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Abstract
Specific bioconjugation for native primary amines is highly valuable for both
chemistry and biomedical research. Despite all the efforts, scientists lack a proper
strategy to achieve high selectivity for primary amines, not to mention the require-
ment of fast response in real applications. Herein, we report a chromone-based
aggregation-induced emission (AIE) fluorogen called CMVMN as a self-reporting
bioconjugation reagent for selective primary amine identification, and its appli-
cations for monitoring bioprocesses of amination and protein labeling. CMVMN
is AIE-active and capable of solid-state sensing. Thus, its electrospun films are
manufactured for visualization of amine diffusion and leakage process. CMVMN
also shows good biocompatibility and potential mitochondria-staining ability, which
provides new insight for organelle-staining probe design. Combined with its facile
synthesis and good reversibility, CMVMN would not only show wide potential
applications in biology, but also offer new possibilities for molecular engineering.

K E Y W O R D S
aggregation-induced emission (AIE), bioconjugation, mitochondria-staining, primary amines, protein
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1 INTRODUCTION

In situ probe of biomolecules has become a new pursuit for
scientists due to its increasing impact on studying cellular
processes and therapeutic applications.[1,2] The assignment
of the 2008 Nobel Prize in Chemistry to genetically encoded
fluorescent proteins is a good example.[3] However, cellular
systems are full of biological electrophiles and nucleophiles,
and no such tools as fluorescent proteins can be used for
non-proteinaceous targets.[4] To deal with this problem,
orthogonal bioconjugation was coined in 2013,[5] which
refers to selective chemical reactions in living systems.[6]

It has brought a fabulous success in selective labeling of
biomolecules,[7–9] but the prefunctionalization of nature sub-
strate with one of the specific reaction handles like alkynes,
azides, ketones, and tetrazines is complex.[10] To monitor
the time course of the reaction, an additional indicator is
further needed.[11,12] On the other hand, by means of the
advancement of synthetic organic chemistry, it is possible and
meaningful to utilize native functional groups as “handles”
and self-reporters for in situ and selective bioconjugation.

Amines are ubiquitous in living systems,[13] making them
ideal native candidates for bioconjugation. Nonetheless, the
worldwide covalent labeling of amines with compounds
bearing isothiocyanate,[14–16] N-hydroxysuccinimidyl
ester,[17–19] or pen-tafluorophenyl[20–22] is not applica-
ble for selective bioconjugation due to the similar reactivity
with primary amines and secondary amines, and even to
some extent interference from thiols and other nucleophiles.
Previously, primary amines were reported to show spe-
cial reactivity toward some electrophiles and light-induced
oxidative coupling reagent,[23–26] which made it even more
attractive as a native “handle”. Notably, fast and efficient
bioconjugation of activated alkynes and native amines with-
out prefunctionalization was reported by our group.[27]

Encouraged by this success, we are eager to create probes
with high affinity, reactivity and selectivity toward primary
amines.

Chromone is reactive to amines at high concentration
or high temperature. Interestingly, its products with pri-
mary amines form a special intramolecular hydrogen bond
and become stable, inducing a high affinity toward primary
amines.[28,29] The introduction of a methyl group in α posi-
tion of the carbonyl group can further affect its reaction
with amines to result in enhanced selectivity toward pri-
mary amines.[30] Besides, the discovery of epicocconone,
which has a similar conjugate structure for primary amine
probing, reminds us the importance of rational molecular
design.[31] So even though none of the reported chromone
derivatives can realize fast, selective bioconjugation for pri-
mary amines at room temperature,[28–30,32–34] we believe that
when a proper electron withdrawing group is introduced to
the α position of chromone, the obtained new compound may
be activated and show good affinity and selectivity toward
primary amines. Or more, with a similar donor–acceptor
structure as epicocconone, the fluorescent signal may be seen
as well.

Fluorescence sensing is a non-invasive imaging modality
with easy operation and high spatial-temporal resolution.[35]

Traditional organic dyes tend to aggregate and triggers
the undesirable aggregation caused quenching effect.[36]

Fortunately, the discovery of a phenomenon of aggregation-

induced emission (AIE) has solved the problem.[37] AIE
fluorogens are weakly emissive in molecularly dissolved
state, but become highly emissive in aggregate state, making
them as ideal candidates for the observation of bioconjuga-
tion procedure.[38–41] Conceivably, if an AIE fluorogen that
undergoes specific reaction with primary amines is devel-
oped, its applications will no longer be limited to diluted
solutions.

In this work, we introduced a one-step synthesis
of (E)-2-{5,5-dimethyl-3-[2-(4-oxo-4H-chromen-3-yl)vinyl]
cyclohex-2-en-1-ylidene}malononitrile (abbreviated as
CMVMN, Scheme 1) which could undergo selective bio-
conjugation with primary amines, and showed self-reporting
property. The reaction was fast and highly selective. Mean-
while, a distinct color change and fluorescence turn-on signal
at 595 nm were both detected, enabling CMVMN to monitor
bioprocesses of amination and protein labeling. NMR titra-
tion and theoretical calculation were conducted and verified
the reaction mechanism. CMVMN was AIE-active and was
capable of solid-state sensing. Thus, its electrospun films
were fabricated for visualization of amine diffusion and leak-
age process in a real-time manner. Furthermore, CMVMN
showed good biocompatibility and a mitochondria-staining
ability.

2 RESULTS AND DISCUSSION

2.1 Photophysical properties

CMVMN absorbed at 387 nm (Figure S5) and emitted
weakly in THF at 530 nm, with a quantum yield (QY)
of 0.3% (Figure 1A). When a poor solvent of deionized
water was added, the fluorescence intensity enhanced grad-
ually due to the aggregation of CMVMN molecules. Also,
the QY reached 0.7% at water fraction of 95%, verifying
its AIE property. However, the fluorescence signal was still
very weak, like that of the amorphous powder (QY = 0.5%,
Figure 1B and Figure S6A). Curiously, the amorphous pow-
der was cooled down. Distinct orange fluorescence was
then observed at 195 K and it became stronger at 77 K
(Figure 1B). This indicated the molecule became more emis-
sive once its intramolecular motion was slowed down at low
temperature.

The single crystal of CMVMN became highly emissive
(Figure 1C and Figure S6B) and its QY (63%) was 126
times higher than that of the amorphous powder. Such a
phenomenon was named as “crystallization-induced emis-
sion” before.[42–45] For CMVMN crystals, each molecule
formed six hydrogen bonds with surround molecules, which
efficiently restricted its intramolecular motion (Figure 1D).
The strong intermolecular interactions in the crystal largely

S C H E M E 1 Specific and reversible reaction of CMVMN with primary
amines
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F I G U R E 1 (A) Photoluminescence (PL) spectra of CMVMN (10 μM) in THF/water mixtures with different water fractions (fw). Inset: Plot of I/I0
versus fw; I = PL intensity at fw, I0 = PL intensity at fw = 0%. λex/em = 387/550 nm. Fluorescent images of (B) amorphous powder and (C) crystalline solid of
CMVMN taken under UV irradiation at 298, 195, and 77 K. (D) Crystal packing of CMVMN molecules. (E) Proposed decay pathways along potential energy
surfaces of CMVMN in the crystalline and amorphous states

rigidified the molecular conformation and avoided detrimen-
tal π–π interactions, making them show intense crystal-state
emission.[46,47] Meanwhile, the emission maximum in the
crystalline state (λem = 530 nm, τ = 2.12 ns, 77 K) was
blue-shifted compared with that of the amorphous state
(λem = 605 nm, τ = 1.06 ns, 77 K) (Figures S7 and
S8). Probably, the loose packing in the amorphous state
enabled the molecules to undergo some sort of intramolecu-
lar motion and hence an excited-state minimum with a small
band gap emerged for amorphous sample. Eventually, the
red-shifted and weakened emission was observed (see the
proposed decay pathways in Figure 1E).[48] The red-shifted
and decreased emission of the crystalline solid in 298 K was
also in accordance with this conjecture (Figure 1C and Figure
S7A).

2.2 Reactivity and sensing response

Upon addition of propylamine (PA), the absorption peak
at 387 nm decreased, but a new peak emerged at 480 nm
(Figure 2A), enabling the direct visualization of the amina-
tion process. Meanwhile, a significant fluorescence turn-on
signal was detected at 595 nm and the intensity increased
by 823 folds at a [PA] of 10 mM, which enabled the sensi-
tive detection of PA (Figure 2B). Quantitative monitoring of
PA was performed and a good linear curve was obtained at a
concentration range of 0–2.0 mM (Figure 2C), from which a
detection limit of 4.4 μM was calculated.[49] Moreover, the
PA detection was realized via a colorimetric method (Figure
S9). Hence, CMVMN could be a fluorescent and colorimetric
dual-mode probe for primary amines.

The amination initiated rapidly and the fluorescence sig-
nal almost reached a plateau within 5 min at a low PA
concentration (1.0 mM) (Figure 2D). The saturation time
was further reduced to 1 min at a high PA concentration
(5.0 mM). Since nucleophilic reactions were better carried
out under alkaline conditions,[50,51] it illustrated the autocat-
alytic effect of PA at high concentration. The protonation
of PA with trifluoroacetic acid (TFA) would inhibit the
amination process to result in decreased fluorescence. In
this work, although the amination was well finished before
the addition of TFA, decreased fluorescence intensity was
observed, revealing the good reversibility of amination pro-
cess (Figure 2E). Even more, the fluorescence turned out to
be controllable via cycle addition of PA or TFA (Figure 2E),
making CMVMN a promising tool for long-time dynamic
tracking.[52]

Solid-state sensing is much preferred in real applications
thanks to its simple sample preparation.[53,54] The strong
emission of AIEgens in solid-state makes them ideal can-
didates for such purpose.[55] Curiously, the spin-coating
films of CMVMN was fabricated from its dichloromethane
solution and then fumed with PA vapors. A remarkable
red-shift emission was observed 1 min later (Figure 2F).
The emission peak red-shifted by 50 nm after exposure to
PA vapors of low concentration (0.05 mM), indicating the
high sensitivity. Also, quantitative detection of PA vapors
using the spin-coating films were performed (Figure S10).
Moreover, CMVMN exhibited good stability and reversibil-
ity after repeated exposure to PA and TFA vapors, as
evidenced by the similar spectrum to that of the initial
sample from the 1H NMR measurement (Figures S1 and
S11).
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F I G U R E 2 Changes in (A) absorption and (B) PL spectra of CMVMN (10 μM) with addition of PA in THF solution. (C) Plot of relative fluorescence
intensity (I/I0 − 1) versus concentration of PA [PA]. Inset: (upper) Photographs of CMVMN before and after reaction with 10 mM PA taken under UV
irradiation; (lower) linear fitting curve of (I/I0 − 1) toward [PA]. (D) Time course of amination reaction of CMVMN by PA. (E) Reversible changes in PL
intensity of CMVMN upon repeated exposures to PA and trifluoroacetic acid. (F) Normalized PL spectra of spin-coating films of CMVMN fumed with different
amount of PA for 1 min. λex/em = 480/595 nm

2.3 Selectivity

The fluorescence response of CMVMN to various nucle-
ophiles bearing amido, hydroxyl or sulfhydryl groups was
investigated. CMVMN reacted not only with PA, but
also other primary amines, as revealed by the emission
enhancement (Figure 3). By increasing the steric hindrance
(TBA > benzylamine > cyclohexylamine), an obvious
decrease in fluorescence was observed, indicating the deci-
sive role of steric effects for amines. If CMVMN was
incubated with TBA for a long time, the fluorescence
increased gradually but slowly (Figure S12), which further
verified the steric effect-caused weak reactivity. Under the
same conditions, the fluorescence enhancement effect of pri-
mary amines was much bigger than that of other amines such
as secondary amines, tertiary amines, heterocyclic amines,
aromatic amines and ammonia. Meanwhile, nucleophiles
with hydroxyl or sulfhydryl showed no obvious reactivity.
These results revealed the high reactivity and selectivity of
CMVMN toward primary amines.

2.4 Reaction mechanism

NMR titration experiments were further conducted. In gen-
eral, the 1H NMR spectra of enamines generated from
chromones and primary amines showed a characteristic

broad signal at δ 9–12, which attributed to the resonance
of an NH group forming a strong intermolecular hydro-
gen bond.[28,29] Accordingly, a new broad peak at δ 10.8
emerged in the 1H NMR spectra of CMVMN after addi-
tion of PA and the signal was intensified when more PA
was added (Figure S13). Meanwhile, the original conju-
gated structure of CMVMN was destroyed to result in a
decreased deshielding effect on the surrounding hydrogen
atoms. Thus, new peaks appeared at lower fields compared
with those of CMVMN. Beyond that, a mass peak at mass-
to-charge ratio (m/z) of 424.2002 [M+Na]+ (Figure S14)
related to compound S7 (Scheme 2) was detected. Hereby,
CMVMN may follow a reaction path similar to typical
chromones.[28–30]

Later, density functional theory calculation was carried
out. The initial nucleophilic attack followed by isomerization
formed the intermediate product S3 with a high energy
(10.1 kcal/mol, Scheme 2). Followed, the rate-limiting
step of bond dissociation taken place accompanied with
isomerization to form a metastable intermediate product
S5 (3.0 kcal/mol). Since the reaction energy barrier was
only 20.7 kcal/mol, the amination of CMVMN with pri-
mary amines could happen readily at room temperature.
Importantly, the obtained products were stabilized by
intramolecular hydrogen bonds and of low energy
(−4.8 kcal/mol). However, the story for diethylamine
was different (Scheme S2). The reaction energy barrier for
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F I G U R E 3 (Upper panel) Chemical structures of the analytes investi-
gated in this study. (Lower panel) Relative fluorescence intensity (I/I0 − 1) of
CMVMN (10 μM) after its mixing with different analytes (10 mM) in THF
for 10 min. Analytes: [(0) CMVNM (control)], (1) PA, (2) ethanolamine,
(3) butylamine, (4) amylamine, (5) cyclohexylamine, (6) benzylamine, (7)
TBA, (8) diethylamine, (9) dipropylamine, (10) trimethylamine, (11) N,
N-diisopropylethylamine, (12) pyridine, (13) aniline, (14) ammonia, (15)
ethanol, (16) phenol, (17) ethanethiol, (18) p-toluenethiol, and (19) mercap-
toethanol. λex/em = 480/595 nm. Inset: fluorescent images of the mixtures of
the analytes and CMVMN

bond dissociation was much higher (29.2 kcal/mol) because
of steric effect. Thus, its reaction with CMVMN usually
ended after the generation of S9 (12.3 kcal/mol), but even if
S12 could be produced, it was unstable and its energy would
be relatively higher (5.1 Kcal/mol) than that of S7. Since
both S3 and S9 were not stable in view of their high energy,
CMVMN is not a good reagent for one-step nucleophilic
addition as other reported electrophiles.[14–22] Overall, the

steric effect impeded the reaction of secondary amines
with CMVMN, while the special intramolecular hydrogen
bonding in the resulting product contributed to the amination
of CMVMN with primary amines, and ultimately achieve
the selective bioconjugation of CMVMN with primary
amines.

2.5 Applications in printing

CMVMN was further applied to printing and the “spider-
web” sensors were manufactured (Figure S15A). A relatively
high thermal decomposition temperature of Td = 294◦C
(Figure S16) was observed via thermo-gravimetric anal-
ysis, demonstrating its high thermostability. Besides, the
sensor was made up of micro fibers (Figure S15B) and
its loose structure was in favor of the fluxion of amine
vapors. The initial sensor was pale yellow with yellow-
green fluorescence. When fumed with PA, it became orange
and emitted a red fluorescence (Figure S17). Obviously,
this noticeable change offered a workable method for
equipment-free monitoring of primary amines, but such a
change was not observed for diethylamine or trimethylamine,
indicating the potential of rapid identification of primary
amines.

CMVMN also showed a fast and sensitive response to PA
vapors (Figure 4A). At the moment PA was added to the con-
tainer, the color change was detected. Notably, it first took
place near the container, and 30 s later, the whole sensor
changed (Videos S2 and S3). Clearly, due to the high sensitiv-
ity of CMVMN and fast rate of the amination, the diffusion
process of PA was successfully visualized and recorded. Fur-
ther, a PA leakage model was constructed, in which PA was
sealed in a culture dish and the sensor was put on top of
it, followed by piercing with a needle to make a leaking
point. A real-time leaking process was then visualized and
the leaking point could be recognized easily (Figure 4B and
Videos S4 and S5). However, when the fumed sensor was
put in open air, a gradual color fading appeared. It took

S C H E M E 2 Energy profile for the reaction pathway of CMVMN with PA
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F I G U R E 4 Photographs and fluorescence images of (A) the electrospun films of “spider-web” sensors printed from CMVMN microcrystals blended into
polycaprolactone matrix upon exposure to PA vapor; (B) demonstration of the CMVMN sensors for the detection of PA leakage (arrow indicating the leaking
point). (C) Reversible changes in absorption and emission colors during repeated cycling exposure to PA vapor

about 30 min for the whole fumed sensor to revert to its
original state (Figure S18). A similar phenomenon was wit-
nessed for the fumed sensor obtained from the PA leakage
model as well (Figure S19). Furthermore, reversible changes
in both color and emission were observed for the printing
sensor via repeated cycling fuming or standing (Figure 4C),
demonstrating the high value of CMVMN for monitoring of
leakage.

2.6 Labeling of biomolecules in aqueous
solution

In situ probe of biomolecules was the final and cru-
cial demand for bioconjugations. When numerous small
biomolecules were chosen and cultured with CMVMN
(Figure 5A), nearly no fluorescence enhancement was
detected for CMVMN in the presence of other polar basic
(histidine), polar neutral (tryptophan, serine, asparagine,
and cysteine), polar acidic (glutamic acid) and nonpolar
hydrophobic (alanine) amino acids as well as the important
tripeptide glutathione[56]. In terms of the structural formula,
only arginine and lysine possessed reactive residues with the
NH2 group, and the guanidino moiety was called the primary
guanidino amine[57]. Also, the α-amino groups of amino

acids were usually less reactive in nucleophilic bioconjuga-
tion due to the interference of the carboxylic acid.[22,58–60]

Thus, the high reactivity of CMVMN with primary amine
groups provides a new pathway for specific bioconjugation of
lysine and arginine. Additionally, N(α)-Boc-L-arginine was
tested and a similar fluorescence response toward CMVMN
as arginine was witnessed, proving the importance of the
primary guanidino amine for the amination (Figure S20).
Moreover, nitrogen bases (thymine, adenine, and cytosine)
and monosaccharides (glucose and fructose) were found to
be inert to CMVMN. Thus, the selectivity of CMVMN
toward specific amino acids (lysine and arginine) could
make it a promising candidate for selective labeling of
proteins.

Next, the amination process in different pH was inves-
tigated. To avoid the deterioration of the activity and
structure of biomolecules, mild pH conditions were preferred.
CMVMN reacted readily with arginine and lysine under rela-
tive alkaline conditions (pH > 7.4), but was greatly inhibited
at pH 6.0 (Figure 5B), revealing a tunable amination process.
Also, a dramatic change in relative fluorescence intensity was
observed from pH 7.0 to 7.8, which suggested that CMVMN
might be lighted up in a relative alkaline environment like in
the mitochondria of cells. For CMVMN alone, the fluores-
cence kept almost constant and such a stability was favorable
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F I G U R E 5 (A) Relative fluorescence intensity (I/I0 − 1) of CMVMN (10 μM) after mixing with various analytes (10 mM) in PBS for 10 min. Analytes:
[(0) CMVMN (control)], (20) arginine, (21) lysine, (22) histidine, (23) tryptophan, (24) serine, (25) asparagine, (26) glutamic acid, (27) cysteine, (28) glu-
tathione, (29) glycine, (30) thymine, (31) adenine, (32) cytosine, (33) glucose, (34) fructose. λex/em = 480/595 nm. (B) Effect of pH on the reaction of CMVMN
with arginine (red solid circle) and lysine (blue open circle). (C) Change in fluorescence intensity of CMVMN against the fraction of Me-lys in a mixture of
lysine and Me-lys

for sensing and labeling (Figure S21). When N6-methyl-
L-lysine (Me-lys) was picked up as a model compound to
replace some lysine in the same amount, a decreased fluo-
rescence was detected (Figure 5C). A good linearity between
the relative fluorescence intensity and fMe-lys was found as
well, which demonstrated the applicability of CMVMN for
selective amination of primary amines in aqueous solutions.
Meanwhile, it reflected the potential of primary amine selec-
tive probes for monitoring methylation, which is an important
part of post-translational modifications for proteins.[61,62]

Interestingly, when HSA was added, the fluorescence
spectrum largely intensified and the relative fluorescence
intensity was increased by 90 folds (Figure 6A). Such an
enhancement effect was noticed to be surprisingly stronger
than that of arginine or lysine, especially when the high con-
centration (10 mM) used for amino acids testing was taken
into account. Prior to this, AIEgens were found to be more
reactive in cavity due to the restriction of intramolecular
motions.[63] In view of the hydrophobic nature of CMVMN,
it may be trapped in the cavity of HSA (Figure S22) to

result in such a significantly enhanced fluorescent signal. At
least, the enhanced specificity could make CMVMN more
applicable for in situ labeling of biomacromolecules since
interference from other small biomolecules became negligi-
ble. Identically, because of the difference in the cavity, it was
reasonable to see a discrepant selectivity of CMVMN toward
other proteins, including BSA, hemoglobin, transferrin,
papain, lysozyme, and lipase (Figure 6A).

To get further insight, molecular docking calculations were
performed. In the HSA-CMVMN complex, CMVMN was
docked in the hydrophobic cleft via the hydrogen bond inter-
action with ILE-142 (Figure S22). Further, nearest neighbor
residues around the ligand were identified and the ARG-117
could be the reaction site in the binding cleft. In the BSA-
CMVMN complex, two binding sites were found and both
sites exhibited arginine residues around the ligand. However,
one of the binding sites was not activated due to the hydro-
gen bond interactions which locked the aromatic ring and
hindered the formation of the transition state (Figure S23).
Thus, CMVMN could label BSA, but its reactivity was not
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F I G U R E 6 (A) PL spectra and (inset) relative fluorescence intensity (I/I0 − 1) of CMVMN (10 μM) in the presence of various protein (1 mg/mL) in PBS.
Protein: [(0) CMVNM (control)], (36) HSA, (37) BSA, (38) hemoglobin, (39) transferrin, (40) papain, (41) lysozyme, (42) lipase. (B) Change in PL spectrum
of CMVMN upon addition of different concentration of HSA. (C) Plot of (I/I0 − 1) vs. concentration of HSA [HSA]. Inset: Linear fitting curve of (I/I0 −

1) toward [HSA]. (D) Time course of amination of CMVMN with HSA. (E) Effect of pH on the reaction of CMVMN with HSA: amination at high pH and
de-amination at low pH. (F) Effect of CMVMN on the cell viability of A375. Data shown were the mean ± standard deviation of five separate measurements.
λex/em = 480/595 nm

as good as HSA. For the same reason, hemoglobin was found
to be not reactive with CMVMN (Figure S24). However,
other proteins (transferrin, papain lysozyme, and lipase) were
found not only unable to form stable complex with CMVMN,
but also none of the arginine or lysine exhibit around the
possible binding sites (Figures S25–S28). On the other
hand, the reaction solution of CMVMN and HSA showed
an absorption peak at 487 nm (Figure S29), which was in
accordance with that of the amination products of CMVMN
(Figure 2A). Thus, CMVMN can efficiently recognize and
capture primary amino groups inside HSA. Even though the
amination of CMVMN with specific amino acids (lysine and
arginine) was applied for protein labeling, its efficiency is
highly associated with the hydrophobic cleft of proteins. This
offers a new approach for specific protein labeling.

Subsequently, quantitative analysis of HSA was per-
formed. The fluorescence gradually increased upon addition
of HSA and a good linear curve was obtained at a con-
centration range of 0–150 mg/L (Figure 6B and 6C), from
which a detection limit of 1.2 mg/L was calculated. Also,
quantitative analysis of BSA could be realized (Figure
S30). Notably, the fluorescence “turn-on” response for HSA
occurred within 10 s and its intensity nearly reached a plateau
(Figure 6D), revealing the fast rate of amination. Moreover,
a pH-dependent reactivity similar to that of lysine and argi-
nine was detected for HSA (Figure 6E), but when lowering
the pH, the fluorescence dropped rapidly and its value was
close to that of the original state (Figure 6E), suggesting of

the occurrence of the deamination. Herein, tunable biolabel-
ing of proteins in physiological pH conditions was realized
by CMVMN, and it could be further applied for damage-free
dynamic monitoring of proteins.

2.7 Cell imaging and mitochondria staining

MTT assay was conducted and no considerable influence
on cell viability was detected for CMVMN (Figure 6F and
Figure S31). Also, a bright fluorescence of CMVMN was
observed in A375 cells within 5 min and the fluorescence
intensity reached a plateau 15 min later (Figure 7A), indicat-
ing the good biocompatibility and high reactivity of CMVMN
in cells. Then, co-localization experiments with Mito-tracker
green were conducted and a good Pearson’s colocaliza-
tion coefficient of 0.94 was calculated (Figure 7B), which
suggested that CMVMN is predominantly lighted up in mito-
chondria. A similar phenomenon was observed for C2C12
cells (Figure 7B and Figure S32), verifying the potential
of CMVMN for mitochondria-staining. Since the amination
process of CMVMN was pH-dependent and mitochondria
happened to be slightly alkaline,[64,65] CMVMN was par-
tially astricted in mitochondria via amination and then lighted
up.

In view of the high reactivity between CMVMN and
HSA, it become notable for the performance of CMVMN
in cells with abundant HSA. A variety of major plasma
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F I G U R E 7 (A) Fluorescence images of A375 cells incubated with CMVMN (10 μM). (B) Confocal microscopic images of A375 cells and C2C12 cells
stained with CMVMN (10 μM)) and colocalization with Mito-Tracker Green (1 μM). R = Pearson’s coefficient

proteins, including albumin, were secreted in liver cells.[66,67]

Likely, the existence of HSA in cytoplasmic matrix and other
organelles would induce a relatively high fluorescent signal
outside of mitochondria for liver cells. To have a better vision
of the co-localization efficiency, 3D z-stack imaging was
obtained. The calculated Pearson’s co-localization coefficient
was good for C2C12 cells (0.90) (Figure S33) again, but
became attenuated but tolerable (0.69–0.71) for liver cells,
indicating the amination of CMVMN with HSA in liver cells.
Additionally, a good mitochondria-staining ability was wit-
nessed for A549 cells as expected. Hence, the pH-dependent
reactivity of CMVMN made it a promising mitochondria-
staining probe and other reactive proteins like HSA did
exist in mitochondria for CMVMN. On the other hand, the
fluorescence intensity in liver cells (HepG2 cells and L-02
cells) was found to be not significantly enhanced compared
with that of C2C12 cells and A549 cells (Figure S34). Also,
the mitochondria isolated from C2C12 cells induced an
obvious enhancement in fluorescent signal after mixing with
CMVMN (Figure S35). These further verified our conjecture
of the existence of reactive proteins in mitochondria for
amination of CMVMN. In previous works, special func-
tional groups like pyridinium and triphenylphosphonium
salt were needed to incorporate into luminogens to make
them positively charged to target the mitochondria.[68–70]

Thus, CMVMN was a neutral molecule with mitochondria
staining ability. Undoubtedly, it provided a new paradigm for
designing mitochondria staining probes.

3 CONCLUSION

The activated chromone derivative CMVMN reported in this
paper filled the gap of selective bioconjugation for native

primary amine groups. Its reaction with primary amines was
fast, efficient and highly selective in both solution and cells,
and could be followed by the intense fluorescence “turn-
on” signal. The combination of experimental results and
theoretical calculations showed that both steric effect and
the intramolecular hydrogen bonding between the carbonyl
and NH groups were the cause for the high selectivity of
CMVMN toward primary amines. Also, the AIE-active prop-
erty of CMVMN made it suitable for solid-state sensing of
amine vapors and printing process with a good performance
in PA diffusion and leakage model. Moreover, CMVMN
displayed a good mitochondria-staining property due to its
pH-dependent reactivity with primary amines, which pro-
vided a new insight into the design of organelle-staining
probes. To our knowledge, CMVMN was an example of
scarcity for selective bioconjugation of primary amines in situ
and it was also a neutral molecule with mitochondria-staining
ability. It was anticipated that the present results would not
only promote the development of chemoselective reactions in
chemistry, but also offers new possibilities in biology.
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