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Supplementary Figure 1. Multiple sequence alignment1 of Clostridium perfringens (Cp)-NanI 

and human (Homo sapiens (Hs)) Neu1–4. (a) Total five sequences were aligned: Cp-NanI 

(WP_011590331.1, residues 243–691 and ∆361–426); Hs-Neu1 (NM_000434.2, residues 65–407); 

Hs-Neu2 (NM_005383.2, residues 12–377); Hs-Neu3 (NM_006656.5, residues 12–407, ∆287–300 

and ∆315–326); Hs-Neu4 (NM_001167599.1, residues 11–466, ∆284–336 and ∆355–373); 

Influenza A neuraminidase (IA-NA) (strain A/Tern/Australia/G70C/1975 H11N9) (M17813.1, 

residues, 14−383); Influenza B neuraminidase (IB-NA) (strain B/Beijing/1/1987) (M54967.2, 

residues, 16−388). The italic codes mean NCBI GenBank reference sequence numbers. Residues 

showing multi-drug resistances of viral NAs are shown as black filled circles in the above of the 

sequences. (b) Conserved and variable residues of Cp-NanI, Hs-Neu1‒4, IA-NA, and IB-NA. 
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Supplementary Figure 2. Superposed overall structures of Hs-Neu1–4. Hs-Neu1 (purple), Hs-

Neu3 (green) and Hs-Neu4 (magenta) was built from Modeller9v7 software2 based on reported Hs-

Neu2 structure (PDB code, 1VCU; grey) 3. 
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Supplementary Figure 3. Scheme for time-dependent enzyme inhibition. (a) Equations, (2) and 

(3) to determine vi, vs, and kobs from the curves using various concentrations of the inhibitors. (b) 

The upper part denotes the turnover of the enzyme in the absence of inhibition. The lower part 

illustrates the equilibrium for a slow-binding inhibition process.  

 

 



 

7 

 

 
 
 
 
 
 
 
 
 

 
 

Supplementary Figure 4. Lineweaver-Burk plot for inhibition of Cp-NanI by diplacone. 
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Supplementary Figure 5. Superposition of the eight sialidase catalytic domains. (a) Superposed 

sialidase catalytic domains (2VK5, grey; 1SLL, orange; 2XCY, blue; 1MZ5, green; 2SIL, brown; 

2VW0, yellow; 7NN9, magenta; 1VCU, blue). Detail information was described in Table S1. (b) 

Structural conservation of the residues in the active site. The residues were labeled based on Cp-

NanI sequence. 

  



 

9 

 

 
 
 
 
 
 
 
 
 

 

 

 

Supplementary Figure 6. 2Fo – Fc composite omit map of diplacone contoured at 1.0 σ. 
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Supplementary Figure 7. Structural comparison of Cp-NanI and drug-resistant mutants of viral 

neuraminidases. Cp-NanI-diplacone, H1N1 viral NA (I223R)-oseltamivir (PDB code, 4B7J), and 

H5N1 viral NA (H274Y)-oseltamivir (PDB code, 3CL0) complexes are colored in green, magenta, 

and orange, respectively. (a) Overall superposed structures. (b) Detail view of the active sites.  
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Supplementary Table 1. Root mean square deviation (Å) of Hs-Neu1–4. 

 

 

Proteins Hs-Neu1§ Hs-Neu2* Hs-Neu3§ Hs-Neu4§ 

Hs-Neu1§ ─ 0.356 0.481 0.317 

Hs-Neu2* ─ ─ 0.134 0.120 

Hs-Neu3§ ─ ─ ─ 0.156 

 
* Chain A of Hs-Neu2 (PDB code, 1VCU) 
§ Hs-Neu1, Hs-Neu3 and Hs-Neu4 were built by homology modeling based on Hs-Neu2.  
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Supplementary Table 2. Validation results of Hs-Neu1–4 structures. 

 

 Hs-Neu1§ Hs-Neu2* Hs-Neu3§ Hs-Neu4§ 

Ramachandran plot     

Most favored (%) 81.0 77.7 81.6 86.6 

Additionally allowed (%) 14.8 22.3 16.9 10.6 

Generously allowed (%) 2.0 0 1.5 0.9 

Disallowed (%) 2.3 0 0 1.9 

Z score −2.94 −5.80 −5.59 −5.04 
*Chain A of Hs-Neu2 (PDB code, 1VCU) 
§ Hs-Neu1, Hs-Neu3 and Hs-Neu4 were built by homology modeling based on Hs-Neu2.  
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Supplementary Table 3. Conservation of the structures of sialidase catalytic domains. 

 

Gene name Species PDB code RMSD (Å) 

NanI Clostridium perfringens 2VK54 ‒ 

T7 Macrobdella decora 1SLL5 1.00 

AFUA_4G 
13800 

Aspergillus furmigatus 2XCY6 1.15 

mndE' Tripanosoma rangeli 1MZ57 1.30 

NanH Salmonella typhimurium 2SIL8 1.34 

NanB Streptococcus pneumoniae 2VW09 1.20 

NA Influenza A 7NN910 1.00 

NEU2 Homo sapiens 1VCU3 1.19 
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