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Hydrogen peroxide (H2032) is associated with many physiological and pathological processes in biological sys-
tems. Here, we report 7-diethylamino-3-formyl-coumarin (Cou-CHO) as a turn-on fluorescent probe for HyO».
The proposed probe employs a tandem Payne/Dakin reaction to convert the electron-withdrawing aldehyde to
the electron-donating hydroxyl group, thus hindering the formation of twisted intramolecular charge transfer
(TICT) state of 7-diethylaminocoumarin, and thereby resulting in a fluorescence turn-on response. Cou-CHO
features high specificity, excellent sensitivity and fast response toward HzO5. In particular, Cou-CHO enables the

direct visualization of basal and endogenously produced HyO5 in living cells. The results demonstrate that the
tandem Payne/Dakin reaction can provide a new choice to develop HoO2-selective probes.

1. Introduction

Hydrogen peroxide (H202), as an important reactive oxygen species
(ROS), is mainly generated in mitochondria by the activation of nico-
tinamide adenine dinucleotide phosphate (NADPH) oxidase complex
[1], and can diffuse across cellular membranes to regulate a large variety
of physiological processes from the immune response to cell signaling
[2]. However, aberrant production of HyO is involved in many diseases,
such as cardiovascular disorders, diabetes, Parkinson’s disease, Alz-
heimer’s disease, Huntington’s disease, metabolic diseases and cancers
[3,4]. Thus, it is of great importance to develop chemical tools to detect
H,0; in living systems.

Fluorescent probes offer powerful chemical tools for monitoring
biological species in living biosystems, owing to their simplicity, high
sensitivity, high spatial resolution, and noninvasiveness. So far, several
fluorescent probes have been developed for HyO2 detection and imaging
[5-7]1, which employs boronic esters/acid [8,9], benzyl [10], aryl sul-
fonyl esters [11,12] and o-ketoamide [13] as the recognition unit.
However, as HyO4 exhibits relatively mild reactivity among ROS, most
H20, probes give a sluggish response and have drawbacks in terms of
selectivity. For instance, some boronate-based probes respond to Hy02
more slowly when compare to other more reactive species, such as
peroxynitrite (ONOO ™) and hypochlorous acid (HCIO) [14,15]. In fact,
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the utilization of boronate (or boronic acid) as a recognition unit for
ONOO™ [16,17] or benzoyl peroxide [18] have been reported. Similarly,
a-ketoamide-based HyO4 probes were also reported for ONOO™ detec-
tion [19,20], because ONOO™ is reported to possess much stronger
nucleophilicity than H,O5 under physiological conditions [15]. There-
fore, the development of Hy0O, fluorescent probes with new reaction
mechanisms is highly desirable.

Recently, Yang et al. reported an innovative probe for HyO2 based on
a tandem Payne/Dakin reaction coupled with the traditional rhodamine
decaging method [21]. The overall strategy employs a specific
Hy0,-mediated transformation of benzaldehydes into the corresponding
phenols, which subsequently undergoes a spontaneous 1,6-elimination
and carbamate cleavage to release the fluorophore, resulting in a dra-
matic fluorescence enhancement. Inspired by the above strategy, we
envisioned that the above functionality transformation from the
electron-withdrawing aldehyde to the electron-donating hydroxyl group
might serve as a promising chemical handle for constructing HoO»
probes directly, because the pronounced change in electronic properties
of the function group may influence the photophysical states of a fluo-
rophore, which should in turn lead to observable changes in its optical
properties.

In this work, we report 7-diethylamino-3-formyl-coumarin (Cou-
CHO) as a new turn-on fluorescent probe for HyO,. In aqueous polar
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solvents, Cou-CHO is weakly emissive due to the formation of the
twisted intramolecular charge transfer (TICT) state upon photoexcita-
tion. Upon mixing with HyO5 in the presence of trichloroacetonitrile
(CCl3CN), trichloroperoxyacetamidic acid (TCPAA) is formed from the
reaction of CCI3CN with HyO, (Payne reaction), which then affords a
Dakin oxidation via nucleophilic attack of the aldehyde on the 3-posi-
tion of Cou-CHO by its anion form, and subsequent hydrolysis of the
intermediate gives the corresponding Cou-OH as the final product. This
tandem reaction converts the electron-withdrawing aldehyde moiety of
Cou-CHO to the electron-donating hydroxyl group, thus hindering for-
mation of the TICT state and thereby resulting in a significant fluores-
cence enhancement (Scheme 1). The fluorescent intensity at 502 nm
increases linearly with H>O concentration in the range 0.5-10 pM. The
proposed probe exhibits excellent selectivity toward HyO» over other
ROS, reactive nitrogen species (RNS) and related biological species. The
practical utility of Cou-CHO in biological contexts has been demon-
strated by imaging basal and endogenous H,0; in living cells.

2. Experimental section
2.1. General procedure for spectral measurements

The stock solution of Cou-CHO (1 mM) was prepared in acetone.
H»0; solution was dissolved in deionized water directly, and its con-
centration was identified from the absorption at 240 nm (¢ = 43.6
M~ lem™1). Other ROS/RNS were also prepared according to the previ-
ous reported method [22]. A typical test solution was prepared by
adding 25 pL of Cou-CHO (1 mM), 1.5 mL of ethanol, 0.5 mL of 0.2 M
phosphate buffer (0.2 M, pH 7.4), 50 pL of CCI3CN (100 pM), and a
required volume of test species sample solution. The above solution was
diluted to 5.0 mL with water and maintained at 37 °C for 20 min. And
then the absorption or fluorescence spectra were recorded.

2.2. Cell imaging experiments

HepG2 cells were plated on plastic Petri dishes and allowed to attach
for a day before the imaging experiment. The cells were then incubated
with Cou-CHO (5 pM) in FBS-free RPMI for 30 min then washed with
PBS (pH 7.4) three times. For imaging of exogenous Hy0-, the cells were
then treated with different concentration of HyO3 (5, 10, 20 pM) in the
presence of CCI3CN (100 pM) in PBS buffer for 30 min. After washing the
cells with PBS buffer three times, cell imaging was then carried out
under a confocal fluorescence microscope with an objective lens ( x 40).
The fluorescence emission was collected at 470-520 nm upon excitation
at 405 nm. For imaging endogenous H2O5 generation in HepG2 cells, the
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cells were pretreated with phorbol-12-myristate-13-acetate (PMA, 0.5
ng mL™) or rotenone (RO, 0.5 pM) for 30 min, and then incubated with
the probe in the presence of CCI3CN (100 pM) for 30 min. For the
scavenging assay, the cells were co-incubated with the stimulator (PMA
or RO) and N-acetylcysteine (NAC, 1 mM) for 30 min, and then treated
with the probe and CCI3CN as described above. Cell images were
captured after the cells were washed with PBS three times.

3. Result and discussion
3.1. Development of fluorescent probes for H202

Compared with other ROS, HyO5 is a relatively stable species and
exhibits mild reactivity. Therefore, fluorescent probes for HyO, are
liable to be interfered upon by highly reactive species, such as ONOO™.
Recently, Yang et al. reported a new approach to HyO, recognition based
on a tandem Payne/Dakin reaction [21,23]. HoO; can be activated by
the in situ formation of a sufficiently reactive trichloroperoxyacetamidic
acid (TCPAA) from its addition to trichloroacetonitrile (CCl3CN) in
neutral aqueous media [24]. Subsequently, TCPAA can afford a Dakin
reaction to give the corresponding phenol, which initiates the following
1,6-elimination to release the fluorescent conjugated xanthene ring and
emits strong fluorescence. The above synergistic Payne/Dakin reactions
afford the transformation of aldehydes (-CHO) into the corresponding
hydroxyl groups (-OH), which serves as the basis for sensitive and spe-
cific HyO, detection. However, in the above design strategy, the func-
tionality transformation and the decaging of xanthene dyes have to be
integrated to achieve the sensing purpose, which makes the probe design
complicated and lengthy synthesis has to be carried out. This encourages
us to improve the above strategy to realize much advanced H2O5 probes.

In fact, the functional group transformation represents a new
approach for developing selective probes in biological systems. The
aldehyde is a typical electron-deficient group, while the hydroxyl group
is an electron-donating one. Thus, we envisioned that the above change
in electronic properties of the function group via tandem Payne/Dakin
reactions may influence the photophysical properties of a fluorophore,
thus producing a discernible change in its emission properties. This
might be an effective signaling mechanism and could be employed to
devise H05 fluorescent probes.

It is well-known that 7-dialkylaminiocoumarins are solvatochromic
dyes, which undergoes a nonradiative rotational (twisting) decay
mechanism that leads to full charge separation in the excited state [25].
In general, due to the formation of this twisted intramolecular charge
transfer (TICT) state, 7-dialkylaminiocoumarins are weakly emissive in
highly polar solvents [26]. It was further reported that the fluorescence

CCly
2
NH
A, 3
XL e
[6)
Dakin
reaction

Cou-OH

TICT OFF, Strong fluorescece

Scheme 1. Proposed reaction mechanism for sensing of H,O, when using Cou-CHO.
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properties of these fluorophores can be varied by the strength of the
electron-withdrawing substituents at its 3-position [27,28]. A stronger
electron-withdrawing substituent would result in a greater charge
transfer from the electron-donating moiety of the aminocoumarin
molecule, thus affording weaker fluorescence emission in aqueous
media. We reasoned that the functionality transformation from the
electron-deficient aldehydes to the electron-donating hydroxyl groups
induced by the tandem Payne/Dakin reaction may reduce the
electron-withdrawing strength of the substituent, and the twisting
relaxational motion may not take place, which in turn leads to a large
wavelength shift in the emission spectrum of the probe as well as a
turn-on fluorescence response (Scheme 1). The detailed sensing mech-
anism is depicted in Scheme 1. Based on the above considerations,
Cou-CHO might be an ideal candidate for HoO detection via a tandem
Payne/Dakin reaction.

To assess the validity of this assumption, compounds Cou-CHO and
Cou-OH were prepared (Scheme 2, the detailed synthetic procedures are
shown in Supplementary Data) and their photophysical data were
compared at the same conditions. Fig. 1a shows the UV-vis absorption
spectra of Cou-CHO and Cou-CHO in phosphate buffer (pH 7.4, 30%
ethanol). Cou-CHO exhibits intense absorption band at 448 nm, which is
apparently attributed to ICT. However, the absorption spectrum of Cou-
OH has a marked hypochromatic shift (~70 nm) when compared to
Cou-CHO. This blueshift is apparently attributed to interrupt of the ICT
process within the molecule. Furthermore, the fluorescence spectra of
compounds Cou-CHO and Cou-OH were recorded. It was observed that
they display similar emission maximum wavelengths (ca. 500 nm);
however, the emission intensity of Cou-OH is much higher than that of
Cou-CHO (Fig. 1b). The above results are compiled in Table 1. To our
delight, it was further observed that Cou-CHO exhibited almost no
fluorescence emission upon excitation at the absorption band of Cou-
OH, which is favorable for the determination of low concentration of
H20,. The above results implied that Cou-CHO might be employed for
H,0; detection with a turn-on fluorescence response, provided that its
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aldehyde group could be transformed to the hydroxyl group.

3.2. Sensing response to Hy02

To examine its usefulness for H,O, detection, Cou-CHO was incu-
bated with HoO3 in phosphate buffer (20 mM, pH 7.4, with 30% ethanol,
100 pM CCI3CN) at 37 °C. As shown in Fig. 2a, the maxima absorption of
Cou-CHO is centered at 448 nm. However, with the addition of
increasing concentrations of HyO3 (0-15 pM), its absorption maximum
at 448 nm progressively decreased with the concomitant formation of a
new absorption band at around 378 nm. This spectral variation is
apparently due to the disruption of the electron donor-acceptor system
within the probe. Meanwhile, changes in the fluorescence spectra of
Cou-CHO upon treating with increasing concentrations of HyOy were
investigated. As indicated in Fig. 2b, the solution of Cou-CHO is almost
non-fluorescent when excited at 391 nm. Upon addition of HyO,, the
emission intensity of Cou-CHO solution at 502 nm enhanced gradually
with increasing concentration of HoO5 until a plateau is reached at 10
pM. There is a ca. 34-fold increase in the fluorescence intensity in the
presence of 2 equiv. of HyO. The fluorescence intensity at 502 nm
increased linearly with the concentration of HyO, in the range 0.5-10
1M, and the detection limit was determined to be 31 nM (33). Clearly,
these results indicate that Cou-CHO can be used to detect HyO5 with
high sensitivity.

Further, the kinetic behavior of the reaction system was investigated.
With the addition of HyO,, the intensity of the reaction solution
increased significantly. A kinetic assay revealed that the fluorescence at
502 nm reached a maximum after approximately 20 min (Fig. 3). In
contrast, the Cou-CHO solution alone exhibited no observable fluores-
cence changes under identical conditions. In addition, time-dependent
absorption spectral changes of Cou-CHO in the presence of Hy;O, were
recorded. As shown in Fig. S1, the increased of the absorption band at
378 nm and a gradual decline at 448 nm were observed simultaneously
as the reaction time prolonged, and they were saturated after ca. 20 min,
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Fig. 1. Absorption (a) and fluorescence spectra (b) of Cou-CHO and Cou-OH
(both 5 pM) in 20 mM phosphate buffer (pH 7.4, 30% ethanol).

Table 1
Photophysical characterization of Cou-CHO, Cou-OH, J-Cou-CHO and Cou-OEt
in 20 mM phosphate buffer (pH 7.4, 30% ethanol).

Compounds Aabs/NM" emax/ X 10* M~ lem™! hem/nm” D¢
Cou-CHO 448 4.55 499 0.017
Cou-OH 378 1.05 502 0.26
J-Cou-CHO 464 4.70 513 0.58
Cou-OEt 380 1.01 489 0.24

# The maximal absorption of the dye.

b The maximal emission of the dye.

¢ @ is the relative fluorescence quantum yield, which was measured by using
quinine sulfate (®r = 0.55 in 0.05 M H,SO,) as a standard [29].

which was consistent with the results of the fluorescence measurement.

3.3. Effect of pH

The effect of pH on the fluorescence response of Cou-CHO to HyO
was investigated. According to the reaction mechanism, the tandem
Payne/Dakin reaction should give Cou-OH as the final product. Since
Cou-OH contains a pH-sensitive hydroxyl group at its 3-position, we
initially investigate the effect of pH on its fluorescence emission
behavior in the pH range of 5.0-9.18. As shown in Fig. S2, the fluores-
cence signal of Cou-OH was strong and stable in the pH range of 5.0-7.0,
and decreased markedly when the solution pH is above 7.0. Based on the
above data, its pK, value was determined to be 7.65. The above results
indicate that an acidic environment favors the fluorescence measure-
ment of Cou-OH, which is unusual in the hydroxyl group-containing
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Fig. 2. Absorption (a) and fluorescence spectra (b, Aex = 391 nm) of Cou-CHO
(5 pM) upon treating with increasing concentrations of HyO5 (0-15 pM) in 20
mM phosphate buffer (pH 7.4, 30% ethanol, 100 pM CCI3CN). The reaction was
carried out at 37 °C. The spectra were recorded after incubation of Cou-CHO
with Hy0, for 20 min. Inset in (b): fluorescence intensity at 502 nm as a
function of H,O, concentration.

fluorescent scaffolds. On the other hand, according to the reaction
mechanism, the initial step of Dakin oxidation involves the nucleophilic
attack of the aldehyde group by TCPAA in its anion form [30]. Thus, it
seems that an alkaline solution favors the Dakin oxidation. Therefore,
the effect of pH on the fluorescence signals of the present system was
investigated by carrying out the reaction at different pH phosphate
buffer solutions (pH: 5.0-9.18). As indicated in Fig. S3, the fluorescence
signal increased with pH in the range of 5.6-7.2, thereafter decreased
significantly. This is apparently due to the compromise of the above two
factors. A relatively strong fluorescence emission was observed in the pH
range of 6.5-7.8, which fulfills the requirement for monitoring of HyO2
at physiological pH conditions.

3.4. Selectivity studies

The selectivity of Cou-CHO toward H»O, was tested by treatment
with other potential interfering species in biological system. As shown in
Fig. 4 and S4, only HyO, triggers a prominent fluorescence increment,
while other ROS and RNS (-OH, '0,, O3, NO, ONOO™~, TBHP, TBO- and
HCIO), metal ions (Ca%", Cu®*, Fe?t, Fe®*, KT, Mg?*, Zn2"), and other
biological species (SO%’, GSH, Cys, Hcy, and His) afford no or minor
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Fig. 3. Time-dependent fluorescence intensity changes of Cou-CHO (5 pM) in
the presence of HyO, (2 equiv.). The reaction was carried out in 20 mM
phosphate buffer (pH 7.4, 30% ethanol, 100 pM CCI3CN) at 37 °C. Aex/Aem =
391/502 nm. Data are represented as mean + SD (n = 3).

changes under identical conditions. Notably, it was observed that HCIO
at 100 pM triggered a small fluorescence increment at 481 nm. The
above phenomenon might be ascribed to the oxidation of aldehyde to
carboxylic group by HCIO. However, this reaction has negligible impact
towards the selective HoO, detection due to its different emission peak at
481 nm (cf.502 nm using Hy05). Although it was reported that bisulfite
can react with Cou-CHO to afford fluorescence enhancement, the
addition reaction has to be carried out in acidic medium (pH 5.0) [31].
Thus, the present sensing system can avoid the interference from
bisulfite by carrying out the measurement at physiological pH condi-
tions. In addition, Cou-CHO was also reported for Cys/Hcy detection
[32]. Nevertheless, it gives turn-off fluorescence response and thus
would not interfere with the HoO5 detection. Overall, these experiments
demonstrate that the present probe has high selectivity for HyOq
determination against ROS and RNS, metal ions, and other biological
species.

3.5. Mechanistic investigations

The sensing mechanism of the present system was investigated.
Initially, some control experiments were carried out to investigate the
reaction mechanism. It was observed that treatment of Cou-CHO with
CCI3CN or H30, alone gives no observable changes in fluorescence
emission; however, the mixture of CCl3CN and Hy0, exhibits pro-
nounced fluorescence enhancement at 502 nm (Fig. S5). The above re-
sults indicate the involvement of TCPAA in the sensing process. Next,
according the reaction mechanism, the treatment of Cou-CHO with
H20; in the presence of CCI3CN should give Cou-OH. To confirm this,
the reaction mixture of Cou-CHO and H20; was subjected to high res-
olution mass spectrometry. As shown in Fig. S6, a prominent peak at m/z
234.1100 corresponding to Cou-OH (calcd. 234.1124 for C13H;6NO3) is
clearly observed in the HRMS data, indicating the generation of Cou-OH
in the reaction mixture. Additional proof of the above mechanism is
provided by comparing the absorption and emission spectra of the re-
action mixture and authentic Cou-OH. As shown in Fig. S7, the treat-
ment of Cou-CHO with H303 in the presence of CCI3CN gives a new
absorption band centered at 378 nm, which agrees well the absorption
peaks of Cou-OH. Further, the emission spectrum of the above reaction
solution is identical with that of Cou-OH. These results testified to the
proposed reaction mechanism shown in Scheme 1.

Now, the key questions related to this reaction is that why the
transformation of aldehyde group to hydroxyl group affords a significant
turn-on fluorescence response. It was previously reported that the
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Fig. 4. Fluorescence spectra (a, Aex = 391 nm) and emission intensity (b) of
Cou-CHO (5 pM) in the presence of various ROS/RNS (10 pM H50,, 100 pM for
other species) in 20 mM phosphate buffer (pH 7.4, 30% ethanol, 100 pM
CCI3CN). Inset in (b): photographs of the solution of Cou-CHO after treating
with different reactive species under UV light at 365 nm. Data are represented
as mean + SD (n = 3).

hydroxyl group formed in the sensing process could hydrogen bond to
the carbonyl in proximity, thus effectively modulating its fluorescence
[33-35]. To ascertain this possibility, we prepared Cou-OEt (Scheme 2,
synthesis and characterization details in Supplementary data), where
the hydroxyl group at the 3-position of Cou-OH was substituted by an
ethoxyl group, and thus precluded the formation of intramolecular
hydrogen bond. The fluorescence spectra of Cou-OEt and Cou-OH were
compared in 30% ethanol aqueous solution (pH 7.4). As indicated in
Fig. S8, the emission peak of Cou-OEt is blue-shifted about 7 nm when
compared to Cou-OH. However, their fluorescence intensity shows no
significant difference. These results indicate the present sensing system
is irrelevant to intramolecular hydrogen bond.

On the other hand, previous studies indicate the weak fluorescence
of 7-dialkylaminocoumarin is due to the formation of TICT state [26,
36]. To ascertain whether TICT is involved in the present sensing pro-
cess, we replaced the N,N-diethylamino group at the 7-position of
Cou-CHO with a bridged julolidinyl moiety (to form J-Cou-CHO as a
control compound, its synthesis and characterization details are shown
in Supplementary data), which would block the rotation of the dieth-
ylamino group with respect to the plane of the coumarin skeleton. Thus,
the involvement of the TICT state should be excluded [37,38]. The
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treatment of J-Cou-CHO with H,O, was examined with the same con-
ditions described for Cou-CHO. As shown in Fig. S9, J-Cou-CHO gives
similar absorption variations as that of Cou-CHO; however, no fluo-
rescence increase was observed because J-Cou-CHO itself has prevented
the TICT state formation by incorporation of the nitrogen into a system
of fused rings. The above results indicate that the fluorescence
enhancement of Cou-CHO upon treatment with HyO4 is TICT-involved.

In addition to steric hindrance effect, TICT formation in a dye is also
governed by its intrinsically electronic effect. The aldehyde group is an
electron-withdrawing group, while the hydroxyl group is a typical
electron-donating one, thus we reasoned that the transformation of
aldehyde to hydroxyl group would increase the energy barrier to enter
the TICT state, thus suppressing TICT formation. Generally, the mole-
cules in the TICT excited state have a large dipole moment, and conse-
quently the TICT excited state is stabilized in a polar environment. With
the decrease of solution polarity, the energy barrier for torsional motion
leading to the TICT state increases; as a result, the TICT process is pro-
hibited, thus leading to an increased fluorescence emission [39,40].
Therefore, the fluorescence properties of Cou-CHO and Cou-OH were
investigated in solvents of different polarities. As shown in Fig. S10, an
increase of the 1,4-dioxane percentage in water from 0 to 99%, corre-
sponding to a decrease in solvent polarity, resulted in a hypochromatic
shift and fluorescence enhancement for Cou-CHO and Cou-OH. How-
ever, the fluorescence peak intensity of Cou-CHO increased 117-fold;
whereas for Cou-OH, only a 4.2-fold enhancement was observed
(Fig. S11), indicating that the former is more sensitive to polarity
changes than the latter. These data, therefore, indicate that the turn-on
fluorescence response of the present sensing system is apparently due to
the inhibition of TICT process within Cou-CHO via the functional groups
transformation.

3.6. Fluorescence imaging of H20 in living cells

Having confirmed the efficiency of HoO,-triggered fluorescence turn-
on response, we next moved on to investigate the ability of Cou-CHO to
visualize HyO> in living cells. Initially, cell cytotoxicity of Cou-CHO was
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Fig. 5. (a) Fluorescence images of HepG2 cells treated with Cou-CHO (5 pM, 30 min) and exposed to a range of H>O, concentrations (0-20 pM) in the presence of
CCI3CN (100 pM) for 30 min Aey = 405 nm, Aey = 470-520 nm. Scale bar: 20 pm. (b) Relative fluorescence intensity shown in (a) was quantified. The results are
shown as mean + SD (n = 3).
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evaluated in HepG2 cells by Cell Counting Kit-8 (CCK-8) assays
(Fig. S12), and the results suggests the low cytotoxicity of Cou-CHO in
the concentration range of 0-20 pM (cell viability > 89% for 24 h in-
cubation time). Next, to determine if Cou-CHO could react with HyO5 in
living cells, we stained HepG2 cells with Cou-CHO for 30 min, and then
exchanged cell media for new media containing varying concentrations
of HyO2 (5-20 pM). It was observed that cells treated with exogenous
H,0, showed a dose-dependent fluorescence turn-on response after 30
min (Fig. 5a and b). There results indicate that Cou-CHO reacts with
H0, in living cells to generate a turn-on fluorescence response.

To further confirm its practical usefulness, we assessed the potential
ability of Cou-CHO for fluorescence imaging of endogenous Hz02 in
living cells. It was observed that the probe-loaded HepG2 cells displayed
observable fluorescence signal (Fig. 6a, first column). In contrast, the
cells pretreated with HyO5 scavenger NAC showed apparently decreased
fluorescence signals (Fig. 6a, second column). The outcome confirms
that Cou-CHO is capable of imaging intracellular basal HyO,. Next, Cou-
CHO was utilized to image the fluctuation of HyO5 in living HepG2 cells.
It was reported that PMA can trigger the up-regulation of intracellular
H0; through a cellular inflammation response [41]. Thus, PMA was
employed to stimulate the cells and then incubated with the probe. As
shown in the third column of Fig. 6a, PMA-stimulated cells showed high
levels of fluorescence intensity in comparison with the PMA free cells.
The fluorescence increment in the cells was efficiently suppressed by
pretreatment with NAC (Fig. 6a, fourth column and Fig. 6b). Further-
more, we stimulated the cells with RO, a high-affinity inhibitor of
complex I of the mitochondria electron-transfer chain known to induce
the generation of ROS, including H3O2 [42]. Similarly, the
RO-stimulated cells displayed strong fluorescence and the fluorescence
increment could be largely inhibited by NAC (Fig. 6a, fifth and sixth
column, Fig. 6b). Taken together, these results support the idea that
Cou-CHO can monitor endogenous HyoO» generation in living cells.

4. Conclusion

To summarize, we have developed a turn-on fluorescent probe for
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Fig. 6. (a) Fluorescence imaging of endogenous H;O, in HepG2 cells. Cells were pretreated with PBS only (as a control), NAC (1 mM), PMA (0.5 pg/mL), NAC (1
mM) + PMA (0.5 pg/mL), RO (0.5 pM, 0.5 h), NAC (1 mM) + RO (0.5 uM) for 30 min, and further co-incubated with Cou-CHO (5 pM, 30 min) and CCI3CN (100 pM)
for 30 min Aex = 405 nm, Ay = 470-520 nm. Scale bar: 20 pm. (b) Relative fluorescence intensity shown in (a) was quantified. The results are shown as mean + SD

(n = 3). Statistical significance was determined as **p < 0.001, *

detecting H,O5 in aqueous solutions and living cells. The proposed
probe employs a tandem Payne/Dakin reaction to selectively convert the
aldehyde to the corresponding hydroxyl group, thus hindering the for-
mation of TICT state of 7-diethylaminocoumarin, and thereby resulting
in selective fluorescence turn-on responses to biologically relevant
concentrations of HyO over potentially interfering species. Importantly,
the present probe is capable of imaging endogenous H2O5 in living cells.
We expect that the design strategy described herein can be extended to
construct future HyO» fluorescent probes with improved properties.
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