™ (or other cations), and this
complex is able to pass freely into and out of the cell through the
membrane. When the lipophile complex enters the cell, intracellular
Ca®* levels increase, resulting in an imbalance in intracellular ions, and
a consequent enhancement of viscosity[37,38]. Because monensin
principally targets organs that require a lot of energy production (e.g.,
hearts and kidneys), mitochondria are inferred to be the major sub-
organelle to which monensin locates. Nystatin is an antibiotic with a
conjugated polyene macrolide structure. Like monensin, nystatin is an
ionic carrier with high membrane permeability. Nystatin is proposed to
both enhance mitochondrial viscosity and to increase the diffusion of
intracellular material out of the cell[38,39]. Both these activities are
likely to lead to abnormal changes in nystatin-treated cells.

To manipulate the mitochondrial viscous microenvironment, A549
cells were treated with nystatin or monensin for a relatively short in-
cubation period (to minimize any adverse biological reactions induced
by these ionic carriers). The pre-treated A549 cells were then incubated
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with BQL. Finally, the cells were washed three times with PBS, and then
imaged using confocal microscopy. As shown in Fig. 4A1 and Fig. 4B1,
untreated cells (containing only BQL) demonstrated enhanced bright-
ness (compared with control cells). Thus, BQL demonstrates sponta-
neous fluorescence in the normal microenvironment. However, the
confocal fluorescence intensity was markedly enhanced after monensin
or nystatin treatment for 25 min (Fig. 4B1, 4C1, and 4D1). As shown in
Fig. 4E, the degree of mitochondrial viscosity enhancement induced by
monensin was slightly higher than that induced by nystatin. These re-
sults are consistent with those of previous studies. Together, the above
experiments provide evidence that BQL is a powerful tool for detecting
variations in mitochondrial viscosity.

3.6. Mitochondrial autophagy induced viscosity change

Mitochondrial autophagy is an important cellular stress response. In
the event of cell stress, the mitochondrial internal environment can
become compromised, potentially leading to dysfunction. The main
function of mitochondrial autophagy is to remove these abnormal
mitochondria, and to maintain a stable cell environment to ensure
normal energy metabolism. This self-regulation mechanism relies on
lysosomal decomposition and the recycling of damaged mitochondria to
regenerate the nutrients needed for normal cell activities. Mitochondrial
autophagy induced by starvation is a specific type of selective auto-
phagy. In the event of mitochondrial nutrient deficiency, autophago-
somes selectively bind to damaged mitochondria and then fuse with
lysosomes to facilitate degradation and recycling[40,41]. During the
above process, mitochondrial viscosity inevitably changes.

In our experiments, we utilized serum-free medium for starvation
induction and subsequent mitochondrial autophagy[42]. After starva-
tion induction, the cells were incubated with BQL for 25 min and 60 min.
BQL specific fluorescence in untreated A549 cells is demonstrated in
Figure 5B1 (in comparison with control cells in Figure 5A1). When A549
cells treated with serum-free medium were incubated with BQL for 25
min, the fluorescence in the red channel was enhanced, which is
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consistent with an increase in mitochondrial viscosity (Figure 5B1 and
5C1). When A549 cells treated with serum-free medium were incubated
with BQL for 60 min, the morphology of A549 cells was significantly
changed, which is consistent with the proposal that mitophagy had
occurred during this period (Figure 5D1). Furthermore, BQL fluores-
cence intensity at 60 min was further enhanced (compared with 25 min
incubation), indicating that mitochondrial viscosity was increasing in
real-time during the process of mitophagy (Figure 5C1 and 5D1). Thus,
changes in mitochondrial viscosity are a natural phenomenon of bio-
logical systems. These results provide evidence that BQL can be used as a
chemosensor to detect real-time viscosity changes during mitochondrial
autophagy. Moreover, BQL was shown to be a superior tool for appli-
cations in microbiological systems.

3.7. Rapamycin induced viscosity change

Rapamycin is a novel macrolide immunosuppressive agent, which
could play an essential role in the process of cell apoptosis and has been
used as a commercial ion inducer. In our experiment, rapamycin was
added to A549 cells and the cells were incubated for 15 min and 30 min.
Image J was used to measure the fluorescence intensity, and the results
showed that the fluorescence intensity gradually increased with the
increase of induction time of rapamycin (Fig. 6), indicating the increase
of mitochondrial viscosity during this process. It is further confirmed
that BQL is an effective tool for monitoring intracellular viscosity
changes.

4. Conclusions

In summary, we report the synthesis of a water-soluble mitochon-
drial viscosity chemosensor that uses a benzothiazole-quinoline group as
a fluorophore. Moreover, we demonstrate that our novel BQL chemo-
sensor has exceptional properties that favor its use as a mitochondrial
viscosity chemosensor. BQL fluorescence intensity at its emission peak
(560 nm) increased with solvent viscosity, showing a 14.3-fold increase

Fig. 4. (A1-A3) Confocal fluorescence im-
ages of control A549 cells. (B1-B3) Confocal
fluorescence images of A549 cells after in-
cubation with 10 pM BQL. (C1-C3) Confocal
fluorescence images of A549 cells after in-
cubation with nystatin for 25 min, followed
by BQL for 20 min. (D1-D3) Confocal fluo-
rescence images of A549 cells after incuba-
tion with monensin for 25 min, followed by
BQL for 20 min. (E) Comparison of fluores-
cence intensities in (B1), (C1), and (D1).
***¥P < 0.001, data analyses were performed
with an independent sample test with equal
variances, means + SD, n = 3. Aex = 405 nm,
Aem = 410-585 nm.
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Fig. 5. (A1-A3) Confocal fluorescence im-
ages of control A549 cells. (B1-B3) Confocal
fluorescence images of A549 cells after in-
cubation with 10 pM BQL in normal medium
J for 25 min. (C1-C3) Confocal fluorescence
images of A549 cells after incubation with 10
puM BQL in serum-free medium for 25 min.
(D1-D3) Confocal fluorescence images of
A549 cells after incubation with 10 pM BQL
in serum-free medium for 60 min. (E) Com-
parison of fluorescence intensities in (B1),
(C1), and (D1). ***P <0.001, data analyses
were performed with an independent sample
test with equal variances, means + SD, n =
3. hex = 405 M, Aem=410-585 nm.

4
<

Mean FL intensity
S S

15 min 30 min

Fig. 6. (A1-A3) Confocal fluorescence images of A549 cells after incubation with rapamycin for 15 min, followed by BQL for 20 min. (B1-B3) Confocal fluorescence
images of A549 cells after incubation with rapamycin for 30 min, followed by BQL for 20 min. (C) Comparison of fluorescence intensities in (A1) and (B1). Aex = 405

nm, Aem = 410-585 nm.

from 0 % glycerol to 95 % glycerol. In biological studies, interference
from auto-fluorescence is minimized because of the large Stokes shift
(128 nm). Importantly, BQL can target mitochondria and distinguish
changes in viscosity associated with various mitochondrial processes,
including mitophagy. In future studies, our BQL chemosensor may be
employed as a powerful tool for anticipating mitochondrial viscosity-
related diseases.
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