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Figure S1. Crystal structures of UGT74AC1. The secondary structures within N-domain (Met1-

Lys226) and C-domain (Cys259-Thr454) are colored purple and green, respectively. The linker 

between C-domain and N-domain from residues Thr227-Val258 is colored yellow. A detailed active 

site view of UGT74AC1 is on the right. The catalytic residues His18 and Asp111 are shown as red 

sticks. 

 

Figure S2. SDS-PAGE of recombinant UGT74AC1 and its mutants (M5-M7) protein purification 

fractions. Lane M: the protein molecular weight standard. M5 (GT-SM): 

T79Y/L48M/R28H/L109I/S15A; M6: T79Y/L48M/R28H/L109I/S15A/M76L; M7: 

T79Y/L48M/R28H/L109I/S15A/M76L/H47R. 
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Figure S3. Relative activity of UGT74AC1 and its mutants towards cucurbitacin F 25-acetate. 

 

Figure S4. SDS-PAGE of recombinant GT-SM protein fractions. Lane M: the protein molecular weight 

standard; Lanes 1–3: lysate, supernatant, and purified protein of GT-SM. 

 

Figure S5. Determination of kinetic parameters for GT-SM on cucurbitacin F 25-acetate. 
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Figure S6. 1H NMR spectrum of product in dimethyl sulfoxide-d6 (600 MHz). 

 

 

Figure S7. 13C NMR spectrum of product in dimethyl sulfoxide-d6 (600 MHz). 
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Figure S8. HMBC spectrum of product in dimethyl sulfoxide-d6 (600 MHz). 

 

Figure S9. HSQC spectrum of product in dimethyl sulfoxide-d6 (600 MHz). 
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Figure S10. COSY spectrum of product in dimethyl sulfoxide-d6 (600 MHz). 

Supporting method 

Modelling and molecular dynamics simulations 

The Glide module in Schrödinger program was used to perform molecular docking studies [1]. 

The GT-SM structure was prepared and then used to build the energy grid. The docking box was set 

to the binding pocket and its outer box size was set to 28.5*28.5*28.5 Å. The scaling factor for van der 

Waals radii was set to 1.0 and the XP (extra precision) mode was used. The top-ranked molecules 

were further selected according to catalytic mechanism. Amber18 molecular dynamics package [2] 

was used to carry out MD simulation of the selected complex using ff14SB force field for protein [3] 

and general AMBER force field (GAFF) for substrates. [4] The antechamber module and GAFF2 with 

AM1-BCC charges are used to obtain force field parameters for substrates [5]. Initially, energy 

minimization involves 2000 steps steepest descent algorithm followed by 1000 steps of conjugated 

gradient algorithm was performed for the water and ions, then the entire system. Then, the system 

was slowly heated up to 300 K and well equilibrated. After that, a 10 ns MD simulation with a distance 

constraint (3.0 Å, 50 kcal/mol) between the coordinating NE2 atom of catalytic residue His18 and O2 

or O3 atom of CA-F25 was carried out to simulate the induced-fit process of substrate binding. 

Finally, 200ns unconstrained production simulation was performed at 300 K and 1 atm with 2 fs 

integration time step. The last 100 ns MD trajectories with 10,000 frames in total was used to calculate 

the emerging frequency of catalytic conformations which was defined according to the reaction 

mechanism [6]. Periodic boundary condition was implemented using a rectangular TIP3P water box 

with a buffer distance of 10 Å [7]. During the dynamics, all the bonds involving hydrogen atoms are 

restrained using the SHAKE algorithm. [8] Particle mesh Ewald (PME) method [9] was applied to 

account for the long range part of the electrostatic interactions. CPPTRAJ tool was employed to 

perform various analyses on the MD trajectories [10]. 
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