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Abstract 

 Gold nanoparticles of different sizes have been synthesized and surface-functionalized with 

selected RNA probes in order to develop a rapid, low-cost and sensitive method for detection of 

microRNA146a (miR146a). The strategy is based on the change of colour that can be observed 

visually after aggregation of the RNA modified-gold nanoparticles (AuNPs) in presence of 

miR146a. Experimental conditions have been carefully selected in order to obtain a good 

sensitivity that allows to perform visual detection ofmicroRNA at the nM level, achieving a 

detection limit of 5 nM. Good repeatability and selectivity versus other sequences that only differ 

from miR146a in 3 bases was achieved. miR146a has been described as one of the main 

microRNA involved in the immune response of bovine mastitis, being expressed in tissue, blood 

and milk samples. The method was successfully applied to the detection of miR146a in raw cow 

milk samples. The present scheme constitutes a rapid and low cost alternative to perform highly 

sensitive detection of microRNA without the need of instrumentation and amplification steps for 

the early detection of bovine mastitis in the agrofood industry. 
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Introduction 

Bovine mastitis is a persistent inflammatory reaction of the udder tissue caused by a wide 

range of microorganisms infections [1]. It is a highly prevalent and costly disease to the dairy 

cattle, resulting in large economic losses for the dairy industry [2]. Somatic cell counting and 

bacteriological culturing of milk samples are the most frequently used diagnostic methods for 

bovine mastitis [3]. Somatic cell counting suffers from limitations such as the variability on the 

interpretation of the results between different testers, as well as the high rates of false positive 

results due to some environmental conditions such as parity, season or stress. [4]. On the other 

hand, bacteriologic culture is a common diagnostic method to identify the pathogens causing 

mastitis [5]. It requires between 48 and 72 h to obtain confirmatory results, need to be performed 

using standardized repeatable methods, and poses a low sensitivity when compared to other novel 

amplification-based methods [6].  

A novel approach in order to perform the detection of mastitis may be the detection of micro 

RNAs (microRNAs), a noncoding, highly conserved, single-stranded and endogenous RNAs 

made of 18–25 nucleotides. Discovered in the early 1990s throughout the genome, many 

publications have demonstrated their involvement in different biological processes, like protein 

expression and regulation [7]. They are considered as an emerging class of biomarkers for which 

a growing number of scientific publications report a correlation between the presence of a certain 

microRNA and a pathological condition, such as inflammation diseases [8]. In this sense, there 

are many different microRNA families that are involved in mastitis disease, being present in both, 

milk samples (such as microRNA223, microRNA142-5p, microRNA21, microRNA146a 

(miR146a), microRNA155, microRNA222, microRNA383) [9–11], and in bovine tissues (such 
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as microRNA144, microRNA451, microRNA7863, microRNA182, microRNA122, 

microRNA205, microRNA200a, microRNA146a, microRNA146b (miR146b)) [12–14]. 

Particularly, miR146a has been reported as one of the main microRNA involved in the immune 

response of bovine mastitis, being expressed in tissue, blood and milk samples [9, 11, 12, 15, 16], 

as well as in other diseases such as tuberculosis [17].  

Different detection methods, including northern blotting [18], real-time quantitative 

polymerase chain reaction (qRTPCR) [19], microarray [20], sequencing [21], cloning [22] and in 

situ hybridization [23] have been employed for the detection of microRNAs. However, some of 

those methods suffer certain limitations including that they are typically time consuming 

techniques requiring high volume of sample and multiple experimental steps [8, 24]. Furthermore, 

many often sensitivity is not good enough for microRNA detection at relevant concentration 

levels since microRNAs to be detected for rapid diagnosis are at very low concentration levels 

[25]. Microarray techniques can offer a sensitivity good enough for detection of microRNA [26]. 

However, they suffer a high degree of false-positive results [27]. Hybridization-based methods 

such as sequencing, cloning, in situ hybridization and amplification-based methods like qRT-PCR 

provide high specificity and sensitivity for the detection of genetic targets [28]. Nevertheless, they 

require delicate and laborious primer design due to the short length of microRNAs, as well as a 

complex sample preparation which involves multiple experimental steps including modification 

of microRNAs, requiring highly qualified personnel to perform both, experimental work and data 

analysis [27], and resulting in higher cost and complexity [29].  

In order to ensure a high efficiency in agrofood safety control, dairy products industry and 

producers would benefit from having reliable and rapid methods of analysis capable to detect 

mastitis biomarkers in situ and in a fast way to achieve rapid diagnosis of the infectious disease.  

In this sense, colorimetric methodologies based on gold nanoparticles (AuNPs) can be a 

convenient option for rapid and cost-effective microRNA detection. Few colorimetric assays for 

microRNA detection have been described based on the use of AuNPs. However, most 

methodologies described so far require long analysis times and include amplification steps based 
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on the use of enzymes [30, 31]. Aggregation of AuNPs followed by Resonance Light Scattering 

measurements was reported by Ren, M. et al. [32] for microRNA detection with high sensitivity. 

However, the method is limited for routine analysis by the need of complex and expensive 

instrumentation.  

Building upon these techniques, here it is presented the design, optimization and evaluation of 

an assay for microRNA visual optical detection that takes advantage of the changes of the surface-

plasmon resonance absorption produced after aggregation of AuNPs induced by the target 

molecule [33]. To ensure selectivity AuNPs are modified with short RNA sequences that are 

complementary to the sequence of the microRNA of interest. Visualization of the colour 

difference is enhanced by spotting the samples onto a C18 silica thin-layer chromatography (TLC) 

plate, retaining the colour of the solution mixture and preventing dissociation of the formed 

aggregates, allowing a permanent record of the test. This strategy provides a rapid, cost-effective 

and highly sensitive method for the detection of microRNA, avoiding the design of sophisticated 

templates, and where the readout can be performed visually, without the need of complex and 

expensive instrumentation [33]. 

Materials and methods 

Materials and reagents 

All reagents were of Analytical grade and used without any further purification unless otherwise 

mentioned.  

The thiolated RNA strands employed to functionalize the AuNPs surface (Probe-1)  -SH-A 

AAA AAA AAA AUU CAG UUC UCA-3′, (Probe-2) 5’-ACA ACC UAU GGA AAA AAA 

AAA A-HS-3′, and the micro RNAs (miR146a) 5’-UGA GAA CUG AAU UCC AUA GGU 

UGU-3′, (miR146b) 5’-UGA GAA CUG AAU UCC AUA GGC UGU-3′, (miR146c) 5’-

UGA GAA CUG AAU UCC AUA CCU UCU-3′, were obtained from Integrated DNA 

Technologies (Iowa, United States; www.idtdna.com). Hydrogen Tetrachloroaurate Trihydrate 

(HAuCl4 ∙ 3H2O), Sodium citrate tribasic dihydrate (Na3C6H5O7 ∙ 2H2O), Magnesium Chloride 

http://www.idtdna.com/
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Hexahydrate (MgCl2 ∙ 6H2O), Trizma® Hydrochloride (NH2C(CH2OH)3 ∙ HCl) and Potassium 

Chloride (KCl) were purchased from Sigma- Aldrich (St. Louis, USA; www.sigmaaldrich.com). 

Thiolated Polyethylene Glycol (mPEG-SH1000) from Laysan Bio, Inc. (Huntsville, USA; 

www.laysanbio.com). TLC Aluminium Sheets Silica gel 60 F254 and Analtech TLC Uniplates™, 

where the C18-silica gel matrix is immobilized onto a glass support, were purchased from Merck 

KGaA (Darmstadt, Germany; www.merckmillipore.com). Milk samples were obtained from the 

Department of Animal Nutrition. Grassland and Forages, Regional Institute for Research and 

Agro-Food Development (SERIDA, Asturias, Spain). RNA extraction was performed using 

QIAzol Lysis Reagent from QIAGEN (USA; www.qiagen.com) and mirVana microRNA Isolation 

Kit and Phosphate-Buffered Saline (PBS) from Thermo Fisher Scientific (USA; 

www.thermofisher.com). 

Synthesis of gold nanoparticles 

Gold nanoparticles (AuNPs) were prepared following a procedure described elsewhere [34], 

and details are given in the Electronic Supplementary Material.  

Size, morphology and size dispersion of AuNPs were assessed by Dynamic Light Scattering 

(DLS) and Transmission Electron Microscopy (TEM) measurements, using only particles with a 

polydispersity index (PDI) below 0.1. The average diameters of the synthesized AuNPs are 15 ± 1 

nm(n = 670) with a PDI of 0.01; 20 ± 1 nm (n = 600) with a PDI of 0.07; and 25 ± 3 (n = 117) with 

a PDI of 0.1. 

Functionalization of AuNPs 

Two sets of AuNPs (named SET 1 and SET 2 respectively) were functionalized with two 

different RNA sequences with a 5′-thiol-modification (Probe-1) and a 3′-thiol-modification (Probe-

2). Both sequences are partially complementary to the target analyte miR146a and have a poly-A 

chain of nucleotides (10 adenines) between the thiol modification and the complementary sequence 

(see Table 1), acting as a spacer in order to facilitate their binding to the miR146a target analyte. 

SET 1 and SET 2 of AuNPs were prepared by mixing 20 μL of AuNPs (100 nM) with 20 μL of 
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Probe-1 and Probe-2 (15 μM) respectively, in binding buffer (ultrapure water with 0.01% v/v 

Tween-20 and 90 mMTrisodium Citrate HCl buffer, pH = 3) for 30 min at room temperature. 

Afterwards, in order to improve the colloidal stability of the NPs, thiolated polyethylene glycol 

(mPEG-SH1000) was added to block any RNA-free areas that can be present on the AuNPs. 

 

Table 1 Sequence information of the different microRNAs and oligonucleotides employed along 

this study 

Name Sequences (5′→3′) 

Probe-1 

Probe-2 

miR146a 

miR146b 

miR146c 

SH-AAAAAAAAAAAUUCAGUUCUCA 

ACAACCUAUGGAAAAAAAAAAA-HS 

UGAGAACUGAAUUCCAUAGGUUGU 

UGAGAACUGAAUUCCAUAGGCUGU 

UGAGAACUGAAUUCCAUACCUUCU 

 

Underlined characters represent the different bases of the microRNAs employed in the selectivity 

test compared with target miR146a surface. For such purpose, each set of surface-modified AuNPs 

was mixed with 10 μL of mPEG-SH1000 (2 mM), and the mixture was incubated at 60 °C for 30 

min. Finally, a purification step to remove the mPEG-SH1000 excess from the supernatant was 

carried out by three centrifugation cycles (16,000 g) for 30 min. Finally, a sample dilution with 

ultrapure water with 0.01% v/v Tween-20 was carried out to obtain a final concentration of 5 nM 

AuNPs, based on Extinction coefficient of 2.33 × 108 M−1 cm−1 at λ = 521 nm for 15 nm AuNPs. 

Detection assay 

In a typical experiment, 2 μL of different concentrations of standard solutions of target analyte (0–

80 nM), were mixed with 5 μL ofAuNPs SET 1 and 5 μL of AuNPs SET 2 (to get a final 

concentration of 2.5 nM) in 8 μL of buffer assay (300 mM MgCl2 ∙ 6H2O, 0.1 M Trizma® HCl 

and 0.5 M KCl, pH = 8.3) for 20 min at 60 °C to allow hybridization of the complementary strands. 
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Sample pre-treatment 

Raw cow milk samples were obtained at the Regional Institute for Research and Agrofood 

Development of the Principality of Asturias (SERIDA). The milk samples were pre-treated with 

QIAzol Lysis Reagent from QIAGEN (USA) and mirVana microRNA Isolation Kit from Thermo 

Fisher (USA) following the instructions of the manufacturer.  

For each milk sample, 50 mL were centrifuged at 4000 g−1 for 20 min at 4 °C to obtain a pellet 

with the cells. The top layer containing fat andwheywere discarded. Then, the pellet, which 

corresponds with the milk cells, was washed twice with PBS, and then homogenized in 2 mL of 

QIAzole reagent. Then, miR146a was added at different concentrations. Finally, total RNAwas 

isolatedwith the mirVana kit following instructions of the manufacturer. A recovery between 70% 

of the RNA has been assumed for the extraction [35]. 

Results and discussion 

Choice of materials 

With the aim of performing a visual detection of microRNA avoiding the use of instrumentation 

to perform the measurement of the results, the use of nanoparticles is an excellent alternative when 

compared to traditional dyes. Optoelectronic properties of certain nanoparticles offer the 

possibility of observing a change in the colour as consequence of changes on the distance between 

them. In this sense, the most remarkable and well-known NPs whose optical properties change 

depending on the distance between them are AuNPs and silver NPs (AgNPs). Functionalization of 

the NPs with ARN that is complementary to miR146a is required to specifically detect the 

microRNA of interest. This process can be easily carried out by using thiolated RNA oligomers 

and metallic NPs. AuNPs were selected for this purpose due to the highly strength of Au-S bonds 

[36], which ensure that the surface of the AuNPs is functionalized with RNA strands with a high 

colloidal stability. Additionally, AuNPs present higher photostability when compared to AgNPs. 

In order to observe the differences in the colour of the AuNPs once the assay was performed, 

the resulting functionalized AuNPs in presence/absence of miR146a were deposited onto a white 
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TLC plate. For this purpose, two types of TLC plates were evaluated, Analtech TLC Uniplates™ 

and TLC Aluminium Sheets Silica gel 60 F254. Similar results in terms of differentiation of the 

colour were obtained. However, TLC Aluminium Sheets Silica gel 60 F254 present a very adherent 

and hard surface that does not crack or blister easily. Therefore, the last ones were more practical 

from the experimental point of view, and were selected for further experiments 

Design of the assay 

First, the design of the assay was carried out in order to perform a visual detection of miR146a. 

The assay is based on the observation of colour changes of a solution that contains 15 nm AuNPs 

in presence and absence of the target analyte. For this purpose, AuNPs were synthesized and 

surface modified as described in the synthesis of AuNPs. The target miR146a, is a microRNA 

that contains 24 RNA bases, and it has been reported as a mastitis biomarker, since it is one of 

the microRNAs expressed in tissue, blood and milk samples as consequence of bovine mastitis. 

In order to achieve a selective aggregation of the nanoparticles in presence of the analyte, the 

AuNPs surface was modified with two different thiolated RNA sequences which are 

complementary to the target miR146a following the procedure previously described in the 

functionalization of AuNPs section.  

Then, in order to check the feasibility of the reported scheme for the visual detection 

ofmiR146a, appropriate volumes (5 μL) of SET 1 (Probe-1) and SET 2 (Probe-2) of AuNPs were 

mixed with a sample (2 μL) containing the target analyte miR146a. After an incubation time (20 

min) at controlled temperature (60 °C), a portion of the target analyte will hybridize with the 

complementary strand of the Probe-1, and the other portion will do the same with the strand of 

Probe-2. Hence, due to this hybridization, AuNPs will become close to each other, and a change 

on the colour from red to purple/black will take place (see Fig. 1) [33]. Afterwards, 3 μL of the 

aforementioned mixture were spotted onto a thin-layer chromatography (TLC) plate to facilitate 

observation of the difference on the colour due to the aggregation of the AuNPs, allowing a more 

sensitive visual detection [34]. In order to record images of the results obtained in the TLC plate, 

a digital scanner was employed, minimizing bias due to the influence of the ambient light in the 
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visual perception of the colour. Additionally, measurement of the UV/Vis spectroscopic shift of 

the wavelength of the absorption surface plasmon resonance peak was used for optimization of 

the assay.  

The RNA:AuNP molar ratio used in the assay has been evaluated in order to ensure that the 

surface of the AuNPs is fully functionalized with the maximum possible surface density of 

thiolated RNA strands. For this purpose, different molar concentrations of RNA:AuNP were 

studied. A range from 0:1 to 300:1 were prepared for 15 nm suzed AuNPs, and afterwards, a gel 

electrophoresis using 1% agarose was run at 100 V for 1 h for both, Probe-1 and Probe-2. When 

the RNA:AuNP ratio is low, the bioconjugates migrate faster, and as the ratio increases, they 

become slower. Hence, once the surface of the AuNPs is fully saturated with thiolated oligomers, 

they migrate all at the same rate, which indicates that no more RNA strands will be bound to the 

surface of the AuNPs. A similar study was performed for different sized AuNPs, varying from 

0:1 to 1000:1 for AuNPs of 20 nm, and from 0:1 to 2000:1 for AuNPs of 25 nm, Results obtained 

from this study are shown in Fig. S1 in the Electronic Supplementary Material, and have shown 

that the optimum RNA:AuNP ratio is 200:1 for AuNPs of 15 nm, 667:1 for AuNPs of 20 nm, and 

1333:1 for AuNPs of 25 nm.  

With the aim of developing a tool to perform visual detection of microRNA, concentration 

of AuNPs is a key parameter to be optimized, since a low concentration of AuNPs would provide 

a weak colour of the solution that may difficult the discrimination between aggregated and non-

aggregated. On the other hand, if the concentration of AuNPs is too high, an intense pink colour 

will be easily observed before interaction of the GNP-based probes with the microRNA, but the 

presence of small concentrations of the target would produce an aggregation of the AuNPs that 

may be neglected due to the high concentration of non-aggregated AuNPs. Hence, for this 

purpose, the effect of the concentration of AuNPs (Probe-1 and Probe-2) over the response for 

the detection ofmiR146awas evaluated. In this study, AuNPs concentrations ranging from 10 nM 

to 1.25 nM were employed, and results showed that the best sensitivity for the detection of the 
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target was obtained for a AuNPs final concentration of 2.5 nM, which was selected for further 

experiments. 

 

Fig. 1 Scheme of the detection of a microRNA target 

Optimization of the method 

Several experimental parameters are crucial to allow an appropriate visual detection of the 

microRNA. In fact, the presence of salts has a direct impact on the RNA hybridization process as 

well as on the aggregation of AuNPs, Hybridization of the RNA strands strongly depends on the 

temperature. Additionally, depending on the size of AuNPs, discrimination between the colour of 

aggregated and non-aggregated AuNPs can be improved. Hence, the following parameters were 

optimized: (a) MgCl2 concentration; (b) temperature of the assay; (c) AuNPs size. Respective 

data and figures are given in the Electronic Supporting Material. The following experimental 

conditions were found to provide best results: 
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(a) OptimalMgCl2 concentration: a concentration of 30mM MgCl2 has been chosen for 

further experiments, since no aggregation of AuNPs is observed in absence of the target 

(the SPR peak wavelength is lower than 525 nm), and the SRP peak wavelength starts to 

be shifted towards higher wavelengths at 5 nM target concentration, which means that a 

visual difference in colour can be observed for lower concentrations of miR146a (see Fig. 

S2). 

(b) Optimal temperature: the assay was performed at different temperatures varying from 15 

°C to 70 °C, being 60 °C the temperature that provided a better sensitivity selected for 

further experiments. 

(c) Optimal AuNPs size: three different sizes of AuNPs (15, 20 and 25 nm respectively) were 

evaluated in order to select those NPs that provide a better visual sensitivity. AuNPs of 

20 nm diameter generate a colour change that is more noticeable at lower target 

concentration, so they were selected for further experiments (see Fig. S3).  

Visual detection of miR146a with AuNPs 

In order to perform the detection of miR146a, two sets of AuNPs were mixed with the buffer 

assay and standards of microRNA with different concentrations as described in the Materials and 

Methods section. After 20-min incubation at 60 °C, 3 uL of the mixture were placed onto a TLC 

plate in order to observe the difference in the colour between aggregated and non-aggregated 

AuNPs, and the remaining solution was diluted in order to measure the shift on the SPR peak 

wavelength due to aggregation of AuNPs.  

The presence of miR146a at concentrations above 5 nM already gives rise to a noticeable 

aggregation of the 20 nm AuNPs, turning the pink colour into purple spots due to a shift on the 

SPR peak towards higher wavelengths (up to 565 nm) when target concentration is increased and 

complete aggregation of the AuNPs takes place. Both, spectroscopic measurements and TLC 

spots were done in triplicate (n = 3), sitting an optimal limit of detection for 20 nm AuNPs of 5 

nM of miR146a. Results obtained are shown in Fig. 2.  
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The method here reported for the detection of miR146a is expected to be easy to use, rapid 

and visual, without the need of analytical instrumentation to measure the results of the assay. To 

the best of our knowledge, there are no reported methods for detection of miR146a, neither for 

detection of any other microRNA in milk samples, based on the use of nanomaterials. There are 

few methods reported for the detection of microRNA based on aggregation of AuNPS. However, 

most of them are based on complex amplification schemes that achieve a low detection limit, but 

require temperature cycles, long assay times and spectrophotometric detection (see Table 2). Only 

two methods with no amplification strategies have been reported, but both require an instrumental 

readout using dynamic light scattering and ratiometric spectrophotometry respectively in order to 

measure the results obtained, and present long times to develop the assay. The method proposed 

here is not based on complex amplification schemes, and the assay is carried out in 20 min. 

Additionally, the readout of the results is visual, which is an enormous advantage for a future 

development of a point-of-care device that allows to carry out the detection of miR146a in milk 

samples without the need of trained personnel. 

 

Fig. 2 a Absorption spectra of AuNPs in presence of different concentrations of miR146a. b SPR 

wavelength and TLC spots AuNPs of 20 nm at the following miR146a concentrations: 0 nM, 1 

nM, 2.5 nM, nM, 7.5 nM, 10 nM, 20 nM, 40 nM, 80 nM. Both, spectroscopic measurements and 

TLC spots were carried out in triplicate (n = 3). 
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Table 2 An overview on recently reported nanomaterial-based optical methods for determination 

of microRNA 

 

Selectivity of the miR146a detection 

In order to evaluate the selectivity of this method towards the specific detection of miR146a, two 

other microRNAs, miR146b and miR146c, with sequences that only differ from miR146a in 1 

and 3 bases respectively were evaluated. The sequences of the targets are summarized in Table 1. 

For this purpose, those microRNAs were analysed following the general procedure. The 

detection assay was carried out for each microRNA separately, and by mixing the analyte 

miR146a with both, miR146b and miR146c. Results obtained are summarized in Fig. 3. The 

absence of aggregation in presence of miR146c demonstrates the capability to discriminate the 

target from another microRNA with a three-base mismatch. However, the aggregation of AuNPs 

in presence of miR146b indicates that it is not possible to differentiate the analyte from another 

microRNA with a single base mismatch. This issue is not considered as a disadvantage, since 

miR146b is also involved in dairy cows bacterial infections. Hence, this probe can be potentially 

applied to the detection of both, miR146a and miR146b. A mixture of all the targets still produces 

an aggregation of the AuNPs-based probes, which means that a higher concentration of RNA in 

the medium does not prevent aggregation of the AuNPs, giving rise to a positive result. 
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Fig. 3 Parallel detection of different targets: miR146a, miR146b and miR146c (varying 1 and 3 

bases from miR146a sequence, respectively). The colour of the spot indicates presence 

(purple/black) or absence (red) of the target. 

Detection of miR146a in milk samples 

The usefulness of the method was evaluated for the detection of miR146a in raw milk samples 

obtained at the Regional Institute for Research and Agrofood Development of the Principality of 

Asturias (SERIDA). For this purpose, 9 samples of healthy cows were obtained after cow milking 

and were spiked with different amounts of miR146a. According to the literature, most of the 

microRNA present in milk samples is found in the pellet obtained after sample centrifugation 

[40]. Therefore, in order to be able to evaluate the recovery of the detection of the spiked 

microRNA, milk samples were centrifuged, the fat and serum top layers were discarded, and a 

known amount of the analyte was added to the pellet: 1.25, 2.5, 5.0, 7.5, 10, 20, 40 and 80 pmol. 

Then, the extraction protocol was performed following instructions of the manufacturer as it is 

briefly described in the Materials and Methods section. The total RNA extracted was collected in 

100 μL and the detection assay was performed under optimal experimental conditions.  

Results obtained are shown in Fig. 4, which indicate that a positive result is obtained at a 7.5 

nM miR146a concentration with good repeatability. It is worth to mention that the concentration 

of the target has been calculated assuming an RNA extraction yield of 100%, but it is well-known 

that the yield of the extraction process is lower, since several steps are involved and a loss in the 

total RNA extracted takes place. Assuming a 70% yield of the RNA extraction [35], the 

concentration where the change of the colour is observed is 5 nM, which is in agreement with the 

LOD obtained for the method. Hence, it can be considered that this method can be applied to the 

analysis of miR146a in real milk samples. 
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Fig. 4 a Absorption spectra of AuNPs in presence of different concentrations of miR146a. b SPR 

wavelength and TLC Spots of AuNPs-miR146a complex at different miR146a standard additions 

of 0 nM, 1 nM, 2.5 nM, 5 nM, 10 nM, 20 nM, 40 nM, 80 nM to milk samples. Both, the 

spectroscopic measurements and TLC spots were carried out in triplicate (n = 3). 

Conclusions 

A simple scheme for efficient and highly sensitive detection of microRNA based on the visual 

display of the colour change of AuNPs solution induced by the controlled aggregation of the NPs 

after incubation with the target microRNA in the medium. The approach has been designed for 

detection of miR146a (a model analyte that has been recognized as possible biomarker of 

mastitis), obtaining good sensitivity in the detection (detection limit of 5 nMmiR146a) without 

the need of any amplification step.  

The high selectivity of the assay (it is possible to discriminate the target microRNA from 

other species with a 3 bases mismatch) can be ensured by a proper functionalization of the AuNPs 

with complementary oligonucleotides.  

It is worth to mention that the assay is performed in just 20 min under mild isothermal 

conditions. Additionally, it is possible to perform visual detection of the target without the need 

of instrumentation, and the readout can be easily interpreted by non-qualified personnel, since 

only a change in colour has to be observed. Both aspects are important advantages for a potential 
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implementation of the method in the field. Images of the TLC plates were obtained using a digital 

scanner in order to minimize bias derived from differences in the perception of the colour due to 

ambient light. However, a digital scanner may not be available when applying this method in 

field. This issue can be overcome by using a smartphone to register the image, and an appropriate 

software controlled through an application in order to analyse the colour, allowing to obtain 

quantitative information, since the degree of aggregation can be related to the concentration of 

microRNA.  

To sum up, this method for the detection of microRNAs is rapid, low cost and highly 

sensitive, and it has been successfully applied to the detection of miR146a differential expression 

in raw milk samples, which are important features for a future development of fast and in-situ 

monitoring device for the detection of bovine mastitis in livestock production industry.  

This strategy opens new avenues for development of visual nanoprobes for a wide variety of 

applications, as it can be easily adapted for detection of other microRNA biomarkers different to 

the here-tested just by modifying the AuNPs with different appropriate oligomers complementary 

to the desired microRNA. 
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