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Abstract 

A magnetic bead-based SELEX was applied to identify 37 single-stranded DNA 

aptamers specific for tobramycin after ten rounds of selection. The aptamers were 

classified into nine families according to sequence analysis. Among them, several 

aptamers with typical sequences were selected and their dissociation constants (Kds) 

were determined by a fluorescent method. An aptamer termed "Ap 32", with a Kd 

value of 56.88±4.61 nM, possesses the highest affinity and satisfactory specificity. 

Theoretical modeling showed that nucleotides 14-18 and 26-29 play a most 

significant role in the interaction between aptamer and tobramycin. Subsequently, the 

sequence of Ap 32 was optimized through rationally designed truncation. The 

truncated aptamer Ap 32-2 consists of 34 nucleotides and has a Kd that is similar to 

the original one. It was chosen as the optimal aptamer for use in the assay and was 

immobilized on gold nanoparticle (AuNP). On addition of tobramycin, the color turns 

from red to purple. The findings were used to design a photometric assay (best 

performed at 520 nm) that has a linear response in the 100 nM to 1.4 µM 

concentration range, with a 37.90 nM detection limit. The method was applied to the 

determination of tobramycin in (spiked) honey samples successfully. 
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Introduction 

Tobramycin is an aminoglycoside antibiotic which acts effectively against a wide 

spectrum of gram-negative bacteria [1,2]. The mechanism of action stems from its 

ability to interfere with bacterial protein synthesis by irreversibly binding to a 

ribosome, and then cause damage to the cell membrane and cell death. Therefore, 

tobramycin has been widely used as a veterinary drug for therapeutic and prophylactic 

purposes [3,4]. However, if it is overcommitted, the remaining tobramycin may be 

transmitted to the environment and human body, which can cause a serious threat to 

human health [5]. Thus, the sensitive and accurate assay for tobramycin is very 

important in the field of clinical and environmental analysis, as well as food safety 

control. Similar with other antibiotics, the frequently used methods for detection of 

tobramycin residue in food products include microbiological assays [6], 

immunoassays [7], high-performance liquid chromatography (HPLC) [8] and 

capillary electrophoresis (CE) [9], etc. Generally, these methods are complicated, 

time-consuming and expensive, which cannot meet the requirements of fast, on-site 

detection. 

 Aptamers are mainly synthetic single-stranded DNA (ssDNA) or RNA, which can 

combine with a variety of targets including small organic molecules [10], peptides 

[11], proteins [12], ions [13], or even cells [14] and bacteria [15]. Folding into distinct 

three-dimensional shapes (G-quartet, hairpin, T-junction, etc.), aptamers can possess 

complementary conformation and therefore high specificity and affinity for their 

target molecules [16]. Aptamers take several distinguish priority over antibodies, such 
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as chemical stability, renewability, convenience in synthesis, and a wider spectrum of 

targets [17,18]. Since the establishment of systematic evolution of ligands by 

exponential enrichment (SELEX) strategy in 1990 by Ellington and Tuerk [19], a 

large number of aptamers for different targets have been reported. Several aptamers 

targeting antibiotics such as streptomycin [20], tetracycline [21], chloramphenicol 

[22], ofloxacin [23] have been screened. Then these aptamers have been further 

applied in the detection of antibiotics using different techniques, such as 

electrochemical [24, 25], colorimetric [26], fluorescent [27], chemiluminescent [28] 

and cantilever array [29] detection. Among those reported detections, gold 

nanoparticle (AuNP) attracted wide attention and was frequently used as the carrier of 

recognition elements or the probe to amplify the detection signal, due to its unique 

characteristics, including strong surface plasmon resonance absorption, high 

extinction coefficient, excellent electrical conductivity, huge specific surface area, and 

high biocompatibility [30]. Particularly, the aggregation and disaggregation, as well as 

the peroxidase-like activity of AuNP, which are accompanied by apparent color 

change, have been widely used in the configuration of sensors. The change of color 

offers such sensors visual and on-site analysis characteristics, which can achieve rapid 

detection without the use of complicated equipments.  

 An RNA aptamer for tobramycin was reported by Jiang et al. in 1998 [31]. 

However, its application in detection hasn't been explored much due to the poor 

stability and high-cost of RNA. The reported aptamer-based sensors so far are mainly 

concentrated on the usage of very few so-called "star aptamers", such as aptamers for 
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thrombin, ATP, cocaine, etc. To date, kanamycin-specific aptamer reported by Song et 

al. obtained the widest application among all the reported aptamers for antibiotics 

[32]. Generally, aptamers selected by SELEX have a typical length of 70-130 

nucleotides [33], which are composed of fixed sequences at both ends and a random 

sequence in the center. Such aptamers usually contain unnecessary nucleotide 

fragments for their binding to targets, which may also introduce uncertainty in the 

formation of their 3-D structure and weaken its affinity for targets in different solution 

systems. Truncation of the aptamers can not only improve the binding between the 

targets and the aptamers, but also reduce cost in detection, and therefore is a critical 

post-SELEX process to obtain ideal and practicable aptamers. 

 Currently, three strategies have been applied to shorten the length of the aptamers. 

The first one is step-removing of the nucleotides from one end or both ends of the 

aptamers [34]. This strategy obtains the maximum possible candidates, however, leads 

to mass experiments at the mean time. Moreover, the optimal sequence cannot be 

deduced in case the binding sites of the aptamers towards the targets are not 

successive. The second strategy is a random truncation of the nucleotides following 

an empirical trial and error approach. For example, the flanked fixed sequences at 

both ends of the aptamers were sometimes removed directly and the remaining central 

random sequences were then used as the starting sequences for further optimization 

through step-truncation or point mutation [35]. This strategy is empirical and the 

results are difficult to be predicted. Nucleotides in fixed sequences can sometimes 

contribute to the binding between the aptamers and the targets. Thus the removing of 



 

6 
 

the fixed sequences completely changes the conformation of the aptamers. The third 

strategy is rationally designed truncation of the nucleotides [36]. Briefly, the 

truncation is based on homologous alignment, consensus secondary structure analysis, 

and 3-D molecular docking. Since the truncation of the sequences is accurately 

designed, this strategy can greatly reduce the workload during the optimization and 

efficiently deduce the ideal aptamers. 

 We reported the selection of ssDNA aptamers with high affinity and specificity 

for tobramycin from a randomized library by SELEX. During the post-SELEX 

truncation, a rationally designed strategy was used, and an optimal aptamer with the 

length of 34 nucleotides was finally screened. The practicability of the aptamer was 

verified by the application in an AuNP-based photometric assay of tobramycin. The 

method was further used to detect tobramycin in honey samples. 

 

Experimental 

Chemicals and materials 

Tobramycin sulfate, gentamicin sulfate, neomycin sulfate, kanamycin sulfate, 

streptomycin sulfate, and tetracycline hydrochloride were purchased from Sangon 

Biotech Co. Ltd (Shanghai, China) (http://www.sangon.com). Streptavidin magnetic 

beads and epoxy magnetic beads were purchased from Tianjin Chemical Regent 

Company (Tianjin, China) (http://www.qiuhuan.com). All PCR reagents were 

procured from TaKaRa Bio Inc (Dalian, China) (http://takara.company.lookchem.cn). 

Honey was purchased from the local supermarket. 
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The initial ssDNA library and PCR primers were synthesized and HPLC purified 

by Sangon Biotech Co. Ltd. The random ssDNA library (5’-TAGGGAATTCGTCG 

ACGGATCC-N35-CTGCAGGTCGACGCATGCGCCG-3’) contains a central 

random sequence of 35 nucleotides (nt), flanked by two primer binding sequences 

[37]. A forward primer (5’-TAGGGAATTCGTCGACGGAT-3’) and a biotinylated 

reverse primer (5’-biotin-CGGCGCATGCGTCGACCTG-3’) were used for PCR 

amplification and ssDNA generation. All the DNA sequences were dissolved in water 

to the concentration of 100 μM.  

All other chemicals were of analytical grade. Ultrapure water (18.2 MΩ cm) was 

used to prepare all aqueous solutions throughout the experiments. 

 

Apparatus 

Bio-Rad T100 Thermal Cycler (Bio-Rad Co., U.S.A.) was used for PCR amplification. 

NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific, Co., U.S.A.) was used 

to determine the concentration of all oligonucleotides. Enspire 2300 (Perkin Elmer, 

U.S.A.) was used for fluorescence intensity measurement. UV-visible absorption 

spectra were recorded with a UH5300 spectrophotometer (Hitachi, Japan). 

 

Modification of epoxy magnetic beads 

Epoxy magnetic beads were used for covalent immobilization of tobramycin. Firstly, 

200 μL (1.0 mg) epoxy magnetic beads were washed five times with 100 mM 

phosphate buffered saline (PBS, pH 8.0), then added into 200 μL of 10 mM 
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tobramycin solution. The mixture was incubated at 30 oC for 16 h with mild shaking. 

The tobramycin-coated beads were washed five times with PBS and the residual free 

epoxy groups on the surface of the beads were blocked by incubation with 0.5 M 

ethanolamine (pH 8.0) at 30 oC for 8 h with mild shaking. Finally, the 

tobramycin-coated beads were washed and resuspended in 200 μL PBS and stored at 

4 oC prior to use. 

To evaluate the specificity of the selected aptamers, other antibiotics including 

streptomycin, neomycin, kanamycin, gentamicin, and tetracycline were immobilized 

onto the surface of epoxy magnetic beads, respectively, by using the same method as 

the immobilization of tobramycin. 

 

In vitro selection 

To screen tobramycin-specific aptamers, multiple rounds of in vitro selection were 

carried out. In the first round, the tobramycin-coated magnetic beads were washed for 

five times with binding buffer (20 mM Tris-HCl containing 100 mM NaCl, 1 mM 

CaCl2, 2 mM MgCl2, 5 mM KCl and 0.02% Tween-20, pH 7.6). The initial ssDNA 

library (300 pmol) was denatured in binding buffer at 90 oC for 10 min, then cooled 

on ice for 10 min, and stood at room temperature for 5 min. Then the ssDNA was 

incubated with the tobramycin-coated magnetic beads for 1 h with mild shaking at 

room temperature. During the incubation, ssDNA sequences with affinity for 

tobramycin combined with tobramycin immobilized on the magnetic beads, while 

other ssDNA sequences kept free in the solution. After that, the magnetic beads were 
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washed for five times with binding buffer to completely remove unbound 

oligonucleotides. In order to recover the adsorbed ssDNA from the magnetic beads, 

the beads were incubated in 150 μL elution buffer (40 mM Tris-HCl containing 3.5 M 

urea, 10 mM EDTA and 0.02% Tween-20, pH 8.0) at 80 oC for 20 min with mild 

shaking. This procedure was repeated three times to ensure that all adsorbed ssDNA 

sequences were eluted. 

The ssDNA eluted in solution was extracted with equal volume of 

phenol/chloroform/isoamylol (25:24:1), precipitated by addition of 1/10 volume of 

sodium acetate and 2.5 volume of ethanol and keeping in freezer for 2 h at -20 oC, and 

then centrifuged at 10,000 rpm for 15 min at 4 oC. The precipitated ssDNA was 

washed with 75% ethanol and dissolved in 10 μL sterile water. The concentration of 

ssDNA was detected by NanoDrop 2000 spectrophotometer. And then the ssDNA 

selected was amplified by PCR. 25 μL PCR reaction mixture contained 2 μL dNTP 

(2.5 mM), 1 μL forward primer (10 μM), 1 μL biotinylated reverse primer (10 μM), 

0.1 μL Taq DNA polymerase (2.5 U⋅μL⁻¹), 1 μL template ssDNA, 2.5 μL 10×PCR 

buffer and 17.4 μL double distilled water. PCR was conducted by denaturation at 95 

oC for 30 s, annealing at 55 oC for 1 min and elongation at 72 oC for 1 min. The first 

cycle had an extended denaturation at 95 oC for 5 min. The final elongation step was 

extended at 72 oC for 5 min. By this means, the complementary strands of ssDNA 

with a biotin labeling were produced. The PCR products were confirmed by gel 

electrophoresis by using 3% agarose. 

With the purpose of obtaining ssDNA sequences for the next round of selection, 
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streptavidin-modified magnetic beads were used to remove biotinylated 

complementary strands from double-stranded DNA. 25 μL streptavidin-modified 

magnetic beads were washed with binding and washing (B&W) buffer (10 mM 

Tris-HCl containing 2 M NaCl and 1 mM EDTA, pH 7.5) for three times and 

suspended in 80 μL B&W buffer. After that, 20 μL PCR products were added to the 

solution and incubated at room temperature for 2 h. Then the beads were washed with 

B&W buffer, followed by the elution of ssDNA for two times with 30 μL of 0.1 M 

NaOH at 37 oC for 2 h. During the dehybridization of double-stranded DNA in NaOH, 

the biotinylated complementary strands kept binding to streptavidin-modified 

magnetic beads, while the non-biotinylated ssDNA sequences were eluted from the 

beads. The concentration of ssDNA obtained was detected by NanoDrop 2000 

spectrophotometer. Then obtained ssDNA was used as a secondary ssDNA pool for 

the next round.  

 

Cloning, sequencing and structural analysis 

The recovered ssDNA from the last round of SELEX was amplified by PCR with 

non-biotinylated primers. Then the PCR product was cloned and sequenced. These 

sequences were analyzed using DNAMAN software. The secondary structures of the 

aptamers were predicted by using the Mfold software. Molecular docking was 

performed to predict the binding motif between the aptamer and tobramycin by using 

Autodock 4.0 software. 

 



 

11 
 

Evaluation of the aptamers 

The dissociation constants of the sequenced aptamers were determined by 

fluorescence analysis [38]. Firstly, the tobramycin-coated magnetic beads were 

washed with binding buffer for five times. Then different concentrations of the 

FAM-labeled aptamers were added in 200 μL binding buffer, followed by 

denaturating at 90 oC for 10 min, immediately cooling on ice for 15 min, and then 

incubated with the washed beads for 2 h with mild shaking at room temperature. The 

unbound ssDNA was removed through washing five times with binding buffer. 

ssDNA which bound to tobramycin-coated beads was eluted with 200 μL elution 

buffer at 80oC for 20 min with mild shaking, then the fluorescence intensity was 

measured by fluorescence spectrophotometer at 515 nm (excitation wavelength 490 

nm). Binding affinity is expressed by the ratio of the fluorescence intensity of the 

binding ssDNA and the initially added ssDNA. The affinity of the aptamers for 

tobramycin was estimated by dissociation constant (Kd), which was calculated by 

fitting the data points by using the non-linear regression analysis and GraphPad Prism 

5.0 software: y=Bmax·[free ssDNA]/(Kd+[free ssDNA]), where y represents degree of 

saturation, Bmax represents the maximum number of binding sites, and [free ssDNA] is 

the concentration of the unbound ssDNA [39]. 

To evaluate the specificity of the selected aptamers, different antibiotics such as 

neomycin, streptomycin, kanamycin, gentamicin, and tetracycline were coupled with 

the epoxy magnetic beads. These antibiotics modified beads were washed with 

binding buffer for five times before use. 200 pmol aptamers were added in 200 μL 
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binding buffer, and the mixtures were denatured at 90 oC for 10 min, immediately 

cooled on ice for 15 min, and then mixed with different antibiotics modified beads 

respectively for 2 h with mild shaking at room temperature. Free ssDNA was removed 

through washing five times with binding buffer. The bound aptamers were eluted with 

200 μL elution buffer at 80 oC for 20 min with mild shaking. The process was 

repeated three times to elute all bound ssDNA, whose concentration was then 

determined by NanoDrop 2000 spectrophotometer. 

 

Detection of tobramycin using aptamer and AuNP-based photometric assay 

To demonstrate the potential use of the screened aptamer in tobramycin detection, the 

widely reported AuNP-based photometric assay was carried out. AuNP were prepared 

as described previously [40]. 50 μL AuNP (17.5 nM) was incubated with 100 μL of 

150 nM aptamer for 1 h at room temperature. Then 50 μL of different concentrations 

of tobramycin ranging from 0 to 1400 nM was added to the above mixture, 

respectively, followed by additional 50 min incubation at room temperature. Finally, 

50 μL of 120 mM NaCl was added, and the UV-visible spectra of the mixture were 

recorded. The absorbance at 520 nm was used to quantify the concentration of 

tobramycin. 

To prove the practicability of the assay, artificially contaminated honey samples 

were prepared by spiking different concentration of standard tobramycin solution into 

tobramycin-free honey. These honey samples were diluted for ten times with binding 

buffer before detection. Then 50 μL diluted honey samples containing different 
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concentration of tobramycin were used for testing, and the AuNP-based photometric 

assay was carried out as described above. 

 

Results and discussion 

In vitro selection 

Magnetic bead-based SELEX was carried out to screen ssDNA aptamers specific to 

tobramycin from a 79-mer initial ssDNA library including 35 random nucleotides. 

During the selection, the recovery of ssDNA binding to tobramycin-coated magnetic 

beads, which reflects the efficiency of the enrichment of the affinity, was monitored in 

each round. The definition of recovery is the ratio of the bound ssDNA to the 

magnetic beads and ssDNA in the pool of each round. As shown in Fig. 1, the 

recovery of ssDNA continuously increases from the first round to the eighth round of 

selection. However, it no longer increases after eight rounds of selection, indicating 

the saturation of the enrichment of the tobramycin-specific aptamers. Finally, 

aptamers obtained after ten rounds of selection were amplified by PCR and then 

cloned and sequenced. 

Insert Fig. 1 

 

Characterization of the selected aptamers 

After cloning and sequencing, a total of 37 positive clones were identified and 

sequenced (Sangon Biotech Co. Ltd., Shanghai, China). From sequence analysis, 

some conserved motifs including ‘‘TTG’’, ‘‘TGG’’, ‘‘GGT’’ and ‘‘GTT’’ frequently 
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appear in the variable regions of these aptamers. Based on their homology, these 

aptamers were classified into 9 different families, as shown in Table S1.  

The secondary structures of the aptamers were predicted by using the Mfold 

software. Among the predicted results, aptamers encoded Ap 1, Ap 11, Ap 12 and Ap 

32 have similarity in their secondary structures, as shown in Fig. 2. In the mimic 

diagrams, green regions represent the fixed sequences and the black regions represent 

random sequences. At least three stem-loop patterns can be identified in these 

secondary structures, which may be significant for their binding to tobramycin. And 

the fixed sequences at both ends of the aptamers are apparently involved in the 

formation of these secondary structure patterns. 

Insert Fig. 2 

The affinity of the aptamers for the targets is undoubtedly one of the most 

important parameters of the aptamers, which is usually expressed in dissociation 

constant (Kd). To evaluate the affinity of the selected aptamers, binding affinity assay 

was performed by the fluorescent method. By non-linear regression analysis, the Kd 

values of Ap 1, Ap 11, Ap 12 and Ap 32 were determined to be 146.20±13.72 nM, 

96.87±16.00 nM, 113.50±19.37 nM and 56.88±4.61 nM, respectively. The non-linear 

regression curves of the aptamers are shown in Fig. S1A. The values of Bmax, which is 

another parameter in non-linear regression, were also determined and listed in Table 

S2. Among the tested aptamers, Ap 32 shows the lowest Kd value, i.e. the highest 

affinity for tobramycin, and therefore was chosen for further characterization and 

optimization. 
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Then the specificity of Ap 32 was investigated through determination and 

comparing of its recovery from tobramycin, streptomycin, neomycin, kanamycin, 

gentamicin and tetracycline modified magnetic beads. The results are shown in Fig. 

S1B. 76.6% of Ap 32 binds to tobramycin modified beads and subsequently recovers 

during elution, while the recoveries of Ap 32 from other antibiotics modified beads 

are all below 10%. Therefore, Ap 32 has both high affinity and high specificity to 

tobramycin. 

 

Structural analysis and truncation of the aptamer 

Although the affinity and specificity of Ap 32 are basically satisfactory, the 79-mer 

length of the sequence limits its potential application to a certain extent. Truncation of 

the aptamer through removing the redundant sequence based on structural analysis 

and rational design can help us obtain the optimized aptamers. The molecular docking 

was performed to predict the binding motif between Ap 32 and tobramycin by using 

Autodock 4.0 software. The simulated modeling is shown in Fig. 3, which indicates 

that nucleotides 14-18 and 26-29 in Ap 32 serve as recognition sites for tobramycin.  

Insert Fig. 3 

Based on the predicted secondary structure and the binding sites of the simulated 

modeling, two truncated aptamers Ap 32-1 and Ap 32-2, with the length of 49 nt and 

34 nt respectively were designed. Both of them persists the key stem-loop motif 

including nucleotides 14-18 and 26-29 and some adjacent sequence (Fig. 4A). Ap 

32-1 mainly deleted the nucleotides from 5’-terminal and 3’-terminal of Ap 32, 
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whereas kept two stem-loop motifs. Ap 32-2 further removed a stem-loop motif and 

only kept a stem-loop motif including the predicted binding sites of Ap 32. Then the 

dissociation constants of Ap 32-1 and Ap 32-2 were determined by using the same 

fluorescent assay, which is 46.77±9.84 nM and 48.40±6.63 nM, respectively. The 

non-linear regression curves of the two aptamers are shown in Fig. 4B. And the values 

of Bmax are also listed in Table S2. Both Kd values of Ap 32-1 and Ap 32-2 are similar 

to that of Ap 32. The results confirm the speculation that the stem-loop motif 

including nucleotides 14-18 and 26-29 is the key element for the binding of the 

aptamer to tobramycin. Thus the truncation of Ap 32 has an only negligible influence 

on the affinity of the aptamer. Although Ap 32-1 possesses a little higher affinity for 

tobramycin than Ap 32-2, the length of Ap 32-1 is apparently longer than the latter. 

Considering the application potential of the two aptamers, Ap 32-2 was finally chosen 

as the best aptamer for tobramycin.  

Insert Fig. 4 

 

Detection of tobramycin using aptamer and AuNP-based photometric assay 

To verify the application potential of Ap 32-2, the widely reported AuNP-based 

photometric assay was carried out. ssDNA including aptamers can be adsorbed onto 

the surface of AuNP. Such ssDNA-coated AuNP has favorable dispersibility in a high 

concentration of NaCl, while bare AuNP aggregates in the same condition. Hence Ap 

32-2 serves as a stabilizer of AuNP, preventing their aggregation in NaCl solution. 

When tobramycin exists, it binds to Ap 32-2 specifically, competitively removes the 
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aptamer from AuNP and subsequently triggers the aggregation of AuNP. This can be 

observed by bare eyes and further quantitatively determined by UV-vis spectroscopy. 

As shown in Fig. 5A，with the increased concentration of tobramycin, the color of 

AuNP in NaCl solution gradually turns from red to purple due to the aggregation of 

AuNP. This process was further characterized by UV-vis spectroscopy. In the absence 

of tobramycin, Ap 32-2 stabilized AuNP in NaCl solution exhibits a typical absorption 

peak at 520 nm in the UV-vis spectrum, while the absorbance at 520 nm apparently 

decreases with the increased concentration of tobramycin, owing to the aggregation of 

Ap 32-2 stripped AuNP in NaCl solution (Fig. 5B). Furthermore, the relationship 

between the absorbance at 520 nm in UV-vis spectra and the concentration of 

tobramycin was studied, and a linear relationship was found in tobramycin 

concentration range of 100-1400 nM (Fig. 5C). The linear regression equation is 

y=-2.599e-4x+1.02186, R2=0.99047, where y represents the absorbance at 520 nm, x 

represents the concentration of tobramycin (nM). The detection limit of 37.90 nM can 

be derived (S/N=3). Therefore, the screened Ap 32-2 has satisfactory performance in 

an AuNP-based photometric assay for tobramycin. 

Insert Fig. 5 

 To evaluate the binding ability and application potential of Ap 32-2 in real sample 

detection, artificially tobramycin-contaminated honey was prepared by spiking 

different concentration of tobramycin into tobramycin-free honey. The honey samples 

were diluted ten times before detection. And then the AuNP-based photometric assay 

was carried out under the same condition. The recovery and relative standard 
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deviation (RSD) of the determinations are listed in Table 1. The results indicate that 

the matrix of honey samples has a very slight influence on the binding property of the 

aptamer and the repeatability of the detection is excellent.  

 

Conclusion 

In summary, we described an AuNP-based photometric assay for determination of 

tobramycin by using a newly screened and optimized ssDNA aptamer. The aptamer 

Ap 32-2 with the length of 34 nt was screened by using the magnetic bead-based 

SELEX process and truncated by rationally designed post-SELEX process. The 

affinity and specificity of the aptamer were characterized. Then the aptamer was used 

as a recognition element to detect tobramycin through AuNP-based photometric assay. 

The assay exhibited the visualized characteristic and the detection limit of 37.90 nM. 

Furthermore, the method was successfully applied to detect tobramycin in honey 

samples. Compared with those reported immunoassay [7], high-performance liquid 

chromatography [8], or capillary electrophoresis [9] based detection for tobramycin, 

whose linear detection range are of 0.50-8 mg.mL-1, 0.93-9.34 mg.mL-1, 0.3-30 

μg.mL-1, AuNP-based photometric assay with the help of Ap 32-2 shows a lowered 

detection limit for tobramycin. With excellent binding characteristics, minimized 

length and interferents-resistance in the detection, the screened Ap 32-2 exhibits great 

promise in the fields of food safety control, clinical analysis and environmental 

monitoring. Meanwhile, through the application of other nanomaterials with unique 

properties such as fluorescence or catalysis, and appropriate design of sensing 
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configuration, the performance of detection may be further improved. 
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Figure Captions 

Fig. 1. The recovery of tobramycin-bound ssDNA after each SELEX round. 

Fig. 2. The predicted secondary structure models of tobramycin-specific aptamers (A) 

Ap 1; (B) Ap 11; (C) Ap 12; and (D) Ap 32 by Mfold. Green regions represent the 

fixed sequences and the black regions represent random sequences. 

Fig. 3. The prediction of the recognition sites of Ap 32 for tobramycin by molecular 

docking. 

Fig. 4. (A) The secondary structures of the truncated aptamers, Ap 32-1 and Ap 32-2; 

(B) The saturation curves of Ap 32 and the truncated Ap 32-1 and Ap 32-2. 

Fig. 5. (A) Color change of AuNP in NaCl in the presence of different concentration 

of tobramycin; (B) UV-vis spectra of AuNP in the presence of different concentration 

of tobramycin; (C) The linear relationship between the absorbance of AuNP at 520 nm 

and the concentration of tobramycin.  
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Table 1. The recovery and RSD of tobramycin detection in honey samples by using 

AuNP-based photometric assay. 

Added (nM) Found (nM) Recovery (%) RSD (%) 

200 

400 

600 

196.7 

392.4 

586.4 

98.35 

98.10 

97.73 

  3.72 

2.18 

3.97 

 



 

27 
 

 

Fig. 1 

 

 

 

 



 

28 
 

 

 
 

Fig. 2 

 

 



 

29 
 

 

Fig. 3 

 



 

30 
 

 

 

 

Fig. 4 

 



 

31 
 

 

 

 

Fig . 5 

 


