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Abstract: For the early diagnosis of gastric cancer, microRNA-148a as a promising

biomarker is measured by a simple colorimetric biosensor due to the unique surface
plasmon resonance (SPR) absorption of gold nanoparticles (AuNPs).uIn the assay
system, the sensing probes are facilitated by the conjugation of AuNPs with RNA
probes (RNAp) vis Au-S bond, which align in a tail-to-tail fashiononto the target RNA.
When miRNA-148a is introduced, the sandwich hybridization reaction is triggered
between the AuNPs-RNAp conjugates and targets;. resulting in changes in SPR
absorption band, microscopic distribution and macrascopiercolor of the AuNPs solution.
Following the principle, this colorimetric method _is able to quantitatively detect
miRNA-148a at nanomolar level with a limit of ~1.9 nM and exhibits high sensitivity
and selectivity by a low-cost UV-Vis spectrometer or even naked eye. Moreover, the
AUNPs network materials sawith a characteristic sharp “melting transition” provide
significant guidance for the reusability of DNA or RNA biosensor.
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1. Introduction

Gastric cancer, as one of the most common malignant disease, is the second
leading cause of cancer-related death worldwide [1]. The improvement of clinical
diagnosis and treatment can result in a relatively high survival rate for patients with
early-stage gastric cancer, while the prospect of patients with advanced gastric cancer
are still poor [2]. Therefore, early diagnosis and prognosis monitoring are very critical
to prevent the death from gastric cancer [3].

Currently, emerging evidences have demonstrated that microRNAs (miRNASs) can
be as a promising biomarker for the diagnosis of gastric cancer [4;5]. The miRNAs,
composed of 19-25 nucleotides, are small non-protein-coding.RNAs which play an
important role in regulating gene expression at transcription.and post-transcription level
[6]. Some certain miRNAs are expressed abnormally in many:kinds of cancers, in which
deregulated miRNAs are associated with tumor initiation, promotion, and progression
by regulating various oncogenes or tumor SUppressors f6-8]. A downregulation of
miRNAs is common in human cancers, and miRNAs loss may lead to a tumor initiation
[9,10]. In the case of gastric cancer, miRNA-148a is one of the most downregulated
miRNAs in patient plasma [11-15]. These facts support that miRNA-148a can be served
as a prognostic biomarker forgastric cancer, however, a reliable biosensor for miRNA.-
148a is still rare. Thusly, it{Is necessary to provide minimally invasive detection for
releasing the human healthyissues of cancer by the development of bioassay
technologies for miRNAs in plasma.

For the detection.of mMiIRNAs, a variety of approaches have been studied such as
electrical, mass, and optical sensors with the aid of micro-electro-mechanical systems
as well as nanotechnology [16-19]. More traditional and widely used methods such as
polymerase chain reaction (PCR) can measure the promising biomarker miRNA but
they still have many limitations with a relatively low sensitivity [20]. Especially, PCR
technique_requires the time-consuming and large power equipment, which means
comparatively high cost [21]. Among the different sensing systems available, a
colorimetric assay has been widely used for in DNA or RNA for the reason that this

method has not only excellent sensitivity, specificity and reproducibility but also low-
2
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cost and easy operation [22-28]. A colorimetric sensor is usually used for analyzing
through the change of absorbance and even the visual color. The signal-conversion
element is extremely critical to design a feasible colorimetric biosensor, and
nanomaterials like gold nanoparticles (AuNPs) play important roles in the present
sensor technologies. The AuUNPs possess a unique optical property with surface
plasmon resonance (SPR), induced by the collective oscillation of free electrons
resonated with the incident photon frequency [29-31]. Importantly, thesSPR absorption
band of AuNPs varies with the microscopic distribution state of the nanoparticles
converting from dispersion to aggregation, and a macroscopi¢ change of appearance
color occurring simultaneously [31]. Therefore, the AuUNPs are commenly employed in
colorimetric assays.

In the present study, we develop a simple and low-cost colorimetric assay to
quantitatively detect miRNA-148a concentrationsusing:AuNPs conjugated with RNA
as sensing probes. The conjugation of oligonucleotides tg AuUNPs allows convenient
modification of the nanoparticle surfaces and.precise control of the particle distribution
state (dispersed/aggregated) through sandwich hybridization reaction between the
conjugated probes and target RNA. Meanwhile, the SPR absorption peak, microscopic
distribution and macroscopicicolor of the AuNPs solution will change. It makes the
measurement of miRNA-148a more available by UV-Vis spectrometer or even naked
eye. N
2. Materials and methods

2.1 Chemicals and apparatus

Gold(IIT) { chloride trihydrate (HAuCls-3H20), trisodium citrate, Tris(2-
carboxyethyl)phosphine hydrochloride (TCEP), sodium chloride (NaCl) and sodium
dodecyl sulfate(SDS) are bought from Aladdin Industrial Co. sodium phosphate dibasic
dehydrate (Na;HPO4:2H>0), sodium dihydngen phoshate anhydrous (NaH2POs),
ethanol;, HNO:3 (68%) and HCl (38%) are purchased from Sinopharm Chemical Reagent
Beijing Co. Ltd. All the chemicals are analytical grade. All procedures were performed
at room temperature if not specially noted. Ultra-pure (U-P) water was produced by the

Hitech-K flow water purification system.
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RNA oligonucleotides were obtained from Shanghai Sangon Biotechnology Co.
Ltd. The RNA base sequences are summarized in Table 1. Following the manufacturer's
recommendations, all the RNA sequences were dissolved in nuclease-free water pfior
to use.

The UV-vis absorbance spectra and TEM images of samples performed on the UV-
2450 spectrometer (Shimadzu, Japan) and JEM-2100 transmission electron microseope

(JEOL, Japan) operating at 200 kV, respectively.

Table 1
RNA sequences used in colorimetric detection ~
Name Sequence.(5°-3)
miRNA-148a UCAGUGCACUACAGAACUUUGU
Probe 1 UAGUGCACUGACCCC—SH
Probe 1’ HS —CCCCUAGUGCACUGA
Probe 2 HS+#CCCCACAAA GUUCUG
miRNA-21 UAGCUUAUCAGACUGAUGUUGA
miRNA-106a AAAAGUGCUUACAGUGCAGGUAG
random UUGUACUACACAAAAGUACUG

2.2 Preparation of AuNPs

Approximately 22 nm diameter AuNPs were synthesized by the trisodium citrate
reduction of gold chloride; as previously reported [32]. All glassware used in the
experiment was cleaned with aqua regia (1 part HNO3 and 3 parts HCI), rinsed with U-
P water, and then dried by an'oven prior to use. An aqueous solution of HAuCls (0.01%
(w/w), 50 mL)‘was heated to boiling, and then trisodium citrate (1% (w/w), 880 puL)
was added quickly, resulting in a change of solution color from pale yellow to wine red.
After the color changej the reaction solution was boiled for additional 20 minutes,
allowed to coeol'to room temperature and then stored at 4 °C. Attentively, constant
sticring, was /maintained throughout the process of preparation in order to keep the
reaction solution heated uniformly. TEM was used to determine the size and dispersity
of prepared nanoparticle solutions and UV-Vis spectrometer was selected to record the

absorbance spectra to calculate the concentration and size of AuNPs [33, 34].
4
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2.3 Preparation of AUNPs-RNAP conjugates

The conjugation of AuNPs modified with thiolated RNA probes (RNAp) was
prepared based on the salt aging procedures proposed by Mirkin et al [35]. Firstly, a
total of 5 mL AuNPs (22 nm) colloid was centrifuged and the obtained precipitate was
redispersed in PBS buffer (10mM NaHPO4, and NaH>POs4, 0.01% (w/w) SDS,
pH=6.8). Freshly prepared TCPE (10 mM) diluted in nuclease-free water'was added to
RNA (probe 1, 1’ or 2) solution to prevent the formation of disulfidesbonds generated
at the thiolated end of RNA. Then a certain volume of RNA solution (20 uM) and
AuNPs colloid (~1 nM) were incubated at the molar ratio of 200:1 and 600: 1 for 12 h.
After that, a tiny amount of 2 M NaCl solution was added to the mixture to increase
gradually the salt concentration, and then the solution was senicated for ~10 s followed
by an 1-h incubation period. This process was tepeated, for several times till a
concentration of 0.1 M NaCl was obtained. Thesresultant solution was incubated for
another ~24 h and then centrifuged at 12000 rpm for’20 min to remove excess
unconjugated RNA. Following the removal of supernatant by a pipette, the oily
precipitate was washed with the buffer (10mM NasHPO4, and NaH2PO4, 0.01% (w/w)
SDS, 0.1 M NaCl, pH=6.8), centrifuged again, resuspended in hybridization buffer
(10mM NaxHPOs4, and NaH3PO4, 0.01% (w/w) SDS, 0.3 M NaCl, pH=6.8). If not
otherwise specified, the entife incubation process was performed at room temperature
while stirring ceaselessly:"Finally, the UV-Vis spectrometer device were used to test
whether the RNA was conjugated with the surface of AuNPs.
2.4 Measurement of microRNA-148a detection

In order t0 determine the sensitivity and the limit of detection (LOD), AuNPs-
RNAP conjugates/target miRNA-148a solutions was prepared by adding 50 pL
mMiRNA-148a solution (with its final concentration ranging from 0.1 nM to 1 uM in the
incrgase of 10 times) to a mixture solution containing 225 pL of each AuNPs-RNAp
conjugates at hybridization buffer. After that, the mixture solutions were heated to
60 <C for 5 min and cooled down to room temperature, then incubated for a period. The

same assay was used to test the selectivity by replacing the target RNA with other
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different sequences at a certain concentration of 1 uM. The UV-Vis signature of the
AuUNPs-RNA conjugates/miRNA-148a aggregates was recorded at room temperature.
2.5 Melting analyses

Melting experiments were performed using a UV-Vis spectrometer equipped with
a temperature controller by monitoring the absorbance at wavelength 530 nm. The
AuNPs-RNAp conjugates/target RNA solutions were prepared according to, the
aforementioned method with the miRNA-148a concentration of 1 uMuAfter.S min of
annealing at 60 <C, the samples were cooled down to room temperature for more than
2 h before analysis. The solutions were agitated by shaking intermittently the cuvette
to remain homogeneous throughout the melting process.
3 Results and discussion
3.1 Method and principle

As shown in Fig. 1, the assembly of the AuNPs.converting from dispersed to
aggregated state is controlled in the presence of target’RNA due to the sandwich
hybridization between AuNPs-RNAp conjugates and targets, accompanied with a
macroscopic color change (red-to-purple).. Firstly, a highly dispersed AuNPs are
prepared with a strong surface plasmon absorption and a responding wine red hue.
Those oligonucleotides (RNAprobel (RNAg1) or probe2 (RNAg2)) functionalized with
thiols at their 3’ or 5” termini are easily conjugated to the surface of AuNPs via Au-S
bond. After conjugation with'the thiol-capped oligonucleotides, the two AUNPS-RNAp
conjugates are mixed together, and no reaction takes place owing to the non-
complementary nature,of the probe sequences. Nevertheless, when the target miRNA-
148a (complementary te the sequences of two kind of probes in a “tail-to-tail” fashion)
is added intorthe mixture solution, the RNA hybridization reaction is triggered, which
makes the original dispersed AuNPs develop into aggregated AuNPs. Significantly,
because of the aggregation of AuNPs, their interparticle surface plasmons are coupled
sorthat the aggregate could be considered as a single larger particle [31]. As a result,
the surface plasmon absorption band of AuNPs solution is broadened and red-shifted,
corresponding to the color change from red to purple. Therefore, the different

concentration of target RNA can be detected by the UV-Vis absorption spectra and even
6
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naked eye.

SH-(CHy)e CCCC LAY AN | U
UCAGUGCACUACAGAAGERIL U
ACUW ARG CCCC-(CHYg SH

~

/\/\ RNA probel

/\/\ RNA probe2

Dispersed AuNPs
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I\ S\ S\ IoegebmiRNA-148a
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Fig. 1 Schematic illustration of AuNPs-RNA conjugations based colorimetric biosensor for miRNA-
148a.

3.2 Optic properties and morphology of AuNPs:and AuNPs-RNAP conjugates
The prepared AuNPs were characterized by UV-Vis spectrometer with a typical
SPR absorption peak at 525 am (Fig. 2(a)). The estimated diameter and concentration
of the AuNPs are ~22 nm and ~1"'nM, respectively [34]. Additionally, the uniformly
spherical AuNPs were observediaccording to TEM images (Fig. 2(b)) and the diameter
was obtained around 22 am using a supplementary graph software, which was in
accordance with <the, calculated results from UV-Vis spectra. The AuNPs were
chemically modified with thiol-capped 15-base RNAp, in which the first 4 nucleotides
(CCCC) served asia flexible spacer, and the last 11 nucleotides served as a recognition
element for the target RNA. The accurate number of RNAp attached to each individual
AuNP has not yet been determined, but many RNAp molecules conjugated to each
AuNP are confirmed (vide infra). The UV-vis spectra of bare AUNPs and AuNPs-RNAp
conjugates are shown in Fig. 3. After modification with RNAp, a modest red-shift from
52510 530 nm and intensity reduction in the SPR absorption peak were observed which

indicated the successfully conjugation of RNAp on the AuNPs [37]. As the diameter of
7
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AuNPs (~22nm) has been determined, the molar extinction coefficient at 450 nm (&450)
of nanoparticle is about 7.31x10% (M'ecm™) [34]. Based on the Lambert Beer law, the
nanoprobe concentration can be calculated by the formula (c = A4so/€450) for a standard
path length of 1 cm. Hence, we obtained the concentration of AuNPs-RNAp; and

AuNPs-RNAp, conjugates about 790 pM and 810 pM, respectively.
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Fig. 2. (a) UV-vis absorption spectra of the AUNPS and\(b) 'LEM image of the AuNPs.
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Fig. 3. Comparison of UV-Vis spectra for bare AUNPs and AuNPs-RNAp conjugates.
To verify the principle, we prepared a colorimetric assay based on AUNPs-RNAp

conjugates as mentioned above. An equal volume of test solution containing 0 or 1 uM
8
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target RNA was added into the mixed AuNPs-RNAp solutions for hybridization

reaction. In the absence/presence of miRNA-148a, the UV-Vis absorption spectra and

oNOYTULT D WN =

relative TEM images were displayed in the Fig. 4, respectively. When miRNA-148a
absents, the SPR absorption peak of the mixture solution appears no significant change
at 530 nm (Fig. 4(a), black line) and its color maintains wine red with a good. dispersion
observed by TEM (Fig. 4(b), inset centrifuge tube and corresponding TEM image,left).
In contrast, when 1 uM miRNA-148a presents, the intensity of SPRsabsorption peak
weakens dramatically with a redshift from 530 to 568 nm wavelength (Fig. 4(a), red
19 line). Meanwhile, the microscopic distribution of AuNPs changes obviously from
21 original dispersion to aggregation and its macroscopic color turns to.apurple hue (Fig.

23 4(b), inset centrifuge tube and corresponding TEM image,right).
25
26 (a) 1.2

28 — 1M 4
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Fig.. 4(a) Comparison of UV-Vis spectra for AuNPs-RNAp conjugates solution in the
59 absence/presence of miRNA-148a. (b) TEM images and corresponding real photographs of
60 complementary bases in the presence of 0 (left) and 1 uM (right) target miRNA-148a.
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3.3 Optimization of conditions

Single-stranded thiolated oligonucleotides can be chemically attached to citrate
capped AuNPs, resulting in increased stability of gold colloid, which promises the basis
of biochemical analyses and applications [38]. With the protection of the RNAp, these
modified AuNPs can sustain stability even in solution containing . high salt
concentration (0.3M NaCl), an environment that is incompatible with unmodified

AuUNPs [37, 38]. However, the AuUNPs-RNAp conjugates with a relative fow. ratio of

RNAp to AuNPs (200:1) collapsed completely once resuspensed in hybridization buffer.

When the ratio increased to 600:1, the conjugates were still ablé to maintain stability in
the high salt buffer (Fig. 5). Obviously, the stability of AUNPs-RNAp conjugates is
dependent on the ratio of RNA to AuNPs. The high ratio.can guarantee that enough
RNAp were conjugated to AuNPs, providing the conjugates,with a higher stability in
high salt solution, presumably because these abundant non-complementary RNAp
conjugated to the surface with a higher stability €an pre’vent them from collapsion.
Hence, the RNApR:AUNPs at a ratio of 600:1 was used in the following salting

experiments.

b .
\%.

Fig. 5. Pictures of different ratio of RNAp to AuNPs. The sample 1 is the original AuNPs solution
without modification; the sample 2 is the conjugates at a ratio of 200:1 in hybridization buffer; the
sample-3sis the,conjugates at a ratio of 600:1 in hybridization buffer. These pictures clearly show
the collapsionof the conjugates at a relative low ratio in hybridization buffer.

The alignment fashion of AuNPs probes may play a significant role in determining
the degree of hybridization reaction between complementary bases due to the steric
consideration [35, 39]. In the presence of 1 uM target miRNA-148a, the UV-Vis

absorption spectra and relative pictures of AUNPs-RNAp conjugates by the “Tail-to-
10
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Tail (TT)” or “Head-to-Tail (HT)” alignment were shown in the Fig. 6(a) and (b),
respectively. When AuNPs probes (1 and 2) align in a TT fashion onto the
complementary target miRNA, the hybridization reaction takes place normally.
However, the reaction cannot happen effectively by the HT alignment between the
AUNPs probes (1’ and 2) and miRNA-148a, which can be owing to the steric.hindrance.
Although it is difficult to obtain the exact length of RNA, the whole relative size of
RNA probes (5.1 nm) and target (7.48 nm) is estimated from the basespairs (bp) with a
distance of 0.34 nm/bp in the current researches [39, 40], and its relative size is depicted
in Fig. 6(c). The AuNPs are very likely to collide when the AUNPssRNA conjugates
align in a HT fashion, which accounts for the ineffective hybridization'reaction. Thus,
the alignment in TT fashion between AuNPs-RNAp conjugates and complementary

target is selected in the following assays.

(a)

1.5

Reference
Tail-to-Tail
Head-to-Tail

1.0 1

Absorbance

0.0

T T T
400 500 600 700 800
Wavelength (nm)

Head-to-Tail alighment of AuNPs-RNA, conjugates Tail-to-Tail alignment of AuNPs-RNA,, conjugates
Fig./6. (a) Comparison of UV-Vis spectra and (b) corresponding pictures for AuNPs-RNAp
conjugates solution by the tail-to-tail or head-to-tail alignment in the presence of 1 uM mMiRNA-
148a. The reference is only AuNPs-RNAp conjugates without miRNA-148a. (c) Relative size of
RNA and AuNPs. The left and right represents the conjugates aligns in a HT and TT fashion,
respectively.
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To assess the response time of the assay, the solution with the miRNA-148a
concentration of 1 uM was used to detect. After the target RNA was added into the
solution containing two kinds of AUNPs-RNAp conjugates, the mixture was heated for
the promotion of hybridization reaction. And then the mixture was naturally cooled
down to the room temperature, which costed about 15 min. Finally, we tested the UV-
vis spectra of the samples with an interval of 5 min. The solution was agitated by
shaking the vessel to maintain homogeneous mixtures throughout the.detection period.
The absorbance of reaction solution at 530 nm changes and becomes stable about 80
min as plotted in Fig. 7. In addition, we also found that the color of thé'mixture solution
roughly unchanged at the same time. Therefore, based on the UV-Vis.spectra and color
change of the mixture, we waited for about 100 min (in€luding 5min heating, 15 min

cooling, and 80 min incubation process) before taking a measurement for each assay.
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Fig. 7. Response time by monitoring the absorbance at 530 nm.

3.4 RNA hybridization assay for the detection of miRNA-148a
T0 evaluate the detection capability of the colorimetric biosensor, we have to

determine the LOD and dynamic range of this biosensor. Fig. 8(a) gives the UV-Vis
12

Page 12 of 19



Page 13 of 19

oNOYTULT D WN =

AUTHOR SUBMITTED MANUSCRIPT - NANO-123018.R1

absorption spectra and visual colors of the detection system with different concentration
of target miRNA-148a. Obviously, when the concentration of miRNA-148a reaches 1
uM the corresponding UV-Vis spectrum appears a new sharp absorption at 260 nm
resulting from the excessive miRNA-148a [41, 42], which means that the detectable
concentrations reached a saturation point. The quantitative analysis of miRNA-148a,
with concentration ranging from 0.1 nM to 1 uM in the increase of 10 times; was
employed. The tendency for AA in presence of miRNA-148a is depicted in Fig. 8(b),
in which AA is the difference value for SPR peak absorbance of AuNPs-RNAp
conjugates solution in absence and presence of miRNA-148a, and the lower value
means that the less aggregation occurred. When the low concentration ranging to 0.1
nM level of miRNA-148a is added into the mixture probesolutions, the AA is almost
zero. This level of concentration is too low to develop a sandwich hybridization
between the AuNPs-RNAp conjugates and miRNA-148a. Moreover, the LOD was
estimated approximately 1.9 nM by 3 signal-ta-noise ratio.(ZO times determinations of
the blank solution). This method exhibited a lower LOD than recently reported other
assays [20,23]. Additionally, as the concentration of miRNAs in plasma is up to ~nM,
the change of the SPR absorption peak absorbance can be meaningful for clinical

application.

(a) (b)

2.0

10° nM 01 .0

10"'aM 0.4
——10"nM ?
LS ' v ’ ’ <10'nM
J s =10 oM 0.3
< 10°nM I
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Absorbance
=

.5 -
0 0.1+

k)

0.0 T T T T T 0.0 T T T T T
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Fig. 8. (a) UV=Vis spectra and visual colors of the AuNPs-RNAp conjugates based colorimetric
detection in presence of different concentration of miRNA-148a. (b) AA change corresponding to
the miRNIA-148a concentration ranging from 101 nM to 10° nM by 10 times.

3.5 Selectivity of the colorimetric detection

For the clinical application of our sensing system, it is necessary to verify the

13
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specificity in the assay of target miRNA-148a. The other several samples of miRNA-
21, miRNA-106a, random sequences were prepared to estimate the selectivity of this
method for miRNA-148a detection. 1 uM each RNA samples were added to the mixed
AuNPs-RNAp conjugates solution respectively, and the AUNPs-RNAp solution without
any miRNA was tested as blank assay. The results of experiment were shown in Fig.9.
Obviously, we could find that these other RNA samples were unable to trigger. the
hybridization reaction, and only the target miRNA-148a gave rise to the:aggregation of
AuNPs, which was confirmed by the variations of absorbance (Fig. 9(a)) and color
changes (Fig. 9 (b)). Compared with other RNA, the AA changes significantly in
presence of target RNA, indicating that the proposed method has highly selectivity to
miRNA-148a detection.

T T - T
miRNA-21  miRNA-106a random miRNA-148a

(a) (b)
1.04 e e
0.8 » & Y
3 L 2
.§0.6 4 Bl £ ,_._;’..‘ - 5
= JmiRNA-1 miRNA-21T" miRNA-106a random blank
7'5 0.4 j 2 §
////%
s - 4y
0.2 ‘_{_i | % 3 !
0.0 Y | y/ j \

Squence

Fig. 9. Specificity of the colorime{ic detection for miRNA-148a against other RNA sequences: (a)
the difference of absorbance and'(b) color changes.

3.6 Melting point

In order to find the.melting point (Tm) of the aggregates quickly and efficiently,
the Tm was estimated roughly about 50 ~ 60 <C by the color change of sample solution
at different temperatures (ranging from 30 <C to 60 <T in the increase of 10 <C, shown
in Fig. 10(a)), and then measured accurately by the UV-Vis absorption spectra of the
solution at the obtained temperature region with an interval of 1 <C. The normalized
thermal dissociation curve for AUNPs-RNAp conjugates with complementary target
RNA in hybridization buffer was shown Fig. 10(b). A characteristic sharp melting

transition was observed with a Trm of ~54 <C, indicating the dissociation of aggregated

14
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AuUNPs and formation of dispersed nanoparticles. This sharp melting transition brings
a new possibility for the reusability of DNA or RNA biosensor by heating the AuNPs
network materials to a temperature slightly higher than T when one kind of AuNPs-

RNAp conjugates is immobilized on a proper substrate.
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Fig. 10 (a) The color of aggregates under different temperature. (b) The melting curve of the
aggregates in hybridization buffer by monitoring the absorption at 530 nm.

4. Conclusion

In summary, we have'developed a simple and low-cost colorimetric method for
quantitative detection of miRNA-148a with high sensitivity and specificity. This assay
is following the principle that the sandwich hybridization reaction takes place between
the AUNPs-RNAp conjugates and targets by the “tail-to-tail” alignment in the presence
of target RNA, which results in changes in SPR absorption peak, microscopic
distribution and macrescopic color of the AuNPs solution. Under the optimized
conditions, the proposed colorimetric biosensor can detect miRNA-148a down to the
limit of ~1.9' nM concentration, which can be utilized for the early detection of gastric
cancer. Additionally, the sharp melting transition of AuUNPs network materials provides
significant guidance for the reusability of DNA or RNA biosensor. This methodology

may offer a universal approach to the detection of base sequences in biological filed.
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