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Structure-guided Nanobodies Block SARS-CoV-2 Infection 
 
Monoclonal antibodies are valuable weapons in the battle against COVID-19 as direct-acting 
antiviral agents (1). Central to virus replication cycle, the SARS-CoV-2 spike protein binds the 
host cell receptor and engages in virus-host membrane fusion (2). Conformational flexibility 
of the spike protein allows each of its receptor binding domains (RBDs) to exist in two major 
configurations: a “down” conformation that is thought to be less accessible to binding of many 
neutralizing antibodies and an “up” conformation that binds both the receptor and neutralizing 
antibodies (3-5). Some neutralizing antibodies bind to the RBD in the “up” conformation and 
compete with the receptor (6, 7), 
while some neutralizing antibodies 
bind and stabilize the “down” confor-
mation to prevent the conforma-
tional changes required for viral 
entry, thereby hindering infection 
(8, 9). 
 
Unfortunately, antibody molecules 
can be more difficult to produce in 
large quantities and are relatively 
costly to produce. Single domain 
antibodies, also known as nanobod-
ies, offer an opportunity to rapidly 
produce antiviral agents for immun-
ization and for therapy. Nanobodies 
are easier to produce, have high 
thermal stability and have the 
potential to be administered by inha-
lation. 
 
A consortium of researchers from the 
University of Bonn, The Scripps 
Research Institute, the Karolinska 
Institutet and the University of 
Illinois at Urbana-Champagne 
designed, engineered, and structur-
ally characterized new nanobodies. They used the resulting detailed structural information of 
the nanobody binding modes to optimize for a more effective COVID-19 therapeutic 
candidate.  
 
Nanobodies specific for the receptor binding domain (RBD) of the SARS-CoV-2 spike protein 
were identified by phage display using nanobody libraries from an alpaca and a llama immun-
ized with the RBD and inactivated virus. X-ray crystallography performed on SSRL BL12-1, as 
well as at the APS, of four resulting nanobodies revealed that they bind to distinct epitopes 
on the RBD. Based on this structural information, the authors were able to design bi- and tri-
valent nanobodies with improved neutralizing properties. One of the multivalent nanobodies 
that simultaneously targeted two independent epitopes on the spike protein was able to acti-
vate the fusion machinery (Fig. 1). Activation of spike in the absence of target membranes 
induces irreversible conformational changes without promoting fusion, thus preventing cell 
entry and virus replication. These engineered multivalent nanobodies provided more than 100 
times the neutralizing activity of monovalent nanobodies and have strong potential clinical 

Figure 1. Bivalent nanobodies inducing post-fusion 
conformation of the SARS-CoV-2 spike protein: SARS-
CoV-2 spike proteins are in a fusion inactive configuration 
when the RBDs are in the down conformation (left). 
Binding of bivalent nanobody (red and green ribbons 
joined by yellow tether) stabilizes the spike in an active 
conformation with all RBDs up (middle), triggering 
premature induction of the post-fusion conformation, 
which irreversibly inactivates the spike protein (right). 



applications, owing to the increased neutralization activity and the built-in protection from 
rapid emergence of escape mutants.  
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