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Supplemental figures 

 

Figure S1. Dimeric conformation of MERS-CoV N-NTD. (A) Overall structure of MERS-
CoV N-NTD. Four molecules (A-D) form two dimers per asymmetric unit. (B) 

Superimposition of two dimers in the same asymmetric unit showing high structural 

identity and RMSD = 0.303 Å. (C) Cross-linking analysis of wild-type (WT) MERS-CoV 
N-NTD and various MERS-CoV N-NTD mutants. Black arrows indicated the expected 

positions of the protein dimer and monomer. (D) Structural superposition was performed 
by aligning the reported CoVs N proteins to a monomer of the MERS-CoV structure. All 

reported CoV NTD were monomeric and contained a core structure with a conformation 
similar to that which is depicted in the topology diagram (right panel). (E) Superimposed 

structure was achieved by aligning the MERS-CoV N-NTD containing vector-fusion 
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residues (solved in this study; molecule color is the same as in Fig. 1A) to that 
containing native residues (PDB: 4ud1; shown in cyan). Black box highlights the flexible 

region. Residues from the vector and corresponding residues from the native MERS are 
shown as sticks and labeled with V and M in brackets, respectively. S42 indicates the 

starting point of the flexible area. 
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Figure S2. LibDock pose of dimeric MERS-CoV N-NTD with potent compounds. (A) 
Cartoon representation of non-native dimer of MERS-CoV N-NTD showing the selected 

binding sphere used in the shape complementarity docking. The color of each monomer 
is the same as in Fig. 1A. The residues forming the W-43 pocket on monomer 2 and 

N39 on monomer 1 are shown as sticks. (B) Same as in (A) except the selected 

compounds bear the colors brown, purple and cyan for P1, P2, and P3, respectively. (C) 

Detailed information for each selected compound. 
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Figure S3. P3-induced aggregation of MERS-CoV N protein sequesters the RNA 

binding region on the N-CTD dimer. Red box indicates the contacts of each protein 
surrounding one CTD cuboid in the N protein aggregation described in detail in the right 

panel. (A) The indicated area includes three full-length N proteins and one N protein 

CTD labeled with N1, C1; N2, C2; N3, C3; and C4 for the N-and C-TD of each protein, 
respectively. Four molecules are shown in a cartoon and colored in yellow, green, blue, 

and orange for N proteins 1–4, respectively. (B) Same as (A) except the CTD cuboids 
formed by C1 and C3 are shown as an electrostatic surface to highlight the basic RNA 

binding region. Blue and red indicate positive and negative charge potential, 
respectively. (C) Same as (B) except the view is rotated 60° along the x-axis to clarify 

the sequestered RNA binding surface. (Insert) Proposed RNA binding surfaces are 

highlighted with yellow dotted circles. 
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Figure S4. Potential target sites for broad-spectrum antiviral compound development. 

Left panel: surface representation of MERS-CoV N-NTD with P3 depicted as a stick 

structure. Right panel: maps of conserved and hydrophobic surfaces of monomer 1 
(upper) and monomer 2 (lower). N protein structures of various CoV were aligned and 

colored according to sequence conservation based on alignment corresponding to Fig. 
1D. Residues of the aligned proteins corresponding to the P3 binding pocket on MERS 

CoV are shown as sticks and labeled in the order HCoV-OC43 N-NTD (PDB ID: 4J3K), 
SARS-CoV N-NTD (PDB ID: 2OFZ), MHV N-NTD (PDB ID: 3HD4), and IBV N-NTD 

(PDB ID: 2GEC). Surface hydrophobicity colors range from the most hydrophobic (red) 

to the most hydrophilic (white) according to the surface residues of MERS CoV N-NTD. 

Potential target sites on N-NTD are highlighted with yellow circles. 
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Figure S5. Antiviral activity of P3 against MHV (mouse hepatitis virus). MHV was pre-
incubated with 100 μM P3 or control for 1 h and a plaque assay was performed to 

determine the virus titer in Vero E6 cells. All values are presented as mean ± SE 

(standard error of mean). 
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Supplemental tables 

Table S1. Crystallographic data collection and refinement statistics. 
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Table S2. W43 docking pose with chemical structures, docking scores, and biochemical 

properties of 17 potential hits. 
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Table S3. Primers used for mutagenesis in this study. 

 


