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Abstract: [Objective] Salmonella is an important detection target of pathogeny bacteria in food. In order to overcome the
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shortcomings of traditional Salmonella detection methods, a novel assay of electrochemical aptasensor for quantitative detection of
Salmonella with better practicability was established. [ Method] Reduced Graphene Oxide (rGO) solution and toluidine blue (Tb)
solution were mixed together to obtain the Tb-rGO nanocomposite, and then the Tb-rGO nanocomposite was dispersed in gold
nanoparticles (AuNPs) colloidal solution to obtain the AuNPs-Tb-rGO nanocomposite. Then, the as-prepared AuNPs-Tb-rGO
nanocomposite was incubated with amino-DNA to obtain the DNA-nanocomposite (S;-AuNPs-Tb-rGO). The complementary strands
of the aptamers of Salmonella (S,) were attached to the surface of gold electrode by Au-S-bond, and then the electrode surface was
blocked with HT. Subsequently, the aptamers of Salmonella (Apt) were dripped onto the modified electrode to make Aptbind with S,.
The modified electrode was immersed into the mixture containing Salmonella and exonuclease I (Exo I). In terms of the
characteristics of Exo I that could amplify electrical signals and the aptamers that could exclusively bind with Salmonella, the
aptamers were taken away from S, circularly. Then, the S;-AuNPs-Tb-rGO composite was attached to the surface of electrode by the
hybridization of S; and S,. Finally, the conditions of the incubation time in bacteria liquid, the Exo I concentration and the
S|-AuNPs-Tb-rGo composite concentration were optimized and the electrical signals of the electrode surface was monitored to
construct the aptasensor. This electrochemical aptasensor was used to test Escherichia coli, Staphylococcus aureus, Shigella,
Listeria monocytogenes and Enterobacter sakazakii to ensure the electrochemical aptasensor’s specificity. The electrochemical
aptasensor was used to detect 6X 10%-6X 10° cfu/mL Salmonella to ensure the electrochemical aptasensor’s sensitivity. Then this
electrochemical aptasensor was used to detect the goat milk to evaluate the practical use of electrochemical aptasensor. [Result] The
optimization of the electrochemical aptasensor incubation time in bacterial liquid, the Exo I concentration and the S;-AuNPs-Tb-rGo
composite concentration were studied in detail, and the optimal conditions were 1 h, 0.6 U-pL™" and 200 nmol-L"'. When Salmonellas
were tested existent, they had specific binding with Apt and the S,;-AuNPs-Tb-rGo composite was attached to the electrode surface.
So the linear sweep voltammetry curve of the electrochemical aptasensor showed a rise of oxidation peak. The developed aptasensor
was specific to Salmonella and did not react with non-target bacteria. The electrochemical aptasensor detected the Salmonella target
at a titer higher than 200 cfu/mL. A good recovery of Salmonella in the range of 91.6%-106.3% was obtained in goat milk by
electrochemical aptasensor assays developed. [ Conclusion] This electrochemical aptasensor can detect Salmonella with a easy
operation, a wide linear range, a high sensitivity and a low cost, which provide good application prospects in the field of rapid
quantitative detection of salmonella.
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Fig. 1 Principles of the electrochemical aptasensor for detection of Salmonella



4190 i & B} 50 %

H bR B SRRk Bl 2 umol- L (K0 1) R T 3 A A B b
B (S 10 pL, =3 FIFE — B E S H PBS 22t
Wb, 10 pL 1 mmol- L' ) CAEE (HT) Wl
TR T F AR O, 1 b DAKE 24 b e A (0 1 S
RIS 2 pmol- L (VD] IR EEASE (Apt) 10
ul VR T A I, — B TR T PBS Q2 bk -
B J R FBIR N AN AR PP 1) PR R — 5 R S AL TR
AMUIEE T (Exo D ™ 37°CF =AY 30 min J&, H PBS
ZEPPE . BeJ5 5 10 pL S;-AuNPs-Tb-rGO 2458 X
M2 ho SKEIRAR 2235 (CV) R AL BT (EIS)
it Si-AuNPs-Tb-rGO 1 Tb [{JHEAL 15 S, Sz}
oI B TA RIASI o
1.9 BAFMKAE

AR (CV) « ZEo ke (DPV) Rk
SPHAT (BIS) KR = it R 4%, Wl AMEEAE i 1)
S M TAEEN, Ag/AgCl M A S L mM,
Wl bl . CV A EIS FIASINIAEE G 5 mmol- L™
K5[Fe(CN)6J/K4[Fe(CN)eJ¥&#, 1 200 mmol-L" PBS
(47100 mmol-L™' KCI, pH 7.0) Fic#l. DPV [rys il
R4 K 10 mmol-L!' PBS ZEmMys i (7 20 mmol-L™!
KCL pH7.0) . CV f#iilH4-0.2—0.6 V, i
#h 100 mV-s'. DPV YILEHAN 0 V, &I
0.4V, HAIEEN 0.004 V, RIEA 0.05V, Fki e
90.05s, RFETEE N 0.016 s. EIS $iEiE 4 0.005 V,
FiZIEE 4 1—100 000 Hz.

7000 [
6000 [

5000

4 a
¥b
" c
® d
A e
*f

4000

3000

2000

BHATT I 5 -2 (ohm)

1000

0 2000 4000 6000 8000 10000 12000 14000 16000 18000

FHHTIA) S35 -Z' (ohm)

2 R

2.1 &R BN FERE

K WA B (BIS) FIEFRMR 2i: (CV)
AT 7 FITAL G (AR I, LASE T 5520 R il 18
Mt BLIRAIE . % T BIS, [Fe(CN)6]*> #b&r1E K4k
EJFERER, R BTS2 BN (Ret) H BHAT Bt
KW, Wl 2-A Fron, Btk (a) RIEE
RN, IR R o e AR AR 4 il B i B .
MY TR BHIERCAR BAMeE (A B etk LS,
T Bk DNA b (1) 6 F ey B R B 0] H 1~ 7E B A
Fe(CN)g Il P MRS FE A BELAS , 1 F 3L Ret (B)
WAK o M IYD ] RRE G A 5 3 M 24 AS T B
RE DNA Zifja, 4k b iy i3 in 580 Ret
(o) JE—2088n. M TR EPANEE, HTr]
PG 5 I O A 45 A F E LAY B A R I, & 3K
PR S R g, ) LT R B 1 S TR B D
[FFF, Exo 12K 38 e A4 AN W 8 ) I T B J500 171 B B 1
IR, AR Exo T HEMK Ret (d) /M
FEACW N Exo 1 [ HLH Ret Ced /b MMA
S-AuNPs-Tb-Gra Jii, fHT- Tb & —Fh AL ZE TG T,
MR 1 fE 3, ek BRI RN (O o [
WH CV ERMTIUE, 45X 2-B Pros. HE %I
CV %5 EIS ik g R & . @i X iy
AT LAUE W ARG 5 — D19 21 T HER &1 o

g FLE Current (LA)
[=1

-0.2 0 0.2 0.4 0.6
TAE AT Potential (V)

a: BREHN, b HAMEGURE I EN, o EEEES LAMERT G RN, d: B E RS IR RGN TR G CRIBIExo D , e Hfk2
FEE IS MBI IRE G GRINExo D, f: fJEASHRICAH Tb 1) ssDNA [ K

a: Bare electrode, b: After complementary strand modification, c: After hybridization with aptamer, d: After reaction with Salmonella, e: After reaction with

Salmonella and Exo I, f: After hybridization with ssDNA labeled with Tb

B2 AEHKEMHARTBRRARIEEEIS (A FACV (B)
Fig.2 EIS (A) and CV (B) at different electrodes in Fe(CN)6*"*



®

21 3

BN BT RGO BN BEDIE S T80K AL S IE A% A R VD 17 1

4191

2.2 EHiik

h T IRAAE KRS TERE, AP TR E A
A, Exo I IR . S;-AuNPs-Tb-rGO iR JEHEAT T
Petle B 3-A FE NI AR S 5D T IR
BTG ER, AT 5 i A 22 A5 5 B I I [ (1)
BEINAS TR, AH M5 & A 60 min f5, HALAE
FAT A TR, U] 60 min S HE RV TGRS
TERCAR R, DIEIERE 60 min 15 4R K AL
). Exo TR toot) AL 22 A5 S5 A7 A0 2, DRk
X} Exo I I BEEAT T 004k, M 3-B i L H Y
Exo Ik EIEF] 0.6 U-uL™ I, HIfb2AfE Sk R K,
HEEHE 0.6 U-uL " 1R Ay 53l B 1 . 78— Tu Wy,

120 A

-11F

I HLIf Current (uA)

S;-AuNPs-Tb-Gra (1) I AR5 X FLAG 2445 55 1 B A
FHRKMEm, P 3-C i50 AR M 0 T2
200 nmol-L™", L5 544 Il 2, 200 nmol-L" 5
T Rase, Bk #E 200 nmol' L' 4 S;-AuNPs-
Tb-GO M EIEHR S .
2.3 BUFEREBENSITIEREER

TR A IR I 2 A1 25 AR T A £ 11 Ak
TERCARAL R BEXTVD T R R I RE . B 4-A kit
SRS AT A IR B P T IR T % & 1 h 5T
BRI 224 kb ik 2z (DPV) Mk, 384 FIn g
Y R AN TRV R S (R0 ) EC B R AT I & R
WIRBERE R, Wbl 2 BB, I HLAE IR

1 1 J 4T 1 1 1 1 1 J

4 1 1 1 1 1 J -4 1 1
200 250 300

0 20 40 60 80 100 120 0 02 04 06 08 1.0 12 0 50 100 150

Hf 1) Time (min) W JE Concentration (U-uL™") WK JE Concentration (nmol-L™")
3 RIEEGRIMIL: (A EERE (B) Exo | iRE (C) Si—AuNPs-Tb-Gra iR[E

Fig. 3 Dependences of DPV peak currents on incubation time (A), Exo I concentration (B), and S;-AuNPs-Tb-Gra concentration (C)

when one parameter changed and the others were under their optimal conditions
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Table 1 Performance compared with other reported aptasensors for Salmonella detection
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AL 22 R AR N KA e e A Sk 1x10°>—1x10’ 1x10° 30 min [36]
Electrochemical magnetic silica nanotube immunosensor

AL YK G A4 /4% Electrochemical nano immunosensor 1x10°>—1x10° 143 1.5h [37]

AL 2 G KA it A AL 4% Electrochemical nano aptasensor 1x10°—1x10* 1x10? NG [38]
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Fig. 5 Comparison of DPV peak currents after reaction with

different target bacteria
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th, 1 RSD 4 4.2% (n=7) , FWIARHIST T &
[ P 2 T T A A S AT R e T EE A 1
2.4 KBRFEEZAE RN ANAR E R I8

FI AT TR G2 11 FLAL 2708 P A AR I A X 4 1.4
()7 VETRAR BRI AN R FE VD 1T W [ SR WO RE S EA T
R, 3F 5P Bk ER L, SRR . i 2
A RIA DT 05 AR VA I 45 A &, IR
91.6%—106.3%. 1X I AHIFFUHA) 19 H A 2% 3 P 4
AR IR MY 1T BB PE =, 1T LA T SE B AE AR (1
LRIl
3 it

ARHIF T A FE 1) P A 270 A S LA R A1)
REPE RSt RRREvE, JERC TR g (R DGR R 3%
ATLLR 3 AN

B, AEEI RIS, SRR, A
REVEMAE, 224 P TIIARA R — 1T,
1 AR AR AR B, AR R BRI R
PR PH 255 AR g T T LA K s P 4 s S K M R 43
BPE T3 B A7 880 B2 (A 3% Sl hE
2, BT HAEE YRR PN, T SR
B, SR SR I I A R R B A A A S
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Table 2 The recovery of Salmonella detection in goat milk

FEA G BIURIR I A R EEES FES A v 2
Sample number Initial concentration (cfu/mL) Adding amount (cfu/mL) Detectable amount (cfu/mL) Recovery rate (%) RSD (%)

1 0 128 AHrH Not found FAtH Not found —

2 0 230 211 91.7 5.0

3 0 464 493 106.3 4.2

4 0 690 715 103.6 2.9

VEIR JEUN IR )5 A AT 5503 (reduced graphene oxide,
rGO) , LA HA S A S50 R AF PR RIS [H] I
P50 e F RO IR A R0 2 WA R AR A SR T
DU I m-m HERR, S8, R 507 A O B 22 Rl
UGB, AR F0RE H Ak 205 AT MUYk 2
5 rGO 455 U Tb-Gra G, 1Edemi rGO %ifil
PE IR A Th R [ 4805 R B2 1, SEIR T ik
AR T IIBOK

Hk, BTN 1 B DR S 378 5
D7 e ALK IR IR RE, AW AL
%, EHT 5155 DNA, HAREURR € ¥ DNA J$51,
WA | N BT HAk 2245 5 ITBOR . AR s
KOS TR G, BTV TR G BC A 1 5o
FERF PSS &, ERAREAT B AR, I AR A
DIl 13 GgAE TG e sE , K By P ok AN IR
VUEFCARRE DI S, VDT IR R AR A T
Wbl B IEECAA, 4 B 2 (R IG RCARBE AT B, DA S
WK R AEH] .

J34h, HH SELEX A Hh (¥ & e A4l % 0 15
—40 MHENT K [F) DNA B0 RNA 741, HoA 22 1 Jiiis
E, AT ANESE N T, WS A K TR
Wory, AR, SMMRmEAm (M. BEA.
R AR AR EsREL) 8
Y. SEET . PR AR T S G G AR e R G
B AR VST G BRE RCAAS v0 T G B B AT
RS A, AERCARE S HAMES B, Al A A
SEIGTEYIR T [H) Si-AuNPs-Tb-rGO #5555 £F Fi Ak
R HAMERAT, SCHLAAG S S IR R
TGRS AR IR RS G, ORUE T AR KR IR

B
4 g

AWFTURI R T — T TS UK R D)
VG N EREy I ONTIP A WL A S WS (RN

AR AR RV T R ) A A2 G BAT e R ] 58
Rrth BRAG, REEREW, H5 A s o, Pt
A TR L R ) T T 52 s R ot 2 09 mR 0 1D B ) A
Wo BRI, AWTITHT R HOVD 1] R HL AL 27 e A
A 3 AT N T T D b 1 TR 5T A
UL N > /S N = R G T R el o o
Tofe g 24 (R AGL I F- 5
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