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Herein, a high-efficiency electrochemiluminescence (ECL) 

indicator of abundant N-(aminobutyl)-N-(ethylisoluminol) 

functionalized metal-organic framework (ABEI@Fe-MIL-101) 

was synthesized to construct biosensor for ultrasensitive assay 10 

of mucin1 on MCF-7 cancer cells with a coreactant H2O2-free 

strategy.  

Cancer presents a major challenge to healthcare in the whole 

global.1,2 To cure cancer, the necessary prerequisite is to identify 

the subtypes of cancer. Fortunately, cancer biomarkers (including 15 

proteins, carbohydrates, and mucleic acids) can be quantitatively 

detected, providing a great promise for the early diagnosis of 

cancer.3 Nevertheless, the low abundance of biomarkers at the 

early stages of cancer and the heterogeneity among patients make 

a great challenge for early cancer detection. Therefore, it is very 20 

meaningful to construct a highly sensitive biosensor with simple 

and affordable technologies to detect trace protein on cancer cells. 

Among the analytical techniques, electrochemiluminescence 

(ECL) technology,4 which is competitive with other technologies 

(electrochemical, fluorescence, colorimetric) due to its low 25 

background intensity, simple operation and high detection 

sensitivity, has been widely applied in bioanalysis.5,6 As the 

classic ECL luminescence reagents, luminol or its derivative 

based ECL sandwich-type immunoassay have been applied to 

detect protein on cancer cells in recent.7,8 In order to obtain a high 30 

ECL intensity, H2O2 was indispensable during the detecting 

process. Nevertheless, H2O2 was unstable and even harmful to 

cell or protein. Therefore, the development of new strategies to 

improve the ECL intensity of luminol or its derivative for 

biomarkers on cancer cell without the use of H2O2 is necessary, 35 

which will provide a biosafe environment for protein and cellular 

analysis.  

With the aim of improving the sensitivity of immunoassay, 

many signal amplification strategies are involved in the 

construction of ECL biosensors.9-12 Among these signal 40 

amplification strategies, immobilizing luminophore efficiently 

plays a key role in enhancing ECL intensity of biosensors since it 

directly determines the reaction quantity of luminophore, and 

then affects the luminous intensity of biosensors. In the early 

stage, Cui’s group realized the immobilization of luminol or its 45 

derivatives via using them as reducing regent to synthesize 

luminol or its derivatives functionalized metal nanoparticles 

(MNPs).13-15 However, luminol or its derivatives were only 

coexistence on the surface of MNPs through weak covalent 

interaction between MNPs and nitrogen atoms, which limited the 50 

immobilization amount of luminol or its derivatives to a certain 

extent. Recently, our group developed a novel method for N-

(aminobutyl)-N-(ethylisoluminol) (ABEI) fixation via 

intercalating Dox-ABEI complex into tetrahedron DNA 

dendrimers.16 This method increased the loading amount of ABEI 55 

effectively for ABEI could be embedded inside the tetrahedron 

DNA structure. However, considering that the tetrahedron DNA 

dendrimers may hinder the electron transfer, it is meaningful to 

develop a new and effective strategy for immobilizing luminol or 

its derivatives abundantly and efficiently. 60 

        Metal-organic frameworks (MOFs), which make up of 

metals and organic bridging ligands, have demonstrated superior 

physical and chemical properties.17-19 Particularly, the tunable 

pore sizes, open cavities, and high surface areas of MOFs make 

them become an ideal candidate for storage,20,21 catalysis,22,23 65 

biosensors24,25 and so on. In recent, luminescent functional MOFs 

have become a promising optical sensing material.26,27 Among 

the synthetic methods for luminescent functional MOFs, 

postsynthetic modification and encapsulation method were 

usually applied.28-30 While postsynthetic modification method 70 

needed complex synthesis process, and encapsulation methods 

limited the load capacity for luminophore only existed in the 

inside of MOFs. Recently, to overcome these shortcomings, our 

group directly used luminophore [Ru(dcbpy)3]
2+ as a ligand to 

synthesize MOFs with a good ECL performance for NT-proBNP 75 

detection.31 However, the loading number of [Ru(dcbpy)3]
2+ was 

still limited to a certain extent due to its large steric hindrance. 

Therefore, for the purpose of further increasing the loading 

number of luminophore, small molecule luminophore ABEI 

crosslinked 2-aminoterephhalic acid (NH2-BDC) was utilized as a 80 

ligand to prepare ABEI functionalized MOFs in this study. 

Thanks to the high load capacity of ABEI in MOFs and the merits 

of MOFs, the obtained ABEI functionalized MOFs exhibited 

superior ECL property. Thus, ABEI functionalized MOFs would 

be a promising material in bioanalysis due to its superior ECL 85 

property, non-toxic and biocompatible. 

        In this work, a simple and ultrasensitive ECL biosensor 

based on a high-efficiency ECL indicator of novel MOFs 

immobilized with abundant ABEI (ABEI@Fe-MIL-101) was 
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fabricated to detect mucin1 (MUC1) on MCF-7 cancer cells with 

a H2O2-free strategy (Scheme 1). A significantly enhanced ECL 

intensity of the biosensor could be achieved since luminophore 

ABEI crosslinked NH2-BDC was applied as the organic bridging 

ligand to synthesize Fe-MIL-101, resulting in large amounts of 5 

ABEI loaded in the skeleton structure of Fe-MIL-101. 

Furthermore, the ECL signal was further enhanced by controlling 

potential to convert dissolved oxygen into superoxide radicals 

(O2˙¯), which acted as the important intermediate in the ABEI 

ECL reaction. This method avoided the use of conventional co-10 

reagent H2O2 to simplify the detection process and provide a 

biosafe environment for protein and cell assay. Satisfactorily, the 

constructed biosensor exhibited a low detection limit of 12 cells 

for MUC1 on MCF-7 cancer cells. This indicated that ABEI@Fe-

MIL-101 with superior ECL property combined with H2O2-free 15 

detection mode may provide an effective strategy for 

ultrasensitive detection of biomarkers in the early diagnosis of 

cancer. 

 

Scheme 1 The Schematic illustration of (A) the preparation of ABEI@Fe-20 

MIL-101/Au-Ab2 signal probe, (B) the fabrication of biosensor, and (C) 

the ECL reaction mechanism. 

        Scanning electron microscope (SEM) was first utilized to 

characterize the size and morphology of the proposed ABEI@Fe-

MIL-101 nanomaterial. Figure 1A and B showed the SEM 25 

images of ABEI@Fe-MIL-101 nanomaterial at different 

dimensions. The SEM images exhibited that the ABEI@Fe-MIL-

101 nanomaterial displayed an octahedron morphology and had a 

diameter of 50 ~ 200 nm. To further demonstrate the successful 

synthesis of the proposed ABEI@Fe-MIL-101 nanomaterial, X-30 

ray diffraction (XRD) was used to characterize the structure of 

ABEI@Fe-MIL-101. Figure 1C showed the XRD pattern of the 

proposed ABEI@Fe-MIL-101 nanomaterial. It displayed that the 

typical lattice planes of Fe-MIL-101 could be observed in the 

obtained XRD pattern of ABEI@Fe-MIL-101.32 These 35 

characterization results demonstrated that the luminescent-

functionalized MOFs of ABEI@Fe-MIL-101 nanomaterial were 

synthesized successfully. 

In addition, to prove the successful preparation of the 

proposed ABEI@Fe-MIL-101/Au nanocomposite, X-ray 40 

photoelectron spectroscopy (XPS) was used to investigate the 

elemental component. Figure S1A displayed the wide scan survey 

spectra of ABEI@Fe-MIL-101/Au, the characteristic peaks of Fe 

2p, N 1s, C 1s, O 1s and Au 4f were clearly evident in the Figure. 

The existing Fe 2p, N 1s, C 1s, O 1s demonstrated the successful 45 

synthesis of ABEI@Fe-MIL-101. Furthermore, the Au 4f located 

at 83.08 eV indicated that the AuNPs effectively attached on the 

surface of ABEI@Fe-MIL-101. The amplified spectra of Fe 2p, 

N 1s, and Au 4f were revealed clearly in Figure S1B, C and D, 

respectively. 50 

 

Figure 1. (A) and (B) were the SEM images of ABEI@Fe-MIL-101 at 

different dimensions. (C) XRD pattern of the proposed ABEI@Fe-MIL-
101 nanomaterial. 

 To characterize the optical properties of the synthesized 55 

ABEI@Fe-MIL-101 nanomaterial, fluorescent (FL) spectrum, 

UV-vis absorption spectrum, and ECL spectrum were performed. 

Figure S2A, B exhibited the FL spectrum of ABEI@Fe-MIL-101 

and pure ABEI, respectively. Compared with pure ABEI, the 

maximum excited wavelength of ABEI@Fe-MIL-101 changed to 60 

348 nm from 378 nm, while the maximum emission wavelength 

of ABEI@Fe-MIL-101 was at 442 nm with a little redshift. 

Intuitively, the pure ABEI solution was colorless under ambient 

daylight (inset of Figure S2B), while the as-synthesized 

ABEI@Fe-MIL-101 solution displayed a brown color (inset in 65 

Figure S2A). However, under the 365 nm UV lamp radiation, two 

similar blue lights were both observed from the ABEI@Fe-MIL-

101 (inset in Figure S2A) and pure ABEI (inset of Figure S2B). 

The results demonstrated that the luminophore ABEI was 

successfully loaded in the structure of Fe-MIL-101. To further 70 

confirm this, the UV-vis absorption spectra of the as-synthesized 

ABEI@Fe-MIL-101 nanomaterial was explored. As depicted in 

Figure S2C, compared with pure ABEI, the characteristic 

absorption peak of ABEI could be observed in ABEI@Fe-MIL-

101 nanomaterial with a little redshift. In addition, the ECL 75 

emission spectra of ABEI@Fe-MIL-101 was also investigated by 

a series of optical filters, as shown in Figure S2D. The proposed 

ABEI@Fe-MIL-101 exhibited a distinct ECL peak at about 470 

nm (blue curve) which was almost the same to the pure ABEI 

(red curve). Overall, the results indicated that the proposed 80 

ABEI@Fe-MIL-101 nanomaterial had the optical performances 

of ABEI and thus it could be applied in ECL analysis. 

To investigate the possible ECL mechanism of ABEI under 

the potential of -1 ~ 0.7 V without H2O2, the ECL and its 

corresponding CV curves were measured. First, the ECL and CV 85 

curves of ABEI@Fe-MIL-101 nanomaterial under 0 ~ 0.7 V were 

tested. As displayed in Figure 2A, a low ECL emission was 

obtained from the ABEI@Fe-MIL-101 nanomaterial under the 

potential of 0 ~ 0.7 V (curve a1). In addition, a small oxidation 

peak was observed in its corresponding CV curve (curve b1) 90 

which was attributed to the oxidation of ABEI. However, under 

the potential of -1 ~ 0.7 V (Figure 2B), a strong ECL signal 

(curve a2) was observed from ABEI@Fe-MIL-101, which was 

about 20 times higher than that obtained from the potential of 0 ~ 

0.7 V. The reason may be that dissolved O2 was first reduced to 95 

OOH¯ at around -0.58 V (curve b2) through the reduction 

reaction of dissolved O2 + H2O + 2e¯ → OOH¯ + OH¯.33  Then 
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the obtained OOH¯ further became to O2˙¯ through the reaction of 

OOH¯ - e¯ → HO2˙ → O2˙¯ under the positive potential. Thus, a 

significantly enhanced ECL signal could be obtained (Figure 2, 

curve a2) for the reason that the generated O2˙¯ could react with 

oxidized ABEI to generate more excited state of ABEI. 5 

 

 

Figure 2. ECL and its corresponding CV curves of ABEI@Fe-MIL-101 
under different scan potentials: (A) 0 ~ 0.7 V, (B) -1 ~ 0.7 V. 

        In order to obtain a high-efficiency luminous substance, three 10 

kinds of ABEI@Fe-MIL-101 nanomaterials were prepared via 

different synthetic approaches and then their ECL properties were 

investigated. As shown in Figure S3, the ABEI@Fe-MIL-101 

obtained from directly doping ABEI in Fe-MIL-101 during the 

formation of Fe-MIL-101 exhibited a low ECL intensity about 15 

766 a.u. (curve a). In addition, the ABEI@Fe-MIL-101 obtained 

from postsynthetic modification ABEI on Fe-MIL-101 through 

covalent cross-linking showed a slightly enhanced ECL intensity 

of about 1004 a.u. (curve b). Compared with these two 

ABEI@Fe-MIL-101 nanomaterials, the proposed ABEI@Fe-20 

MIL-101 with use of ABEI crosslinked NH2-BDC as organic 

bridging ligand in the formation of Fe-MIL-101 displayed a much 

higher ECL intensity about 6509 a.u. (curve c). The result 

indicated that using ABEI crosslinked NH2-BDC as the organic 

bridging ligand to synthesize Fe-MIL-101 could lead to large 25 

amounts of ABEI loaded in the skeleton structure of Fe-MIL-101, 

providing a highly efficient method for ABEI immobilization. 

        To evaluate the quantitative range and sensitivity of the 

proposed ECL biosensor for MUC1, the biosensor was 

characterized by quantifying different concentrations of standard 30 

target MUC1 with ABEI@Fe-MIL-101/AuNPs-Ab2 as signal 

probe. Figure 3A displayed the ECL profiles of various 

concentrations of MUC1 in the range of 1 fg mL-1 to 1 ng mL-1. It 

obviously found that the ECL intensity of biosensor was 

proportional to the logarithm of MUC1 concentration (Figure 3B) 35 

with a linear regression equation of IECL = 1677.1 lg c + 11457 

and a regression coefficient of 0.9977. Furthermore, the limit of 

detection was estimated to be 0.26 fg mL-1 according to 3SB/m 

(SB stands for standard deviation of bland, m stands for the slope 

of the obtained linear regression equation), which was more 40 

sensitive than most of the previously reported biosensors (Table 

S1). 

     To further evaluate the applicability of the proposed ECL 

biosensor, the biosensor was challenged to determinate MUC1 on 

MCF-7 cancer cells. As shown in Figure 3C, ECL intensities of 45 

different MCF-7 cancer cell numbers (20, 50, 100, 150, 200, and 

250) were recorded in 2 mL PBS without H2O2. An obvious ECL 

intensity was observed from 20 MCF-7 cancer cells. In addition, 

a linear relationship between the ECL intensity and the number of 

MCF-7 cancer cells was obtained in this range, as depicted in 50 

Figure 3D. The regression equation was IECL = 36.8 N + 961.88 

(N stands for the number of cancer cells) with a regression 

coefficient of 0.9971. The detection limit was down to 12 cells 

according to 3SB/m. Compared with other previous biosensors 

(Table S1), the proposed ECL biosensor based on the novel high-55 

efficiency ECL indicator of ABEI@Fe-MIL-101 nanomaterials 

achieved a lower detection limit for MCF-7 cancer cells. 

 

Figure 3. (A) The ECL curves obtained from different concentrations of 

MUC1 antigen. (B) The correlation of ECL intensity and the logarithm of 60 

MUC1 concentration. (C) The ECL curves obtained from different 
numbers of MCF-7 cancer cells. (D) The corresponding relationship 

between the ECL intensity and the number of MCF-7 cancer cells. 

         

 65 

Figure 4. (A) Stability of the proposed ECL biosensor under continuous 
scanning for 11 cycles under 1 pg mL-1 MUC1 target. (B) Selectivity of 

the developed biosensor for MUC1 determination over other interference 

antigens. 

        As the important performances of a biosensor, the stability, 70 

selectivity, and reproducibility of the constructed ECL biosensor 

were investigated meticulously. Figure 4A depicted the ECL 

intensity upon continuous scanning for 11 cycles with 1 pg mL-1 

MUC1 target. A relatively stable ECL intensity was obtained 

with a relative standard deviations (RSD) of 3.05%, indicating a 75 

satisfactory stability of the proposed biosensor. Figure 4B 

showed the ECL intensity toward to different targets, such as 

CEA, AFP, MUC1 and their mixture solution. As expected, a 

negligible ECL intensity was observed from interference antigen 

CEA or AFP incubated biosensor even they have a higher 80 

concentration (1ng mL-1). While the target MUC1 (1pg mL-1) and 

mixture solution containing MUC1 (1pg mL-1) exhibited a 

significant ECL intensity even its concentration was 100-fold 

lower than interference antigen CEA or AFP. This result implied 

that the constructed ECL biosensor had the ability to discriminate 85 

the target from complex interference substances, indicating a 
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superior selectivity of this biosensor. In addition, a RSD for the 

reproducibility of this ECL biosensor was assessed to be less than 

5% corresponding to five duplicate measurements for 1 pg mL-1 

MUC1, suggesting an acceptable reproducibility of this 

developed immunosensor. 5 

In conclusion, a simple and ultrasensitive ECL biosensor 

based on a high-efficiency ECL indicator of ABEI@Fe-MIL-101 

nanomaterial was fabricated to detect mucin1 (MUC1) on MCF-7 

cancer cells with a H2O2-free strategy. In order to enhance the 

sensitivity of ECL biosensor, the ABEI@Fe-MIL-101 10 

nanomaterial was synthesized by using ABEI crosslinked NH2-

BDC as organic bridging ligand, resulting in abundant ABEI 

immobilized in the proposed ABEI@Fe-MIL-101 nanomaterial 

with high ECL luminous efficiency. In addition, the ECL 

intensity of the proposed ABEI@Fe-MIL-101 nanomaterial could 15 

be further enhanced due to the merits of the tunable pore sizes, 

open cavities, and high surface areas of MOFs. Furthermore, a 

H2O2-free strategy was achieved under the potential scan from -

1.0 to 0.7 V, which not only simplified the detection process, but 

also expanded the ECL application in various fields, especially 20 

providing a more biosafe environment for cell detection. Thanks 

to the high-efficiency ABEI@Fe-MIL-101 ECL indicator and 

H2O2-free strategy, the proposed method may provide a simple, 

biosafe and sensitive detection for biomarkers on cancer cells in 

clinical diagnosis. 25 
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