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ABSTRACT: Foodborne diseases have been a serious threat to the people’s health around the world, and pathogenic
bacteria are the main causes of these diseases. Rapid, simple and sensitive screening of foodborne pathogens is of
great significance to ensure food safety. Nanomaterials have become an extremely popular theme in optical sensing
research in recent years because of their optical properties, unique structure and catalytic properties, good stability,
and excellent penetration. As the signal conversion device for sensors and the loading matrix for biorecognition

molecules, nanomaterials have the characteristics of large specific surface area, high surface free energy, good
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biocompatibility, and abundant surface functional groups. Aptamers are short single-stranded oligonucleotides

screened in vitro, and they have many advantages, such as simple synthesis, good stability, high affinity, excellent

selectivity and wide applicability, making them ideal molecular receptors for biological applications, the application

of aptamer-based optical nanosensors to detect foodborne pathogens overcomes the disadvantages of traditional

detection methods, such as time-consuming and laborious, difficult quantification, and inconvenient on-site detection,

it has become a research hotspot in the field of rapid detection of foodborne pathogens. Therefore, this review

summarized the current epidemic status of foodborne diseases and recent progess of aptamer-based optical

nanosensors for the detection of foodborne pathogens, highlighted the bacterial capture methods and sensing

technologies, as well as their respective advantages and limitations, and presented the challenges and prospects of this

technology in practical application with a view to promoting further development in this field.
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Fig.1 Colorimetric detection strategy of pathogens based on
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Fig.2 Colorimetric detection strategy of pathogens based on
PDA-aptamer'**!
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Fig.3 Colorimetric detection strategy of pathogens based on
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Fig.7 Chemiluminescence detection strategy of pathogens based on
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JES T WS, 49k A% ABEL-AuNFs fb2% & SRR, L2,
TR A BTG T, RCA PRI A0 G (o 1530 125
) cDNA-ABEI-AuNFs 582K 7E WS, 9Kk b, RGk
A4 CL R,

AR, —FPSLT 5B (G 3,4,5- = HIAILAKZ
1 (3,4,5-trimethoxy phenylglyoxal, TMPG)J% i H35i %! CL
A I & Ak 2E R OGS FUAR IR T & - G & DNA
EECARRY 4 Fhdl 4y Z—, B RILIS TMPG J A si—FhE
i A kot mRe A, SURHME CRET JRXRKG AR 35 5
BIEAE DNA GE LA 2Rk o KHANG 254951 FE
BefA . SRS GO/BRANA S ARSI AL i i R 5 A
W O157:H7. %M GO K E A MR S5 251 B A
) m-m HEBAE AR, FH GO/ KA AR RS H o
55 MR R G B o FERE S oA S IR A 2 R ORI
TMPG, Z5& LR Apy6-RILTOEFE Kk Hinkot, HyGRE
Wi 75 S S e 32 P 8 T S A7) M 5 o 2 i ELA R R 3
Bk BB, (HAG BRIk 4.5%10° CFU/mL,

AR T 38 Be A B Ak 27 & 6 9 K A% TR Rl i 52 3|
CTE, HIREERE i vh B2 73 A ) i e B2 e A1, Ok i AT
BRI . B, RRMEIFTRESETESE CL 2%
MIBETE B, DASE e I R A

4 REEEN G EEFNRERSF

T3 5 P 2 B (surface-enhanced Raman scattering,
SERS) & —Fh 7> TGl HoAR, HAT YK FOHURE 2 i 7Y 5 /&
SR (F B U SRR o3 T 456 o K A R T A S
FAHRA AR, BOBE TR R BUS Rk R e
R sm P S OGk BA R R 148 SCRG | i R U AR
DL BT R ARG G ER AU SO0 R, CEBRSE I I A AL
LAV IR SN T Iz 0 O VR —FIOE ISR,
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A BB IE A5 SERS 254 T B AAG

YR PRI IE ST E T SERS WA, REMFEM
HYE T AT YIRS S SR BT, TR s o 3 A R
MRS TR RS R R B AS B, AR 4 I (AR
otk R PIRZ4E SERS AK A, 8 R B,
SUTRRE 28 G 1) 5% 4 @ 9 OR R 5 B R A R AT 7= A i
S, TIN ZERINEE Au@Ag B A YK ik
Py 3 SERS &Ik, FTHus ki R Vb T TR (& 8). 13K
W, Au@AgNPs fE>4 SERS W3R LR, A AHE
Au@AgNPs KT 1Y 4-5iH:7K 2 (4-mercaptobenzoic acid,
4-MBA) AT DL Az 58P0 A5 5 o A PR S5 3 A 4 O e
F| Au@AgNPs FRIAI, 2K 22 18] (14 E 3 25 B Ry 3 e A
B R far i EL R D TG R, AR SERS“# i, FEAIK
4-MBA [WHi S50 S AR RS, BITE e i -8 Bl 2
AR, WHHTE Au@AgNPs-4-MBA 14385 P 1 I 25 400 14 vk Jis
HIBE TR, BOBHKE Au@AgNPs Fikirh SERS“#4
WIS, AR MG T 4-MBA BIH7 2 (Z 53 B, (5
ORI A LS I R VDT TR R, 2k HAT R R
R, PR A

& \> !MJLJL
Oﬂ@%.@% >4
+ 5 2
S B

© AuNPs @ Av@Ag I@l Au@Ag-4-MBA~~ERLE & THRUITH

K8 T Au@AgNPs-Apt FYBU B SERS Haii 5 wg!e”!
Fig.8 SERS detection strategy of pathogens based on
Au@AgNPs-Apt®”!

AT R A PR AR, PANG 251815 hl
T Apt-Fe;04@Au BN K FURL T T4 2 40 81 1) e 42 A &%
Y24 SERS BUS IR, #l#5 T J1 15 % K -SERS W%
(Au@MBA) T 5 R BUsE & th FIE R Jn s £
SGRBIERE, 2RI R SE7E 50 min IEF] 3 cells/mL YRS
PR, FESEBRFES:H, 25 R IR IR 95.0%~106.4% .

ZYE SERS YK e A AR Tl £ A R, (H5 H AR
WIRGAIIS], MBS G304 SERS S EIlrk %=,
DRI — [, BTN BOKG 4 TR A AR P R B R v
LA —4E SERS KLU JEIREB LS. 7o, £BM
KL A A 506 1 30 - TH S A B4 — 4k SERS LKL
e F AT, DUAN U0 AuNPs 178 21 Bt i 3R
RSB (polydimethylsiloxane, PDMS)IR#iik |58
VG, RS BOAE I T REC . [R A T
244 ¥ (4-MBA/NBA) 4 11 1) BE A0 35 e AR 1 R 45 55
P SERS R4t TEiZ i FH, MR 8 Apt-Au-PDMS JiE
i3k, SRJG 5 SERS ML, TR = HIAZEH, S8 TRl

Vs A I TR R BRGSO ) T 1 [ A o 32 R S e T
PRI R A R ST B RO R, 3 B30 I 22 19 )
B, =4 SERS JLJIC A g in S AR AR 1A RUA TR, B
KPR AL AR SERS {5 5011 B3R (1) SERS M
NEo —HEBDH = dE g KA kL, Qi BBk, F S iREE R
BRI R, A A TR % <457, o SERS
TEET TR B0 A 0 SE By FAER A T 3 A vl BEE

SERS 5 W T 38 3 A ] F) 3 e A4 XoF 22 Fof 440 T 1464 5 A6,
HEERT R R, 58 AR 2 U A EL, SERS AT
DL AE T3 10"0~10" £, {H S AR 1] g 25 R HiAE
A RIS 5 T )12 N

5 REFBETFHLIREE AMHREREE

FmZ B FARILYR (surface plasmon resonance, SPR)
MG REENREAMT, WiRE G 2 W RT3 2R
BRI A I3 (U v T S 28 A 4% SR8 3R 1m0 AR T S R b 2 =2
(IR & AR BN, 4 A G LURRE A 55K 4 R T (4 o
HHFRME, TR A E)ZM B T BB, B
AT AR s A BT b, SRS SRR SR ik
A IEHR, X RTLARE SPR AR E Y SPR JEHAT IR
RHERPDCFEARZ —, ZHEARTHE RO, & HED,
AT [ B A 22 A 2R A i, SRR, SERTERER 4T AH B
YERL, BRMTEARGLRY . LEEOR | B e LR s H
HA T2 /R A7,

TGO AR S 4 R A AR R [
Hetl, DIFER SPR MR, £kl SPR MM 4 R #
JEU3, A A B ) 4155 2N & R A T80, I
[ 1 — 25 B 2 KB AR A A BB BT, A ZE W4 Tt
M SR AL T AR, RIS A I AH ELAE
AL T AIE IR

SPR f&#/&&% H A4 T IR AR S Z A A4,
PE TR R k. 16550 SPR ALIEER I AE M
LSRR, EOBMEGSE, BT ICAA S . slifb bR
B, TR AE LA SCHE IR ()38 S e s ) T e I AR
ZARIRATY, FFIERAR A B, EEA-SPR 4K fE
SRR A T ARG 450 A 7 3 DG T o P SRR B, 3
BCRMRIBEE] SPR T # M T LA s A A%k . b
BRI G AR GEMEL | HAMZT RS . ZHU
SEUORR 28 T AT B PR SPR AL TSR H i ARG I
ME5EE & A (ochratoxin A, OTA), ZWIF5E K (B B4
TR RN R IV R B I 1 2 AEAR IR s 3R, A i
BHRME- A EMEAERBm A ZE R, 2GRSt
OTA HIKI B 0.005 ng/mL, KT KIRFAM, T
ke M. HU U9 A BAEE S, T 35T SPR 44
JHL R SRR BN TR (AT /5, ISR SR FH AR BRI 2B AR AE
B LA 40K =M, AAWRR C ZFEmREE.
rp o SR I A W) AR B DL = R TE B M 1L R8s 3=
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s 2 o R A RGN OR U W A B B % b v 4 )
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A E — RGN R [+ st SR 31 AR i) 4 4 R

SPR & Pt (A4 A A% SR A5 B AR 7 1 5 00 B A oo
(4 o ARG 550, RS F HOploRe 1Y) 2 T 2R, a7 R 45
YEA U, Fa g AR 22 48 DA K n] S PR 22 38 3 s 4G I,
GG IR —JC P s, AB{E SPR i FLARGRAL BES
FERSING S5 Py THT 2 R B 37 31 75 Bk

AR, A3 KR e T B e 2 AU AL IR A TR

=1

PEBOR A A GE, 2 1 XA R 28R AR RE I 4O
AR A SRR A I R AL PP A P EAT T 4G, A PR
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SRS S A B B R R i, BT B IR AR R O 2 el
AR AN R BRE, DL 5 i 1oz B2 5 1) 5 5 AR IR L, B
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Fig.9 Detection strategy of pathogens based on aptamer-
functionalized Isurface plasmon resonance sensor'’®!
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Table 1 Comparison of different types of aptamer-based optical nanosensors for pathogen detection
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1)
S iﬁff Hedll s (ﬁf/fﬁ : fﬁﬁ;ﬁ; Rt SR if;i
AL E AL REGK R AL B2 Y CDs,
WM PO JBEUESE CDs@BONs, ZG15 51k 30 10%~10* 30min A UFRT [44)
K2 AEES
il % UCNPs-cDNA-Apt-MNPs {iij i {4
WERE 2RI 7Ot &R, WEH Apt-MNPs 3k, 22 49~49%10° 2h LS ] [48]
UCNPs-cDNA i, e)tompE %
GO@Fe;0, 11 3 K it UCNP-Apt 4K
KWy A A POtk TOEREK, WSS S, 467 10°~10’ 30 min [49]
UCNPs YKRIRE 20 F SR E
SR 2 58l 2 R A A BB, A R
SWOMEIRE PO R g-CN 9K B RS 1 10~10° 30 min o [50]
e Fe A A
oKk -AuNFs-Apt 1E 815 S84,
WEIGERR bR FesOs-Apt fEAHIIRIRET, WHAGES 12 26~2.6x10° lh FUFIRER [61]
YRET T2 b4 AR IR AT
Fe;0,-MNPs-Apt 4 B34,
BUGZEWIIH k%%t Co”/ABEI-AuNFs-cDNA HE{F 5 10 32~3.2x10° 3h A [62]
£, SERIHE R &I
FF RCA FLELAT BG83 MU (I e
SWOMARE RO GRS OK A R — R sR A 15 50~1.5%10° 2h WA [63]
CRET i@ BLA& o3 #r ik
GO/ AR E S EBRA SIS &
KIp¥ass e, TURBSE RO, fh2F & R TMPG
0157:H7 e Bk 45 AR Y Apt/6-FR LW R L 4510 10%-10° th A (641
RO
o HHES Au@AgNPs Y IE B IRSE A, N
W5 VBT T ﬁggﬁ T HEEAE Au@AgNPs R 52 4.17x10%~1.39%x107 3h %QE? [67]
'x 4-MBA LS 5550 -
— Apt-Fe;O.@Au K BURL = S IR
SO A R ﬁ%ﬁ% SERS & HIEEY), i1l EE 2 -SERS Fr%s 3 10~107 50min  AFUSFIART [68]
(Au@MBA)FHF U0 TR I UR e 1k
e —— AuNPs-PDMS 75 4 {EVERY), #EpEHE
R M I B ﬁ%ﬁﬂ Apt-Au-PDMS JEFH 3R, F5 SERS 1541 18 18~1.8x10° 2h R4y [70]
454, SERS {5558 B 55 TRVR BE A IE L
e — AuNPs-PDMS 72 45 L CH), FLEE
SERESUd 7] P — Apt-Au-PDMS EEHfi 3R, 55 SERS #4441 27 27~2.7x10° 2h WREEE S [70]
- 2545, SERS {75 S B 45 TR e S JE L
e FEBEES b & A0k = MIE ESIE N
) A1 B L R R SPR fEEARILIE, PO (&I R I 10 10~10° 70 min [771
U W@ EACRER, Bk SPRE S
FLERAT R . sk e AR K A I i B B A
i BB T R LA . MIHEE R A 2, TR b 30 10°~10° 1h [78]
JEV T T TR AN BRI S 3 T A

T -SRI,

6 LERIE

S GRS L GG IN T I AR B, 3 C A AT L 5 B
KEARAZE S, BAE T Z RN VER . S TE AL
FUARAG AR F COMBRR LS, 0 e (3 e A% AR,

A AR IR 6 RE 1A Ak, T8 2o DAY IR B A T B P45 2R s 7%
T mfE SRR
S RO I TC A A SRR ELAT 4 NI T RORS  RE R R B
SERS 1 e A% R (9 4 HH FRARAIG, RABUEAR 5 SPRJE AL
AL S T S92 B0 22 S AG I ELA: i TR AR I o
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