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Fluorescent materials have great potential for use in biomedical applications due
to their ease of functionalization and tunable fluorescence color. In the last couple of
decades, major progress has been made in the synthesis, characterization, and application
of fluorescent materials, along with the development of nano-, bio-based, sensor, imaging
and high-performance-material-based technologies, which is believed to contribute to the
extension of their applications in bio-sensing, bio-labeling, bio-tracing, bio-imaging, disease
diagnosis and therapy, etc. Biocompatibility is the top priority when fluorescent materials
are used in bio-fields; a great number of biocompatible fluorescent materials (BFMs) have
been obtained, such as organic small-molecule dyes, fluorescent conjugated polymers,
metal nanoclusters, rare earth ion-based nanoparticles (e.g., rare-earth-doped upconversion
nanoparticles), quantum dots, carbon nanomaterials (e.g., carbon nanotubes and carbon
nanodots) and various fluorescent proteins. This Special Issue, “Fluorescent Materials with
Excellent Biocompatibility and Their Application in Bio-Sensing, Bio-Imaging”, includes
twelve research articles covering biosensors based on ion sensors, the detection of patho-
logical oxidative stress and disease detection [1–12], as well as four review articles focused
on different types of fluorescent probes and biological applications [13–16].

As the most abundant small molecular biological thiol, glutathione (GSH) plays an im-
portant role in body metabolism. Abnormal GSH levels have been shown to be associated
with the dysfunction of specific physiological activities and certain diseases, such as cancer.
Thus, the detection of glutathione has become a critical issue. Prof. Pavlova fabricated a
new GSH probe, BChl–S–S–NI, based on the second-generation photosensitizer bacteri-
ochlorin e6 (BChl) and a 4-styrylnaphthalimide fluorophore (NI) [1]. They verified that the
energy transfer process of BChl–S–S–NI is realized with high efficiency in the conjugated
system, leading to the emissions of the fluorophore fragment being quenched. However,
in the presence of GSH, the fluorescence is activated, eliminating the possibility of energy
transfer due to the cleavage of the molecule into separate functional fragments. Hou’s
group reported another GSH probe, CDS-NBD, which could make a distinction between
GSH and Cys/Hcy [2]. The CDS-NBD probe could also be successfully studied in the
imaging of Cys/Hcy and GSH in vivo. In the review, Prof. Sun focused on the fluorescence
detection methods of GSH and discussed the principle of GSH fluorescence sensing [13].
In addition, a general overview of biological applications related to GSH fluorescence
sensing was provided. Finally, future opportunities and challenges in GSH fluorescence
sensing, especially facilitating disease diagnosis, were discussed. Reactive oxygen species
(ROS), including 1O2, ·OH-, H2O2, and ·O2-, are closely related to many pathophysiologi-
cal processes in organisms. Excessive hydrogen peroxide led to diseases such as cancer,
diabetes, and cardiovascular diseases. Therefore, it is vital to detect ROS for the diagnosis
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and treatment of diseases. Prof. Peng reported a novel photoswitch aggregation-induced
emission (AIE) photosensitizer, 6BrHTI-TPA-OMe, which could photocontrol 1O2 gener-
ation for tumor therapy [4]. Prof. Xu [5] and Prof. Samanta [6] developed fluorescent
probes activated by H2O2 to monitor the content of H2O2 in cells. Mateo’s group prepared
fluorescent nanocomposite hydrogels with high swelling and adsorption capacity that can
quantitatively detect the presence of enzyme alkaline phosphatase (ALP) in water samples
with a response time of 10 min and a LOD of 21 nm [7]. Prof. Li designed and synthesized
a novel aggregation-induced fluorescent probe, PTPA-QM, which showed high affinity
for beta-amyloid in brain sections of 5XFAD in mice with classical inflammatory cognitive
impairment [8]. This provided a promising tool for the detection of beta-amyloid protein.

Heavy metal or trace element content in the external water environment or in the
human body can cause changes in human physiological activities. The intake of heavy
metals can affect the central nervous system, vascular system, and blood system, which
can thus seriously affect the health of the body. Changes in trace element content in the
human body are closely related to many diseases. Therefore, it is very important to monitor
the content of heavy metals or trace elements in the external water environment or the
human body. Prof. Cao constructed a fluorescent supramolecular system (H-⊃G) for Hg2+

detection in 100% water. This supramolecular system has excellent selectivity for Hg2+,
and the detection limit is 7.17 × 10−7 M [9]. Three works reported on biosensors for the
detection of Cu2+, which are capable of monitoring the amount of Cu2+ in cells [10–13].

Materials used in the construction of biofluorescence sensors need to possess excellent
biocompatibility, non-toxicity, and efficient luminescence properties. A summary of dif-
ferent fluorescence sensors is of guiding significance for the design of probes with better
performance. Prof. Hsiao reviewed excellent probes based on brightness, light stability,
and functionalized fluorescent nanodiamonds (FNDs) [14]. The altered surface chemistry
of FNDs and their combination with polymers, metals, and magnetic nanoparticles opens
up huge possibilities for drug delivery, diagnostics, and nanomedical and magnetothermal
therapy. Prof. Zhang summarized biofluorescence probes of aggregation-induced emission
(AIE) materials with the donor–acceptor (D-A) system and hydrogen bonding [15]. Further-
more, they discussed the design concept and potential development trend of biofluorescent
probes. This review provides a theoretical framework for the design of high-performance
AIE bioluminescence probes, and it can be used to further develop the application of
AIE-based bioluminescence probes. Organic semiconductor nanoparticles (OSNs) are used
as high-resolution biosensors in modern medicine and biological research. OSNs have
been widely used in the detection of biological small molecules, nucleic acid and enzyme
levels, as well as vascular imaging, tumor localization, etc. Based on the structure and
design strategy of OSNs, this review introduces various functional group OSN biosen-
sors and discusses the design strategies and future development trends of OSN-based
biosensors [16].

Fluorescent probe technology has the advantages of simplicity, convenience, high
sensitivity, being conducted in real time, and being non-invasive, and it has been widely
used to image important biological substances (such as ions, signaling small molecules,
and enzymes) in living cells and organisms to explore the physiological and pathological
processes of related diseases. This Special Issue covers the preparation of biosensors using
organic and inorganic fluorescent materials. These studies have shown that fluorescence
sensors show great potential in biomedical applications.
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