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[bookmark: _Toc5608949]Table S1. Summary of the TbSADH residues involved in this work.
	Residues
	Properties/Functions
	Reference

	A85
	Activity; enantioselectivity; substrate specificity
	(Agudo et al. 2013; Sun et al. 2016a; Dong et al. 2019; Li et al. 2017) 

	I86
	Activity; enantioselectivity; substrate specificity
	(Musa et al. 2009; Agudo et al. 2013; Sun et al. 2016a; Sun et al. 2016b; Dong et al. 2019; Li et al. 2017)

	S39
	Proton transfer
	(Moa and Himo 2017)

	W110
	Activity; enantioselectivity; substrate specificity
	(Musa et al. 2007; Ziegelmann-Fjeld et al. 2007; Patel et al. 2014; Musa et al. 2015; Agudo et al. 2013; Sun et al. 2016a; Sun et al. 2016b; Musa et al. 2018)

	L294
	Activity; enantioselectivity; substrate specificity
	(Sun et al. 2016a; Sun et al. 2016b)

	C295
	Activity; enantioselectivity; substrate specificity
	(Heiss et al. 2001; Nealon et al. 2016; Agudo et al. 2013; Sun et al. 2016a; Sun et al. 2016b) 

	Q101
	Activity
	This study






[bookmark: _Toc5608950]Table S2. Rosetta docking results.
	Enzymes
	Poses
	Interface_delta_X (REUa)

	A85G/I86A
	1
	-19.74

	
	2
	-18.52

	
	3
	-18.37

	
	4
	-18.29

	
	5
	-18.21

	A85G/I86A/Q101A
	1
	-22.05

	
	2
	-18.73

	
	3
	-18.52

	
	4
	-18.34

	
	5
	-18.11


a REU: Rosettta energy units.



[bookmark: _Toc5608951]Table S3. List of primers for site-directed saturation mutagenesis.
	Primer mix
	Name
	Sequence(5’-3’)

	F1
	TbSADH-A85-85G-F
	CGCGTTGTTGTGCCAGGTATTACCCCTGATTGG

	F2
	TbSADH-I86-86A-F
	CGCGTTGTTGTGCCAGCTGCAACCCCTGATTGG

	F3
	TbSADH-A85I86-85G86A-F
	GTGGCCCCTTGCACTACCGACATTCATACCGTT 

	F4
	TbSADH-Q101-101A-F
	CAAAGAGGATATCACGCACACTCCGGTGGAATG

	F5
	TbSADH-Q101-101S-F
	CAAAGAGGATATCACAGCCACTCCGGTGGAATG

	F6
	TbSADH-W110-110A-F
	GGAATGCTGGCAGGCGCAAAATTTTCGAATGTA

	F7
	TbSADH-W110-110S-F 
	GGAATGCTGGCAGGCAGCAAATTTTCGAATGTA

	F8
	TbSADH-L294-294A-F
	ACTATAAAAGGCGGGGCATGCCCCGGTGGACGT

	F9
	TbSADH-L294-294S-F
	ACTATAAAAGGCGGGAGCTGCCCCGGTGGACGT

	F10
	TbSADH-C295-295A-F
	ATAAAAGGCGGGCTAGCACCCGGTGGACGTCTA

	F11
	TbSADH-C295-295S-F
	ATAAAAGGCGGGCTAAGCCCCGGTGGACGTCTA

	R1
	TbSADH-R200-wt-R
	ATCTACACAAACTGGTCTACTGCCTACGGCAAT

	R2
	TbSADH-I345-wt-R
	TATTACAACAGGTTTGATTAGGTCTTTTGGTTT
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[bookmark: _Toc5608952]Table S4. Analytical conditions of HPLC.
	Substrate
	Columna
	Mobile phase
	Retention time
	Ref. 

	1
	Chiralpak AD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=90:10
	1: 6.3 min
(S)-2: 10.6 min
(R)-2: 12.9 min
	(Liu et al. 2018)

	3a
	Chiralpak AD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=90:10
	3a: 5.9 min
(S)-4a: 9.8 min
(R)-4a: 12.2 min
	(Liu et al. 2018)

	3b
	Chiralpak AD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=92:8
	3b: 6.4 min
(R)-4b: 9.9 min
(S)-4b: 12.2 min
	(Liu et al. 2018)

	3c
	Chiralpak AD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=92:8
	3c: 7.2 min
(S)-4c: 11.7 min
(R)-4c: 13.5 min
	(Liu et al. 2018)

	3d
	Chiralcel OD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=95:5
	3d: 14.4 min
(S)-4d: 18.8 min
(R)-4d: 20.2 min
	(Yang et al. 2015)

	3e
	Chiralpak AD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=92:8
	3e: 6.2 min
(S)-4e: 10.9 min
(R)-4e: 13.0 min
	(Liu et al. 2018)

	3f
	Chiralpak AD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=92:8
	3f: 6.1 min
(S)-4f: 10.5 min
(R)-4f: 13.5 min
	(Liu et al. 2018)

	3g
	Chiralpak AD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=92:8
	3g: 5.9 min
(R)-4g: 9.1 min
(S)-4g: 10.0 min
	(Truppo et al. 2007)

	3h
	Chiralpak AD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=90:10
	3h: 6.9 min
(R)-4h: 9.6 min
(S)-4h: 14.1min
	(Truppo et al. 2007)

	3l
	Chiralcel OD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=92:8
	3l: 5.1 min
(R)-4l: 6.5 min
(S)-4l: 7.0 min
	(Zhu et al. 2008)

	3m
	Chiralcel OD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=95:5
	3m: 5.4 min
(S)-4m: 7.5 min
(R)-4m: 8.2 min
	(Zhu et al. 2008)

	3n
	Chiralcel OD-H
(250×4.6mm 5μm)
	n-hexane:isopropanol
=95:5
	3n: 5.1 min
(S)-4n: 8.0 min
(R)-4n: 8.8 min
	(Yang et al. 2015)


aAll the analytical conditions under the same flow rate of 1 mL/min at 30°C with detection wavelength at 220 nm.  

[bookmark: _Toc5608953]Table S5. Analytical conditions of GC.
	Entry
	Alcohol
	Procedure
	Retention time 
	Reference

	3i
	(S)-4i
(R)-4i
	100°C for 2 min, 10°C /min to 120°C, 120°C for 1 min, 2°C /min to 140°C, 140°C for 1 min, 50°C /min to 200°C.
Column: Hydrodex-β-TBDAc
(25×0.25 mm ID)
	3i: 7.8 min
(R)-3i: 8.7 min
(S)-3i: 8.8 min
	based on authentic racemic mixture and enantiomeric product.

	3j
	(S)-4j
(R)-4j
	100°C for 2 min, 10°C /min to 120°C, 120°C for 1 min, 2°C /min to 140°C, 140°C for 1 min, 50°C /min to 200℃.
Column: Hydrodex-β-TBDAc
(25×0.25 mm ID)
	3j: 12.0 min
(S)-4j: 10.9 min
(R)-4j: 11.3 min
	based on authentic racemic mixture and enantiomeric product.

	3k
	(S)-4k
(R)-4k
	100°C for 2 min, 10°C /min to 120°C, 120°C for 1 min, 2°C /min to 140°C, 140°C for 1 min, 50°C /min to 200°C.
Column: Hydrodex-β-TBDAc
(25×0.25 mm ID)
	3k: 5.6 min
(S)-4k: 7.9 min
(R)-4k: 8.0 min
	based on authentic racemic mixture and enantiomeric product.





[bookmark: _Toc5608954]Additional figures
[image: ]
[bookmark: _Toc5608955]Figure S1. SDS-PAGE analysis of the protein expression of the variants △A85 (“△” indicates deletion), △I86 and △A85/△I86. As shown, all the three variants are well expressed. M: molecular markers. Lines 2~4, 5~7, 8~10 and 11~13 represent: whole cell lysate, soluble protein, inclusion body and empty vector, respectively. BL21(DE3) harboring the empty vector pRSFDuet-1 was used as a negative control. The expected size of TbSADH (37.58 KDa) is indicated by black arrow. 
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[bookmark: _Toc5608956]Figure S2. The non-bonded interactions between ketone 1 and mutant A85G/I86A/Q101A, investigated by PLIP tool (Salentin et al. 2015).


[bookmark: _Toc5608957]Computational command lines for running Rosetta Docking
Command lines: PATH_TO_ROSETTA/Rosetta/main/source/bin/rosetta_scripts.linuxgccrelease @dock_options.txt -database PATH_TO_ROSETTA/Rosetta/main/database -parser:protocol ligand_dock.xml

dock_options.txt:
-in:file:s "./protein.pdb ./ketone1.pdb" 
-extra_res_fa ketone1.params NAP.params
-out:file:scorefile dock.sc 
-score:weights ref2015
-ex1  
-ex2 
-ex1aro:level 4 
-no_optH false  
-flip_HNQ true  
-parser:protocol "./ligand_dock.xml" 
-nstruct 50
-overwrite

ligand_dock.xml：
<ROSETTASCRIPTS>
    <SCOREFXNS>
        <ScoreFunction name="ligand_soft_rep" weights="ref2015_soft">
            <Reweight scoretype="coordinate_constraint" weight="1.0"/>
            <Reweight scoretype="atom_pair_constraint" weight="1.0"/>
            <Reweight scoretype="angle_constraint" weight="1.0"/>
            <Reweight scoretype="dihedral_constraint" weight="1.0"/>
            <Reweight scoretype="chainbreak" weight="1.0"/>
        </ScoreFunction>
        <ScoreFunction name="hard_rep" weights="ref2015_cst"/>
    </SCOREFXNS>
    <LIGAND_AREAS>
        <LigandArea name="docking_sidechain" chain="X" cutoff="6.0" add_nbr_radius="true" all_atom_mode="true" minimize_ligand="10"/>
        <LigandArea name="final_sidechain" chain="X" cutoff="6.0" add_nbr_radius="true" all_atom_mode="true"/>
        <LigandArea name="final_backbone" chain="X" cutoff="7.0" add_nbr_radius="false" all_atom_mode="true" Calpha_restraints="0.3"/>
    </LIGAND_AREAS>
    
    <INTERFACE_BUILDERS>
        <InterfaceBuilder name="side_chain_for_docking" ligand_areas="docking_sidechain"/>
        <InterfaceBuilder name="side_chain_for_final" ligand_areas="final_sidechain"/>
        <InterfaceBuilder name="backbone" ligand_areas="final_backbone" extension_window="3"/>
    </INTERFACE_BUILDERS>
    
    <MOVEMAP_BUILDERS>
        <MoveMapBuilder name="docking" sc_interface="side_chain_for_docking" minimize_water="true"/>
        <MoveMapBuilder name="final" sc_interface="side_chain_for_final" bb_interface="backbone" minimize_water="true"/>
    </MOVEMAP_BUILDERS>
    
    <SCORINGGRIDS ligand_chain="X" width="25">
        <ClassicGrid grid_name="vdw" weight="1.0"/>
    </SCORINGGRIDS>
    
    <MOVERS>
        <StartFrom name="start_from_X" chain="X">
	   <Coordinates x="55.32" y="6.59" z="19.86"/> 
        </StartFrom>
        <Transform name="transform" chain="X" box_size="5.0" move_distance="0.1" angle="5.0" cycles="500" repeats="1" temperature="5" initial_perturb="3.0"/>
        <HighResDocker name="high_res_docker" cycles="6" repack_every_Nth="3" scorefxn="ligand_soft_rep" movemap_builder="docking"/>
        <FinalMinimizer name="final" scorefxn="hard_rep" movemap_builder="final"/>
        <InterfaceScoreCalculator name="add_scores" chains="X" scorefxn="hard_rep" compute_grid_scores="0"/>
        
        <ParsedProtocol name="low_res_dock">
            <Add mover_name="start_from_X"/>
            <Add mover_name="transform"/>
        </ParsedProtocol>
        
        <ParsedProtocol name="high_res_dock">
            <Add mover_name="high_res_docker"/>
            <Add mover_name="final"/>
        </ParsedProtocol>

        <ParsedProtocol name="reporting">
            <Add mover_name="add_scores"/>
        </ParsedProtocol>
    </MOVERS>
    
    <PROTOCOLS>
        <Add mover_name="low_res_dock"/>
        <Add mover_name="high_res_dock"/>
        <Add mover_name="reporting"/>
    </PROTOCOLS>
</ROSETTASCRIPTS>
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