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Fluorescence bioimaging is highly sensitive and noninvasive technique, which is

desirable for the visualization of the structure-function property in biological systems.
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Owing to the easy operation, high selectivity and sensitivity, excellent brightness,
photostability, and real time monitoring of the complicated biological processes,

organic fluorescent molecules with aggregation induced emission (AlEgens) ability
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have attracted worldwide attention in biomedical science. Inspired by the widespread
use of AlEgens in biomedical science, herein this review, we have summarized some
of the recently published literature regarding the AlEgens applications as fluorescent

Introduction

Bioimaging is sensitive and noninvasive technique, which
is highly desirable for visualization of the structure-function
property in biological systems [1]. Owing to the increasing trend
of bioimaging in the biomedical fields, numbers of imaging
techniques, such as magnetic resonance imaging, computed
tomography, positron emission tomography, have been developed
and successfully applied for the practical biomedical applications
[2]. However, some drawbacks associated with these techniques,
such as high cost, long time operation, complicated procedures, low
specificity and low biocompatibility are encouraging the scientific
community to discover novel ones to overcome such drawbacks.
Fluorescence imaging is a superior alternative in contrast to the
above imaging methods, which has been proven to be a powerful
tool for sensing and visualizing of bioanalytes, biological structures

and processes in real time with high spatial resolution [3-5].

Numbers of fluorescent materials, such as organic dyes, organic
nanoparticles, inorganic nanoparticles, metallic nanoparticles, and
fluorescent proteins have been recently developed and successfully
utilized as bio-probes. Among them, organic luminescent materials
are of particular interest owing to their better biocompatibility and
easy preparation processes [6]. Conventional fluorescent probes,

such as rhodamine, fluorescein, BODIPY, and cyanine suffer from
the aggregation-caused quenching effect and seriously undergo
photobleaching during the long-term imaging, which greatly limit
their practical clinical applications [7]. Inorganic nanoparticles,
such as quantum dots usually have high brightness and are
photostable, but their potential toxicity caused by their heavy
metal contents is always a main concern when used for biomedical
purposes [8-10]. An alternative bioprobe family, AIE luminogens,
usually possessing high photostability and low cytotoxicity, are
considered as ideal candidates to overcome these drawbacks.

AlEgens generally have no or weak fluorescence in their
solution states, owing to the availability of the free rotors in
their molecular structures, which undergo dynamic rotation and
active vibrations during the excitation of the AIE-molecules that
largely consume the exited state energy and result in the non-
radiative relaxation. On the other hand, such molecular motions
and vibrations are restricted in the aggregated states, which leads
toward high fluorescence in the aggregated/solid states of AIEgens
[11]. The concept of AlEgens was first coined in 2001 [12], since
then AlEgens have found multiple applications in the imaging of
pathogens and mammalian cells.
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AIEgens and Mammalian Cells Imaging

Cell is the basic structural and functional unit in all living
organisms and for the basic biomedical research, the exploration
of cell is necessary. In this regard, fluorescence imaging, which is
highly sensitive and non-invasive technique is attracting the global
attention. For example, we have recently reported a photostable
naphthalimide based probe (TPE-NIM+) for staining Plasma
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Membrane (PM) of mammalian cells [13] (Figure 1). It can be seen
from Figure 1 that our designed TPE-NIM+ has better PM staining
performance and much longer retention time at the PM compared
to the commercially available PM dyes. Long retention time at
PM is one of the important parameters in studying the important
biological process occurring at cellular level, such as phagocytosis,
necrosis, apoptosis, etc., where the deformation of PM occurs, hence

provides useful information about a particular process.
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Figure 1: Real-time confocal fluorescence images of MCF-7 live cells after treatment with TPE-NIM+ and TPE-NIM), DiD, and

WGA-Alexa Fluor 488.

TPE-NIM+ with high photostability, biocompatibility, ultra-fast
and wash-free staining ability, and long retention time is superior
to the commercially available PM probes, and it will find a number
of applications in the biological/biomedical fields. Similarly, Yu et
al. also reported a purine-based water soluble organic fluorophore,
pent-TMP, for wash-free and ultrafast imaging of plasma membrane
in different complex biosystems both in vitro and in vivo [14].
Imaging of Lipid Droplets (LDs) [15,16] is also important, as it
plays crucial roles in many cellular functions, such as the storage
and metabolism of lipid, protein degradation, energy storage,
membrane formation, signal transduction, etc. [17] In addition, LDs
is an important biomarker for various diseases and the abnormality
in the size and amount of LDs in the cell is closely related to the
dysfunction of LDs, which is associated with many diseases, such as
coronary artery diseases, type 2 diabetes, cardiovascular and fatty
lever diseases, and obesity [18-20].

We have recently reported a dibenzothiophene based probe
for the imaging of lipid droplets in diverse biological systems [21].
The designed probe has the ability of dynamic tracking of lipid
droplets and recording the process of lipophagy. Imaging of other
cell organelles, such as lysosomes [22], mitochondria [23], and
endoplasmic reticulum [24] etc. have also been reported in the
literature.

AIEgens and Bacterial Sensing

Pathogenic infections caused by bacteria pose a serious threat
to foods, air, and water, resulting in public health issues, climate
change, and environmental pollution [25]. To treat the pathogenic
infections, the first step is the detection and identification of
pathogens. For this purpose, cheap and fast analytical tools are of
particular interest. In this regard, fluorescence imaging provides
an ideal platform for the detection and identification of pathogenic
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bacteria. For example, we have recently reported naphthalimide
based probes for the selective sensing of Gram-positive bacteria
via a fast and wash-free protocol [26]. The designed probes have
the ability to selectively target Gram positive bacteria even in the
mixtures of Gram positive (S. aureus) and Gram-negative bacteria
(E. coli), as shown in Figure 2 (A-F). The designed probes can also
target biofilms of Gram-positive bacteria and are bacterial friendly
that have extremely low hemolysis rates, hence provide a reliable,
cheap, and fast platform for the detection and identification of

Gram-positive bacteria that will find practical applications in
the clinical analysis of pathogens. Similarly, Tang et al. have also
reported numbers of AlEgens with long emission and absorption
wavelength to selectively stain G+ bacteria [27]. The designed
probes were applied to different kinds of bacteria, both G+ and
G- bacteria, where the probes exhibited high degree of selectivity
towards G+ bacteria. The designed AlEgens with quaternary amine
terminal units were then applied as photosensitizers to kill G+

bacteria both in vivo and in vitro analysis.

Figure 2: Treatment of Gram positive and Gram negative bacteria with TPE-NIM and TPA-NIM.

Conclusion

In conclusion, owing to the high sensitivity and noninvasive
nature, fluorescence imaging is an ideal sensing platform for
imaging of cell organelles, tracing of biological processes, disease
diagnosis and treatment, and for the detection and differentiation
of pathogenic bacteria. Thus, it provides a quick and sensitive
approach for the pathogens detection and treatment of the diseases,
and tracing of biological processes at cellular level. Therefore, it
is necessary to develop novel fluorescent organic molecules with
aggregation induced emission for the early medical diagnosis, drug
development, and basic biomedical research.
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