pISSN 1229-1153 /elSSN 2465-9223 J. Food Hyg. Saf.
Vol. 39, No. 5, pp. 378~389 (2024)
https://doi.org/10.13103/JFHS.2024.39.5.378

Review

Journal of Food Hygiene
and Safety

Available online at http://www.foodhygiene.or.kr

X15pg

Hio| 2 =& J&t

Trends in Development of Affinity Bioreceptor-based Biosensor for
Rapid Detection of Marine Biotoxins

Chae Hwan Cho', Tae Jung Park?, Jong Pil Park'*
!Department of Food Science and Technology, College of Biotechnology and Natural Resources,
GreenTech-Based Food Safety Research Group (BK21 Four),
Chung-Ang University, Anseong, Korea
’Department of Chemistry, Institute of Interdisciplinary Convergence Research, Research Institute of Chem-Bio
Diagnostic Technology, Chung-Ang University, 84 Heukseok-ro, Dongjak-gu, Seoul, Korea

(Received October 2, 2024/Revised October 14, 2024/Accepted October 15, 2024)

ABSTRACT - Marine biotoxins are becoming increasingly prevalent due to rising ocean temperatures driven by
global warming, posing serious threats to food safety and public health. Traditional detection methods for marine bio-
toxins, such as mouse bioassays, high-performance liquid chromatography, and liquid chromatography-mass spec-
trometry, are limited by time-consuming procedures and high costs. Biosensor technology has emerged as a promising
alternative. These biosensors employ bioreceptors (such as cells, antibodies, aptamers, and peptides) to detect marine
biotoxins rapidly and accurately. In this review, we discuss the various types of bioreceptors and explore recent devel-
opments in biosensor technologies for marine biotoxin detection. Furthermore, we highlight the advantages of these
bioreceptors and consider future directions for improving biosensor performance in detecting marine biotoxins.
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Recognition

Detection

Sensing method Analyte LOD Linear range. . Ref.
element time
STX 1.8 ng/mL 0.78-100 nM
Dc STX 5.2 ng/mL 0.78-100 nM
Neo STX 0.6 ng/mL 0.78-100 nM
GTX 1&4 2.0 ng/mL 0.78-100 nM
1 Colorimetric Neuro-2a >48 h [48]
GTX 2&3 9.5 ng/mL 23-3000 nM
GTX 5 77.4 ng/mL 23-3000 nM
Dc GTX 2&3 6.1 ng/mL 0.78-100 nM
N-sulfo-GTX 1&2 126.6 ng/mL 23-3000 nM
2 Colorimetric HepG2 OA 33.95 ng/mL 10-800 ng/mL 3h [49]
. . HepG2 OA 3.41 ng/mL
3 Colorimetric 5-200 ng/mL 3h [50]
THP-1 OA 13.45 ng/mL
4 Electrochemical Neuro-2a STX 0.03 ng/mL 0.1-1000 ng/mL >24 h [51]
. . OA 7.16 ng/mL 10-800 ng/mL
5 Electrochemical Cardiomyocytes >24 h [53]
STX 5.19 ng/mL 50-1000 ng/mL
STX 0.29 ng/mL 0.5-800 ng/mL
6 Electrochemical Cardiomyocytes TTX 0.30 ng/mL 0.5-800 ng/mL >24 h [52]
GTX-2 0.16 ng/mL 0.5-800 ng/mL
7 SAW ECA9706 OA 0.4 ug/g - - [54]

STX: saxitoxin; Dc-STX: decarbamoylsaxitoxin; Neo-STX: neosaxitoxin; GTX: gonyautoxin; Dc-GTX: decarbamoylgonyautoxin; OA:

okadaic acid; TTX: tetrodotoxin; SAW: surface acoustic wave.
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Sensing method Recognition Analyte LOD Linear range. Det.e ction Ref.
element time
1 Colorimetric OA-mAb OA 0.02 ng/mL 0.02-33.6 ng/mL 2h [59]
2 Colorimetric OA-mAb OA 0.02 ng/mL 0.02-50 ng/mL 45 min [60]
3 Colorimetric OA-mAb OA 0.5 ng/mL 0.8-6.8 ng/mL l1h [83]
4 Colorimetric AZA-1-mAb AZA-1 37 ng/mL 0.3-4.1 ng/mL 5h [84]
OA-mAb OA 1.3 ng/mL 2.0-98.9 ng/mL
5 Fluorescence 3h [61]
STX-mADb STX 0.2 ng/mL 1.5-15.9 ng/mL
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Electrochemistry OA-mAb OA 2.65 pg/mL 5-100 pg/mL 40 min [63]
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OA-mAb OA 7 pg/mL 0.001-80 ng/mL
9 PEC lh [64]
TTX-mAb TTX 5 pg/mL 0.001-100 ng/mL
10 CE CTX3C-mAb CTX3C 0.09 pg/mL 0.6-150 pg/mL 15 min [65]

STX: saxitoxin; OA: okadaic acid; TTX: tetrodotoxin; AZA-1: azaspiracid-1; CTX3C: ciguatoxin CTX3C; PEC: photoelectrochemical;

CE: capillary electrophoresis.
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Table 3. Aptamer-based biosensors

Detection

Sensing method Recognition element Analyte LOD Linear range. time Ref.
1 Colorimetric Bap 5 aptamer (ssDNA) BRX-2 3.125 ng/mL 3.125-200 ng/mL 5h [69]
2 Colorimetric M-30f aptamer (ssDNA) STX 42.13 pM 78.13-2500 pM 4h [70]
3 Colorimetric TTX aptamer (ssDNA) TTX 0.07 ng/mL 0.1-200 ng/mL - [71]
4 Fluorescence OA27-FAM (ssDNA) OA 6.35 ng/mL 25-200 ng/mL 40 min [73].
TTX-07 (ss DNA) TTX 1.21 ng/mL 5-150 ng/mL
5 Fluorescence STX-41 (ss DNA) STX 0.39 ng/mL 1-100 ng/mL 1.5h [74]
DA-06 (ss DNA) DA 0.45 ng/mL 0.5-50 ng/mL
6 Fluorescence Duplexed aptamer OA 0.003 ng/mL 0.1-1000 ng/mL 2.5h [86]
7  Electrochemistry STX aptamer (ssDNA) STX 4.67 pg/mL 10 pg/mL — 1 pg/mL 4h [75]
MC-LR aptamer (ss DNA) MC-LR 0.0033 nM 0.073-150 nM
CYL aptamer (ss DNA) CYL 0.0045 nM 0.018-200 nM
8  Electrochemistry Ana-a aptamer (ss DNA) Ana-o 0.0034 nM 0.018-200 nM 20 min [76]
STX aptamer (ss DNA) STX 0.0053 nM 0.018-200 nM
OA aptamer (ss DNA) OA 0.0048 nM 0.018-200 nM
9 Electrochemistry STX aptamer (ss DNA) STX 0.09 nM 0.5-100 nM 1h [87]
10 SERS OA aptamer (ss DNA) OA 2.45 ng/mL 10-800 ng/mL 35 min [78]
11 QCM PbTx-2 aptamer (ss DNA) BRX-2 220 nM 10-1000 nM 1.5h [77]

BRX-2: brevetoxin-2; STX: saxitoxin; TTX: tetrodotoxin; OA: okadaic acid; DA: domoic acid; CYL: cylindrospermopsin; Ana-o: ana-
toxin-a; SERS: surface enhanced raman scattering; QCM: quartz crystal sensor.
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Table 4. Peptide-based biosensors
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Sensing method Recogﬁltril(:n ele- Analyte LOD Linear range. Deg:;‘;ion Ref.
1 Colorimetric OA BP1 OA 5.41 ng/mL 0-1000 ng/mL 2.5h [42]
2 Colorimetric STX BP STX 3.17 ng/mL 0-1000 ng/mL 2.5h [88]
3 Colorimetric DA BP1 DA 0.29 ng/mL 0.5-10 ng/mL 3h [44]
3 Fluorescence STX BP1 STX 1.5 ng/mL 0-800 ng/mL 10 min [80]
5 Electrochemistry STX BP1 STX 0.026 ng/mL 1-1000 ng/mL 8h [43]
6 Electrochemistry STX S4 STX 0.69 pg/mL 10-1000 pg/mL S5h [82]
7 Electrochemistry TTX peptide TTX 2.8 ng/mL 2-1000 ng/mL 3h [81]

STX: saxitoxin; TTX: tetrodotoxin; OA: okadaic acid; DA: domoic acid.
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