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[Abstract] Food safety problems caused by foodborne pathogenic bacteria pose a serious threat to public health,
creating an urgent need to develop testing methods and techniques with excellent performance and are simple to use and
of affordable cost. Traditional testing methods, such as isolation and culture, morphological observation, biochemical
identification, and serological tests, have many limitations, including complex procedures, reliance on specialized
technical equipment and personnel, and long turnaround time, rendering them inadequate for meeting current and future
testing demands. Therefore, it is particularly important to develop simple, rapid, and highly sensitive methods for
analyzing pathogenic bacteria. The fusion of nucleic acid aptamers and nanozymes brings new ideas for the rapid testing
of pathogenic bacteria. On one hand, aptamers offer specific recognition capability for target bacteria and can be
combined with various nucleic acid signal amplification techniques. On the other hand, the enzyme-like catalytic activity
and signal amplification effect of many nanomaterials provide a basis for highly sensitive testing. This review highlights
the application potential of nanozyme-aptamer coupling systems in the field of microbial analysis by briefly summarizing
the latest research progress in the use of nanozymes combined with aptamers for the detection of foodborne pathogenic
bacteria. First of all, two main approaches to conjugating nanozymes with aptamers are introduced. Then, the testing
mechanisms and typical applications of nanozyme-aptamer coupling systems for foodborne pathogenic bacteria are
discussed. Finally, future development trends and existing challenges are disucssed from four perspectives, including
specificity, high sensitivity, high throughput, and intelligent detection. This review aims to provide a useful reference for
the fusion of nanozymes and aptamers and for the development of on-site rapid testing techniques for foodborne

pathogens, and to encourage broader academic interest to further advance this promising research field.
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Fig 1 Research progress of nanozyme-aptamer coupling systems in the detection of foodborne pathogens

TMB: 3,3',5,5'-tetramethylbenzidine; oxTMB: oxidized 3,3’,5,5'-tetramethylbenzidine.
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Fig 2 Common modes and related forces for the conjugation of nanozymes and aptamers

EDC/NHS: 1-ethyl-3-(3-dimethylaminopropyl)-1- carbodiimide hydrochloride/N-hydroxysuccinimide.



1254

PR A=A (B 2D

% 5645

TR B—PE22HRF R . DNAPU MR RE S OR 45 8] BE AT
TE SCHAL S B, AT 42 s PR AR I sk Xk B AR
MZE-EREST, R H HTDNAMS BT & A R &
7‘5‘["5][26—2710

3 QOREBEXSEELE A T RIFEMEBRE R

T FCRS GOK B 0 T3 Wb 25 5 S T IE 3 B kb G T
PR B RES PRU RE 0 T 24 K B L ) VR T, R AN K il
FI BRSPS BRI s ORI 4 e S A R P SR L
ORI RE, AR TR A 2 A A o T A SR
v o KR B IREESON TR Y PO A B 4t TR R A oA T

- ————

,---\
>
ne)
=
g
o
N
o
2
Sy
()
o,
-
iy
=
o
(o)
=d
=]
aQ
—
o
o
(=}
o
E.
=
o
=)

oo
Setes
Magnetic bead-Apt2 1

\. Nanozyme-Aptl

Nanozyme-Aptl
plate

).

OXTMB

A Aptamer-nanozyme complex = Bacterial concentration

Stre tavidin—biotin-Apt2

H, I @ B R AT R S HT, DK R A IS B AR SE
PR R B0 P A 2 A T R s — e A TR
FIE G DK Bl A 1] TR FH TR, 5 — o3 B AR S 40K
3R R THE IR I i alll 8
3.1 IEERIR B 40K EREE IR B A F AT

T ST A B A0 K TR AR R 7 B R S0 e G vh
B By, HAZ O AE TR 38 FCAR 5 9 oK il A e #
1565, 3 P AR SR AR L Rr () = 4k 254 Fn = & A R 67 o5 mT
5 HPRH RS LSS, T BN R - B -2 K B R S
AR, 3 2o G A K T B 4L %) e Al 5 0 B M e A
(E3A).

o - - -

I Aptamer-mediated regulation of
1 nanozyme activity for detection

Detachment of the aptamer
1 from nanozymes

-0

Increase local
2 concentration

X

oxTMB

3 Coverage of active

site
o i
l-l Physical barrier

D
7N N oW
Active centre /

B Inhibit/promote the activity of nanozymes

Betes

"(;}?Qf l

3 PREREA A IEELA R A IR BURE R I P R R TSR

Fig 3 Two common strategies of nanozyme-aptamer coupling systems enabling the detection of foodborne pathogens

Apt: aptamer; TMB: 3,3',5,5"-tetramethylbenzidine; oxTMB: oxidized 3,3',5,5"-tetramethylbenzidine. A, Common modes of aptamer-enabled targeting recognition of

nanozymes for detection; B, common modes of aptamer-mediated regulation of nanozyme activity for detection.
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Fig 4 Challenges and development trends of nanozyme-aptamer systems for the detection of foodborne pathogens

TMB: 3,3',5,5'-tetramethylbenzidine; oxTMB: oxidized 3,3’,5,5'-tetramethylbenzidine.
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