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A B S T R A C T   

Saxitoxin (STX), which is produced by certain dinoflagellate species, is a type of paralytic shellfish poisoning 
toxin that poses a serious threat to human health and the environment. Therefore, developing a technology for 
the convenient and cost-effective detection of STX is imperative. In this study, we developed an affinity peptide- 
imprinted polymer-based indirect competitive ELISA (ic-ELISA) without using enzyme–toxin conjugates. AuNP/ 
Co3O4@Mg/Al cLDH was synthesized by calcining AuNP/ZIF-67@Mg/Al LDH, which was obtained by 
combining AuNPs, ZIF-67, and flower-like Mg/Al LDH. This synthesized nanozyme exhibited high catalytic 
activity (Km = 0.24 mM for TMB and 132.5 mM for H2O2). The affinity peptide-imprinted polymer (MIP) was 
imprinted with an STX-specific template peptide (STX MIP) on a multi-well microplate and then reacted with an 
STX-specific signal peptide (STX SP). The interaction between the STX SP and MIP was detected using a 
streptavidin-coated nanozyme (SA-AuNP/Co3O4@Mg/Al cLDH). The developed MIP-based ic-ELISA exhibited 
excellent selectivity and sensitivity, with a limit of detection of 3.17 ng/mL (equivalent: 0.317 μg/g). Further
more, the system was validated using a commercial ELISA kit and mussel tissue samples, and it demonstrated a 
high STX recovery with a low coefficient of variation. These results imply that the developed ic-ELISA can be 
used to detect STX in real samples.   

1. Introduction 

Saxitoxin (STX) is a potent neurotoxin that has a low molecular 
weight (299 g/mol) and belongs to the paralytic shellfish poisoning 
(PSP) toxin group. When humans consume STX-contaminated shellfish, 
such as mussels, clams, and oysters, the STX acts as a sodium channel 
blocker. This blockage disrupts the normal flow of sodium ions through 
the membranes of nerve cells, leading to paralysis and, in severe cases, 
respiratory failure (Campbell et al., 2011; Epstein-Barash et al., 2009; 
van der Merwe, 2014). Thus, the regulatory limit for STX (PSP group) in 
seafood is 80 μg equivalent per 100 g (Food and Drug Administration, 
2011). Accordingly, detecting STX in shellfish is crucial for public health 
and environmental monitoring. 

Traditional STX detection methods include mouse bioassay, liquid 
chromatography–mass spectrometry, and high-performance liquid 

chromatography (HPLC)–mass spectrometry (Campbell et al., 2007; 
Humpage et al., 2010). However, these methods have limitations, 
including the need for specialized training, time-consuming processes, 
and expensive equipment. The enzyme-linked immunosorbent assay 
(ELISA) has been widely employed for STX detection because of its 
cost-effectiveness and ease of use (McCall et al., 2019; Teepoo et al., 
2019). Commercial ELISA kits for STX detection, such as Euro-
Proxima®STX ELISA and ABRAXIS®Saxitoxins (PSP), offer high selec
tivity and sensitivity but rely on antibodies and STX–enzyme (or carrier 
protein) conjugates, making them complex, expensive, and unstable 
(Cho et al., 2019). Consequently, it is necessary to develop cost-effective 
and easy-to-use ELISA systems for STX detection. 

Short affinity peptides and molecularly imprinted polymers (MIPs) 
have been widely studied as receptors for the recognition of various 
targets, including proteins (Agrawal et al., 2016; Cho et al., 2021, 2022; 
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