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ABSTRACT

A functionalized Fe;0,@Ag magnetic nanoparticle (NP) biosensor for microRNA (miRNA) capture and
ultrasensitive detection in total RNA extract from cancer cells was reported in this paper. Herein, Raman
tags-DNA probes modified Fe;0,@Ag NPs were designed both as surface-enhanced Raman scattering
(SERS) SERS and duplex-specific nuclease signal amplification (DSNSA) platform. Firstly, target miRNAs
were captured to the surface of Fe;0,@Ag NPs through DNA/RNA hybridization. In the presence of en-
donuclease duplex specific nuclease (DSN), one target miRNA molecule could rehybrid thousands of DNA
probes to trigger the signal-amplifying recycling. Base on the superparamagnetic of Fe;0,@Ag NPs, target
miRNA let-7b can be captured, concentrated and direct quantified within a PE tube without any PCR
preamplification treatment. The detection limit was 0.3 fM (15 zeptomole, 50 pL), nearly 3 orders of
magnitude lower than conventional fluorescence based DSN biosensors for miRNA(~100 fM), even sin-
gle-base difference between the let-7 family members can be discriminated. The result provides a novel
proposal to combine the perfect single-base recognition and signal-amplifying ability of the en-

donuclease DSN with cost-effective SERS strategy for miRNA point-of-care (POC) clinical diagnostics.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

MicroRNAs (miRNAs) are a class of small-sized (~22 nucleo-
tides), noncoding, single-stranded RNA molecules that play an
important regulatory role in the expression of diverse genes by
leading mRNA degradation or translational inhibition at the post-
transcriptional level in a sequence-specific manner (Novina and
Sharp, 2004; He and Hannon, 2004), miRNAs control several bio-
logical processes particularly regulatory pathways during devel-
opment, apoptosis, cell proliferation and differentiation, organ
development and cancer so that miRNAs are used as biomarkers
for various diseases especially in the diagnosis of various types of
cancers (Yanaihara et al., 2006; Kilic et al., 2012; Farazi et al., 2011).
Consequently, the development of rapid and sensitive methods for
identification and quantification of miRNAs is highly desirable in
biomedical research and clinical diagnosis. However, due to their
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unique characteristics, including small size, sequence homology
among family members, low abundance in total RNA samples and
susceptibility to degradation, it is hard to identify and quantify
miRNAs by using the common nucleic acid detection methods
such as Northern blotting (Lagos-Quintana et al., 2001) (hundreds
of micrograms of total RNA required), microarrays (Thomson et al.,
2004) (cross hybridization of the homology miRNA family mem-
bers and poor reproducibility) and real-time quantitative poly-
merase chain reaction (qQRT-PCR) (Chen et al., 2005) (hard to de-
sign of the primers as the short length of miRNA). Moreover, the
long analysis time for these methods ranging from several hours
(PCR) to days (microarray) also makes them impractical in point-
of-care (POC) clinical settings.

Recent years, an increasing attention has been paid to the de-
velopment of different isothermal amplification techniques for
miRNA detection (Liu et al.,, 2012; Zhang and Zhang, 2012; Liu
et al., 2013; Zhu et al., 2013). During which, Jia et al., (2010) applied
an exponential amplification reaction (EXPAR) method to miRNAs
detection with detection limit of about 15aM. Zhang and
Zhang (2012) reported a single-quantum-dot based EXPAR
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nanosensor and the detection limit reached an amazing 0.1 aM.
However, the nonspecific background amplification in both ther-
mal cycling and isothermal processing formats of EXPAR was an
interference espacially in practical samples. To solve the non-
specific background amplification problem, the signal-amplifying
mechanism of duplex-specific nuclease signal amplification
(DSNSA) has been adopted for miRNA detection. In 2002, DSN was
found to be able to cleave DNA-DNA duplex or DNA in DNA-RNA
heteroduplexes (Shagin et al., 2002). Moreover, this enzyme shows
a good specificity capability to discriminate between perfectly and
no perfectly matched with one mismatch in DNA-DNA duplex (at
least 10 bp) or DNA-RNA heteroduplexe (at least 15 bp). So far,
several DSN signal amplifying mechanism based biosensors for
miRNAs have been reported. Yin et al. (2012) firstly applied the
DSN for miRNA detection, by using fluorescence Tagman probes,
miR-141 has been detected and the limit of detection (LoD) was
100 fM. In 2014, Xi et al. (2014) reported a DSN based miR-
21biosensor which combined WS, nanosheet as fluorescence
quencher therefore the expensive Tagman probes can be replaced
by cheaper one-terminal fluorophore labeled DNA probes
(LoD~300 fM). Degliangeli et al. (2014) reported a DNA probes
functionalized Au NP as DSN signal amplification and fluorescence
quenching substrate based on which cancer-related miR-21
(LoD~5-8 pM) and miR-203(LoD~25 pM) could be absolutely
quantified in total RNA extract from cell cultures.

However, even with rigorous target selectivity and negligible
nonspecific background amplification, the sensitivity of fluores-
cence DSN biosensor (pM-100fM) was worse compared with
EXPAR biosensors(~aM). On the other hand, the fluorescent tags of
the DSN-based miRNA biosensors were highly susceptible to
photobleaching and exhibited broad-spectrum emissions easy to
overlap (Mehta et al., 1999). In this case, the multiple miRNAs
analysis in practical samples may be limited by diverse excitation
wavelength, signals cross-interference between fluorescence la-
bels and high background signal in practical samples. Here, we use
surface-enhanced Raman scattering (SERS) as signal reporter be-
cause it offers a unique “signature” spectrum profile for individual
Raman dye and provides the opportunity for multiplex assay de-
tection with a single excitation wavelength in a low-cost and
portable Raman microscope, which is an expected diagnostic de-
vices for POC testing in family (Mabey et al., 2004). Especially with
the development of nanotechnology, various nanostructured me-
tallic (e.g. Silver and gold) nanorod or nanoparticles (NPs) have
been applied as hybridization SERS substrate for miRNA detection
in the sample solution (Ye et al., 2014; Guven et al., 2014). How-
ever, magnetic nanoparticles based miRNA SERS biosensor has
never been reported before.

In our system, a functionalized Fe;0,@Ag magnetic nano-
particle has been designed as miRNA capture and DSN signal
amplification platform for SERS detection. The Fes;0,@Ag serves
both as SERS and concentration tool. MiRNA detection is demon-
strated here by the DSN hydrolyzed the DNA probes of the DNA/
RNA duplex, therefore, Raman tags could diffuse away from the Ag
surface and induce a Raman intensity attenuation. Based on the
Fe;0,@Ag NPs, miRNAs capture, concentration and direct quanti-
fication can be finished within a PE tube without any PCR pre-
treatment. Previous studies have reported the DSN based fluor-
escence biosensor (Yin et al., 2012; Xi et al., 2014) for miRNA or
Fe304@Au based SERS biosensor for DNA sequence (Zhang and
Zhang, 2012), however, the Fe;0,@Ag based miRNA biosensor
with the merit of DSN signal amplification has never been com-
bined for miRNAs identification and quantification. It may provide
a novel exploration for miRNA related cancers POC diagnosis.

2. Experimental
2.1. Materials and instrumentation

Silver nitrate, Ferric chloride (FeCls-6H,0), Ethylene glycol,
Polyethyleneimine  branched (PEI, MW  25000), Poly-
vinylpyrolidone (PVP, MW 40000), N-Hydroxysuccinimide (NHS),
1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide(EDC), 11-mer-
captoundecanoic acid (MUA), 11-mercapto-1-undecanol ethanolic
(MU) were purchased from Sigma-Aldrich (St. Louis, MO). and all
other chemicals were purchased from Shanghai Chemical Reagent
Co. (Shanghai, China). The let-7 miRNAs and Cy3-labeled DNA
probe were ordered from IDT, Inc. (Coralville, IA) and the se-
quences are given in Table S1. Duplex-specific nuclease (DSN) and
the master buffer were purchased from Evrogen Joint Stock
Company (Moscow, Russia). All reagents were of analytical grade
and were used without further purification. Transmission electron
microscope (TEM) images were taken on a Hitachi H-7650 TEM at
an accelerating voltage of 200 kV. Scanning electron microscope
(SEM) was performed with a JEOL JSM-7001F microscopy at an
accelerating voltage of 5kV. Raman spectra was recorded on a
portable Raman system (B&W Tek, i-Raman Plus BWS465-785H
spectrometer) with 785 nm laser excitation.

2.2. Preparation of monodispersed Fes0,@Ag core—shell
microspheres

Firstly, the Fe304 magnetic particles (400 nm) were synthesized
through a modified solvothermal reaction as previously reported
(Li et al., 2013). Secondly, Fes0,@PEI microspheres were synthe-
sized through a PEI self-assembly process by dispersing 0.2 g Fe;04
microspheres in the PEI solution (0.25g/50 mL) under sonication
for 2 h. After well prepared, PEI-modified Fe3O, microspheres
were mixed with colloidal 3 nm Au NPs and sonicated for 1h to
form Fe;04@PEI@Au NPs. Finally, 10 mg Fe;0,@PEI@Au NPs was
dispersed in 100 mL 0.25 mM silver nitrate aqueous solution
containing 0.2 wt% PVP, then excessive amount of 37% for-
maldehyde (150 pL) and 25% ammonia solution (300 pL) were
added in sequence. The Fe;0,@Ag core-shell microspheres were
obtained within 2 min under sonication at 30 °C. The products
were magnetically separated and rinsed five times with deionized
water to remove the excess PVP.

2.3. Cy-3-DNA probes immobilized on Fe;0,@ Ag nanoparticles

The amino-terminated Cy-3-DNA was immobilized onto the
surface of carboxylic-Fe;0,@Ag NPs followed the previous report
with little modification (Li et al., 2012). Typically, the Fe;0,@Ag
NPs were cleaned and incubated overnight in a solution containing
100 mM MUA and 100 mM MU for carboxylation. The resulting
MUA/MU modified NPs were activated by immersion in a solution
containing 50 mM NHS and 200 mM EDC then incubated over-
night in a PBS solution containing 1 pM amino-DNA probes. After
immobilization, the DNA-Fe;0,@Ag NPs were washed 3 times
using deionized water and stored in 0.05M sodium chloride,
50 mM Tris-HCl (pH 8.0). The number of coupled DNA per particle
was calculated as 2.5 x 10®> according to previous report (Pang
et al,, 2015).

2.4. MiRNAs SERS detection

The amplified detection of miRNAs was performed in a 50 pL
reaction mixture containing 1 x DSN master buffer (50 mM Tris-
HCl (pH 8.0), 5mM MgCl, and 1mM DTT), 0.06 U uL~! DSN,
0.5UpL~! RNase inhibitor, 10 pM DNA-Fe30,@Ag NPs. Let-7
miRNAs of different concentrations were added to the solution and



576 Y. Pang et al. / Biosensors and Bioelectronics 79 (2016) 574-580

incubated at 55 °C for 60 min. Finally, the magnetite microspheres
complex were washed and separated from the solution and then
concentrated under the Raman laser through a magnet for SERS
detection.

2.5. Cell culture and sample preparation

HelLa cells, A549 cells, and MCF-7 cells were cultured in Dul-
becco's Modified Eagle Medium (DMEM) supplemented with 10%
fetal bovine serum and 100U mL~! penicillin-streptomycin at
37 °C in a humidified 5% CO, incubator. The small RNA was ex-
tracted from cultured cancer cells by a RNA extraction kit from
Takara (RNAiso for small RNA) according to the manufacturer's
specification procedures.

3. Results and discussion

3.1. Operating principle illustration and Fe;0,@Ag nanoparticles
characterization

The assay strategy is illustrated in Scheme 1. Raman tag Cy3
labeled DNA probes (Cy3-DNA) were immobilized on the surface
of Fes0,@Ag thus obvious surface enhance Raman scattering sig-
nal can be induced by the rough Fe;0,@Ag surface (Kuhn et al.,
2006). Upon target miRNAs added, the fixed complementary DNA
probes could capture and hybridize the target miRNAs to form
DNA/RNA heteroduplex. With DSN, DNA probes of the DNA/RNA
can be hydrolyzed and the Cy3 Raman tags in the DNA fragments
were released from the Fe;0,@Ag surface, therefore, the intensity
decreasing of Raman signal happened. This process can be recycled
by one target miRNA cleaving thousands of DNA probes (Yin et al.,
2012) so that significant signal amplification can be expected. After
the signal amplification, the samples were concentrated by a
magnet, the Cy-3-DNA fragments can be washed away and SERS
signal was recorded. As the Fe3;0,@Ag complex was focalized un-
der the Raman laser, the sensitivity was increased largely. Herein,
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the intensity attenuation was directly related to the amount of the
target miRNA.

The characters of Fe;0,@Ag NPs are demonstrated in Fig. 1. As
shown in the TEM photographs (Fig. 1a), firstly, paramagnetic
Fe30, microspheres with a diameter of approximately 400 nm
were synthesized. Secondly, in order to harvest complete and
uniform Ag shell with high roughness, we used a “seed-mediated
growth” method by coating the Fe3;04 microspheres with 3 nm Au
seed through hydrophilic PEI self-assembled on the surface of
Fe30, microspheres as inker, therefore Au seeds can be im-
mobilized on the surface of the Fe30, microspheres by covalent
binding between the -NH, groups of the PEI (Fe;0,@PEI@Au).
Finally, Ag™ was reduced and deposited on the Au seeds, resulting
in complete Ag shell surrounding the Fe304 core with continuous
and rough edges(~30 nm). The magnetic properties of the
Fe3;0,@Ag core-shell NPs were investigated using a super-
conducting quantum interference device magnetometer (SQUID,
MPMSXL-7) at 300 K, as shown in Fig.1b, the saturation magneti-
zation (MS) of the Fe304, Fes04@Au seeds, Fes0,@Ag shell NPs
were founded to be 79.1, 69.5 and 59.5emug~!, respectively.
Compared with the recently reported magnetic metal NPs based
SERS sensors (e.g. Fe30,@SiO,@Ag NPs or Fe;0,@C@Ag NPs) with
about 60% magnetic saturation values decreasing (Wang et al.,
2013; Ge et al., 2008), the MS for our Fe;0,@Ag nanoparticles
decreased only about 25%, moreover, all of the curves nearly in-
tersect with the origin, which showed that all of the three pro-
ducts were in a superparamagnetic state at room temperature
(Prigodich et al., 2011). It proved that our Fe;0,@Ag microspheres
possess both good disparity and strong magnetic responsiveness.
In the practical separation test (Fig. 1b), the Fe;0,@Ag could be
completely separated from the solution within only 10 s when the
magnetic field was applied. Such a short separation time reflects
the potential of these magnetic nanoparticles for the target rapid
separation and concentration for SERS detection.

5\‘

DSN signal amplification

SERS

read out
washing

Scheme 1. Schematic illustration of miRNA assay strategy. (1) mix RNAt sample with Cy-3-DNA modified Fe;0,@Ag NPs (2) concentrate samples by a magnet and add DSN

for incubation (3) wash away the Cy-3-DNA fragments and read out Raman signal.
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Fig. 1. (a) The Fes04,@Ag NPs synthesis procedure and the corresponding TEM imagines, (b) Magnetic hysteresis curves of Fe;04 NPs, Fe;0,@PEI@ Au seeds and Fe;0,@Ag

shell and the corresponding magnetic separation behaviors photos at 300 K.

3.2. Principle feasibility verification

Although the DSN cleaving ability to the DNA probe in the DNA/
RNA duplex free in the solution has been proved (Yin et al., 2012),
the activity of DSN could be inhibited when oligonucleotides were
immobilized on nanoparticles (Seferos et al., 2009). In 2014, De-
gliangeli group reported that DSN still kept enzymatic activity to
the DNA probe in DNA-RNA heteroduplexes immobilized on the
Au NPs (Degliangeli et al., 2014). Herein, the activity of DSN to the
DNA probe in the DNA/RNA duplex immobilized on the Fe;0,@Ag
NPs was investigated firstly. Considering the significant roles of
miRNA let-7b in cellular processes and human diseases (Cheng
et al., 2012) , it was selected as a model analyst and the Raman
intensity at 1586 cm~' (Cy3) was selected as the characteristic
SERS signal for quantification. For the DSN cleaving ability ex-
periment (Fig. 2a), the SERS intensity was almost the same for the
DNA-Fe;0,@Ag NPs complex solution (Fig. 2a, curve a), DNA-
Fe30,@Ag NPs and DSN in 1 x DSN master buffer (Fig. 2a, curve b),
DNA-Fe30,@Ag NPs and let-7b mixture solution (Fig. 2a, curve c).
However, the SERS intensity decreased largely when let-7b was
added to the DNA-Fe;0,@Ag NPs and DSN mixture system after
incubation for 60 min (Fig. 2a, curve d). This comparison indicated
that the SERS signal attenuation was indeed triggered by let-7b
due to the DSN efficiently hydrolyzing DNA probe in the im-
mobilized DNA/RNA heteroduplexes, but not by the DSN reaction
with probe DNA immobilized on the Fe;0,@Ag NPs only. The

obvious signal decreasing indicated that DSN still kept enough
activity to DNA probes on the surface of the Fe;0,@Ag NPs.

The enzymatic activity processing was also investigated and
the result is shown in Fig. 2b. The SERS intensity decreased rapidly
after the whole system was incubated from 0 to 60 min, after-
wards, the decreasing turned to inconspicuous and reached a
plateau at approximately 120 min, which indicated an effective
total digestion of the immobilized probes. Due to previous reports,
the DSN cleavage reaction can be finished within 30 min for DNA
probes in DNA/RNA duplex free in the solution (Shagin et al., 2002;
Yin et al.,, 2012). For our system, the cleavage reaction rate was
lower. The probable reason was that the nucleases enzymatic ac-
tivity was inhibited through the high local salt concentration
around the nanoparticle surface (Degliangeli et al., 2014; Ren et al.,
2013). Here, for our system, the buffer with 0.05 M NaCl was sui-
table to keep the cleavage reaction rate and an incubation time of
60 min was sufficient to maximize the sensitivity and lower the
cost.

3.3. Absolute quantification and single-nucleotide discrimination of
miRNA let-7b from the let-7 family members

In order to achieve the best assay performance, we firstly op-
timized the amplification and sensing conditions including the
amount of DSN and the working temperature in the DSN signal
amplification reaction. The SERS intensity with various
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Fig. 2. (a) SERS spectra of DNA-Fe;0,@Ag NPs (curve a), DNA-Fe;0,@Ag NPs and
DSN solution (curve b), DNA-Fe;0,@Ag NPs and let-7b solution (curve c), DNA-
Fe304,@Ag NPs plus let-7b and DSN solution (Curve d). (b) Enzymatic processing
monitoring of DSN in the DNA-Fe;0,@Ag NPs plus let-7b solution. (10 pM of DNA-
Fe;0,@Ag NPs (~2.5 x 10 > DNA/NP), 0.06 U uL~! of DSN,10 nM target let-7b in 1 x
DSN master buffer (50 mM Tris-HCl (pH 8.0), 5 mM MgCl, and 1 mM DTT), 0.05 M
Na*,0.5 U uL~"! of RNAse inhibitor). Error bars are standard deviation of three re-
petitive experiments. The DSN enzymatic activity kinetic curve was fitted by Origin
8.5 non-line curve fit tool.

concentrations of DSN were recorded in Figure Sla (Supporting
Information), the highest Raman intensity ratio (Ro/R, where Rq
and R are the Raman signals in the absence and the presence of
miRNA) was observed when DSN was 0.06 U uL~', therefore, this
value was set as optimal DSN concentration for the subsequent
experiments. The reaction temperature was also optimized and
the highest Ry/R was observed when the temperature was 55 °C,
therefore, the incubation temperature was set to 55 °C (Figure
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S1b). For the cost-effective purpose, a period of 60 min incubation
at 55 °C with 0.06 U pL~' DSN was sufficient for the detection.
Under optimized test conditions, the performance of the strategy
for quantitative analysis of miRNA let-7b was investigated. By
measuring the Raman intensity at 1586 cm~!, we quantitatively
analyzed the variance of Raman intensity with the concentration
of let-7b. As shown in Fig. 3a, the SERS signal decreased with the
concentration of let-7b from 1 pM to 10 nM and showed good
linear fit to the concentration of let-7b in the range from O to
1000 pM with a correlation coefficient 0.998. The detection limit
was 0.3 fM (15 zeptomole, 50 pL) which was estimated by the
equation LOD =3 x Spjank/m, in which Sy and m were the stan-
dard deviation of the blank and the slope obtained from the linear
fitting. The limit of detect was decreased nearly 3 orders of mag-
nitude as compared with the DSN based fluorescence miRNAs
sensors (Yin et al., 2012; Xi et al., 2014; Degliangeli et al., 2014), as
much as 6 orders of magnitude as compared with the SERS-based
direct assay (Guven et al., 2014) and 5 orders of magnitude as
compared with the p19-based magnetobiosensors (Campuzano
et al., 2014), 3 orders of magnitude as compared with the EXPAR-
based electrochemical biosensor (Yan et al., 2013) and an equal
sensitivity to the EXPAR-based SERS method (Ye et al., 2014).

Compared with the common SERS biosensor, our DSN-based
SERS method may discriminate target miRNA from the high se-
quence homology miRNAs and can be used to simultaneously
detect multiple miRNAs in cancer cells. Notably, the zeptomole
sensitivity permits the detection of miRNA transcripts (e.g. 10-100
copies per cell) from as little as 10,000-30,000 cells that can be
harvested from clinical biopsies without prior PCR amplification
(Stomper et al., 1998), therefore, the POC tests of disease-asso-
ciated miRNAs clinical diagnosis can be expected.

As previous report (Arefian et al., 2011), the discrimination of
miRNAs from sequence homology family members is important
for understanding their biological functions and relationship with
human diseases. However, it has been always challenging due to
their high sequence similarity. To evaluate the specificity of our
strategy, DNA probes complementary to let-7b were designed and
immobilized on the Fe;0,@Ag NPs to distinguish let-7b from let-7
miRNA family members. As shown in Fig.3b, there was very slight
signal change for all other let-7 family members except for let-7b
(The corresponding SERS spectra are shown in the Supporting
information, Fig.S2). It proved even for targets immobilized on the
NPs, DSN still kept the one-base mismatch recognition ability no
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Fig. 3. (a)SERS intensities (1586 cm~") versus let-7b concentrations in logarithmic scale. Inset: SERS spectra and linear relationship between the SERS intensity and the
miRNA concentration. (b) Specificity of miRNA assay. Bars represent the SERS intensity upon the different miRNAs targets with the same concentration of 10 nM, respectively.
Error bars are the standard deviation of three repetitive experiments. Error bars are standard deviation of three repetitive experiments.
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Table 1
Comparison of the proposed SERS method and RT-PCR kit for the detection of let-
7b in total RNA samples extracted from different cell lines.

Cell lines Hela MCF-7 A549
SERS for let-7b (10* copies/ng total RNA) 15.9 5.5 6.2
RT-PCR for let-7b (10 copies/ng total RNA) 15.5 49 5.8
Relative error (%) 2.6 121 6.9

matter where the mismatched base was located. By using let-7
family as models, the highly sensitive mismatch discrimination
ability for this assay was successfully demonstrated.

3.4. Feasibility investigation to real total RNA samples extracted from
human cancer cell lines

Finally, to determine whether this method could be applied to
real biological samples, we evaluated a testing for let-7b in total
RNA sample extracted from different cell lines including the hu-
man breast cancer cell lines (MCF-7), cervical cancer cell lines
(HeLa), and human lung adenocarcinoma cell lines (A549). The
results indicated that Hela cell lines had higher let-7b expression
level than A549 and MCF-7 cell lines (Fig. 4), which was in good
accordance with previous reports (Nelson et al., 2004; Gao et al.,
2013). The same samples were also analyzed by using TagMan
probes and commercial qRT-PCR kit (ordered from Life Technol-
ogy, Applied Biosystems). As shown in Fig. 4, the results obtained
by our strategy were in good agreement with those by qRT-PCR.
The comparison of the determination results for these samples by
using the commercial qRT-PCR kit and the proposed SERS method
is shown in Table 1. It can be seen that the relative errors of the
proposed SERS method compared to the commercial qRT-PCR
method are less than + 13%. We also determined the accuracy of
the method by measuring the recovery of known amounts of let-
7b spiked into the HeLa and MCF-7 cell lysates (Table S2 in the
Supporting Information).The method also possessed good re-
covery rates of standard addition from 97% to 103%. These results
indicated that our SERS approach is practical for miRNA absolute
quantification in real samples.

4. Conclusions

In conclusion, we reported a DSN signal amplification based
miRNA biosensor by using Fe;0,@Ag magnetic microsphere as
SERS and enzyme hydrolysis platform. Through this method, the
signal amplification and single-base discrimination ability of DSN

were well combined with the high SERS performance of the
Fe30,@Ag. Moreover, the reproducibility and sensitivity were im-
proved by the concentration ability of the paramagnetic Fe;0,@Ag
NPs. It was preferable than the conventional Au or Ag NPs sus-
pending in the solution for SERS detection, especially when the
concentrations of NPs was quite low. By combining these ad-
vantages, miRNA let-7b can be discriminated from the let-7 family
with a detection limit of 0.3 fM within a PE tube, which decreased
3 orders of magnitude as compared with the DSN-based fluores-
cence miRNA biosensors (Yin et al., 2012; Xi et al., 2014; De-
gliangeli et al,, 2014). The low-cost Raman instrument, simple
operation process and high sensitivity make our method a po-
tential tool for miRNA related cancer POC diagnosis. In future
studies, we will aim to apply our assay systems for multiplex
cancer related miRNA samples real-time detection.
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