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ABSTRACT: Intracellular viscosity is an essential micro-environmental parameter and H,S is a critical gaseous signaling molecule,
which are both related to various physiological processes. It is reported that the change of viscosity and an imbalance of H,S
production in the mitochondria are both associated with over-expression of amyloid betapeptide (Af), which is thought to play a
central role in the pathogenesis of Alzheimer’s disease (AD). However, to our best knowledge, no fluorescent probe is found for
dual detection of mitochondrial viscosity and H,S. Herein, a dual-response fluorescent probe (Mito-VS) is designed and
synthesized to monitor the level of viscosity and H,S, respectively. Mito-VS itself is nonfluorescent due to a free intramolecular
rotation between dimethylaniline and pyridine. After the increase of viscosity, the rotation is prohibited and an intense red
fluorescence is released. While, upon the addition of H,S, the probe can react with H,S to form compound 3 and a strong green
fluorescence can be observed. Moreover, the probe possesses a good mitochondrion-targeting ability and is applied for imaging the
change of viscosity on red channel and visualizing the variation of exogenous and endogenous H,S concentration on green channel
in mitochondria. Most importantly, the probe is capable of studying cross-talk influence of viscosity and H,S in mitochondria,
which is very beneficial for knowing the pathogenesis of AD.

Intracellular viscosity, an essential micro-environmental
parameter, plays an important role in the transportation of
signals as well as the interactions between biomolecules.'”
Mitochondria, known as power house, play critical roles in
cellular viability and the overall health.* The viscosity of
mitochondria reflects the status and function of the organelle.’
Hydrogen sulfide (H,S) is a critical signaling gasotransmitter,
has been recognized to mediate a wide range of physiological
processes such as vasodilation, angiogenesis, apoptosis,
inflammation, and neuromodulation.”"" H,S biology is
associated with certain organelles like mitochondria.'"'"* And
mitochondrial H,S has been shown to exert protective effects
in oxidative stress resulting in dysfunction and cell death.”"
In particular, studies have indicated that both the change of
viscosity and abnormal levels of H,S in the mitochondria are
both related to amyloid betapeptide (AB) accumulation, which
is considered to be a key pathogenic factor in sporadic
Alzheimer’s disease (AD).'*" AD is a progressive disorder
that leads to dementia and affects approximately 10% of the
population older than 65 years of age. Memory loss is the first
sign of cognitive impairment followed by behavioral
disturbances.” And understanding pathogenesis of AD will
provide a basis for early therapeutic interventions and thus
delaying AD progression in elderly individuals. Therefore,

there is a intense need to develop methods for dual detection
of mitochondrial viscosity and H,S in order to better know the
pathogenesis of AD.

Fluorescent probes together with microscopy have
become an effective tool due to their sensitivity,
visualization, high spatial and temporal resolution.”'* To
date, many well-designed fluorescent probes have been
reported for imaging mitochondrial viscosity.’’* Moreover,
several fluorescent probes for detection and visualization of
H,S in mitochondria have been successfully developed.”>>°
However, no report describing a single fluorescence probe
capable of dual detection and imaging of viscosity and H,S
can be found by us. A single probe with different spectral
responses towards multiple analytes can overcome the
difficulties including uneven probe loading and interference of
photo-bleaching encountered by simply combining of several
fluorescent probes in one system.”” To date, many excellent
probes have been elaborated for multiple analytes using a
single fluorescent probe.”>* Thus, developing a single
fluorescent probe that can simultaneous detection and imaging
of viscosity and H,S in mitochondria is urgently needed.
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Herein, we design and synthesize a dual-response
fluorescent probe (Mito-VS) to monitor the level of
viscosity and H,S (Scheme 1). Mito-VS itself is
nonfluorescent because there is a free intramolecular
rotation between dimethylaniline and pyridine and thus
twisting intramolecular charge transfer (TICT) state is
observed. On the one hand, with viscosity increasing, the
rotation is restricted and a strong red fluorescence is
released. On the other hand, after the addition of H,S, the
azide in the probe is reduced to amine, followed by
elimination reaction to give compound 3. A remarkable
green fluorescence signal can be monitored due to the
presence of intramolecular charge transfer (ICT) state in
compound 3. In addition, Mito-VS, a positive charged
molecule, possesses a good mitochondrion-targeting
ability and is applied for imaging the change of viscosity and
H,S concentration in mitochondria on the red channel and
green channel, respectively. Particularly, the probe is capable
of investigating cross-talk influence of viscosity and H,S
in mitochondria, which will provide a power tool for
understanding pathogenesis of AD.

Scheme 1. The Design for Probe Mito-VS.
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Reagents. 4-aminobenzylalcohol, sodium nitrite (NaNO,),
sodium azide (NaN3), phosphorus tribromide (PBr3), 4-bromo-
N,N-dimethylaniline, 4-vinylpyridine, palladium acetate, and
tri-o-tolylphosphine were purchased from Macklin and used
without further purification. All other chemicals and reagents
were obtained from Shanghai Chemical Reagent Corporation
and used without further purification.

Apparatus. 'H and "C NMR spectra were recorded on a
Bruker Avance II spectrometer (Germany) at 400 MHz or at
100 MHz (TMS as internal standard). Mass spectra (MS) were
measured with a Bruker Autoflex MALDI-TOF MS
spectrometer (Germany). Element analysis was conducted on
Perkin Elmer 2400 elemental analyzer (USA). All
fluorescence measurements were taken on a Perkin Elmer LS-
55 fluorescence spectrometer (USA). The viscosity was
measured with a NDJ-7 rotational viscometer (China). UV-vis
absorption spectra were recorded with a Perkin Elmer Lambda
25 spectrophotometer (USA). Fluorescence images of HeLa
cells were obtained using an Olympus FV1000 laser confocal
microscope (Japan).

Synthesis. A synthetic route for compound Mito-VS from
commercially available compounds was provided and depicted
in Scheme 2.

Compound 1: To a solution of NaNO, (0.52 g, 7.5 mmol) in
water (15 mL), 4-aminobenzylalcohol (0.62 g, 5.0 mmol)
dissolved in HCI (6.0 M, 5 mL) was added dropwise at 0 °C.
The reaction was stirred at this temperature for 30 min and
then NaN; (1.3 g, 20 mmol) dissolved in water (15 mL) was
added dropwise. The reaction mixture was stirred at room

temperature for another 2 h. After extraction with ether three
times, the organic phase was washed sequentially with
saturated NaHCO; solution to obtain a yellow oil product.
Yield: 0.63 g (85 %). '"H NMR (400 MHz, CDCl;) d (ppm)
7.20 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 4.47 (s, 2H).
MS [M+H]" caled. 150.1, found 150.1.

Compound 2: Compund 1 (0.38 g, 2.5 mmol) was dissolved
in trichloromethane (CHCI;, 20 mL) under N, atmosphere, and
PBr; (0.80 g, 3.0 mmol) was added dropwise at room
temperature. The reaction mixture was then stirred at room
temperature overnight. After the completion of reaction, the
organic phase was washed sequentially with saturated
NaHCO; solution to obtain a yellow oil product. Yield: 0.51 g
(96 %). "HNMR (400 MHz, CDCl3) ¢ (ppm) 7.37 (d, J = 8.0
Hz, 2H), 6.91 (d, J = 8.0 Hz, 2H), 4.48 (s, 2H). MS (TOF):
[M+H]" caled. 212.0, found 212.0.

Compound 3: 4-Bromo-N,N-dimethylaniline (2.0 g, 10
mmol), 4-vinylpyridine (4.0 mL, 12 mmol), palladium acetate
(0.02 g, 0.1 mmol) and tri-o-tolylphosphine (0.06 g, 0.2 mmol)
were dissolved in triethylamine (Et;N, 30 mL). The mixture
was refluxed overnight and cooled to room temperature. After
the removal of solvent under reduced pressure, the residue was
purified by column chromatography with hexane/CH,Cl, =
1:25 as the eluent to obtain a yellow solid product. Yield: 1.8 g
(80 %). '"H NMR (400 MHz, CDCl,, Figure S1) ¢ (ppm) 8.53
(d, J=6.0 Hz, 2H), 7.45 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 6.0
Hz, 2H), 7.26 (d, J = 16.0 Hz, 2H), 6.82 (d, J = 16.0 Hz, 1H),
6.73 (d, J = 8.0 Hz, 1H), 3.03 (s, 6H). °C NMR (100 MHz,
CDCl;, Figure S2) ¢ (ppm) 150.8, 150.0, 145.6, 133.4, 128.3,
124.3, 121.2, 120.4, 112.2, 40.3. MS (TOF, Figure S3):
[M+H]" caled. 225.1, found 225.2.

Scheme 2. Synthetic Route for Mito-VS.
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Compound Mito-VS: Compound 2 (0.32 g, 1.5 mmol) and
compound 3 (0.34 g, 1.5 mmol) were dissolved in toluene
(C¢HsCHs;, 20 mL). The mixture was refluxed for 12 h. After
the removal of solvent under reduced pressure, and the residue
was  purified by column  chromatography  with
CH,CI,/CH;CH,OH = 20:1 as the eluent to obtain a reddish
solid product. Yield: 0.48 g (88%). 'H NMR (400 MHz,
CDCl;, Figure S4) J (ppm) 9.07 (d, J = 6.8 Hz, 2H), 7.75 (d, J
= 7.2 Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 16.0 Hz,
1H), 7.51 (d, J = 8.8 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H), 6.79
(d, J =16 Hz, 1H), 6.68 (d, J = 8.8 Hz, 2H), 5.99 (s, 6H). "°C
NMR (100 MHz, CDCl;, Figure S5) J (ppm) 154.4, 152.5,
143.3, 141.6, 131.2, 130.8, 130.1, 122.5, 122.2, 120.0, 116.2,
112.0, 61.9, 40.1. MS (TOF, Figure S6): [M]" calcd. 356.5,
found 356.3. Elem. anal. (%) calcd for C,,H,,Ns: C, 74.13; H,
6.22; N, 19.65. Found: C, 74.06; H, 6.23; N, 19.68.
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Viscosity Analysis in Vitro. The solutions for viscosity
were prepared by mixing ethanol and glycerol in different
proportions. The measurements were carried out with a
viscometer and each viscosity value was recorded. The
solutions of probe Mito-VS in different viscosity were
prepared by adding the stock solution of Mito-VS (10.0 mM,
10.0 puL) to ethanol-glycerol solution (10.0 mL) to obtain the
final concentration of Mito-VS (10.0 uM). These solutions
were sonicated for 10 min to eliminate air bubbles and
standing for 1 hour at a constant temperature. And then the
fluorescence spectra were recorded at the excitation of 500 nm
with the excitation and emission slit widths set at 5 nm and 5
nm, respectively. The relationship between the fluorescence
emission intensity of the probe and the viscosity of the solvent
is well expressed by Forster-Hoffmann equation as following:

Log (Ip=c+x Logn

Where [; is the fluorescence intensity, n is the viscosity of
solution, x and ¢ are constant.

H,S Analysis in Vitro. Na,S was used as H,S source and its
stock solution was prepared by dissolving Na,S in phosphate-
buffered saline (PBS, pH 7.4) solution. And the Na,S stock
solution was further diluted to 1-100 pM stepwise. The
solutions of probe Mito-VS with H,S were prepared by adding
the stock solution of Mito-VS (10.0 mM, 10.0 pL) to Na,S
solution (10.0 mL) to obtain the final concentration of Mito-
VS (10.0 uM). The fluorescence spectra was then measured at
the excitation of 370 nm with the excitation and emission slit
widths set at 5 nm and 5 nm, respectively.

Cell Culture and Fluorescence Imaging. The living HeLa
cells were obtained from the Biomedical Engineering Center
of Hunan University (Changsha, China). HeLa cells were
grown in Dulbecco's Modified Eagle Medium (DMEM)
supplemented with 10 % Fetal Bovine Serum (FBS) in an
atmosphere of 5 % CO, and 95 % air at 37 °C. And then cells
were plated on 35 mm culture dish and allowed to adhere for
24 hours. Moreover, all the cells during the experimental
process were cultured at 37 °C and washed three times with
PBS solution (pH 7.4) prior to fluorescence imaging.
Fluorescence imaging was recorded by confocal fluorescence
microscope.

RESULTS AND DISCUSSION

Spectroscopic Response of Probe Mito-VS to Viscosity.
The fluorescent response of probe Mito-VS to various ethanol-
glycerol solutions with different levels of viscosity was first
investigated. As shown in Figure 1A, the probe shows almost
no fluorescence in non-viscous solution and the fluorescence
quantum yield of Mito-VS is less than 0.02. In contrast, a
strong red fluorescence with emission peak at 610 nm is
observed in high viscous solutions. With the increase of
viscosity from 1.03 cP (100% ethanol) to 584.52 cP (5%
ethanol and 95% glycerol), the fluorescence increases 10 folds
with a quantum yield of 0.62. As shown in Figure 1B, a good
linearity (R = 0.97) between logls;, and log(viscosity) in the
range of 1.03 cP to 584.52 cP was obtained. Next, the
absorption spectra of Mito-VS in ethanol-glycerol mixtures
was measured. As shown in Figure S7, the absorption of Mito-
VS at 500 nm changes little in solvents with different viscosity
concomitant with a color change from orange to deep orange.
Furthermore, the fluorescence spectra of the probe were
measured at a variety of pH values. As shown in Figure S8,
the fluorescence intensity of the probe at low or high viscosity

do not change at all pH. All the results demonstrate the
stability of probe Mito-VS for detecting the viscosity.
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Figure 1. (A) Fluorescence spectra of Mito-VS (10 uM) in
ethanol-glycerol solution with different viscosity (1.03-584.52
cP). Insert: the photographs of Mito-VS at low (left) and high
(right) viscosity under a 365 nm UV lamp. (B) The curve is
plotted with log (I51) versus log (viscosity). A.x = 500 nm.
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Figure 2. (A) The proposed response mechanism of Mito-VS
towards viscosity. (B) The frontier molecular orbitals of Mito-
VS acquired via DFT calculation.

Based on the evidence from spectroscopic data, a possible
response mechanism of Mito-VS to viscosity was proposed
(Figure 2A). In non-viscous or low-viscous environment, there
is a free intramolecular rotation between dimethylaniline and
pyridine, which results in very weak fluorescence by forming
twisting intramolecular charge transfer (TICT) state. Whereas,
at high-viscous environment, the rotation is restricted and a
strong fluorescence is given, which hinder the formation of
TICT state. The formation of TICT state in Mito-VS can be
further proved via density functional theory (DFT) calculation
with the B3LYP/6-311G method using the Gaussian 09
package (Figure 2B). DFT calculation displays that the
photoexcitation of Mito-VS from SO to S1 states mainly
contains electron transitions from the highest occupied
molecular orbital (HOMO) to both the lowest occupied
molecular orbital (LUMO) and LUMO+1. The HOMO of
Mito-VS is mainly positioned at dimethylaniline group, but
the LUMO and LUMO+1 is mostly located on pyridine group.
The frontier molecular orbital diagram imply that there is a
strong charge transfer process in the excited state from
dimethylaniline to pyridine group, which implied a typical
TICT process. Based on the above discussion, it may be
concluded that probe Mito-VS acts as an effective TICT-based
fluorescent probe for viscosity.

Spectroscopic Response of Probe Mito-VS toward H,S.
The fluorescent response of probe Mito-VS with various
concentrations of H,S (Na,S was used as H,S source) in PBS
solution was initially studied (Figure 3A). Free Mito-VS
displays a very weak emission at 510 nm. Upon the addition of
H,S, a remarkable green fluorescence enhancement at 510 nm
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is observed with high fluorescence quantum yield (®;= 0.57).
With the increase of H,S concentration from 0.0 to 100.0 uM,
the fluorescence of Mito-VS is enhanced 7 folds. As Figure
3B shows, the fluorescent intensity is found to be linearly
proportional to H,S concentration at the range of 0.5-100 uM.
The detection limit (30/k) for H,S was calculated to be 0.17
puM. Moreover, the UV-vis absorption spectra of Mito-VS
with different concentrations of H,S were recorded (Figure
S9). The absorption peak at 500 nm decreases gradually and a
new absorption peak at 370 nm arises with a color change
from yellow to colorless. Next, the effect of pH on the
fluorescence intensity of the probe in absence and presence of
Na,S was performed. As shown in Figure S10, the probe
possesses good fluorescence response toward H,S in the pH
range of 6.0-11.0. The results show that the probe can be used
under the physiological condition (pH 7.4), which is favorable
for biological imaging. Furthermore, the selectivity of the
probe for H,S was evaluated. As shown in Figure 3C, when
the potential interference species such as biothiols (Cys, Hcy,
GSH), reactive sulphur species (80327, 820327, SCN)), reactive
oxygen species (H,O,, O,7, ClO ), reactive nitrogen species
(NO, NO, ", NO;) and metal ions (K, Na", Ca2+) are tested,
none of the species causes obvious fluorescence change. The
above result suggests the high selectivity of Mito-VS toward
H,S. In addition, the fluorescence of Mito-VS at varied
concentrations of H,S was monitored with time (Figure 4D).
In all cases, stable reading can be acquired in 30 min. Once the
fluorescence intensity reaches a plateau, it stays relatively
stable for the remainder of the measurement, indicating that
the probe is photostable under irradiation. All the results
indicate that probe Mito-VS has the ability to detect H,S.
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Figure 3. (A) Fluorescence spectra of Mito-VS (10 uM) in the
presence of increasing amounts of Na,S (0.0, 0.5, 2.5, 5.0, 7.5,
10.0, 20.0, 30.0, 40.0, 50.0, 60.0, 70.0, 80.0, 90.0, 100.0 uM)
in PBS solution (pH 7.4). Insert: the photographs of Mito-VS
in the absence (left) and presence (right) of Na,S (100.0 uM)
under a 365 nm UV lamp. (B) The curve is plotted with the
fluorescence intensity versus H,S concentrations. (C)
Fluorescence response of Mito-VS (10 pM) toward H,S (100
uM), GSH (1 mM) and other interference species (200 uM).
(D) Time-dependent fluorescence intensity change of Mito-VS
(10 uM) to varied concentrations of H,S (5.0, 20.0, 40.0, 60.0,
80.0, 100.0 uM). Ae, =370 nm.
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Figure 4. (A) The proposed response mechanism of Mito-VS
towards H,S. (B) Partial 'H NMR analysis of Mito-VS, Mito-
VS reacted with H,S, compound 3 in CDCl;. (C) Mass spectra
of Mito-VS and Mito-VS reacted with H,S.

Based on the evidence from the spectral data, the response
mechanism of Mito-VS toward H,S was proposed in Figure
4A. After adding H,S, the azide in the probe is reduced to
amine (compound 4), followed by elimination reaction to give
compound 3 and compound S. Owing to the presence of
intramolecular charge transfer (ICT) state in compound 3, a
significant fluorescence signal can be monitored. To verify the
response mechanism of Mito-VS to H,S, 'H NMR
experiments were carried out (Figure 4B). Upon the addition
of H,S, the peaks at 7.51 and 7.00 for proton a and b of
benzene and the peak at 5.99 for proton c of methylene
disappear. Moreover, the notable chemical shift change of
proton d, e, h, g are observed. The results indicate the
production of new compound due to the reaction of Mito-VS
and H,S. And the main peaks of Mito-VS reacted with H,S
system match perfectly with compound 3, displaying that the
main reaction product of Mito-VS and H,S is compound 3.
However, compound 4 is not identified presumably due to its
instability. And compound 5 is also not found owing to the
fact that it is prone to be attacked by water and various
nucleophiles. However, it is interesting to see that the
formation of compound 4 and compound S5 were well
confirmed by the mass spectra (Figure 4C). Upon the addition
of H,S, the peak at m/z = 356.3 corresponding to Mito-VS
vanishes, while the peaks at m/z = 106.1, m/z = 225.2 and m/z
= 330.3 corresponding to compound 5, compound 3 and
compound 4 occur. All in all, these data provide strong
support for the proposed mechanism.
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Fluorescence Imaging of Viscosity in Living Cells. Before
fluorescence imaging, the cytotoxicity of Mito-VS in living
HeLa cells was evaluated by a standard MTT assay (Figure
S11). The cell viability is kept above 90% even though the
concentration of probe incubated in the cells is increased to 30
uM, indicating that the probe is applicable for imaging.

Next, the colocalization experiments was performed to
evaluate the specific location of Mito-VS in mitochondria
(Figure 5). Nystatin, a well-known ionophore that can induce
mitochondrial viscosity alterations.” When the cells are
incubated by nystatin and then incubated with Mito-VS, a
clear red fluorescence image on red channel is observed
(Figure S5a). Mito-Tracker Green (a commercially
mitochondrial tracker) shows green fluorescence image on
green channel (Figure 5b). The merged image indicates that
the red fluorescence overlaps very well with the green
fluorescence (Figure 5c). Figure 5d demonstrates bright-filed
of the cells. And the intensity scatter plot displays good
correlation with a high Pearson’s colocalization coefficient of
0.91 (Figure Se). The intensity profiles of the linear regions of
interest across the cells also displays close synchronism
(Figure 5f). In addition, a low Pearson’s correlation coefficient
of 0.33 is obtained from colocalization imaging of the cells
treated with Mito-VS and Lyso Tracker Green (a

commercially lysosomal tracker, Figure S12). These results
possesses

clearly indicating that Mito-VS

mitochondrion-targeting ability.

good

—— Mito-VS + nystatin

Mito-Tracker Green
\

0 2 4 6 8 101214
Length (uM)

Mito- Tracker Green (D

Mito-VS + nystatin

Figure 5. Colocalization imaging of HeLa cells staining with
Mito-VS and Mito Tracker Green. (a) The cells were stained
with nystatin (10 uM) for 30 min and then treated with Mito-
VS (10 pM) for 30 min on red channel (A, = 488 nm, A, =
545-645 nm). (b) The cells were stained with Mito Tracker
Green (10 uM) for 30 min on green channel (A, =488 nm, Ay,
= 495-525 nm). (c) Merged image of images (a) and (b). (d)
Bright-field image. (e) Intensity scatter plot. (f) The intensity
profile of linear regions of interest (ROI) across the cells.
Scale bar: 10 pm.

With wonderful mitochondrion-targeting ability, Mito-VS
was applied for mitochondrial viscosity imaging in HeLa cells
(Figure 6). When the cells are treated by Mito-VS alone, a
weak red fluorescence is observed (Figure 6a). However,
when the cells are incubated by nystatin and then incubated
with Mito-VS, about 3.8-fold fluorescence enhancement on
red channel is displayed (Figure 6b). The fluorescence
intensity of two groups of cells is calculated and the results are
shown in Figure 6¢. Above results suggest that Mito-VS can
image viscosity in mitochondria very well.
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Figure 6. Fluorescence imaging of viscosity in HeLa cells. (a)
The cells were stained with Mito-VS (10 uM) for 30 min. (b)
The cells were treated with nystatin (10 pM) for 30 min and
then stained with Mito-VS (10 uM) for 30 min. (c¢) The
intensity of image a-b. Scale bar: 10 pm.

Fluorescence Imaging of H,S in Living Cells. At first, the
colocalization experiments was carried out to verify that Mito-
VS can localize at mitochondria of living cells (Figure 7). The
cells staining with Mito-VS and H,S produce a bright green
fluorescence on green channel (Figure 7a). The cells staining
with Mito-Tracker Deep Red (a commercially mitochondria
tracker) exhibit red fluorescence on red channel (Figure 7b).
The merged image indicates that the green fluorescence
overlaps very well with the red fluorescence (Figure 7c).
Figure 7d demonstrates bright-filed of the cells. And the
intensity scatter plot inhibits good correlation with a high
Pearson’s colocalization coefficient of 0.92 (Figure 7e). The
intensity profiles of the linear regions of interest across the
cells also indicate close synchronism (Figure 7f). In addition, a
low Pearson’s correlation coefficient of 0.42 is obtained from
colocalization imaging of the cells staining with Mito-VS and
Lyso Tracker Red (a commercially lysosomal tracker, Figure
S13). These results demonstrate that, as designed, Mito-VS
can specifically localize in mitochondria of living cells.

Mito-V'S + H,S
—— Mito-Tracker Red

0
0246 81012141618
Length (uM)

" Mito-VS + H,s

Figure 7. Colocalization imaging of HeLa cells staining with
Mito-VS and Mito Tracker Deep Red. (a) The cells were
stained with Mito-VS (10 pM) for 30 min and then treated
with Na,S (100 pM) for 30 min on green channel (A, = 405
nm, A, = 425-525 nm). (b) The cells were stained with Mito
Tracker Deep Red (10 uM) for 30 min on red channel (A, =
640 nm, A.,, = 650-700 nm). (c) Merged image of images (a)
and (b). (d) Bright-field image. (e) Intensity scatter plot. (f)
The intensity profile of regions of interest (ROI) across the
cells. Scale bar: 10 um.

With excellent mitochondria-targeting ability, we set out to
demonstrate its potential in cells imaging of exogenous and
endogenous H,S (Figure 8). As shown in Figure 8a, HeLa
cells incubated only with Mito-VS exhibit very weak green
fluorescence signal, implying intracellular basal level of H,S.
When the cells are pretreated with Mito-VS and then treated
with Na,S, an intense green fluorescence can be noticed
(Figure 8b). And then the cells is pretreated with
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propargylglycine (PAG), which is an inhibitor of H,S
production by cystathionine y-lyase, the fluorescence signal
decreases significantly (Figure 8c). ** The results indicate that
this probe can work well to monitor exogenous H,S in living
cells. Next, the efficacy of the probe for the detection of
endogenous H,S in HeLa cells were determined. When the
cells are treated with Mito-VS and then incubated with Cys
(Cys can induce the production of endogenous H,S), a
dramatic green fluorescence is found (Figure. 8d).*”
Moreover, the fluorescence intensity gradually enhances with
time and reaches the maximum after 30 min (Figure S14).
When the cells are stimulated with Cys, PAG, and then
costained with Mito-VS, cellular fluorescence intensity is
suppressed to some extent (Figure 8e). The fluorescence
intensity of five groups of cells is calculated and the results are
shown in Figure 8f. These imaging results strongly suggest
that Mito-VS is suitable for visualization of both exogenous
and endogenous H,S in mitochondria of living cells.

Relative pixel intensity
o~ N w s o

Figure 8. Fluorescence imaging of of H,S in HeLa cells. (a)
HeLa cells were stained with Mito-VS (10 pM) for 30 min. (b)
HeLa cells were stained with Mito-VS (10 uM) for 30 min and
then treated with Na,S (100 pM) for 30 min (c) HeLa cells
were preincubated with PAG (200 puM) for 30 min and
incubated with Mito-VS (10 uM) for 30 min. (d) HeLa cells
stimulated with Cys (100 uM) for 30 min and then costained
with Mito-VS (10 uM) for 30 min. (e) HeLa cells stimulated
with Cys (100 uM) for 30 min, PAG (200 pM) for 30 min, and
then costained with Mito-VS (10 uM) for another 30 min. (f)
The intensity of image a-e. Scale bar: 10 pm.

Cross-Talk Influence of Viscosity and H,S in Living
Cells. In virtue of the ability of Mito-VS in detecting viscosity
and H,S by dual channel, the cross-talk influence of them in
cellular mitochondria were studied (Figure 9). When HeLa
cells are treated by Mito-VS alone, a clear red fluorescence on
red channel and a distinct green fluorescence on green channel
are observed (Figure 9a and 9b). When the cells are incubated
by nystatin and then with Mito-VS, a dramatic enhancement
on red channel and a remarkable decrease on green channel
are found (Figure 9c¢ and 9d). This means that the increase of
viscosity may lead to the decrease of H,S in mitochondria.
Moreover, when the cells are stimulated by Cys and then
incubated with Mito-VS, a notable increase on green channel
and a prominent decrease on red channel are discovered
(Figure 9e and 9f). This displays that the increase of H,S may
result in the decrease of viscosity in mitochondria. The
fluorescence intensity of three groups of cells on red channel
and green channel is calculated, and the results are shown in
Figure 9g and 9h. All these results indicate that the probe is
capable of investigating cross-talk influence of viscosity and

H,S in mitochondria of living cells, which will provide a basis
for knowing the pathogenesis of AD.

..g
a C e
.h
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Figure 9. Fluorescence imaging of cross-talk influence of
viscosity and H,S in HeLa cells. The cells were stained with
Mito-VS (10 uM) for 30 min on red channel (a) and green
channel (b). The cells treated with nystatin (10 pM) and then
stained with Mito-VS (10 pM) for 30 min on red channel (c)
and green channel (d). The cells treated with Cys (100 uM) for
30 min and then stained with Mito-VS (10 uM) on red channel
(e) and green channel (f). (g) The intensity of image a, c, e. (h)
The intensity of image b, d, f. Scale bar: 10 pm.
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CONCLUSIONS

In conclusion, a dual-response fluorescent probe (Mito-VS)
is designed and synthesized for detecting viscosity and H,S.
With the increase of viscosity from 1.03 cP to 584.52 cP, the
fluorescence of the probe is increased 10 folds. With the
increase of H,S concentration from 0.0 to 100.0 puM, the
fluorescence of Mito-VS is enhanced 7 folds. Moreover, the
probe possesses a good mitochondrion-targeting ability and
high Pearson’s colocalization coefficient (0.91 or 0.92).
Furthermore, the probe is applied for imaging the change of
viscosity induced by nystatin on red channel and visualizing
exogenous and endogenous H,S concentration on green
channel in mitochondria. In addition, the probe is capable of
studying cross-talk influence of wviscosity and H,S in
mitochondria, which is very beneficial for knowing the
pathogenesis of AD. It is anticipated that the probe become a
powerful tool for early mitochondria targeted therapeutic
interventions and thus delaying AD progression in elderly
individuals in the future.
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