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ABSTRACT: During the past two decades, super-resolution microscopies (SRMs) have become powerful tools to resolve
subcellular structures in a range of 10 nm to 100 nm. Progress in developing fluorescent probes is indispensable for the
advancements in SRMs. However, it remains challenging to recognize and observe the bio-complexes in deep imaging
depth with high resolution. The emergence of near-infrared (NIR) fluorescent probes brings new light for super-
resolution fluorescent imaging due to less light scattering, decreased background signals of auto-fluorescence and low
phototoxicity. Thus, in recent years, significant efforts have been made in the development of NIR fluorescence probes
for visualizing the fine structures and organizations in cells with high resolution and excellent signal-to-noise ratio.
Here we reviewed the recent progress in NIR probes that have been successfully applied to SRMs, including fluorescent
proteins, molecular probes, and fluorescent nanomaterials. We also provided a potential prospect on the requirements

in future development of NIR fluorescent probes for SRM applications.
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INTRODUCTION

Unraveling the inner workings of cell activities needs
to investigate cells at high resolution. Fluorescence
nanoscopy enables relatively safe study of biological
phenomena with key advantages of noninvasive la-
beling, high specificity for targets and high temporal
resolution [1-3]. Although various conventional flu-
orescent imaging tools have been used to investigate
vital cellular structures and activities in living bodies,
detailed capture of their submicron scale structure can-
not be resolved due to the diffraction limitation [4, 5].
In the past two decades, super-resolution techniques
offer new visualization possibilities for obtaining sub-
diffraction-limit structures at high spatial resolution,
leading to a dramatic increase in our knowledge of
biomolecule organization and cell function [6]. These
super-resolution microscopies (SRMs) are most signif-
icantly classed into two different families: (1) one uti-
lizes patterned light to effectively squeeze the diffrac-
tion limit, such as stimulated emission depletion mi-
croscopy (STED) [7] and structured illumination mi-
croscopy (SIM) [8]; (2) another approach achieves
super-resolution images based on the localization of
single emitting fluorophores, such as (direct) stochas-
tic optical reconstruction microscopy ((d)STORM) [9],
photoactivated localization microscopy (PALM) [6],
and points accumulation for imaging in nanoscale
topography (PAINT) [10]. Now, SRM systems have
rapidly expanded as a transformative technology and

become popular instruments in the biological and
chemical research communities. Several have been de-
veloped successfully for deep-tissue and in vivo imag-
ing with high spatial resolution [11].

One of the strengths of fluorescence technique is
the multiple fluorescent probes which may be applied
to label the target. Light with visible wavelengths is
largely scattered at great depth, and consequently the
penetration of visible light is restricted. The applica-
tion of present SRMs to living samples or deep tissues
are limited owing to shallow imaging depth. Near-
infrared (NIR) light can penetrate more deeply into
tissues and improve the signal-to-noise ratio (SNR)
due to less light scattering in the long-wavelength NIR
region [12,13]. Therefore, NIR fluorescent materi-
als have been exploited to increase the penetration
depth of fluorescence signals. Moreover, NIR illumi-
nation could diminish the background signals of auto-
fluorescence and have low photo damage [14,15].
Thus, NIR light is ideal for deep tissue imaging espe-
cially for super-resolution imaging at great depth with
high resolution and better SNR.

NIR fluorescent materials are the cornerstone of
NIR super-resolution imaging. Several well-known
NIR fluorophores like methylene blue (MB) and in-
docyanine green (ICG) have been demonstrated for
NIR bioimaging with their emissions beyond the vis-
ible light region [13]. However, it should be noted
that some short emitting dyes performed even better
than several fluorophores with long emission beyond
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Fig. 1 Schematic illustration of diverse NIR materials used in
super-resolution imaging.

1000 nm, which illustrates that wavelength is not the
only factor influencing imaging results [13, 16]. Their
photophysical properties also impact the performance
in the imaging process, such as the quantum yield, anti-
photobleaching capability, photostability and more.
Furthermore, the complex biological environment and
restricted SRM technique conditions require that the
fluorophores should be consistent with the instrument
and not sensitive to reactive species. Despite immense
challenges, NIR fluorescent materials remain attractive
for super-resolution bioimaging.

Good reviews on the NIR fluorescent materials
have appeared in recent years. Most works focused
on the synthesis and modification of NIR fluorescent
materials, their applications for in vivo imaging, as
well as the functions on medical diagnosis [17-19].
Considering that SRMs becoming more important and
useable tools for biologists and chemists, great efforts
have been made to develop NIR materials for deeper
imaging depth and high-performance fluorescent be-
havior in cells, tissue and animal models with high
resolution. In this review, we summarized the latest
advancements in NIR materials for super-resolution
imaging, including fluorescent proteins (FPs), small
molecule dyes and fluorescent nanomaterials, such as
upconverting nanoparticles (UCNPs), quantum dots
(QDs), nanographene materials, carbon dots (CDs),
aggregation-induced emission (AIE) dots and single-
wall carbon nanotubes (CNTs). Meanwhile, we also
highlighted the applications of NIR materials from the
perspective of live-cell, deep-tissue and in vivo imaging
(Fig. 1.
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Fig. 2 Schematic of different principles of diverse SRM
techniques. (a) Jablonski diagram of fluorescent molecule
and the conceptual illustration for STED imaging. The
fluorescent emitter is stimulated by an excitation beam. Then
the fluorescent is depleted by a doughnut-shaped STED beam
to shrink the PSF spot. (b) Principle of SIM technique to
image indistinguishable architecture by defined periodical
illumination [20]. Figure reprinted with permission from
IOP Publishing. (c) The ring structures are blurry when all
the emitters are excited simultaneously. Single molecule
localization (SML) is realized by active control of emission,
yielding a sparse record of fluorophores in a single frame. All
the localizations are reconstructed into a super-resolved SML
image.

BASIC PRINCIPLE OF SRMS

In optical microscopy, the light forms a blurry fo-
cal spot with restricted size due to diffraction limit
(A/2NA). A dot-like emitter is recorded as a blur
point, named the Airy pattern [21]. Thus, traditional
imaging techniques excite all these blur points simulta-
neously, resulting in large overlapping of Airy patterns.
Commonly, super-resolution techniques achieve better
resolution than the diffraction limit through two ways:
(i) methods using patterned illumination to effectively
go beyond the diffraction limitation to achieve resolu-
tion below 200 nm, and (ii) single localization-based
approaches [5].

The first category introduces methods shaping the
light pattern to diminish the size of the point spread
function (PSF), such as STED and SIM. STED employs a
two-beam combination which applies nonlinear optics
to sharpen the excitation beam into a refined sub-
diffraction-limited excitation volume [22]. The stim-
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ulated emission is triggered to suppress the emission
of peripheral fluorophores. Then, the PSF is shaped by
depleting illumination at the rim of the focus using a
doughnut-shaped beam (STED-beam), allowing only
the fluorescence at the center of the ring to emit
fluorescence with their natural lifetime (Fig. 2a) [23].
The achievable resolution can be expressed as:

A

2nsina\/ 1 +ISTED/IS

where A represents the wavelength, n is the refractive
index, a is the collection angle of the objective, I¢rpp
corresponds to the intensity of STED illumination, and
Ig is the intensity of saturated stimulated radiation,
respectively. When the intensity of the STED-beam is
higher, the central area with zero intensity is smaller.
Thus, the resolution was enhanced in STED imaging as
the intensity of the depletion beam increased [24]. In
addition, the saturated stimulated emission intensity
is inversely determined by the fluorescence lifetime
Tq of the probe and the absorption cross-section o of
the STED light. Compared to the dispersed molecular
dyes, the compact nanomaterials usually have larger
optical cross-sections, which conduce to lower satura-
tion intensity or higher depletion efficiency. Moreover,
inorganic materials, such as UCNPs and QDs, usually
have longer lifetimes, which also cause a low satura-
tion intensity.

Besides the emission depletion pattern, the SIM
technique enhances resolution through frequency mix-
ing between a patterned excitation and the sample,
introducing low-frequency Moiré fringes that can be
resolved by traditional optical microscopy [25]. By
acquiring multiple images with illumination patterns
of different phases and orientations, a super-resolved
picture is finally reconstructed based on a lot of original
images using algorithms (Fig. 2b) [20]. The illumi-
nation pattern is restricted by the diffraction limit of
light, thus, SIM is capable to achieve a resolution of
~ 100 nm in the lateral direction and ~ 300 nm in
the axial direction by calculating diffraction-limited
original images.

Another category is the accumulation of single-
molecule localization of sparse fluorophores, like
PALM, STORM and PAINT. These methods accurately
determine the centers of individual PSFs, rather than
detecting all fluorescent signals simultaneously. The
center of a single PSF can be calculated by various
methods, such as least-squares fitting, Gaussian fitting
and maximum likelihood estimation [9]. By repeating
this cycle of activation, localization, and deactivation,
the positions of a sufficient number of labeled fluo-
rophores can be determined (Fig. 2¢) [4]. Usually,
PALM initially used photoactivable fluorescent proteins
that can be activated by light with a wavelength dif-
ferent from the excited light. STORM employed pho-
toswitchable dyes for the ON and OFF signal record-

Ar =

ing. In PAINT method, fluorescence molecule sparse
detection based on instantaneous combination and
separation of targeted probes and dispersed fluores-
cent molecules in solution. The reconstructed image
from the localizations depends not only on the mi-
croscope but also on the fluorescent materials applied
to label the targets. The localization density, photons
per switching event, and on/off duty cycle (DC) are
important to the fluorescent materials, which largely
influence the quality of super-resolution images [21].

KEY CONSIDERATIONS FOR FLUORESCENT
PROBES UNDER DIFFERENT SRMS

The key to all fluorescent SRMs achieving NIR imag-
ing hinges on the selection of appropriate fluorescent
probes. In addition to the need for excitation and emis-
sion at NIR wavelengths, each technique has distinct
criteria for ideal NIR probes. To enhance bioimaging
and biosensing performance, several essential princi-
ples must be considered in the development of NIR
fluorophores, such as NIR fluorescence brightness,
absorption and emission wavelengths, anti-bleaching
capability, and photostability [26]. Apart from that, the
NIR fluorescent probes also have a higher benchmark
for obtaining high resolution in SRMs.

In general, the fluorescent probes for STED de-
mand low saturation intensity and excellent anti-
photobleaching capability to enhance the resolution.
Thus, the fluorophores are desired to achieve high
photostability and resist photobleaching. Recently,
the application of inorganic nanocrystal materials as
probes is in its infancy in STED imaging, such as UCNPs
[27] and QDs [28]. SIM is the closest to conventional
fluorescence microscopy, needing no special probes
but, due to the fact that multiple intermediate frames
are recorded, anti-photobleaching must be taken into
account [29]. During single-molecule localization
imaging, fluorophores stochastically switch between
active and inactive states, and the localization preci-
sion relies on the number of photons collected during
each on-time of the fluorophore [30]. Efficient label-
ing density, high localization precision, and a small
recognizing footprint are vital for well-defined single-
molecule localization images [31].

FLUORESCENT PROTEINS

FPs enable straightforward and specific labeling of
targets without the need to deliver any additional
substances, making a less significant impact on the
organisms [32]. Thus, FPs are indispensable for live-
cell imaging and in vivo imaging. A key challenge in ap-
plying SRMs to in vivo imaging is seeking suitable FPs
that offer deep tissue penetration, high brightness, and
photostability. NIR FPs are especially desirable because
they can be fused to protein domains to generate labels
for monitoring dynamic behaviors within deep tissues
and living animals [33]. However, efforts to design FPs
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Table 1 Photophysical properties of several NIR FPs, which are relevant for super-resolution imaging.

FP Aex (nm) Aem (nm) £abs M Tem™h) Quantum yield Quaternary structure Ref.
PSmOrange 636 662 32700 0.28 monomer [34]
mNeptune2 599 651 89000 0.24 monomer [35]
E2-Crimson 605 646 126000 0.23 tetramers [36]
mGarnet 598 670 95000 0.09 monomer [37]
TagRFP657 611 657 34000 0.10 monomer [38]
miRFPs720 702 720 96000 0.06 monomer [39,40]

Lifeact-mNeptune2

Confocal

Fig. 3 Representative super-resolution imaging of mNep-
tune2 FP for in vivo STED imaging. Confocal mode with
560 nm excitation and STED mode with an additional laser
at 732 nm were used for imaging the dendritic branch at a
6 pnm depth of the visual cortex [4]. Figure reprinted with
permission from Springer Nature.

with maximum excitation exceeding 600 nm usually
result in undesired diminishment in brightness [12].
Table 1 lists the photophysical properties of some
typical red-emitting and NIR-emitting fluorescent pro-
teins used for imaging in living bodies [34-40]. Pen-
nacchietti and coauthors reported the phenomenon
of near-infrared to far-red photoconversion in the
miRFP family, which was engineered from bacterial
phytochromes. They achieved NIR STED imaging
and followed the dynamics of lysosomes tagged with
miRFP720 in live U20S cells with higher resolution
than conventional microscopy [39]. Additionally, Weg-
ner and co-workers applied mNeptune2 FP in STED
imaging in vivo. They realized super-resolution vi-
sualization of the F-actin structure at 6 tm depth of
the visual cortex (L5 to L1) in a living mouse for
time periods of up to 1 h (Fig. 3) [41]. With the
development of advanced mutagenesis and screening
strategies, more enhanced NIR FPs or even entirely
novel NIR FPs will be applied to obtain more valuable
information for NIR super-resolution imaging.

MOLECULAR PROBES

Generally, FPs are biocompatible and exhibit low cy-
totoxicity. However, the low photon count might lead
to lower localization precision. Comparatively, organic

www.scienceasia.org

dyes, which can be tuned to desirable emission colors
by adjusting their structures, are regarded as potential
candidates for biological imaging [42]. Although sev-
eral NIR dyes could act as photosensitizers to generate
reactive oxygen species (ROS) to participate in photo-
dynamic therapy, those dyes usually have low toxicity
under the imaging concentration [43-45]. Compared
with the potential toxicity caused by heavy metal
elements in inorganic materials, small-molecule NIR
dyes are particularly appealing for fluorescent imaging
due to their high design flexibility, small size and
high biocompatibility. Various NIR fluorophores with
defined small-sized structures have been exploited and
employed in SRMs, e.g., cyanine, BODIPY, xanthene,
and squaraine [45-47].

For example, cyanine-based fluorophores such as
Cy3 and Cy5 are widely used in STORM [50]. Col-
lot et al [48] developed a series of membrane-targeted
dyes named MemBright. The family of MemBright
fluorescent molecules can recognize the cell membrane
efficiently and are compatible with long-term fluores-
cent imaging within tissues and live cells (Fig. 4a).
In addition, the oxygen position of the xanthene core
could be substituted for different heteroatoms such as
Si, emitting NIR fluorescence with high photostability
[51,52], such as Yale676sb, which was synthesized to
emit in the NIR region and has a high quantum yield
of 0.59 [53]. Besides, in 2024, a novel small chro-
mophore PMIB which has an emission maximum at
732 nm, was developed to realize the single-molecule
imaging of lysosomes [54]. Salam et al [49] pre-
sented a highly photostable NIR-emitting Zn-complex
structure for the dynamical distribution and long-
time tracking of lysosomes in Caenorhabditis elegans
(Fig. 4b). A smallest-size lysosome (~ 77 nm) was
captured by the zinc metal complex in vivo during
embryogenic evolution.

Moreover, several research groups have integrated
genetically encoded methods with organic dyes for
achieving super-resolution imaging in vivo. Initially,
the targeted protein is fused with tags, such as Halo or
SNAP tag [56]. These tags then covalently bind to their
corresponding fluorescent dyes. More significantly,
these tags are combined with NIR dyes for in vivo
imaging. For example, the Stefan W. Hell group took
advantage of the NIR SiR combining with Halo tag
to realize STED super-resolution in vivo imaging of
postsynaptic density protein-95, achieving outstanding
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Fig. 4 Structure and applications of molecular NIR dyes for super-resolution imaging. (a) Structure and emission spectra
of different MemBright probes. These diverse dyes were utilized for staining membranes within live cells and tissues [48].
Figure reprinted with permission from Elsevier. (b) Structure of the Zn-complex and applications of the Zn-complex to image
the lysosomes throughout the whole C. elegans [49]. Figure reprinted with permission from Royal Society of Chemistry.
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Fig. 5 Schematic illustration of the injections of SiR-Halo at multiple sites in the region of EYFP reference expression. The
Lifeact-EYFP-expressing pyramidal neurons are located at a depth of ~ 500 pm below the cortical surface. The SiR-Halo
labeling extended down to 100 pm. The STED images show the PSD95 scaffolds in vivo [55]. Figure reprinted with permission
from National Academy of Sciences USA.
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fluorescence contrast and photostability. Compared
with FPs, NIR SiR enabled z-stack acquisition and
repeated imaging at STED resolution [55]. They found
that PSD95 formed diverse nanoscale organization
patterns with large variations in size and shape among
individual synapses (Fig. 5). As organic dyes continue
to improve, the application of NIR organic dyes in
SRMs is becoming increasingly viable. However, on-
going efforts are still needed to further enhance NIR
dyes for future SRMs studies in living animals.

FLUORESCENT NANOMATERIALS

Fluorescent nanomaterials, such as UCNPs, QDs, CDs,
AIE dots and CNTs, have attracted great attention in
super-resolution imaging due to their excellent photo-
physical characteristics [57, 58]. The photostability of
nanomaterials is commonly superior to that of organic
dyes, and they have promising properties achieved by
adjusting their structures and modifying components
[59, 60].

UCNPs are a kind of fluorescent materials that
provide a saturation intensity two orders of magnitude
lower than that of small-molecule dyes. UCNPs convert
the long NIR excitation (750-1,000 nm) to short ultra-
violet (UV) and visible emission, attracting large atten-
tion of researchers in the past decade. Chen et al [61]
reported a near-infrared emission saturation (NIRES)
microscopy, employing UCNPs for super-resolved vi-
sualization at deep imaging depth. The excitation
intensity was several orders of magnitude smaller than
that demanded by organic molecules. They achieve a
resolution of sub 50 nm by using a doughnut beam
excitation from a 980 nm diode laser and detecting
at 800 nm. Fig. 6a shows a bright-field image of
an 88 pm liver tissue slice using 4% Tm>", 40%
Yb3* co-doped UCNPs with excitation power density
of 5.5 MW/cm? [61]. Moreover, in 2020, Liu et al [62]
proposed an upconversion nonlinear SIM (U-NSIM)
approach using ytterbium (Yb®*) and thulium (Tm3*)
co-doped UCNPs. They achieved a resolution below
131 nm through Wiener deconvolution (top) and U-
LSIM (Fig. 6b).

QDs exhibit higher photostability and brightness
than organic dyes, making them promising alterna-
tives for fluorescent imaging [66]. QDs typically have
a narrow emission region and can be freely tuned
throughout the entire visible spectrum [67]. Moreover,
they are commercially available and can be modified
to be live-cell compatible by coating with standard
coupling chemistry [68]. Hanne et al [63] applied
a kind of QDs, which named as Qdot705, for STED
imaging with an excitation wavelength of 628 nm
and a STED wavelength of 775 nm (Fig. 7a). This
enabled enhanced resolution for imaging single QDs
and vimentin fibers in cells.

By adjusting the precursor and reaction condi-
tions, CDs can realize excellent photostability, photo-
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blinking, and photofluctuation properties [69]. Thus,
CDs have drawn large attention as promising materials
for SRMs. In 2025, Liu et al [70] demonstrated
that polarization facilitated the surface state emission
of CDs through a single decay pathway, while hy-
drogen bonding was identified as a factor that hin-
dered the surface state emission of CDs through non-
radiative decay. They applied the yellow-emitting
CDs in dual-color super-resolution fluorescence imag-
ing in living cells. Graphene quantum dots (GQDs)
are nanoscale graphene fragments with well-defined,
quantized energy levels and have recently been pro-
posed as an environmentally friendly alternative to
CDs and QDs [71]. In recent works, nanographene ma-
terials with nanoscale graphene structures presented
superior properties [57]. Fang et al [64] developed a
NIR lysosome-targeted imaging nanoaggregate HD-Br
based on the hemicyanine structure. They applied the
HD-Br nanoaggregates for 3D imaging of lysosomes in
live C. elegans (Fig. 7b).

AIE refers to a weakly emitting or non-emissive
fluorescence phenomenon in solution, however, they
turn into strongly fluorescent state in solid form [72].
AIE has caught large interest in exploiting new flu-
orescence probes for SRMs. The organic dots with
AIE characteristics have emerged as powerful tools
owing to their high brightness, high photostability, and
low toxicity. Recently, many exciting works reported
that properly designed AIE dots can reach the NIR-
emission region, and also have great potentials in
super-resolution imaging. For example, Xu et al [65]
developed an AIE nanocrystal in the deep-red re-
gion named DTPA-BT-E which has photoluminescence
quantum yield (PLQY) of 36.49%. The probe could
capture lysosomes in cells and achieve superior reso-
lutions under a much lower STED power as shown in
Fig. 7c.

CNTs are remarkable nanostructures that have
garnered extensive attention in the imaging commu-
nity due to their strong optical resonances in the NIR
region. In 2019, Godin et al [73] reported the design
and imaging implementation of photoswitchable CNTs,
which had controlled blinking behaviors at the single-
nanotube level in the near infrared region. Fig. 8
illustrates two segments that could be separated about
320 nm apart from each other, which is hard to achieve
with the conventional far-field image [73].

Despite the fact that a series of fluorescent nano-
materials have been extensively employed for SRMs,
none of those nanomaterials are ideal or without short-
comings. For instance, the applicability of QDs in
SRM is restricted by their fast blinking and toxicity.
Table 2 listed the main characteristics of representative
fluorescent materials for diverse SRMs. Moreover,
the advantages and disadvantages also compared for
better selection of suitable probes for bio-imaging.
Therefore, exploring for an appropriate extrinsic NIR
nanomaterial for SRMs is thus ongoing.
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CONCLUSION AND OUTLOOK

In conclusion, we provided a short review of the re-
cently developed NIR fluorophores for super resolution
imaging. We first described the basic principles of dif-
ferent super-resolution techniques and emphasized the
key considerations for fluorophores in diverse SRMs.
Subsequently, we discussed the current NIR FPs, small-

molecule dyes and nanomaterials for the applications
in SRMs. Even though considerable efforts have been
expended toward developing NIR fluorescent probes
for in vivo imaging, high-performance fluorophores for
super resolution imaging are still limited in achieving
high resolution and deep imaging depth.
Super-resolution fluorescence imaging is always
a trade-off among the acquisition speed, spatial res-

www.scienceasia.org


http://www.scienceasia.org/
www.scienceasia.org

ScienceAsia 51 (6): 2025: ID 2026008

Table 2 Summary of representative fluorescent materials for super-resolution imaging.

Category Size Techniques Applications Advantages Disadvantages Ref.
FPs <1 nm STED; SIM; Observing morphological High biocompatibility =~ Low [25,37,41]
PALM changes of actin in the cortex brightness
of a living mouse;
Molecular <1 nm STED; SIM; Imaging proteins and Structure adjustable Potential tox- [15,46,51,53,54]
probes STORM organelle sand in live cells icity
UCNPs 10~30nm  STED; SIM Deep tissue imaging Sharp emission band ~ Poor water [27,61,62]
solubility
QDs 10~20 nm  STED; SIM; Cellular and subcellular Tunable particle size Potential tox- [63,67,74]
STORM structure imaging; real-time and surface icity of heavy
tracking modification metals
CDs 2~7 nm STED; SIM; Deep tissue imaging Water-soluble and Rare red [70,75,76]
STORM biocompatible and infrared
emission
AIE dots 10~50 nm  STED Cellular and subcellular Tunable surface Limited [65,72]
structure imaging functionality choice
CNTs 0.4~10nm STORM individual CNTs Emission in NIR-I Poor water [73,77]
in diameter; and NIRII windows solubility
100nm ~ 1 pm
in lengths

320 nm

1 um
—

Fig. 8 Schema showing the fluorescence setup for CNTs
imaging with UV illumination. Super-resolved images dis-
play different nanotube segments about 320 nm apart [73].
Figure reprinted with permission from American Association
for the Advancement of Science.

olution, and compatibility with the biological system.
Rapidly progressing towards NIR probes has promoted
victories on applications of SRMs in vivo and deep
tissue. Nevertheless, there are some limitations re-
main to be overcome in the future progression and
application of NIR probes for super-resolution imag-
ing. First, high-performance NIR fluorescent materials
should be bright enough with targets. Due to the
complex network biological environment, only probe
with sufficient brightness can lead to more accurately
positioning. The high brightness of nanomaterial pro-
vided large options to allow functional portions to be
designed for a given application. Second, longer emis-
sion wavelengths of fluorophore are still lacking. For
instance, few dyes with emissions exceeding 1200 nm
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are available, which limits further imaging in vivo.
Last but not least, more strategies are desired for
the development of specific biosensing probes. Thus,
future efforts could be made to develop specific probes
that can respond to targets and have differentiable
signals for various analytes.

Of course, efforts in the construction of optical
systems, camera technologies and labeling strategies
should make progress together to make it possible to
view multiple cellular structures and biological activ-
ities in living species with high resolution. We antici-
pate that this minireview will assist researchers in com-
prehensively grasping the developing trends underly-
ing NIR fluorophores for enhanced super-resolution
imaging.
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