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Nanoscopic Tool Assesses Alternative COVID-19 Prevention
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Researchers at Kanazawa University report in Nano Letters how high-
speed atomic force microscopy can be used to assess the effectivity of
spike-neutralizing antibodies for preventing COVID-19. The use of such
antibodies offers a promising alternative to vaccines.

Vaccines against coronavirus disease 2019 (COVID-19) developed and produced during the
COVID-19 pandemic offer a significant degree of protection. However, after the second dose
of a vaccine, protection only lasts up to 8 months and requires multiple booster doses
afterwards. An alternative pathway to prevention and treatment of COVID-19 lies in so-called
spike-neutralizing antibodies (SNABs) that neutralize the effect of the spike protein of the
SARS-CoV-2 virus, the protein mediating entry of the virus into a host cell. Being able to
properly study the interactions between SARS-CoV-2 spike proteins and SNABs is crucial for
developing effective treatment — dynamically visualizing these interactions is particularly

desirable. Keesiang Lim from Kanazawa University and colleagues have now succeeded in

video-imaging protein-SNAB interactions by means of high-speed atomic force microscopy
(HS-AFM). They were able to identify the molecular mechanisms at play, and by doing so
demonstrated that HS-AFM offers a unique nanoscopic assessment platform for evaluating
the intermolecular binding properties of SNABs.

One of the main reasons for the need to study protein-SNAB interactions is to check that they
do not lead to a phenomenon called antibody-dependent enhancement (ADE), which refers to
the situation when a virus enhances its entry potential by binding to a ‘suboptimal’ antibody.
Lim and colleagues used HS-AFM to investigate the ADE risk, as the method is a powerful
nanoimaging tool for visualizing molecular structures and the dynamics of biochemical

interactions involving viruses.

The scientists first looked at how a SARS-CoV-2 virus spike protein binds to a SNAB. They
identified how the structure of the protein-SNAB complex blocks infection, and could
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conclude that, based on the obtained structural information, ADE risk is negligible. Then, to
simulate the dynamic interaction between SNABs and variants of the SARS-CoV-2 virus, Lim
and colleagues created small extracellular vesicles (‘biocontainers’ surrounded by a
membrane, residing outside cells) capable of producing spike proteins. From these
experiments, the researchers concluded viral surface roughness can enhance the infectivity
of SARS-CoV-2 variants. They also found that SNAB could neutralize the Delta variant spike

protein.

(=]

Figure 1. High-speed atomic force microscopy visualization of a spike-neutralizing antibody reacting with a
spike protein.

The work of Lim and colleagues shows that HS-AFM provides an excellent nanoscopic
assessment tool for studying the binding pattern of SNABs and the dynamic interaction
between SNABs and spike protein-mimicking extracellular vesicles. Quoting the researchers:
“These results are essential for the screening of appropriate SNABs with a lower risk of ADE
to treat COVID-19.”

Read the original article on Kanazawa University.
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