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Table S1. Primers used in this study 

Primer name DNA sequence source 

qrpoD-F CCCGTGAAGCGAAAGTCCT 

[1] 
qrpoD-R CTTCAGAGCGGCTTGGATGA 

qKDC4427-F CGTTCCGGTGCTGCATATTG 

qKDC4427-R CGTTCCGGTGCTGCATATTG 
 
  



 
Figure S1. Molecular basis of KDC4427 for catalytic function. (A) 3D structure was obtained by 
homology modeling (template: IPDC, sequence identity 94.32%, PDB ID: 1OVM) and optimized 
by 10ns molecular dynamics simulations. (B) In the dimer structure, two chains composed the 
catalytic center at the binding interface. (C-D) The catalytic center was formed by 6 hydrophilic and 
14 hydrophobic residues (C) with highlighted triad members D29-H115-E468 (D). (E) The amino 
acid E468 plays a decisive role in maintaining the negative state of C- atom on ThDP. 
 

In this project, the crystal structure of indole-3-pyruvate decarboxylase (IPDC) 

with sequence identity 94.32% (PDB ID: 1OVM) was selected for homology modeling 

and > 10ns MD simulations (Figure S1A). Two identical protein chains form the 

catalytic pocket that can catalyze the decarboxylation of PPA and IPyA to 

phenylacetaldehyde and indoleacetaldehyde, respectively (Figure S1B). One total 

number of 20 residues forming the catalytic region play crucial roles in the catalytic 

mechanism. 14 hydrophobic residues including F388, P405, L406, I471, L539, L542 

and etc., formed one small hydrophobic binding cavity, which plays a role in 



accommodating substrate conformation and specific catalysis. In addition, 6 

hydrophilic residues H115, H116, D29, D289, T290 and Q383 (Figure S1C) were 

observed in the binding pocket, where 3 residues form the catalytic triad D29-H115-

E468 (Figure S1D). It is worth noting that the residue E468, above the thiazole ring of 

ThDP on coenzyme thiamine pyrophosphate (ThDP) domain, plays important role in 

maintaining the positive N+ and negative C- states (Figure S1E). It is speculated that 

any structural interference at this amino acid site E468 or interaction mode between 

ThDP and the substrate will cause a decrease or even loss of catalytic activity. 

 

 
Figure S2. The best molecular docking poses of KDC4427 with the substrates PPA or IPyA at 
catalytic center. (A) Binding poses superimposition of PPA and IPyA with enzyme. (B) Interaction 
modes of KDC4427/PPA complex with binding energy at -4.23 kcal/mol. (C) Interaction modes of 
KDC4427/IPyA complex with binding energy at -4.68 kcal/mol. 

 

 In order to explain detailed interactions between KDC4427 and PPA or IPyA, 

molecular docking analysis were conducted and systematically analyzed. The best 

docking poses of PPA and IPyA indicated that the catalytic center contributed a small 

geometric pocket which can accommodate about two benzene rings (Figure S2A). It 

should be noted that the ligand PPA has a smaller benzene ring and thus can’t occupy 

the entire space of catalytic center, resulting in weaker binding strength at -4.23 

kcal/mol. The ligand PPA was embedded in hydrophobic interaction with surrounding 

nonpolar residues and at last stabilized by hydrogen bonding with residues D29, H116 

and ThDP (Figure S2B). On the contrary, the molecule IPyA possesses a bigger 

benzpyrole, allowing it to be more completely packaged by hydrophobic residues, and 

also can keep more intensive hydrogen bonds with polar residues D29 and H116 (Figure  



S2C). Furthermore, the carboxylate chemical functional groups of PPA or IPyA need to 

extend towards the E468 side chain in order to be catalyzed, and the more appropriate 

the orientation, the higher the catalytic efficiency. The specific binding of αC atom (PPA 

and IPyA) to C- atom (coenzyme factor ThDP) should be required to maintain the 

activated catalytic modes of KDC4427 to substrates. 
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