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Abstract
The authors describe a method for the colorimetric determination of unamplified microRNA. It is based on the use of citrate-
capped gold nanoparticles (AuNPs) and, alternatively, a microRNA-probe hybrid or a magnetically extracted microRNA that
serve as stabilizers against the salt-induced aggregation of AuNPs. The absorbance ratios A525/A625 of the reacted AuNP
solutions were used to quantify the amount of microRNA. The assay works in the range of 5–25 pmol microRNA. The lower
limit of detection (LOD) is 10 pmol. The performance of the method was tested by detection of microRNA-210-3p in totally
extracted urinary microRNA from normal, benign, and bladder cancer subjects. The sensitivity and specificity for qualitative
detection of urinary microRNA-210-3p using the assay are 74% and 88% respectively, which is consistent with real time PCR
based assays. The assay was applied to the determination of specific microRNA by using its specific oligo targeter or following
magnetic isolation of the desired microRNA. The method is simple, cost-efficient, has a short turn-around time and requires
minimal equipment and personnel.

Keywords MicroRNA-210-3p . MicroRNA detection . Bladder cancer . AuNPs . Magnetic nanoparticles . Salt-induced
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Introduction

MicroRNAs are short single-stranded noncoding RNAs of
about 18–24 nucleotides in length and naturally occurring in
eukaryotic cells [1]. MicroRNAs function in RNA silencing

and post-transcriptional regulation of gene expression [2]. The
deregulation of their expression has been heavily implicated in
several diseases including several cancers [3], kidney disease
[4] and cardiac illnesses [5]. These RNAmolecules have been
widely studied and strongly correlated with patient diagnosis,
prognosis and even response to treatment [6]. Playing such
critical roles, microRNAs have continuously proven to carry
immense diagnostic potential and have often displayed high
sensitivity and specificity [7]. Their stability and ease of iso-
lation either from tissues or body fluids enhance their use as
diagnostic biomarkers [8].

DetectingmicroRNAs is challenging due to their extremely
small size, low cellular concentration and as being highly
homologous [9]. Methods employed to detect miRNAs in-
clude quantitative RT-PCR, microarrays and northern blotting.
Such traditional techniques present several challenges such as
the fact that they are labor-intensive, require highly-trained
professionals and sophisticated equipment, have long turn-
around times and are incredibly difficult to carry out in a
resource-limited setting [10]. Because of these limitations;
the development of highly sensitive and cost-effective detec-
tion methods is significant and essential. Various methods
have been developed, such as nanoparticle-derived probes
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[11], isothermal amplification [12], electrochemical methods
[13], and more. A common theme of these recently developed
methods is the combination of multistep signal amplification
with some sensitive signal output unit to achieve good detec-
tion efficiency [14].

Gold nanoparticles (AuNPs) display several favorable
characteristics making them highly attractive for use in diag-
nostic assays [15]. The unique optical properties of AuNPs are
due to distinctive phenomenon known as surface plasmon
resonance (SPR) that depends on the AuNP size and the
inter-particle distance [16]. In colloidal solution, this SPR is
responsible for the intense colors and high extinction coeffi-
cient of AuNPs compared to conventional dyes [17]. Due to
these exclusive optical properties, AuNPs have been
employed in developing many colorimetric assays for detec-
tion of different biological molecules as nucleic acids [18],
enzymes [19] and proteins [20].

Several methods for the detection of nucleic acids have
been developed which depend, at heart, on the observable
color change produced upon the aggregation of AuNPs.
These include the cross-linking method, the non-cross-
linking method and the use of citrate-capped AuNPs [21].

The method which entails the use of citrate-capped AuNPs
relies on the differences in the electrostatic properties of
single-stranded and double-stranded nucleic acid molecules.
Li and Rothberg have observed that single stranded (ss) - but
not double stranded (ds)-oligonucleotides can adsorb on the
negatively charged surface of AuNPs. The adsorption rate is
sequence length dependent [22, 23]. In contrast, Farkhari et al.
2016 reported that also ds-oligonucleotides can be adsorbed
on AuNPs and stabilize them. The ionic strength is the key
parameter in determining the stabilizing effect of both single
and double stranded oligonucleotides on AuNPs [24].

Based on these previously mentioned observations, we used
citrate –capped AuNPs to directly detect microRNAs in a dual
approach assay. In the first approach (Fig. 1), hybrid of
microRNAmolecules with its specific short probe (15 oligonu-
cleotides in length) were used as stabilizers for AuNPs against
salt induced-aggregation. In the second approach (Fig. 2), mag-
netic nanoparticles modified with specific probe will be used to
extract specific microRNA. Extracted microRNA molecules
can stabilize AuNPs against salt induced-aggregation (Fig.
2b). The aim was to develop a simple, cost-efficient and
PCR-free assay for direct determination of microRNA.

Experimental

Materials

Hydrogen tetrachloroaurate (III) (99.99%, HAuCl4.3H2O),
tri- sodium citrate, sodium hydroxide and sodium chloride
were all purchased from Sigma- Aldrich (St. Louis, MO,

https://www.sigmaaldrich.com/). Dynabeads M- 270
Streptavidin was purchased from Invitrogen (Thermo Fisher
Scientific Inc.USA, https://www.thermofisher.com/us/en/
home/brands/invitrogen.html). Homo sapiens microRNA-
210-3p (has-miR-210-3p) and has-miR-34a mimics (cata-
logue no:MSY0000267, MSY0000255) and all DNA probes
were purchased from Qiagen (Germany, https://www.qiagen.
com/us/). Sequences of the DNA probes and microRNAs are
listed in Table S1 and Table S2. All chemicals were of
analytical grade, and all aqueous solutions were prepared
with doubly distilled water. The used glassware was cleaned
by freshly prepared aqua regia, rinsed thoroughly in doubly
distilled water, and dried prior to use.

Fig. 1 The principle of the first approach for AuNP-based colorimetric
determination of microRNA using specific probe. Matched microRNA
hybridizes with its specific probe can stabilize gold nanoparticles
(AuNPs) against salt induced aggregation and keeps the red color of
AuNPs unchanged
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Clinical samples collection

Samples collection was done following ethical approval by
the Medical Ethical Committee of Ain Shams University,
Faculty of Medicine, and informed written consent was ob-
tained from each subject (n = 56). After cystoscopy and based
on histopathologic examination, 31 patients were diagnosed
as bladder cancer and 15 were diagnosed as benign urological
lesions (see in Supplementary Material).

Synthesis and characterization of citrate-capped
AuNPs

AuNPs were synthesized as reported previously [25] where
tri-sodium citrate was used as a reducing and capping agent

(see in Supplementary Material). The AuNPs were character-
ized using transmission electron microscopy (TEM) (Model:
JEOL-1010, Tokyo, Japan, https://www.jeol.co.jp/en/) and
dynamic light scattering (DLS) using Malvern zeta-sizer
3000 (Malvern instruments Ltd, UK, https://www.malvern.
com/en). The λ max for AuNPs was measured using UV-vis
spectrophotometer (Shimadzu UV-1650PC, Tokyo, Japan,
https://www.shimadzu.com/).

Colorimetric AuNP assay for detection of specific
microRNA using specific oligotargeter

In the first approach described, microRNA detection depends
on using specific oligotargeter. MicroRNA-210-3p which is
reported as potential urinary tumor marker in bladder carcino-
ma [26] was used as a specific target, whilemicroRNA-34awas
used as non-specific target (Table S2). Qiagen probe (Table S1)
was used as a specific oligotargeter for microRNA-210-3p.
Different salt and oligotargeter concentrations were tested to
optimize the assay. The assay was performed as follows: 1 μL
of microRNA of varying concentrations were mixed with
1.5 μL hybridization buffer (20 mM phosphate buffer and
1 M NaCl; pH = 7) and 1 μL (10 pmol) of oligotargeter in a
final reaction volume of 10 μL. The mixtures were denatured at
95 °C for 30s and annealed at 55 °C for 1 min then cooled to
room temperature. 20 μL of colloidal AuNPs were then added
to the mixture, and the color was observed with the bare eye
(final concentration of NaCl after addition of AuNPs was
50 mM).

To determine the limit of detection (LOD) of the nano-
assay, serial dilutions of microRNA-210-3p were assayed as
previously mentioned where their spectral profiles were re-
corded using UV-vis spectrophotometric analyses, the absor-
bance ratios at 525 and 625 nm (A525 / A625) were calculated.
A standard curve was generated by plotting the amount of
microRNA against its absorbance ratio.

Determination of microRNA-210-3p in urinary total
microRNA extract using AuNP assay

In a pilot study, the application of the nano-assay in determi-
nation of microRNA-210-3p in urinary total microRNA ex-
tract was evaluated. RNAwas extracted from urinary pellet of
bladder cancer patients usingMiRNeasy isolation kit (Qiagen,
Germany) according to manufacturer’s protocol and as previ-
ously published [27]. RNAquality and concentration was then
determined using an Ultraspec 1000, UV-vis spectrophotom-
eter (Amersham Pharmacia Biotech, Cambridge, England)
and NanoDrop 2000 (Thermoscientific, USA). 5 μL of
RNA extract (about50 ng.μL−1) was mixed with 1.5 μL hy-
bridization buffer and 1 μL of oligotargeter (10 pmol.μL−1) in
a final reaction volume of 10 μL. The assay was completed as
previously mentioned.

Fig. 2 The principle of the second approach for AuNP-based colorimetric
determination of microRNA. Magnetically extracted microRNA can
stabilize AuNPs against salt induced aggregation
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Urinary microRNA-210-3p determination using real
time PCR

1 μg total microRNA was polyadenylated by poly (A) poly-
merase and reverse transcribed to cDNA using miScript
Reverse Transcription Kit (Qiagen, Germany) following the
manufacturer’s protocol (see in Supplementary Material).

MicroRNA stabilizing effect on AuNPs

In the second approach, microRNA detection depends on the
stabilizing effect of microRNAmolecules on AuNPs. The salt
tolerance of AuNP solution (without aggregation) was tested
in the presence of serial dilutions of microRNA. The experi-
ment was done as previously mentioned but without
oligotargeter addition.

Magnetic extraction of specifc microRNA

DynabeadsM- 270 Streptavidin was used for magnetic extrac-
tion of microRNA-210-3p using specific Qiagen biotinylated
probe (Table S1). Compatibility of microRNA isolated by
streptavidin coated magnetic beads with AuNPs was empiri-
cally evaluated. The beads were washed and suspended in 2×
binding and washing (B&W) buffer (10 mM Tris-HCl
(pH 7.5), 1 mM EDTA and 2 M NaCl) according to manufac-
turer’s protocol. 25 μL of Dynabeads (5 μg.μL−1) was mixed
with 25 μL of hybrid (equimolar mixture (25 pmol) of the
specific biotinylated probe and microRNA-210-3p incubated
at 55 °C). The mixture was shaken for 15 min at room tem-
perature. Then, the tube was placed on a magnet and the su-
pernatant was removed. Two elution methods were tried; heat
denaturation at 95 °C and alkaline denaturation. For alkaline
denaturation [28], the beads were firstly washed twice with 1×
saline-sodium citrate buffer (SSC) buffer (150 mM NaCl,
15 mM sodium citrate, pH = 7). Then, the beads were collect-
ed using a magnet and the supernatant was removed after each
wash. Separately, the beads were suspended in 10 μL of fresh-
ly prepared solutions of 10 mM, 20 mM, 50 mM, 100 mM or
150 mMNaOH buffer for 10 min. The tubes were placed on a
magnet until all solutions were clear and the elutedmicroRNA
was transferred to a new tube and mixed with1.5 μL phos-
phate buffer saline (10 mM phosphate buffer and 0.5 M NaCl;
pH = 7). 20 μL of colloidal AuNPs were then added to the
mixture, and the color was observed with the bare eye.

Results and discussion

Synthesis and characterization of AuNPs

Synthesized citrate capped AuNPs were characterized by
TEM analysis and DLS. TEM observations and the data

obtained from a zeta-sizer have revealed that the AuNPs were
spherical and uniformly dispersed as shown in (Fig. S1). The
mean diameter was found to be 33 nm (Fig. S3) with negative
zeta-potential value −28.8 mV (Fig. S4). The absorption spec-
trum of the AuNPs exhibited a single peak in the visible region
with λ max at 525 nm (Fig. S2). Molar concentration of AuNPs
was calculated to be 0.9 nMwith ~4.9 × 1011 nanoparticles per
ml (see in supplementary material). The absorbance of the
AuNP solution was matched to 0.9 at 525 nm.

AuNP assay for determination of specific microRNA

Many biosensors have been developed based on the SPR phe-
nomenon of AuNPs. The presence of target molecules can be
detected according to their behaviours with AuNPs. Some
target molecules enhance the resistance of AuNPs to aggre-
gate while the others accelerate the aggregation tendency of
the AuNPs [29, 30]. Herein, microRNAs detection depends
on the stabilizing effect that microRNA molecules provide to
AuNPs against salt-induced aggregation.

Adsorption characteristics and the stabilizing effect of both
single stranded (ss) - and double stranded (ds) – oligonucleo-
tides on the negatively charged AuNPs may at first seem con-
tradictory. Many previous studies have reported that (ss) - but
not (ds) - oligonucleotides can be adsorbed on the AuNPs [22,
23, 31]. While, in these results and in previous study conduct-
ed by [24] a remarkable adsorption of ds-oligonucleotides on
the AuNPs was found. In order to unravel this conflict certain
points should be considered; the first is the length of oligonu-
cleotide. Adsorption and consequently the stabilizing effect of
oligonucleotides on AuNPs appear to be sequence length de-
pendent. Both (ss) - and (ds)–oligonucleotides of about 18–24
oligonucleotides in length can rapidly adsorb on the surface of
AuNPs. This adsorption increases the surface charge density
and stabilizes AuNPs against salt-induced aggregation by en-
hancing electrostatic repulsion between particles. For the same
mole number, the short strands (15 oligonucelotides in length
or less) cannot stabilize AuNPs because they do not have
enough charges. While, long single or double strands cannot
stabilize AuNPs due to their slow adsorption rate resulting
from their complicated secondary structure.

The second is the adsorption mechanism. Single stranded
oligonucleotides can be adsorbed on AuNPs due to both elec-
trostatic and hydrophobic interactions (electrostatic adsorp-
tion between positively charged nitrogenous bases and nega-
tively charged citrate coat of AuNPs).While for ds-oligonu-
cleotides, the distinct adsorption to the AuNPs is owing to
chemical interactions between various bases of oligonucleo-
tides with AuNPs. The interaction mechanism seems to be
Van der Waals forces between some electronegative atoms in
the oligonucleotides and the AuNPs, which have lots of elec-
trons in their valance band. These chemical interactions are
very important in determining the stabilizing effect of ds-
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oligonucleotides [24]. The difference in adsorption mecha-
nism between (ss) – and (ds) oligonucleotides may explain
why the adsorption of ds-oligonucleotides on AuNPs is more
sensitive to salt concentration than the adsorption of ss-
oligonucleotides.

Optimization of AuNP-assay

For excellent performance of the nano-assay, the concentration
of AuNPs, probe and salt were optimized. The salt concentra-
tion was critical for detection of specific microRNA. The salt
concentration was kept at a minimum threshold (50 mM per
final reaction volume) that allows the aggregation of AuNPs in
the presence of short probe molecules alone but without dis-
rupts the stabilizing effect of the hybrid (microRNA+ probe)
on AuNPs (Fig. S5, S6).

Determintion of specific microRNA using specific
oligotargeter

The results shown that the assay can be used as a tool for the
determintion of specific microRNA using its specific
oligotargeter. The performance of the assay was evaluated
by detecting microRNA-210-3p. While to evaluate the speci-
ficity, microRNA-34a was used as non-specific target. In the
presence of microRNA-210-3p (specific target), the test color
remained red due to adsorption of microRNA-probe hybrid on
the AuNPs surface, thus keeping dispersion of AuNPs and
prevents salt-induced aggregation. While for non specific tar-
get (microRNA-34a), since the probe molecules are being
shorter in length than the non-specific microRNA molecules,
it will preferentially adsorb to the surface of AuNPs faster than
the non-specific microRNA molecules preventing its adsorp-
tion to the AuNPs. The test color changed to blue because the
short probe molecules adsorbed on AuNPs surface do not
stabilize them against salt-induced aggregation (Fig. S7).
Serial dilutions of microRNA-210-3p in the range of 0 to
35 pmol were used to determine the limit of detection
(LOD) of the assay. The assay works linearly in the range of
5–25 pmol. By visual detection, the lower LOD was found to
be 10 pmol (Fig. 3a).

The λ max of AuNPs was initially located at 525 nm. Salt
induce AuNPs aggregation with shift in λ max to a higher
wavelength (red shift). The absorbance at 525 nm decreased
and the absorbance at 625 nm increased. MicroRNA-210
molecules hybridize with its specific probe. This hybrid
prevented AuNPs aggregation maintaining higher absor-
bance at 525 nm and lower absorbance at 625 nm. The
colorimetric response and the wavelength change are
displayed in (Fig. 3b).

The analytical performance of the proposed nano-assay
is compared with the previously reported optical methods in
Table 1 [32–38]. The LOD of the nano-assay suggested in

this work was also comparable to those of other optical
methods except of fluorescence based methods. However,
narrow linear range was obtained that may be due to depen-
dence of the assay only on the physical adsorption of oligo-
nucleotides on AuNPs to induce a signal. The main advan-
tage of this assay is no complicated experimental steps (such
as labeling, immobilization and enzyme amplification) are
required.

Fig. 3 AuNP-based colorimetric assay for determination of microRNA-
210-3p using specific probe. a Serial dilutions of microRNA-210-3p in
the range of 0 to 35 pmolwere prepared to determine the limit of detection
(LOD) of AuNP assay. Using this colorimetric method the lower LOD
was found to be 10 pmol. bAbsorption spectra of reacted AuNP solutions
in the presence of microRNA-210-3p in the range of 0 to 35 pmol. c A
plot of spectral absorbance ratios A525/A625 of the reacted AuNP
solutions as a function of the corresponding amount of microRNA-210-
3p. A linear correlation was found between the values of A525/A625and
the amount of microRNA-210-3p over the range of 5-25 pmol (R2 =
0.965). Each point represents the mean ± SD
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Quantification of microRNA-210-3p

AuNP assay allows quantitative estimation of microRNA-210-
3p. The change in assay color intensity was directly proportional
to the amount of microRNA used. A series of dilutions of
microRNA-210-3p were prepared and the ratios of spectral ab-
sorbanceA525/A625 of their reactedAuNP solutionswere plotted
as a function of the amount of microRNA (pmol). These two
absorbances, A525 andA625 were chosen to represent the relative
amount of non-aggregated and aggregated AuNPs respectively.
Figure 3c shows the plot of the values of A525/A625 of AuNPs
against the amount of microRNA-210 (pmol) and a linear cor-
relation was found (y = 0.094× + 1.194, R2 = 0.965).

Qualitative detection of microRNA-210-3p in urinary
total microRNA extracts

The applicability of the AuNP-assay for detection of microRNA
in clinical sample was evaluated by detection of microRNA-
210-3p in totally extracted urinary microRNA from normal,
benign and bladder cancer subjects (Fig. 4a). 23 malignant sam-
ples out of 31 were positive, with a sensitivity of 74.2%. On the
other hand, 9 normal samples out of 10 samples were negative,
while 13 benign samples out of 15 were negative and 3 samples
were false positive. The specificity of the nano-assay was 88%.
These results were consistent with that of the real time RT-PCR
for detection of urinary microRNA-210-3p where the sensitivity
and the specificity of real time RT-PCR were 71.3% and 91.1
respectively. Difficult quantification of microRNA in real sam-
ple is the main limitation of this approach. However, the AuNP
assay is cost effective, has short turnaround time (20 min) com-
pared to real time RT-PCR (4 h) and requires minimal equip-
ment and personnel. Figure 5 shows a comparison between the
nano-assay and real time RT-PCR.

Detection of specific microRNA following magnetic
extraction

The second approach for the detection of unamplified miRNA
using citrate-capped AuNPs involved the use of Dynabeads

coupled with a biotinylated probe specific to the target
microRNA. The design of the assay entailed two phases: a
preliminary phase in which the target microRNAwas isolated
using the magnetic Dynabeads coupled with a biotinylated
probe. A second detection phase in which the unbiotinylated
strand was isolated and detected using AuNPs. This approach
was believed to enhance the sensitivity and the specificity of
the assay and allows quantification of microRNA in real sam-
ple due to the prior isolation of the microRNA.

To ensure that microRNA alone would have the capacity to
stabilize AuNPs; the salt tolerance of AuNP solution in the
presence of microRNA was tested. No color change was ob-
served for AuNP solution in the presence of microRNA and
NaCl (50 mM in the final reaction volume) indicating that
microRNA molecules can stabilize AuNPs. The LOD was
10 pmol (Fig. 4b).

Next, the assay was implemented by first binding the bio-
tinylated hybrid to the Dynabeads. The biotinylated probe-
coated beads were used as a negative control. The
unbiotinylated strand was eluted in RNase-free water by brief
incubation at 95 °C for 1 min.The eluted solutions were added
to the AuNPs, however, an immediate color change was ob-
served using both microRNA and bead-only solutions. This
was attributed to the carryover of salt from the B&W buffer.
By substituting the B&Wbuffer with RNase-free water, it was
found that no color change occurred even after the addition of
salt in both microRNA-containing and microRNA-free eluted
solutions. This signified that the eluted solutions stabilize the
AuNPs. It was concluded that the brief heating at 95 °C may
break streptavidin-biotin bond.

Upon resorting to the manufacturer’s website, the use of
SSC buffer to wash the beads followed by their incubation in
0.15 M NaOH was recommended. However, this approach
gave the same results (full stabilization of AuNPs both with
and without the use of the microRNA). Furthermore, to deter-
mine the exact reason of the stabilization of the AuNPs, this
approach was performed on beads that had not been coupled
to the biotinylated probe and the eluted solution was found to
stabilize the AuNPs. In light of this new finding, it became
clear that the use of SSC buffer and NaOH not only caused the

Table 1 Comparisons of other reported optical methods for miRNA detection

Method applied Materials used Linear range LOD Ref.

Fluorescence Graphene oxide – FAM labeled DNA probe – Polymerase 1 f. – 100 nM 0.75fM [32]

Fluorescence DNA polymerase – DNA ligase – Nicking enzyme SYBR Green 1 f. – 50 pM 1 fM [33]

Colorimetric assay AuNPs – Duplex-specific nuclease – ssDNA probe 10 fmol – 4 pmol 10 fmol [34]

Colorimetric assay Capture DNA probe - Hairpin probe – T7exonuclease – Hemin 10 pM – 100 nM 0.69 pM [35]

Surface Plasmon resonance SPRi system – AuNPs – Polymerase – Molecular beacon – DNA probe 50 pM – 5 nM 45 pM [36]

Fluorescence DNA probe – Copper nanoclusters (CuNC) 50 pM – 10 nM 11 pM [37]

Colorimetric assay DNA modified magnetic beads – based on strand displacement strategy 5 nM – 500 nM 3.8 nM [38]

Colorimetric assay AuNPs – DNA probe – MNP 5 pmol – 25 pmol 10 pmol This work
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dissociation of biotinylated probe from the beads, it also
caused the release of the streptavidin molecules from the sur-
face of the beads.

This hypothesis was confirmed by [28] who had previously
reported that the use of NaOH causes the liberation of the
streptavidin molecules from the surface of magnetic beads
(Dynabeads and Sera-Mag). They detected the presence of
the streptavidin in the eluted solution by western blotting
using anti-streptavidin antibodies. However, they suggested
the use of NaOH alone for alkaline denaturation at the much
lower concentration of 10–20 mM to elute the unbiotinylated
strand. Trace amounts of streptavidin were detected when
such low concentrations were used. Thus, the assay was tested
using both 10 mM and 20 mM NaOH concentrations and the
AuNPs were found, once more, to be stabilized by the eluted
solutions.

The undesired elution of streptavidin when trying to elute
unbiotinylated DNA/RNA from streptavidin-coated beads

either using heat, SSC or NaOH is most certainly an issue.
This recurrent theme can be observed in numerous studies
including those performed by [39–41]. These studies all dem-
onstrate the issues of using streptavidin-coated Dynabeads for
the isolation of single-stranded nucleic acids during the gen-
eration of aptamers as the release of streptavidin may lead to
the formation of undesired streptavidin-specific aptamers dur-
ing SELEX. The same issues occur when Dynabeads are used
for the preparation of ssDNA/RNA for use with AuNPs as the
traces of streptavidin can lead to the stabilization of the
AuNPs.

It is therefore evident that the use of streptavidin coated
magnetic beads for the isolation of microRNA for its subse-
quent detection using AuNPs is a highly inefficient approach.
We recommend that other approaches for the specific isolation
of the target microRNA using magnetic nanoparticles be eval-
uated as this proposed assay is a highly promising one and we
are currently investigating the use of thiol-modified probe

Fig. 5 Comparison between AuNP-assay and real time RT-PCR for
determination of urinary microRNA-210-3p. a The AuNP-assay showed
sensitivity and specificity of 74.2% and 88%, while real time RT-PCR

showed 71.3% sensitivity and 91.1% specificity respectively. b The
AuNP-assay has short turnaround time (20 min) compared to real time
RT-PCR (4 h)

Fig. 4 AuNPs-based colorimetric assay for detection of microRNA-210-
3p. aColorimetric AuNP assay for detection of urinarymiR-210-3p using
specific probe. Positive reaction is shown in the positive control
(microRNA-210-3p mimic) (7) and malignant samples (1, 2 and 3), while
negative reaction is shown in negative control (blank) (8), benign samples

(4 and 5) and normal sample (6). b Salt tolerance of AuNP solutions in the
presence of serial dilutions of microRNA-210-3p. No color change was
observed for AuNP solution in the presence ofmicroRNA −210-3p (LOD
was10 pmol)
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covalently bound to magnetic nanoparticles for this purpose.
We believe that, once properly implemented, the use of the
preliminary isolation phase will greatly increase the sensitivity
and specificity of the assay.

Conclusions

The study at hand involved the development of a dual ap-
proach for the detection of unamplified miRNA using
citrate-capped gold nanoparticles. The nano-assay utilizing a
specific oligotargeter showed great success with a lower LOD
of 10 pmol. Results are consistent with qPCRwhen tested in a
pilot study for qualitative detection of miRNA-210-3p in total
urinary miRNA extracts. Difficult quantification of
microRNA in real sample is the main limitation of this ap-
proach. The second approach showed immense potential.
However, it was challenged by the inadequacy of
streptavidin-coated beads for this intended application.
Hence, we are currently investigating the use of thiol-
modified probe covalently bound to magnetic nanoparticles
for the isolation of specific microRNA and subsequently de-
tected using the nano-assay. This proposed solution shows
great promise and may provide a solution to the hurdle met
in the isolation of specific microRNA molecules and allows
microRNA quantification in real sample.
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