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Abstract

Developing probes for the detection of reactive oxygen species (ROS), a hallmark of many
pathophysiological process, is imperative to both understanding the precise roles of ROS in many
life-threatening diseases and optimizing therapeutic interventions. We herein report an all-in-one
fluorescent semiconducting polymer based far-red to near-infrared (NIR) Pdot nanoprobe for the
ratiometric detection of hypochlorous acid (HOCI). The fabrication takes the advantage of flexible
polymer design by incorporating target-sensitive and target-inert fluorophores into a single
conjugated polymer to avoid leakage or differential photobleaching problems existed in other
nanoprobes. The obtained nanoprobe has improved performance in HOCI sensing, such as high
brightness, ideal far-red to NIR optical window, excellent photostability, self-referenced
ratiometric response, fast response, and high selectivity. The dual-emission property allows the
sensitive imaging of HOCI fluctuations produced in living macrophage cells and peritonitis of
living mice with high contrast. This study not only provides a powerful and promising nanoprobe
to be potentially used in the investigations of in situ HOCI status of diseases in living systems but
also puts forward the design strategy of a new category of ratiometric fluorescent probes
facilitating precise and reliable measurement in biological systems.
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Graphical Abstract

INTRODUCTION

Reactive oxygen and nitrogen species (ROS and RNS, respectively) are essential signaling
molecules that mediate many biological events in a variety of physiological processes. They
are also implicated in various pathophysiological processes, including aging, autoimmunity,
cancer, chronic inflammatory diseases, and neurodegenerative disorders.1~> Hypochlorous
acid (HOCI) is a ROS of particular interest. HOCI is biologically generated by an oxidation
reaction between hydrogen peroxide (H,0O5) and chloride ions (CI7) under the catalysis of
myeloperoxidase (MPO) within phagosomes.®” Endogenous HOCI is a powerful natural
oxidant that can react with proteins, DNA, RNA, fatty acids, and cholesterol and is thought
to play vital physiological roles in living systems.8:9 On the one hand, HOCI has
microbicidal activity and is beneficial for innate host defense during microbial invasion.10-11
On the other hand, oxidative stress resulting from uncontrolled production of HOCI within
phagocytes may lead to an adverse effect on host physiology; HOCI is known to be closely
related to the progression of numerous human diseases,12:13

Despite its importance, however, HOCI’s precise roles in biological activities remain elusive.
Thereby, the development of accurate and reliable analytical methods for monitoring
biological HOCI in living systems is very important to elucidate its physiological functions.
Fluorescence imaging is useful for sensing biomolecules in living systems because of its
unique advantages of excellent sensitivity and selectivity, high spatial and temporal
resolution, simplicity of implementation, facile visualization, and real-time analysis of
intracellular dynamics and biomolecular localization at subcellular levels.1415 In the past
few years, a number of fluorescent probes have been designed to clarify the function of
HOCI in organisms and were based on the most versatile fluorophores, 16 including
coumarin,1” fluorescein,18 rhodamine,19-21 cyanine,22-24 horon-dipyrromethene
(BODIPY),25:26 ruthenium(11),27 iridium(111),28:2% and lanthanide complexes.3% Although
these probes had their uses for in vitro and in vivo imaging, problems with them, such as the
lack of selectivity, poor water-solubility, prolonged oxidation reaction time, and low stability
due to autoxidation and photobleaching, largely limited their application. Furthermore, most
of these were synthetic-dye-based, small-molecule fluorescent probes that report HOCI with
only “turn-on” or “turn-off” changes in the intensity of a single emission band (Table S1,
small molecules). Because these probes are not ratiometric and lack internal reference, their
operations were often hampered by issues such as fluctuation of instrumental parameters,
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variations in microenvironment around the probe molecule, probe distribution, and
photobleaching.

In contrast, ratiometric fluorescent probes report analyte-induced emission intensity changes
at two or more different wavelengths to provide built-in self-calibration for correction of a
variety of analyte-independent factors and to increase the dynamic range of fluorescence
measurement.31:32 Like the internal reference approach used in many other analytical
methods, ratiometric sensing features increased signal-to-noise ratio and thus more reliable
quantification.

With the rapid emergence of nanotechnology, hybrid nanostructures with intrinsic
fluorescence have been widely used to fabricate ratiometric bioimaging probes for
measurements of HOCI levels22:33-36 (Table S1, nanoprobe). However, most of these
ratiometric sensors suffered from poor selectivity, impeding the practical application for the
profiling of an individual ROS. Furthermore, the rate of photobleaching was very different
between conjugated target-sensitive fluorophores and nanoparticle matrix. There also was
the worry of leakage of the fluorophores from the interior or inner region of the
nanomaterial matrix from those nanoparticles made by physical entrapment method.
Problems like these could lead to erroneous measurements based on the ratio between the
emission intensity of sensing and reference fluorophores. Taking the above situations into
consideration, developing a new ratiometric fluorescent probe with improved properties,
including fast response, high brightness, good photostability, enhanced sensitivity and
selectivity for HOCI, and suitability for biological applications, is still much needed to meet
the requirements of precise and quantitative analysis of HOCI in living systems with a
straightforward and visual mode.

Semiconducting polymer dots (Pdots), composed of one or more types of conjugated
polymers, have become a class of promising fluorescent probes in biology, chemistry, and
material-science fields. Their attributes include easy preparation, high brightness, excellent
photostability, high quantum yield, good water solubility, excellent biocompatibility, and
passive targeting capacity to tumors or inflammation areas by enhanced permeability and
retention (EPR) effect.37-39 Significant advancements in biological applications of Pdots
have been made recently in biological/chemical sensors, fluorescence imaging, and gene and
drug delivery.38:40-46 To date, however, the application of Pdots for ROS sensing remains
largely unexplored. Compared with other fluorescent probes, a probe based on Pdots could
offer increased imaging contrast accuracy and high stability for long-term
observations.2347-50 Pdots are even more useful for exploiting ratiometric fluorescence
sensing as their tunable fluorescence emission band permits facile design of Pdots for
ratiometry in the terms of fluorescence resonance energy transfer (FRET).44:51

Here, we report an all-in-one fluorescent conjugated polymer PFOBT35SeTBT , based far-
red to near-infrared (NIR) Pdot for the ratiometric detection of CIO™ in living cells and
inflammatory microenvironments in living mice. PFOBT3SeTBT y is designed to comprise
a ClO™-inert component, benzoxadiazole (OBT), as the energy donor and a CIO™-sensitive
fluorophore, 4,7-bis(2-thienyl)-2,1,3-benzoselenadiazole (SeTBT), as the energy acceptor, to
enable FRET from the OBT part to the fluorophore SeTBT in the absence of CIO™ (Scheme
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1). The presence of CIO™ can oxidize energy-accepting fluorophore SeTBT and
subsequently disturb the FRET process within PFOBT3SeTBT , Pdots, ultimately leading to
an enhanced emission of OBT in green channel and an attenuated emission of SeTBT in far-
red to NIR channel. The incorporation of the target-inert and -sensitive fluorophores into an
all-in-one conjugated polymer to form the homogeneous nanoprobe can eliminate some of
the issues of leakage or differential photobleaching when ratiometric measurements are
performed. The use of far-red to NIR emission also minimizes the background fluorescence
with less scattering, penetrates deeper into tissues, and is far less likely to damage the living
systems. Importantly, with excellent photostability and good biocompatibility, the designed
Pdots-based nanoprobe allows sensitive and selective imaging and monitoring of CIO™ both
in living cells and in the microenvironment of local inflammation in live animals with high
contrast.

RESULTS AND DISCUSSION

Synthesis and Characterizations of HOCI Probes

The Pdots of PFOBT3SeTBT y polymers (x: different molar ratios of SeTBT in the
copolymer) were prepared by the nanoprecipitation method described in our previous
report.#6:52 Briefly, to form the fluorescent Pdots, the semiconducting polymer
PFOBT3SeTBT3 5 7 (see Scheme 1 for the chemical formula) was co-condensed with a
small amount of the amphiphilic polymer carboxyl-functionalized polystyrene-g-
poly(ethylene oxide) (PS-PEG-COOH). During nanoparticle formation, the hydrophobic
polystyrene backbone of PS-PEG-COOH were most likely embedded inside the Pdots, while
the hydrophilic PEG chains and functional carboxyl groups extended out into the aqueous
environment. By virtue of the above nanoarchitecture, the as-synthesized Pdots possess
desirable advantages over small molecules, including good water solubility and resistance to
nonspecific absorption with a biocompatible PEG layer.

The size of obtained PFOBT3SeTBT , Pdots was characterized by transmission electron
microscopy (TEM) and dynamic light scattering (DLS). As shown in Figure 1A-C, the
Pdots were mostly spherical and dispersed rather evenly on the grid surface. The average
size of PFOBT35SeTBT3, PFOBT35SeTBTs, and PFOBT35SeTBT; Pdots were 22.83

+ 1.086 nm, 23.52 + 0.9815 nm, and 22.94 + 1.556 nm, respectively (Figure 1A-C, inset,
and Table S2). There were no obvious changes in nanoparticle size and shape when tuning
the composition of PFOBT35SeTBT ,, copolymer by changing the molar ratio of the target-
sensitive SeTBT part. Absorption and fluorescence spectroscopy were further performed to
investigate the optical properties of PFOBT35SeTBT , Pdots. As indicated in Figure 1D, the
absorption peaks at 400-500 nm and 550-650 nm are attributed to the OBT units and
SeTBT in the copolymers, respectively. Upon excitation of PFOBT, PFOBT3SeTBT , Pdots
exhibited an obvious emission peak at 680 nm, confirming the excellent energy transfer from
OBT to SeTBT. The intensity ratio of SeTBT absorption peak to the OBT absorption peak
increased with the increasing feeding ratios of SeTBT monomers, while their corresponding
emission intensities in the far-red to NIR spectral region were dramatically decreased. Since
the sensing performance of the ratiometric nanosensor, such as sensitivity and detection
range, is affected by the ratio between target-sensitive and -inert parts in a single Pdot, there
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is a trade-off between QY and molar ratio of CIO™-sensitive unit SeTBT for the design of
Pdot-based ratiometric CIO™ sensor.

Fluorescent Response of As-Synthesized Pdots to HOCI

The fluorescence responses of PFOBT35SeTBT , Pdots toward ClIO™ were first evaluated to
find the best candidate. PFOBT3SeTBT , had high pH stability in a wide range of proton
concentrations (Figure S5) and high photostability (Figure S6), which facilitated its
performance in long-term experiments in living cells. Figure 2A,C,G shows the
representative fluorescence spectral changes of PFOBT3¢SeTBT3, PFOBT35SeTBTs, and
PFOBT34SeTBT7 Pdots upon addition of CIO™, respectively. With increasing concentrations
of CIO™, the emission spectrum changed dramatically with a large decrease in emission at
680 nm and a concomitant increase in emission at 540 nm, resulting in ratiometric detection
of CIO™. The QY of PFOBT3SeTBT3, PFOBT35SeTBTs, and PFOBT35SeTBT7; Pdots
recorded at the region of 560-900 nm decreased from 16.7 to 8.6, from 13.6 to 7.3, and from
9.3t0 4.9 in the presence of 500 uM CIO™, respectively, while the corresponding QY
recorded at the region of 490-560 nm increased (Table S2), which indicated that FRET
between OBT and SeTBT unit was disrupted and that the donor fluorescence (OBT) at 540
nm was recovered. The fluorescence intensity ratio between 540 and 680 nm of
PFOBT35SeTBT5 Pdots (R = /fsagnm/ ls380nm, relative variation: (R — Rp)/ Rp; where Ry
indicates the fluorescence intensity ratio of pure Pdots in the absence of CIO™ and Ris the
fluorescence intensity ratio with different CIO™ concentrations) exhibited a much larger
enhancement compared to those of PFOBT3SeTBT3 and PFOBT35SeTBT7 Pdots upon the
addition of CIO™ (Figure 2B,D,E,H-I), illustrating a superior sensitivity in detecting CIO™.
In addition, the large ratiometric variation also allowed the clear visualization of the
solution’s fluorescent color change. In the absence of CIO™, the solution fluorescent color
was red, which turned to orange when the concentration of CIO™ was 100 uM (Figure 2F).
With the further increase in CIO™ concentrations, the emission color turned to yellow and
finally to green at the concentration of 500 uM. The distinguishable emission color variation
at different CIO™ concentrations enabled quantification of CIO™ by the naked eye. On the
basis of our analyses, PFOBT35SeTBT5 Pdots was chosen as the CIO™ sensing probe for the
following experiments. The maximum ratio enhancement could reach more than 40-fold
when CIO™ concentration was above 250 uM (Figure 2E). The emission intensity ratio
changes showed an excellent linear relationship with CIO™ concentrations in the wide ranges
of 0-50 uM and 50-250 uM, respectively (Figure 2D,E). The detection limit of
PFOBT34SeTBT5 Pdots for CIO™ was determined to be as low as 0.5 pM. Additionally, the
results of the reaction kinetics demonstrated that the reaction of PFOBT35Se TBT5 Pdots
with CIO™ caused a large time-dependent fluorescence intensity ratio change, which was
completed within 2 min (Figure S7), suggesting a fast reaction between the Pdot probe and
ClO™. We also verified the sensing performances of PFOBT35SeTBT5 Pdots toward CIO™ in
acidic and basic solutions. As shown in Figure S8, strong enhancement of fluorescence
intensity ratio /s540nm/ /s80nm Was observed during titration of CIO™ to PFOBT35SeTBT5 Pdot
solutions of pH 5, 6, and 9, which clearly indicate that this probe can be used in a broad
range of pH values.
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The fluorescence responses of PFOBT3SeTBTs Pdots in the presence of various potentially
interfering species, including highly active oxidizing and reducing species, were tested. As
shown in Figure 3A,B, CIO™ triggered an obvious spectral change and a remarkable
enhancement of emission ratio /s4onm/ ls80nm, While spectral or emission ratio changes by
other ROS or active reducing species up to 1 mM were not discernible. Furthermore, a red-
to-orange solution fluorescent color change could be directly visualized by the naked eye for
PFOBT35SeTBT;5 Pdots after incubation with CIO™ (Figure 3B, inset). In contrast, various
other potentially interfering substances of higher concentration did not result in any visible
fluorescent color changes even after incubation overnight. In short, these results indicate the
high selectivity of the PFOBT35SeTBTsg Pdots for CIO™ analysis. This desirable selectivity
could be ascribed to the oxidation-based mechanism of fluorescence quenching such that
nonoxidants, weak oxidants, and reductants in the system exert minimal interference with
the fluorescence responses.

Mechanism of Pdot Nanoprobe Responding to HOCI

We hypothesized the detection mechanism of PFOBT35SeTBT5 Pdots toward CIO™ was the
oxidation of energy-accepting fluorophore SeTBT that subsequently disturbed the FRET
process within PFOBT3SeTBTs5 Pdots (Scheme 1), which was in agreement with literature
precedents.50:53.54 To further investigate the reaction mechanism, we performed mass
spectrometry to study the structural variations of SeTBT after reaction with CIO™. The
structure of the detection product, oxidized SeTBT, was unambiguously confirmed by
MALDI-TOF ([M]* = m/z549.886) (Figure S9). Optical spectroscopy results further
supported this hypothesis. PFOBT Pdots, composed of the same component as the energy
donor part in PFOBT35SeTBT5 Pdots (Figure S10, inset), were inert toward CIO™ (Figure
S10). Figure S11 shows the normalized absorption of PFOBT3SeTBT5 Pdots in PBS
solution with different amounts of CIO™. The relative absorbance intensity of SeTBT
monomer at around 580 nm was continuously attenuated with the increased concentration of
ClO~, confirming the oxidation of SeTBT monomer by CIO™.

To further confirm the proposed mechanism, we prepared another two kinds of Pdots,
PFDHTBOT (Figure S12A) and PFDHTBT (Figure S13A), with emitter structures similar to
that of SeTBT. Fluorescence titration of a solution of PFDHTBOT or PFDHTBT Pdots with
ClO™ both demonstrated a decrease of the absorbance intensity and fluorescent emission
(Figures S12B-D and S13B-D), which strongly supported the oxidation mechanism
proposed here.

Visualizations of HOCI in Cells

To evaluate the ability of the probe to image the CIO™ in biological systems, we first
investigated the cytotoxicity and photostability of PFOBT35SeTBT5 Pdots. The MTT assays
were performed in MCF-7 cells and Raw 264.7 cells (Figure S14). MTT results show that
the materials possessed good biocompatibility in living cells, which was necessary to
demonstrate before developing any further potential biomedical applications. Photostability
tests in living cells demonstrated that PFOBT35SeTBT5 Pdots in MCF-7 cells was highly
resistant to photobleaching compared to the commercial dye FITC (Figure S15) and
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phycoerythrin (PE) (Figure 4 and Figure S16), indicating that PFOBT35SeTBTs5 Pdots had
sufficient photostability for biological imaging and sensing.

After confirming the sensitivity, selectivity, biocompatibility, and photostability of the probe,
we next explored the potential application of PFOBT35SeTBTs Pdots for imaging CIO™ in
vitro. Probe-treated MCF-7 cells were incubated with PBS and various concentrations of
ClO™, respectively. After 30 min, fluorescence signals in the green (530-600 nm) and far-red
(>650 nm) channels were collected with the excitation wavelength of 405 nm. As shown in
Figure 5A, MCF-7 cells loaded with PFOBT3SeTBTsg Pdots treated with only PBS solution
displayed intense red and weak green luminescence. Additionally, the intensity profile of the
linear region of interest across the cell and the scatter plot clearly illustrate the relative
fluorescence intensity collected from the two channels. However, longer incubation of the
cells with NaClO showed an increased fluorescence of green channel and a relatively
attenuated fluorescence of red channel. These changes were accompanied by a dramatic
color change of merged channel from red to yellow with the increased concentration of
NaClO (Figure 5B-E) or increased incubation time (Figure S17), in good agreement with
the ClIO™-elicited ratiometric fluorescence response. Notably, the scatter plot of the green
and red channels clearly showed that the dominance of the intracellular fluorescence was
shifted from red to green upon incubation with increased amounts of NaClO; the changes in
the intensity profiles of the linear region of interest across the cell were synchronous in the
two channels (Figures 5 and S17). Flow cytometry is a quantitative cellular analysis
technique that provides rapid analysis of multiple characteristics of single cells. To confirm
further the excellent probe performance seen in confocal imaging, we also explored the
application of the Pdot nanosensor in flow cytometry. As can be seen in Figure S18,
fluorescence intensity of the green channel increased as a function of NaClO concentration
(Figure S18C), while the fluorescence intensity obtained from the red channel decreased
(Figure S18B).

Because the distribution of cell populations in the scatter plot represents the ratio of the red/
green channel values, monitoring OCI™ levels in different cell samples could be readily
achieved by comparison of the relative distributions of the cell populations in flow
cytometry (Figure S18A). These results established the feasibility of PFOBT3SeTBTsg
Pdots for both the fluorescence imaging and flow cytometric analysis of exogenous HOCI in
cells in a ratiometric mode.

Determinations of Endogenous HOCI

Inspired by the desirable results of sensing exogenous HOCI in the MCF-7 cells, we then
attempted to test the capability of the nanoprobe to image endogenously generated HOCI in
cultured cell types involved in inflammation. To mimic the inflammatory condition that
activates resting tissue macrophages, the murine cell line RAW264.7 was chosen to produce
endogenous HOCI upon culturing with lipopolysaccharide (LPS) and phorbol 12-myristate
13-acetate (PMA). Raw 264.7 cells stained with the nanoprobe PFOBT35SeTBT5 Pdots
demonstrated a strong fluorescence in the far-red channel, while negligible fluorescence was
observed in the green channel (Figure 6A). After the stimulation treatment with LPS and
PMA, a significant enhancement in the green fluorescence and obvious color change from
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red to orange in merged channel were observed (Figure 6B). The observation indicated the
activation of the Pdot nanoprobe by HOCI under conditions of inflammation. Furthermore,
the scatter plot was also shifted from the red to the green channel, which was consistent with
the results of the intensity profiles of the linear region (Figure 6B). To verify that the
fluorescence enhancement response at the green channel in Figure 6B originated from the
action of HOCI in cells, we performed a control experiment by treating the probe-loaded
cells with Atacetyl-L-cysteine (NAC), a powerful free-radical scavenger with high
membrane permeability, along with LPS and PMA stimulation.>® As expected, no obvious
fluorescence change was observed (Figure 6C), indicating that NAC scavenged
endogenously produced HOCI from RAW?264.7 cells and effectively inhibited the activation
of Pdot probe. Moreover, another control experiment was carried out by treating macrophage
cells loaded with PFOBT35SeTBT5 Pdots with 4-aminobenzioc hydrazide (ABAH), a
myeloperoxidase inhibitor known to prevent the formation of hypochlorous acid.>® A similar
green fluorescence-inhibiting effect by ABAH was observed in RAW264.7 cells (Figure
6D), further supporting the idea that the activation of the Pdot probe arose from the selective
response to native HOCI. Similar results were obtained from flow cytometric analysis
(Figure S19), demonstrating that endogenous HOCI production in RAW264.7 cells can be
readily detected in flow cytometry by using PFOBT35SeTBT5 Pdots as fluorescent probes.

Profiling HOCI in Living Mice

Having performed the CIO™ imaging in living cells, the PFOBT35SeTBTs Pdots nanoprobe
was next applied to the imaging of HOCI in living mice. First, we checked the fluorescence
performance of the Pdot nanoprobe using an in vivo imaging system. As shown in Figure
7A, the ratio obtained by pixel-by-pixel calculation of images recorded in the red and green
channels of the in vivo imaging system decreased as the concentration of CIO™ increased.
This observation was consistent with the previous spectral results. The feasibility of the
PFOBT34SeTBT;5 Pdots for the in vivo imaging of CIO™ was next evaluated by detecting the
fluorescence of PFOBT3SeTBTsg Pdots activated by exogenous CIO™ in live mice. The
optical images were acquired after subcutaneous injection of a solution of PFOBT35SeTBT5
Pdots in saline (left) or CIO™ (right) into the dorsal area of nude mice. As shown in Figure
7B, the value of the fluorescence intensity ratio /eq/fyreen Of PFOBT3¢SeTBT5 Pdots in the
presence of CIO™ was much lower than that of the PFOBT35SeTBTs5 Pdots treated with
saline, suggesting the ability of PFOBT35SeTBT5 Pdots to detect the exogenous CIO™ in
living mouse.

Subsequently, the in vivo imaging of endogenous CIO™ using PFOBT35SeTBTs Pdots was
tested in live mice that were a model for peritonitis that was induced by intraperitoneal (i.p.)
injection of LPS. As shown in Figure 7C, the mouse on the right was treated with LPS to
induce inflammation; the mouse on the left treated with saline acted as control. After the
injection of PFOBT3SeTBTsg Pdots, the mouse with inflammation showed a decreased
fluorescence intensity ratio /feq/ fyreen, indicating that the Pdot nanoprobe was suitable for
ratiometric imaging of CIO™ in live animals. Compared with the recently reported probes for
the detection of CIO™ (Table S1), the dual-emission property of the Pdot nanoprobe allowed
for the sensitive imaging of the CIO™ in cells and peritonitis in mice with high contrast,
which was superior to the performance of most of the reported probes.
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CONCLUSION

We have developed a far-red to NIR ratiometric fluorescent HOCI probe, PFOBT35SeTBT5
Pdot, which was based on an all-in-one fluorescent conjugated polymer. The Pdot probe had
high brightness, excellent photostability, and good water solubility. We rationally designed
the ratiometric probe by incorporating target-sensitive and -inert fluorophores into a single
conjugated polymer to form a homogeneous nanoprobe to avoid leakage or differential
photobleaching problems and to improve the performance of the ratiometric probe. The
reaction of the Pdot probe with HOCI disrupted the FRET process between energy donor
OBT and energy accepting fluorophore SeTBT, resulting in a large change in the emission
spectrum. PFOBT35SeTBT5 Pdots demonstrated not only fast response and high selectivity
for HOCI over other various ROS or active reducing species but also the feasibility for the
detection of HOCI over a broad pH range. The probe was successfully applied to the
detection of HOCI fluctuations produced in macrophage cells. Additionally, with high
physiological stability and excellent biocompatibility, the Pdot nanoprobe allowed for the
visualization of LPS-induced HOCI generation in peritonitis of living mice. The dual-
channel detection provided in vivo HOCI imaging with high contrast compared with the
“off—on” imaging probes that can only be seen in a single detection channel once activated.
These successful applications suggest that this versatile probe will be a promising and
powerful tool in the investigations of the in situ HOCI status of diseases in living systems.
We expect that the design strategy presented herein could be extended to construct other
ratiometric fluorescent probes with precise and reliable measurement in biological systems.
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Figure 1.
Size and optical characterization of PFOBT35SeTBT , Pdots. High-resolution TEM images

of PFOBT34SeTBT3 Pdots (A), PFOBT35SeTBT5 Pdots (B), and PFOBT35SeTBT; Pdots
(C) (insets: DLS size distribution histograms of PFOBT35SeTBT , Pdots). (D) Normalized
absorption (Abs., solid line) and emission (Em., dashed line) spectra of PFOBT3SeTBT
Pdots recorded at the concentration of 10 pg/mL in water (black line: PFOBT3SeTBT3
Pdots, red line: PFOBT35SeTBT5 Pdots, and blue line: PFOBT35SeTBT7 Pdots).

JAm Chem Soc. Author manuscript; available in PMC 2018 May 24.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Wu et al.
A 6x10° om0l
—10 M
5x10°{ ——20um
——30 uM
> —4a0 M
-"&; 4x10° —so:.u
——60 M
@ xio] —7om
- ——80 M
£ | ——100,m
a 2x10° —150 M
o ——200 M
1x10°{ —200uM

——350 M

——500 M &

400 450 500 550 600 650 700 750 800

Wavelength/nm

=

5
R’=0.99

N
"

(R-R)IR,

(R-R,)/R =0.124[C107-0.052

0 10 20 30 40 50

[CIO]/uM
6
) 3.0x10 ——Control
500 NM
2.5x10°] — 1M
—5uM
—10 M
2 2.0x10° —20.m
— —30 M
2 o | —s0um
2 1.5x10" 4 —80 M
100 uM
£ 10x10°] — 0
| 200 UM
260 uM
L 5.0x10° —350:14
——500 uM
0.0

400 450 500 550 600 650 700 750 800

Wavelength/nm

Figure 2.
Fluorescence performance and the linear relationship between the concentration of CIO™ and

the variation of the ratio (R = /s40nm/ fsgonm; Ro is the control of PFOBT3SeTBT5 Pdots
without addition of CIO™) of PFOBT35SeTBT3 (A, B), PFOBT35SeTBTs (C-E), and
PFOBT35SeTBT7 (G-I1) Pdots in the presence of different concentrations of CIO™ ions. (F)
Photographs of PFOBT35SeTBTs Pdots with the addition of CIO™ taken under normal
laboratory lighting and illumination with a UV light at 365 nm. All measurements were
performed in 10 mM PBS solution (pH 7.4).
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Figure 3.
Fluorescence spectra (A) and fluorescence intensity ratio (B) of PFOBT35SeTBT5 Pdots in

the presence of various ROS and biologically relevant analytes: (1) PBS, (2) 100 uM CIO™,
(3) 1 mM °OH, (4) 1 mM H,05, (5) 1 mM HNO, (6) 1 mM £BuOOQ*, (7) 1 mM 0,7, (8) 1
mM ONOO™, (9) 1 mM GSH, (10) 1 mM Cys, (11) 1 mM Hcy, and (12) 1 mM DTT. Insets
in (B) show the photos of PFOBT35SeTBT5 Pdots with the addition of various ROS and
biologically relevant analytes taken under illumination with a UV light at 365 nm.
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Figure 4.
Comparison of the photostabilities of phycoerythrin (PE) and PFOBT35SeTBT5 Pdots.

Dynamic fluorescence images were taken by time-sequential scanning of MCF-7 cells
incubated with PE-anticytokeratin (A) and PFOBT35SeTBTs Pdots (B). The dotted circles
indicate the laser spot, which is the region of irradiation.
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Figureb.
Confocal fluorescence imaging of exogenous ClIO™ in MCF-7 cells. MCF-7 cells were first

incubated with PFOBT3SeTBTsg Pdots (10 pug/mL) overnight at 37 °C and then were
incubated with different solutions for 30 min: (A) PBS solution; (B) 10 uM NaClO; (C) 25
UM NaClO; (D) 50 uM NaClO; and (E) 80 pM NaClO. Fluorescence images were acquired
using a confocal microscope with 405 nm excitation and fluorescence emission windows of
green channel (530-600 nm) and red channel (>650 nm).
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Figure6.
Confocal fluorescence imaging of endogenous CIO™ in stimulated RAW 264.7 macrophages

incubated with PFOBT3SeTBTsg Pdots (10 pg/mL, 4 h) before imaging: (A) nontreated
cells; (B) cells successively treated with LPS (4 h) and PMA (0.5 h); (C) cells pretreated
with NAC 2 h before treated with LPS (4h) and PMA (0.5 h), followed with NAC for 1 h;
and (D) cells pretreated with ABAH 2 h before treated with LPS (4 h) and PMA (0.5 h),
followed with ABAH for 1 h. [LPS] = 1 pg/mL; [PMA] =5 ug/mL; [NAC] =1 mM,;
[ABAH] = 1 mM. Green channel at 530-600 nm; far-red channel at >650 nm.
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(A) Ratiometric images (pseudocolor) of PFOBT35SeTBT5 Pdots in 96-well plate treated
with different concentrations of CIO™ using an in vivo imaging system; (B) In vivo imaging
of exogenous CIO™ using PFOBT3SeTBTsg Pdots. Representative ratiometric (pseudocolor)
image of mouse with the subcutaneous implantation of PFOBT35SeTBT5 Pdots (0.1 mg/mL,
0.1 mL) (left) and PFOBT3¢SeTBTsg Pdots (0.1 mg/mL, 0.1 mL) + CIO™ (10 nmol) (right).
(C) In vivo imaging of endogenous CIO™ production from the peritoneal cavity of the mice
with PFOBT36SeTBT5 Pdots during an LPS-mediated inflammatory response.
Representative ratiometric images (pseudocolor) of mice intraperitoneally treated with saline
(left) and LPS (right), followed by an intraperitoneal injection of PFOBT35SeTBT5 Pdots
(0.3 mg/mL, 0.2 mL) 4 h later. Fluorescence images were acquired 30 min after the injection

of Pdots with a 465 nm excitation filter and 540 nm (green channel) and 680 nm (red
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channel) emission filters. Ratiometric images were obtained by pixelby-pixel calculation
using ImageJ software.
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Scheme 1.
Schematic Illustration of Pdot Preparation by Nanoprecipitation and Hydrocholorous Acid

Sensing
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