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      In this report, a new aptamer-based assay was presented reporting the electrochemical aptasensing for sensing tyrosinamide (Tyr-NH2). 
This strategy was relied on unbeatable conformational flexibility and specific recognition of aptamers. The tyrosinamide aptamer (Tyr-
NH2-aptamer) was immobilized onto the metal-organic frameworks/silver nanoparticles- modified glassy carbon electrode and 
hexacyanoferrate was selected as a probe to monitor the interface variations during modification of the electrode and the aptamer 
conformational change generated by the Tyr-NH2 binding. Results showed that measurements by using electrochemical impedance 
spectroscopy had a linear correlation with the Tyr-NH2 concentrations in range of 0.01-0.25 nM and 0.25-1.15 nM. Detection limit of this 
system was found to be 2.3 pM. This method was also used to the Tyr-NH2 detection in serum samples successfully. Remarkable 
simplicity, ease of use and low-cost make methodology as sensitive analytical system for sensing of the Tyr-NH2 that can be miniaturized. 
This strategy offers some promising advantages in reliable detection of the Tyr-NH2, which may be helpful in the routine analysis. 
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INTRODUCTION 
 
      Aptamers are essentially single-stranded DNA or RNA 
molecules, synthesized by an in vitro selection procedure 
entitled SELEX (systematic evolution of ligands by 
exponential enrichment). The aptamer with inimitable three-
D folding can strongly interact with a wide range of targets 
consisting of proteins, small molecules, ions, whole cells 
and even entire organisms, such as viruses or bacteria using 
high-specificity and -affinity via hydrogen bonds, salt 
bridges, van der Waals and electrostatic interactions [1-5]. 
Smaller size, lower immunogenicity and notable constancy 
make the aptamers a reliable alternative to antibodies or 
enzymes in diagnostic systems [6-9]. 
      Metal-organic frameworks (MOFs) are a category of 
spongy substances containing a metal cation or cluster 
coordinated  by  electron-donating  organic  ligands [10,11].  
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High porosity, surface areas and tenability of MOFs make 
them promising materials for the surface modification of 
electrodes to load the molecules in the electrochemical 
sensing. In order to manufacture the aptamer based 
electrochemical sensors, it is important to handle an 
appropriate layer to immobilize the aptamer [12-15]. MOFs 
with special functional groups (e.g., -NH2 or -COOH), the 
excellent adsorption characteristics, and high surface area 
are appropriate bioimmobilization platforms for assembly of 
diverse biomolecules such as DNA, drugs, enzymes and 
other proteins [16-20]. In the present study, TMU-16-NH2 
([Zn2(NH2-BDC)2(4-bpdh)]•3DMF) was used as a modifier. 
TMU-16-NH2 as one of the Zn(II) based nanoscale MOFs, 
has premiere performance such as supreme thermal, 
chemical stability and regular shape about 100 nm [21-23]. 
Herein, we synthesized TMU-16-NH2 as an ideal candidate 
for the surface modification of electrodes in designing an 
aptasensor. The countless NH2 functional groups on the 
pores' surface of TMU-16-NH2  could  absorb  an abundant  
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amount of metal nanoparticles such as gold nanoparticles 
(AuNPs) and silver nanoparticles (AgNPs) inside the pores. 
Thus, amino terminated aptamer could be immobilized on 
the TMU-16-NH2 readily by the covalent attachment 
between the NH2 group of aptamer and the AuNPs or 
AgNPs attached to TMU-16-NH2. 

Tyrosinamide (Tyr-NH2) is an amino acid amide that 
is tyrosine in which the OH group is exchanged by the NH2 
group. Actually, Tyr-NH2 is a simple mimic of tyrosine, 
which is amino acid needed to the catalytic activity of many 
enzymes of pharmaceutical interest. Tyrosine can have an 
adjusting role in both metabolism and control of cell 
proliferation. Recently, scientists realized the relationship 
between tyrosine metabolism and both diabetes and cancer, 
because enhanced levels of tyrosine play a direct 
fundamental role in disease pathogenesis. Increasing the 
amount of amino acid ’’tyrosine’’ will change the 
evolutionary life cycle and the longevity of animals. 
Specifically, in persons elevated serum tyrosine levels arise 
with obesity and denote a risk agent for the development of 
diabetes [24]. Thus further study is necessary to determine 
the amount of tyrosine and its derivation such as Tyr-NH2 as 
the risk factors for diabetes in blood serum samples. 
Accordingly, the production of sensors for quick detection 
of very low levels of Tyr-NH2 could be a new way to 
prevent and treat diabetes timely. The tyrosinamide DNA 
aptamers are identified. As exposed in Table S1, some 
literatures have disclosed the binding mechanism between 
Tyr-NH2 and its specific aptamers, however a few of           
them stated aptamer-based assays for the quantitative 
determination of Tyr-NH2. In spite of their accuracy and 
validity, all these methods have certain practical drawbacks 
such as complexity, time consuming, high cost, and 
cumbersome use [25-30]. To date, one electrochemical 
aptasensor has been used for detection of Tyr-NH2 [31]. 
Hence, it deems needful to construct a simple, rapid and 
cost-effective tools for sensitive and selective evaluation of 
Tyr-NH2.  
      In this paper, we designed a facile green method, based 
on covalent binding of the aptamer to the MOFs/AgNPs 
amended glassy carbon electrode (GCE), for the Tyr-NH2 
detection. In this process, the NH2 group of the aptamer  
was covalently attached to the AgNPs attached to the 
surface of a GCE which was modified by MOFs. As far        
as we know, this was the first effort for the  electrochemical 

 
 
quantification of Tyr-NH2 by applying the aptamer and 
BSA/Aptmer/AgNPs/MOFs/GCE as the aptasensor. Quick 
response, low cost and simple fabrication process are major 
advantages of the developed aptasensor in comparison to 
other methods. The aptasensor performed as a sensitive and 
selective system for analyzing Tyr-NH2 in human blood 
serum. This finding could open up a new way to prevent or 
treat diabetes.  

 
EXPERIMENTAL  
 
Chemicals and Instruments 
      All chemicals used in the experiments were of the 
highest available purity and used without further 
purification. Tyrosinamide, cysteine, cystamine, arginine, 
guanidine, hydrazine, acetylpyridine, bovine serum  
albumin (BSA), formic acid, Zn(NO3)2.6H2O, 
aminobenzendicarboxylic acid (NH2-BDC) and other 
chemicals were purchased from Sigma-Aldrich, Merck or 
Fluka company. 2,5-Bis(4-pyridyl)-3,4-diaza-2,4-hexadiene 
(4-bpdh) was synthesized at our laboratory as described               
in previously reported method [33]. The Tyr-NH2                 
aptamer with the oligonucleotides of 5'-
TGGAGCTTGGATTGATGTGGTGTGTGAGTGCGGTG
CCC-NH2-3' was designated by SELEX procedure and 
afforded by Bioneer Company (South Korea, 
http://www.bioneer.com). Phosphate buffer solution of          
0.1 M with pH 7.0 as the working buffer was used to 
prepare aptamer and tyrosinamide solutions.  
      All the electrochemical measurements were 
implemented by using a µ-AUTOLAB controlled by the 
NOVA software (Version 2.1) with a three-electrode cell, 
consisting of a modified glassy carbon electrode (GCE), 
Ag/AgCl (satd 3.0 M KCl) and Pt wire as working, 
reference and counter electrodes, respectively. 
Electrochemical impedance spectroscopy (EIS) investigates 
were taken at the frequency range of 0.1-100 kHz. Cyclic 
voltammetry (CV) measurements were achieved from -0.2 
to 0.7 V as the initial and stop potentials. Differential pulse 
voltammetry (DPV) measurements were performed with 
amplitude of 25 mV, pulse width of 0.05 s and potential 
step of 9 mV. 
      All the electrochemical experiments were obtained in 
0.1 M KCl solution including 5 mM ferro/ferricyanide 
([Fe(CN)6]3-/4-)  at  a ratio  of  1:1  at  room  temperature. To 
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study the synthesized nanomatrials, fourier transform 
infrared (FT-IR) spectra, transmission electron microscopy 
(TEM) and field emission scanning electron microscopy 
(FE-SEM) images were obtained by VERTEX 70 FT-IR 
spectrometer, Hitachi-S4160 and Hitachi H-800 electron 
microscopy, respectively. 
 
Synthesis of the Silver Nanoparticles (AgNPs) 
      AgNPs were synthesized by taking the previously 
reported method [32]. According to the literature, briefly  
20 ml of silver nitrate aqueous solution (1.0 mM), 0.5 ml of 
sodium citrate aqueous solution (0.1 M) and 1 ml of sodium 
borohydride aqueous solution (3.5 mM) were added 
dropwisely to 200 ml of boiled water which was cooled. 
Afterward, the mixture was stirred vigorously by a magnetic 
stirrer for 2 h and a transparent yellow homogenous 
colloidal solution of AgNPs was acquired that could be 
maintained in a dark bottle (4 °C) for several weeks. TEM 
technique was employed to approve the nanostructure 
synthesis of the AgNPs. 
 
Synthesis of TMU-16-NH2 ([Zn2(NH2-BDC)2(4-
bpdh)]·3DMF) 
      TMU-16-NH2 was synthesized according to the reported 
procedure in previous literature [33,34]. In a typical 
procedure, 1 mmol of Zn(NO3)2·6H2O, 0.5 mmol of 4-bpdh, 
and 1 mmol of NH2-BDC were dissolved in 15 ml DMF. 
The mixture was placed in a Teflon reactor and was heated 
at 80 °C for 3 days, and then it was slowly cooled at room 
temperature.  
 
Preparation of Real Samples 
      Human serum samples of a healthy man were provided 
by a local clinical laboratory in Ilam, Iran. To remove 
protein and other substances, human serum sample was 
loaded into a centrifugal filtration tube and maintained at 
3000 rpm (30 min). Afterwards, the supernatant solution of 
the serum samples was collected and diluted 50 times with 
phosphate buffer (0.1 M, pH 7.0). Finally, it was spiked 
with the Tyr-NH2 in different concentrations. 
 
Aptasensor Design 
      Initially, the GCE was mechanically polished with 
alumina   slurry   on   a   polishing  cloth,  and  then  cleaned 

 
 
ultrasonically in ethanol and ultrapure water. Subsequently, 
10 μl of 0.5 mg ml-1 MOFs solution was released onto the 
GCE surface and dried. Afterwards, 10 μl of 0.5 nM AgNPs 
solution was added onto the modified GCE surface for 4 h. 
The AgNPs were attached on NH2 groups of the MOFs via 
bonding formation of Ag-N. After that, 5 μl of NH2-aptamer 
solution (10 μM) was placed on the surface of the modified 
electrode for overnight. The aptamer was attached on the 
surface of AgNPs by chemisorption between AgNPs and 
NH2 groups of the aptamer. Finally, 5 μl of 1% BSA 
solution was added on the surface of Apt/AgNP/MOFs/ 
GCE for 1 h to clog the residual active places of the surface. 
The aptasensor was obtained. The procedure of aptasensor 
fabrication is portrayed in Scheme 1. 
 
RESULTS AND DISCUSSION 
 
Select of Materials 
      This part is presented in Electronic Supplementary 
Material. 
 
Characterization of the Synthesized AgNPs and 
TMU-16-NH2 
      The TEM image of the prepared AgNPs showed 
relatively spherical and uniform morphology (Fig. S1). The 
diameter of these nanoparticles, measured through TEM 
analysis, was in a range from 4 nm to around 20 nm with 
the average size about ca. 10 nm. 
      Spectroscopic characterizations and the structure 
morphology of the synthetic TMU-16-NH2 were portrayed 
by FT-IR spectroscopy and SEM. As seen in Fig. S2, FT-IR 
spectrum and SEM image were matched with the           
previous reported data [33,34] that confirmed syntheses of            
TMU-16-NH2 with typical crystal size of 50 and 150 nm, 
which could be used as a suitable modifier for enhancing 
the surface area of the modified electrode.  
 
Electrochemical Characterization of the 
Aptasensor 
      The electrode/electrolyte interfacial properties at the 
various steps of the aptasensor manufacturing process were 
characterized by CV, DPV and EIS methods in the 
[Fe(CN)6]3-/4- redox system. As shown in Fig. 1A, compared 
with  the  bare GCE (voltammogram. a),  a  decrease  in  the  
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peak current and an increase in the peak-to-peak separation 
potential of [Fe(CN)6]3-/4- on the MOFs/GCE surface 
(voltammogram. b) could be clearly observed, denoting a 
low charge-transfer process that could be ascribed to the 
blocking the charge transfer and the repulsion between the 
negatively-charged MOFs and [Fe(CN)6]3-/4- anion. Further 
decrease in peak current viewed after covalent attachment 
of AgNPs on the MOF/GCE surface via Ag-N bonding 
(voltammogram. c) that could be imputed to the repulsion 
between the negatively-charged AgNPs and [Fe(CN)6]3-/4 

anion. When the AgNP/MOF/GCE incubated with the 
aptamer solution, a decrease in the peak current and an 
increase in the peak-to-peak separation potential of 
[Fe(CN)6]3-/4- probe were observed due to the steric barrier 
caused by the aptamer and the repulsion between the 
negatively-charged aptamer and [Fe(CN)6]3-/4- anion, 
inferring the prosperous immobilization of aptamer on the 
AgNP/MOF/GCE surface (voltammogram. d). Eventually, 
when the surface of the Aptmer/AgNP/MOF/GCE was 
covered with BSA solution, the same results were observed 
(voltammogram. e). The findings documented by the DPV 
technique (Fig. 1B) confirmed the preceding  data  achieved 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
by the CV technique. 
      Furthermore, Nyquist diagrams for each step of the 
electrode modifying were recorded. Randles equivalent 
circuit [Rs(C[RctW])] was handled to fit the experimental 
data. Where RS, Rct, Cdl and Zw were the solution resistance, 
the charge-transfer resistance, the double layer capacitance 
and the Warburg impedance, respectively. As shown in          
Fig. 1C, the bare GCE exhibited the minimum charge 
transfer resistance (Rct) (plot ‘a’). For MOF/GCE and 
AgNP/MOF/GCE, Rct increased dramatically due to the 
repulsion between the negatively-charged AgNPs and the 
MOFs and [Fe(CN)6]3-/4- anion (plot ‘b,c’). After the 
incubation of the aptamer onto the modified electrode 
surface, a notable increase in Rct was observed that could be 
attributed to the blocking and repulsive property of 
negatively charged aptamer for the negatively-charged 
redox probe (plot ‘d’), confirming the immobilization of the 
aptamer on the AgNP/MOF/GCE surface. After immersing 
Aptmer/AgNP/MOF/GCE in BSA solution, the Rct 
increased (plot ‘e’). The EIS data obtained were in good 
accordance with that observed in CV and DPV 
investigations and all of them demonstrated that apasensor 

 
Scheme 1. Schematic outline of the preparation protocol for the electrochemical Tyr-NH2 aptasensor 
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was obtained successfully as presented by Scheme 1. 
 
Optimization of Measurement Conditions  
      Experimental factors including pH and incubation time 
forcefully influence the analytical response of the 
aptasensor. Since the aptamer was a biological molecular 
system, chemical conditions should not be in a way that 
deteriorate the aptamer. Hence, a neutral condition (0.1 M 
phosphate buffer with pH 7.4) was employed throughout the 
fabrication and detection process. The incubation time was 
also a momentous factor for the aptasensor response signal. 
The aptasensor was incubated with the Tyr-NH2 (30 pM) 
from 10 to 50 min. The difference between the DPV current  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Δi) of the BSA/Aptmer/AgNP/MOF/GCE and that of          
Tyr-NH2/BSA/Aptmer/AgNP/MOF/GCE was used as an 
aptasensor response. As shown in Fig. 2, with increasing 
incubation time from 5 min to 60 min, Δi increased and 
reached a constant value after 30 min. Thus, 30 min was 
designated as the best incubation time for the Tyr-NH2 

evaluation. 
 
Application of the Aptasensor for the Tyr-NH2 
Detection 
      The quantitative performance of the aptasensor was 
tested with different concentrations of the Tyr-NH2 under 
optimized   conditions,   and    the   EIS   responses   of   the 

 
 

 
Fig. 1. CVs (A), DPVs (B) and  Nyquist plots (C) of 0.1 M KCl  containing  5 mM [Fe(CN)6]3-/4-  at  different  
            modification steps: (a) GCE, (b) MOF/GCE, (c) AgNP/MOF/GCE, (d) Aptmer/AgNP/MOF/GCE and 

                  (e) BSA/Aptmer/AgNP/MOF/GCE. Inset C is the equivalent circuit. 
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aptasensor were recorded (Fig. 3). From Nyquist plots, it 
could be seen that increasing concentration of Tyr-NH2 

from 0.01 nM to 1.15 nM led to gradual increase in Rct         
due to the steric hindering created by aptamer/Tyr-NH2 

complex. The linear equations were found to be: Y = 2.1818 
+43.681 X (nM) with R2 = 0.98 and Y = 9.7541+10.588 X 
(nM) with R2 = 0.9909, where Y is ΔR (kΩ) and X is          
C (nM). A detection limit of 2.3 pM (S/N = 3) of Tyr-NH2 
was obtained. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Stability, Reproducibility and Selectivity of the 
Introduced Aptasensor 
      The aptasensor showed a good storage stability, so that 
after seven days of storage in the refrigerator (4 °C), 91.4% 
of the initial response was maintained. To investigate the 
reproducibility of the aptasensor during fabrication, five 
electrodes were prepared in the same condition and the 
DPV peak current changes before/after the incubation of        
30 pM  Tyr-NH2  by  5 electrodes  were  recorded (Fig. 4A).  

 

Fig. 2. Effects of the incubation time of Tyr-NH2 (30 pM) on the DPV peak current of the aptasensor. The error bars  
                 represent the standard deviation of repetitive measurements (n = 3). 
 
 

 

Fig. 3. (A) EIS responses of the aptasensor after incubation with different concentrations of Tyr-NH2 (from 0, 0.01, 0.03,  
           0.08, 0.15, 0.25, 0.4, 0.6, 0.85, 1.15 nM). (B) Calibration plot for Tyr-NH2 detection. The error bars represent the  

             standard deviation of repetitive measurements (n = 3). 
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The obtained RSD was estimated at about 3.7% that verify 
the high reproducibility of the aptasensor. To assess the 
repeatability of the aptasensor, the intra-day and inter-day 
precision were studied for the detection of  30 pM  Tyr-NH2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
with five repeats and replicated on 5 different days, 
respectively. The results were 2.6% and 3.9% informing  
the satisfactory repeatability of the aptasensor. To check  
the selectivity of  the  aptasensor,  the EIS  responses of  the 

 
 

 
Fig. 4. (A) Investigation of reproducibility for the detection of 30 pM Tyr-NH2 by 5 electrodes modified under the same  
          conditions. Δi (µA) was the current  change before/after the incubation of 30 pM Tyr-NH2. (B) EIS responses of  
          the aptasensor after  incubation with  interferences  such as  cysteine,  cystamine,  arginine and  guanidine at the  
         concentration of 200 pM for each  interferences  and 30 pM for Tyr-NH2. Inset B is histogram of  the  change of  
         aptasensor response  after  reaction with Tyr-NH2 and other interferences. ΔRct = Rct - Rct

0, where Rct
0 is the EIS  

         responses of BSA/Aptmer/AgNP/MOF/GCE, Rct is the EIS responses of BSA/Aptmer/AgNP/MOF/GCE in  the  
        presence of each  interference  and  Tyr-NH2.  The  error  bars  represent  the  standard  deviation  of   repetitive  

           measurements (n = 3). 
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aptasensor in the presence of various interferences such as 
cysteine, cystamine, arginine and guanidine (at the 
concentration of 200 pM for each interferences) were 
recorded. As seen in Fig. 4B, the change in EIS response 
generated by each of the interferences was negligible 
compared to that generated by Tyr-NH2 (at the 
concentration of 30 pM), demonstrating the excellent 
selectivity of the described system. 
 
Determination of the Tyr-NH2 in Serum Samples 
with the Aptasensor 
      To explore the applicability of the aptasensor as a          
Tyr-NH2 impedimetric tool in real samples, human             
serum samples, spiked with the Tyr-NH2 in different 
concentrations, were investigated by the standard addition 
technique in an optimized condition. The results were 
portrayed in Table 1. It could be seen that the recoveries of 
Tyr-NH2 in range of 98.33-99.46% with an acceptable RSD 
value (1.51-3.48%) were obtained, proving the excellent 
accuracy of the proposed method for the Tyr-NH2 detection 
in serum samples.  
 
CONCLUSIONS 
 
      In this study, the electrochemical aptasensor was 
introduced for the highly sensitive and selective evaluation 
of tyrosinamide (Tyr-NH2) by employing a glassy              
carbon electrode (GCE) modified by metal-organic 
frameworks/silver nanoparticles (MOF/AgNP). The 
aptasensor was fabricated after immobilizing the Tyr-NH2 
aptamer  on  AgNP/MOF/GCE.  Binding  of Tyr-NH2 to the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
aptamer could cause a conformational change for the 
aptamer attached to the electrode, thus changing the current 
or resistance of the electrode. The good performance of the 
aptasensor for the sensitive EIS detection of Tyr-NH2 could 
be attributed to (1) high surface to volume ratio and 
electronic structure of MOF, (2) covalent attachment of 
AgNPs to the amino groups of MOF, 3) large surface area 
of AgNPs which led to loading much greater amount of the 
aptamer on the electrode surface, and 4) covalent 
attachment of amino groups of aptamer to AgNPs. This 
covalent attachment led to more stability and repeatability 
in comparison to other methods. This paper is the first 
report in which TMU-16 as MOFs was used to modify the 
electrode surface in an aptamer-based electrochemical 
sensor for targeting tyrosinamide. The designed nanotools 
had many advantages, such as good mechanical and 
chemical stability, speed response, simplicity, low cost, 
high sensitivity, excellent selectivity and possibility of        
in situ testing. As presented in Table S1, the advantage of 
this method in comparison to that of the our previous 
method reported in the related literature (Ref. [31]), was the 
achievement of a lower detection limit, which exhibited the 
applicability of proposed method to detect the Tyr-NH2 in 
biological applications.  
 
Conflicts of Interest  
      The authors declare no conflict of interest. 
 
ACKNOWLEDGMENTS 
 
      This study has been supported by the Ilam University. 

            Table 1. Determination of Tyr-NH2 in Serum Samples by Using the Standard Addition Method.  
                           Each Sample was Tested for Three Times 
 

Sample 
Added Tyr-NH2 

 (nM) 

Found Tyr-NH2  

(nM) 

Recovery 

 (%) 

RSD 

 (%) 

1          0.120                      0.118 98.33     2.45 

2          0.230                      0.227 98.69    1.51 

3          0.370                      0.368 99.46   3.48 
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