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Microcystin is a kind of biotoxin widely found in freshwater bodies across the world. It is one of the indicators of
water eutrophication which makes water consumption harmful to human beings. Microcystin can inhibit the
production of protein phosphatase in cells and exposure to microcystin can severely damage organs, including
liver, intestines, lungs, and kidneys. There are many variants of microcystin, such as MC-LR, MC-RR, and MC-YR
(L, R, and Y stand for leucine, arginine, and tyrosine, respectively). Among them, MC-LR is the most common and

the most toxic variant.
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| 1. Overview

Sensing Microcystin-LR (MC-LR) is an important issue for environmental monitoring, as the MC-LR is a common
toxic pollutant found in freshwater bodies. The demand for sensitive detection method of MC-LR at low
concentrations can be addressed by metasurface-based sensors, which are feasible and highly efficient. Here, we
demonstrate an all-dielectric metasurface for sensing MC-LR. Its working principle is based on quasi-bound states
in the continuum mode (QBIC), and it manifests a high-quality factor and high sensitivity. The dielectric
metasurface can detect a small change in the refractive index of the surrounding environment with a quality factor
of ~170 and a sensitivity of ~788 nm/RIU. MC-LR can be specifically identified in mixed water with a concentration
limit of as low as 0.002 pg/L by a specific recognition technique for combined antigen and antibody. Furthermore,
the demonstrated detection of MC-LR can be extended to the identification and monitoring of other analytes, such
as viruses, and the designed dielectric metasurface can serve as a monitor platform with high sensitivity and high

specific recognition capability.

| 2. Microcystin

Microcystin is a kind of biotoxin widely found in freshwater bodies across the world HIEI4 |t is one of the
indicators of water eutrophication which makes water consumption harmful to human beings BBl Microcystin
can inhibit the production of protein phosphatase in cells and exposure to microcystin can severely damage
organs, including liver, intestines, lungs, and kidneys RIBIZIEBIBIIONLILZ] There are many variants of microcystin,

such as MC-LR, MC-RR, and MC-YR (L, R, and Y stand for leucine, arginine, and tyrosine, respectively). Among
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them, MC-LR is the most common and the most toxic variant BI8IL3] According to the World Health Organization
recommendations, the MC-LR content in drinking water shall not exceed 1 pg/L 14, In order to effectively manage
microcystin and reduce its health risks, there is an urgent need for a sensitive and reliable method to detect

microcystin, especially MC-LR.

Traditionally, the detection of MC-LR relies on an enzyme-based biochemical or chemical chromatography method,
and it involves a trade-off between sensitivity and response speed WSILSILTIISILIN |y this regard, metasurface-
based sensors can provide a feasible solution with their high sensitivity, real-time analysis, and label-free process
(20121]22] The metasurface is ultrathin metamaterials consisting of planar microstructures (e.g., meta-atoms) with
pre-determined electromagnetic responses arranged in specific sequences, and it enables strong interactions with
the electric and/or magnetic components of the incident electromagnetic fields [211(221[23]241[25](2627] pye to strong
enhancement of the electric field, metasurface based on surface plasmon resonances (SPR metasurface) using
metal can detect the presence of MC-LR even at very low concentrations. Hu et al. introduced an indirect SPR
immune sensor by covalently linking the coupling of bovine serum albumin and microcystin to the carboxymethyl
dextran on the gold surface of a sensor chip 29. Sonia Herranz et al. systematically evaluated the performance of
an SPR biosensor with a sensitivity of 0.2 pg/L 2. In addition to sensitivity, the quality factor is also used to
evaluate the performance of metasurface-based sensors [2H[24125] The quality factor is defined as the
underdamped condition of resonance 2423l Although the SPR metasurface provides a highly sensitive detection
strategy for MC-LR, the quality factor is limited by the intrinsic loss of metal, and the thermal effect of metal
inevitably damages the living tissues in case of an in vivo sensing [26127]128][29]

Dielectric metasurface with high-refractive index and low intrinsic loss has the potential to overcome these
limitations [BQ31I(32[33][34][35][36][37][38][391[40][41][42][43][44][45][46][47]  Compared with an SPR metasurface, a dielectric

metasurface has three distinct advantages. Firstly, a dielectric metasurface can achieve a higher quality factor
compared to an SPR metasurface due to its low intrinsic loss BLIB2I33134]  Secondly, dielectric such as silicon is
harmless to biomolecules without the thermal effect, and thereby, the dielectric metasurface can work for in vivo
sensing 321381 Finally, the dielectric metasurface supports not only electric resonance mode but also magnetic
resonance mode and higher-order multipole modes [B7I38I39[40)[41][42][43][44][45][46][47]  Therefore, dielectric
metasurfaces are expected to provide new directions and technologies for label-free detection of MC-LR owing to
its high-quality factor and high sensitivity.

In this article, we demonstrate an all-dielectric metasurface based on periodic arrays of elliptical silicon disc pairs
for sensing MC-LR with high-quality factor and high sensitivity. These elliptical silicon disc pairs support quasi-
bound states in the continuum mode (QBIC), which, in turn, supports resonance with narrow linewidth and strong
electric field enhancement in the near-field region of QBIC. Based on this technique, small changes in the
refractive index of enhancement region can be detected by the dielectric metasurface with a quality factor of ~170
and a sensitivity of ~788 nm/RIU (refractive index unit). In addition, combined with the antigen-antibody binding
technique, the dielectric metasurface realizes the specific recognition of MC-LR even at low concentrations. The

limiting concentration for sensing MC-LR in the experiment turns out to be as low as 0.002 ug/L.
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| 3. Conclusions

This entry demonstrates an all-dielectric metasurface for sensing MC-LR experimentally with high-quality factor
and high sensitivity. First, the all-dielectric device provides a harmless, feasible, and stable detection platform for
precise biological monitoring. As the dielectric has no thermal effect, the dielectric metasurface does not damage
living tissues for in vivo sensing. Second, the high sensitivity enables it to promptly warn about the presence of
MC-LR pollution in freshwater bodies to prevent catastrophic harm to human and animal lives. Third, the dielectric
metasurface can also be combined with microfluidics to realize real-time dynamic monitoring of biologically active
molecules. Finally, the dielectric metasurface can be fabricated on flexible material and used in smart wearable
devices to achieve real-time health monitoring. Essentially, the dielectric metasurface provides a highly sensitive

sensing platform for MC-LR and can be extended to other target analytes, such as viruses.
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