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Abstract

Developing the high selectivity and sensitivityaségy for nucleic acid detection is
crucial for early diagnosis and therapy of diseadasthis work, a novel low
back-ground fluorescent sensor platform for theect&in of nucleic acid has been
developed based odtFeOOH nanosheets integrating with exonucleasasHisted
target-recycling signal amplification. Because loé tstrong binding ability between
the single-strand DNA (ssDNA) and theFeOOH nanosheets, the dye-labeled
ssDNA probe would be quenched ByeOOH nanosheets through fluorescence
resonance energy transfer (FRET). By using magnséiparate properties of
8-FeOOH, the background signal was separated frenmséinsor system, and the low
background sensor system was obtained. After addimg target DNA, a
double-strand DNA complex (dsDNA) would be formestvireen the target DNA and
dye-labeled ssDNA probe. Then, the dye-labeled #sOi¥obe in the dsDNA
complex would be stepwise hydrolyzed into shorgrdnants from 3terminus by
Exonuclease lll, and the fluorescence signal wasvered due to the weak bind
affinity between the short fragments awd=eOOH nanosheets. By using the
fluorescence quenching ability 08-FeOOH nanosheets and enzyme-assisted
target-recycling signal amplification, this strategpuld show an excellent selectivity
toward hepatitis C virus DNA with a low detectiomit of 10 pM. By simply
changing the dye-labeled ssDNA probe sequence, dbising platform can be
developed as a universal approach for the simplesitve, and selective detection of
different target DNA.
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1. Introduction

Developing rapid, cost-effective methods for thghhisensitivity and selectivity
detection of nucleic acid have placed a very higlue in many areas, such as gene
expression profiling, biomedical applications, galiagnosis and the prognosis [1-2].
The conventional methods, such as gel electropisoresdioisotopic, polymerase
chain reaction (PCR) and DNA microarrays have lmsiformed for the detection of
nucleic acid [3-5]. However, these methods usuatuired the costly apparatus and
complicated pretreatment procedures to perforntiefitly nucleic acid detection.
Fluorescence-based techniques for nucleic acidctimtehhave attracted extensive
attention because of their high stability, sensgitiand simplicity [6-8]. Most of those
fluorescence sensors for the nucleic acid detecivene designed based on the
fluorescence resonance energy transfer (FRET) leetwike fluorophore and the
guencher [9-11]. In the past decades, based oaffingy difference of nanomaterials
with DNA of different conformation (such ssDNA amt$DNA) and the efficient
fluorescence quenching effect of nanomaterialerént types of nanomaterials
include zero-dimensional (0D) nanoparticals (such gold nanoparticles),
one-dimensional ( 1D) nanotubes (such as carboatnb@s) and two-dimensional (2
D) nanosheets (such as grapheme) have been uSednasquencher” to reduce the
background signal of sensor system and thus enhlihaaetection sensitivity [12-16].
Among those nanomaterials, two-dimensional nandshbave been shown the
excellent platforms for the detection of DNA sequefil7, 18]. This is because that
the two-dimensional nanomaterials exhibit planancitires and ultra-large surface
areas, which show the superior abilities to the diimvensional nanomaterials (such as
0D and 1D) in both the quenching efficiency andrid/kinetics [19]. Due to these
excellent properties, various 2D nanosheets, imofuttansition metal dichalcogenide
[20-22], metal oxides [23], and carbon nanomatefi2d, 25], have been developed to
construct nano-fluorescence sensor for the DNA dafiete However, in those
2D-based nano-fluorescence sensors, the quencfhiicgereey reach to 90% was
generally considered to be ideal “quenching-offates. However, the residual

fluorescence signal remained in the solution, &ffigcthe detection of trace target.
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Therefore, seeking for a new approach to design-daekground even to
background-elimination fluorescent sensors is paldrly important for improving
trace analytical performances.

As a metastable species in the iron oxide famdypxXyhyte §-FeOOH) ultrathin
nanosheet is a new type of inorganic graphene gnelavith ferromagnetic and
semiconducting properties, which has been widebdus the field of catalysis and
adsorption [26, 27]. Because of the significant banmof hydroxyls on thé-FeOOH
surface,s-FeOOH shows excellent water solubility, good bmopgatibility and large
specific surface area, which provides conditiongtie application of ferric hydroxide
in biological system. More importantlyj-FeOOH possesses the strong magnetic
properties in the room temperature, and it is highan that of various traditional
two-dimensional nanomaterials [28-30]. Thus, thepliaption of 6-FeOOH
nanosheets to construct sensor strategy is woftimyestigation. However, using the
magnetic properties @kFeOOH to construct the biosensor for the DNA detechas
not been reported at present.

Herein, we demonstrated th&-eOOH nanosheets showed various binding ability
not only for ssDNA versus dsDNA, but also had ddéf@ adsorption effect for
different length ssDNA. Moreoverp-FeOOH nanosheets exhibit wide range
absorption spectrum, which shows the high fluoneseejuenching ability for various
fluorescence dyes. Then, a “turn-on” fluorescenicategy for the high sensitivity
detection of hepatitis C virus sequence has be@poged by using ultrathin
0-FeOOH nanosheets as fluorescent sensing platfBgmusing magnetic separate
properties ob-FeOOH, the background signal was separated frens¢hsor system,
and the low background sensor system was obtaifleeugh combination of the
magnetic separate and enzyme-aided target signallfiation, the proposed sensor
can greatly enhance the detection sensitivity deddetection limit of 10 pM was
achieved. Additionally, we also applied this amptif sensor for the detection
hepatitis C virus sequence DNA in the spiked husemim samples, and satisfactory
recoveries were obtained. It can be expected thatstFeOOH nanosheets based

signal amplification sensor strategy holds greptiyential application in the field of
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early clinical diagnosis.

2. Materials and methods

2.1 Regents and material

All oligonucleotides sequences used in this mampisare listed in Table S1. The
oligonucleotides and Exo lll were purchased fronar@jinai Sangon Biotechnology
Co., Ltd. (Shanghai, China). The 50 mM Tris-HCI (BH) buffer containing 5 mM
MgCl, was used in this experiment. Other reagents weétaireed from Aladdin
Chemical Reagent Co., Ltd (Shanghai, China).

2.2 Apparatus

Transmission electron microscopy (TEM) imaging ®FeOOH nanosheets was
performed using a JEM-2100 transmission electrotrascope operating at 200 kV
(JEOL). X-ray diffraction (XRD) pattern was chamgted on the X'Pert3 Powder
X-ray diffractometer (PANalytical B.V.). X-ray phmtlectron spectrometry (XPS)
spectra were performed on an ESCALAB250Xi X-ray tpkéectron spectrometer
(Thermo Fisher Scientific). UV-vis spectra were dak using an UV-T6
spectrophotometer (Purkinie). Fluorescence sp@atra measured on a Cary Eclipse
fluorescence spectrometer (Varian). Each fluoressemeasurement is repeated three

times and the standard deviation is drawn as am bar.

2.3 Synthesis a3-FeOOH nanosheet

8-FeOOH nanosheets were synthesized by one-pot theitwording to the reported
literature [31]. In brief, dissolving 0.5 g NaOH & mL water-ethylene glycol (EG)
mixture (Myater: Veg = 5:1) to form solution A. Then, 100 mg FeSTH,0O was
dissolved in 6 mL BESO, (0.01 M) solution to obtain solution B. Next, kegatlution

A and solution B under continuous nitrogen deoxatafor 1 hour while stirring.
After that, solution B was dropwise injected intmwion A and the solution color
turned from colorless to light green and then tckadgeen under vigorous stirring for
3 h. Centrifuging and harvesting the precipitated then washed with ethanol and
water for several times. Next, 40 mL hydrogen pa&texsolution (3 wt%) was added

rapidly, and then the mixture was kept overniglur (8 h) at room temperature.



Finally, the3-FeOOH nanosheets were readily collected using etagdecantation,

and the obtained products were dried in vacuunfuither characterization.
2.4 The process for the target DNA detection

In a typical DNA detection, different concentraisoof target DNA (T1) was added to
1000 pL Tris-HCI buffer containing 20 nM dye-labeled ssBNrobe (P1) and
hybridized for 30 min at 37 °C. Theb;FeOOH nanosheets (0.5 mg/mL) was added
to the hybridization reaction solutions for anotBenins. After that, the fluorescence
emission spectra were recorded with excitation Veagth at 490 nm and the
fluorescence intensity was measured at 520 nm (Belig.

The Exo lll-assisted signal amplification experimermre carried out using the same
reagent as the prior step, different concentrabbrifl and 20 nM P1 was first
incubated for 30 min at 37 °C, and then 20 U/mL HBkavas added to the solution
further incubated for 30 min. TheFeOOH nanosheets (0.5 mg/mL) was added and
the fluorescence spectra of the reaction solutivese measured after magnetic

separation (Scheme 2).
3. Results and discussion

3.1. Characterization @-FeOOH

For the purpose of clarifying the morphology anducural information of the
0-FeOOH ultra-thin nanosheets, a series of microatttarization have been carried.
The transmission electron microscopy (TEM) has atack thatthe synthesized
0-FeOOH is a kind of graphene-like ultra-thin nareetk with large area folds and
almost transparent (Figure. 1a). The phase andymirithe obtained samples can be
determined by the X-ray diffraction (XRD). As showm Figure. 1b, the sample
spectra has diffraction peaks at 35.24°, 39.95°554 63.15°, and these peaks
correspond to the crystal plane diffraction (JCRRES13-0087) ob-FeOOH at (100),
(002), (102) and (110), respectively. The diagramth® sample may easily be
referred to as a hexagonal phase-¢feOOH nanosheets. We also investigated the
surface chemical composition and elemental digiobuof 5-FeEOOH nanosheets by
X-ray photoelectron spectroscopy. As explainedigufe 1c, there are three peaks in

high-resolution XPS spectrum of Fe 2p. The peak&lét7 eV pertain to the Fe
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2p3/2. The binding energy of E&2p1/2 at 724.3 eV demonstrates th& Beate of the
0-FeOOH structure. There is a shake-up satellitelat5 eV in the Fe 2p core level
spectrum which is consistent with references [3, 3s shown in Figure 1d, the
chemical environment of oxygen is confirmed by gnalg the energy divided into
three peaks of Ol1s, Fe-O bind (529.59 eV), Fe-Ostd 1531.19 eV) and H-O-H
bind (533.04 eV). Especially, because the matesiaynthesized in aqueous phase
and dried in vacuum, water molecules are adsorbeti@surface of the material, the
H-O-H bond corresponds to water molecule [34, 38k UV-vis absorption spectrum
of 8-FeOOH nanosheets were also determined (Fig. tlednlbe concluded from the
test result that the absorption of light covers idewrange of wavelengths from
ultraviolet light to visible regions, which indie that thed-FeOOH nanosheets can
be an ideal energy acceptor for diverse chromophdiagnetic measurement of the
sample was carried out at room temperature usibgating sample magnetometer.
The result is shown in the Figure 1f. The magn&bmamagnetic intensity (M-H)
curves for thed-FeOOH nanosheets measured at 300 K shows theidte(tic)
reaches up to 195 Oe. Furthermore, the saturatagneatization (Ms) reaches to 7.04
emu/g, gives the evidence that hEeOOH nanosheets have ferromagnetism.

3.2 Fluorescence quenching property-#feOOH nanosheets

To demonstrate the feasibility af-FeOOH nanosheets could be used as the
fluorescence sensing platform, the fluorescencenchirg ability of 6-FeOOH
nanosheets to dye-labeled ssDNA probe (P1) wastigated firstly. As showed in
Figure 2, when increasing the amountdfeOOH nanosheets, the fluorescence of P1
was quenched. When the concentratior-6feOOH nanosheets was high than 20
ug/mL, the quenching efficiency was almost achie®@&do, which indicating the
strong interaction between P1 with theFeOOH nanosheets and the high
fluorescence quenching efficiency of i#&eOOH nanosheets. We also measure the
fluorescence quenching ability 6fFeOOH nanosheets to different bases length of
dye-labeled ssDNA. As shown in Figure S1, the #soence quenching ability of
0-FeOOH nanosheets to different base number of ssR¥N@wed significant
difference. For the long base ssDNA (25-base DN#9,quenching efficiency is 97%,
while for the short base ssDNA (3-base DNA), therguhing efficiency is only 15%.



This huge difference indicates thiaFeOOH nanosheets show the weaker adsorbing
affinity to short ssDNA than that of the long ssDN4pon addition of thé-FeOOH

to the dye-labeled dsDNA solutions (21 base) (Fads2), the quenching efficiency of
0-FeOOH nanosheets to dsDNA was lower compare WelssDNA (21 base) at the
same conditions, which suggested that the weakaictiens between dsDNA and
0-FeOOH nanosheets than that between ssDNAd@re&lDOH nanosheets. The above
results were similar with other 2D nanosheets [8B-3vhich indicateds that the
mainly interaction between nucleic acid aireOOH nanosheet was non-covalent
n-stacking interactions.

(100)

(101) (10)
l (102)

T + T T
20 30 40 50 60 70
26 (degree)

(c) [~ (d) |~

Intensity (a.u.)

Fe 2p2/3

o
o
&
@
o

Satellite Fe™

Intensity (a.u.)
Intensity (a.u.)

T T T T T T T T T T T T
735 730 725 720 715 710 705 538 536 534 532 530 528 526

Binding Energy (V) Binding Energy (eV)
1.0 f | r—————
(e) ) .- —
0.8 §. //
10!
3 0.6 \ = *] o Sy - =y gl
3 M = | i
z 5
2 044 = a5
5 =
= -10
0.2
5]
0.0 : T : T . e T T T 1 !
200 300 400 500 600 700 800 200000 -10000 g loage: 20000

Wavelength (nm) H(@q)

Figure 1 (a) TEM image 08-FeOOH nanosheets. (b) XRD pattern seFeOOH
nanosheets. (c) Fe2p XPS patterns of as-synthe8iFe®©OH nanosheets. (d) Ols
High-resolution XPS spectra. (e) UV-vis absorptispectrum of thes-FeOOH
nanosheets. (f) M-H curves for tlReFeOOH nanosheets measured at 300K, inset:

magnetic hysteresis loop of theFeOOH nanosheets.
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Figure 2. Fluorescence spectra of probe DNA (Pbnugdding different amount of
6-FeOOH nanosheets.

3.3 The sensing mechanismdeFeOOH for DNA detection

According to the different fluorescence quenchiffigiency of 6-FeOOH nanosheets
toward various DNA conformation8;FeOOH nanosheets could be used to construct
a biosensing strategy for the detection of DNA. Tibpatitis C virus sequence (HCV,
5-TCC AGG CAT TGA GCG GGT TTA-3) were selected the model [39, 40]. The
detection strategy was present in the scheme Ihwillustrates the mechanism for
the DNA detection by using-FeOOH nanosheets as a sensing platform. The HCV
sequence was used as target DNA (T1) and its dyeddd complementary strand
DNA (FAM-5-TAA ACC CGC TCA ATG CCT GGA-3’) was ugk as the signal
probe (P1). Figure 3 shows the fluorescence emmissi@ctra of P1 under different
conditions. In the absence &FeOOH nanosheets, the fluorescent probe (P1) showe
strong fluorescence emission. However, upon adthieg-FeOOH nanosheets to the
P1 solution, almost 93.5% of fluorescence intengifs quenched, indicating that
0-FeOOH nanosheets could adsorb P1 and quenchubeedcent dye effectively.

9



Incubation of P1 with target DNA (T1) will causeeth efficient hybridization, thus
the fluorescence intensity was recovered. Addillgneve also added the single-base
mismatched DNA (T2) and random sequence DNA (Rih¢oP13-FeOOH solution,
respectively (see Figure 3). The fluorescence sitgvalue of P1/TH-FeOOH was
approximately two times higher than that of P16FREOOH and nine times higher
than that of P1/R&FeOOH, demonstrating-FeOOH based fluorescent sensor
possesses excellent selectivity. These resultsridite thed>-FeOOH nanosheets could
serve as a sensing platform for the detection oADNor the sensitivity of HCV
detection, different amounts of target DNA (0-20M)nwere added into the
P16-FeOOH system, and incubated 30 minutes at roonpdeature. As shown in
Figure S3A, the fluorescence intensityRifb-FeOOH gradually increases with the
increase of concentration of target DNA in additibm the system. A linear
relationship with T1 concentration in the range 0820 nM was observed and a
detection limit of 0.3 nM is achieved (Figure S3B).

o
g
v\.\@

=5

3' \ pe
VNS FAM-modified Probe 1 PAVAVA VAR Target DNA m FeOOH nanosheet

Y

Y

Scheme 1 The Scheme of th&eOOH-based biosensor for DNA detection.

10



P1
4004~

300

2l P1+T1+5-FeOOH

P1+SM+3-FeOOH
P1+R1+3-FeOOH

1+3-FeOOH

Fluorescence Intensity (a.u)

100 +

T .
600 640 680
Wavelength (nm)

T T
520 560

Figure 3. Fluorescence spectra of P1 (20 nM) uddfarent conditions: P1; P1 + T1
(20 nM) +6-FeOOH; P1 + T2 (20 nM) #-FeOOH; P1 + R1 (20 nM) &-FeOOH;
P1 +5-FeOOH.

3.4 The principle and feasibility of amplifieetFeOOH-based strategy for DNA
detection

Although the quenching efficiency of P1 ByeOOH nanosheets reaches 95%, the
residual fluorescence signals in solution still aop the detection sensitivity.
Considering the magnetic separation ability 8FeOOH nanosheets, we further
design a background eliminated fluorescence senpiatform to improve the
detection sensitivity of HCV DNA based on magnet@gparation. Additionally, we
also use the enzyme-aided target recycle to resigreal amplification. The detection
strategy is presented in scheme 2 and the feagilofi the designed background
eliminated fluorescence sensing platform for theecteon of HCV DNA was also
performed (Figure 4). The fluorescence of P1 (cuayavas quenched after mixed

with 5-FeOOH nanosheets (curve e). After adding an eatemagnetic field, the
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P16-FeOOH nano-complex were separated from the solutithe residual
fluorescence signals from no complete quenchedrdioence can be readily and
thoroughly cleared away, which eliminate the baokgd signal in the solution (curve
f). In the presence of the target DNA (T1), a dudDNA with a recessed 3’ terminus
was formed. The quenched fluorescence was partedigvered because duplex DNA
has a weaker affinity with-FeOOH nanosheets than P1 (curve d). When intraduci
Exo Il to the hybridization process, the P1 in thegplex DNA would be stepwise
hydrolyzed to the mononucleotides by Exo lll, résgl in the release of the
fluorophore and T1 to the solution. The releasedvdiild bind with another P1 and
then initiate the next round of cleavage (curve Hgnce, the restoration of
fluorescence can be applied to the quantitativdyaisaof the target. These results
suggested that the introduction &FeOOH nanosheets and Exo lll achieves the
combination of low background signals and signapleioation, so that it can be used

as an effective low background fluorescent sengiatiorm for DNA detection.

Magnetic Separation

é Q > Magnetic Sep 1rillon
3

W5' FAM-modified Probe 1 c Enzyme

NSNS\ Target DNA [:::] FeOOH nanosheet

Scheme 2. The principle for detection of DNA by ¢dnation of magnetic separation

and enzyme-aided target recycle signal amplificatio
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Figure 4. Fluorescence emission spectra of P1 wttferent conditions: P1(curve a);
P1 +3-FeOOH + magnetic separation + T1 + Exo Ill (cubje P1 +56-FeOOH +
magnetic separation + T1 (curve c); Pb-FeOOH +T1 (curve d); P1 &FeOOH
(curve e); P1 6-FeOOH + magnetic separation (curve f). [P1] = BQ fiT1] = 5 nM,
[6-FeOOH] = 20ug/mL, [Exo Ill] = 10 U/mL.

3.5 Optimal conditions of amplified the sensortegs

The effect of the amounts 6iFeOOH on the fluorescence quenching of P1 before
and after magnetic separation was also investig&edlisplayed in Figure 5, with
increasing the amount af-FeOOH nanosheets, the fluorescence intensity of P1
gradually decreased. This may be due to neeFeOOH nanosheets result in more
efficient adsorption of ssSDNA, which leading the nguenching the fluorescence of
P1. When the concentration &FeOOH nanosheets was g@/mL, the quenching
efficiency could reach 95%. However, by using atemal magnetic field, we found
that the background fluorescence signal could eirghted when the concentration
of 6-FeOOH nanosheets 1g/mL. Therefore, 1g/mL of 5-FeOOH nanosheets was
selected in further experiments.

In the fluorescence signal amplification proceks, gensitivity has been dramatically
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influenced by the amount of Exo Ill. In order ta ¢fge optimal amount of Exo Ill, the
fluorescence intensity enhancement of this sengiem in the presence of T1 was
investigated with different amounts of Exo Ill. Akown in Figure 5B, the signal
amplified effect was gradually enhanced when thewarhof Exo Il increased from
0-20 U/mL, and then the fluorescence enhancemers decreased by further
increasing the concentration of Exo Ill. This mag ditributed that the signal probe
P1 could be digested by an excess amount of Exio ltthe absence of T1 as well,
which causes high background noise [41-44]. Theeef@0 U/mL Exo Il was

selected for further amplification experiments.
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=
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g
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Figure 5. (A) Comparison of fluorescence intensifyP1 quenched by different
concentrations 03-FeOOH nanosheets with or without magnetic segara{B) The
effect of Exo lll concentration on the fluoresceredancement of the sensing system.
Fo and F are the fluorescence intensity of this sgyain the absence and of presence

5 nM of target DNA, respectively-FeOOH nanosheets concentration isu@BnL.
3.6 The sensitivity of the amplified sensor systenthe DNA detection

Under the optimized conditions, we recorded thengka of the fluorescent spectra of
the biosensor under the different concentration§1lofAs shown in Figure 6A, when
the concentration of T1 in the range of 0-20 nMg fluorescence intensity of the
sensor system was significantly increased, sugggshat the fluorescent sensing
platform is effective in the sensitive detectiorDMA. Based on the calibration curve
(Figure 6B), the fluorescence intensity is foundetdnibit a linear relationship with
the concentration in the range of 0.05-5 nM. Theeetation equation was F = 30.072
x [T1] (NM) + 5.524 (R=0.998) where F is the fluorescence intensity. The limit of
detection (LOD) was estimated to be as low as AMbased on &S (wheres is the

14



standard deviation of blank measurements and isuned as 0.107 (n = 11), the S'is
the slope of the linear equation). In comparisothwther nano-sensor platforms for
DNA detection (Table S2), our platform detectiomitiis much lower than that of
most of the previous reported fluorescence serfsoithe DNA detection, even with
the amplification efforts. What more, compared witmventional 2D nanosheet, the
0-FeOOH exhibits the distinct advantages of very nalamt low cost and
straightforward synthesis procedure, which greatiuced the detection cost.

=

200

=

1504

100+

Fluorescence Intensity (a.u)
Fluorescence Intensity (a.u.)

50

T T T T T T
520 560 800 840 880 0 1 2 3 4 5
Wavelength (nm) [Target DNA] (nM)

Figure 6 (A) Fluorescence emission spectra o§#&00H incubating with different
concentrations of T1 in the presence of Exo lleafinagnetic separation. (From
bottom to top: 0, 0.05, 0.1, 0.3, 0.5, 0.8, 1.0, 3.0, 4.0, 5.0, 10.0 and 20.0 nM), the
inset shows the relationship between the fluoresanmensity and T1 concentration;
(B) the linear relationship in the concentrationgiamg from 0.05 to 5.0 nM. [P1] = 20
nM, [6-FeOOH] = 15ug/mL, [Exo Ill] =20 U/mL.

3.7 The selectivity of the sensing system

In order to further assess the selectivity of tle¢edtion platform, the fluorescence
response of the FEEFeOOH complex for the complementary target DNA)(The
single-base mismatch target DNA (T2), three-bassmaich target DNA (T3),
four-base mismatch target DNA (T4) and random secei®NA (R1) were detected
under the same experimental conditions. As showiigare 7, it could be seen that
the fluorescence intensity of P1/T1 was much highan that of the mismatch DNA
sequence. These observations demonstrate thanthysne-aided signal amplification
nano-biosensor exhibits superior selectivity far thrget DNA, and shows feasible in

the actual sample DNA detection.
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Figure 7 Selectivity of the P&FeOOH platform detecting target DNA T1 (5.0 nM)
over other mismatched DNA (5.0 nM): T2 (single-basesmatched target), T3
(three-base mismatched target), T4 (four base ntedred target), TS5 (random
sequence DNA). [P1] = 20 nMy{FeOOH] = 15ug/mL, [Exo Ill] = 20 U/mL.

3.8 Fluorescent Sensing of HCV DNA in spiked sesamples

To demonstrate the potential applicability of tkisategy, the sensing system was
applied to measure the concentration of target MiNgpiked human serum samples.
The serum samples were obtained from healthy vearatprovided by Xingyang

People's Hospital (Xingyang, China). The spiked amnmserum samples were
prepared by adding different concentrations ofdafgNA to 10-fold diluted human

serum samples solution. A standard addition metivad used to determine the
amount of DNA in these spiked samples. The resudt® shown in table 1, it can be
seen that, the recovery of target DNA detectionewsatween 98.5% and 101.6% and
the relative standard deviations (RSD) were albWweB%, which suggests that this
sensing strategy has the great potential for thiectien of target DNA in human

serum samples.
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Table 1. Recovery Analysis of HCV DNA in Spiked HamSerum Samples

sample added (pM) measured (pMRecovery (%) RSD (%, n=3)

1 100 98.5 98.5 1.26

2 250 252 100.8 2.82

3 500 508 101.6 2.28
Conclusions

In summary, we for the first time demonstrate thdteOOH nanosheets exhibit
differential affinity toward ssDNA versus dsDNA andhown the obvious
discriminability quenching ability toward dye-labdlssDNA vis dye-labeled dsDNA.
Base on this finding, we have constructed a ndueréscence biosensor for the DNA
detection by using-FeOOH nanosheets as the fluorescence quenchedeletive
limit was 0.3 nM for the hepatitis C virus DNA deten. Consider the magnetic
separation ability ob-FeOOH nanosheets, a low background fluorescermsinge
platform to improve the sensitivity of HCV DNA wadesigned based on the
enzyme-aided signal amplification and magnetic sdjmn for the first time. An
enhanced detective sensitivity was achieved witbwaer detection limit (10 pM),
which is much lower than previously reported. Adbally, this 6-FeOOH
nanosheets also possesses good biocompatibilisy peeparation and low cost.
Therefore it could be applied in the area of celhging, biomedical research, and

other biological applications.
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» A novel low background fluorescence assay for high sensitivity and selectivity
detection of hepatitis C virus DNA is devel oped.

» Low-cost 3-FeEOOH nanosheet was used as the novel fluorescent quencher.

»By using 6-FeOOH nanosheet integrating with exonuclease |ll-assisted
target-recycling signal amplification, the detection limit was highly improved.

» The limit of detection is as low as 10 pM, which is much lower than most of

previous reported fluorescence sensors for hepatitis C virus DNA detection.
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