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Supplementary Figure 1: Developing monobodies targeting SARS-CoV-2 N 872 

(A) Neighbor joining tree of N amino acid sequences from indicated coronavirus. Scale bar 873 

represents 10% similarity.  874 

(B) Diversity of SARS-CoV-2 N sequences from all clinical sequenced genotypes (712 875 

sequences in total, GISAID, retrieved on 03-23-2019). Diversity was calculated as Shannon 876 

entropy on each position. 877 

(C) The 10Fn3 domain with randomized regions highlighted in red. The library is constructed 878 

from 8 oligonucleotides.  879 



(D) Doping scheme to bias loop positions towards parental sequences. Alanine is given as an 880 

example. If the first codon position is mixed with 61% G, 13% all other nucleotides, and the 881 

second position is mixed with 61% C, 13% all others, the frequency of Ala is 0.37. All other 882 

amino acids are represented, although quadrants that fall within the first or second position 883 

bias are more frequent.  884 

(E) Doped library composition. The parental N-binding loop sequences are indicated with 885 

fraction representation (dark blue) based on the observed nucleotide frequencies.  886 

 887 



 888 
Supplementary Figure 2: Monobodies can bind and recognize N protein 889 

(A&B) SPR analysis of binding affinity of NN2 and NC2 to SARS N.  890 



(C) Nuclear localization of monobodies by IFA with or without N overexpression. A549 cells 891 

were transected with indicated plasmids. Cells were fixed at 24 hours post-transfection with 892 

MBP-tagged monobodies. 893 

(D&E) Immunofluorescence analysis (IFA) examined the co-localization of monobodies with 894 

N in infected cells. No cross-reactivity was observed with mock-infected or MERS-infected 895 

cells. Scale bar represents 10 uM. 896 
  897 



 898 

 899 

 900 

Supplementary Figure 3: Single round of in vitro maturation for the 3rd generation N-901 

binding monobodies 902 

(A&B) Bar plots show the mutation frequency of each mutagenized site in the input libraries.  903 

(C) The correlation between the read depth of the input libraries and the selected libraries is 904 

shown (person correlation).  905 

(D) Validation rate of ANN models. Spearman correlation coefficients between the predicted 906 

enrichment scores and the experimental enrichment scores were listed. The model was 907 



trained by 90% and validated with 10% of the experimental data (second column). Then the 908 

model was extended to the whole dataset, with the correlation value listed in the third 909 

column.  910 

(E) Correlation between ANN-predicted enrichment scores and experimental enrichment 911 

scores among top binders (experimental RE score > 10 for both conditions, r indicates 912 

spearman correlation).  913 

(F) The amino acid sequences of the validated 3rd generation monobodies were shown. The 914 

sequences were compared with the parental sequences (NN2 and NC2). Yellow shades 915 

indicate the residues within the BC and FG loops, and red shades mark the different residues. 916 



 917 
Supplementary Figure 4: Establishment of monobody-based ELISA for N detection  918 

(A&B) Partial monobody-based ELISA for N detection using TMB substrate. MBP-tagged 919 

NC2 or MBP-tagged NN2 was coated on ELISA plates for capturing SARS-CoV-2 N. An 920 

anti-SARS N rabbit polyclonal antibody was utilized as detection antibody, along with an 921 

HRP-conjugated anti-rabbit IgG. Recombinant N was serially diluted in 5% BSA+ 0.5% 922 

Triton X-100. Error bar indicates standard deviation. 923 

(C&D) Partial monobody-based ELISA for N detection using chemiluminescence substrate. 924 

Three independent experiments were performed on different days.   925 



(E) Full monobody-based ELISA for N detection using HRP-conjugated NN2. 926 

Chemiluminescence substrate was used.  927 

Error bars indicate SD. Negative control with no addition of N is showed with -5 on the 928 

curve.  929 
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