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Abstract: A rapid and sensitive electrochemical biosensos wanstructed to detect
Salmonella usinginvA gene biosensor. The biosensing was based on pelyeduced
graphene oxide (PPy-rGO) nanocomposite modifiedsglaarbon electrode (GCE) and
signal amplification with horseradish peroxidasetavidin biofunctionalized gold
nanoparticles (AuNPs-HRP-SA). PPy-rGO was prepatesD [| by chemical reduction
of PPy-functionalized graphene oxide (PPy-GO) thats synthesized byn situ
polymerization at room temperature. The detectignad was amplified via enzymatic
reduction of HO, in the presence dfiydroquinone (HQ) using AuNPs-HRP-SA as
nanotag. Under optimal conditiortee differential pulse voltametric (DPV) signal fino
the biosensor was linearly related to the logaritbirtargetinvA gene concentrations
from 1.0 x 10 to 1.0 x 1d° M, and the limit of detection (LOD) was 4.7%%0M. The
biosensor can also dete&timonella in the range of 9.6 to 9.6x4CFU mL*, with LOD

of 8.07 CFU mL*. The biosensor showed good regeneration abilitepteble selectivity,
repeatability and stability, which bode well as aternative method foSalmonella

screening.
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Abstract: A rapid and sensitive electrochemical biosensos e@nstructed to detect
Salmonella  using invA gene biosensor. The biosensing was based on
polyrrole-reduced graphene oxide (PPy-rGO) nanoasitg modified glassy carbon
electrode (GCE) and signal amplification with hoesksh peroxidase-streptavidin
biofunctionalized gold nanoparticles (AuNPs-HRP-SRPy-rGO was prepared at
60 [ by chemical reduction of PPy-functionalized graphexide (PPy-GO) that was

synthesized byn situ polymerization at room temperature. The detecsigmal was
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amplified via enzymatic reduction of,8, in the presence diydroquinone (HQ)
using AuNPs-HRP-SA as nanotag. Under optimal coorthf the differential pulse
voltametric (DPV) signal from the biosensor waséry related to the logarithm of
targetinvA gene concentrations from 1.0 x o 1.0 x 10° M, and the limit of
detection (LOD) was 4.7xI0 M. The biosensor can also det@tmonella in the
range of 9.6 to 9.6xf0CFU mL*, with LOD of 8.07 CFU mL. The biosensor
showed good regeneration ability, acceptable geigctrepeatability and stability,
which bode well as an alternative method3almonella screening.

Keywords: Salmonella; invA gene; polypyrrole-reduced graphene oxide
nanocomposite; electrochemical biosensdmrseradish peroxidase-streptavidin

biofunctionalized gold nanoparticles.
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1. Introduction

Salmonella, a gram-negative enteric bacilli and zoonotic tomthe pathogen, is
a major pathogen implicated in foodborne diseadereaks [1,2]. Within 12-72 h
after consumingsalmonella-contaminated foods, humans, especially childrenthad
elderly, may experience severe symptoms and haakh [3]. Therefore, there is an
urgent need for rapid and sensitive detectiofabfnonella in monitoring food safety

and clinical diagnosis.

Currently, there are two major methods for detecttb Salmonella. One is the
traditional culture method [4], which is a labotensive and time-consuming method
that requires up to 5—7 days to get results. Theras instrumental analysis method,
which includes polymerase chain reaction (PCR)][SBectroscopic biosensing [7,8]
and electrochemical biosensing [9-11]. With thada®velopment of nanotechnology,
the detection time foBalmonella can be greatly decreased, while the sensitivity fo
Salmonella can be dramatically improved [9,12,13]. In thetpdscades, numerous
electrochemical biosensing methods have been des@lbecause of their several
advantages [14], including improved sensitivity die the use of various
nanomaterials [9-11,13]. For instance, an aptasenwss developed for sensitive
detection of Salmonella typhimurium (16 CFU mLY) by target-induced aptamer
displacement on gold nanoparticles (AuNPs) depobsifeld electrode with rolling

circle amplification (RCA) [13].
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The use of conducting polymers is popular in bigseriabrication due to their
excellent electrical properties [15,16]. Differeabnducting polymers of various
morphologies and structures have been synthesizéd d]. Polypyrrole (PPy), a
promising conducting polymers, synthesized fromrglgr monomer, finds wide
application in the fields of supercapacitors [2Q;2@ater treatment [23,24], catalysis
[24,25], energy storage [19], sensing device [2€] aensing platform [27-29]. PPy
and its nanocomposite with other nanostructures lwarsynthesized by chemical
polymerization [29] or electropolymerization [22]30he chemical polymerization is
usually done at a low temperature (0)5n an acid solution using oxidants such as
FeCk [25,31], 1,4-benzoquinone [32] and ammonium péasell(APS) [23,33]. Some
researchers prepared PPy and its nanocompositbdoyical polymerization without
adjusting the pH value of the reaction solution,8%, without addition of oxidant
[19], or under a condition with relatively highentperature [19,27,32]. For example,
PPy-functionalized reduced graphene oxide (PPy-r@dpmaterial was prepared by
drop castingn situ oxidative polymerization on the surface of rGOetbausing APS
as oxidant at room temperature [27]. The prepafgrSO film on a glass substrate

was used to gas (ammonia) sensing with high sengitif 3 ppm.

Due to the good biocompatibility, facile preparatiand ease of modification,
AuNPs are widely used in biosensors [10,36]. Heremmlightened by the reported
method [27,34,35] we prepared PPy decorated grapheride (PPy-GO)
nanocomposite byn situ oxidative polymerization of pyrrole monomer on theface

of GO sheets at room temperature. Further chemechiction at 607 was employed
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to obtain PPy-rGO nanocomposite [37]. The prep@fyg-rGO was then used to
fabricate the sensing interface fS8almonella. The invA gene sequences, a highly
conserved gene ifalmonella, was selected as the target to deternSaenonella
content in CFU mL’. We achieved a rapid and sensitive biosensing adethe
detection forSalmonella by combining the good electrical property of PBGr with
the signal amplification of AuNPs-horseradish pélase-streptavidin
(AuNPs-HRP-SA) nanotag.

2. Experimental

2.1 Materials and reagents

The graphite oxide was purchased from Nanjing JCRATI¢chnology Co., LTD.
(Nanjing, China). Pyrrole (Py) purchased from Aledithdustrial Co., Ltd. (Shanghai,
China) was distilled and kept at4 in dark. Chloroauric acid (HAugKHO) was
ordered from National Medicine Group Shanghai CliamiReagent Co., Ltd.
(Shanghai, China). Horseradish peroxidase-conjdgateeptavidin (HRP-SA) was
purchased from Shanghai SXBIO Biotech Co., Ltd.af®hai, China). Bovine
albumin (BSA) and Trans R Plus Marker were purchased from TransGen Biotech
Co., Ltd. (Beijing, China)Tag DNA polymerase, dNTP mixture, ¥®CR buffer and
Luria-Bertani broth were ordered from Shanghai $angiotechnology Co., Ltd.
(Shanghai, ChinaAll reagents are stored under appropriate condit@aecording to
the instructionsThe buffers or solutions used in this study wereppred using
ultrapure water and shown in thable S1 Ultrapure water was used throughout the

experiments.
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All DNA sequences were synthesized and purified ®lyanghai Sangon
Biotechnology Co., Ltd. (Shanghai, China), and rtlesiquences are shown in the

Table S2

Salmonella typhimurium strains were obtained from the Anhui Entry-exit
Inspection and Quarantine Bureau.

2.2 Instruments

The morphology of the materials was analyzed wittanging electron
microscope (SEM, SU8020, Hitachi, Japan) at anlaég voltage of 3.0 kV.
X-ray photoelectron spectroscopy (XPS) analysis e@sducted on ESCALAB250
X-ray photoelectron spectrometer (Thermo Fishee@dic, USA) using an Al kK
(1486.6 eV) radiation at a power of 225 W/-vis absorption spectra were obtained
on a UV-4802 spectrophotometer (Unico Shangharunsgnt Co., Ltd., Shanghai,
China). The PCR amplification was carried out on-98ZT/H (Hangzhou Bioer

Technology Co., Ltd., Hangzhou, China).

Electrochemical experiments were performed on a666ID electrochemical
work station (Shanghai Chenhua Instrument Co.,,L€&€hina) with a standard
three-electrode configuration. A platinum wire wamployed as the auxiliary
electrode, an Ag/AgCl electrode was served asdfezence electrode, and a modified

glassy carbon electrode (GCE, 3 mm in diameter)wsasl as the working electrode.

2.3 Preparation of PPy-rGO
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Graphene oxide (GO) was firstly prepared as therceoumaterial of rGO
according to our previous work [38]. The PPy-rGGswaepared in two steps. Step 1
is in situ polymerization without using acid. Typically, 1L of GO (1.0 mg mL)
was sonicated for 10 min, followed by adding 1&0of pyrrole monomer (dissolved
in 10 mL ethanol). The mixture was sonicated foothar 30 min. Then 10.0 mL of
FeCk (0.5 mol L) was dropwise added into the above mixture undeing. The
suspension was stirred for 24 h at room temperdatuabtain PPy-GO by oxidative
polymerization. The PPy-GO was washed with ethdookeveral times to remove
excess pyrrole monomer, and then dried at 6@or 12 h. Step 2 is synthesis of
PPy-rGO by chemical reduction. Briefly, 10.0 mLR®Py-GO (1.0 mg mt) was put
into a three-neck flask, followed by adding 1,010 of ammonia (28%, w/w) and 40
uL of hydrazine hydrate (25%, w/w) under stirrindneTmixture was then left reacting
and refluxing for 16 h at 60]. The obtained black precipitate (PPy-rGO) was
separated by centrifugation and then washed whhret and water several times.

The purified PPy-rGO was finally dried under vacuana stored for later use.

2.4 Preparation of AUNPs-HRP-SA conjugates

AuNPs of an average size of 10 nm (see Electronpp®mentary materidig.
S1) was synthesized according to our previous wof§.[The AuNPs-HRP-SA was
prepared by absorbing HRP-SA on the surface of AuNppically, 1.0 mL of AUNPs
was centrifuged at 10,000 rpm for 30 min. Aftercdisling the supernatant, the

obtained precipitate was dispersed with 0.1 M P@$ 7.4) to a volume of 300L.
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Afterwards, 20uL of 100 ug mL* HRP-SA was added into the concentrated AuNPs
solution. The mixture was kept shaking for 24 B &C. The unattached HRP-SA was
isolated from AuNPs-HRP-SA by centrifugation (1@0@m, 30 min) and washed
with PBS (0.1 M pH 7.4) for three times. The ob&ainAuNPs-HRP-SA was
dispersed with PBS (0.1 M pH 7.4) to a volume o 8Q and stored in frig at 4 °C
for later use. The size of AUNPs-HRP-SA was bacbgnged during the process (see

Electronic Supplementary materkh. S2.

2.5 Construction of invA gene sensor

Prior to use, bare GClas sequentially polished to obtain a mirror-likeface
with 1.0, 0.3 and 0.0mm alumina powder, followed with ultrasonic cleaniwih
ethanol and water in turn, and then dried thoropginider a nitrogen steam. Then, 5
uL of PPy-rGOsuspension (1.0 mg rif). was dropped onto the pretreated GCE and
kept in a desiccator drying for 2 h to obtain PBr modified GCE (named as
PPy-rGO/GCE)Subsequently, the AuNPs was electrodeposited orr8RyGCE in
a solution of 0.IM KNO3 containing 3.0nM HAuCl, via amperometry at a potential
of —0.2 V for 70 s. The obtained electrode was then washed with veaterdried with
nitrogen to obtain depAuNPs modified GCE (depAulPs/-rGO/GCE). Nex uL
of 10 uM cDNA was dropped on the depAuNPs/PPy-rGCEGand the modified
electrodes were incubated at 4for 12 h.After thoroughly rinsing with 0.1% SDS
solution and Tris-HCI (10 mM, pH 7.4) solution, thenspecific binding sites on

cDNA/depAuNPs/PPy-rGO/GCE were blocked with BSA() for 30 min [39].
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161 2.6 Hybridization and electrochemical measurement

162 Hybridization was accomplished by immersing cDNAYAaNPs/PPy-rGO/
163  GCE in mixed solution consisted of various concamins of tDNA (100uL) and
164  bio-DNA (10 pL, 10 uM), and incubating at 37 °C for 1 h. On this eled&
165  (bio-DNA/tDNA/cDNA/depAuNPs/PPy-rGO/GCE) 5uL AuNPs-HRP-SA was
166  dropped, and incubated at room temperature for B0 linwvas rinsed thoroughly with
167  buffer and dried with B stream. The modified electrode was named as

168  AuNPs-HRP-SA/bio-DNA/tDNA/cDNA/ depAuNPs/PPy-rGO/GC

169 Cyclic voltammetry (CV) was conducted to charaeeetthe construction process
170 of the biosensor in 5.0 mM [Fe(C§§"* solution containing 0.1 M KCI. The
171  measurements were performed in a potential rarfgomy —0.1 to 0.7 V at a scan rate

172 of 50 mV s,

173 The differential pulse voltammetry (DPV) measuretaefor the detection of
174  tDNA were performed in 0.1 M PBS (pH7.4) containidad mM HQ and 3.0 mM
175  H»0,. The DPV curves were recorded in the potentialdawn of —0.6 to 0.6 V at a

176  scan rate of 4 mV's pulse amplitude was 58V and pulse width was 0.G5

177 2.7 Preparation of real samples and PCR product of the invA gene sequence

178 The activatedsalmonella strains were first inoculated into Luria-Bertandaium
179  at 37 °C for 24 h. Then the bacterial broth wadrifeiged at 10,000 rpm at 4 for 5

180 min. The precipitate was collected and washed witlter, and then resuspended in

9/33



181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

water. The enumeration of viabfalmonella was conducted by plating 1QQ. of
various concentrations of dilutions onto plate doagar. The plates were then
incubated for 24 h at 37 °C, and the culture c@srun these plates were numerated

to estimate the number of vialalmonellain CFU mL?.

For the detection aihvA sequences in real samples, total DNA sequencigin
above cultivatedsalmonella with various concentrations were extracted andl se
PCR template. In brief, th@amonella with various concentrations were boiled at
100 °C for 15 min and then chilled on ice immediafellowing with centrifugation
at 10,000 rpm for 5 min at 4. The supernatants containing genome DNA were

collected and kept at -20 for further experiment.

PCR was applied to amplify the extracted DNA. Fmgro liters of 10xPCR
buffer, 5.0uL genomic DNA, 1.QuL of forward and reverse primers (), 1.0 uL
of Taq DNA polymerase (5 UL™), 1.0puL of dNTP (10 mM each), 3.4L of MgCl,
(25 mM), and 33uL of H,O composed the PCR mixture. The amplification
parameters were set as follows: denaturation at®4or 5 min, followed by 30
cycles of 94 °C for 30 s, annealing at 57 °C fors3@xtension at 72 °C for 30 s, and
final extension at 72 °C for 4 min. The PCR produstre detected by running PCR

mixtures (10.QuL) in 1% agarose gel for 20 min and observed unteaviolet light.

3. Results and discussion

3.1 Characterizations of PPy-rGO

10/33
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The morphological characteristics of GO, rGO ang-REO were characterized
by SEM, and the images are showrfig. 1. The SEM images of GOr(@. 1 A) and
rGO (Fig. 1 B) show flake-like and crumpled morphology. WhiRPy was
polymerized on the surface of rGO sheets, the seréd rGO became rougliy. 1
C). The granular-like PPy particles nearly covetbé entire rGO sheet. This

demonstrates the formation of PPy-rGO.

The elemental compositions and chemical states@f FPy-GO and PPy-rGO
were determined by XPS. As seenFig. 2 A, two major peaks associated with Ols
(532.43 eV) and with C1s (284.78 eV), are presetite spectrum of GO. An obvious
peak at 400.10 eV corresponding to N1s can be faurde full survey of PPy-GO
(Fig. 2 C) and PPy-rGOHig. 2 E). The atomic ratios of nitrogen atom in GO,
PPy-GO and PPy-rGO were about 1.86%, 7.32% and®.B8%pectively. In addition,
the ratio of C to O in GO and PPy-rGO were abo68 Bnd 4.11, respectively. These
variations indicate the removal of oxygen groupe teduction of GO, and the

formation of PPy-rGO.

The Cls spectra of GO, PPy-GO and PPy-rGO were epsed using
XPSPEAKA41 software, and the fitted curves are diggdl inFig. 2 B, D, and F. The
four peaks observed in Cls of GEd. 2 B) can be assigned oz stacking of GO
sheets (293.56 eV), O-C=0 (288.90 eV), C-O (28@¥p and C-C/C=C (284.76 eV)
[22,40,41]. When pyrrole was polymerized using Re®d oxidant, a new peak at

about 285.80 eV is present in Cls spectrum of PBy-@hich is allocated to C-N

11/33



222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

bond Fig. 2 D) [31]. Furthermore, the intensity @fz stacking was greatly increased.
The results indicate that pyrrole attached onto dhidace of GO viar-r stacking
during the sonication procedure and then polymdrae GO sheets when Fe@las
applied as oxidant. In terms of the Cls spectrurRRy-rGO Fig. 2 F), the peak of
C-N bond still can be observed, while the peakltedudromz-z stacking interaction
nearly vanished, indicating PPy attached on thdaserof rGO sheets through
hydrogen bond. The intensities of non-oxygenated € (C-C/C=C) in carbon atoms
in various functional groups in GO and PPy-rGO wesémated to be 46.8% and
62.6%, respectively, which can also confirm the aeah of oxygen and the reduction

of GO. The XPS results demonstrate that PPy-rGOswesessfully synthesized.

The UV-vis spectrum of GOF{g. 3, curve a) gave an obvious peak at ~232 nm,
which attributed toz-z* transitions of aromatic rings in GO sheets. Theras a
shoulder peak located at 300 nm, corresponding-#d transitions of C=0 bonds
[38,41]. The absorbance at 232 nm shifted to 28QFim 3, curve c), indicating the
reduction of GO and the formation of rGO [38,42]o¥ad and intense absorbance in
the region 200-270 nm and an absorbance peak dt r@B8were observed in the
spectrum of PPy-GOF{g. 3, curve b), which are attributed tez* transition of
benzenoid ring in PPy chain and GO sheets [43]rdhas also a weak absorbance at
331 nm, which is associated with polaron transgion PPy [27,44]. When PPy-GO
was treated with reducing agent, two distinct peak203 nm and 271 nm were
observedFig. 3, curve d). The absorption band at 203 nmiq&nd) attributed ta-z*

transition of C=C bond. Whereas, the absorptiondbain271 nm may due to the
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characteristic absorption of rGO [35] or the comjtign of the molecular in PPy [45].
The blueshifts of these bands may be due to tleagtinteraction between PPy and

rGO sheets via hydrogen bonds.

3.2 Sensing principle for invA gene of Salmonella

The prepared PPy-rGO nanocomposite was used totrgonghe sensing
interface for detection oinvA gene ofSalmonella, and the sensing principle was
illustrated in Scheme 1 As can be seen from the scheme, the biosensor was
constructed step by step. CV was applied to stepwisracterize each fabrication
procedure in 5.0 mM [Fe(Chl}™ containing 0.1 M KCI Fig. 4A). A pair of
well-defined redox peaks belonging to*#E€** can be observed with different GCEs
with varied peak currents. The absolute value efptbak currents increased gradually
with the modification of PPy-rGOF{g. 4A, curve b), and subsequently with
depAuNPs Fig. 4A, curve c), when compared with those obtainedaa¢ IGCE Fig.
4A, curve a). These demonstrate PPy-rGO and depAuiiEistated the electron
transfer of F&/Fe**. Thereafter, the absolute value of the peak ctrdecreased
along with the advancing fabrication process oftilosensorfig. 4A, curve d and e).
When the biosensor was applied to detect tDNA Qyridizing with the mixture of
tDNA and bio-DNA Fig. 4A, curve f), and the signal tag of AUNPs-HRP-$Ag( 4A,
curve g), the values of the peak currents furtleerebsed. The CV result indicates the

successful construction of tievA gene sensor.
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264 The sensitive detection fanvA in Salmoella was achieved by the amplified
265 signal of the reduction of @, in presence of HQ, which was confirmed by using
266 DPV measurementstig. 4B). The constructed biosensor showed a DPV response
267  when there was no tDNA in the hybridization mixt{iféy. 4B, curve a). It was due to
268  the electrocatalytic ability of the applied PPy-r@&Dthe reduction of k.. It can be
269 taken as the blank signal. When the biosensor wed in detecting tDNA (100 pM)
270  without conducting the specific reaction betweenrDNA and AuNPs-HRP-SA, the
271  obtained signal on the detecting interface waslamto the blank signalHg. 4B,

272 curve b). The biosensor showed the strongest respatien a specific interaction
273 occurred between bio-sDNA and AuNPs-HRP-SA nandgkg. 4B, curve c). The
274 response on the biosensor decreased without usioP# as carriers for
275 immobilization of HRP-SA FKig. 4B, curve d). In addition, the response on
276  cDNA/depAuNPs/rGO/GCE further decreased when usiR§-SA as signal tag only
277  (Fig. 4B, curve e). Furthermore, the DPV current of cueveras 2.2 times that of
278  curve e, indicating the amplified signal in the qmet detecting strategy. This may be
279  due to the facilitation of electron transfer of P8O and the use of AUNPs as carrier

280 for immobilizing a large amount of HRP-SA.

281 3.3 Analytical performance of the biosensor

282 In order to achieve the best analytical performaofcéhe invA gene sensor, the
283  experimental parameters including the pH value loé tetecting buffer, the

284  hybridization time between cDNA and the mixturd[@NA and bio-DNA, the time of
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the specific reaction between bio-DNA and AuNPs-H&RE, and the concentration of
the added HQ andJ@,, were optimized using DPV measuremelfiig(S3. As can

be conclude from the figure, the biosensor readtedhest analytical performance
under the conditions as follows: 0.1 M PBS withHav@lue of 7.4, hybridization time
of 60 min, specific reaction time of 30 min, 2.0 nd¥ithe added HQ, and 3.0 mM of

the added bD.

Under the optimal reaction conditions, the DPV oemes obtained with
different tDNA concentrations are shownkig. 5A. The peak current (I) increased
linearly with the increasing logarithmic concenivatof tDNA (log C) in the range of
1.0x10% to 1.0x10™° M (Fig. 5B). The corresponding regression equation was
written asl (HA) = 3.81 lo@ (M) + 78.28 R = 0.996), and the LOD was 4.7%10M
(S/N = 3). The analytical performance of the biceerwas better than that of our
previously reported method [10]. The achieved $mitsi may be attributed to the

signal amplifications from PPy-rGO and AUNPs-HRP-SA

The regeneration ability of the biosensor was tebieunwinding the hybridized
double-stranded DNA through incubating the usedtedde in 907 water for 5 min,
and then rapidly subjecting into a salt ice wagdter washing with PBS buffer and
water for several times, the revived biosensor usedl to detect tDNA by repeating
the hybridization and specific reaction that invamvin the detecting procedure. We

found that the DPV signal towards 100 pM of tDNAintained 91.6% of its initial
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response after three cycles of the regeneratiogn 6C and D). This indicates the

good regeneration ability of the biosensor.

3.4 Specificity and repeatability of the biosensor

The selectivity of the biosensor was investigatgd detecting single base
mismatched (Mis-1, 1 nM), three bases mismatcheds-GgV 1 nM), and
non-complementary (Non-C, 1 nM) DNA sequences, thredrecorded responses of
these sequences were compared with that of tDNA (i) (Figs. 6A and B). The
DPV of tDNA was the most intensive among these eeges. The biosensor showed
negligible responses to Mis-3 and Non-C sequernmeé, ren-negligible response to
Mis-1, when the concentrations of these sequenees 10 times than that of tDNA.

This demonstrates an acceptable selectivity optbposed biosensor.

To investigate the repeatability of the biosensbree GCEs were used to
fabricate and detect tDNA with a concentration opMl. The measurements were
repeated for 3 times. The relative standard dena{iRSD) of each fabricated
biosensor was less than 5%, and the RSD of the thicesensors was about 7.98%.
After a storage at 4 °C for 7 days, the responseshese biosensors maintained
84.6% of the original signalsThese demonstrate acceptable reproducibility and

stability of the proposed biosensor.

3.5 Detection of Salmonellain real samples
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The feasibility of the constructed biosensor foredgon of Salmonella in actual
samples was evaluated by detecting the PCR prasing the extracted total DNA as
template from various concentration &lmonella. Fig. 6C shows the agarose gel
electrophoresis detection of PCR products. As carsden fronFig. 6C, a DNA
fragment of 284 basem(A gene segment) in length can be detected effegtomly
when the concentration 8monella was no less than 9.6 x1OFU mL™ (Fig. 6C,
lane 4). At the same time, our constructed biosewss also applied to determine the
denatured PCR products f@lmonella (0 to 9.6 x 16 CFU mL™Y). The DPV
responses obtained on the biosensor toward ditf f€R samples fdgalmonella are
shown inFig. 6D. It is obvious that the biosensor showed DPV oasps to the PCR
products of various concentrations S monella ranging from 9.6 to 9.6 x @CFU
mL~%. The good linear relationship between the DPV @asps and the logarithm of
Salmonella concentrationKig. 6D, inset) can be written in an equationla®A) =
7.999 log C (CFU mt) + 8.107 R = 0.995), and the LOD was 8.07 CFU thLThe
analytical performance (linear range, detectionitliamd time for detection) of our
biosensor and other reported biosensors were ceahgard listed infable 1 The
analytical performance of our biosensor was betiemn those biosensors using

spectroscopic methods, and it was comparable sethlectrochemical biosensors.

4. Conclusions

In summary, we constructed a biosensor for rapd sensitive electrochemical

detection ofSalmonella by integrating the good conductivity of PPy-rGQdasignal
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amplification of AUNPs-HRP-SA. The biosensor shovgeibd sensitivity to tDNA
with LOD as low as 4.7xI8 M. Moreover, the gene sensor can be used to detect
Salmonella within 2 h with LOD of 8.07 CFU mL The biosensor possessed good
regeneration ability, acceptable selectivity, reépliity and stability, which allow it to

be used as an alternative tool atmonella screening in monitoring food safety and

clinical diagnosis.
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Fig. 2. XPS spectra of GO, PPy-GO and PPy-rGO. (A) FuNeusspectrum of GO. (B)

C1s spectrum in GO. (C) Full survey spectrum of -y, (D) C1s spectrum in PPy-GO.

(E) Full survey spectrum of PPy-rGO. (F) C1s speutin PPy-rGO.
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BSA (e), bio-DNA/tDNA/cDNA/depAuNPs/PPy-rGO/GCE (gnd
AuNPs-HRP-SA/bio-DNA/tDNA/cDNA/depAuNPs/PPy-rGO/GG&) in 5.0 mM
[Fe(CN)X]*™ containing 0.1 M KCI. (B) DPV responses obtainadiiferent electrodes in
0.1 M PBS (pH 7.4) containing 2.0 mM of HQ and 81\ of H,O.. (a) blank control of
the constructed sensing electrode. (b) the constlisensing electrode in detection of
tDNA without help from AuNPs-HRP-SA. (c) the constted sensing electrode in
detection of tDNA. (d) the constructed sensingtetele in detection of tDNA without
signal amplification of AUNPs. (e) the electrodecBDINA/depAuNPs/rGO/GCE in
detection of tDNA without signal amplification ofuNPs. The concentration of tDNA was

100 pM.
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Fig. 6. (A) Selectivity of the biosensor toward differddNA sequences. (a) Blank, (b) the
non-complementary sequence, (c) the Mis-3, (d)Mie1, and (e) tDNA. (BHistogram

of the corresponding peak current values in (A).AGarose gel electrophoresis for marker
(lane 1), PCR products without primers (lane 2) exdcted total DNA (lane 3), and PCR
products of 9.6x10CFU mL* (lane 4), 9.6x1DCFU mL* (lane 5), 9.6x1DCFU mL*
(lane 6), 9.6x1DCFU mL* (lane 7), 9.6 CFU mt (lane 8). (D)DPV responses of the
biosensor in detection dalmonella. From top to bottom: 9.6xf0CFU mL?*, 9.6x16

CFU mL?, 9.6x1G CFU mL?Y, 9.6x13 CFU mL?, 9.6 CFU m[}, and 0 CFU mL. Inset:

the resulting calibration curves bfss. log C (CFU mL?Y).
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Table 1L Comparison in analytical performance betweengmesiethod and other reported

biosensors fosalmonella detection.

LOD Linear range Detection time*
Methods 1 i Refs
(CFU mL™) (CFU mL™) (h)
Colorimetric immunoassay 3xi0 3x10 - 3x10 5 [1]
Fluorescence biosensor %10 0-16 2 [46]
Label-free fluorescent aptasensor 464 1530 — 96938 -- [47]
Surface plasmon resonance (SPR) 5x1d _ 10 [48]
sensor
Electroc_hem|cal (impedimetric) 10 10 — 16 2 [49]
immunosensor

Electrochemical (DPV) genosensor
using rolling circle amplification 6 6 — 6x168 -- [8]
and signal nanoprobe

Electrochemical (impedimetric) 3 1% - 16 15 [50]
aptasensor ’
Electrochemical (DPV) 8.07 9.6 —9.6<10" 2 This work
genosensor ' R

* The detection time includes the time for hybritizza and electrochemical measurements.
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Highlights:

Polyrrole-reduced graphene oxide nanocompositepneggsared and used to facilitate
electron transfer in constructing tBalmonella biosensor.

AuNPs-horseradish peroxidase-streptavidin was asetnotag for signal amplification.
The fabricated biosensor can deiewi gene sequence with LOD of 4.7%1M.

The biosensor was used to detgadtmonella with LOD of8.07 CFU mL>.
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