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AlEgen doped fluorescent nanodots (AlEdots) have attracted lots of attention, due to their superior
characteristics as fluorescent probes, such as excellent photostability, large Stokes shift, high brightness
and tunable emission. Unfortunately, most of the currently available AlEdots exhibit broad emission
bandwidth, which limits their applications in multiplexed fluorescence imaging and detection. In this
work, the strategy of designing and fabricating narrow emissive AlEdots (NE-AlEdots) with tunable
wavelengths was presented by constructing a light-harvesting system with high energy transfer
efficiency. Efficient intra-particle energy transfer from highly doped AlEgens, serving as the light-
harvesting antenna, to the lightly doped narrow emissive fluorophore, resulted in high brightness and
narrow emission. The emission band of NE-AlEdots with the full-width-at-half-maximum varied from 18

to 36 nm was 3-6.3 times narrower than that of traditional AlEdots. The single-particle brightness of NE-
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Accepted 16th September 2022 AlEdots was over 5-times that of commercial quantum dots under the same excitation and collection

conditions. Taking advantage of the superior performance of these NE-AlEdots, multiplexed

DOI: 10.1039/d2sc045862k fluorescence imaging of lymph nodes in living mice was realized, which supported the future
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Introduction

Fluorescent probes have been widely applied for biomedical
applications, such as fluorescence microscopy imaging, flow
cytometry, surgery navigation, and immunofluorescence
analysis.”* Up to now, a variety of luminescent materials have
been developed and applied as fluorescent probes.”'* Among
them, organic dyes are the most commonly used fluorescent
probes, which is attributed to their high quantum yield, tunable
emission, small size, modifiable structure, and identical single-
molecule optical properties."*** Although promising, the
brightness of a single dye is far below that of single luminescent
nanomaterials such as QDs (quantum dots), LnNCs (lanthanide
nanocrystals), and Pdots (polymer dots), which is attributed to
the limited photon absorption capacity of dyes.'**® This results
in a low signal-to-noise ratio in fluorescence imaging. Devel-
oping organic dye-doped nanoparticles (ODNPs) has been
proven to be an efficient strategy for designing brighter fluo-
rescent probes, which both maintains the fluorescence prop-
erties and improves the photostability of the dyes. Enhanced
single-fluorophore brightness can be successfully achieved in
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applications of NE-AIEdots for in vivo multiplexed labeling and clinical surgery.

this way by increasing the number of dyes in a single
nanoparticle.””* However, the bottleneck of the proposed
method is the limited ratio (~0.5%) of the doped dyes in
ODNPs, which is extremely restricted by the severe fluorescence
quenching effect of most organic dyes at the aggregation state.
Although further enhanced brightness of ODNPs can be ach-
ieved by introducing a functional group to enlarge the distance
between the dyes or increasing the size of nanoparticles,*>*
there remains a limitation in brightness enhancement.

AlEgens are a kind of organic fluorogen with aggregation-
induced emission characteristics, which display strong fluo-
rescence at aggregation states or solid states."®?* This unique
property makes AIEgens promising candidates for constructing
highly emissive nanofluorophores with high doping contents of
luminescent centers. Recently, AIEgen doped fluorescent
nanodots (AIEdots) have aroused great interest because of their
ultra-small size, high brightness, large Stokes shift, and excel-
lent photostability.>**® Despite their obvious advantages and
significant developments, the drawback that limits the broad
application of AIEdots in biomedicine research, especially for
multiplexed fluorescence analysis, is their broad emission
band.>*-*® Therefore, there is a high demand to develop efficient
strategies to narrow the emission band of AIEdots.

Herein, a series of wavelength-tunable AIEdots with narrow
emission bands and enhanced brightness have been developed
for multiplexed fluorescence imaging in vitro and in vivo.
Inspired by the light-harvesting strategies of constructing bright

Chem. Sci,, 2023, 14, 13-120 | 113


http://crossmark.crossref.org/dialog/?doi=10.1039/d2sc04862k&domain=pdf&date_stamp=2022-12-16
http://orcid.org/0000-0002-3193-651X
http://orcid.org/0000-0002-4118-7970
https://doi.org/10.1039/d2sc04862k
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2sc04862k
https://pubs.rsc.org/en/journals/journal/SC
https://pubs.rsc.org/en/journals/journal/SC?issueid=SC014001

Open Access Article. Published on 25 October 2022. Downloaded on 12/5/2025 3:29:57 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Chemical Science

and functional supramolecular systems and Pdots,***"~** which
confirmed that efficient energy transfer from donors to accep-
tors could dramatically annihilate the emission of donors and
amplify the emission of acceptors, we hope to demonstrate an
effective strategy to construct narrow emissive AIEdots (NE-
AlEdots) by using AIEgens as the donor and light-harvesting
antenna, and narrow emissive organic dye as the acceptor and
emitter (Scheme 1). Taking advantage of the broad emission of
the donor AIEgens and the tunable emission wavelength of both
the donor and acceptor, varied NE-AIEdots with tunable exci-
tation and emission can be designed. In such a light-harvesting
system, the common aggregation caused quenching (ACQ)
effect of organic dyes in ODNPs can be extremely reduced by
lightly doping the dyes in AIEdots while maintaining the high
brightness and narrowing the emission band of AIEdots by
efficient energy transfer from AIEgens to narrow emissive
organic dyes. In the prepared NE-AIEdots, the component
proportions of AlEgens and organic dyes are 80% and 0.36—
0.87%, respectively. The efficiencies of energy transfer from
AlEgens to narrow emissive dyes are above 90% in these light-
harvesting systems with a donor to acceptor molar ratio of
over 200/1. According to this strategy, the prepared multicolor
NE-AIEdots exhibit a large extinction coefficient over 16 L g~
em ', high quantum yield over 70% in water, narrow emission
band with full-width-at-half-maximum (FWHM) of 36 nm,
tunable emission peak ranging from 560 nm to 790 nm and
large Stokes shift over 300 nm. To the best of our knowledge, the
FWHM of NE-AIEdots fabricated in this work are currently the
narrowest among the reported AIEdots corresponding to
different emission wavelengths. Additionally, as single nano-
fluorophores, the prepared NE-AIEdots are about 5.2 times
brighter than commercial quantum dots QD525. Such NE-
AlEdots with a narrow emission band, high brightness, and
large Stokes shifts show obvious advantages for multiplexed
biological imaging in vitro and in vivo. Significantly, the strategy
presented here provided a general approach to the design and
construction of NE-AIEdots for multiplexed biological
detection.

Results and discussion

Design, preparation, and characterization of NE-AIEdots

The two kinds of AIEgens TPE-BT and TPA-BT, and three kinds
of organic dyes PFBDP, SQ, and PcSi were synthesized according
to the previous literature (Scheme S17).*** The chemical
structures of these are illustrated in Scheme 1. The photo-
physical properties of the as-synthesized AlEgens and narrow
emissive dyes were first studied (Fig. 1, S1-S5 and Table S17). As
shown in Fig. 1a, TPE-BT and TPA-BT exhibited remarkable
strong fluorescence in the organic solvent, water, and solid
state. However, significantly attenuated fluorescence signals of
the above obtained three organic dyes were observed in water
and at a solid-state compared to those dispersed in the organic
solvent. In addition, in the mixture of THF/water with different
water fractions (f,,), both TPE-BT and TPA-BT showed decreased
and bathochromically shifted emission with the gradual addi-
tion of water into THF (f;, = 50 vol%). When the proportion of
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Fig.1 (a) Photos and fluorescence images of different fluorophores in

toluene (PhMe) and water and at a solid-state under the excitation of
365 nm UV lamp (TPE-BT, TPA-BT and PFBDP) and 630 nm LED light
source (SQ and PcSi), respectively. (b) UV-vis absorption spectra of
PFBDP, SQ and PcSi, and fluorescence spectra of TPE-BT and TPA-BT.
(c) UV-Vis absorption spectra and fluorescence spectra of PFdots,
SQdots and PcSidots, and fluorescence spectra of PFBDP, SQ and
PcSi. (d) Images of TPEdots, TPAdots, PFdots, SQdots and PcSidots
under different conditions. Brightfield: photos taken under room light.
Color image: photos were taken under the excitation of UV light (365
nm). Fluorescence images taken under the excitation of a 450 nm LED
light source with different collection channels. All FL signals: 495 nm
long-pass filter (495LP); green channel: 520-580 nm bandpass filter
(550BP); red channel: 630BP; NIR-1 channel: 732BP; NIR-2 channel:
792 BP.

the added water was further increased (f, = 50 vol%), their
emission was dramatically enhanced with an increase in f,
(Fig. Sif and Sigf). Moreover, TPE-BT and TPA-BT exhibit
gradually decreased and bathochromically shifted emission
performance with increased solvent polarity (Fig. Sih-kf),
indicating that TPE-BT and TPA-BT undergo the twisted intra-
molecular charge transfer (TICT) process in the THF/water
mixture with the low water fraction and show an obvious AIE
effect in the mixture with the high water fraction.*>*® These
results confirmed that TPE-BT and TPA-BT showed a character-
istic AIE feature, while PFBDP, SQ, and PcSi showed the typical
ACQ performance, which is in accordance with many previous
studies.’®*”~*° The absorption and emission spectra of AIEgens
and organic dyes are shown in Fig. 1b. According to the
considerable overlap between the absorption band of organic
dyes and the emission band of AlEgens, the Forster radius (R,)
of the different donor-acceptor pairs was calculated to be
4.56 nm (TPE-BT&PFBDP), 5.24 nm (TPE-BT&SQ), 4.42 nm (TPE-
BT&PcSi), 3.57 nm (TPA-BT&PFBDP), 7.04 nm (TPA-BT&SQ) and
6.02 nm (TPA-BT&PcSi), respectively.?*>** Therefore, an effi-
cient energy transfer from bright emissive AIEgens to the cor-
responding narrow emissive organic dyes could take place when
they were close enough to each other (Scheme 1).

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Schematic illustration of the design and preparation of NE-
AlEdots and the chemical structure of the doped AlEgens and organic
dyes.

The AIEdots with surface carboxyl groups were prepared
through the nanoprecipitation method by using amphiphilic
polymer PS-PEGCOOH as the encapsulation medium (Scheme
1). To further optimize the brightness of NE-AIEdots, dual flu-
orophore co-doped nanodots were prepared with a high mass
fraction (80%) of AlEgens and different molar percentages
(Narggens/Nayes ratio ranged from 2000/1 to 10/1) of organic dyes.
For the nanodots with a low doping ratio of organic dyes
(Nategens/Nayes > 200/1), significantly enhanced narrow emission
with the increasing molar percentages of the dyes was observed
(Fig. S6-S107). Instead, the high doping ratio of organic dyes in
nanodots resulted in the obvious attenuation of emission,
which suggests the ACQ effect of organic dyes (Fig. S11a-ft).
Specifically, highly efficient energy transfer (up to 90%) from
AlEgens to narrow emissive dyes could be achieved by blending
TPE-BT&PFBDP, TPA-BT&SQ, or TPA-BT&PcSi with a small
number of acceptors (below 1.0%, Fig. S11g-if). The Stern-
Volmer quenching constants of different donor-acceptor pairs
were calculated to be 934.1 (TPE-BT&PFBDP), 7455.4 (TPA-
BT&SQ), and 2265.7 (TPA-BD&PcSi), respectively, which indi-
cated that one PFBPD molecule could potentially quench 934
TPE-BT molecules, one SQ molecule could potentially quench
7455 TPA-BT molecules and one PcSi molecule could potentially
quench 2265 TPA-BT molecules in the organic nanodots, con-
firming the amplified energy transfer from AIEgens to narrow
emissive dyes (Fig. S11j-11). Based on the above optimizations,
a series of narrow emissive AIEdots with brightness and
wavelength-tunable fluorescence were obtained (Fig. 1c).
According to the name of the luminescent center which domi-
nates the emission of nanodots, the fluorescent dots were
named TPEdots (consisting of TPE-BT and PS-PEGCOOH),
TPAdots (consisting of TPA-BT and PS-PEGCOOH), PFdots
(consisting of TPE-BT, PFBDP, and PS-PEGCOOH, Nipg pr/
Nprepp 1S 100/1), SQdots (consisting of TPA-BT, SQ, and PS-
PEGCOOH and Nrpa.pr/Nsq is 200/1), PcSidots (consisting of
TPA-BT, PcSi, and PS-PEGCOOH and Nrppapr/Npes; is 200/1),
respectively.

The photophysical properties of these AIEdots were deter-
mined first (Fig. S12, S13, and Table S2). Compared to the

© 2023 The Author(s). Published by the Royal Society of Chemistry
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broad emission bandwidth of TPEdots (FWHM ~ 108 nm) and
TPAdots (FWHM ~ 114 nm), obvious narrow emissions of
PFdots (FWHM ~ 33 nm), SQdots (FWHM ~ 36 nm), and
PcSidots (FWHM ~ 18 nm) allowed multiplexed fluorescence
imaging in more channels. Compared to the above-designed
PFdots, SQdots, and PcSidots, the organic solutions (toluene)
containing identical amounts of AIEgens, narrow emissive
dyes, and PS-PEGCOOH showed only strong broad emission
from AIEgens while not narrow emission from dyes (Fig. S14
and S15%). Additionally, the above mixtures retained almost
the same fluorescence intensity as equivalent AIEgens them-
selves dispersed in the same organic solvent. These results
indicated that a negligible internal filtration effect was
generated in such mixed and co-doped systems. According to
the excitation spectra of the NE-AIEdots, AIEgens, narrow
emissive dyes, and the simple mixtures of AIEgens, dyes, and
PS-PEGCOOH (Fig. S16%), NE-AIEdots showed similar excita-
tion spectra to those of TPEdots and TPAdots. Furthermore,
the optical properties (emission band, intensity, and lifetime)
of the mixtures, consisting of AIEdots and narrow emissive
dye-doped organic nanoparticles dispersed in water, were
similar to those of the corresponding AIEdots. In comparison,
the NE-AIEdots had almost the same lifetime, emission band,
and fluorescence decay curves as the corresponding narrow
emissive dye-doped nanoparticles (Fig. S17-S20t). Addition-
ally, the fluorescence lifetime of the doped AIEgens in nano-
dots decreased when the energy transfer acceptor (narrow
emissive dyes) was co-doped. These results further suggested
that highly efficient energy transfer from centuple AlEgens to
narrow emissive dyes was realized based on such a facilely
prepared co-doping nanosystem. As shown in Fig. 1d, the
fluorescence signal intensity of NE-AIEdots showed a more
distinct difference in various optical signal collection channels
than that of TPEdots and TPAdots. In addition, the as-
prepared NE-AIEdots demonstrated high stability over two
weeks of storage (Fig. S21a and bt). To ensure the optical
performance of the constructed NE AIEdots in future biolog-
ical applications, the leakage test of the NE-AIEdots in
different media including PBS solutions (100 mM phosphate
buffer solutions), SBF (simulated body fluid) solutions, FBS
solutions (FBS containing PBS solutions, 10 vol%) and cell
culture medium RMPI-1640 was performed by monitoring the
fluorescence intensity of the narrow emission band, as well as
the diameter of the as-obtained NE AIEdots. As a result, no
significant differences were observed for both the diameter
and the fluorescence intensity of the tested NE-AIEdots when
measured in different media for 72 h (Fig. S21c-ht). These
results indicate that the leakage issue of these prepared NE-
AIEdots under our experimental conditions is negligible. As
confirmed by the DLS and TEM results (Fig. 2a-j), all of the
above obtained AIEdots exhibited small size (~30 nm) and
uniform morphology. The superior optical performance of NE-
AIEdots made them promising candidates for multiplexed
fluorescence bioimaging.

When using fluorophores as indicating labels in a biological
system, the brightness of a single fluorophore is a crucial factor
that affects the accuracy and sensitivity of biosensing and bio-

Chem. Sci., 2023, 14, 13-120 | 115
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Fig. 2 Histograms of size distribution measured by DLS for (a) TPEdots, (b) TPAdots, (c) PFdots, (d) SQdots and (e) PcSidots. TEM images of (f)
TPEdots, (g) TPAdots, (h) PFdots, (i) SQdots and (j) PcSidots. Scale bar: 50 nm. Single-particle fluorescence images of (k) TPEdots, () TPAdots, (m)
PFdots, (n) SQdots and (o) PcSidots obtained with the excitation of a xenon lamp using the same excitation filter (500SP) and different emission
filters (550BP, 600LP, 550BP, 732BP and 792BP). Scale bar: 5 um. 3D representations of the corresponding fluorescence images of (p) TPEdots,

(q) TPAdots, (r) PFdots, (s) SQdots and (t) PcSidots in comparison to that of (u) QD625 (Ex-500SP and Em-600LP).

detection. A single-particle imaging test was designed and
performed to determine the brightness of the obtained TPE-
dots, TPAdots, PFdots, Sqdots, and PcSidots. Under the same
collection (495LP and 600 LP) and excitation conditions
(405 nm bandpass filter and 500 nm short-pass filter, 405BP and
500SP), the single-particle brightness of these AIEdots was
separately measured by using commercial Qdots as the refer-
ence (QD525 and QD625, Fig. S221). Under the test conditions
described above, the measured average fluorescence intensity
per particle of TPEdots and PFdots is 4.0 times and 5.2 times
higher than that of QD525, respectively. The brightness of
TPAdots, Sqdots, and PcSidots is 2.0 times, 1.02 times, and 0.43
times that of QD625, respectively (Fig. $23-S25t). As shown in
Fig. 2k-o, single-particle imaging of the prepared AIEdots was

16 | Chem. Sci, 2023, 14, 13-120

further estimated by using the same excitation conditions
(500 nm short-pass filter, 500SP) and the same image acquiring
conditions but different collecting emission signals with
different bandpass filters (550BP, 630BP, 732BP, and 792BP). In
comparison, the above-obtained AIEdots still exhibited
comparative single-particle brightness to that of QD625
(Fig. 2p-u). In conclusion, the excellent optical properties of the
prepared NE-AIEdots guaranteed their further applications in
multiplexed labeling and imaging.

NE-AIEdots for multiplexed fluorescence imaging in vitro and
in vivo

Before the further application of these multicolor NE-AIEdots
for fluorescence imaging in living biological systems, the

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 Fluorescence images of cells incubated with the prepared
AlEdots (20 pug mL™) for 24 h under different signal collection
conditions. (a—e) TPEdots, (f—j) TPAdots, (k—o) PFdots and (p-t)
SQdots. An excitation: xenon lamp equipped with a 500SP filter. Signal
collection conditions: green channel-550BP, red channel-630BP,
NIR-1 channel-732BP, NIR-2 channel-792BP. (u-x) Fluorescence
images of cells incubated for 24 h with MNE-AIEdots under different
signal collection conditions. Scale bar: 25 pum. (y) Colocalization
scatter plots for MNE-AIEdots in cells at different collection channels
and the displayed Pearson's correlation coefficient. (i) NIR-1 channel &
NIR-2 channel, (ii) NIR-1 channel & green channel, and (iii) NIR-2
channel & green channel.

cytotoxicity of PFdots, Sqdots, and PcSidots was first assessed
with standard MTT assays. The results demonstrated that all of
the above-referred nanodots displayed acceptable cytotoxicity to
HeLa cells and low photosensitized singlet oxygen generation
efficiency (Fig. S26 and S277), which facilitated further fluo-
rescence imaging applications in living cells. For the cellular
imaging study, HeLa cells were incubated with the prepared
AlEdots to guarantee the uptake of the nanoparticles. Subse-
quently, the luminescence signal collected from different
optical channels was realized by using different narrow band-
pass filters assembled on a multichannel fluorescence micro-
scope with the identical excitation of a xenon lamp (500SP). As
shown in Fig. 3, AIEdots were mainly located in the perinuclear
regions and presented in the form of bright spots, which was in
agreement with the endosomal entry pathway of organic
nanoparticles as supported in previous reports.'®'**7°>5% In
addition, obvious crosstalk in different channels has been
observed in cells incubated with TPEdots and TPAdots (Fig. 3a-
j)- The PFdot and SQdot labeled cells were observed only in their
corresponding green and NIR-1 channels. It confirmed that
minimal crosstalk interference was obtained when using NE-
AlEdots as labels (Fig. 3k-t). Considering the observed high
contrast between the perinuclear regions and the rest of the

© 2023 The Author(s). Published by the Royal Society of Chemistry
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cells, such recognizable fluorescence images of different NE-
AlEdots in different channels suggested minimal leakage of
the narrow emissive dyes in NE-AIEdots during the process of
cell incubation (Fig. S287).

Taking advantage of the carboxyl group on the surface of
NE-AIEdots, functionalized bioconjugation with streptavidin
and DNA was performed by EDC-catalyzed coupling. Accord-
ing to the results of gel electrophoresis measurement
(Fig. S297), streptavidin-modified PFdots (PFdots-SA) and
DNA-modified SQdots (SQdots-DNA) showed obviously
decreased mobility in the gel, as compared to bare NE-
AlEdots. These results confirmed that successful linkage
between biomolecules and NE-AIEdots was realized. DLS and
TEM measurements showed that the modified NE-AIEdots
had a slightly increased size compared to the corresponding
bare NE-AIEdots (Fig. S307). Subsequently, the cellular fluo-
rescence imaging of PFdots-SA and SQdots-DNA was further
studied. As shown in Fig. S31 and S32,f the modified PFdots-
SA, and SQdots-DNA were evenly distributed in the cyto-
plasm, which was significantly different from their corre-
sponding bare NE-AIEdots. These results might be attributed
to the physiological activity of conjugated biomolecules,
which could alter the pathway of AIEdots into cells. Addi-
tionally, taking advantage of the nanoprecipitation method,
multiple emissive AIEdots (MNE-AIEdots) featuring triple
narrow emission bands were obtained by assembling the
corresponding polymers, including TPE-BT, PFBDP, SQ, PcSi,
and PS-PEGCOOH. As illustrated in Fig. 3u-y, MNE-AIEdots
exhibited completely distinguishable emissions in three
channels corresponding to PFBDP, SQ, and PcSi components,
respectively (Fig. S331). This result indicated that the method
presented here could be used as a promising barcode strategy
to design fluorescence probes for multiplexed labeling and
imaging.

Intraoperative identification of lymph nodes in tumor
resection surgery was of great importance to the precise
treatment of cancer.*>*® Fluorescence imaging is considered
to be a convenient and noninvasive approach for in vivo
imaging of lymph nodes. Numerous luminescent probes,
especially luminescent nanoprobes are widely used for fluo-
rescence imaging of lymph nodes in vivo.>”"* To further
reveal the imaging capabilities of the as-fabricated probes in
vivo, NE-AIEdots were then applied in multiplexed lymphog-
raphy. PFdots, SQdots, PcSidots, and MNE-AIEdots were
separately administered by subcutaneous injection
(0.5 mg mL~", 25 uL) on footpads of nude mice (Fig. 4a). The
in vivo fluorescence imaging was monitored and recorded
using an EMCCD camera under the excitation of a 450 nm
LED lamp and the fluorescence signal was separately collected
through 495LP, 550BP, 732BP, and 792BP filters. As shown in
Fig. 4b, after injection of the prepared NE-AlIEdots and MNE-
AlEdots for 0.5 h, strong fluorescence signals were observed at
all of the injection sites on the legs. Furthermore, according to
the fluorescence image of dissected mice, the injected AIEdots
were successfully enriched in the lymph node tissues.
The distribution of each kind of NE-AIEdots at different positions
could be discriminated from the view of the three channels with
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NIR-2 channel Green channel NIR-2 channel

(@) Schematic illustration of the design for the multicolor fluorescence imaging in vivo by using NE-AlEdots and MNE-AIEdots. (b)

Fluorescence images of mice under a collection condition in the all signal channels (495LP). (c) Fluorescence images of mice under different
collection conditions: green channel (495LP), NIR-1 channel (732BP), and NIR-2 channel (792BP), respectively. The merged channel corre-
sponded to the overlay of the fluorescence images collected from different collection channels and the brightfield image. Excitation: 450 nm.
Exposure time: 10 ms. (d) H&E staining images of the lymph node tissues that were detected in (c). Scale bar: 50 pm.

a bandpass filter (Fig. 4c). Distinguishable fluorescence signals
could be observed from the legs injected with NE-AIEdots, which
separately belonged to the emission of PFdots, Sqdots, and
PcSidots, as visualized in single-channel images. Additionally,
obvious fluorescence signals were observed in all three different
fluorescence channels for MNE-AIEdots, which was in accor-
dance with the multiple emission bands of MNE-AIEdots. Thus,
multicolor fluorescence imaging in vivo has been successfully
realized by using the as-designed NE-AIEdots under a single
excitation light source. Then, multicolor fluorescence imaging of
the lymph nodes was investigated by using the above-developed
NE-AIEdots. According to the guidance of fluorescence
imaging, the lymph nodes that displayed distinguishable colors
were successfully resected from the mice. The excised lymph
node tissues were further analyzed by H&E analysis (Fig. 4d).
These results indicated that the ultra-bright NE-AIEdots were
prospective candidates for stable and reliable multiplexed fluo-
rescence imaging and detection in vivo.

Conclusions

In summary, using the concept of a light-harvesting nano-
system with AIEdots as a light-harvesting antenna and
a narrow emissive fluorophore as an emitter, a type of
quantum dot-sized organic fluorescent nanoprobe termed
NE-AIEdots were successfully synthesized. They had narrow
emission bandwidth, tunable emission wavelength, high
brightness, and a large Stokes shift. The emission FWHM
values of these NE-AIEdots varied from 18 nm to 36 nm, which
were 3-6.3 times narrower than conventional AIEdots. Single-

M8 | Chem. Sci., 2023, 14, 13-120

particle brightness evaluation indicated that PFdots were
about 5.2 times brighter than commercial QD525 under
identical excitation conditions, while NIR emissive SQdots
had a comparative brightness with QD625. Successful bio-
conjugation of NE-AIEdots could also easily be realized,
helping the nanoparticles enter cells and providing a direct
research basis for future targeting-related imaging applica-
tions. Multichannel cellular fluorescence imaging of NE-
AIEdots with a single emission band and encodable MNE-
AlEdots with triple emission bands suggested that these
bright narrow emissive AIEdots were promising candidates
for multiplexed cell labeling and barcoding applications.
Furthermore, by using PFdots, SQdots, PcSidots, and MNE-
AIEdots, multiplexed fluorescence imaging of lymph nodes
in living mice was realized, which supported the future
applications of NE-AIEdots for in vivo multiplexed labeling
and clinical surgery.
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