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S1. Sequence Alignment of Syb-prII and the Structure Prediction 
The sequence alignment of Syb, Syb-N58A, LqhIT2, BmKIM, BmKITa, BmKITb, and 

BmKANEP3 is shown in Figure S1-1. By predicting the secondary structure, the position 
and coverage of the β-fold and α-helix of the target sequence and the template sequence 
are basically the same. The above results indicate that Syb and Syb-N58A likely belong to 
the β-anti-excitatory neurotoxin. The crystal structure of LqhIT2，one of the depressant 
anti-insect neurotoxins,has been resolved (PDB ID: 2I61). The sequence identity of Syb 
and LqhIT2 was 83.61% and the sequence identity of Syb-N58A and LqhIT2 was 81.97%. 
Therefore, 2I61 was selected as modeling template for Syb and Syb-N58A. 

 
Figure S1-1. The sequence alignment between Syb, Syb-N58A, LqhIT2, BmKIM, BmKITa, BmKITb, and BmKANEP3. 

Modeller 9.9 [1] was used to build 500 conformations of Syb and Syb-N58A follow-
ing sequence alignment with ClustalX 2.1 [2]. The models with the highest discrete op-
timized protein energy scores were validated by Ramachandran plots and the best per-
former was selected. The amino acid residue of Syb in the optimal conformation was 
93.8% in the optimum region and 6.2% in the allowable region. The amino acid residue of 
Syb-N58A in the optimal conformation was 89.8% in the optimum region and 10.2% in 
the allowable region. It can be seen that the proportion of amino acid residues in the 
maximum allowable region exceeded 90%, and the conformation of the model was con-
sidered to be in accordance with the rules of stereochemistry. 
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Figure S1-2. The Ramachandran plot of Syb (a) and Syb-N58A (b). 

 

(a) (b) 

 
(c) 

Figure S1-3. Superimposed structures of Syb (purple) and Syb-N58A (light blue). (a) the interactions of N58 in the 
C-terminal of Syb. (b) The interactions of A58 in the C-terminal of Syb-N58A. (c) Amino acid residues were labeled in 
glassy yellow. H-bonds were labeled in green. 
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The double-precision MD simulation method of Amber18 was used to simulate the 
statuses of the homology modeling structures of Syb and Syb-N58A in a real physiolog-
ical environment. After MD simulation, the best structures were selected to perform 
further analysis. The molecular overlay of Syb and Syb-N58A is shown in Figure S1-3(A). 
The backbone of the two structures had a high degree of similarity, but two regions 
(β-turn and N-terminal turn), which were highly conserved in all of the β-anti-excitatory 
neurotoxin [3], were observed shifting downward after mutation. In the structure of Syb, 
there are three intramolecular H-bonds between Trp53, Asn58, Cys60, and Gly62 in the 
C-terminal. Compared with the wild type, these intramolecular H-bonds of Syb-N58A 
were disrupted. Those changes may be responsible for its activity and affinity for the 
target [4]. 

Previous studies showed that the unique structure of N58 plays a vital role in toxin 
activity [5]. The results of the mutation experiment with N58A showed a significant de-
crease in binding affinity, possibly due to the fact that the amide side chain of Asn, which 
can act as a hydrogen bond donor, strongly interacts with Trp53 and Cys60 [4], which is 
also consistent with our results. 

S2. Induction Expression and Soluble Analysis of Expression Vectors 
pSYPU-3c-Syb-prII 

The rBmK syb-N58A was expressed using the pSYPU-2c vector in the E. coli BL21 
(λDE3) and mostly in soluble form, and then was isolated from soluble fractions in the E. 
coli BL21 (λDE3) cell lysate and purified to homogeneity by nickel affinity chromatog-
raphy followed by 15 % SDS-PAGE. Syb-N58A was finally eluted with buffer C (Figure 
S2-1A) and the size was about 9kDa (Figure S2-1b, line C). Analysis of the SDS-PAGE 
revealed that the culture supernatants contained predominantly the soluble recombinant 
peptide. Purity was greater than 90% as judged by Coomassie staining of the SDS-PAGE 
gel (Figure S2-1B). 

 
Figure S2. Purification of SYPU-N58A by Chelating Sepharose Fast Flow. (A) The metal chelating affinity chromatog-
raphy; (B) 12.5% SDS-PAGE analysis. 
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