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Fig. S1 The whole system (large model, gray) and the truncated system (small model, 

blue) for QM/MM calculations. 

 

 

 

 

 

 

 

Fig.S2 RMSD comparisons between sub3, sub4, sub5 systems. 

 

 

 

 

 

 



 

Fig. S3 RMSD comparisons between 2-A and 2-B systems. 

 

 

 

 

 

 
Fig. S4 The distributions of d(O1-OD1898) and d(NεH1735-Hα/Hγ) in two systems. 

 

 

 

 



 

Fig. S5 The enengy profiles for the transfer of Hα/ Hγ to NεH1735 in sub9-A and sub9-B. 

Frames (1-3) were obtained form sub9-B system while Frames (4-6) were from sub9-

A system. 

 

Fig. S6 The hydrogen bond formed by residue Gly1745. 

 

 

 

 

 

 



 
Fig. S7 A hydrogen bond between O3 atom and NH group of V1746 in sub3 system.  

 

 

 

 

Fig. S8 The proportion of hydrophobic interaction between substrate and residues 

(V1919, P1920) of GphF DH1 in sub2 and sub3 systems. 

 

 

 

 

 



 

Fig. S9 RMSD values in sub9 system. 

 

 

 

 

 

Fig. S10 The structures of TS1 and IM in Path1 calculated by small model QM/MM 

calculations. 

 

 

 

 



 

Fig. S11 The energy profile of step1 for Path2 calculated by large model QM/MM 

calculations. 

 

 

 

Fig. S12 Structures along the reaction for Path2.  

 

 

 

 

 

 

 

 



Table S1. Key distances and angles in reactant, transition, intermediate, and product in 

dehydration reaction 

Replica 
Key distances 

and angles 
R TS1 IM IM' TS2 P 

Replica1 

d(Nε-Hα) 2.29 Å 1.08 Å 1.06 Å 1.07 Å 1.63 Å 1.84 Å 

d(Cα-Hα) 1.09 Å 1.82 Å 2.49 Å - - - 

d(O2-Hα) - - 1.65 Å 1.54 Å 1.02 Å 0.99 Å 

d(Cβ-O2) - - 1.48 Å 1.45 Å 1.74 Å 3.11 Å 

a(Nε-Hα-Cα) 148.9° 156.8° - - - - 

a(Nε-Hα-O2) - - 168.6° 162.6° 171.2° - 

Replica2 

d(Nε-Hα) 2.25 Å 1.07 Å 1.06 Å 1.07 Å 1.65 Å 1.83 Å 

d(Cα-Hα) 1.10 Å 1.82 Å 2.62 Å - - - 

d(O2-Hα) - - 1.71 Å 1.56 Å 1.02 Å 0.98 Å 

d(Cβ-O2) - - 1.47 Å 1.43 Å 1.74 Å 2.82 Å 

a(Nε-Hα-Cα) 163.1° 152.7° - - - - 

a(Nε-Hα-O2) - - 162.2° 171.3° 173.0° - 

Replica3 

d(Nε-Hα) 2.23 Å 1.07 Å 1.05 Å 1.07 Å 1.58 Å 1.88 Å 

d(Cα-Hα) 1.10 Å 1.87 Å 2.76 Å - - - 

d(O2-Hα) - - 1.68 Å 1.53 Å 1.03 Å 0.99 Å 

d(Cβ-O2) - - 1.45 Å 1.43 Å 1.76 Å 3.26 Å 

a(Nε-Hα-Cα) 151.6° 160.4° - - - - 

a(Nε-Hα-O2) - - 157.0° 167.5° 173.0° - 

 

 

 

 

 

 

 

 

 

 



Table S2. The energies in ONIOM calculations (Default units are Hartree). 

 

 

 

Table S3. Energetic corrections (kcal/mol) at different levels with M062X method sub9 

system 

Replica Different levels  R TS1 IM IM’ TS2 P 

Replica 1 

M062X/6-31G* 0 26.2 23.6 23.1 28.4 9.4 

M062X/6-31G*(SMD) 0 21.8 18.0 22.1 31.7 12.2 

M062X/6-311+G** 0 24.1 21.0 20.1 25.2 2.8 

M062X/6-311+G**(SMD) 0 19.4 15.1 18.3 27.1 5.8 

Replica 2 

M062X/6-31G* 0 29.0 26.9 23.7 29.5 9.5 

M062X/6-31G*(SMD) 0 21.1 17.7 19.6 29.0 13.1 

M062X/6-311+G** 0 25.6 23.6 20.8 25.7 3.9 

M062X/6-311+G**(SMD) 0 18.3 14.8 17.4 25.5 8.2 



Replica 3 

M062X/6-31G* 0 25.2 23.2 25.4 31.4 10.1 

M062X/6-31G*(SMD) 0 18.1 14.6 21.6 31.9 10.4 

M062X/6-311+G** 0 22.4 22.4 22.7 27.7 4.7 

M062X/6-311+G**(SMD) 0 15.5 11.9 19.1 28.3 5.3 

 

 

 

 

Table S4. Key distances in reactant, transition, intermediate, and product in sub10 

system  
R TS1 IM TS2 P 

d(Nε-Hγ)  2.1 Å 1.2 Å 1.1 Å 1.1 Å 2.1 Å 

d(Cγ-Hγ)  1.1 Å 1.5 Å 3.2 Å - - 

d(Cα-Hγ)  - - 1.9 Å 1.6 Å 1.1 Å 

a(Nε-Hγ-Cγ) 133.5° 167.2° - - - 

a(Nε-Hγ-Cα) - - 154.4° 162.3° - 

 

 

 

 

 

Table S5. Energetic corrections (kcal/mol) at different levels with M062X method 

sub10 system  

R TS1 IM TS2 P 

M062X/6-31G*(SMD)   0 19.4 11 13.4 -5.4 

M062X/6-311+G** 0 20.6 17.1 17.8 -1.1 

M062X/6-311+G**(SMD) 0 17.2 8.4 11.2 -6.1 

 


