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A B S T R A C T   

The demand of simple, sensitive, selective and reliable assay for aflatoxin B1 (AFB1) detection is ubiquitous in 
food safety, due to its high toxic. Herein, a novel fluorescent aptasensor using metal-organic frameworks (UiO- 
66-NH2) and TAMRA label aptamer as sensing platform for AFB1 detection was developed. The TAMRA aptamer 
adsorbed on the surface of UiO-66-NH2 via van der Waals force and its fluorescence was quenched for the charge 
transfer from fluorescence dye TAMRA to metal ions of UiO-66-NH2. After introducing AFB1 to the system, the 
TAMRA aptamer binded to AFB1 and formed TAMRA aptamer/AFB1complex, making its conformation change 
and resulting in fluorescence recovery. Thus, the quantity of AFB1 could be analyzed according to the fluores
cence signal change. Under optimize experimental conditions, the assay exhibited high sensitivity toward AFB1 
in range of 0–180 ng mL� 1 with low limit of detection of 0.35 ng mL� 1 and good specificity against other toxins. 
Moreover, the aptamer/metal-organic frameworks sensing platform could be utilized to determine AFB1 content 
in food samples such as corn, rice and milk. It provided a reasonable method for other mycotoxin detection by 
changing the sequence of aptamer.   

1. Introduction 

Aflatoxins (Aspergillus flavus toxins) are secondary metabolites 
produced by Aspergillus flavus and Aspergillus parasiticus, which exist 
in various kinds of agricultural products including corn, peanuts and 
grains [1]. Among these aflatoxins, aflatoxins B1 (AFB1) is considered as 
the most toxic one for it could enter into human beings or other animals 
through food chain and lead to liver cirrhosis or necrosis [2–4]. Thus, 
developing sensitive and selective analytical assays for AFB1 detection is 
vitally important. In the last years, a great deal of studies have been 
performed on sensitive and quantitative determination of AFB1 in foods 
and agricultural products. Conventional AFB1 detection methods 
included liquid chromatography (HPLC), thin-layer chromatography 
(TLC), gas chromatography (GC) and mass spectrometry (MS) [5,6], in 
which the assays need skilled operators, time-consuming sample pre
treatments as well as expensive instrumentation [7,8]. Due to these 
disadvantages, several other immunoassays based on the specific 

combination of antigen and antibody had been developed to monitor the 
AFB1 content [9,10]. While, these assays need difficult preparation and 
high cost of antibodies, which limited their widespread application. 

Aptamers are a type of DNA or RNA sequence that are selected via in 
vitro selection process by exponential enrichment (SELEX). They could 
specifically bind to the corresponding target with high affinity and 
selectivity, have captured tremendous attention [11]. Compared with 
antibodies, they own a variety of advantages including flexible synthesis 
and labelling, easy storage, high stability and good binding affinity. 
Different types of aptamer based biosensors such as surface plasmon 
resonance, quartz crystal microbalance (QCM), silicon-based light 
addressable potentiometric sensor and bead array counter biosensor had 
been constructed to analyze various targets such as metal ions, small 
molecules, proteins, cells and microorganisms [12,13]. These aptamer 
bisosensors exhibited high sensitive for targets detection in buffer, while 
unspecific binding in complex samples. With the increasing awareness of 
the risk arising from food contamination, aptamers were employed to 
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detect targets in food samples including brucella melitensis, staphylo
coccus aureus and toxins [14]. Thus, it was an urgent thing to explore a 
new type of aptamer based biosensor for target detection in food samples 
with high sensitive and specific. 

There were reports had been established to detect AFB1 by using 
AFB1 aptamer such as fluorescent [15–18], colorimetric [19–22], elec
trochemical [23–27] and surface-enhanced raman scattering aptamer 
sensors [28]. Among them, the fluorescent aptamer sensors possess the 
advantages of ease of operation, high sensitivity and in situ imaging 
properties [29,30]. In addition, they were extensively used for AFB1 
detection. Nevertheless, most of them need the aptamers labeled with 
fluorophores and quenchers. The detection of AFB1 was realized by 
tuning the distance of fluorophore and quencher. Although these fluo
rescent aptamer sensors had been utilized to monitor AFB1 in a wide 
range, fluorophore-quencher pair still required careful selection to 
ensure optimum efficiency. Thus increasing the difficult of aptamers 
synthesis, which was the major shortcoming. 

To circumvent such drawbacks, nanomaterials had been employed to 
fluorescent aptamer sensors for AFB1 detection including graphene 
oxide [31], transition metal dichalcogenides [32], humic acid [33] and 
Au nanoparticles [34]. They were capable of quenching the fluorescence 
of various fluorophore and acted as quenchers to improve the 
signal-to-noise ratio. While, these nanomaterials were subjected to 
expensive, sophisticate, time-consuming as well as strict prepare prog
ress. Additionally, the uneven size of the above nanomaterials resulted 
in interactions between nanomaterials and aptamers were easy effected 
by reaction condition [35,36]. Recently, metal-organic frameworks 
(MOFs) which were constructed by self-assembling of metal ions and 
organic ligands had been introduced to biosensors owing to its flexible 
porosity, high surface area, tunable pore sizes, high thermal and 
chemical stability [37–39]. Furthermore, they could be intrinsically 
biodegradable after completing an intended task. To the best of our 
knowledge, there were few reports on using MOFs as sensing platform 
for analyzing mycotoxin in food samples. 

Inspired by these findings, we established an AFB1-aptamer/MOFs 
sensing paltform to monitor AFB1 in food samples, such as corn, rice 
and milk. AFB1 aptamer labeled with the fluorescence dye TAMRA. UiO- 
66-NH2 was selected as the MOFs nanomaterial. The TAMRA aptamer 
adsorbed on the surface of UiO-66-NH2 via van der Waals force and its 
fluorescence was quenched for the charge transfer from fluorescence dye 
TAMRA to metal ions of UiO-66-NH2 [40,41]. In the presence of target 
AFB1, TAMRA aptamer changed into internal loop structures and de
tached from UiO-66-NH2 surface for the decrease adsorption affinity, 
leading to fluorescence recovery. The assay exhibited a good linear 
relationship in range from 0 to 0.5 ng mL� 1 and 1.5–3.0 ng mL� 1, the 
low detection limit was 0.35 ng mL� 1. More importantly, the designed 
sensing platform was capable of detecting AFB1 in real food samples 
including corn, rice and milk. The result illustrated that the proposed 
fluorescent aptasensor provides a reliable tool for mycotoxins determi
nation in food samples. 

2. Materials and methods 

2.1. Materials 

Aflatoxin B1 (AFB1), Zearalenone (ZEN) and Ochratoxin A (OTA) 
were purchased from Sigma-Aldrich (USA). UiO-66-NH2 was obtained 
from Aladdin Reagent Co., Ltd (Shanghai, China). Other chemical re
agents were at analytical grade and purchased from Sinopharm Chem
ical Reagent Co., Ltd. (Shanghai, China). The samples of corn, milk and 
rice were bought from local supermarket (Zhanjiang, China). The 
aptamers were synthesized by Shanghai Sangon Biotechnology Co., Ltd 
(Shanghai, China) and purified with HPLC. The sequence of the 
aptamers was listed as follows: 

TAMRA aptamer (from 50 to 3’): TARMA-GTT GGG CAC GTG TTG 
TCT CTC TGT GTC TCG TGC CCT TCG CTA GGC CCA CA. 

2.2. Apparatus 

The fluorescence emission spectra was recorded by Cary Eclipse F- 
4500 (Agilent Technologies, USA). The HPLC data was measured using 
an Agilent 1260. The UV–vis absorption spectra was recorded by UV- 
3600 (Shimadzu, Japan). The nanoparticle size was tested by 90 Plus 
Zeta (Brookhaven Instruments Corporation, USA). 

2.3. Optimization of MOF concentration 

3.8 mg UiO-66-NH2 samples were dispersed in 400 mL H2O by 
sonication to form 9.5 μg mL� 1 suspension. Then different concentra
tions of UiO-66-NH2 from 6.79 � 10� 3 to 339.00 � 10� 3 μg mL� 1 and 
TAMRA aptamer (37.5 nmol L� 1) were added to Tris-HCl buffer (10 mM 
Tris, 120 mM NaCl, 5 mM KCl, pH 7.21) giving the final reaction volume 
of 70 μL. After incubating 30 min with 300 rpm shake at 30 �C, their 
fluorescence intensity were tested. The samples were excited at 560 nm 
while the emission spectra were collected at wavelength ranging from 
570 to 700 nm at room temperature. Each experiment was performed 
three times. 

2.4. Sensitivity of the sensing platform 

The TAMRA aptamer (37.5 nmol L� 1), UiO-66-NH2 (0.2 μg mL� 1) 
suspension and different concentrations of AFB1 from 0.005 to 180 ng 
mL� 1 were mixed in Tris-HCl buffer (10 mM Tris, 120 mM NaCl, 5 mM 
KCl, pH 7.21). After samples incubated for 55 min at 37 �C, their fluo
rescence intensity were tested. The samples were excited at 560 nm 
while the emission spectra collects at wavelength ranging from 570 to 
700 nm at room temperature. Each experiment was performed three 
times. 

2.5. Specificity of the sensing platform 

The specificity of the assay to AFB1 was studied using the myco
toxins, ochratoxin A (OTA) and zearalenone (ZEN) as comparison. The 
TAMRA aptamer (37.5 nmol L� 1), UiO-66-NH2 (0.2 μg mL� 1) suspension 
and AFB1 or mycotoxins (OTA or ZEN) were added to Tris-HCl buffer 
(10 mM Tris, 120 mM NaCl, 5 mM KCl, pH 7.21). The final concentration 
of OTA or ZEN was 210 ng mL� 1. The final concentration of AFB1 was 
70 ng mL� 1. After incubating for 55 min at 37 �C. Their fluorescence 
intensity were measured. 

2.6. Quantitative measurement of AFB1 in food samples 

The pretreatment of milk, corn and rice samples was according to our 
previous report [42]. Briefly, the samples were shaken in 4 mL 
methanol-water (70:30, v/v) solution for 1 h at 30 �C, and then the 
extracts were centrifuged at 12,000 rpm for 10 min. Then, the extracts 
filter through a disposable syringe filter until the solution was clear. 
Last, the filtrate was diluted in 3 mL Tris-HCl buffer. Two different 
concentrations of AFB1 were spiked into the extracts to obtain standard 
samples, then detected by HPLC and our assay in this work. 

3. Results and discussion 

3.1. The principle of the designed aptasensor 

Here, we developed an AFB1-aptamer/MOFs platform for AFB1 
detection composed of AFB1 aptamer labeled with fluorophores 
(TAMRA) and conjugated with MOFs (UiO-66-NH2). The TAMRA 
aptamer adsorbed on the surface of UiO-66-NH2 via the van der Waals 
force, which decrease the fluorescence intensity of the dyes TAMRA for 
the charge transfer from fluorescence dye TAMRA to metal ions of UiO- 
66-NH2 [43,44]. In the presence of target AFB1, it incubated with 
TAMRA aptamer, making the TAMRA aptamer change into internal loop 
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structures and detaching from the surface of UiO-66-NH2. Thus, the 
flluorescence emission was recovered for it obstructs the energy transfer 
between the fluorescence dye TAMRA and UiO-66-NH2 (Scheme 1). And 
the quantity of AFB1 could be analyzed by monitoring TAMRA aptamer 
fluorescence intensity change. 

3.2. Optimization of MOF concentration 

Since UiO-66-NH2 acted as a quencher in the sensing platform, it was 
therefore vital to determine the optimum amount of UiO-66-NH2 to be 
adopted in the assay. As shown in Fig. S1, the fluorescence highly 
enhanced with increasing the concentration of TAMRA aptamer. To 
obtain a desirable fluorescence response, 37.5 nmol L� 1 of TAMRA 
aptamer was choose for the subsequent experiments. Too much UiO-66- 
NH2 in the system might lead to low fluorescence recovery. To this aim, 
the fluorescence intensities of TAMRA aptamer toward various con
centrations of UiO-66-NH2 were tested. As illustrated in Fig. 1, the 
fluorescence intensity of TAMRA aptamer decreased along with UiO-66- 
NH2 concentration ranging from 0 to 0.35 μg mL� 1. The maximum 
fluorescence quenching was obtained when TAMAR aptamer reached 
0.2 μg mL� 1. The fluorescence signal of TAMAR aptamer decreased up to 
90%. Consequently, a concentration of 0.2 μg mL� 1 for UiO-66-NH2 was 
selected for the subsequent set of experiment. 

The binding capacity of TAMRA aptamer on the surface of UiO-66- 
NH2 was calculated as the following equation [37]: 

Q¼
V � ðC0 � CxÞ

m
(1)  

where Q was the adsorption capacity of the TAMRA aptamer, C0 was the 
concentration of TAMRA aptamer before adsorption, Cx was the con
centration of TAMRA aptamer after adsorption, V was the volume of 
TAMRA aptamer and m was the mass of UiO-66-NH2. The adsorption 
capacity of TAMRA aptamer increased with increasing the concentration 
of UiO-66-NH2. When the concentration was up to 0.2 μg mL� 1, the 
adsorption capacity began to decrease (Fig. S2). It indicated that the 
maximum adsorption of TAMRA aptamer on UiO-66-NH2 was 175.34 
nmol mg� 1. 

3.3. Optimization of experimental conditions 

To confirm the sensing platform could be used to detect AFB1, a 
control experiment with and without AFB1 were conducted. As depicted 
in Fig. 2A, the fluorescence intensity decreased rapidly when UiO-66- 
NH2 was added to TAMRA aptamer solution of 37.5 nM (curve a). After 
incubating with target AFB1, a strong fluorescence emission was 
recovered which could be attributed to the formation of AFB1/TAMRA 
aptamer complex. While in the absence of AFB1, the TAMRA aptamer 

adsorbed on the surface of UiO-66-NH2 and a weak fluorescence emis
sion was measured (curve d). The results illustrated that the fluorescent 
aptamer sensor work as described previously (section 3.1). Thus, the 
fluorescence emission was recovered for it obstructed the energy 
transfer between the fluorescence dye TAMRA and UiO-66-NH2. It worth 
mentioned that the fluorescence of TAMRA aptamer almost not influ
enced by AFB1 without UiO-66-NH2 (curve b). The results indicated that 
the quantity of AFB1 could be analyzed by monitoring the fluorescence 
signal change. 

For better quantification of target, several factors such as the ionic 
strength and pH of reaction buffer were optimized in the sensing plat
form. As shown in Fig. S3, introducing 70 ng mL� 1 AFB1 to the solution 
of TAMRA aptamer and UiO-66-NH2, the fluorescence intensity 
increased with increasing the concentration of NaCl. While, the con
centration of NaCl higher then 120 mM, the fluorescence intensity 
decreased. The results could be attributed to the high concentration of 
Naþ could form weak complexes with aptamer and influenced the 
conformation of TAMRA aptamer or the target would aggregate which 
caused lower affinity to TAMRA aptamer [45]. Thus, 120 mM NaCl was 
choosed in the following experiment. When the pH of Tris-HCl was 
higher or lower than 7.21, the fluorescence signal recover decreased 
(Fig. S4). It demonstrated that Tris-HCl (pH 7.21) was a suitable buffer 
for AFB1 detection in the work. The incubation temperature was also 
investigated at different temperature ranging from 4 to 37 �C. According 
to Fig. S5, the fluorescence intensity recover was the highest at 37 �C. In 
addition, 37 �C was chosen as the incubation temperature. Fig. 2B dis
played the fluorescence intensity changes in the presence of AFB1 under 
different incubation time. The fluorescence intensity enhanced signifi
cantly with incubation time consuming and tended to stabilize at 55 
min. Thus, 55 min was regarded as the incubation time for AFB1 
detection in the sensing platform. 

3.4. Quantitative detection of AFB1 

Under the optimized conditions, we evaluated the sensitivity of the 
assay for AFB1 detection. Fig. 3A described the typical fluorescence 
emission spectra of TAMRA aptamer in Tris-HCl buffer, containing 
different concentrations of target AFB1 upon addition of UiO-66-NH2. 
The fluorescence intensity gradually enhanced with increasing concen
trations of AFB1 from 0 to 180 ng mL� 1 (Fig. 3B). The results clearly 
demonstrated that when more AFB1 was added, more TAMRA aptamer 
changed into internal loop structures and detached from the surface of 
UiO-66-NH2, resulting in a higher fluorescence enhancement. 

Fig. S6 displayed that the fluorescence intensity was proportional to 
AFB1 concentration from 0 to 0.5 ng mL� 1 with the square of the cor
relation coefficient R2 of 0.995. The linear relationship can be described 
as F ¼ 25:1444Cþ 14:87575. Fig. S7 exhibited that the fluorescence 
intensity was proportional to AFB1 concentration from 1.5 to 3.0 ng 
mL� 1 with the square of the correlation coefficient R2 of 0.992. The 
linear relationship can be described as F ¼ 5:96864Cþ 21:5816, where 
F was the fluorescence intensity and C was the concentration of AFB1 
(ng.mL� 1). The limit of detection was calculated as the junction of the 
two linear range which was 0.35 ng mL� 1. It was superior or comparable 
with the previous reports for AFB1 detection (Table 1). Thus, the pro
posed assay was a simple and straightforward strategy for sensitive 
detection of AFB1. 

3.5. Selectivity detection of AFB1 

To confirm the selectivity of the sensing platform for AFB1 detection, 
210 ng mL� 1 of other mycotoxins such as ochratoxin A (OTA) and 
zearalenone (ZEN) were tested under the same experiment conditions as 
70 ng mL� 1 AFB1. The two mycotoxins own similar molecule structure 
to AFB1. As displayed in Fig. 4A, the AFB1 could be well distinguished 
from ZEN as well as OTA. The fluorescence intensity toward AFB1 
demonstrated 5.35-fold and 5.11-fold higher than ZEN and OTA, 

Scheme 1. Schematic illustration of the fluorescent aptasensor for AFB1 
detection base on UiO-66-NH2. 
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respectively, due to the specific interaction between TAMRA aptamer 
and AFB1. Moreover, the mixture of AFB1 and OTA or AFB1 and ZEN 
was added to the solution of TAMRA aptamer and UiO-66-NH2 in Tris- 
HCl buffer, the fluorescence intensity was almost unchanged 
compared to only AFB1 (Fig. 4B). These results confirmed that the assay 
was high specificity for AFB1 detection over other mycotoxins. 

3.6. Detection of AFB1 in food samples 

To verify the practical applicability and reliability of the sensing 
platform for AFB1 detection, the recovery experiments were investi
gated in milk, rice and corn using the standard addition method. The 
food samples were bought from supermarket, which were pretreated as 
our previous report [42]. The fluorescence intensity enhanced signifi
cantly with increasing the concentrations of AFB1 in these food samples 
using the proposed assay (Figs. S8–10). The performance of the sensing 

platform was verified by commercial HPLC. As shown in Table 2, the 
recoveries in the three kind of food samples were in range of 90.42%– 
104.14% with the relative standard deviation (RSD) in range of 2.50%– 
5.60%. These experimental results indicated that the proposed assay 
holds a great promise for the detection of AFB1 in food samples with 
favorable reliability. 

3.7. Mechanism for AFB1 detection 

To investigate mechanism of the sensing platform for AFB1 detec
tion, we calculated the quenching constant of TAMRA aptamer and the 
binding constant of AFB1. The quenching constant was evaluated by 
Stern-Volmer equation [46]: 

F0

F
¼ 1þ KSV ½Q� (2) 

Fig. 1. (A) Fluorescence emission spectra and (B) fluorescence intensity of TAMRA aptamer in the presence of different concentration of UiO-66-NH2 (from a to q): 0, 
6.79 � 10� 3, 8.14 � 10� 3, 10.86 � 10� 3, 13.60 � 10� 3, 20.36 � 10� 3, 27.00 � 10� 3, 33.9 � 10� 3, 40.71 � 10� 3, 47.50 � 10� 3, 81.40 � 10� 3, 108.60 � 10� 3, 
136.00 � 10� 3, 176.00 � 10� 3, 203.60 � 10� 3, 270.00 � 10� 3, 339.00 � 10� 3 μg mL� 1. The concentrations of TAMRA aptamer was 35.7 nmol L� 1. Each data point 
was the mean of three measurements with error bars; λex/λem ¼ 560/580 nm. 

Fig. 2. (A) The fluorescence emission of TAMRA aptamer and TAMRA aptamer/UiO-66-NH2 complex with and without AFB1. (B) The fluorescence intensity of 
TAMRA aptamer/UiO-66-NH2 complex in the presence of AFB1 under different incubation time. The concentrations were TAMRA aptamer ¼ 35.7 nmol L� 1, UiO-66- 
NH2 ¼ 0.2 μg mL� 1 and AFB1 ¼ 180 ng mL� 1. Each data point was the mean of three measurements with error bars; λex/λem ¼ 560/580 nm. 
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where F0 and F was the fluorescence intensity of TAMRA aptamer in the 
absence and presence of UiO-66-NH2. [Q] was the concentration of UiO- 
66-NH2. Ksv was the Stern-Volmer dynamic quenching constant. 

Equation (2) was applied to determine the value of Ksv by linear 
regression of a plot of F0/F against [Q]. As shown in Fig. 5A, the value of 
Ksv decreased with increasing the reaction temperature (Table S1). It 
illustrated that the quenching mechanism of TAMRA aptamer in pres
ence of UiO-66-NH2 was static quenching. Thus the binding constant for 
AFB1 using the sensing platform could be determined using the 
following equation [47]: 

log
F0 � F

F
¼ log Ka þ nlog½Q� (3)  

where Ka was the binding constant. From equation (3), the values Ka at 
310 K were observed. Fig. 5B displayed the linear regression of a plot of 

Fig. 3. (A) Fluorescence emission spectra of TAMRA aptamer/UiO-66-NH2 complex in the presence of different concentration (from a to n) of AFB1: 0, 0.005, 0.5, 
1.5, 2.5, 3, 10, 20, 30, 40, 50, 70, 100, 180 ng mL� 1. (B) Linear relationship between the fluorescence intensity and AFB1 concentration range (0–180 ng mL� 1). The 
concentrations were TAMRA aptamer ¼ 35.7 nmol L� 1, UiO-66-NH2 ¼ 0.2 μg mL� 1. Each data point was the mean of three measurements with error bars; λex/λem ¼
560/580 nm. 

Table 1 
Comparison fluorescence aptasensor for AFB1 detection.  

Analytical Methods Limit of Detection 
(ng/mL) 

Time 
(h) 

Recognition 
Probe 

Ref 

FRET-based 0.91 <1 Four labeled [48] 
FRET-based 1.60 <1 Dual labeled [49] 
QD-aptamer/AuNPs 1.00 <1 Dual labeled [50] 
Rh6G/aptamer/ 

MSN-NH2 

0.13 5 Label-free [51] 

AIE/aptamer/GO 0.25 1.5 Label-free [42] 
DNaseI-based 0.50 <1 Single-labeled [52] 
TAMRA aptamer/ 

UiO-66-NH2 

0.35 <1 Single-labeled This 
work  

Fig. 4. The fluorescence emission spectra (A) and selectivity (B) of the sensing platform in the presence of different mycotoxins. F and F0 represented the fluorescence 
intensity of TAMRA aptamer/UiO-66-NH2 complex with and without mycotoxins. Concentrations were TAMRA aptamer ¼ 35.7 nmol L� 1, UiO-66-NH2 ¼ 0.2 μg 
mL� 1, AFB1 ¼ 70 ng mL� 1, OTA ¼ 210 ng mL� 1, ZEN ¼ 210 ng mL� 1. Each data point was the mean of three measurements with error bars; λex/λem ¼ 560/580 nm. 
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log F0 � F
F against log½Q�. The values Ka were obtained to be 23.882 and 

5.389 in the absence and presence of AFB1 (Table S2). The results 
demonstrated that the adsorption affinity of TAMRA aptamer and UiO- 
66-NH2 decreased after introducing AFB1 to the sensing platform. 
Therefore, the fluorescence intensity of TAMRA aptamer recovered. 

To confirm the different affinities of TAMRA aptamer and UiO-66- 
NH2 in the absence and presence of AFB1, agrose gel electrophoresis was 
carried out (Fig. S9). Under UV excitation, TAMRA aptamer displayed 
one light band (lane 2). While, no band was observed after TAMRA 
aptamer incubated with UiO-66-NH2 (lane 3), suggesting that TAMRA 
aptamer was adsorbed on the surface of UiO-66-NH2, the TAMRA 
aptamer/UiO-66-NH2 complex possessed larger molecular weight and 
moved slower. In the presence of AFB1, the TAMRA aptamer binded to 
AFB1 and detached from the UiO-66-NH2 surface. Thus, there was a 
light band (lane 5). 

To further illustrate the mechanism for AFB1 detection in the sensing 
platform, UV–vis spectrum was perfomed. As shown in Fig. 6A, there 
was a DNA characteristic absorption at 260 nm in the TAMRA aptamer 
adsorption spectrum (curve a). Adding UiO-66-NH2 to the solution of 
TAMRA aptamer, the DNA characteristic absorption at 260 nm 
decreased (curve c), suggesting that TAMRA aptamer was adsorbed on 
the surface of UiO-66-NH2. While, introducing AFB1 to the solution of 
TAMRA aptamer and UiO-66-NH2, the DNA characteristic absorption 

significantly enhanced (curve b), indicating that TAMRA aptamer bin
ded to AFB1 and detached from the surface of UiO-66-NH2. To better 
understand the mechanism for AFB1 detection in the sensing platform, 
particle size analysis was measured. As exhibited in Fig. 6B, the indi
vidual particle sizes of TAMRA aptamer/AFB1 and UiO-66-NH2 were 
100.15 nm (curve a) and 315.75 nm (curve b). Adding TAMRA aptamer 
to the solution of UiO-66-NH2, the individual particle size increased to 
516.02 nm (curve d). The result demonstrated that the TAMRA aptamer 
adsorbed on the surface of UiO-66-NH2 and formed a large size class. 
While, introducing AFB1 the solution of TAMRA aptamer/UiO-66-NH2, 
the individual particle size decreased to 397.16 nm (curve c). The results 
illustrated that the TAMRA aptamer changed into internal loop structure 
and detached from the surface of UiO-66-NH2 after adding AFB1 to the 
sensing platform. 

4. Conclusions 

In the research, we had constructed a fluorescent aptasensor for 
determination of AFB1 using TAMRA aptamer and UiO-66-NH2. The 
fluorescence emission of TAMRA aptamer was effectively quenched by 
UiO-66-NH2, while it could be recovered with AFB1 presence for its 
specifically bind to AFB1 with high affinity and selectivity. Using the 
sensing platform, 0.35 ng mL� 1 AFB1 could be analyzed. It exhibited 
excellent selectivity against other common mycotoxins. Furthermore, it 
was successfully employed to food samples such as rice, mile and corn 
with satisfied results. The sensing platform offered a simple, low cost, 
sensitive and selective assay for various targets analysis with broad 
application in the field of food safety. 
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Table 2 
Detection of AFB1 in food samples using the designed sensing platform.  

Sample Added 
(ng/mL) 

HPLC measured 
meana�SDb (ng/ 
mL) 

Proposed method 
meana�SDb (ng/ 
mL) 

Recovery 
(%) 

Milk 0.00 nc nc / 
1.52 1.39 � 0.06 1.58 � 0.03 104.14 
2.84 2.63 � 0.07 2.93 � 0.06 103.10 

Corn 0.00 nc nc / 
1.52 1.43 � 0.038 1.47 � 0.03 96.38 
2.84 2.68 � 0.05 2.77 � 0.03 97.36 

Rice 0.00 nc nc / 
1.52 1.42 � 0.04 1.43 � 0.03 94.21 
2.84 2.75 � 0.05 2.57 � 0.05 90.42  

a The mean of three determinations. 
b SD ¼ standard deviation. 
c No AFB1 concentration was detected. 

Fig. 5. (A) Stern-Volmer plots describing TAMRA aptamer quenching caused by UiO-66-NH2 at different temperature. (B) The results of binding constant K in the 
presence and absence of AFB1 in the sensing platform. Concentrations were TAMRA aptamer ¼ 35.7 nmol L� 1, AFB1 ¼ 180 ng mL� 1, UiO-66-NH2 ¼ 0.00, 6.79 �
10� 3, 8.14 � 10� 3, 10.86 � 10� 3, 13.60 � 10� 3, 20.36 � 10� 3, 27.00 � 10� 3 μg mL� 1. Each data point was the mean of three measurements with error bars; λex/ 
λem ¼ 560/580 nm. 
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