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Abstract 

A high sensitive surface plasmon resonance (SPR) biosensor was proposed based 

on the gold nanoparticles-decorated molybdenum sulfide (AuNPs-MoS2) for the first 

time. This SPR platform using the AuNPs-MoS2 nanocomposites as signal labels for 

the sensitive and facile measurement of microRNA (miRNA) was executed in only 

two steps. At first, the thiol-modified DNA oligonucleotide probes, including a 

sequence complementary to the target miRNA-141, were fixed on the Au film to 

identify the segment sequence of target miRNA-141. Then, the assistant DNA-linked 

AuNPs-MoS2 nanocomposites were used to combine with the other section of the 

miRNA-141. Performance of SPR biosensor was enhanced by taking advantage of the 

AuNPs-MoS2 nanocomposites, thus this newly presented sensing assay exhibited high 

sensitivity toward miRNA with a detection limit of 0.5 fM. Furthermore, the method 

showed high specificity, resulting in distinguishing differences among miRNA-200 

family members. Especially, the assay could also be used to detect human miRNA 

from cancer cells, and the results were in excellent accord with the ones obtained 

using qRT-PCR. What is more, this presented method could be feasible for 

determining miRNA in 10% human serum. This assay may provide a great potential 

as a miRNA quantification method in complex samples, and exert significant effect on 

biomedical research and clinical early diagnosis. 

Keywords: Surface plasmon resonance; Gold nanoparticles-decorated molybdenum 

sulfide; MicroRNA 
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1. Introduction  

The gold nanoparticles-decorated molybdenum sulfide (AuNPs-MoS2), which 

the edge sites or defective sites of MoS2 nanosheets are selectively decorated with 

gold nanoparticles (AuNPs) [1], not only exhibit physicochemical properties of 

AuNPs and MoS2, but also usually extend additional functionalities as novel catalytic, 

magnetic, and optoelectronic nanomaterials [2]. For example, AuNPs-MoS2 

nanocomposites confer excellent catalytic activity as well as provide excellent 

electrochemical properties such as high faradic-to-capacitive current ratios, high 

current density, electron mobility and fast mass transport [3-7]. Because of unique 

physicochemical properties of the AuNPs-MoS2 nanocomposites, they were widely 

applied in many sensors, such as electrochemistry sensor [8, 9], chemiluminescence 

biosensor [10, 11], photoluminescence sensor [12, 13], surface-enhanced Raman 

scattering biosensor [14, 15] and colorimetric method [16]. Among these sensors, 

AuNPs-MoS2 nanocomposites generally acted as an excellent sensing substrate, since 

the AuNPs-MoS2 nanocomposites could provide high surface area for capture DNA 

probes as well as improve their electrical conductivity and accelerate electron transfer 

[17, 18]. 

Moreover, in view that the AuNPs-MoS2 nanocomposites generated localized 

surface plasmon resonance which induced strong plasmon-exciton coupling [12, 19, 

20], it was speculated that AuNPs-MoS2 nanocomposites may construct a high 

sensitivity SPR biosensor. However, few papers have reported that the AuNPs-MoS2 

nanocomposites were applied in SPR biosensor.  

As an extension of the previous work of our group [21], a sensitive and simple 

SPR biosensor based on AuNPs-MoS2 nanocomposites was proposed for the detection 

of microRNA (miRNA). Compared to the previous work [21], the synthesis of 
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AuNPs-MoS2 nanocomposites was straightforward. Since the MoS2 nanosheet was 

used as reducing agent, so the synthesis of AuNPs-MoS2 nanocomposites need not 

any additional reduced agents. Especially, the AuNPs-MoS2 nanocomposites were 

used in SPR sensors for the first time. The principle of AuNPs-MoS2 

nanocomposites-based SPR (AuNPs/MoS2-SPR) biosensor was illustrated in Fig. 1. 

Thiol-modified probe including a sequence complementary to the target miRNA, was 

first immobilized on the Au film and used as capture DNA. In the presence of target 

miRNA-141, DNA-linked AuNPs-MoS2 nanocomposites were served as signal labels, 

and a sandwich structure was formed on the SPR sensing surface. There were at least 

three probable causes. Firstly, the SPR signal was enhanced by localized plasmon of 

AuNPs and the surface plasmon wave associated with Au film generated the 

electronic coupling [22, 23]. Secondly, MoS2 which loaded a large amount of AuNPs 

could significantly enhance SPR signal compared to gold nanoparticles. Thirdly, the 

photoexcited excitons could be used to active control of SPR in AuNPs-MoS2 

nanocomposites, resulting in the enhancement of SPR signal [24, 25]. With the 

amplification of AuNPs-MoS2 nanocomposites, an extremely low limit of detection 

was reached toward miRNA-141. Interestingly, differing from previous work [8, 9, 

15], this work considered AuNPs-MoS2 nanocomposites as signal probes. More 

importantly, this AuNPs/MoS2-SPR biosensor performed in only two steps and 

showed high sensitivity, excellent selectivity and good reproducibility. This work had 

great potential for practical application in clinical diagnosis and biomedical research. 

Fig. 1. positioned here 

 

2. Experimental 

2.1. Materials/ Reagents 
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Chloroauric acid (HAuCl4·4H2O) was obtained from Sinopharm Chemical 

Reagent Co., Ltd. (Beijing, China). MoS2 nanosheet solution (1 mg L-1) was 

purchased from XFNANO Materials Tech Co., Ltd. (Nanjing, China). Sodium 

carboxymethyl cellulose (CMC, 800−1200 mPa·s) was purchased from Aladdin 

reagent Co., Ltd. (Shanghai, China). 6-Mercapto-1-hexanol (MCH) was provided 

from Sigma (U.S.A). All nucleic acid probes were synthesized by Shanghai Sangon 

Biotechnology Co. (Shanghai, China) and were listed in Table 1. All reagents used in 

the experiments were prepared by ultrapure water (18.2 MΩ cm). DNA probes and 

miRNA were dissolved into PBS buffer (0.01M, pH 7.4) containing 100 mM NaCl 

before use. In order to keep an RNase-free environment, 0.1% diethyl pyrocarbonate 

(DEPC) were used to dispose of all solutions, then all solutions were autoclaved. 

Table 1. positioned here 

2.2. Preparation AuNPs-MoS2 and DNA-linked AuNPs-MoS2 nanocomposites 

AuNPs-MoS2 nanocomposites were synthesized by hydrothermal synthesis 

method [2, 26]. In a typical synthesis, CMC (400 µL, 50 mM) and HAuCl4·4H2O 

(197 µL, 24.28 mM) were immediately mixed with MoS2 nanosheets (5 mL, 0.08 

mg/mL) aqueous dispersion under vigorous stirring. Then, the above mixture was 

heated to 40 °C for 5 min. Finally, the product of AuNPs-MoS2 nanocomposites was 

centrifuged and stored at 4 °C for further use. 

According to the literature with minor modifications [27], DNA-linked 

AuNPs-MoS2 nanocomposites were prepared. Firstly, assistant DNA (4.5 µL, 100 µM) 

and helper DNA (4.5 µL, 100 µM) were added to 441 µL AuNPs-MoS2 
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nanocomposites solution for 16 h at 4 °C, and then the solution was mixed with 500 

mM NaCl solution (300 µL, pH 7.0, 50 mM PBS) for aging 40 h at 4 °C. Helper DNA 

can protect the AuNPs-MoS2 from being aggregated in salt solution due to strong 

interparticle electrostatic repulsion [28, 29]. Next, the DNA-linked AuNPs-MoS2 

nanocomposites were centrifuged (30 min, 13,000 rpm) to remove excess reagents. 

The supernatant was discarded and the precipitate was washed with 100 mM NaCl 

solution (pH 7.0, 10 mM PBS). After a second centrifugation, the precipitate was 

dispersed in 100 mM NaCl solution (800µL, pH 7.0, 10 mM PBS). 

2.3. The fabrication of SPR sensor 

The Au film was cleaned according to our previous work [30-32]. The Au film 

was docked into EC-SPR1010 device (Changchun Dingcheng Technology, China). 

DNA probes (5 µM) in PBS (0.01 M, pH 7.4) was dripped to the Au film for 3 h 

incubation. Then it was washed by PBS (0.01 M, pH 7.4) to remove excess probe. 

MCH (1 mM) was employed to block the gold film for 30 min. In addition, 

thiol-modified capture DNA probes were also raised off the surface by MCH [33]. 

Finally, the Au film was washed by with PBS (0.01 M, pH 7.4). The sensor chip was 

obtained. 

2.4. MiRNA detection protocol 

At room temperature, detection of miRNA-141 was conducted by exposing the 

sensor chip to different concentration of miRNA-141 solution or tumor cell 

extractions or 10 % human serum which contained miRNA for 60 min, and then the 

resonance angle was recorded after washing with 10 mM PBS repeatedly, i.e. target 
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miRNA-141 was detected by direct hybridization. Next, DNA-linked AuNPs or 

DNA-linked AuNPs-MoS2 was added for reacting about 50 min at room temperature, 

and the resonance angle was recorded after washing with 10 mM PBS repeatedly, i.e. 

target miRNA-141 was detected by AuNPs amplified SPR or AuNPs/MoS2-SPR. 

Finally, 0.1% SDS/10 mM NaOH was introduced for 5 min to regenerate the sensor 

chip for further use. 

2.5. Cell extractions and qRT-PCR analysis 

Four human cancer cell lines, including prostate carcinoma cell lines (22Rv1), 

hepatocellular carcinoma cell lines (SMMC-7721), colon cancer cell lines (LoVo) and 

cervical cancer cell lines (HeLa), were employed to prepare the biological samples. 

The cell culture and corresponding cell lysates were prepared according to our previous 

work [21, 34]. The total RNA, including miRNA, was extracted from the human cancer 

cell lines using a Trizol reagent (Sangon Co.Ltd, Shanghai, China). The concentrated 

and pure RNA was divided into two equal parts for the detection using qRT-PCR 

(Sangon Co. Ltd, Shanghai, China) and the AuNPs/MoS2-SPR biosensor. The 

detection of target miRNA-141 in cell extractions followed the above procedures. 

 

3. Results and discussion 

3.1. Characterization of AuNPs-MoS2 nanocomposites and DNA-linked 

AuNPs-MoS2 nanocomposites 

The as-prepared AuNPs-MoS2 nanocomposites were characterized using Tecnai 

F20 transmission electron microscopy (FEI, Netherlands). As shown in Fig. 2A, the 
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AuNPs with a diameter around 10 nm were decorated on the surface of MoS2 

nanosheets, suggesting that the AuNPs-MoS2 nanocomposites were successfully 

prepared. Fig. 2B showed the elemental composition of the synthesized AuNPs-MoS2 

nanocomposites was characterized by using scanning transmission electron 

microscope-energy dispersive X-ray spectroscopy (STEM-EDX) maps. It was found 

that the signals from three elements, Au (Fig. 2B, curve b), Mo (Fig. 2B, curve c) and 

S (Fig. 2B, curve d) were detected, implying the synthesis of AuNPs-MoS2 

nanocomposites. In addition, the AuNPs-MoS2 nanocomposites were also 

characterized using UV-2600 spectrophotometer (Shimadzu, Japan). As shown in Fig. 

2C, one characteristic absorption peaks of MoS2 nanosheets were located at 304 nm 

(Fig. 2C, curve a). When HAuCl4 was added into chemically exfoliated MoS2, the 

absorption peak of Au3+ at around 289 nm (Fig. 2C, curve b) decreased significantly 

and a new absorption peak corresponding to the AuNPs at around 537 nm emerged. 

Meanwhile, obvious absorption peak at 251 nm corresponding to the MoS2 was 

observed in the mixture solution, suggesting the synthesis of AuNPs-MoS2 

nanocomposites (Fig. 2C, curve c). 

The structure of MoS2 and AuNPs-MoS2 nanocomposites was characterized 

using Powder X-ray diffraction (XRD) (D/MAX 2500, Japan). As shown in Fig. 2D, a 

diffraction peak located at about 14.40° for MoS2 nanosheet, which was matched with 

the (001) index of 1T-MoS2 [35, 36]. After modification, strong diffraction peaks 

emerged at 40.0° for AuNPs-MoS2 nanocomposites, which can be assigned to the (111) 

planes of Au (JCPDS no. 04-0784) [37, 38]. The results indicated the successful 
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formation of AuNPs-MoS2 nanocomposites. 

The structure and composition of the AuNPs-MoS2 nanocomposites were 

investigated by X-ray Photoelectron Spectroscopy (XPS) (K-Alpha 1063, England). It 

had reported that a trigonal orismatic (2H) and an octahedral (1T) configuration of 

MoS2 could coexist during the lithium intercalation-exfoliation process [36-38]. As 

shown in Fig. 2E, the binding energy peaks of MoS2 nanosheet was fitted into three 

groups: (1) two larger peaks located near 232.6 eV and 229.3 eV, respectively, which 

corresponding to Mo4+ 3d3/2 and Mo4+ 3d5/2 of 2H-MoS2; (2) the two peaks located 

around 231.8 eV and 228.6 eV could be assigned to Mo4+ 3d3/2 and Mo4+ 3d5/2 of 

1T-MoS2; (3) relative weak peaks located at 235.2 eV and 231.8 eV are sign of Mo 3d 

peaks with higher oxidation state (Mo6+), which may originate from the partial 

oxidation of Mo atoms at the edges or defects of the MoS2 nanosheet during chemical 

exfoliation and preparation of AuNPs-MoS2 [5, 37, 38], The binding energy for S 

2p3/2 and S 2p1/2 were 162.3 eV and 163.5 eV, respectively (Fig. 2F). Two peaks 

located at about 87.2 eV and 83.5 eV can be ascribed to Au 4f5/2 and Au 4f7/2, 

respectively (Fig. 2G). The XPS results further confirmed the existence of the 

AuNPs-MoS2 nanocomposites. 

Fig. 2. positioned here 

DNA-linked AuNPs-MoS2 nanocomposites were also characterized using 

UV-2600 spectrophotometer (Shimadzu, Japan). As shown in Fig. S1 (Supporting 

Information), on the absorption spectra of AuNPs-MoS2 nanocomposites and 

DNA-linked AuNPs-MoS2 nanocomposites, the characteristic absorption peak of 
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AuNPs was 537 nm (Fig. S1 (Supporting Information), curve a) and 540 nm (Fig. S1 

(Supporting Information), curve b) respectively, confirming that AuNPs-MoS2 

nanocomposites were labeled with assistant DNA. 

3.2. The feasibility 

The feasibility of this method was first investigated. As shown in Fig. 3, when 50 

pM miRNA-141 was added and incubated with capture DNA modified Au film, SPR 

spectrum shifted from curve 1 to curve 2 and small resonance angle shift (∆θ = 

0.0126°) was observed. Then DNA-linked AuNPs-MoS2 nanocomposites were added, 

SPR spectrum shifted from curve 2 to curve 3 and an obvious resonance angle shift 

(0.2632°) was observed, suggesting that the DNA-linked AuNPs-MoS2 

nanocomposites were captured on the Au film through hybridization. When 0.1% 

SDS/10 mM NaOH was introduced for 5 min, SPR spectrum shifted from curve 3 to 

curve 4. The resonance angle of curve 4 was basically consistent with that of curve 1, 

implying that the sensor chip could be regenerated. The results showed that 

miRNA-141 could be detected using SPR biosensor based on AuNPs-MoS2 

amplification strategy. 

Fig. 3. positioned here 

3.3. Optimization of the experimental conditions 

Different experimental parameters, such as the surface density of the capture 

probe on the Au film and the incubation time of miRNA-141 could influence the 

performance of the detection system. To achieve optimal sensing performance, the 

effects of these factors were investigated. 
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The effect of the Au film with different surface densities of the capture probe 

was first investigated. The surface density of the capture probe on the Au film was 

quantitatively measured with chronocoulometry, as previously described [39]. As 

shown in Fig. 4A, different surface coverage (1.75 × 1012 molecules per cm2, 4.85 × 

1012 molecules per cm2, and 1.06 × 1013 molecules per cm2) was obtained through the 

incubation of the Au film with 1 µM, 5 µM, and 10 µM of the capture probe, 

respectively. The largest ∆θ could be obtained at 5 µM capture probe (4.85 × 1012 

molecules per cm2). Presumably, the low-density DNA surface captured few target 

strands and the high-density DNA surface decreased the hybridization efficiency, 

resulting in the decrease of ∆θ. Therefore, a 5 µM capture probe was chosen for the 

following experiments. 

In addition, the effect of incubation time of miRNA-141 and the capture probe 

on Au film surface was investigated. As shown in Fig. 4B, SPR signal increased with 

the increase of time, and then reached a plateau at 60 min. Therefore, 60 min was 

selected as the optimal incubation time of miRNA-141. 

Fig. 4. positioned here 

3.4. Analytical performance of miRNA-141 detection 

Different concentrations of miRNA-141 were also successively measured by the 

proposed AuNPs/MoS2-SPR biosensor. As shown in Fig. 5A, in the absence of 

miRNA-141, SPR response hardly changed in blank solution. As the miRNA-141 

concentrations rose from 0 to 50 pM, SPR response gradually increased. However, as 

shown in Fig. S2 (Supporting Information), when the miRNA-141 concentrations rose 
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from 0 to 50 pM, SPR response slowly increased without adding DNA-linked 

AuNPs-MoS2 nanocomposites. The reason may be that the increased quantity of 

DNA-linked AuNPs-MoS2 nanocomposites was captured on Au film. Fig. 5B 

illustrated that the relation between the shift of resonance angle (∆θ) and the 

concentration of miRNA-141 of three methods (i.e. direct hybridization measurement, 

AuNPs amplified SPR and AuNPs/MoS2-SPR). Since a shift of resonance angle larger 

than 0.0015° was regarded as signal for the SPR instrument, it was estimated that this 

proposed AuNPs/MoS2-SPR (Fig. 5B, curve c) approach allowed detection of miRNA 

with the limit of detection down to 0.5 fM. In addition, direct hybridization 

measurement (Fig. 5B, curve a) and AuNPs amplified SPR (Fig. 5B, curve b) method 

allowed the minimum target concentrations detected were 100 pM and 1 pM 

respectively. Therefore, AuNPs-MoS2 nanocomposites could significantly enhance 

SPR signal compared to pure AuNPs. This result was similar to that of the graphene 

oxide–gold nanoparticles hybrids-based SPR biosensor in our previous work [21]. 

One possibility is that MoS2 nanosheet as a graphene analogue has distinct similarities 

compared to graphene such as 2D ultrathin atomic layer structure and high surface 

area [2]. Moreover, to further evaluate high amplification effect of the 

AuNPs/MoS2-SPR biosensor, its detection limit was compared to the previous works 

in Table 2. The results showed the high sensitivity of the AuNPs/MoS2-SPR 

biosensor.  

Table 2. positioned here 

Next, miRNA-141, miRNA-200a, miRNA-429, let-7d and random miRNA were 
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used to investigate the selectivity capability of AuNPs/MoS2-SPR biosensor. The 

change of SPR response was hardly observed in the absence of miRNA-141 (Fig. 5B). 

As shown in Fig. 5C, as the concentration increased, there was almost no change in 

resonance angle for let-7d and random miRNA. ∆θ increased slightly in case of 

miRNA-429 and miRNA-200a. However, ∆θ increased obviously in case of 

miRNA-141. Take 10 pM miRNA as example, ∆θ was 0.1933° for miRNA-141, 

which was more than five times larger than that of miRNA-429 and four times larger 

than that of miRNA-200a. The results indicated the good selectivity of the 

AuNPs/MoS2-SPR for miRNA-141 detection. 

The reproducibility of the sensor chip was investigated. After a sample was 

measured, 0.1% SDS/10 mM NaOH was used to regenerate the Au film surface for 

the next round of analysis. As shown in Fig. 5D, when 10 pM miRNA-141 was 

detected using the AuNPs/MoS2-SPR biosensor, no significant signal degradation was 

observed during the 6 cycles and the standard deviation was about 1.2% (n=6), 

suggesting that this SPR biosensor exhibited good reproducibility. 

Fig 5. positioned here 

3.5. Application of the biosensor in biological sample 

To further confirm the application of the AuNPs/MoS2-SPR biosensor in 

biological analysis, the cell lysates from four human cancer cell lines, including 

22Rv1, SMMC-7721, LoVo and HeLa, were tested. The relative expression levels 

which were employed to stand for the levels of miRNA-141, referred to the 

expression ratio of miRNA-141 in the target cell lines versus that in the LoVo cell 
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lines. As shown in Fig. 6A, the cell lysates from 22Rv1 cell lines had higher 

concentration of miRNA-141 than that from LoVo cell lines. Compared to LoVo cell 

lines, concentration of miRNA-141 obviously decreased in 7721 cell lines and HeLa 

cell lines. The results clearly demonstrated the varied contents of miRNA-141 in the 

cells, which were in good agreement with reported literature [21, 45]. In addition, to 

assess the reliability of this AuNPs/MoS2-SPR biosensor, qRT-PCR and the 

AuNPs/MoS2-SPR biosensor were used specifically to detect the relative expression 

levels of miRNA-141 in cell lysates. The results obtained by the AuNPs/MoS2-SPR 

biosensor in excellent agreement with the ones obtained qRT-PCR. The results 

showed that the AuNPs/MoS2-SPR biosensor held a great potential in the early clinic 

diagnosis with accuracy and reliability. 

The AuNPs/MoS2-SPR biosensor was also applied to measure miRNA-141 in 

human serum. The human normal serum (which does not contain miRNA in 

detectable quantity) was diluted 10 times [46, 47], and first treated using the RNase 

inhibitor. Then, miRNA-141 of known different concentration were added into the 

serum sample to obtain miRNA-141 spiked serum sample. Next, after the 

miRNA-141 spiked serum samples were centrifuged to remove the macromolecules 

using the centrifugal filtration devices (30 K), the spiked serum samples were 

detected. As shown in Fig. 6B, the signal caused by miRNA-141 in 10% human 

serum was similar to that caused by miRNA-141 in the PBS. The results suggested 

that the other components of the serum did not influence the measuring properties of 

the proposed biosensor. 
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Fig. 6. positioned here 

 

4. Conclusion 

In summary, a sensitive SPR biosensor for detecting miRNA was fabricated 

based on AuNPs-MoS2 nanocomposites. On the basis of signal amplification of 

AuNPs-MoS2 nanocomposites, the AuNPs/MoS2-SPR biosensor exhibited high 

sensitivity toward target miRNA with a detection limit of 0.5 fM. Moreover, the 

developed biosensor showed high specificity, acceptable reproducibility and precision, 

and could be applied to monitor human miRNA from cancer cells. The results 

obtained using the AuNPs/MoS2-SPR biosensor were in accord with the ones obtained 

using qRT-PCR. In addition, this presented method could be feasible for determining 

miRNA in 10% human normal serum. More importantly, the assay was enzyme-free 

and cost-effective. These distinctive features indicate that our method will be a 

promising miRNA detection assay in clinical diagnosis and disease treatment. 
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Table Captions  

Table 1. Sequences of all nucleic acid probes used. 

Table 2. Detection performance comparison of our strategy with other SPR methods. 

Figure Captions 

Fig. 1. The schematic illustration of the SPR biosensor based on the AuNPs-MoS2 

nanocomposites amplification. 

Fig. 2. (A) TEM images of AuNP-MoS2 nanocomposites. (B) Scanning transmission 

electron microscope-High angle annular dark-field (STEM-HAADF) image (a), 

Scanning transmission electron microscope-Energy dispersive X-ray spectroscopy 

(STEM-EDX) maps in Au Lα1 (b), S Kα1 (c), and Mo Kα1 (d) signals. (C) UV–Vis 

adsorption spectra of MoS2 (a), HAuCl4 (b) and AuNPs-MoS2 nanocomposites (c). (D) 

XRD pattern of MoS2 (a) and AuNPs-MoS2 nanocomposites (b). X-ray Photoelectron 

Spectroscopy (XPS) spectra of AuNPs-MoS2 nanocomposites in the Mo 3d (E), S 2p 

(F), and Au 4f (G) region. 

Fig. 3. SPR spectra of (1) capture DNA modified Au film; (2) hybridization with 50 

pM miRNA-141; (3) reaction with the DNA-linked AuNPs-MoS2; (4) regeneration. 

Fig. 4. Optimization of the experimental conditions. Effects of (A) surface density, (B) 

the incubation time of miRNA-141 (50 pM). The error bars represent the standard 

deviation of the three independent measurements. When one parameter changed, the 

others were under their optimal conditions. 

Fig. 5. (A) SPR spectra of different concentrations of miRNA-141. (B) The 

relationship between ∆θ and miRNA-141 concentrations by using different sensing 
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strategies. Error bars showed the standard deviation of measurement taken from three 

experiments. Direct hybridization measurement (a), AuNPs amplified SPR (b), and 

AuNPs/MoS2-SPR (c). (C) Selectivity investigation of the AuNPs/MoS2-SPR 

biosensor. Error bars showed the standard deviation of measurement taken from three 

experiments. (D) Reproducibility investigation of the AuNPs/MoS2-SPR biosensor. 

The sensor chip was regenerated by introducing 0.1% SDS/10 mM NaOH for 5 min. 

Fig. 6. (A) Paired comparison of the miRNA-141 levels detected in the total RNA 

isolated from four types of human cancer cell lines using qRT-PCR (red histogram) or 

the proposed biosensor (green histogram). Relative signal intensity was based on the 

expression ratio of miRNA-141 in the target cell lines versus that in the LoVo cell 

lines. (B) Detection of miRNA-141 in 10% human serum (red histogram) and buffer 

(green histogram). Error bars showed the standard deviation of measurement taken 

from three experiments.
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Table 1. Sequences of all nucleic acid probes used. 

Name Sequence (5′–3′) 

Capture DNA AGACAGTGTTATTTTTTTTTT-SH 

Assistant DNA SH-TTTTTTTTTTTTTCCATCTTTACC 

Helper DNA SH-TTTTTTTTTTTTT 

miRNA-141 UAACACUGUCUGGUAAAGAUGG 

miRNA-429 UAAUACUGUCUGGUAAAACCGU 

miRNA-200a UAACACUGUCUGGUAACGAUGU 

let-7d AGAGGUAGUAGGUUGCAUAGUU 

Radom miRNA N22 
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Table 2. Detection performance comparison of our strategy with other SPR methods. 

SPR platform Amplification strategy Detection limit Reference 

Biacore X Streptavidinylated gold nanorods 

amplification 

0.045 pM [40] 

Biacore X Streptavidin and supersandwich 

amplification 

9 pM [41] 

SPRimager AuNPs and polymerase amplification 10 fM [22] 

SPRimager AuNPs amplification 0.5 pM [42] 

SPR imaging SiNPs and polymeras amplification 100 fM [43] 

SPR imaging Protein p19 amplification 1 fM [44] 

SPR multiple amplification strategy 0.6 fM [31] 

SPR GO-AuNPs hybrids amplification 1 fM [21] 

SPR AuNP-MoS2 hybrids amplification 0.5 fM This work 
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Fig. 1. The schematic illustration of the SPR biosensor based on the AuNPs-MoS2 

nanocomposites amplification. 
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Fig. 2. (A) TEM images of AuNP-MoS2 nanocomposites. (B) Scanning transmission 

electron microscope-High angle annular dark-field (STEM-HAADF) image (a), 

Scanning transmission electron microscope-Energy dispersive X-ray spectroscopy 

(STEM-EDX) maps in Au Lα1 (b), S Kα1 (c), and Mo Kα1 (d) signals. (C) UV–Vis 

adsorption spectra of MoS2 (a), HAuCl4 (b) and AuNPs-MoS2 nanocomposites (c). (D) 

XRD pattern of MoS2 (a) and AuNPs-MoS2 nanocomposites (b). X-ray Photoelectron 

Spectroscopy (XPS) spectra of AuNPs-MoS2 nanocomposites in the Mo 3d (E), S 2p 

(F), and Au 4f (G) region. 
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Fig. 3. SPR spectra of (1) capture DNA modified Au film; (2) hybridization with 50 

pM miRNA-141; (3) reaction with the DNA-linked AuNPs-MoS2; (4) regeneration. 
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Fig. 4. Optimization of the experimental conditions. Effects of (A) surface density, (B) 

the incubation time of miRNA-141 (50 pM). The error bars represent the standard 

deviation of the three independent measurements. When one parameter changed, the 

others were under their optimal conditions.
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Fig. 5. (A) SPR spectra of different concentrations of miRNA-141. (B) The 

relationship between ∆θ and miRNA-141 concentrations by using different sensing 

strategies. Error bars showed the standard deviation of measurement taken from three 

experiments. Direct hybridization measurement (a), AuNPs amplified SPR (b), and 

AuNPs/MoS2-SPR (c). (C) Selectivity investigation of the AuNPs/MoS2-SPR 

biosensor. Error bars showed the standard deviation of measurement taken from three 

experiments. (D) Reproducibility investigation of the AuNPs/MoS2-SPR biosensor. 

The sensor chip was regenerated by introducing 0.1% SDS/10 mM NaOH for 5 min. 
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Fig. 6. (A) Paired comparison of the miRNA-141 levels detected in the total RNA 

isolated from four types of human cancer cell lines using qRT-PCR (red histogram) or 

the proposed biosensor (green histogram). Relative signal intensity was based on the 

expression ratio of miRNA-141 in the target cell lines versus that in the LoVo cell 

lines. (B) Detection of miRNA-141 in 10% human serum (red histogram) and buffer 

(green histogram). Error bars showed the standard deviation of measurement taken 

from three experiments. 
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Highlights 

1. A sensitive SPR biosensor was firstly proposed based on AuNPs-MoS2 

nanocomposites. 

2. This SPR platform for miRNA detection was executed in only two steps. 

3. The AuNPs-MoS2 nanocomposites were used as signal tags to enhance the SPR 

signal. 

4. The SPR sensor exhibited high sensitivity with a detection limit of 0.5 fM. 

5. This assay can be used for miRNA detection in complex samples. 


