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A novel glucosamine-linked fluorescence chemosensor for the
detection of pyrophosphate in aqueous medium and live cells
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There is a growing interest in monitoring the level of pyrophosphate (PPi) in biological processes due to its significant roles

in live organisms. In this paper, we described a Cu® ensemble based chemosensor (GN—Cuh) for highly selective detection
Accepted 00th January 20xx of PPi in aqueous medium and live cells. The fluorescence silent ensemble, GN-Cu* was facilely prepared by complexing of
DOI: 10.1039/x0xx00000x the glucosamine-1,8-naphthalimide fluorescent ligand (GN) with paramagnetic Cu®. The structure of GN was confirmed by

'H NMR, *C NMR and high-resolution mass spectroscopy (HRMS) assays. The spectroscopic characteristics of GN-Cu® were
www.rsc.org/ verified in detail through fluorescence emission and UV-vis spectra titration. The decomplexation of GN-Cu* by PPi led to
the liberation of the fluorescent ligand, GN, and thus the fluorescence was switched on. Spectroscopic studies revealed
that GN-Cu* possesses excellent tolerance to various anions and even other phosphate series, such as AMP, ADP, ATP,
and inorganic phosphate (Pi). Detection limit for PPi was calculated to be 1.0 uM. GN-Cu* features several advantages,
such as high selectivity, reliability at physiological pH and low cytotoxicity. Intracellular fluorescence imaging
measurements indicated that GN-Cu®* is cell membrane permeable and has been successfully used for detection of PPi in

live MD-AMB-231 cells.

Therefore, quantitative determination the concentration of PPi
Introduction in a variety of biological environment has been emerged asa
research topic recently.
Among various analysis methods,8 fluorescent analysis using
responsive chemosensor is particularly attractive due to their
high sensitivity and selectivity, easy to fabricate, and non-
destructive properties, especially the noninvasive analysis in
vivo and in vitro imaging potential.9 To date, by exploring
several sensing mechanisms, a few PPi-specific fluorescence
chemosensors have been synthesized and reported.10 Among
various chemosensors prepared for PPi, transition metal
complex have been selected for the construction of
fluorescence chemosensor because the structural and
geometrical flexibility of metal centers can provide an
excellent way of organizing anion binding groups.11 This type of
PPi chemosensor is usually designed based on the
displacement approach, where a fluorophore—metal complex
named the “ensemble” is general nonfluorescent due to
metal-ion-induced fluorescence quenching. Since PPi has a
stronger complexing ability to metal center, the addition of PPi
to the “ensemble” may release the fluorophore into the
solution, accompanied by the recovering of fluorescence.” In
these assays, AI*", Zn®" and Fe*" are the most commonly used

metal ions, and oxygen or nitrogen-rich organic compounds
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Phosphate anion species, as one types of most important
anions in biological systems, play essential role in living
organisms.1 Particularly the pyrophosphate (PPi) exists in
biological systems at high level, serving many important roles
in metabolism of living organisms.2 For example, PPi is
involved in many enzyme-catalyzed biosynthesis and
metabolic processes, most of which produce PPi as a
hydrolysis product of nucleoside polyphosphates such as
ATP. ® Beyond its physiological functions in biological systems,
the abnormal concentration levels of PPi is also implicated in
several diseases, such as arteriosclerosis and osteoarthritis.*
For example, an elevated PPi concentration in the synovial
fluid is associated with calcium pyrophosphate dihydrate
crystal deposition disease and a condition called
chondrocalcinosis.’ However, the relative lack of PPi will result
in medial calcification (also known as Monckeberg’s
arteriosclerosis).6 Furthermore, it has been reported that the
intracellular PPi levels is also associated with the development
of cancer, and thus being studied as the indicator for cancer.’
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induced Cu* displacement approach.15 This kind of
fluorescence enhancement (“OFF-ON”) response mode is more
desirable in sensing than the one with fluorescence quenching
(”ON-OFF").16 Although the advances of displacement-based
approaches, PPi-specific fluorescent chemosensors based on
Cu** ensemble have been scarcely reported.”ln this work, we
have designed and synthesized a glucosamine-linked
fluorescent ligand (GN) based on 1,8-naphthalimide dye. The
fluorescence of GN will be selectively quenched by
paramagnetic cu* via forming GN-Cu®" ensemble. The specific
interaction of PPi with GN-Cu®* ensemble led to the liberation
of fluorophore (GN) (Scheme 1), which could serve as
fluorescence “turn on” chemosensor for PPi in aqueous
medium and in living cells.
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Scheme 1. Proposed response mechanism of GN-Cu®* towards PPi.

Results and Discussion

Design, synthesis and characterization of GN-Cu* ensemble

The fluorescent ligand, GN was prepared by a one-step
condensation reaction between 4-formyl-3-hydroxy-1,8-
naphthalic-n-butylimide with glucosamine in methanol. The
product was purified and the structure of GN was confirmed
by 'HNMR, *CNMR and HRMS (Fig. S1-3). 1,8-Naphthalimide
dye was chosen as fluorophore owing to its excellent
photochemical and photophysical properties, such as
absorption and emission in visible range, high fluorescence
quantum yield and superb stability against Iight.lgGlucosamine
moiety was introduced into GN molecule, which facilitate the
water solubility, biocompatibility and the ability for tumor cell
uptake.19 The formation of GN-Cu®" ensemble and its sensing
performance towards PPi have been investigated in detail
using the UV-vis spectra, fluorescence spectra and
fluorescence imaging.

Spectroscopic characterization of GN-Cu* ensemble in solution
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Fig. 1 (A) UV-vis absorption spectra of GN (10 uM) upon the addition of increasing
amount of Cu** (0-50 uM) in 20 mM HEPES buffer (DMSO-H,0 = 1/9, v/v, pH 7.4). (B)
UV-vis absorption spectra of GN (10 uM) in the presence of various cations (50 pM) in
HEPES buffer.
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The formation of GN-Cu** ensemble was firstly investigated by
recording the changes in UV-Vis absorption and fluorescence
spectra. As shown in Fig. 1A, the free fluorescent ligand, GN
showed characteristic absorption maximums at 348 nm and
450 nm in 20 mM HEPES buffer (DMSO-H,0 = 1/9, v/v, pH 7.4),
that can be attributed to the intramolecular charge transfer
(ICT) transition of 1,8-naphthalimide unit.®® Upon addition of
Ccu®* to the solution of GN, the absorbance at 450 nm was
found to be significantly red-shifted to 474 nm, indicating the
complexation of GN with cu®*. No obvious changes in UV-vis
absorption spectra was noticed by the addition of other
competitive metal ions, including Li*, K*, Na*, ca®*, Mg?*, Ba*",
Ag', cd*, Pb*, zn®, Ni**, Co®", Mn%", Hg*", Fe*', cr™*, and APP*
(Fig. 1B). These results indicated that GN was a Cu2+-specific
fluorescent ligand.
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Fig. 2 (A) Fluorescence emission spectra of GN (10 uM) upon the addition of increasing
amount of Cu** (0-50 uM) in 20 mM HEPES buffer (DMSO-H,0 = 1/9, v/v, pH 7.4). Inset:
fluorescence intensities of GN (10 pM) at 550 nm as a function of Cu®* (0-50 pM). (B)
Fluorescence responses of GN (10 uM) in HEPES buffer in the presence of various
cations (50 uM): 1. Li*, 2. K*, 3. Na*, 4. Ca”, 5. Mg®, 6. Ba*, 7. Ag, 8. cd**, 9. Pb*, 10.
Zn*, 11. Ni**, 12. Co™, 13. Mn*, 14. Hg”, 15. Fe*, 16. Cr™", 17. Cu™, 18. A1, 19. the
mixture of all the canions (50 uM for each). The intensities were recorded at 550 nm,
excitation at 450 nm.
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Fig. 3 (A) Job’s plot of the reaction between GN and Cu®* (total concentration was kept
at 10 uM). (B) Benesi-Hildebrand plot (emission at 550 nm) of GN (10 uM) based on 2:1
binding stoichiometry with Cu*. Excitation was performed at 450 nm.

The complexation of GN with cu® was then verified by
analysis of fluorescence titration. GN displayed strong
fluorescence at 550 nm in 20 mM HEPES buffer (DMSO-H,0 =
1/9, v/v, pH 7.4). As expected, the fluorescence intensity of GN
decreased gradually with a 15 nm bathochromic-shift in the
presence of incremental addition of cu®. The fluorescence
intensity reached to a constant value when 50 uM cu** was
added (Fig. 2A, inset). The results demonstrated the formation
of GN-Cu”* ensemble. It was found that the fluorescence of GN
was exclusively quenched by cu®*. Asshownin Fig. 2B,
nosignificant quenching of the fluorescence intensities
observed in the presence of Fe**, Hg*!, cd**, Pb*, zn**, Ni**

Ni™,
co™, Mn*, cr*', Ag', ca®, mMg®", Ba®", Li*, K*, and Na*. While
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the addition of 50 uM cu® to the solution of GN coexisted
with above cations giving rise to drastic quenching
inaccordance with the addition of equal amounts of cu® alone,
indicating that Cu2+-specific binding with GN was not disturbed
by competitive ions. The binding stoichiometry of GN with cu?
was studied by Job’s plot measurement. As shown in Fig. 3A,
the fluorescence emission variation at 550 nm against the
mole fraction of Cu®" clearly showed a maximum level at 0.33
molecular fraction, which indicated the formation of the 2:1
stoichiometry complex between GN and cur A
2:1 binding mode, the association constant (K,) was evaluated
to be 7.46x10° M™ using the Benesi—Hildebrand method (Fig.
3B).2

Based on the

Spectroscopic responses of GN-Cu”* ensemble towards PPi
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Fig. 4 UV-vis absorption spectra of GN-Cu® (10 uM) in 20 mM HEPES buffer (DMSO-H,0
=1/9, v/v, pH 7.4) in the presence of different amounts of PPi (0-300 uM). Excitation
was performed at 450 nm.
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Fig. 5 Fluorescence spectra of GN—Cuz"(lO 1M) in 20 mM HEPES buffer (DMSO-H,0 =
1/9, v/v, pH 7.4) in the presence of different amounts of PPi (0-300 puM). Excitation was
performed at 450 nm.

The high affinity of PPi towards Cu*insured GN-Cu** ensemble
a candidate of fluorescence turn on chemosensor for PPi
sensing by a simple displacement approach. Stock solution of
GN-Cu®* ensemble for PPi sensing was in situ prepared by the
addition of 5.0 equiv. of cu®* to GN (10 uM) solution in 20 mM
HEPES buffer (DMSO-H,0 = 1/9, v/v, pH 7.4). To investigate the
responses of GN-Cu®* ensemble upon exposure to PPi, UV—vis
titration experiments were firstly conducted. As shown in Fig.
4, continuously added PPi into the solution of GN-Cu2+, a
reduction of the maximum absorption at 474 nm was
concomitant with continuous hypsochromic shift, and

This journal is © The Royal Society of Chemistry 20xx

saturation was reached when 300 uM PPi was added. The final
absorption band was similar to the free GN at identical
conditions, indicating that the liberation of fluorescent ligand
GN induced by PPi.

The sensing performance of GN-Cu’" towards PPi in aqueous
solution was further examined by the fluorescence spectra
measurements. GN-Cu®" presented a weak fluorescence
emission in 20 mM HEPES buffer (DMSO-H,0 = 1/9, v/v, pH
7.4). Upon the addition of PPi, the fluorescence intensity
increased gradually (Fig. 5). Maximum fluorescence intensity
was obtained when 30 equiv. of PPi was added (Fig. 5 inset).
The emission spectrum of the solution is essentially identical
with the emission of free GN, indicating that the decomplexing
of cu® by PPi. The relative fluorescence intensity of GN-Cu”" is
linearly proportional to the concentration of PPi in the range of
0-20 uM (Fig. S4). The fluorescence detection limit for PPi was
calculated to be 1.0 uM according to the methods defined by
IUPAC.2 To verify the replacement of GN by PPi, the binding
mode of GN-Cu?* toward PPi was determined by using the
Benesi—Hildebrand equation. As shown in Fig. S5, the plotting
of 1/(F - Fy) versus 1/[PPi] showed a good linear relationship
(R2 = 0.9836), which indicates a stable 1:1 stoichiometry
complexation species, and theassociation constant K, was
calculated to be 2.0 x 10° M. The results further indicated
that the coordination-induced ligand replacement mechanism
is responsible for the spectroscopic responses towards PPi.
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Fig. 6 Normalized absorbance responses of GN-Cu* (10 uM) in 20 mM HEPES buffer
(DMSO-H,0 = 1/9, v/v, pH 7.4) in the presence of various analytes (300 uM): 1.
CH3C007, 2. CO5™, 3. F, 4.50,”, 5.1, 6.5, 7. CI", 8. OH, 9. CIO", 10. SCN™, 11. Br, 12.
NO;7, 13. HSO4, 14. NO;, 15. Pi. 16. AMP, 17. ADP, 18. ATP, 19. PPi, 20. PPi co-existed
with competitive anions.
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Fig. 7 Normalized emission responses of GN-Cu® (10 uM) in 20 mM HEPES buffer
(DMSO-H,0 = 1/9, v/v, pH 7.4) in the presence of various analytes (300 puM): 1.
CH5C007, 2. CO5™, 3. F, 4.50,7, 5.1, 6.5, 7. CI", 8. OH, 9. CIO", 10. SCN™, 11. Br, 12.
NOs~, 13. HSO,, 14. NO; ", 15. Pi. 16. AMP, 17. ADP, 18. ATP, 19. PPi, 20. PPi co-existed
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with competitive anions. The intensities were recorded at 550 nm, excitation at 450
nm.

Spectroscopic titration experiments were further carried out
to evaluate the selectivity of GN-Cu®* ensemble to PPi. The
absorbance responses of GN-Cu** to PPi were firstly examined
by the addition of diverse anions, including CH;COO", C032_, F,
S0,%, I, $*7, €I, OH", CIO”, SCN™, Br, NO3~, HSO,”, NO,”, PPi
and other phosphate series, such as AMP, ADP, ATP, inorganic
phosphate (Pi). Among these anions, only the addition of PPi
led to a conspicuous change in the absorbent of the GN-Cu**
(Fig. 6). To further confirm the selectivity of GN-Cu®* ensemble
for PPi, titration analysis by recording the changes of
fluorescence spectra was performed. As shown in Fig. 7, clear
enhancement in fluorescence intensity was observed by the
addition of PPi, over other anions. These results indicated that
GN-Cu® is selective for PPi among these anions under
simulated physiological conditions.

Effect of pH

In view of the electrostatic force and metal coordination
interaction could be varied by the pH conditions of the
medium solution,24 the effect of pH on the fluorescence
response of GN-Cu®>* ensemble towards PPi was then
investigated. As shown in Fig. 8, GN exhibited stable
fluorescence intensity at a pH range from 4.0 to 11.0. A slight
decrease of the emission spectra was observed less than pH
5.0, which was attributed to the protonation of the nitrogen
atomon imine moiety. As expected, the emission intensity of
GN in the presence of Cu®* decreased obviously from pH 5.0 to
10.5, indicating that the coordination between GN and cu?,
Furthermore, no significant quenching in the fluorescence
intensity was observed once the pH exceeds 10.5, which
reflected that the higher pH could be well explained by the
formation of Cu(OH), and thus reducing the concentration of
GN-Cu”*. The results indicate that GN-Cu** ensemble were
suitable for application under physiological conditions.
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Fig. 8 Fluorescence spectra of GN and GN-Cu’* as a function of pH values (3.0-12.0) in
mixed aqueous solution (DMSO:H20, 1:9, v/v).

Bioimaging application of GN-Cu** ensemble in live cells

Encouraged by the desirable features such as high selectivity,
reliability at physiological pH, the capability of GN-Cu®" to
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image PPi in living cells was evaluated. Prior to the microscopy
imaging application in live cells, the long-term cytotoxicity of
GN-Cu’" to the human breast carcinoma cell line MDA-MB-231
was evaluated using the MTT assay method.” Fig. 9 presented
the results of MD-AMB-231 cells incubated with different
concentrations of GN-Cu** (0, 2, 8, 10, 20 and 50 uM) for 24 h.
MD-AMB-231 cells viabilities remained approximately at 90%
even at the high concentration of 50 uM for 24 h. The low
cytotoxicity of GN-Cu”* could be attributed to the introduction
of glucosamine moiety on the GN molecule.

100,
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40

Cell Viability (%)

20+
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Fig. 9 Cell viability values (%) estimated by MTT assays after incubation with different
concentrations of GN-Cu”*.

Fluorescence DAPI

Fig. 10 DIC and confocal fluorescence and merged images of MD-AMB-231 cells were
stained with DAPI and GN-Cu®, respectively. (A) MDA-MB-231 cells incubated with GN-
cu® (5 uM) only, (B) MDA-MB-231 cells pre-incubated with GN-Cu®* (5 M) followed
by 0.1 mM PPi, (C) cells were stained with both DAPI and 5 uM GN—CuB; (D) cells of (C)
further incubated with PPi (0.1 mM) for another 30 min, (E) and (F) were merged
images. Scale bar, 30 um.

Having demonstrated the low cytotoxicity, reliability at
physiological pH of GN-Cu*" ensemble, we then studied the
ability of GN-Cu’" for the fluorescence imaging of PPi in living
cells. MDA-MB-231 cells were incubated with 5 uM GN-Cu*"
for 30 min at 37 °C in a CO, incubator (95% relative humidity,
5% CO,). Then the cells were washed with HEPES buffer for
three times for microscopic imaging. As shown in Fig. 10 (A),
the GN-Cu**-stained cells displayed weak green fluorescence,
demonstrating that GN-Cu®* features high cell-membrane
permeability. Upon further incubation with 0.1 mM PPi, the

This journal is © The Royal Society of Chemistry 20xx
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green fluorescence in the cells was lightened arising from the
liberation of fluorescent ligand, GN inside the cells (Fig. 10B).
Overlay of confocal images of GN-Cu®* and DAPI (4',6-
diamidino-2-phenylindole) (Fig. 10C, D) showed that the
fluorescence was evident distributed over the cells. The results
demonstrated the capability of GN-Cu** ensemble for the
analysis of PPi in live cells.

Experimental

Reagents and instruments

3-Hydroxy-1,8-naphthalic anhydride, hexamethylenetetramine
(HMTA) and MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) were purchased from Aladdin
reagent Co. (Shanghai, China). D-Glucosamine hydrochloride,
n-butylamine and trifluoroacetic acid were obtained from
Sinopharm Chemical Reagent Co., Ltd. (China). Metal ions
(nitrate salts) and anions (sodium salts) were purchased from
Alfa Aesar. Unless otherwise stated, solvents and reagents
were of analytical grade from commercial suppliers and were
used without further purification.

'H-NMR and PC-NMR spectra were recorded with an
AVANCE600MHZ spectrometer (BRUKER) with chemical shifts
reported as ppm (in DMSO, TMS as internal standard). High
resolution mass spectra were recorded on an Agilent 6530
QTOF spectrometer. Fluorescence spectra were measured
with Perkin Elmer LS55 luminescence spectrometer (USA).
Absorption spectra were measured with a Perkin Elmer
Lambda 900 UV/VIS/NIR spectrophotometer (USA). Quartz
cuvettes with a 1 cm path length and 3 mL volume were
involved in fluorescence and UV-vis spectrum measurements.
The pH was recorded by OHAUS ST3100 digital pH-meter.
Fluorescent images were obtained using an Olympus Fluoview
FV 1000 IX81 inverted confocal laser-scanning microscope. The
excitation wavelength was 405 nm. The images were analysis
by Image J software version 1.44p

Preparation of stock solutions of cations and anions

Deionized water was used to prepare all aqueous solutions. A
stock solution of GN-Cu2+(0.5 mM) was prepared in dimethyl
sulfoxide (DMSO), which was diluted with the mixture solution
of 10 uM HEPES-buffered saline (DMSO-H,0 = 1:9, 20 mM, pH
7.4) prior to the spectral measurements. Solutions of a series
of cations (nitrates salts, 20mM) and anions (sodium salts,
20mM) were prepared in deionized water. For pyrophosphate
spectroscopic analysis, the measurement was performed
immediately after the stock solutions were prepared.

Synthesis and characterization of the fluorescent GN

4-formyl-3-hydroxy-1,8-naphthalic-n-butylimide was papered
according to the reported method.”

In a 100 mL round-bottom flask, D-glucosamine
hydrochloride (0.216 g, 1.0 mmol) and triethylamine were
dissolved in 15 mL methanol at 60 °C. The resulting solution
was stirred for 10 min. Then, the solution of 4-formyl-3-
hydroxy-1,8-naphthalic-n-butylimide (0.297 g, 1.0 mmol) in 25

This journal is © The Royal Society of Chemistry 20xx

mL methanol was added. The reaction mixture was then
maintained at 60 °C for another 6 h to form orange precipitate.
The crude product was filtered, washed with cooled methanol
for three times to obtain GN in 88% vyield. 'H NMR (DMSO-d,
500 MHz) 8(ppm): 15.05 (s, 1H), 9.38 (s, 1H), 8.64 (d, J = 7.0 Hz,
1H), 8.19 (d, J = 6.05 Hz, 1H), 7.83 (t, J = 6.75 Hz, 1H), 7.78 (s,
1H), 7.17 (d, J = 5.2 Hz,1H), 5.56 (s, 1H), 5.25 (d, J = 4.5 Hz, 1H),
4.91 (t, J = 5.78 Hz, 1H), 4.69 (d, J = 4.8 Hz, 1H), 4.05 (d, J= 6.2
Hz, 2H), 3.81-3.59 (m, 6H), 3.29 (m, 2H), 1.65 (m, 2H), 1.40 (m,
2H), 0.98 (t, J = 6.15 Hz, 3H). *C NMR (DMSO-d, 125 MHz)
8(ppm): 170.7, 162.8, 162.3, 161.3, 132.2, 127.9, 126.9, 126.8,
124.7, 124.5, 122.0, 119.4, 109.5, 93.9, 76.2, 73.3, 70.6, 69.7,
60.3, 28.9, 19.1, 13.0. HRMS-API (negative mode, m/z) for [GN-
H] : caled 457.1616, found: 457.1807 [GN-H]; Found:
260.0995. m.p.: 177.2.2-178.8 °C.

Cytotoxicity assay

The cytotoxicity of GN-Cu®* toward the human breast
carcinoma cell line MDA-MB-231 was measured by
methylthiazolyl tetrazolium (MTT) assay. MDA-MB-231 cells
were seeded into a 96-well cell-culture plate at 1x10* per well,
and then incubated at 37 °C in a 5% CO, incubator. After 24 h,
the culture medium was replaced with fresh medium
containing GN-Cu**at concentrations of 0, 2,8, 10, 20, 50 uM.
Control wells were prepared by the addition of culture
medium, and wells containing culture media without cells
were used as blanks. The cells were incubated at 37°C under
5% CO, atmosphere for another 24 h. The culture medium
with GN-Cu?* was removed, and the cells were washed with
PBS for three times. Then, 100 uL MTT solution (0.5 mg/mL)
was added to each well of the 96-well, and the solution was
incubated for another 4 h under the same conditions. The
excess MTT solution was then carefully removed from each
well, and the formed formazan was dissolved in 100 uL of
DMSO  (dimethyl sulfoxide). A  Tecanlnnite  M200
monochromator based multifunction microplate reader was
used for measuring the OD570 (absorbance value) of each well
referenced at 690 nm. The cell viability was calculate by the
following formula: Vialibity (%) = (mean of absorbance value of
treatment group—blank)/(mean absorbance value of control—
blank) x 100.%

Fluorescence imaging of PPi in MDA-MB-231 cells

MDA-MB-231 cells were incubated with GN-Cu®" (5 uM in cell
culture medium, 0.5% DMSO) at 37 °C in a 5% CO, incubator.
After 30 min, the cells were washed with HEPES buffer. The
cells were imaged by confocal fluorescence microscopy. For
detection of intracellular PPi, the cultured MDA-MB-231 cells
in a T-75 flask were washed three times with HEPES buffer and
then incubated with HEPES buffer containing 5 uM of GN-Cu®
for 30 min at 37 °C in a 5% CO,/95% air incubator. After
washing three times with HEPES buffer, the cells were cultured
for another 30 min with HEPES buffer containing 0.1 mM PPi.
The cells were washed five times carefully with HEPES buffer
and then subjected to the fluorescence imaging measurement.
Fluorescence images were obtained using an Olympus
Fluoview FV 1000 IX81 inverted confocal laser-scanning
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Conclusions

In  summary, a 1,8-naphthalimide-based fluorescent
chemosensing ensemble, GN—Cu2+, has been developed for the
highly selective detection of PPi in aqueous solution and living
systems. In the presence of PPi, the effective snatching of cu
from GN-Cu®* ensemble, leading to the liberation of the
fluorescent ligand, GN, and thus the fluorescence was
switched on. GN-Cu®* possesses excellent tolerance to
biological anions and even other phosphate series, such as
AMP, ADP, ATP, Pi. The modified glucosamine moiety on GN
enhanced the water solubility, biocompatibility and tumor cell
uptake. Low cytotoxicity of GN-Cu”* was confirmed by the MTT
assay. Confocal microscopy imaging studies revealed that GN-
Cu® has potential as a powerful tool for the imaging of PPi in
live cells. Given these promising results, we believe this
contribution provides a new flexible strategy for the rational
design of metal ensemble based chemosensors for the
detection of anions in biological samples.
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