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Abstract: Norovirus (NoV)is the leading cause of foodborne illness that can induce acute gastroenteritis and severe diar-
rhea. Current methods for the diagnosis of NoV suffer from various limitations, such as low sensitivity , complex operations,
high equipment costs, and long detection times. Thus, there is an urgent need for a rapid, more sensitive, and user-friendly
method for NoV diagnosis. This study developed a highly sensitive fluorescence-based sensor by combining aptamers, which
can specifically recognize the NoV capsid protein VP1, with metal-organic frameworks. This sensor was specific, highly
sensitive, stable, and had a detection limit as low as 0.075 ng/mL. In summary, this detection method is rapid, sensitive, and
convenient, thus providing reliable technical support for point-of-care testing.
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Fig. 1 Schematic diagram of detection principle for MIL-101 (Cr) /fluorescent aptamer sensor
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Fig.3 Circular dichroism analysis of aptamer binding with VP1 protein
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Fig. 5 Optimization of detection conditions for MIL-101 (Cr) /fluorescent aptamer sensor
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Fig. 6 Evaluation of detection performance and methodological comparison for MIL-101 (Cr) /fluorescent aptamer sensor
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Tab.1 Comparison of the proposed method with recently established assays for NoV detection
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Fig.7 Specificity evaluation of MIL-101(Cr) /fluorescent
aptamer sensor
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Tab. 2 Spiked recovery experiments for norovirus capsid
proteins in oyster samples

B b/ [Tt/ % AR
(ng/mL) (ng/mL) TRZ1%
5 5.231 104.62 0.9
LA} 20 19.578 97.89 2.8
50 47.239 94.48 1.6
3 & i

ARG LA VP 3 B R AR R Ao rF, R
MIL-101 (Cr) 7520 6 IR K 2 e BiE A7, g T —
MIL-101 (Cr) /% HeiE B A A YL T . 205 T L
R 0.5~ 100 ng/mL #Y VP1 EH, KPR
2 0.075 ng/mL, FFFEFHWESEBREE S NoV A FeE
VP ARG 43 Hr B T KA A PERE , A 20 A 15K
BRAE b ) BRI RGN A A Ak 5 R P A I 3 T Ak T
PR — 4R i R, 30 AN [ o s P 7 22 3 3
DB AL B F, S5 B HLaF I XA 58 B st
P2 E IR,

S 3k -

[1] DEPAOLA A,JONES J L, WOODS J, et al. Bacterial
and viral pathogens in live oysters: 2007 United States
market survey[J]. Applied and environmental microbe-
ology,2010,76 (9) : 2754-2768.
BRI, ok X, B aE, 5. —RE A I 2R g 5|
R R FEN A T). BEAESbiH, 2021,37(8) :
781-784.

VSR, BRI, EAE, . A T A DI B AR Y B

[2]

(3]



+ 36

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

FiF I, FEZE 2, 2020,24(10) : 1750-
1752.

W DA P EE. AR BRI R ARG (1], BR2 A
H.,2018,31(2) : 51-53.

MHaa, 2550, A, S T Qe T bR RS A
WFgeadtE (0], oA A2, 2023,35(1) 1 131-
136.

LEKSHMI M, KUMAR S H,RAJENDRAN K V, et al.

Development of a reverse transcription (RT) poly-
merase chain reaction (PCR) method for the detection
of human norovirus in bivalve molluscs[J]. Water sci-
ence and technology, 2021, 83 (5) : 1103-1107.

MCKEAGUE M, DEROSA M C. Challenges and op-

portunities for small molecule aptamer development[J].

Journal of nucleic acids,2012,2012: 748913.

CHO H, YEH E C, SINHA R, et al. Single-step nano-
plasmonic VEGF165 aptasensor for early cancer diag-
nosis[J]. ACS Nano,2012,6(9) : 7607-7614.

ZHENG X, GAO S, GAO S, et al. Recent advances in
aptamer-based biosensors for detection of Pseudomo-
nas aeruginosa[J]. Frontiers in microbiology, 2020,
22(11) : 605229.

NEGRI P,KAGE A,NITSCHE A, et al. Detection of
viral nucleoprotein binding to anti-influenza aptamers
via SERS[J]. Chemical communications , 2011 ,
47(30) : 8635-8637.

LABIB M,ZAMAY A S,MUHAREMAGIC D, et al.
Aptamer-based viability impedimetric sensor for vi-
ruses[J]. Analytical chemistry, 2012, 84(4) : 1813-
1816.

KIM Y J,LEE H S,JUNG D E,et al. The DNA ap-
tamer binds stemness-enriched cancer cells in pancre-
atic cancer [J]. Journal of molecular recognition, 2017,
30(4) : e2591.

HAN K,LIANG Z,ZHOU N. Design strategies for
aptamer-based biosensors[J]. Sensors, 2010, 10(5) :
4541-4557.

LUO X,ZHAO X, WALLACE G Q, et al. Multiplexed
SERS detection of microcystins with aptamer-driven
core-satellite assemblies[J]. ACS Applied materials &
interfaces, 2021, 13 (5) : 6545-6556.

YANG W,ZHANG G, NI J, et al. From signal ampli-
fication to restrained background:magnetic graphene
oxide assisted homogeneous electrochemiluminescence
aptasensor for highly sensitive detection of okadaic
acid[J]. Sensors and actuators B: chemical, 2021,
327:128872.

HAO J N, LI Y. Concurrent modulation of competitive

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

FAMRREEE Fak By

mechanisms to design stimuli-responsive Ln-MOFs: a
light-operated dual-mode assay for oxidative DNA
damage[J]. Advanced functional materials , 2019 ,
29(36) : 1903058.

TANG Y, TANASE S. Water-alcohol adsorptive sepa-
rations using metal-organic frameworks and their com-
posites as adsorbents[J]. Microporous and mesoporous
materials, 2020, 295 : 109946.

XIE S,YE J,YUAN Y, et al. A multifunctional
hemin@metal-organic framework and its application to
construct an electrochemical aptasensor for thrombin
detection[J]. Nanoscale, 2015,7 (43) : 18232-18238.
CZAJA A U,TRUKHAN N,MULLER U. Industrial
applications of metal-organic frameworks[J]. Chemi-
cal society reviews, 2009, 38 (5) : 1284-1293.

MEEK S T, GREATHOUSE J A, ALLENDORF M D.
Metal-organic frameworks:a rapidly growing class of
versatile nanoporous materials[J]. Advanced materi-
als,2011,23(2) : 249-267

WU H,GONG Q,OLSON D H,et al. Commensurate
adsorption of hydrocarbons and alcohols in micropor-
ous metal organic frameworks[J]. Chemical reviews,
2012, 112(2) : 836-868.

LI J R, SCULLEY J,ZHOU H C. Metal-organic
frameworks for separations[J]. Chemical reviews ,
2012, 112(2) : 869-932.

SHAH M,MCCARTHY M C,SACHDEVA S, et al.
Current status of metal-organic framework membranes
for gas separations : promises and challenges[J]. Indus-
trial & engineering chemistry research,2012,51(5) :
2179-2199.

MCCONNELL E M,NGUYEN J, LI Y. Aptamer-
based biosensors for environmental monitoring[J].
Frontiers in chemistry, 2020, 8:434.
ESCUDERO-ABARCA B I, SUH S H, MOORE M D,
et al. Selection, characterization and application of nu-
cleic acid aptamers for the capture and detection of
human norovirus strains[J]. PLOS One,2014,9(9) :
106805.

FEREY G,MELLOT-DRAZNIEKS C,SERRE C,et
al. A chromium terephthalate-based solid with unusu-
ally large pore volumes and surface area[J]. Science,
2005, 309 (5743) : 2040-2042.

LIU S,HUO Y,DENG S,et al. A facile dual-mode
aptasensor based on AuNPs@MIL-101 nanohybrids for
ultrasensitive fluorescence and surface-enhanced Ra-

man spectroscopy detection of tetrodotoxin[J]. Bio-

(F#% 60 W)



+ 60

[25]

[26]

[27]

19.

ZHANG W,WONG K W,YU H,et al. An image en-
cryption scheme using reverse 2-dimensional chaotic map
and dependent diffusion[J]. Communications in non-
linear science and numerical simulation, 2013, 18(8) :
2066-2080.

REHMAN A U,LIAO X F,ASHRAF R, et al. A color
image encryption technique using exclusive-OR with
DNA complementary rules based on chaos theory and
SHA-2[J]. Optik, 2018, 159: 348-367.

OZKAYNAK F,YAVUZ S. Analysis and improvement

[28]

[29]

FAMRREEE Fak By

of a novel image fusion encryption algorithm based on
DNA sequence operation and hyper-chaotic system[J].
Nonlinear dynamics, 2014, 78:1311-1320.

BELAZI A,EL-LATIF A A A,BELGHITH S. A novel
image encryption scheme based on substitution-
permutation network and chaos[J]. Signal processing,
2016, 128:155-170.

CHAI X L,CHEN Y R,BROYDE L. A novel chaos-
based image encryption algorithm using DNA sequence
operations[J]. Optics and lasers in engineering, 2017,
88:197-213.

RIEHRE: AR %

(E42% 28 W)

[15]

[16]

[J]. Computers & chemical engineering,2002,26 (11) :
1553-1565.

XUA B, YANG G. Interpretability research of deep
learning : a literature survey[J]. Information fusion,
2024,115:102721.

HUANG J C,GUO Q,LI X H,et al. A comprehensive
review on the application of neural network model in

microbial fermentation[J]. Bioresource technology ,

[17]

(18]

2024,416:131801.

ZHANG Q,YANG L T,CHEN Z,et al. A survey on
deep learning for big data[J]. Information fusion, 2018,
42:146-157.

HU X,CHU L, PEI J,et al. Model complexity of deep
learning : a survey[J]. Knowledge and information
systems, 2021, 63:2585-2619.

SRS AR AF

(L% 36 M)

[28]

[29]

[30]

[31]

sensors & bioelectronics, 2022,201: 113891.

WANG C,ZHU K, SHI P, et al. Rapid and label-free
detection of aflatoxin B1 using a rationally truncated
aptamer and via circular dichroism measurement[J].
Chemical communications, 2022, 58 (3) : 4779-4782.
HE J,LI G,HU Y. Aptamer-involved fluorescence
amplification strategy facilitated by directional enzy-
matic hydrolysis for bioassays based on a metal-organic
framework platform: highly selective and sensitive de-
termination of thrombin and oxytetracycline [J]. Mik-
rochimica acta, 2017, 184 (7) : 2365-2373.

WU Y,HAN J,XUE P,et al. Nano metal-organic
framework (NMOF) -based strategies for multiplexed
microRNA detection in solution and living cancer
cells[J]. Nanoscale, 2015, 7 (5) : 1753-1759.

GUO J,LIU D, YANG Z,et al. A photoelectro-

[32]

[33]

[34]

[35]

chemical biosensor for rapid and ultrasensitive noro-
virus detection[J]. Bioelectrochemistry , 2020, 136:
107591.
HEO N S,OH S Y,RYU M Y, et al. Affinity peptide-
guided plasmonic biosensor for detection of noroviral
protein and human norovirus[J]. Biotechnology and
bioprocess engineering, 2019, 24 (2) : 318-325.
Hh, EJEHE, 238, 45 HHL RT-PCR PG i 4
R BE ST (T, BRI =2 E R (A ARFHA IR
2020,21(2) : 188-190
By, Wk, B, 4. SCRF RT-LAMP 552058
RT-PCR il 12 G 1T BB TR A00F 5T [U]. K
IR RE2E T, 2013,23 (3) : 49-53.
I, B, 2 A, S AR R LR TRk R A
S I E AT AN ik (0] Tl e i, 2020,
47(8) :2665-2672.

HERE:



