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Persistent Chemiluminescent Glow of Phenoxy-dioxetane
Luminophore Enables Unique CRET-Based Detection of
Proteases**
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Irit Sagi,[b] and Doron Shabat*[a]

quantum yield ever reported under physiological conditions.
Based on 7-HC-CL, a Glow-CRET probe for matrix metalloproteinases, MMP-CL, was synthesized. Incubation of MMP-CL
with its cognate protease resulted in 160-fold increase in
chemiluminescence signal. MMP-CL was also able to detect
matrix metalloproteinase activity in cancer cells with significantly higher signal-to-background ratio than an analogous
fluorescence resonance energy transfer (FRET)-based probe.
This work is expected to open new horizons in chemiluminescence imaging, as it enables to use the dioxetanes in
ways that had not been possible. We anticipate that 7-HCCL and future derivatives will be utilized not only for the
construction of further Glow-CRET probes, but also for other
applications, such as chemiluminescence tagging of proteins.

Abstract: Chemiluminescence is being considered an effective imaging modality as it offers low background and high
sensitivity. Recent discovery by our group has led to development of new phenoxy-dioxetane chemiluminescence luminophores, which are highly bright under physiological
conditions. However, the current scope of probes based on
these luminophores is limited, as they can only be turned
on by phenol protecting group removal. Here we present a
new chemiluminescence resonance energy transfer (CRET)
system, Glow-CRET, in which light emission is triggered by
proteolytic cleavage of a peptide substrate that links a dioxetane luminophore and a quencher. In order to compose
such system, a new phenoxy-dioxetane luminophore, 7-HCCL, was developed. This luminophore exhibits intense and
persistent glow chemiluminescence; it undergoes very slow
chemiexcitation, and it has the highest chemiluminescence

Introduction

cumvented, and the obtained sensitivity is high.[4] Among
known chemiluminescent compounds, the triggerable phenoxy-dioxetanes are of the highest value for bioimaging.[5, 6]
Light emission by these compounds is not activated by oxidation but rather by phenolate formation following deprotection
of phenols. Therefore, by choice of an appropriate phenol-protecting group, light emission can be associated with the activity of a specific analyte.[7–9]
A major breakthrough was recently achieved by our group,
with the development of a new generation phenoxy-dioxetane
luminophores. These bright luminophores emit light under
physiological conditions with very high efficiency.[10, 11] We and
others have utilized these dioxetane luminophores to construct chemiluminescent probes for the detection and imaging
of various enzymes and chemical analytes.[12–14] Such probes
are useful for non-invasive chemiluminescence imaging of
living cells and in animals.[15–19]
Despite this considerable progress, the phenoxy-dioxetane
probes suffer from an inherent restriction: They can be turnedon only by phenol deprotection. For example, in a classic dioxetane-based probe for a protease, the phenol group of the luminophore is masked with a peptide substrate through a 4aminobenzyl alcohol self-immolative linker (Figure 1 A). Substrate recognition and hydrolysis by the protease of interest

Chemiluminescence is a powerful diagnostic tool for biosensing and bioimaging.[1–3] It offers considerable advantage over
fluorescence in terms of signal-to-background ratio (S/B). Since
in chemiluminescence imaging irradiation by an external light
source is not required, interference by autofluorescence is cir-
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Figure 1. A) General structure and chemiluminescence activation mechanism of classic dioxetane-based probes. The exo-protease triggers chemiexcitation by
the generation of a phenolate-dioxetane species. B) General structure and chemiluminescence activation mechanism of a Glow-CRET probe system. Cleavage
by the protease abolishes quenching and thus turns on light emission from the glowing luminophore.

as complete decomposition of all dioxetane molecules would
take place on the order of seconds or minutes. A proper luminophore must exhibit “glow” chemiluminescence: It should
have very slow chemiexcitation resulting in continuous and
steady production of the electronically excited species. Furthermore, since for such luminophore, only a small fraction of the
molecules will undergo chemiexcitation at any given time, this
application requires a dioxetane luminophore with high chemiluminescence quantum yield (FCL).
Here, we report the design and synthesis of a dioxetane luminophore with extremely slow chemiexcitation and unprecedented FCL. With such an exceptional luminophore in hand,
we synthesized the first dioxetane CRET-based probe, which
was designed for the detection of matrix metalloproteinases
(MMPs). The Glow-CRET probe enabled effective chemiluminescence imaging of MMPs in a solution-based assay and in living
cells.

yields a phenolate-dioxetane species, which subsequently undergoes spontaneous, rapid chemiexcitation (within seconds
to several minutes)[20] to produce light. This design has been
used for preparation of chemiluminescent probes for the exoproteases caspase-3,[21] penicillin amidase,[22] and cathepsin
B.[23] This strategy cannot be used for detection of proteases
with endo-substrate recognition that is not suitable for protecting group removal from a phenol. Therefore, the range of biological events that can be imaged by a classic chemiluminescence probe is strictly limited to exo-proteases.
In this work, we sought to unchain the phenoxy-dioxetane
luminophores from this restriction to allow visualization of additional chemical reactivities. To achieve this, we designed a
new system based on chemiluminescence resonance energy
transfer (CRET), which we call Glow-CRET (Figure 1 B). A phenoxy-dioxetane luminophore (donor) is attached to a quencher
(acceptor) through a cleavable linker that is the substrate for
the protease of interest. Prior to enzymatic cleavage, light
emission is quenched by the nearby acceptor through CRET.[24]
Following linker hydrolysis by the protease, the quencher is
separated from the luminophore, and light emission is turned
on.
In order for such design to be successful, the properties of
the dioxetane luminophore must be carefully adjusted. Since
the probe is turned on exclusively by the dissociation of the
quencher, the active phenolate-dioxetane must exist all along.
Therefore, luminophores that are rapidly chemiexcited following phenolate formation are not applicable for such a strategy
&
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Results and Discussion
Design and synthesis of glowing phenoxy-dioxetane luminophore
In order to achieve efficient chemiluminescence in water, the
electronically excited species formed through chemiexcitation
must be highly emissive (i.e., it must have high fluorescence
quantum yield (FFL) in an aqueous environment).[10] 7-Hydroxycoumarin, also known as umbelliferone, is a small-molecule
2
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Figure 2. A) Structure and chemiexcitation disassembly pathway of 7-HC-CL. B) Synthetic route for the preparation of 7-HC-CL. LDA = lithium diisopropylamine, TBAF = tetrabutylammonium fluoride.

fluorescent dye with extremely high FFL in water (about
90 %).[25] Therefore, the design of a phenoxy-dioxetane luminophore based on a 7-hydroxycoumarin scaffold appeared promising. Accordingly, we designed dioxetane luminophore 7-HCCL (for 7-hydroxycoumarin-chemiluminescence); its structure
and its chemiluminescence pathway are depicted in Figure 2 A.
The adamantyl-dioxetane moiety was incorporated at the meta
position of the phenol, which was shown previously to be necessary for efficient chemiexcitation.[26] Deprotonation of 7-HCCL in aqueous buffer and subsequent chemiexcitation is predicted to result in the formation of an electronically-excited 5carboxylate-7-hydroxycoumarin species, which is likely to be
highly emissive. A previously synthesized dioxetane with structural resemblance to 7-HC-CL was reported to undergo slow
chemiexcitation in organic solvents following phenolate formation.[27] Although the FCL and the chemiexcitation kinetics of
this compound were never evaluated in water, the reported
data indicate that 7-HC-CL might undergo slow chemiexcitation under physiological conditions. As mentioned, the combination of high FCL and slow chemiexcitation under physiological conditions is required to achieve effective Glow-CRET
system.
7-HC-CL was synthesized as presented in Figure 2 B. Silyl-protected methyl dihydroxybenzoate 1 a was reduced by diisobutylaluminum hydride (DIBAL) to afford benzyl alcohol 1 b. Bromination with N-bromosuccinimide (NBS) yielded 1 c, which
was subsequently oxidized by manganese dioxide to afford
aryl aldehyde 1 d. In order to prepare the enol-ether 1 g, we
followed the reaction sequence typically used for similar compounds.[28] Dimethyl acetal 1 e was prepared using trimethyl
Chem. Eur. J. 2019, 25, 1 – 10
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orthoformate, and the product was further reacted with trimethyl phosphite and titanium tetrachloride to generate amethoxy phosphonate 1 f. The phosphonate was then used
for the preparation of enol-ether 1 g via the Horner–Wadsworth–Emmons olefination with 2-adamantanone. Lithiation of
the aryl bromide compound by n-butyllithium, and subsequent
reaction with dimethylformamide provided aryl aldehyde 1 h.
Wittig condensation of the latter with methyl (triphenylphosphoranylidene)acetate, followed by in situ cyclization, yielded
the coumarin lactone ring. Deprotection of the remaining silyl
protecting group afforded 7-hydroxycoumarin enol-ether 1 i.
Oxidation of 1 i with singlet oxygen gave 7-HC-CL. Full synthetic procedures and spectroscopic characterizations are presented in the Supporting Information.
Light emission and kinetic evaluation of 7-HC-CL
To evaluate chemiluminescence properties of 7-HC-CL, we first
measured its chemiluminescence kinetic profile in comparison
to that of methyl acrylate-dioxetane, a previously reported
acryl-substituted dioxetane.[10] Each luminophore was incubated in aqueous buffer (PBS, pH 7.4), and chemiluminescence
signal was measured over time (Figure 3 A). Whereas methyl
acrylate-dioxetane undergoes relatively fast chemiexcitation
with a half-life of several minutes,[20] the chemiexcitation of 7HC-CL is very slow with a half-life of more than twelve hours.
The chemiluminescence signal was detectable from 7-HC-CL
even after 48 h of incubation in aqueous solution. A closer
look at the initial period (Figure 3 A, inset) indicates that signal
from 7-HC-CL is steady for several hours. This result suggest
3

 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

&

&

Full Paper

Figure 3. A) Chemiluminescence kinetic profiles of 7-HC-CL and methyl acrylate-dioxetane. Luminophores (1 mm) were incubated in PBS (10 % DMSO), pH 7.4,
at 37 8C. The inset focuses on the first 6 h. B) FCL values for 7-HC-CL and methyl acrylate-dioxetane. C) Chemiluminescence spectrum of 7-HC-CL (10 mm in
PBS (1 % DMSO), pH 7.4, 37 8C).

that 7-HC-CL is suitable for glow chemiluminescence applications.
Next, the FCL of 7-HC-CL was evaluated and compared to
that of methyl acrylate-dioxetane (Figure 3 B). Remarkably, 7HC-CL emits overall 24-fold more photons than methyl acrylate-dioxetane, with FCL of 55 %. To our knowledge, this is the
highest FCL ever reported for a chemiluminescent compound
under physiological conditions. This FCL is higher even than
those of most luciferin/luciferase systems.[29, 30] Finally, the
chemiluminescence emission spectrum of 7-HC-CL was measured (Figure 3 C). As anticipated, 7-HC-CL produces blue
chemiluminescence (lmax = 465 nm), similar to the fluorescence
emission spectrum of 7-hydroxycoumarin.[31] Overall, these results suggest that 7-HC-CL is an ideal phenoxy-dioxetane luminophore for our proposed Glow-CRET system as it combines
both glow chemiluminescence kinetics and extraordinary light
emission efficiency under aqueous conditions.

Two main approaches exist for the design of activatable
small-molecule fluorescent probes for proteases:[39] First is the
use of a peptide substrate as a masking-group for an aniline
dye (or aniline linker attached to a dye); removal of the masking group by the enzyme results in recovery of fluorescence.
The second method involves attachment of the fluorophore to
an energy acceptor (usually a quencher) via a cleavable peptide linker to form a fluorescence resonance energy transfer
(FRET)-based probe. The first approach is well suited for exoproteases that can hydrolyze the amide bond between the Cterminus of the peptide substrate and the aniline dye or linker
(e.g., caspase-3,[40] cathepsin B,[41, 42] and prostate cancer-related
proteases[43]). This strategy is not appropriate for enzymes such
as MMPs that recognize specific amino acid sequences on
both the N-terminal side and the C-terminal side of the cleavage site.[44] MMPs always cleave in the interior of a peptide and
cannot cleave a bond between an amino acid and a fluorescent dye. For this reason, turn-on fluorescent probes for MMPs
always rely on a FRET-based approach.[45–52]
The insights gained from fluorescent probes for MMPs led
us to the realization that chemiluminescent probes for MMPs
must depend on a CRET donor-acceptor pair and not on the
classic design of dioxetane-based probes, described in Figure 1 A. We, therefore, sought to evaluate the feasibility of our
Glow-CRET design (Figure 1 B), by preparing a suitable GlowCRET probe for MMPs (Figure 4 A). The probe consists of the
glow-luminophore 7-HC-CL as the chemiluminescence donor
and a 4-(4-nitrophenylazo)aniline quencher as the CRET acceptor.[53] The peptide linker is composed of the PLG j VRG sequence, which is a known substrate for MMP-2 and MMP-9.[54]
Two sulfonate groups were installed, one on each side of the
molecule, in order to provide aqueous solubility. Prior to the

Design and synthesis of a Glow-CRET probe for matrix
metalloproteinases
MMPs are a family of zinc metalloproteinases that are necessary for extracellular matrix remodeling during homeostasis.[32]
Dysregulation of MMPs expression and elevation of their activity levels are strongly associated with different pathological
states such as cancer, arthritis and inflammatory diseases.[33, 34]
MMPs (especially MMP-2 and MMP-9) are known to play a role
in angiogenesis, tumor growth and metastasis.[35, 36] For these
reasons, methods for non-invasive imaging of MMP activity in
real time are desired,[37] and this can be achieved using fluorescent probes.[38]
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Figure 4. A) Structure and MMP-induced mechanism of chemiluminescence activation of the Glow-CRET probe MMP-CL. B) Synthetic route for preparation of
MMP-CL. DIPEA = diisopropylethylamine, DMAP = 4-dimethylaminopyridine, NHS = N-hydroxysuccinimide, EDC = N’-(3-dimethylaminopropyl)-Nethylcarbodiimide.

standard 9-flurenylmethoxycarbonyl (Fmoc) solid-phase peptide synthesis. The synthesis of the water-soluble, azo-based
quencher and detailed protocols for all the synthetic steps are
described in the Supporting Information.

probe activation, the chemiluminescence signal is quenched
through a CRET mechanism. Following proteolytic cleavage by
the MMP, the distance between the donor and the acceptor is
substantially increased, eliminating the CRET quenching effect.
Consequently, the light emission pathway is turned on.
The synthetic route for preparation of MMP-CL is presented
in Figure 4 B. 7-Hydroxycoumarin enol-ether 1 i was reacted
with taurine and formaldehyde in a Mannich-type reaction to
afford compound 2 a. The amine group was acylated with glutaric anhydride to yield carboxylic acid-containing compound
2 b. Esterification with N-hydroxysuccinimide, followed by enolether oxidation with singlet oxygen, produced compound 2 c.
Finally, the N-hydroxysuccinimide ester of 2 c was coupled with
a quencher-tethered peptide through the e-amino group of a
lysine to afford MMP-CL. The peptide linker was synthesized by
Chem. Eur. J. 2019, 25, 1 – 10
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In vitro evaluation of the Glow-CRET probe MMP-CL
With probe MMP-CL in hand, we examined its chemiluminescence response following incubation with proteases. MMP-CL
was incubated in aqueous buffer with purified MMP-2, and the
light emission signal was measured over time (Figure 5 A). A remarkable increase in chemiluminescence signal was observed
with S/B of about 160 (following 3 h incubation). Incubation
with MMP-9 produced a similar, strong chemiluminescence response (Figure S1 in the Supporting Information). Next, we ex5
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Figure 5. A) Chemiluminescence kinetic profile of MMP-CL in the presence or absence of MMP-2. MMP-CL (4 mm) was incubated with or without MMP-2
(20 nm) in aqueous buffer at 37 8C. B) Effect of MMP-2 inhibition by 1,10-phenanthroline (phen) on light emission intensity of MMP-CL. MMP-CL (4 mm) was incubated with MMP-2 (20 nm) with or without phen (100 mm or 1000 mm) in aqueous buffer at 37 8C. C) Structure of Glow-CRET probe MMP-CL.

amined the effect of the zinc chelator 1,10-phenanthroline, a
known broad-spectrum inhibitor of MMPs,[55] on the chemiluminescence response (Figure 5 B). As anticipated, the presence
of 1,10-phenanthroline significantly reduced emission intensity
in a dose-dependent manner. LC-MS analysis confirmed that
MMP-CL was fully converted to the predictable two fragments
by MMP-2; this resulted from proteolytic cleavage of the
amide bond between the glycine and valine amino-acids (Figure S2 in the Supporting Information). These results clearly indicate that the chemiluminescence signal produced by MMPCL was a consequence of the proteolytic activity of MMPs.
We next compared the activity of the Glow-CRET chemiluminescence probe with that of an analogous FRET-based fluorescent probe. We prepared MMP-FL (Figure 6, bottom), the fluorescent equivalent of MMP-CL, and measured its fluorescence
response to MMP-2. The electronically excited species formed
through chemiexcitation of MMP-CL is identical to the electronically excited species formed through irradiation of MMPFL (see Figure 2 A for chemiexcitation pathway description).
Therefore, resonance energy transfer in both probes was expected to take place with similar efficiencies, and we expected
that their turn-on signals would be comparable. Indeed, MMPFL showed similar signal turn-on as MMP-CL in response to incubation with MMP-2 (Figure 6, top), with an S/B value of
about 100 (following 3 h incubation). Both probes exhibited
linear correlation between luminescence signal and MMP-2
concentration (Figure S3 in the Supporting Information), with
detection limits of about 0.5 nm MMP-2. For detailed experimental protocols see the Supporting Information.
Overall, these results suggest that MMP-CL is an effective
Glow-CRET probe for the detection of MMPs activity. The S/B
obtained with MMP-CL is 1.6-fold higher than that of MMP-FL,
although this difference is not significant. The comparable S/B
values of the CRET- and FRET-based probes were not surprising
in this experimental setup with purified protein, in which the
&

&
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Figure 6. Top: Fluorescence kinetic profile of MMP-FL in the presence or absence of MMP-2. lmax(excitation) = 400, lmax(emission) = 460 nm. MMP-FL
(4 mm) was incubated with or without MMP-2 (20 nm) in aqueous buffer at
37 8C. Bottom: Structure of FRET-based probe MMP-FL.

interference with fluorescence detection by sample autofluorescence is minor. We expected that the CRET-based probe
would have an advantage in more complex samples such as
living cells, however.
Detection and imaging of MMP activity in cancer cells
Encouraged by the efficiency of the Glow-CRET probe for in
vitro detection of MMPs, we sought to test whether MMP-CL
can also detect MMPs produced and secreted by living cancer
cells. We selected two cell lines for this purpose: 1) HT1080, a
fibrosarcoma cell line, which expresses high levels of MMPs,
6
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Figure 7. Chemiluminescence signal-to-background ratio (S/B) of MMP-CL and fluorescence S/B of MMP-FL, following probe incubation with A) HT1080 cells
or B) A549 cells for 30 min, with or without the MMP inhibitor marimastat. Incubation in culture medium with no cells was used as the reference control. In
fluorescence experiments, lmax(excitation) = 400, lmax(emission) = 460 nm. C) Chemiluminescence images of MMP activity in cancer cells incubated with MMPCL taken by using the Biospace Lab Photon Imager.

and are frequently used as a model for MMPs detection,[49] and
2) A549, a “non-small-cell lung cancer” (NSCLC) cell line, which
expresses substantial levels of MMP-2 and MMP-9.[56] MMP-CL
was first incubated with HT1080 cells for 30 minutes, and the
chemiluminescence signal was measured using a plate reader.
Incubation of MMP-CL with the cells resulted in 8.5-fold increase of the chemiluminescence signal, compared to the
signal obtained following incubation with culture medium containing no cells (Figure 7 A, blue columns). In order to confirm
that the chemiluminescence signal resulted from MMP activity,
we examined the effect of marimastat, a broad-spectrum inhibitor of MMPs, on light emission. As anticipated, addition of
marimastat to the cell culture medium resulted in significant
decrease of chemiluminescence.
Next, we compared the ability of the chemiluminescent
probe MMP-CL and the fluorescent probe MMP-FL to detect
MMPs produced by living cells. To this end, we incubated the
HT1080 cells with MMP-FL for 30 minutes, and the fluorescence signal was measured using a plate reader (Figure 7 A,
red columns). Incubation of MMP-FL with the cells resulted in
considerably lower signal to background ratio than that produced by MMP-CL. Incubation of MMP-FL with HT1080 cells increased the fluorescence signal intensity by only 2.5-fold relative to the control without cells; the increase observed with
MMP-CL was 8.5-fold. Similar results were obtained when the
experiment was performed with A549 cells; while S/B for
Chem. Eur. J. 2019, 25, 1 – 10
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MMP-CL was 4.5, the fluorescence intensity of MMP-FL increased only by 1.4-fold compared to the control (Figure 7 B).
The lower S/B obtained using the FRET-based probe compared
to the Glow-CRET probe is attributed to the autofluorescence
arises from the cells when irradiated with blue light.[57] Autofluorescence increases the background noise considerably and
thus reduces the S/B. This result demonstrates the superiority
of chemiluminescence-based probes over equivalent fluorescence-based probes and highlights the significance of our new
Glow-CRET system when used with samples that generate autofluorescence.
In order to obtain a chemiluminescence image of MMP activity in the cancer cells, we incubated the cells with MMP-CL
for 30 minutes and then light emission was recorded using
Biospace Lab Photon Imager (Figure 7 C). The obtained images
correlate well with the chemiluminescence intensity measurements that were taken with the plate reader (Figures 7 A and
B). No cytotoxicity was observed by MMP-CL for the time slot
required to perform the measurements.
Overall, these results suggest that a Glow-CRET system such
as that described here, will be useful for detection of proteases
both in vitro and in living cells. The glowing luminophore 7HC-CL emits blue light, and therefore is not suitable for in vivo
chemiluminescence imaging. Our lab is currently developing
analogous glowing phenoxy-dioxetane luminophores that emit
near-infrared (NIR) light, as NIR photons penetrate mammalian
7
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tissues better than visible light.[58] With NIR-emitting glowing
luminophores, a Glow-CRET system, suitable for in vivo imaging of proteases will be feasible.
The use of FRET-based small-molecule probes for bioimaging
applications has been well established.[59, 60] Typically, the target
analyte reacts with these probes to cause a change in the distance between the donor and the acceptor directly affecting
the efficiency of energy transfer. As a consequence, the fluorescence readout is altered and the presence of the target analyte
is detected.[61–63] Chemiluminescent CRET-based probes for bioimaging, on the other hand, were not available until now. The
basic phenomenon of CRET has been utilized for many
years,[64] and dioxetane-based bioimaging systems in which
CRET takes place were previously reported by us and
others.[65–69] However, in these examples, energy transfer was
merely used to enhance the signal and/or modify the emission
wavelength, while the status of CRET in the system remained
unchanged. This work presents the first dioxetane CRET-based
sensor, in which an alteration in the CRET status is responsible
for the chemiluminescence readout. The development of this
Glow-CRET system was enabled by the discovery of a suitable
phenoxy-dioxetane luminophore, 7-HC-CL, which exhibits intense and persistent glow chemiluminescence under physiological conditions. The glow chemiluminescence of 7-HC-CL or
analogous derivatives could be harnessed in the future for applications that are not currently available. For example, glowing dioxetane-luminophores could serve as small-molecule
chemiluminescence labels for proteins.
One further aspect should be discussed with regard to the
chemiluminescence kinetic profile of 7-HC-CL. Decomposition
of phenolate-dioxetane species typically follows first-order exponential decay.[20] Such behavior is expected when chemiexcitation occurs in a single step and when, in a multi-step reaction, the first step is much slower than subsequent steps. As
observed in Figure 3 A (inset), however, the chemiluminescence
kinetic profile of 7-HC-CL unexpectedly does not follow firstorder kinetics. The chemiluminescence intensity of 7-HC-CL increases within the first hour of incubation in aqueous buffer.
This behavior implies the generation of a relatively stable intermediate with a relatively long lifetime. The concentration of
this intermediate in solution initially increases until it reaches a
steady-state. Such a long-lived intermediate has not been reported during chemiexcitation of phenoxy-dioxetanes, and its
structure is currently unknown.
The precise mechanism of the chemiexcitation of phenoxydioxetanes is not fully understood. This is mostly because of
the lack of experimental evidence regarding the intermediates
formed prior to the formation of the final electronically excited
species. Current mechanistic investigations have relied primarily on computational considerations.[70–73] Although this subject
is outside the scope of the described research, we note that
the unique kinetic behavior of 7-HC-CL, and the inferred presence of a long-lived intermediate formed during chemiexcitation, may constitute an exceptional opportunity for experimental investigation of the chemiexcitation mechanism. Different
spectroscopic methods, such as NMR and EPR, could be useful
for the elucidation of the structure of the long-lived intermediate.
&
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Conclusion
In summary, a new phenoxy-dioxetane luminophore, 7-HC-CL,
was designed and synthesized. This luminophore exhibits a remarkable glow chemiluminescence profile due to a very slow
chemiexcitation. In addition, 7-HC-CL has the highest chemiluminescence quantum yield under physiological conditions ever
reported for a chemiluminophore, even higher than those of
most natural luciferin/luciferase systems. The availability of 7HC-CL enabled the preparation of a novel dioxetane-based detection system—Glow-CRET—in which light emission is triggered by proteolytic cleavage of a peptide substrate linking a
luminophore and a quencher. To demonstrate this new concept, a Glow-CRET probe for MMPs, MMP-CL, was synthesized.
Incubation of MMP-CL with purified MMPs in vitro yielded a
160-fold increase in the chemiluminescence signal. MMP-CL
was also able to detect MMP activity in cancer cells with significantly higher signal-to-background ratios compared to the
analogous FRET-based probe MMP-FL. We anticipate that the
discovery of 7-HC-CL will have significant impacts on the field
of chemiluminescence bioimaging by leading to the design of
other Glow-CRET probes. The steadily glow light emission of 7HC-CL may be used in the future for chemiluminescence applications that are currently not possible.
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cal conditions. With this luminophore, a
novel chemiluminescence resonance
energy transfer system for the detection
of matrix metalloproteinase activity in
cancer cells was developed.
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