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A novel “turn-on” fluorescent probe 
based on naphthalimide for the tracking 
of lysosomal Cu2+ in living cells

Tingting Xua, Junjie Huanga, Min Fanga, b*, Mingshuai Suia, 

Yujing Zhua, Yupeng Shentua, Cun Lia, b, Weiju Zhua, 3*

A novel fluorescent probe CuNI was synthesized and exhibited highly effect

ive fluorescence detection ability for Cu2+ in aqueous solution (HOAc-NaOAc 

buffer, 10 mM, pH 5.0). CuNI was obtained with the simple condensation re

action between the aldehyde (MFNI, bearing naphthalimide fluorescence gr

oup) and the 2-picolinyl hydrazide which as the Cu2+ recognized group. Unde

r acidic conditions, CuNI showed turn-on fluorescent recognition of Cu2+ whi

ch could be readily distinguished by the naked eye under 365nm UV lamp an

d the detection limit is as low as 19.40 nM. It has been further demonstrate

d that CuNI was hydrolyzed under the action of Cu2+ and the significant incre

ase of fluorescence is due to the obvious AIE effect of the hydrolysate MFNI. 

The application of the probe CuNI in imaging lysosomal Cu2+ in HepG2 cells h

as also been demonstrated. 

1. Introduction

Copper ion is the third-largest metal trace element in the human 

body, playing an important role in cell homeostasis 1-4. The 

destruction of copper ion homeostasis will cause many diseases. 

For example, Copper deficiency in the body will induce the diseases 

of brain-dysfunction, anemia and leukemia 5-7. And the excessive 

accumulation of copper ions also leads to a variety of diseases, such 

as Alzheimer’s disease, Menkes disease, Wilson’s disease, coronary 

heart disease and Parkinson's disease 8-11. The cellular homeostasis 

of copper is controlled with the copper transporter proteins, such 

as (human CTR2), which localized in late endosomes and lysosomes 
12, 13. Therefore, it is necessary to study whether the content of Cu2+ 

in lysosomes of human cells is unstable.

Common methods to analyze ion concentration include atomic 

absorption spectrometry (AAS) 14, inductively coupled plasma mass 

spectrometry (ICP-MS) 15, voltammetry 16 and others. Because of 

the complex sample preparation process, these methods need 

expensive instruments and not suitable for physiological 

environment. The fluorescent sensors in modern analytical 

methods have the advantages of high sensitivity, good selectivity, 

easy sample pretreatment and fast response, which can overcome 

the shortcomings of traditional methods 17-22. Before that, many 

fluorescent probes for detection of coordination binding 23,24 and 

chemical reactions 25, 26 have been developed. Among them, 

chemically reactive probes have attracted great attention due to 
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their high selectivity. Cu2+ can generate "fluorescent" products 

through specific reactions with fluorescent probes to achieve highly 

selective detection and "turn on" fluorescence response. To date, a 

few selective fluorescent probes for Cu2+ have been investigated 

utilizing Cu2+-promoted reaction 27-32. Although there are many 

reaction-based Cu2+ probes using various kinds of fluorophore 

platforms including rhodamine, coumarin, pyrene, naphthalene, 

naphthalimide, benzothiazole, the detection systems of these 

probes need organic solvent as a co-solvent and the detection in 

complete aqueous solution are still very rare to date. Furthermore, 

these conventional fluorophores have poor solubility and often 

possess aggregation-caused quenching (ACQ) phenomenon in pure 

aqueous solution. In 2001, Tang and his colleagues reported the 

aggregation-induced emissions (AIE) phenomenon, which can be 

used to detect analyte in aqueous media and provide good practical 

use in biological system 33-35. For now, the fluorescent sensor to 

recognize lysosomal Cu2+ through chemical reaction and AIE 

phenomenon has rarely reported. 

In this work, a novel “turn-on” probe for lysosomal Cu2+ was 

designed and synthesized, which mainly included three portions: (1) 

a morpholine group as lysosome-target group 36, 37; (2) 1,8-

naphthalimide as chromophore; (3) 2-picolinyl hydrazide group as 

Cu2+ recognized group. It has been proved that CuNI has high 

selectivity to Cu2+ not only in aqueous solution but also in cells. Cu2+ 

induced the hydrolysis of CuNI in aqueous solution and the product 

(MFNI) lead to the formation of “turn-on” blue fluorescence which 

caused by the AIE of MFNI. Besides, the application of CuNI in 

bioimaging was examined by confocal fluorescence microscopy and 

it can monitor the lysosomal Cu2+ in living HepG2 cells.  

2. Experimental

2.1. Materials and instruments

Unless otherwise specified, all commercial grade chemicals and 

solvents were used without further purification. 4-bromo-1,8-

naphthalic anhydride was from Aldrich. N-aminopropylmorpholine, 

4-formylphenylboronic acid and 2-picolinyl hydrazide were 

purchased from Alading Chemical Reagent Co., Ltd (Shanghai, 

China). The silica gels were obtained from Qingdao Ocean 

Chemicals (Qingdao, China). Thin layer chromatography (TLC) was 

carried out using silica gel F254, and column chromatography was 

conducted over 200 mesh silica gel. The pure water (18.2 MΩ cm) 

was obtained with a Milli-Q purification system.

1H NMR spectra were obtained on an AV-600 spectrometer 

(Bruker, Switzerland) with tetramethylsilane as internal 

reference.13C NMR spectra were recorded on 151MHz 

spectrometers. The mass spectra were obtained on a LTQ-Orbitrap 

XL mass spectrometer. UV-visible absorption spectra were recorded 

on a UV-1800 spectrophotometer (Shimadzu, Japan). Fluorescence 

emission spectra were carried out on a LS-55 FL spectrophotometer 

(PerkinElmer, USA). The fluorescence quantum yields were 

detected by HORIBA FluoroMax-4P (HORIBA Jobin Yvon) and the 

results were automatically calculated by the software of the device.

2.2. Synthesis

2.2.1. N-(morpholinopropyl)- 4-bromo-1,8-naphthalimide 1

In briefly, 4-bromo-1,8-naphthalic anhydride (2.77 g, 10 mmol) 

and N-aminopropylmorpholine (2.16 g, 15 mmol) were added to 

the solution in ethanol (40 mL). The mixture was refluxed at 60 °C 

for 6 hours. After cooling to room temperature, the precipitate was 

collected, washed with ethanol for three times, and then dried 

under vacuum to get a yellow powder 3.49 g (87%). 1H NMR (600 

MHz, d6-DMSO) δ 8.58 (dd, J = 12.6, 7.8 Hz, 2H), 8.36 (d, J = 7.8 Hz, 

1H), 8.24 (d, J = 7.8 Hz, 1H), 8.04 – 8.00 (m, 1H), 4.13 – 4.10 (m, 2H), 

3.38 (d, J = 1.1 Hz, 4H), 2.39 (t, J = 6.7 Hz, 2H), 2.29 (s, 4H), 1.84 – 

1.78 (m, 2H). 13C NMR (151 MHz, DMSO) δ 163.53, 163.48, 133.09, 

132.05, 131.89, 131.44, 130.34, 129.51, 129.36, 128.91, 123.47, 

122.70, 66.53, 56.44, 53.63, 38.98, 24.26. TOF Mass: m/z calcd for 

C19H19BrN2O3 ([M+H]+): 403.0652; found 403.0644.

2.2.2. Synthesis of compound N-(morpholinopropyl)- 4-

formylphenyl-1,8-naphthalimide MFNI

N-(morpholinopropyl)-4-bromo-1,8-naphthalimide (2.0 g, 5 mmol) 

and 4-formylphenylboronic acid (1.25 g, 7.5 mmol) were dissolved 

in a mixture of toluene and ethanol (80 mL, toluene: ethanol = 3:1, 

v/v), Saturated K2CO3 solution (3 mL), and Pd(PPh3)4 (45 mg) was 

added. Reflux the reaction mixture under nitrogen for 48 hours. 

After cooling down to room temperature, the reaction mixture was 

poured into water and extracted with dichloromethane (3×50 mL). 

Combined with organic solution, dried by anhydrous magnesium 

sulfate and concentrated in vacuum. The crude product was 

purified with a silica gel column using ethyl acetate/petroleum 
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ether (5/1, v/v) as the eluent to give MFNI. Yield: 0.84g (42%). 1H 

NMR (600 MHz, d6-DMSO) δ 10.17 (s, 1H), 8.57 (t, J = 7.8 Hz, 2H), 

8.22 (d, J = 8.5 Hz, 1H), 8.14 (d, J = 8.1 Hz, 2H), 7.88 (t, J = 7.6 Hz, 

2H), 7.81 (d, J = 8.1 Hz, 2H), 4.15 (t, J = 7.2 Hz, 2H), 3.43 (s, 4H), 2.40 

(t, J = 6.8 Hz, 2H), 2.32 (s, 4H), 1.84 (dd, J = 14.2, 7.0 Hz, 2H). 13C 

NMR (151 MHz, d6-DMSO) δ 195.08, 165.57, 165.35, 146.68, 

146.19, 137.98, 133.88, 132.95, 132.80, 132.34, 131.92, 131.11, 

130.27, 130.02, 129.94, 124.76, 124.19, 68.18, 58.03, 55.27, 40.50, 

26.07. FTMS: m/z calcd for C26H24N2O4 ([M+H]+): 429.1809; found 

429.1807.

2.2.3. Synthesis of N-(morpholinopropyl)- 4-(4’-(2-

picolinoylhydrazono)methyl) phenyl-1,8-naphthalimide CuNI

N-(morpholinopropyl)- 4-formylphenyl-1,8-naphthalimide 

compound MFNI (0.107 g, 0.25 mmol) and 2-picolinyl hydrazide 

(0.038 g, 0.275 mmol) were stirred in ethanol (20 mL) containing 2–

3 drops of acetic acid. The reaction was refluxed for 4 hours before 

cooling to room temperature. The solid product was filtered and 

recrystallized with ethanol for three times. Yield: 84%. 1H NMR (600 

MHz, DMSO) δ 12.28 (s, 1H), 8.80 (s, 1H), 8.75 (d, J = 4.2 Hz, 1H), 

8.61 – 8.56 (m, 2H), 8.32 (d, J = 8.6 Hz, 1H), 8.17 (d, J = 7.7 Hz, 1H), 

8.09 (t, J = 8.5 Hz, 1H), 7.96 (d, J = 8.2 Hz, 2H), 7.89 (m,2H), 7.70 (d, J 

= 8.1 Hz, 3H), 4.17 (d, J = 7.3 Hz, 2H), 3.43 (s, 4H), 2.41 (d, J = 6.8 Hz, 

2H), 2.33 (s, 4H), 1.87 – 1.83 (m, 2H). 13C NMR (151 MHz, d6-DMSO) 

δ 165.61, 165.39, 162.54, 151.57, 150.59, 150.55, 147.35, 141.75, 

140.14, 136.62, 134.09, 132.87, 132.41, 131.21, 130.11, 129.74, 

129.57, 129.15, 124.80, 124.72, 123.75, 68.14, 58.01, 55.04, 40.46, 

26.04. FTMS: m/z calcd for C32H29N5O4 ([M+H]+): 548.2292; found 

548.2307.

2.3. Spectroscopic measurements 

All spectral characterizations were carried out within a 10 mm 

quartz cell. The stock solution for CuNI (1 mM) was dissolved in 

HPLC grade DMSO at room temperature. Solutions of metal ions (1 

mM) were prepared with nitrate or chloride salts in water. For a 

typical detection, 50 μL of CuNI stock solution (1 mM) was 

transferred to 5 mL flask and diluted to volume with water by 10 

mM HOAc-NaOAc buffer (pH 5.0) to give the sample solution (10 

μM). All the tests were carried out at room temperature.

The fluorescence quantum yields were obtained by HORIBA 

FluoroMax-4P (HORIBA Jobin Yvon). The compound CuNI solutions 

in the presence and the absence of Cu2+ were detected with the 

concentration of 10.0 μM (λex =370 nm, λem= 440 nm), 

respectively.

2.4. Cytotoxicity test and cell culture 

The MTT (5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium 

bromide) method was used to determine the toxicity of CuNI in 

HepG2 cells. HepG2 cells were passed and plated until they were 

70% confluent in 96-well plates about 24 hours before treatment. 

Before the CuNI treatment, the DMEM (Dulbecco’s Modified Eagle 

Medium) containing 10% FBS (Fetal Calf Serum) was removed, 

replaced with fresh DMEM, and an aliquot of CuNI stock solution (1 

mM DMSO) was added to obtain the final concentration (0, 5, 10, 

20 and 30 µM). The treated cells were incubated at 37°C and 5% 

CO2 for 24 hours. Subsequently, the cells were treated with 5 

mg/mL MTT (40 µL/well) and incubated for another 4 hours (37 oC, 

5% CO2). Use a microplate reader to measure the absorbance at 490 

nm. Each individual cytotoxicity experiment was repeated three 

times.

HepG2 cells were incubated with CuNI (10 μM) and Lyso Tracker 

Red (500 nM) at 37 oC for 30 minutes. Washed with PBS for three 

times, and then the cells in the culture dish were collected for 

imaging of red channel and blue channel under confocal 

microscope. After incubating HepG2 cells with CuNI (10 μM) and 

Lyso Tracker Red (500 nM) for 30 minutes, they were washed three 

times with PBS, then Cu2+ (5 equiv.) was added, and the cells were 

incubated in a petri dish for 40 minutes. Finally, the red channel and 

blue were collected fluorescence image of the channel.

3. Results and discussion

3.1. Synthesis of CuNI

The synthesis of compound CuNI is depicted in (Scheme S1). And 

the compound CuNI was easily synthesized by the condensation 

reaction between MFNI and 2-picolinyl hydrazidein ethanol solvent. 

The structures of the intermediate and the final product were 

characterized by 1H-NMR, 13C-NMR and mass spectrometey（Fig. 

S1- Fig. S9）. The spectral data is consistent with the chemical 

structure of the compounds. 
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Scheme 1. Proposed mechanism of CuNI to Cu2+

3.2. Fluorescence response of the probe CuNI to Cu2+ 

In order to study the sensing ability of the probe CuNI, the 

emission behavior was monitored in the presence of various metal 

ions, including Cu2+, Ca2+, Al3+, Cd2+, Cr3+,Co2+, Hg2+, Fe3+, Fe2+, Na+, 

K+, Mg2+, Ni2+, Ba2+, Pb2+, Zn2+, Hcy, Cys , GSH and ClO- in HOAc-

NaOAc buffer solution ( Fig. 1). However, the addition of the other 

metal ions and small biological molecules have hardly changed the 

fluorescent signal. At the same time, it was shown that CuNI 

(10uM) under UV lamp only has obvious fluorescence enhancement 

when Cu2+ (5 equiv.) was added. (Fig. 2), which is consistent with 

the measured fluorescence spectrum phenomenon.The pure CuNI 

(10 μM) in HOAc-NaOAc buffer solution (pH 5.0) emitted weak 

fluorescence at 440nm with fluorescence quantum yield of 2.66% 

upon excited at 360nm. When Cu2+ (5 equiv.) was added into CuNI 

(10 μM) solution, the fluorescence emission intensity was increased 

significantly and the fluorescence quantum yield was increased 

from 2.66% to 39.31%. It is shown that CuNI has a significant 

fluorescence "turn-on" response to Cu2+.
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Fig. 1. Fluorescence spectra of CuNI (10 mM) to various metal ions, amino acids and ROS(ClO-) (5 equiv.) at 25°C in HOAc-NaOAc buffer solution (10 mM, pH 5.0, with 1% DMSO) .

Fig. 2. Photograph of CuNI (10 mM) to various metal ions, amino acids and ROS (ClO-) (5 equiv.) under UV lamp (λex 365 nm).

The selectivity of probe is an important parameter to evaluate 

the performance of probe. Therefore, competitive experiments 

were carried out on CuNI to test the fluorescence response of Cu2+ 

in the presence of other potential metal ions, amino acids and 

active oxygen ions. The fluorescence spectra show that the 

fluorescence intensity was still enhanced when the various 

distractors was added together with Cu2+, and it was hardly 

interfered by other ions (Fig. 3). It is concluded that CuNI probe can 

be used to detect Cu2+ with high selectivity. 
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Fig. 3. The fluorescence intensity of CuNI (10 mmol) to others (Cu2+, Al3+, Ca2+, Cd2+, Co2+, Cr3+, Fe2+, Fe3+, Hg2+, K+, Mg2+, Na+, Ni2+, Pb2+, Zn2+, Ba2+ ,Cys, Hcy, GSH, ClO-) in HOAc-
NaOAc buffer solution (10 mM, pH 5.0, 1% DMSO) at 25°C (λex =370 nm). The gray bar indicates the emission of CuNI in the presence of various metal ions, amino acids, and 

ROS(ClO-) (5 equiv.). The blue bar represents the emission that occurs when various metal ions, amino acids, and ROS (ClO-) (5 equiv.) and Cu2+ (5 equiv.) are added to the solution 
at the same time

The sensing characteristics of metal ions are usually 

demonstrated by fluorescence titration. Therefore, the 

fluorescence titration of Cu2+ with probe CuNI was carried out in 

HOAc-NaOAc buffer solution (pH 5.0). As shown in (Fig. 4), with the 

increase of Cu2+ concentration, the fluorescence intensity also 

increase gradually. The data shows that the amount of Cu2+ added 

was from 0 to 1.0 equivalent, and the linear relationship between 

the fluorescence emission intensity and Cu2+ was good.The 

fluorescence detection limit (LOD) of CuNI for Cu2+ can be 

calculated from the standard curve of concentration titration 

experiment. A good linear relationship between I400nm and [Cu2+] in 

the  range 2-10 uM（R2=0.9940）(Fig. S10). The line equation was 

F440nm=1271.5111+2.6510E8 [Cu2+]. From the formula LOD =3σ/k, 

where k is the slope of the correction curve and σ is the standard 

deviation of the blank measurement 38. The LOD is as low as 19.4 

nM. This value was much lower than the detection line of other 

fluorescent probes used to detect the level of Cu2+ in the 

lysosome39. The results show that the probe CuNI can detect Cu2+ 

sensitively. 
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Fig. 4. Fluorescence spectra (λex =370 nm) of CuNI (10 mM) with increasing Cu2+ content in HOAc-NaOAc buffer solution (10 mM, pH 5.0, 1% DMSO) at 25°C. Inset: Relationship 
between fluorescence intensity (I 440 nm) and Cu2+ concentration.

In addition, the suitable pH range for Cu2+ sensing was also 

investigated, we explored the fluorescence emission intensity 

(F440nm) at different pH (pH 3.0-10.0) (Fig S11). In the absence of 

Cu2+, the fluorescence intensity of probe CuNI (10 μM ) maintains 

weak fluorescence emission intensity in the pH range from 3.00 to 

10.00. When Cu2+（5equiv.） exists in the probe CuNI solution, the 

fluorescence emission intensity changes significantly. When pH≤7, 

the fluorescence emission intensity in the presence of Cu2+ 

maintains strong emission. When pH>7, as the pH gradually 

increases, the fluorescence emission intensity gradually decreases. 

Because the lysosomal environment is pH 5, it provides suitable pH 

conditions for the probe and Cu2+. This indicates that the probe 

CuNI may trace Cu2+ in the lysosome

Subsequently, the fluorescence emission spectra of CuNI (10 μM) 

and Cu2+ (5 equiv.) over time were tested in an HOAc-NaOAc buffer 

solution at room temperature. With the increase of time, the 

fluorescence emission peak at 440 nm gradually increased and 

reached equilibrium after about 40 min (Fig. S12). This indicates 

that CuNI can react with Cu2+ completely after 40 min.

3.3. Mechanism of the probe CuNI in sensing Cu2+ 

Considering the ease of the Schiff base hydrolysis in aqueous 

medium and good affinity of the hydrazide group for Cu2+, we 

deduce that the Cu2+ firstly coordinates with the oxygen and 

nitrogen atoms of the probe CuNI, hydrolyzed to afford the 

aldehyde (compound MFNI) and then lead to the “turn-on” 

fluorescence, which is illustrated in (Scheme 1). This can be testified 

by that the fluorescence spectrum of the CuNI solution added with 

Cu2+ is very similar to those of MFNI (Fig. 5). The sensing 

mechanism can be further reasonably explained by 1H NMR 

titration (Fig. 6). The Fig. 6 shows the signal peak range of the 

benzene ring region and the aldehyde proton peak. With the 

addition of various equivalents of Cu2+ into the solution (DMSO-d6) 

of CuNI, the peak at 10.17 ppm assigned to the aldehyde (MFNI) 

proton appeared gradually. The complete titration is shown in Fig. 

S13 . At the same time, the reaction between CuNI and Cu2+ was 

confirmed by FTMS (ESI). With the presence of Cu2+, the peak of 

CuNI (m/z 548.23 [M+H]+) disappeared, while a new peak emerged 

at m/z 429.18 [M+H]+ (Fig. S14), which represented the formation 

of the aldehyde (compound MFNI). 
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Fig. 5.  Fluorescence spectra (λex =370 nm) of MFNI, CuNI and CuNI + Cu2+ (5 equiv.) in HOAc-NaOAc buffer solution (10 mM, pH 5.0, with 1% DMSO)

Fig. 6. 1H NMR spectra of (1) CuNI in DMSO-d6, (2) CuNI in DMSO-d6 + Cu2+ (0.5 equiv.) in D2O, (3) CuNI in DMSO-d6 + Cu2+ (2 equiv.) in D2O.

We investigated the influence of solvent to the fluorescence of 

probe further. The recognition of probe CuNI to Cu2+ distinctly 

showed the aggregation induced emission feature. As presented in 

(Fig. 7a), with addition of Cu2+ into the probe CuNI, extremely weak 

fluorescence signals at 438 nm were observed when probe 

dissolved in a good solvent, such as <60% water fraction. 

Nevertheless, when a large amount of HOAc-NaOAc buffer was 
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added into the DMSO solution (fw> 80%), the fluorescence intensity 

increased dramatically under identical measurement conditions and 

the blue emission became visible. As fw increased to 99%, the 

emission intensity of the system is approximately 100-fold higher 

than that in fw 10% HOAc-NaOAc buffer/DMSO solution (Fig. 7b). 

This result shows that the recognition of probe CuNI to Cu2+ 

possesses typical AIE characteristics. 

To further confirmed the AIE feature, DLS  (dynamic light 

scattering ) and SEM (scanning electron microscope) were 

performed for the probe CuNI (10 μM) with the addition of Cu2+ in 

DMSO/HOAc-ONaAc buffer (1:99, v/v). The DLS measurement 

shows the presence of nanoparticles with average sizes of ca. 115.7 

nm (Fig. 7c). SEM results show that the particle size is about 150 nm 

(Fig. 7d). As shown in Fig. S15a, TEM results show that the average 

size is about 100nm. Fig. S15b magnifies individual particles, and 

the results show that the particles are aggregates of organic 

matters. Both SEM, DLS and TEM show the conformation of the 

nanoaggregates. Combined with the mechanism of the probe CuNI 

in sensing Cu2+, we could deduce that the hydrolysis of probe CuNI 

was happened with the addition of Cu2+, and the aldehyde MFNI 

generated with the hydrolysis reaction can aggregate-induced emit 

the bright blue fluorescence in aqueous solution. 

 

Fig. 7. (a) Fluorescence spectrum of CuNI (10 μM) in DMSO/ HOAc-NaOAc buffer solution (10 mM, pH 5.0) with different water fractions added with Cu2+ (5equiv.)(λex=370nm). (b) 
The fluorescence intensity changes of CuNI (10 μM) in DMSO/ HOAc-NaOAc buffer solution (10 mM, pH 5.0) with different water fractions added with Cu2+ (5equiv.) (λex=370nm). 
(c) Particle size distributions of CuNI (10 μM) added with Cu2+ (5 equiv.) in HOAc-NaOAc buffer solution (10 mM, pH 5.0, with 1% DMSO). (d) SEM of CuNI (10 μM) added with Cu2+ 

(5 equiv.) in HOAc-NaOAc buffer solution (10 mM, pH 5.0, with 1% DMSO).

3.4 Cytotoxicity and cell imaging

To further value the practical utilization of CuNI, we tested the 

applicability of CuNI for sensing Cu2+ in living cells and the HepG2 

cells were used as the model cells. As a probe used in living cells, 

biocompatibility is usually the first property to be examined. The 

cytotoxic effect of CuNI was determined via an MTT (5-

dimethylthiazol- 2-yl-2,5- diphenyltetrazolium bromide) assay 

before it used for cell imaging. As shown in (Fig. S16), the cell 
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survival rates are above 80% when incubated with 30 μM of CuNI 

after 24 h. The results showed that the toxicity of CuNI to cells 

could be ignored when the concentration of CuNI reached 30 μM 

and incubated for a long time, which was obviously beneficial to cell 

imaging.

Moreover, we evaluated the applicability of CuNI in imaging 

lysosomal Cu2+ in living cells by a confocal fluorescence microscope. 

HepG2 cells were incubated with CuNI (10 μM) and Lyso Tracker 

Red (500 nM) at 37 oC for 30 min. As shown in (Fig. 8a), the blue 

channel fluorescence emission of HepG2 cells treated with CuNI for 

30 min is very weak and can be ignored. As shown in (Fig. 8b), a 

clear lysosomal position with strong red fluorescence was observed, 

which was attributed to Lyso Tracker Red. After incubation of 

HepG2 cells with CuNI (10 μm) and Lyso Tracker Red (500 nM) at 37 

oC for 30 min, the cells were incubated with Cu2+ (50 μM) for 40 

min. As shown in( Fig. 8e, Fig. 8f), the blue channel obtained strong 

fluorescence, which was similar to lysosomal spectrum, and the 

linear regions of interest (ROIs) (CuNI and Lyso Tracker Red co-

staining).The change of intensity distribution is synchronous, and 

the fluorescence signal of probe overlaps well with that of Lyso 

Tracker Red( Fig. 8h). In addition, Pearson's co-localization 

coefficients were used to quantify the co-localization. The 

correlation diagram describes the distribution between the 

intensity of the two channels. As shown in (Fig. 8i), it shows a good 

co-localization coefficient (R = 0.9112). It can be seen that the 

probe CuNI targets the position of the lysosome of HepG2 cells and 

can detect Cu2+ in the lysosome. 

Fig. 8. Confocal images of HepG2 cells. (a-d) CuNI (10 μM) and Lyso Tracker Red (500 nM) were incubated together at 37 oC for 30 minutes, (e-h) CuNI(10 μM) and Lyso Tracker Red 
(500 nM) were incubated together at 37 oC for 30 minutes, and then incubated with Cu2+ (50 μM) for 40 minutes, (a, e) image of blue channel, (b, f) image of red channel, (c, g) 

image of bright field, (d) overlay image of (a ,b and c). (h) overlay image of (e, f and g). (i) Linear relationship between blue channel and red channel

4. Conclusion

In short, this article describes a new type of fluorescent probe 

CuNI for the detection of lysosomal is visible to the naked eye 

under UV lamp. The investigation of the recognized mechanism is 

demonstrated that Cu2+ promoted interact with Cu2+ through 

hydrolysis of CuNI under acid condition and the hydrolysate MFNI 

has an obvious AIE effect which emit the bright blue fluorescence in 

aqueous solution. CuNI also have good biocompatibility and can 

detect Cu2+ in the lysosome of living HepG2 cells.
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The probe CuNI was synthesized based on the naphthimide fluorophore. CuNI 
emits weak blue fluorescence in aqueous solution. CuNI breaks the C=N bond 
through hydrolysis to obtain MFNI, which emits strong blue fluorescence when Cu2+ 
is present. This is mainly because MFNI has obvious AIE phenomenon. The 
detection limit of CuNI for Cu2+ is 19.40 nM. In HepG2 cells, the presence of Cu2+ 
still shows obvious fluorescence enhancement. This shows that CuNI can not only 
have good selectivity to Cu2+ in aqueous solution, but also has a good targeting 
function for Cu2+ in lysosomes.
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