




Figure 7: VHH-72-Fc neutralizes SARS-CoV-2 S pseudoviruses. A) BLI sensorgram measuring apparent 
binding affinity of VHH-72-Fc to immobilized SARS-CoV-2 RBD-SD1. Binding curves are colored black, 
buffer-only blanks are colored gray and the fit of the data to a 1:1 binding curve is colored red. B) Time 
course analysis of VHH-72-Fc expression in ExpiCHO cells. Cell culture supernatants of transiently 
transfected ExpiCHO cells were removed on days 3-7 after transfection (or until cell viability dropped 
below 75%), as indicated. Two control mAbs were included for comparison, along with the indicated 
amounts of purified GBP-Fc as a loading control. C) SARS-CoV-2 S pseudotyped VSV neutralization 
assay. Monolayers of Vero E6 cells were infected with pseudoviruses that had been pre-incubated with the 
mixtures indicated by the legend. The VHH-72-Fc used in this assay was purified after expression in 
ExpiCHO cells (n = 4). VHH-23-Fc is an irrelevant control VHH-Fc (n = 3). NI cells were not infected. 
Luciferase activity is reported in counts per second (c.p.s.) �r SEM.
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Supplementary Figure 1: CoV VHH immunization and panning. A) Schematic depicting the 
immunization strategy that was used to isolate both SARS-CoV-1 S and MERS-CoV S-directed VHHs 
from a single llama. The prefusion stabilized SARS-CoV-1 spike is shown in pink and the prefusion 
stabilized MERS-CoV spike is shown in tan. B) Phylogenetic tree of the isolated MERS-CoV and SARS-
CoV S-directed VHHs, based on the neighbor joining method. C) Reactivity of MERS-CoV and SARS-
CoV S-directed VHHs against the prefusion stabilized MERS-CoV S and SARS-CoV-1 S protein, 
respectively. A VHH against an irrelevant antigen (F-VHH) was included as a control. 
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Supplementary Figure 2: Sequence alignment of neutralizing SARS-CoV and MERS-CoV S-directed 
VHHs. Invariant residues are shown as black dots. The CDRs are shown underneath black lines..
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 Neutralization IC50(µg/mL) 

 MERS-CoV 
England 1 

 SARS-CoV-1 
Urbani 

D12 mAb (ctrl) 0.01996  >10 

MERS VHH-2 >10  >10 

MERS VHH-12 0.13  >10 

MERS VHH-15 >10  >10 

MERS VHH-20 >10  >10 

MERS VHH-34 2.9  >10 

MERS VHH-40 0.034  >10 

MERS VHH-55 0.014  >10 

SARS VHH-1 >10  >10 

SARS VHH-6 >10  >10 

SARS VHH-35 >10  >10 

SARS VHH-44 >10  5.5 

SARS VHH-72 >10  0.14 
 
Table 1: MERS-CoV and SARS-CoV-1 pseudovirus neutralization data. 
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