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Abstract

Rapid and accurate detection of nucleic acids p&aysajor role in biological
research and clinical diagnostics. Here, a 3D mpleltself-cleaning electrochemical
ratiometric microfluidic paper-based analytical ev (SERpPAD) has been
constructed for manganese super oxide dismutas&Q) gene detection on the
basis of the inner reference probe and exonucl8as@Exo II)-assisted analytes
recycling amplification method. To simplify manuaperations, a multipath
self-cleaning tab that could manipulate fluid t@or$ was introduced into the
paper-based device, realizing time-programmabliecksning of the electrode. For
achieving sensitive detection of MnSOD gene, thehgiene blue (MB)-modified
capture probe (CP) as the inner reference elemerst fivst self-assembled on
triangular Au nanosheets modified paper workingctetele to provide a built-in
correction and improve the detection accuracy. WMmmSOD gene existed, it
hybridized with the hairpin-structured signal prptseggering the cyclic amplification
with the assistance of EXdl selective digestion to engender numerous residNA
labeled with ferrocene (Fc) that could be captureelectrode surface by CPs. Hence,
the Fc tags were close to the electrode surfasaltieg in the oxidation peak current
of Fc (g increase, while that of MB ) was constant on account of the unchanged
distance between the MB tags and the electrodeva@he ofl:/lys was linear with
MnSOD gene concentration from 10 nM to 1200 nM, gneddetection limit was 3.91
nM. This strategy provides an accurate, robust,ssmgitive method for nucleic acids
detection and shows great potential in the constmuiof portable devices.
Keywords. electrochemical, ratiometric, paper-based analytievice, manganese

super oxide dismutase gene, inner reference element
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1. Introduction

Nucleic acids play an important role in the expi@s®f genetic information in
all organisms (Xiong et al., 2017). However, evemywvsmall changes in sequences of
nucleic acids can have great influence in biomedaiod biological domains, such as
population genetics and human diseases (Xiong,&2@l7; Zheng et al., 2018a). As a
result, sensitive, rapid, and selective detectidnnocleic acids is fundamental
important in food monitoring, clinical diagnosisidagenetic analysis (Hu et al., 2019;
Niemz et al., 2011; Yang et al.,, 2018). Of lateyaiety of sensor techniques,
including electrochemistry (Deng et al., 2017; Suaet al., 2018),
electrochemiluminescence (Chai et al., 2010; Lialgt2017), colorimetry (Baeissa et
al., 2010; Deng et al., 2008), and photoelectrogbieyn(Zang et al., 2014; Saha et al.,
2018) have been proposed for nucleic acids detecmong them, the biosensors
based on the electrochemical techniques are phantiguattractive owing to their
merits of low cost, relatively low power consumptioquick responses, and
amenability to miniaturization (Blair et al., 2018ho et al., 2019; Hu et al., 2018;
Zheng et al., 2018b).

However, a primary obstacle to hinder the broadexctral application of
electrochemical biosensors is the problem assatiaith the accuracy, stability, and
reproducibility caused by the inevitable variationselectrode surface. This may
result in the initial background signals on thecelede differing from each other.
Although the relative signal changes induced byténgets can be detected for each
electrode (Bonham et al., 2012), it is time-consygrand inconvenient. In addition,
whether the measured signal changes arise frortatgets binding or deterioration of
electrode surface is uncertain. In response, raiomsensors with inner reference
element, which possess the ability to provide dt4uicorrection, have been studied
to enhance the performance of the sensors. (Zheiaalg, 2014; Zhuang et al., 2016).
Deng et al. proposed an electrochemical biosenasedon the ratiometric strategy
and the dual signal-tagged probe for tumor markéeation (Deng et al., 2017). Du et
al. demonstrated a robustness ratiometric biosdvessed on the combination of two

electrochemical probes (Du et al., 2014). Althotiglse approaches can efficiently
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improve the accuracy, stability, and reproducipiot the biosensors, the sensitivity is
not satisfactory because of the limitation of carti@al 1:1 binding ratio of aptamers
to targets. Thus, exploring an efficient signal &fgation strategy that can
circumvent the above limitation and make full uséhe superiority of inner reference
probe plays an important role in the constructibra csensitive, user-friendly, and
portable point-of-care (POC) device.

As one of the promising platforms to construct PQ€vices, microfluidic
paper-based analytical devigePAD) has attracted widespread attention sincest fi
proposal by Whitesides group (Martinez et al., 30Cbnsidering the intrinsic merits
of paper, such as excellent biocompatibility, ealseperation, inexpensive, and ease
of productionuPAD holds the great potential to launch a revohuiio environmental
monitoring, food hygiene safety, and disease diatjtm especially in the areas where
the resource is limited (Li et al., 2019; Li et, &018; Tian et al., 2017; Wang et al.,
2018). Unfortunately, two major drawbacks affectpagential development qfPAD
are poor electrical conductivity and cumbersome uaamwashing steps. The-situ
growth of noble metal nanomaterials on celluloger is a widely used method to
improve the conductivity of chromatography papehd#g et al., 2018). In the
meantime nanomaterials with relatively large swefacea also play a crucial role in
enhancing electro-active surface area of paperinStis work, the homogeneous
triangular Au nanosheets (T-AuNSs) were grown okedapapelin situ through a
simple chemical reaction, effectively amelioratittte performance of paper. To
overcome the limitation of manual washing of therkimg zone and be convenient
for non-specialists to use, a new-type multipatiirdeaning tab was designed by
modulating geometries of the pre-set path as veetlagillary action and laminar flow
on paper, achieving the time-programmable cleaointhe paper working electrode
(PWE).

In this work, a simple self-cleaningPAD with inner reference probe was
constructed for manganese super oxide dismutaseSQNI) gene detection by
superimposing exonuclead#l (Exo IlI)-assisted analytes cyclic amplification in

electrochemical dual-signals ratiometric strategyg shown in Scheme 1, the



102 methylene blue (MB)-modified hairpin capture prof§&P) as the inner reference
103  element was self-assembled onto T-AuNSs modifiedERTWWAUNSS/PWE) via Au-S
104 bonds. The T-AuNSs not only had excellent conditgtito boost signal responses,
105 but also had large electro-active surface areantadbilize more biological ligands,
106 widening the linear range. In the presence of targ#ne hairpin conformation of
107  signal probe (SP) labeled with ferrocence (Fc) wavlitch from close to open state,
108 reforming the double strands with a blunt 3' tewsinThen, ExdIl could identify
109  this 3' terminus and initiate enzymatic cleavag&Bfto generate residual DNA with
110 Fc accompanied by the releasing of MnSOD gene ke fart in the next cycle.
111  Subsequently, the residual DNA was captured on RWtace by CPs, resulting in an
112 increase in the oxidation peak current of Fg)(while the peak current of MB\(g)
113  was almost constant due to the unchanged distateeén the MB tags and PWE. In
114  the electrochemical sensing system, the detecgasitsvity of the targets has been
115  promoted efficiently by means of introducing EKd-assisted cyclic amplification
116  strategy and using T-AuNSs/PWE as an excellentoseplsitform. Moreover, the
117  self-cleaning process notably simplified the marate@ps and reduced operation errors.
118 In view of the aforementioned distinguishing featyr the 3D self-cleaning
119  electrochemical ratiometrigPAD (SERuPAD) fabricated in this study is superior to
120 the conventional ratiometric biosensor, and it gt potential application in POC
121  testing.

122 Scheme 1

123 2. Experimental section

124  2.1. Design of the SER-uPAD

125 The shape of SERPAD was drawn by Adobe lllustrator CS4 and then the
126  designed patterns were printed on Whatman No.2ntdwa@graphy paper by wax
127  printing techniques (Giokas et al., 2014; Jin et 2015; Zhang et al., 2016). The
128  definition of colors in the CMYK code was shownTiable S1. Next, the patterned
129  paper was baked in an oven at 135 °C for aboutri2tonimake sure that the wax could
130 permeate through the paper to create hydropholireelmshown in Fig. S1 and S2.
131  Asiillustrated in Fig. S3, the 3D SHEHRAD consisted of a detection tab (30 80
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mm), an auxiliary tab (30 mm 30 mm), a multipath self-cleaning tab (30 mm5
mm), and an adsorptive tab (45 mn80 mm). The detection tab had a bulb-shaped
hydrophilic area. After T-AuNSs were modified onstlarea, a second layer of wax
(8.0 mmx 2.0 mm) was printed on the PWE, followed by meltthe wax using the
above method to generate a controllable circularez{diameter of 10 mm) for
layer-by-layer modification (Scheme 1A, part a).eT¢arbon counter electrode and
the Ag/AQCI reference electrode were screen-primtecuxiliary tab. The multipath
self-cleaning tab contained one semi-hydrophilrcudar zone (zond), one hollow
circular zone (zone Il) with the diameter of 10 mand three special semi-hydrophilic
paths numbered 1-3, respectively. The semi-hydhappath 3 had a new open
channel crafted with a blade longitudinally to ecohtthe time of fluidic transport.
And the procedures were elaborated in SupplemeMatgrial. Prior to self-cleaning
process, the detection tab needs to be folded timo middle of the multipath
self-cleaning tab and an adsorptive tab as show8cimeme 1A, part b. And the
picture of the real product was added in Fig. SAa&shown in Fig. S5, after washing
buffer was added into zorgit would arrive at zone Il at different times a¢pthe
three paths, respectively. Owing to the precisgnafient of the zone Il and the
working electrode, the buffer solution would floa the PWE by means of gravity
actions. Then the solution diffused on the wholeEPW wash off the uncombined
DNAs. Under the suction of hydrophilic paper fibéne effluent flowed to the
following adsorptive tab, completing multiple seléaning processes. At last, as
illustrated in Scheme 1A, part ¢c and Fig. S4B, rdftéding along the line between the
detection tab and auxiliary tab, a complete elettemical circuit was formed once
phosphate-buffered solution (PBS) was added.
2.2. Preparation of the T-AUNSS/PWE

The detailed preparation procedures of T-AuNSs/PWére described in
Supplementary Material.
2.3. Fabrication and assay procedures of the uPAD

Prior to assembling on T-AuNSs/PWE surface, 80 of 50 uM CP was
dissolved in 95QuL of 34 mM Tris-HCI including 8.5 mM KCI, 1.7 mM @d,, 233
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mM NaCl, 1.7 mM MgCJ, and 10 mM tris(2-carboxyethyl)phosphine (pH 7ah)d
then the mixed solution was incubated under daskaesoom temperature for 60 min
to cleave S-S bonds. Subsequently,ukOof freshly prepared CP was added on the
T-AuNSs/PWE, followed by covering the treated PWithvan opaque plastic box to
slow the evaporation process. Then, the assembdyincaubated at 25 °C overnight
(15 h). Afterward, in order to block the nonspeciites as well as to get the
well-aligned DNA monolayer, 5uL of 1 mM 6-mercaptohexanol (MCH) was
dropped into the surface of CP/T-AuNSs/PWE for hthambient. The resulting
sensing platform was marked as MCH/CP/T-AuNSs/PWE parallel, the Exo
[1I-assisted signal amplification was performed intime tubes, using 66 mM
Tris-HCI buffer solution (0.66 mM MgG| pH 8.0) for this enzyme. Briefly, oV SP,
various specified concentrations of target solytemd Exolll (150 U) were mixed
together and incubated at 37 °C for 2 h. Afterwdhe, solution was heated up to
75 °C for 600 s to inactivate the Ext. After the MCH/CP/T-AuNSs/PWE was
immersed in 5QuL of the reaction solution for 2 h, the®’AD was folded into the
configuration shown in Scheme 1A, part b. PBS (14@,rpH 7.4) was added into
zonel to achieve self-cleaning process, and the eleetiwas dried under nitrogen
atmosphere. The electrochemical capability of thediffred electrodes was
investigated with square wave voltammetry (SWV)téptial ranges, -0.4 to 0.4 V,
step potential, 4 mV; frequency, 5 Hz; amplitudg,@V) in 10 mM PBS (pH 7.4).
Meanwhile, the control assays for single-base misheal DNA (Sm-DNA) or
scramble DNA (Sc-DNA) were also performed at exatlle same experimental
conditions. All SWV measurements were carried awbam temperature and at least
three times.
3. Resultsand discussion
3.1. Characterization of the T-AUNSS/PWE

The morphologies of chromatography paper and Auometerials were
characterized by scanning electron microscope (SEHWg& naked chromatography
paper has unique 3D hierarchical framework thatbksa the substrate to

accommodate a variety of active materials (Fig.abd 1B). To construct a desirable
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electrochemical platform, T-AuNSs were grown onuteke fibers. As indicated in
Fig. 1C and D, numerous AuNSs are uniformly growncellulose fibers due to the
strong interaction between the celluloses and AuN&sed on then-situ growth
mechanism. And the morphology of Au nanomaterial ba directly observed in
enlarged SEM image (Fig. 1E). The AuNSs are tritargand have large surface area,
which provides lots of active sites for biologidigands immobilization. The energy
dispersive X-ray (EDX) elemental mapping analysseals the distribution of the
elements of Au, C, and O, which is further confidney the energy dispersive
spectrometer (EDS) spectrum (Fig. 1F). Besides, dhecessful preparation of
T-AuNSs can also be demonstrated via X-ray diffeec{XRD). As depicted in Fig.
1G, four representative diffraction peaks at 38424, 64.6, and 77.5 are observed in
the XRD pattern of T-AuNSs/PWE (red curve) compauvith that of the bare paper
(blue curve). They can be indexed to the (111),0(20(220), and (311)
crystallographic planes of Au cube structure respely (JCPDS card no.04-0784).
All the results provide a solid evidence for thewassful growth of T-AuNSs on
cellulose fibers. To investigate the conductivitytbe designed T-AuNSs/PWE, a
four-probe tester is used to measure its sheeftaesie shown in Fig. 1H. Then, the
resistivity p is calculated as 6_&0° Q cm according to the formulgs = p/d, where
Rs is the sheet resistance amds the thickness of T-AuNSs. This result indicatest
the prepared T-AuNSs/PWE has excellent conductiitg T-AuNSs can accelerate
the electron transfer efficiently to improve thensévity. The successfuin-situ
growth of T-AuNSs has greatly ameliorated the penence of paper, which paves
the way for the development of flexible electronics
Fig. 1

3.2. Electro-active area eval uatation of the T-AuNSs/PWE

After growing noble metal nanomateriatssitu on cellulose fibers, the resulting
substrate not only reserves the original flexipibf the cellulose matrix, but also has
large electro-active area (Sun et al., 2018; Zhetrad., 2018). In order to evaluate the
electro-active surface area of T-AUNSs/PWE, thdicyoltammetry measurements

were carried out in 5 mM [Fe(CHY™ solution. As shown in Fig. 2A, the presence



222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

of a pair of well-shaped redox peaks is consistgtit a reversible electrochemical
behavior (Cinti et al., 2018). And a slight increas the peak-to-peak separation is
observed, indicating rapid electrons transfer aedlat the surface of T-AUNSs/PWE.
In addition, good linear correlations between tbhakpcurrents and the square root of
scan rates are obtained (Fig. 2B), suggestingttietmass transfer process in this
system is controlled by diffusion. As a consequeaceording to the slope biversus
v, the electro-active surface area of T-AuNSs/PWE lma calculated as 0.853 Tm
using the Randles-Sevcik equation, which is 1.8%$ larger than that of the Au
nanoparticles modified PWE (0.461 9n{Fig. S6). The method of calculating the
electro-active surface area was described in Sopileary Material. These results
indicate that the T-AuNSs effectively enhanced gleetro-active surface area of the
PWE and the T-AuNSs/PWE can be an excellent subsfioa the fabrication of an
electrochemical biosensor.
Fig. 2

3.3. Feasibility validation

The conformations of the SP and CP oligonucleotidese analyzed using
Mfold web server (the detail was depicted in Supm@etary Material). To further
testify the feasibility of SER#PAD, a series of stepwise modified PWEs were
characterized by SWV method. As displayed in Fi§y, &fter immobilization of CP
and MCH, there is a distinct oxidation peak of MB-@.252 V on account of the
effective electron transfer of MB on T-AuNSs/PWEurfee a). Next, with the
introduction of residual DNA, a remarkable Fc rasgm current at approximately
0.196 V appears, whereas MB response current i$ &epstant. This may be
presumably due to the unchanged distance betweeMB)tag and the surface of
T-AuNSs/PWE (curve b), indicating that the MB labehn provide a built-in
correction to improve the detection accuracy. Thhs, target concentration can be
monitored on the basis of the ratio responses. Basethe above results, it clearly
demonstrates that thé’AD has been manufactured successfully and carsée to
detect MNSOD gene.
3.4. Characterization of the electrochemical xPAD
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Electrochemical impedance spectroscopy (EIS) is edfective tool to
characterize the stepwise fabrication processethefPWEs (Bardea et al., 1999;
Deng et al.,, 2009; Zhang et al., 2019b). In a @gbpispectrum, the semicircular
diameter is associated with the resistance ofrtefacial charge-transfeR{) (Cao
et al., 2012; Zhang et al., 2019a). As is illustdain Fig. 3B, the paper modified by
T-AuNSs has a relative smd#; value (18.252, curve a), which is attributed to the
super conductivity of AUNSs and the large electtive area of T-AUNSs/PWE.
However, the value dR is increased to 2402 (curve b) after assembling CP on
T-AuNSs/PWE due to the repulsive interaction betwdee negatively charged CP
and [Fe(CNY]*'*. Next, passivation of the electrode surface witBH/leads to a
significant enhancement d®; value (438.6Q, curve c). After incubating with
residual DNA solution, thd&; value increases sharply to about 96Q.4curve d),
indicating the residual DNA is immobilized on theVE through hybridization
process.

In a cyclic voltammogram (CV), the peak currentsnetl as the separation of
peak potentials can also be used to characterizditferent modified electrodes. As
can be seen in Fig. 3C, a pair of well-defined amhanced redox peaks of
[Fe(CN)]*™ (Liu et al., 2018) can be clearly observed for INSs/PWE (curve a),
indicating that T-AuNSs can accelerate electromdfier efficiently. Then, the
self-assembly of CP onto PWE leads to an obviogse@se in the peak current (curve
b) due to the presence of CP blocking the diffusiériFe(CN)}]>*"* towards the
electrode surface. When the remaining active site€P/T-AuNSs/PWE are blocked
by MCH, the peak currents further decrease ands#paration of peak potential
becomes larger than before (curve c). At lastyaftieoducing the residual DNA into
the sensing platform, a smaller peak current isaiobtl and the peak-to-peak
separation continuously increases because of thedmation between the residual
DNA and CP. These results of CVs are in conformitth the EIS measurements,
indicating the electrochemical sensor has beenessbdly fabricated based on
Scheme 1B.

Fig. 3
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3.5. Electrochemical detection of MNSOD gene

The MnSOD gene encodes the specific enzyme forlaggg the reactive
oxygen species generated by the cell metabolisms@d8aet al.,, 2014; Dhar et al.,
2012). And it was chosen as the target to verigyghacticability of thetPAD. Under
optimal conditions, a satisfactory sensitivity wastained since the ExidI-assisted
cleavage allowed the target DNA to recycle manyesimproducing lots of residual
DNA for ratiometric detection in PBS. As shown iigF4A, the peak current of Fc
increases gradually with the increasing MnSOD geaecentration whereas the
responses of MB are almost unchanged to promisadberacy, reproducibility, and
stability of different electrodes. Fig. 4B displags well-behaved linear response
between the value of/Iys and MnSOD gene concentration in the range fromMO
to 1200 NM [r/lus = 0.217 + 3.9810° ¢, R = 0.997) with a calculated detection
limit of 3.91 nM (S/IN = 3) (LOopez-Marzo et al., Z)1 In comparison with the
previously reported strategies for nucleic acidect&on (Lin et al., 2019; Wang et al.,
2017), the proposed electrochemical strategy revaalider linear range. What's
more, the SER#PAD developed in this work is simpler and more glole than other
biosensors (Li et al., 2016; Wu et al., 2013), Wwhprovides a new avenue for the
development of easy-to-use POC devices that meetABSURED (Affordable,
Sensitive, Specific, User-friendly, Robust and daptquipment-free, Deliverable)
criteria.

Fig. 4

3.6. Reproducibility, stability, and specificity of the SER-uPAD

The reproducibility of the SERRPAD was evaluated to make sure its practical
application. Five PWEs with the same modificati@amditions were selected for the
detection of MNnSOD gene, and the relative standardation was 3.81% (Fig. 5A).
Besides, after the biosensor was stored at 4 °G5atays, as much as 90.5% of the
initial response to the same target concentrati@s wemained (Fig. 5B). These
indicate that the reproducibility and stabilitytbe biosensor was acceptable.

In addition, additional two kinds of DNA sequenceés;luding Sm-DNA and
Sc-DNA, were selected to investigate the specyfioftthePAD. As displayed in Fig.



312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

5C and 5D, thdgd/lvg value is significantly obvious in the presence760 nM
MnSOD gene. Nevertheless, the signal caused b$¢HBNA (700 nM) is similar to
the signal response of blank solution, which canatigbuted to the fact that the
Sc-DNA cannot hybridize with SP. Sm-DNA (700 nM)ngeates much lower
electrochemical signal compares with the MnSOD geneaccount of the lower
hybridization efficiency between Sm-DNA and SP. §&dindings demonstrate that
the SERpPAD has a satisfactory selectivity for nucleic aaigtection.
Fig. 5

3.7. Application of the uPAD in real samples

To evaluate the applicability and reliability ofetiproposediPAD, the recovery
tests were carried out by adding a series of diffeconcentrations of MNSOD gene
into the 10-fold diluted healthy human serum samplebtained from Shandong
Tumor Hospital, China). As shown in Table S2, théamed recoveries for the added
MnSOD gene are 95.8%, 92.7%, and 93.5%, respegtiveldemonstrates that
possible interferences from the serum are negégibhese results indicate that the
SERuPAD has great promising application for MNSOD gedetection in real
biological samples.
4. Conclusions

In summary, a novel 3D electrochemig&AD for MNSOD gene detection has
been successfully constructed. A unique breakthraafgthis work is the ingenious
design of a multipath self-cleaning tab, achieuing time-programmable cleaning of
the working zone. Besides, an efficient integratioh Exo Ill-assisted targets
recycling method and a dual-signaling ratiomettiategy with an inner reference
element greatly improved the sensitivity, reprodiity, and stability of the biosensor.
This paper-based device can be easily appliedh®matbitrary targets’ detection just
by simply changing the corresponding DNA sequene®s;h is expected to be more
widely used in clinical diagnostics and personalizkeealthcare, especially in

resource-limited regions.
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424  Figure caption

425 Scheme 1. (A) Assembly and operation illustratibthe SERuPAD. (B) Schematic
426  diagram of the SERPAD for target detection.

427  Fig. 1. SEM images of (A, B) the naked paper, &e«E] T-AuNSs/PWE at different
428  magnifications. (F) The element mapping and EDSgenaf T-AuNSs/PWE. (G)
429  XRD patterns of naked paper (blue curve) and T-As/RB/E (red curve). (H) The
430  sheet resistance of T-AuNSs/PWE.

431 Fig. 2. (A) CVs of T-AuNSs/PWE in 5.0 mM [Fe(C4§™ containing 0.1 M KClI at
432 various scan rates (10, 20, 30, 40, 50, 60, 70980100, 130, 150, 170, 200 mV)s
433  (B) Plots of the oxidation and reduction peak coitggs. square root of scan rates.
434  Fig. 3. (A) Feasibility of thetPAD. SWV responses of the MCH/CP/T-AuNSs/PWE
435  before (curve a) and after being treated with #&etion solution of 500 nM MnSOD
436 gene (curve b). EIS (B) and CVs (C) of the stepwisedified PWEs in 5 mM
437 [Fe(CN)]*™ aqueous solution containing 0.1 M KCI: (a) T-AuNSS&E, (b)
438  CP/T-AuNSs/PWE, (© MCH/CP/T-AuNSs/PWE, and (d) ideal
439 DNA/MCH/CP/T-AuNSs/PWE.

440  Fig. 4. (A) SWV responses of the biosensor to ckifé concentrations of MNnSOD
441 gene (a-g: 10, 50, 200, 500, 700, 1000, 1200 nB))The calibration curve dtdlvs
442  versus the MnSOD gene concentration from 10 to ¥A0Error bars represent the
443  standard deviations of three independent expersnent

444  Fig. 5. (A) The reproducibility of the proposed SERAD to 500 nM MnSOD gene.
445  (B) The stability ofuPADs in the presence of MNnSOD gene (500 nM). (C)VSW
446  curves of the MCH/CP/T-AuNSs/PWE in PBS withoutd avith Sc-DNA, Sm-DNA,
447  and MnSOD gene. (D) The valueslgflyg for the blank solution (10 mM PBS) and

448  various DNA sequences.
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Highlights
1) The T-AuNSs were successfully grown in situ on the cellulose fibers.
2) A multipath self-cleaning tab was designed to achieve self-cleaning process.
3) Aninner reference probe was introduced to improve the reproducibility.
4) Exo IlI-aided analytes cyclic amplification greatly improved the sensitivity.
5) The device showed great potentia in the construction of portable devices.
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