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ABSTRACT: Detecting trace amount of copper ions is of high importance since copper is an essential element in the 

environment and human body. Despite the recent advances in Cu2+ detection, the current approaches still suffer from insen-

sitivity and lack of in-situ detection in living cells. In the present work, a fluorescence “turn-off” nanosensor based on 

porphyrinic metal-organic framework nanoparticles (MOF-525) is developed for sensitive and selective detection of Cu2+ in 

aqueous solutions and in living cells. The MOF-525 nanoparticles are prepared in a facile and environment-friendly hydro-

thermal route, which exhibit attractive properties including ultrasmall size, good water dispersity and intense red fluores-

cence. The fluorescence quenching of MOF-525 nanoparticles with high selectivity of Cu2+ is due to the strong binding of 

Cu2+ on porphyrin ligand through static quenching with a large Stern-Volmer quenching constant 2.56×107 M-1. This MOF-

525 nanoparticle based fluorescence sensor is used for Cu2+ detection in aqueous solution with a low limit of detection of 

220 pM and a linear response range of 1.0~250 nM. Furthermore, this MOF-525 nanoparticle based fluorescence sensor has 

been successfully used for detection of intracellular Cu2+ in living cells with good cellular uptake due to small size and low 

cytotoxicity, which demonstrated its high potential for cellular sensing applications. 

In chemical sensing and biosensing fields, Cu2+ is of great con-

cern due to its important role in environmental and biological 

areas. It is one of common pollutants in the environment and 

excessive concentrations of copper in the body might cause 

damage to the liver and kidney.1,2 Copper is one of essential 

metal elements in the human body and intracellular Cu2+ is im-

portant to some biological processes such as enzyme activi-

ties.3 Both deficiency and excess of Cu2+ in human body 

would result in some diseases (e.g. Wilson disease, Alzheimer 

disease, Parkinson disease).4 As such, it is highly desired to 

develop sensitive and selective sensing strategies for Cu2+ 

monitoring in environmental samples as well as in living cells.   

   The current detection techniques for metal ion detection in-

clude atomic absorption spectrometry,5 inductively coupled 

plasma mass spectrometry (ICP-MS),6 and inductively cou-

pled plasma atomic emission spectrometry (ICP-AES).7 How-

ever, they suffer from bulky instrumentation and complicated 

operation procedures. Various biosensing approaches have 

been developed for rapid and sensitive Cu2+ detection includ-

ing electrochemical sensors,8-10 colorimetric sensors.11,12 

However, these approaches are not suitable for intracellular 

Cu2+ detection in living cells. Fluorescence sensors have at-

tracted a lot of attention for Cu2+ detection because they are 

relatively sensitive and simple set-up.13,14 Fluorescence na-

nosensors based on various types of nanomaterials such as car-

bon dots,15 quantum dots,16 and gold nanoparticles17 have been 

developed for Cu2+ detection in living cells. New fluorescence 

biosensors with high sensitivity, good photostability and spec-

ificity are always highly desirable for Cu2+ detection in living 

cells. 

   In the past few years, widespread attentions have been paid 

to a newly emerging family of porous materials with diverse 

structures as well as intriguing chemical and physical proper-

ties, metal-organic frameworks (MOFs). It is well known that 

MOFs are extended networks with interconnections of varia-

ble inorganic metal nodes and organic ligands, while they 

would inherit properties of both inorganic and organic moie-

ties and exhibit great potential applications in the biomedical 

fields such as drug delivery,18 bioimaging,19 and sensing.20 Py-

rene-functionalized micro-sized MOF particles have been 

used for selective Cu2+ detection due to the selectively high 

affinity of Cu2+ to pyrene ligands.21-22 However, these mi-

croporous MOF particles were not suitable for in-situ intracel-

lular Cu2+ monitoring due to the difficulty for cellular uptake 

with large particle size and detection primarily in organic so-

lutions. Furthermore, compared with bulk-phase or microscale 

sized MOFs, nanoporous MOFs (NMOFs) may exhibit distin-

guishing properties such as high surface area, abundant active 

sites and rapid response. Until now, there is no report about 

nanoporous MOFs based sensors for intracellular Cu2+ detec-

tion.  

   In this paper, we developed a fluorescence “turn-off” na-

nosensor based on porphyrinic metal-organic framework na-
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noparticles (MOF-525) for sensitive detection of Cu2+ in aque-

ous solution and in living cells (Figure 1). Porphyrinic MOF 

nanoparticles (MOF-525) were synthesized with a hydrother-

mal route by using zirconium (IV) cluster and tetrakis(4-car-

boxyphenyl)porphyrin (TCPP) as metal node and organic lig-

and, respectively. Recently, low-cost and environment-

friendly water has been used as the green solvent instead of 

classical organic solvents for the preparation of several MOFs 

including MFM-300(VIII),23 Al-TCPP,24 UiO-66-NH2,25 and 

HKUST-1.26 However, to the best of our knowledge, there is 

few report on the water-based synthesis of nanostructured 

MOF-525 nanoparticles. The synthesized MOF-525 nanopar-

ticles exhibited small size, intense red fluorescence emission 

and good water dispersity. In the presence of Cu2+, the fluo-

rescence signal of MOF-525 nanoparticles is quenched by 

Cu2+ selectively bound on the porphyrin TCPP ligand to form 

a non-fluorescent Cu-TCPP complex via electron transfer. 

This MOF-525 nanoparticle based fluorescence sensor was 

used for Cu2+ detection in aqueous solution with a low limit of 

detection (LOD) of 220 pM and a linear response range of 

1.0~250 nM. Furthermore, this MOF-525 nanoparticle-based 

fluorescence sensor exhibited low cytotoxicity and was suc-

cessfully used to detect intracellular Cu2+ in live Hela cells by 

monitoring changes of red fluorescent signal in living cells. 

Figure 1. Schematic illustration of the preparation of porphy-

rinic MOF-525 nanoparticles and the “turn-off” fluorescence 

sensing mechanism for extracellular/intracellular detection of 

Cu2+. 

EXPERIMENTAL SECTION 

    Materials. Zirconium(IV) chloride (ZrCl4, 98%), 

tetrakis(4-carboxylphenyl)-porphyrin (TCPP, 97 %), and Cop-

per(II) nitrate trihydrate (Cu(NO3)2·3H2O, 99.99 %), were 

purchased from J&K Scientific Ltd. (Beijing, China). Acetic 

acid (HAc, 99.99 %), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-

nyltetrazolium bromide (MTT) and 4-(2-hydroxyethyl)-1-pi-

perazineethanesulfonic acid (HEPES) buffer solution were 

purchased from Sigma (St. Louis, Mo, USA). Other chemicals 

were of analytical grade and used as received without any fur-

ther purification.  

   Hydrothermal Preparation of MOF-525 Nanoparticles. 

MOF-525 nanoparticles were prepared according to previous 

work with some modification,27 where water was used as the 

solvent instead of dimethylformamide. Typically, ZrCl4 (0.01 

mmol) and HAc (0.175 mmol) were firstly dissolved in 14.4 

mL of deionized water, then followed by dropwise addition of 

TCPP (0.004 mmol) which was dissolved in 1.6 mL of NaOH 

solution (0.02 M). After stirring for 10 min, the resulting mix-

ture solution was transferred into a 20 mL Teflon-lined stain-

less-steel autoclave and heated in an oven at 363 K for 6 h. 

After cooling down to room temperature naturally, the as-pre-

pared sample was collected with centrifugation, washed with 

anhydrous ethanol and deionized water for several times to re-

move the possible unreacted precursors. Finally, the obtained 

product was re-dispersed in deionized water for further use. 

   Characterization. The powder XRD pattern was recorded 

with a Rigaku SmartLab diffractometer (Tokyo, Japan) using 

the Cu Kα source irradiation. TEM image was obtained with a 

JEOL Model JEM-2100F field emission electron microscopy 

(Tokyo, Japan). UV-vis absorption spectra were recorded on 

the Shimadzu UV-vis spectrophotometer (Kyoto, Japan). Flu-

orescence excitation/emission spectra and fluorescence decay 

curves were measured with an Edinburgh FLS920 photolumi-

nescence spectrometer (Edinburgh, UK). Confocal fluores-

cence images were obtained with an Olympus FV1000-IX81 

confocal laser scanning biological microscope (Tokyo, Japan) 

and a Leica TCS-SP5 confocal system (Heidelberg, Ger-

many). MTT assay was conducted with a Tecan Infinite 200 

microplate reader (TMaennedorf, Switzerland). 

   Fluorescence Sensing of Cu2+ in Aqueous Solutions. The 

fluorescence sensing of Cu2+ was carried out in HEPES buffer 

solution (20 mM, pH 7.4) in the presence of MOF-525 nano-

particles (5 mg L-1). After adding Cu2+ solution with different 

concentration into MOF-525 nanoparticle dispersion, fluores-

cence spectra in the wavelength range of 600 nm~750 nm un-

der the excitation wavelength of 414 nm were recorded. For 

selectivity experiments, metal ions (i.e. Mg2+, Zn2+, Ca2+, 

Cd2+, Fe2+, Fe3+, Co2+, Ni2+ and Cu2+) with the concentration 

of 250 nM were added into MOF-525 nanoparticle dispersion, 

and the quenching effect of different metal ion on the fluores-

cence of MOF-525 nanoparticle solution was investigated. 

   Cell Viability of MOF-525 Nanoparticles. MTT assay was 

conducted to evaluate the cytotoxicity of MOF-525 nanopar-

ticles to HeLa cells. Firstly, HeLa cells were seeded in a 96-

well plate at a density of 1.0×104 well-1 and cultured in Dul-

becco’s modified Eagle medium in the presence of 10 % fetal 

bovine serum and 1 % penicillin/streptomycin in an incubator 

(37°C, 5 % CO2) for 24 h. Then, MOF-525 nanoparticles with 

different concentration (10~60 mg L-1) was added into the 

well (100 µL well-1) and cultured for 24 h. After discarding the 

solution, 100 µL cell medium containing MTT (10 µL, 5 g L-

1) was added into each well, and further incubated for 4 h.

Then, 100 µL dimethyl sulfoxide was added into each well to

replace the cell medium, and another 10 min incubation was

performed. The control group was performed with the same

procedure in the absence of MOF-525 nanoparticles. Finally,

absorbance value at the wavelength of 490 nm in each well

was recorded and the cell viability was calculated with the fol-

lowing formula:



 

     Cell viability (%)=(𝐴𝑠 − 𝐴𝑏)/(𝐴𝑐 − 𝐴𝑏)×100 %

 (1) 

where As, Ab, Ac were absorbance values of experimental 

group, blank well and control group, respectively. 
   Intracellular Cu2+ detection. Prior to intracellular Cu2+ im-

aging, HeLa cells were cultured in petri dishes at a density of 

1.0×106 well-1  and treated with 30 mg L-1 MOF-525 nanopar-

ticles for incubation of 1 h at 37 °C (5 % CO2). After incuba-

tion, Hela cells were washed with PBS for three times. Then, 

exogenous Cu2+ solution with a final concentration of 50 nM 

was added and incubated with HeLa cells for another 1 h. The 

control cell group was treated with the same procedure in the 

absence of MOF-525 nanoparticles. After washing with PBS 

for three times, confocal fluorescence images of HeLa cells 

were taken at emission 550~800 nm range under the excitation 

wavelength of 405 nm. 

 

RESULTS AND DISCUSSIONS  

   Synthesis and Characterization of MOF-525 Nanoparti-

cles. In the present work, a facile and environment-friendly 

hydrothermal route was successfully employed for the prepa-

ration of ultrasmall fluorescent MOF-525 nanoparticles for the 

first time. The morphology and size of as-prepared sample 

were firstly characterized with TEM (Figure 2a). It could be 

observed clearly that the sample were nearly spherical crystals 

with the average size of 5 nm, as revealed in the insets of Fig-

ure 2a. The ultrasmall size of as-prepared sample could be at-

tributed to the low concentration of precursors and relatively 

mild reaction condition. It is worth pointing out that the cubic 

crystal with regular shape and sharp edge of typical MOF-525 

was not observed in the present work probably due to the ul-

trasmall size. The similar phenomena have been reported in 

the previous works.28-30 

   Powder XRD measurement was then exploited to identify 

the crystalline phase of as-prepared sample. Figure 2b dis-

played the typical XRD pattern of the sample prepared in the 

present work and simulated XRD pattern of MOF-525.27 As 

shown in Figure 2b (pattern i), the simulated XRD pattern of 

MOF-525 exhibited a prominent diffraction peak at 4.5o as 

well as other diffraction peaks at 6.4o, 7.8o, and 9.1o. A distinct 

diffraction peak centered at 4.5o along with a shoulder peak 

covering diffraction peaks at 6.4o and 7.8o could be observed 

on as-prepared sample (Figure 2b, pattern ii), which was con-

sistent with simulated XRD pattern of MOF-525 (Figure 2b, 

pattern i). The diffraction peak centered at 9.1o was unconspic-

uous on the XRD pattern of as-prepared sample, which might 

be attributed to the ultrasmall size. The similar phenomena 

have been reported in previous works.31,32 The broad diffrac-

tion peaks of the as-prepared sample were consistent with the 

ultrasmall size characteristic as depicted in Figure 2a. The 

aforementioned results demonstrated that ultrasmall MOF-525 

NCs were successfully prepared with a hydrothermal approach 

by using water as the green solvent instead of dimethylforma-

mide, which was widely employed in the previous work for 

the preparation of MOF-525.27 

   

Figure 2. (a) TEM image of as-prepared MOF-525 nanoparti-

cles, insets: A: spherical single MOF-525 nanoparticle; B: size 

distribution; (b) XRD patterns of (i) simulated MOF-525 and 

(ii) as-prepared MOF-525 nanoparticles, inset: crystal struc-

ture of MOF-525. 

 

   The optical properties of MOF-525 nanoparticles in the 

HEPES solution (20 mM, pH=7.4) were investigated, as de-

picted in Figure 3a. The UV-Vis absorption spectrum of MOF-

525 nanoparticles exhibited a Soret band at 414 nm (curve a). 

It was observed that the fluorescence excitation spectrum of 

MOF-525 nanoparticles was similar to UV-Vis absorption 

spectrum (curve b). Under excitation at 414 nm, MOF-525 na-

noparticles would display a strong emission peak at 646 nm 

and a shoulder peak centered at 704 nm, respectively (curve 

c). The inset of Figure 3a depicted the photographs of MOF-

525 nanoparticles dispersed in HEPES solution under (left) 

visible light and (right) UV light. It could be clearly observed 

that MOF-525 nanoparticles were dispersed well in the aque-

ous medium without apparent aggregation, which could be at-

tributed to the ultrasmall size of MOF-525 nanoparticles. In 

addition, the zeta-potential of MOF-525 nanoparticles was 

measured to be ~-30 mV, confirming again their good water 

dispersity (Figure S1). The characteristic red fluorescence of 

MOF-525 nanoparticles was strong enough to be observed 

easily by naked eye under the UV light excitation (inset of Fig-

ure 3a). Inspired by the intense fluorescence as well as excel-

lent water dispersity, it is anticipated that MOF-525 nanopar-

ticles would be potentially exploited as efficient fluorescence 

probe in the sensing field. For this purpose, as one of major 

concerns in fluorescence sensors, the fluorescence stability of 

(b)

(a)



 

MOF-525 nanoparticles was investigated by monitoring the 

change of fluorescence intensity at 646 nm under successive 

light excitation at 414 nm. As shown in Figure 3b, no obvious 

photobleaching behavior was observed and the fluorescence 

signal was quite stable with a relative standard deviation 

(RSD) of 0.32 %, which validated the feasibility of MOF-525 

nanoparticles as fluorescence probe for sensor construction. 

 

Figure 3. (a) UV-Vis absorption, excitation and emission 

spectra of MOF-525 nanoparticles, inset: photographs of 

MOF-525 nanoparticles under (left) visible and (right) UV 

light; (b) fluorescence stability testing of MOF-525 nanopar-

ticles. 

    Fluorescence Sensing of Cu2+ in Aqueous Solutions. Due 

to the good water dispersity, the synthesized MOF-525 nano-

particle could be used for detection of Cu2+ in aqueous solu-

tions. Fluorescence spectra of MOF-525 nanoparticle solution 

in the presence of Cu2+ with different concentrations were rec-

orded. As shown in Figure 4a, it could be clearly observed that 

the fluorescence intensity decreased progressively with the in-

crease of Cu2+ concentration. F0/F was used as an indicator to 

show the fluorescence signal change due to Cu2+ quenching, 

where F0 and F were fluorescence intensities at 646 nm in the 

absence and presence of Cu2+, respectively. The correlation 

between F0/F and Cu2+ concentration in solution was shown 

in Figure 4b. A linear correlation between F0/F and Cu2+ con-

centration from 1.0 nM to 250 nM was observed with a corre-

lation coefficient of 0.9981. The limit of detection (LOD) was 

calculated to be as low as 220 pM, which was calculated as 

control signal plus 3 times of standard derivation. Further-

more, the Stern-Volmer (SV) equation is expressed as the 

equation (1): 

 𝐹0/𝐹 = 𝐾𝑠𝑣[𝑄] + 1          (1) 

where F0, F, Ksv and [Q] represented fluorescence intensity of 

MOF-525 nanoparticle dispersion in the absence of Cu2+, flu-

orescence intensity of MOF-525 nanoparticles dispersion in 

the presence of Cu2+, Stern-Volmer quenching constant and 

molar concentration of Cu2+, respectively. According to the 

equation (1), the Stern-Volmer quenching constant (Ksv) was 

estimated to be 2.56×107 M-1, indicating the excellent quench-

ing ability of Cu2+ on the fluorescence of MOF-525 nanopar-

ticles. The aforementioned results demonstrated that this 

MOF-525 nanoparticle based nanosensor for Cu2+ detection 

high quenching constant and low LOD of 220 pM, which was 

somewhat better or comparable with other nanomaterials 

based fluorescence sensors for Cu2+ detection as shown in Ta-

ble 1.33-40 Herein, the potential application of MOF nanoparti-

cles in the sensing field was expanded and an alternative sens-

ing strategy towards Cu2+ was developed. More importantly, 

the MOF-525 nanoparticle based fluorescence sensor for de-

tection of Cu2+ could work in the totally aqueous medium, in-

dicating its promising potential in the biological research field. 

   

Figure 4. (a) Fluorescence spectra of MOF-525 NCs (5 mg L-

1) in HEPES buffer solution (20 mM, pH 7.4) under the exci-

tation at 414 nm in the presence of Cu2+ with different concen-

tration (a~k: 0~250 nM); (b) Plot of F0/F against the concen-

tration of Cu2+, where the F0 and F were the fluorescence in-

tensities at 646 nm in the absence and presence of Cu2+, re-

spectively. 

    Sensing Mechanism and Specificity of Cu2+ Detection. 

The possible quenching mechanism between MOF-525 nano-

particles and Cu2+ and the specificity of Cu2+ sensing were 

then explored. Generally, fluorescence quenching processes 

can be divided into two types: static quenching and dynamic 

quenching. Considering the large Stern-Volmer quenching 

constant (2.56×107 M-1), it was speculated that the fluores-

cence of MOF-525 nanoparticles might be statically quenched 

(a)

(b)

0 nM

250 nM

(a)

(b)



 

by Cu2+ in this work. According to the static quenching mech-

anism, the fluorescence lifetime of fluorophore would not be 

affected by quencher along with the formation of nonfluores-

cent complex between fluorophore and quencher. Firstly, 

time-resolved fluorescence lifetime experiment was per-

formed. The fluorescence decay curves of MOF in the absence 

and presence of Cu2+ were measured under 414 nm laser pulse 

excitation (Figure 5a). Fluorescence lifetime values of MOF-

525 nanoparticles in the absence and presence of Cu2+ were 

calculated to be 9.93 ns and 9.92 ns, respectively. The similar 

decay curves and fluorescence lifetime revealed that the 

quenching process was predominantly static quenching. Con-

sidering the crystal structure of MOF-525 as depicted in the 

inset of Fig. 2b, the free-base porphyrin center in MOF-525 

nanoparticles would be metalated with Cu2+ along with the 

formation of nonfluorescent complex due to the strong binding 

force between Cu2+ and pyrene group. Secondly, it was ob-

served that the UV-Vis absorption spectrum of MOF-525 na-

noparticle solution would have a blue shift after the addition 

of Cu2+ (Figure 5b). This blue shift of UV-Vis absorption 

spectrum is due to the formation of MOF-525-Cu2+ complex, 

which was also observed during the binding of Cu2+ with other 

porphyrinic ligands.41 As such, it could be concluded that the 

fluorescence of MOF-525 nanoparticles was statically 

quenched with Cu2+. 

 

Figure 5. (a) The time-resolved fluorescence decay curves and 

(b) UV-Vis absorption spectra of MOF-525 nanoparticle dis-

persion in the absence and presence of Cu2+. 

 

Figure 6. The average value of F0/F for various metal ions 

(i.e. Mg2+, Zn2+, Ca2+, Cd2+, Fe2+, Fe3+, Co2+, Ni2+ and Cu2+) at 

a concentration of 250 nM for quenching effect comparison of 

MOF-525 nanoparticles (n=5). 

   Not only sensitivity, but also selectivity was of great im-

portance for the proposed fluorescence sensor. Quenching ef-

fects of various metal ions (i.e. Mg2+, Zn2+, Ca2+, Cd2+, Fe2+, 

Fe3+, Co2+, Ni2+ and 

 

(a)

• MOF-525 NC
• MOF-525 NC-Cu (II)

(b)

 

Fluorescence probe Linear range 

(nM) 

Limit of detection 

(nM) 

Reference 

ag-C3N4 NSs 0~45 1.2 (Cheng et al. 2014) 
bP,O-g-C3N4 NDs 0~1000 2 (Rong et al. 2015) 

cBPEI-CQDs 10~1100 6 (Dong et al. 2012) 
dCdSe/ZnS QDs 0~600 0.15 (Jin and Han 2014) 

eSiO2@ZIF-8 NPs 10~500 3.8 (Song et al. 2015) 
fAu-Ag NCs 0.5~2500 0.30 (Zhang et al. 2014) 

gPEI-Ag NCs 10~7700 10 (Yuan et al. 2014) 
hCdTe QDs 10~1000 2.3 (Zhao et al. 2013) 

iMOF-525 NCs 1.0~250 0.22 This work 

ag-C3N4 NSs: graphitic carbon nitride nanosheets;
bP,O-g-C3N4 NDs: phosphorus, oxygen-doped graphitic carbon nitride nanodots;
cBPEI-CQDs: poly(ethylenimine)-functionalized carbon quantum dots;
dCdSe/ZnS QDs: CdSe/ZnS quantum dots;
eSiO2@ZIF-8 NPs: SiO2@zeolitic imidazolate framework-8 nanoparticles;
fAu-Ag NCs: gold-silver nanoclusters;
gPEI-Ag NCs: polyethyleneimine-protected silver nanoclusters;
hCdTe QDs: CdTe quantum dots;
iMOF-525 NCs: metal-organic framework-525 nanocrystals;

Table 1. Comparison of different fluorescent sensors for Cu2+ detection. 



 

Cu2+) at a concentration of 250 nM on the fluorescence inten-

sity of MOF-525 nanoparticles were explored. F0/F was used 

as an indicator to show the fluorescence signal change due to 

Cu2+ quenching, where F0 and F were fluorescence intensities 

at 646 nm in the absence and presence of Cu2+, respectively. 

The average value of F0/F (n=5) was used for comparison. As 

shown in Figure 6, there is no obvious quenching effects of 

Mg2+, Zn2+, Ca2+, Cd2+, Fe2+, Fe3+, Co2+ and Ni2+ on fluores-

cence intensity of MOF-525 nanoparticles compared with 

Cu2+, revealing that the proposed fluorescent MOF-525 na-

nosensor had excellent selectivity for Cu2+ over other kinds 

of common metal ions. The great selectivity of the proposed 

fluorescent nanosensor could be attributed to the much higher 

binding affinity of Cu2+ to nitrogen atoms in the porphyrin 

centers in MOF-525 nanoparticles compared to other metal 

ions. The selective higher binding force between Cu2+ and por-

phyrin ligands have been reported in the previous research 

work.21,22  

      

Figure 7. Confocal fluorescence images of HeLa cells in the 

presence of (a) no treatment; (b) MOF-525 nanoparticles (30 

mg L-1); (c) MOF-525 nanoparticles & 10 µM Cu2+; (d) MOF-

525 nanoparticles & 25 µM Cu2+; (e) MOF-525 nanoparticles 

& 50 µM Cu2+. Scale bar: 25 µm. 

    Intercellular Sensing of Cu2+ in Living Cells. Owing to 

unique advantages of as-prepared MOF-525 nanoparticles in-

cluding ultrasmall size, good water dispersity, good photosta-

bility and intense fluorescence, it was anticipated MOF-525 

nanoparticle based nanosensor could be an excellent candidate 

for intracellular Cu2+ detection. In order to confirm this possi-

bility, the cytotoxicity of MOF-525 nanoparticles was firstly 

investigated by MTT assays for HeLa cells incubated with var-

ious concentrations of MOF-525 nanoparticles (Figure S2). 

No obvious cytotoxicity against HeLa cells was observed after 

24 h with viability over 80 % at the concentrations below 30 

mg L-1, demonstrating the acceptable biocompatibility, low 

cytotoxicity as well as great potential in cell imaging. Then, 

the potential application of MOF-525 nanoparticles for intra-

cellular monitoring of Cu2+ was studied in living HeLa cells. 

As shown in Figure 7a, HeLa cells without incubation with 

MOF-525 nanoparticles did not shown obvious red fluores-

cence under the excitation wavelength of 405 nm. Significant 

red fluorescence could be observed in HeLa cells after incuba-

tion with MOF-525 nanoparticles with concentration of 30 mg 

L-1 (Figure 7b, 7f). These results confirmed the penetration of 

MOF-525 nanoparticles into the living cells and the potential 

of our assay in sensing intracellular Cu2+. MOF-525 labelled 

Hela cells were then incubated with different exogenous con-

centrations of Cu2+ (10 µM, 25 µM and 50 µM) for  

30 min. The quantified mean fluorescence intensity per cell for 

various Cu2+ concentrations was analyzed using Image J soft-

ware.  Fluorescent image signals of Hela cells gradually be-

came weaker with a Cu2+ concentration-dependent manner un-

til completely quenching (Figure 7c, 7d, 7e and 7f). These re-

sults demonstrated the capability of the nanosensor in Cu2+ im-

aging and detection of living cells. 

 

CONCLUSION  

In the present work, porphyrinic MOF nanoparticles (MOF-

525) based fluorescent nanobiosensor was successfully devel-

oped for Cu2+ sensing in aqueous solutions with a wide linear 

range (1.0~250 nM), low limit of detection (220 pM) and high 

quenching constant (2.56×107 M-1). Furthermore, this MOF-

525 nanoparticle based fluorescence sensor has been success-

fully used for detection of Cu2+ in living Hela cells with good 

cellular uptake due to small size, excellent photostability and 

low cytotoxicity.  The present research would offer an alterna-

tive fluorescence sensing and intracellular imaging strategy 

for Cu2+, and expend the potential application of MOFs in the 

fields of sensing and bioimaging. 
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