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    Abstract
Globally accessible preventive and therapeutic molecules against SARS-CoV-2 are urgently needed. DARPin molecules are an emerging class of novel therapeutics based on naturally occurring repeat proteins (∼15 kDa in size) and can be rapidly produced in bacteria in large quantities. Here, we report the identification of 380 DARPin molecules specifically targeting the SARS-CoV-2 spike protein selected from a naïve library of 1012 DARPin molecules. Using extensive biophysical and biochemical characterization, (pseudo)virus neutralization assays and cryo-EM analysis, 11 mono-DARPin molecules targeting either the receptor binding domain (RBD), the S1 N-terminal-domain (NTD) or the S2 domain of the SARS-CoV-2 spike protein were chosen. Based on these 11 mono-DARPin molecules, 31 anti-SARS-CoV-2 multi-DARPin molecules were constructed which can broadly be grouped into 2 types; multi-paratopic RBD-neutralizing DARPin molecules and multi-mode DARPin molecules targeting simultaneously RBD, NTD and the S2 domain. Each of these multi-DARPin molecules acts by binding with 3 DARPin modules to the SARS-CoV-2 spike protein, leading to potent inhibition of SARS-CoV-2 infection down to 1 ng/ml (12 pM) and potentially providing protection against viral escape mutations. Additionally, 2 DARPin modules binding serum albumin, conferring an expected half-life of about 3 weeks in humans, were included in the multi-DARPin molecules. The protective efficacy of one multi-DARPin molecule was studied in a Golden Syrian hamster SARS-CoV-2 infection model, resulting in a significant reduction in viral load and pathogenesis. In conclusion, the multi-DARPin molecules reported here display very high antiviral potency, high-production yield, and a long systemic half-life, and thereby have the potential for single-dose use for prevention and treatment of COVID-19.
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