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ABSTRACT 

α-amanitin is a polypeptide isolated from the fruiting 

body of Amanita exitialis. It is the main toxin in wild 

mushrooms and toxic, often lethal, in animal and hu-

mans. In this study, the artificial nucleic acid ap-

tamers targeting α-amanitin were screened by Sys-

tematic Evolution of Ligands by Exponential Enrich-

ment (SELEX) in vitro, in order to develop an analyt-

ical tool for α-amanitin detection. The specificity of 

aptamer H06 with α-amanitin was confirmed using 

Enzyme-Linked OligoNucleotide Assay (ELONA) 

and Dot blot, and no non-specific was observed. 

Based on the ELONA platform, the minimum detect-

able concentration of aptamer H06 for α-amanitin 

was 8 ng/mL. The circular dichroism (CD) spectros-

copy experiment indicated aptamer H06 forms a stem

-loop and intramolecular G-quadruplex and it can 

stable exist in binding buffer and PBS buffer. Moreo-

ver, the affinity test showed a strong binding force 

between α-amanitin and the aptamer H06, with the 

dissociation constant (KD) of 37.5±5.135 nM. And 

the accurary of the ELONA assay based on aptame 

H06 was demonstrated in real mushroom samples. In 

summary, our data could demonstrate a possibility of 

the development of apta-based diagnostic platform 

and detection method for α-amanitin. 

Keywords: α-amanitin, circular dichroism spectros-

copy, DNA aptamer, ELONA, SELEX. 

 

1. INTRODUCTION 

Fungi in the genus Amanita form ectomycorrhizal in 

association with plants, where they stimulate the 

growth and defense of the host organism [1, 2]. How-

ever, Amanita mushrooms can also produce some of 

the most toxic compounds in the world [3-5]. Every 

year mushroom poisoning caused by mushroom con-
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sumption is responsible for fatal accidents, in particu-

lar in China [6]. Approximately 50 of the over 2000 

edible mushroom types identified worldwide have 

toxic effects [7]. Amanita toxins are classified into 

amatoxins, phallotoxins and virotoxins according to 

their amino acid composition and structure. Among 

them, α-amanitin is the main toxins in mushrooms of 

the Amanita genus and often is involved in animal 

and human intoxication and death. The lethal dose 

was 0.1 mg/kg weight for human [8]. α-amanitin is a 

cyclic octapeptide compound containing several spe-

cial amino acids, which can specifically inhibit eukar-

yotic cells when acting on eukaryotic cells RNA poly-

merase II, to prevent the extension of mRNA, thereby 

inhibiting intracellular transcription and protein syn-

thesis [9, 10]. 

 At present, some direct detection methods are 

available for detection of α-amanitin, such as color 

reaction, paper layer chromatography (PLC), thin-

layer chromatography (TLC), high efficiency liquid 

chromatography (HPLC), radio immune assay (RIA), 

capillary zone electrophoresis (CZE), RNA polymer-

ase inhibition method and enzyme-linked immuno-

sorbent assay (ELISA) [11-13]. All these assays have 

advantages and shortcomings, but in general most of 

them are complicated in technology and long in test-

ing time. In recent years, aptamers were investigated 

as an alternative for antibody [14]. Aptamers are arti-

ficial single stranded oligonucleotides (RNA or DNA) 

that can bind to a wide range of target molecules with 

high affinity and specificity, ranging from large mole-

cules to simple organic small molecules like protein, 

ATP, dyes, amino acids or small cations [15, 16]. 

They are developed by an effective selection process 

in vitro called systematic evolution of ligands by ex-

ponential enrichment (SELEX) [17]. SELEX is main-

ly divided into four steps: the establishment of ssD-

NA library, the combination of target and ssDNA li-

brary, the amplification of ssDNA and the enrichment 

of ssDNA. The candidate aptamers that can specifi-

cally recognize the target through the above method 

are screened out [18-20]. Meanwhile, aptamers have 

numerous advantages over antibodies because of their 

low molecular weight, low immunogenicity reaction, 

convenient synthesis, and easy modification [21-23]. 

Therefore, aptamers can readily be labeled with fluo-

rescein, biotin or radio isotope to form molecular bea-

cons, used as molecular recognition materials in vari-

ous sensors. They play more and more important 

roles in the detection of toxins, microorganisms, 

heavy metals, antibiotics and pesticide analysis [24, 

25]. 

 Here, multiple aptamers against α-amanitin were 

selected using SELEX in vitro. Aptamer H06 was 

characterized by ELONA and Dot blot assay to deter-

mine the specificity and affinity. After optimizations, 

aptamer H06 was confirmed that it can be used as an 

identification element in the ELONA to detect α-

amanitin from mushrooms in real detection, provid-

ing an accurate and quick analytical method. 

 

2. Materials and Methods  

2.1. Reagents 

α-amanitin was obtained from Shi technology devel-

opment co., LTD (Beijing), chemical products were 

obtained from GE Healthcare (China). 

 

2.2. DNA library and primers 

The ssDNA oligonucleotide library was synthesized 

as a single strand of 82 bases with the following se-

quence: 5’-GACATATTCAGTCTGACAGCG–N40-

GATGGACGAATATCGTCTAGC–3’, and all ssD-

NA oligonucleotide consisted of different primer 

binding sizes and a random region, where the central 

40 nucleotides based on equal incorporation of A, T, 

G and C at each position. The primers used for ssD-

NA amplification were Fw, 5’-

GACATATTCAGTCTGACAGCG-3’, Rv, 5’-

GCTAGACGATATTCGTCCATC-3’. Both the ssD-

NA oligonucleotide library and primers were chemi-

cally synthesized by Sangon Biotech Co., Ltd 

(Shanghai, China). 

 

2.3. DNA library amplification 

DNA library was amplified by Polymerase Chain Re-

action (PCR), and the reaction master mix contained 

5 μL of aptamer library (50 μM), 10×Taq buffer 

(Takara, Dalian, China), 0.2 mM dNTP mix (Takara, 

Dalian, China), 1 U Taq DNA polymerase (Takara, 
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Dalian, China), and 1 µM of each primer, which were 

amplified with the following settings, denaturation at 

95°C for 5 min, followed by 30 cycles at 95°C (45 s), 

58 °C (45 s), 72 °C (1 min) and a final extension at 72 

°C for 7 min, using a DNA Engine (PTC-200) Peltier 

Thermal Cycler-200 (MJ Research/Bio-Rad Labora-

tories, Hercules, CA). 

 

2.4. In vitro selection of aptamers against α-

amanitin 

According to SELEX protocol, aptamers against α-

amanitin were obtained by iterative rounds of selec-

tion and amplification. A process of SELEX is shown 

in Fig. 1. In the initial round, 2 nmol of ssDNA, dena-

tured at 95°C for 10 min and then cooled on ice for 

10 min, were mixed with sepharose 6B and 1.5 mg α-

amanitin in 3 mL of binding buffer (50 mM Na2CO3-

NaHCO3, pH 9.6) and incubated at 37°C for 1 h. The 

bound aptamer-α-amanitin-sepharose 6B complexes 

were purified using affinity column. The concentra-

tion of elution buffer were 10 mM, 20 mM, 30 mM, 

40 mM and 50 mM KCl, respectively, one concentra-

tion was used for two rounds. After ten rounds of se-

lection, the ssDNA bound to α-amanitin was ampli-

fied by PCR using the primers listed previousy. The 

dsDNA obtained by PCR was denatured for 10 min at 

95°C and cooled for 10 min on ice to form ssDNA, 

which was used as the template of the next round. 

 

2.5. Aptamer amplification, aptamer sequencing 

and secondary ssDNA structure prediction 

Selected aptamer population was amplified via PCR, 

the 50 µL reaction system containing 10 x PCR buff-

er, 0.2 mM dNTP mix, 1 U Taq DNA polymerase, 1 

µM Fw primer and 1 µM Rv primer as described 

above. The dsDNA product was cloned into pMD-

19T Easy-cloning vector (Takara, Dalian, China) fol-

lowing manufacturer’s instructions. 

 Candidate ssDNA were conducted to secondary 

structure prediction by the Mfold software online 

(http://unafold.rna.albany.edu/?q=mfold/DNA-

Folding-Form) [21]. The condition was set at 26°C in 

150 mM Na+ and 1 mM Mg2+. The QGRS Mapper as 

a web-based server to predict the presence of G-

quadruplexes in nucleotide sequence (http://

bioinformatics.ramapo.edu/QGRS/ analyze.php). 

 

2.6. Circular Dichroism Spectroscopy 

The aptamers were diluted to 20 μM with ddH2O, 

denaturing at 95 °C for 30 s and rapidly cooling to 

25°C. Then, the above denatured aptamers were dilut-

ed to 2.5 µM using 20 mM Tris-HCl buffer (pH 7.2) 

with different concentrations of KCl solution (0, 5, 

10, 20, or 50 mM). Otherwise, the CD spectra of 

these aptamers in water and PBS buffer (10 mM) 

were measured by the same operations as above. The 

CD spectra was measured over a wavelength range of 

220–340 nm at 25 °C, and the scanning speed was set 

at 1 nm/s, and the response time was 1 s. Each spec-

trum is measured on average five times. 

 

2.7. Specificity and sensitivity studies by ELONA 

ELONA was used to analyze the specificity and sen-

sitivity of the aptamers for the target as described in 

Song [26]. In order to determine the specificity of the 

aptamers for α-amanitin, the 96-well microtiter plate 

were coated with 100 µL of 40 ng/mL α-amanitin and 

100 µL of 40 ng/mL other toxins (β-amanitin, γ-

amanitin, Glyphosate, Clenbuterol, NS1 protein, NS1 

core protein) using coating solution (0.05 M pH 9.6 

Na2CO3-NaHCO3, CBS), then the wells incubated at 

37°C for 1h and washed three times with PBST buff-

er. Next, the wells were blocked for 1 h with 5% 

skimmed milk dissolved in PBST and washed three 

times, Biotin-labeled aptamer (Sangon, Shanghai) 

against α-amanitin was diluted to the concentration of 

200 nM with PBS buffer, and then 100 µL of this so-

lution was added to each well, incubated at 37°C for 

1 h, washed three times. Afterwards, 100 µL of a 

1/1000 dilution of streptavidin-HRP (GE Healthcare) 

was added to the individual well and incubated at 37°

C for 30 min and washed three times. Then, 100 µL 

of TMB chromogenic solution was added and incu-

bated without light for 15 min at 37°C. Finally the 

reaction was stopped with 50 µL stopping buffer (2 M 

H2SO4), the plates were measured with an enzyme-

linked immunosorbent assay reader, and absorbance 

of each sample was measured at 450 nm. Results of 
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each sample were calculated as the mean ± SD from 

three independent experiments. 

 To study the optimum concentration of the ap-

tamers to recognize α-amanitin via the ELONA, the 

method was developed as above. Each well was coat-

ed with 100 µL of 40 ng/mL α-amanitin and incubat-

ed 1 h at 37°C, blocked operation as above. After-

wards, biotin-labeled aptamer were diluted in PBS 

buffer at 50 nM, 80 nM, 100 nM, 500 nM and 1000 

nM. Then, 100 µL of the solution were added to each 

well, the plate incubated at 37°C for 1 h. Next, 100 

µL of streptavidin-HRP were added to the individual 

wells. Following 30 min incubation at 37°C on a 

shaking platform, the plates were washed three times 

with PBST buffer and 100 µL of TMB solution was 

added. Finally, OD values at 450 nm were deter-

mined with an enzyme-linked immunosorbent assay 

reader. Results of each sample were calculated as the 

mean ± SD from three independent experiments. 

 In order to determine the sensitivity and the the 

limit of quantification (LOQ) in α-amanitin detection 

by aptamers, 100 µL of different concentrations of α-

amanitin (0.05, 0.1, 1, 5, 8, 10, 20, 40, 80 ng/mL per 

well) were incubated with 100 µL of 80 nM biotin-

labeled aptamer, the remaining steps were the same 

as for the ELONA method. Results of each sample 

were calculated as the mean ± SD from three inde-

pendent experiments. 

 

2.8. Dot blot analysis 

Dot blot assay was used for a rapid analysis of the 

specificity of aptamers [27, 28]. The toxins were di-

luted to a concentration of 40 ng/mL primarily, then α

-amanitin (5 µL) and other non-target protein (5 µL) 

were spotted onto nitrocellulose membrane (BA85 

Protran, 0.45 µm, Whatman, USA) and allowed to air 

dry. Next, these samples were blocked with 5% 

skimmed milk for 2 h at 37 ℃ and incubated with 

biotin-labeled aptamer (80 nM) for 2 h at room tem-

perature. After washing three times with washing 

buffer (PBST), the membrane was incubated with 

streptavidin-HRP (1 µg/mL) for 1 h at 37 ℃. Excess 

enzyme was removed by three subsequent washes 

with PBST. Finally, the membrane was incubated 

with TMB solution at room temperature for 15 min 

without light. 

 

2.9. Determination of the dissociation constants 

(KD) of aptamer H06 

ELONA was used to analyze the KD value of the ap-

tamer H06 for α-amanitin as described. First, the 

plates were coated with 800 ng per well of α-

amanitin and incubated in a 96-well microtiter plate 1 

h at 37°C. The wells were blocked 1 h with 5% 

skimmed milk in PBST and washed three times with 

PBST. Then, the biotin-labeled aptamer (Sangon, 

Shanghai) were diluted in PBS buffer of 10 nM, 40 

nM, 80 nM or 160 nM, and 100 µL of the solution 

were added to each well, the plate incubated at 37°C 

for 1 h and washed three times. Subsequently, strep-

tavidin-HRP was added and TMB solution was added 

as above. OD values at 450 nm were determined. The 

KD values were determined by nonlinear regression 

for on-site binding using GraphPad Prism version 

5.0.03 (San Diego, CA, USA). 

 

2.10. Detection of α-amanitin in mushrooms with 

aptamer-based ELONA 

Eight types of poisonous mushroom were provided 

by Kunming institute of botany, Chinese academy of 

sciences. In pre-treated step, 5 g of mushroom sample 

was added with 5 mL of ultrapure water, lapping the 

mixture evenly via homogenate machine (Huaao, 

China). Then the supernatant was gained after centrif-

ugation at 12000 × g for 10 min and the collecting 

was tested the presence of α-amanitin by the ELONA 

method, treatments as above and each well was moni-

tored at absorbance OD value of 450 nm. Besides, the 

standard curve for α-amanitin detection was estab-

lished. The standard α-amanitin was diluted with ul-

trapure water to the final concentrations of 5, 10, 20, 

30, 40, 60, and 80 ng/mL, and used to detect α-

amanitin by the ELONA method as described above. 

The concentrations of the standard α-amanitin are 

presented in the abscissa axis and the absorbance val-

ue at 450 nm in the ordinate axis to draw a linear 

curve for analysis of the results. Results of each sam-

ple were calculated as the mean ± SD from three in-

dependent experiments. 
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3. Results and disscusion 

3.1. Selection of aptamers against α-amanitin 

In our study, the selection of aptamers against α-amanitin by SELEX, and this process is shown in Figure 1. The 

effect of ssDNA bound to α-amanitin was detected in round 1-10 via gel electrophoresis (Fig. 2A). Then the ssD-

NA pools of round 10 was cloned to get individual aptamers and sequenced before using for further experiments. 

Through sequences analysis and comparison with each other, ten different sequences were obtained finally 

(Table 1).  

 

Table 1 The detailed sequences of aptamers by cloning 

The binding ability of ten aptamers against the target was validated by ELONA preliminarily. In optical analysis, 

the titer was defined as the ratio of positive value to background value is greater than 2.1. The results indicated 

that ten aptamers all can recognize α-amanitin specifically, and the titer of aptamer named H06 exceeded the 

other aptamers, which suggested it able to detect α-amanitin with the highest specificity (Fig. 2B). Due to the 

binding force of the other nine aptamers was ordinary and the detection efficiency was approximately the same, 

aptamer H06 was ultimately chosen for further study of its secondary structure and ability to specifically bind α-

amanitin. The sequence of aptamer H06 as follows: 5’-

GACATATTCAGTCTGACAGCGGAAGCGGGTCAGTCCAACTCACGGTCTCGGATGCACGGGA-

GATGGACGAATATCGTCTAGC-3’. 

Name Sequence (5’-3’) 

E01 
GACATATTCAGTCTGACAGCGTACTGTCGACTATTGGGCGGTATGGGGACAACATTGCGTT-

GATGGACGAATATCGTCTAGC 

E02 
GACATATTCAGTCTGACAGCGATTCGAGCAGTGTCGGATCGAATTGTTATCAGTGCCTGGA-

GATGGACGAATATCGTCTAGC 

E03 
GACATATTCAGTCTGACAGCGTGCCCTGCCGCTCCCTACTCGGGTGGGGGATGATTT-

GGATGATGGACGAATATCGTCTAGC 

F01 
GACATATTCAGTCTGACAGCGCTAGAGCGTATGCTGCTGCGATCTTATCCAG-

CATGAGCCCGGATGGACGAATATCGTCTAGC 

F02 
GACATATTCAGTCTGACAGCGAGTCTGCGGCACATTTCAACGAGTCGTCCCGTATGCTAG-

TGATGGACGAATATCGTCTAGC 

F03 
GACATATTCAGTCTGACAGCGCACGTGCACAGTCATGCATTCTGGCTGTACTACGGGCAC-

TGATGGACGAATATCGTCTAGC 

H05 
GACATATTCAGTCTGACAGCGCGCATGCGGTAACACATGAGTGAATCGCGCTATCTGCGTG-

GATGGACGAATATCGTCTAGC 

H06 
GACATATTCAGTCTGACAGCGGAAGCGGGTCAGTCCAACTCACGGTCTCGGATGCACGGGA-

GATGGACGAATATCGTCTAGC 

H07 
GACATATTCAGTCTGACAGCGTTCGTTGTGCACGTCGATGGTATGTTGTGTATACGGACTG-

GATGGACGAATATCGTCTAGC 

G02 
GACATATTCAGTCTGACAGCGCGGCCGGCCAAATTCGCGAAGAGTCTCATTATTCATGAAC-

GATGGACGAATATCGTCTAGC 
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Figure. 1. SELEX procedure. The process includes 

iterative rounds, each round composed of several 

steps,  construct ssDNA library (per oligonucleotide 

includes different primer regions and a randomized 

region ); ssDNA binds to the target; washing step; 

ssDNA amplification (via PCR); enrichment of ssD-

NA as the start of the next round. 

Figure. 2. The varification of SELEX and the pre-

liminary selection of aptamers. (A) Agarose gel 

electrophoresis for PCR amplification of the DNA 

pools binding to α-amanitin in rounds 1-10 (lane 1-

10, respectively), and the negative control is lane 11. 

(B) Ten sequences were obtained and the affinities of 

ten aptamers against their target were estimated by 

ELONA. The blank control is skimmed milk. 

 

3.2. Isolation and structural characterization of 

aptamers against α-amanitin 

Aptamers can be combined with targets through their 

spatial conformation and secondary or tertiary struc-

ture. It is generally believed that the region which 

cannot form base pairings in the aptamer sequence 

may be the key sites that specifically interact with the 

target, whereas the regions of stable secondary struc-

ture formed in the aptamer are possibly an identifia-

ble element that interacts with the space structure of 

the target. The structure prediction of aptamer H06 

was analyzed by the online software Mfold, yielding 

one potential complex secondary structure (Fig. 3), 

including protruding loops and stems.  

Fig. 3. Secondary structure of aptamers H06. The 

secondary structures of aptamer H06 was analyzed 

by the MFold software. The structure represents the 

secondary structure with the lowest free energy and 

stem-loop. Boxed G-doublets represent the highest 
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probability (G-Score) of participating to the G-

quadruplex formation, based on the QGRS Mapper 

software. 

 

Normally, the hairpin structure is the most common 

structural element for aptamer recognition. Moreo-

ver, according to the Gibbs free energy (dG) value, 

aptamer H06 (dG=-15.36) indicates that a stable 

structure may be possessed. Afterwards, a QGRS-

mapper was used to predict whether putative G-

quadruplexes formed in aptamer H06, and the result 

displayed that a high probability for the presence of 

G-quadruplex structure, which also suggested the 

secondary structure of aptamer H06 was more stable 

in another way.  

 

3.3. Circular Dichroism Spectroscopy 

The secondary structure of aptamer may be signifi-

cantly different in micelles with in solution, because 

micelles can cause unfavorable base pairing between 

oligonucleotides. Micelle may affect the oligonucleo-

tide structure and the binding capability of the ap-

tamers [29]. Aptamers can form a variety of second-

ary structures including hairpin structures, pseu-

doknots and G-quadruplexes etc. Hairpin structures is 

a kind of B-form DNA which formed by standard 

Watson-Crick base pairing between two strands of 

complementary DNA or one strand forming stem-

loop structures. A G-quadruplexes is made by DNA 

with a large number of guanine nucleic acids through 

Hoogsteen hydrogen bonds [30]. CD spectroscopy 

can analyze the secondary structures of proteins and 

other biological macromolecules and it is a simple, 

fast and useful method to differentiate the parallel, 

anti-parallel, and mixed-type secondary structure of 

G-quadruplex DNA. To determine whether changes 

occur in the structure of aptamer H06 in different 

solutions, CD spectra were performed. 

 The aptamers were eluted from the affinity col-

umn by gradient concentrations of KCl solution. To 

determine if K+ has an effect on the aptamers, circu-

lar dichroism assay was used to detect the stability of 

the secondary structure of the aptamer H06 in differ-

ent solutions, including 0 mM, 5 mM, 10 mM, 20 

mM, 50 mM KCl and PBS buffer. Because the peak 

at 240 - 250 nm is the characteristic peak of the G-

quadruplex and the peak at 275 - 285 nm is the char-

acteristic peak of the stem-loop. As shown in Fig. 4, 

the chromatograms of aptamer H06 all have negative 

peaks between 240 - 250 nm and positive peaks be-

tween 275 - 285 nm at ultrapure water, PBS buffer 

and different concentrations of K+ solutions, respec-

tively. Therefore, the secondary structure of aptamer 

H06 cannot affect by KCl solution in the elution op-

eration of the SELEX, and aptamer H06 can be dilut-

ed with PBS buffer in the ELONA method. 

Figure. 4. Circular Dichroism Spectroscopy of aptamer. (A) Aptamer H06 was diluted in water and 10 mM 

PBS buffer (pH 7.4). (B) Aptamer H06 was diluted in 20 mM Tris-HCl buffer (pH 7.2) containing different con-

centrations of K+ solution, 0 mM (black), 5 mM (blue), 10 mM (green), 20 mM (purple), and 50 mM (red). Data 

show the mean of three independent experiments (n = 3). 
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3.4. Specificity characterization of the aptamers 

against α-amanitin 

Specificity of aptamer H06 against α-amanitin was 

verified with two methods. The experiment was per-

formed using the target (α-amanitin) or the structural 

analogs (β-amanitin, γ-amanitin) or the other non-

target toxins. The result of ELONA indicated ap-

tamer H06 can recognize α-amanitin with high speci-

ficity, but not non-specific binding to other toxins 

(Fig. 5A). Similarly, dot blot assay showed that the 

dot size and intensity of aptamer H06 were higher 

than any of the control protein, which also can con-

firm the specificity of aptamers H06 agaimst α-

amanitin, (Fig. 5B). No cross-reaction with non-

target protein was observed. In summary, the results 

above clearly showed that aptamer H06 displayed a 

strong specificity for α-amanitin determination. 

Figure. 5. Characterization and identification of 

aptamer H06 with α-amanitin. (A) ELONA plot for 

aptamer H06 binding to α-amanitin or nonspecific 

toxins. All the experiments were made in triplicate 

and the average of three different experiments is 

shown. Statistical significance was calculated be-

tween the value of α-amanitin /CK- >cut off 2.1. (B) 

Dot blot result for α-amanitin and CK or other pro-

tein probed with biotin-labeled aptamer H06. The 

membrane shown is representative of at least three 

different experiments. (C) ELONA results for 40 ng/

mL α-amanitin incubated with biotin-labeled aptamer 

H06 (50 nM, 80 nM, 100 nM, 500 nM and 1000 nM). 

These data are the average of a triplicate experiment. 

(D) ELONA results for α-amanitin (4, 40, 100, 400, 

500, 800, 1000, 2000, 4000 ng/well, 100 μL of each 

well) incubated in the presence of biotin-labeled ap-

tamer H06. Statistical significance was calculated 

between the value of α-amanitin /CK- >cut off 2.1. 

These data are the average of a triplicate experiment. 

(E) Determination of binding affinity, KD value of 

the DNA aptamer H06 by ELONA. The biotin-

labeled aptamer were diluted in selection buffer at 10 

nM, 40 nM, 80 nM and 160 nM. The average mean 

OD450 of varying concentration of aptamer H06 ob-

tained was plotted to determine dissociation constant 

KD. All experiments were repeated six times and an 

error bar represents the standard deviation of means. 

(F) Detection of α-amanitin in different mushroom 

samples. All experiments were repeated three times 

and an error bar represents the standard deviation of 

means. 

 

3.5. Optimum working concentration of aptamer 

for α-amanitin detection 

ELONA was performed to determinate the optimal 

working concentration of aptamer for α-amanitin de-

tection. 40 ng/mL α-amanitin was incubated with the 

different concentrations of biotin-labeled aptamer 

H06 (50 nM, 80 nM, 100 nM, 500 nM or 1 µM) at 

37℃ for 2 h and the absorbance at 450 nm was rec-

orded. As shown in Fig. 5C, aptamer H06 can specif-

ically bind with α-amanitin at a concentration of be-

tween 50 nM to 1000 nM, and when the concentra-

tion of aptamer H06 was 50 nM, the ratio of positive 

to negative values is greater than 2.1, which is of bio-

logical significance. Hence, we considered that the 

optimal concentration of aptamer H06 to detect α-

amanitin was 50 nM. 

 

3.6. Affinity characterization of the aptamer for α-

amanitin detection 

The affinity of the aptamer is represented by the dis-
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sociation constants. ELONA method was used to per-

form this characteristic of the aptamer H06 within the 

concentration range of 10 - 160 nM. The GraphPad 

Prism software was used to draw nonlinear curve 

fitting analysis for KD calculation. The KD value was 

37.5±5.135 nM for aptamer H06 (Fig. 5E), which 

suggested the high affinity of aptamer H06 for α-

amanitin detction. 

 

3.7. Sensitivity characterization of the aptamer for 

α-amanitin detection 

The sensitivity of aptamer H06 against α-amanitin 

was performed with ELONA. According to the ab-

sorbance value of control group at 450 nm, the ratio 

of positive value to negative value can be calculated. 

As shown in Fig. 5D, when the concentration of α-

amanitin reaches 8 ng/mL, and the ratio was greater 

than 2.1. With the increase in the concentration of α-

amanitin, the positive values at 450 nm show a linear 

growth trend, which means this apta-based assay may 

achieve quantitative detection in further study. There-

fore, we can calculate the ELONA assay based on 

aptamer H06 had a minimum detectable concentra-

tion of α-amanitin was 8 ng/mL, when the coating 

concentration of aptamer H06 was 50 nM. 

 

3.8. Detection of α-amanitin in mushroom samples 

To determine if aptamer H06 can directly detect a-

amanitin in mushrooms, we picked different kinds of 

mushrooms from four markets, numbered simple 1-8. 

ELONA was performed to set up a standard curve 

(Fig. 6) and validate whether the selected aptamer 

H06 could bind with α-amanitin in mushroom sam-

ples. The result showed that α-amanitin was detected 

specifically in sample 1 and sample 7 (Fig. 5F). In 

order to prove the reliability of the apta-based detec-

tion assay, we also conducted high performance liq-

uid chromatography (HPLC) which is the national 

standard method to verify the result above, and it 

showed the same as the ELONA. Therefore, the data 

clearly suggest that aptamer H06 can be used as ef-

fective tool for detection of α-amanitin. 

 

 

Figure. 6. The standard curve for α-amanitin de-

tection by the ELONA method. The standard α-

amanitin was diluted with ultrapure water to the final 

concentrations of 5, 10, 20, 30, 40, 60, and 80 ng/mL, 

and used to detect α-amanitin by the ELONA method 

as described above. The concentrations of the stand-

ard α-amanitin are presented in the abscissa axis and 

the absorbance value at 450 nm in the ordinate axis to 

draw a linear curve for analysis of the results. 

 

The characterization of aptamer H06 displayed that it 

has a strong binding affinity and high specificity 

against α-amanitin, and a great potential for detection 

and recognition of α-amanitin for in-field application. 

Assay and manufacturing costs of aptamers are ex-

pected to be significantly lower than HPLC and ELI-

SA that currently used for rapid α-amanitin detection 

because of the economical synthesized manner. In 

addition, our results suggested that aptamer H06 had 

great specificity for α-amanitin rather than β-

amanitin or γ-amanitin. In 2015, Xu’s paper devel-

oped a novel assay to direct detect α-amanitin in se-

rum using carbon quantum dots-embedded specificity 

determinant imprinted polymers [31]. Compared with 

HPLC, the fluorescence sensor has no any pre-

treatment. But its detection sample is the serum 

which is provided by the poisoned patients, not 

mushroom entity. The aptamer-based detection meth-

od has more advantages than the above methods in 

several performances (Table 2), except no pre-

treatment, it has easier operation, lower limit of de-

tection and lower detection cost. In the future, the 

file:///C:/Users/hp/Desktop/Revised%20manuscript/manuscript.docx#_ENREF_31#_ENREF_31
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aptamer-based assay will likely to establish a direct detection platform for α-amanitin in the field of food safety 

and medical inspection.  

Table 2 Comparison of the characteristics of various methods in detecting α-amanitin 

Performances 

Detection methods 

ELISA kit HPLC 
The fluorescent 

sensor 

Apta-based ELO-

NA method 

Detection sample wild mushroom wild mushroom serum wild mushroom 

Preparation and de-

tection time (h) 
1.5 5 72 3.75 

Difficulty of opera-

tion 
easy difficult medium easy 

Limit of detection 

(ng/mL) 
3000 5 15 8 

Price / sample (rmb) 15   no referred 1.5 

*The information of HPLC assay was provided by Analytic & Testing Research Center of Yunnan. 

CONCLUSION 

In conclusion, we successfully screened aptamers 

against α-amanitin via the SELEX process in vitro, 

and provided an aptamer-based detection system for 

α-amanitin. A series of studies about the properties of 

aptamers demonstrate that aptamer H06 has higher 

specificity and sensitivity. And the KD value of H06 

was determined to be in a low level (KD=37.5±5.135 

nM), with higher affinity. By detecting different 

kinds of mushrooms, the result of the apta-based 

ELONA method was coincident with HPLC. Hence, 

aptamer H06 can be considered as a useful identifica-

tion element in the aptamer-based detecting system 

for α-amanitin. In future study, we will focus on the 

aptamer-based biosensors field, such as detection 

kits, later flow strip assay etc., developing a rapid, 

specific, sensitive and cost-effective detection meth-

od. 
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