Table 1 
Conserved score of key residues of interfacial interactions of DAwild
	[bookmark: _Hlk99202262]Site 1of A
subunit
	Consurf score of site 1
	Site 1
	Site 2of B
subunit
	Consurf score of site 2
	Site 2
	Mutation energy (kcal/mol)

	L133I
	0.283
	A,L,V,M,I
	L321L
	-0.675
	L,Q,M,I
	-1.04

	R132R
	-1.002
	R
	L326F
	-0.933
	L,I
	-1.1

	S129Y
	-1.008
	S
	L325Q
	0.333
	Y,A,L,F,Q,I,M
	-4.27

	E136W
	0.04
	Q,S,N,G,D,E,T,A,H
	L326F
	-0.933
	L,I
	-2.93

	I99I
	-0.88
	V,I,T
	L326F
	-0.933
	L,I
	-1.05

	V137I
	0.042
	A,S,T,C,V,I
	S314L
	-0.769
	L,T,S,C,H,V,R
	-4.19

	F306H
	0.127
	F,V,Y,L
	G311I
	0.516
	F,V,K,S,A,G
	-3.2

	V137I
	0.042
	A,S,T,C,V,I
	A286W
	-0.863
	A,T,C
	-4.78

	V138W
	0.169
	L,A,T,C,F,V,I
	E268I
	-0.904
	G,S,E,D
	-1.84

	L134W
	0.515
	Y,L,F,V,I,M
	F310I
	0.209
	F,P,I,A,L,Y
	-1.61

	V137I
	0.042
	A,S,T,C,V,I
	L313G
	-0.789
	I,M,L
	-2.03

	E136W
	0.04
	Q,S,N,G,D,E,T,A,H
	K316W
	0.577
	K,F,Q,V,T,L,A,H,R,M
	-1.90

	T304W
	-0.707
	S,T
	R322W
	-0.799
	Q,M,I,R,L
	-3.30

	S120F
	-0.826
	S,A
	L326W
	-0.933
	L,I
	-3.79

	D124W
	-1.002
	D
	L326W
	-0.933
	L,I
	-2.76

	L133I
	0.283
	A,L,V,M,I
	L321L
	-0.657
	K
	-0.72

	Q24W
	0.183
	K,N,Q,V,F,A,L,T,H
	P140F
	-0.537
	P,R,V,S,A,T
	-1.1





Table 2 
The mutation energy calculation of designed DAADHs
	DAADH
	Mutations
	Mutation energy(kcal/mol)

	[bookmark: _Hlk91257828]DAwild
	V137I-S314L
	-4.19

	DA04
	F306H-G311I
	-3.20

	DA05
	L134W-F310I
	-1.61

	DA06
	L134W-V137I-F306C-F310I-G311W-S314Q
	-9.26

	DA07
	L134W-V137I-F306W-F310I-G311W-S314Q
	-9.22

	DA08
	L134W-V137I-F306Y-F310I-G311I-S314F
	-8.74

	DA09
	V137I-F306H-G311W-S314Q
	-7.16

	DA10
	V137I-F306W-G311W-S314Q
	-7.66

	DA11
	V137I-F306W-G311I-S314L
	-7.18





Table 3 
The thermodynamic parameters of DAADHs 
	DAADH
	ΔHm
kcal/mol
	ΔCp
kcal/(mol·K)
	Tm/℃
	ΔG
kcal/mol

	DAwild
	-85.8
	-1.82
	68.3
	-5.7

	DA04
	-84.6
	-2.23
	67.7
	-4.2

	DA05
	-76.6
	-1.76
	67.4
	-4.7

	DA06
	-84.4
	-2.15
	69.4
	-5.5

	DA07
	-83.1
	-2.12
	69.3
	-4.4

	DA08
	-83.1
	-2.21
	69.9
	-4.1

	DA09
	-84.4
	-2.25
	67.5
	-4.3

	DA10
	-84.1
	-2.24
	69.7
	-4.1

	DA11
	-76.8
	-2.08
	68.8
	-3.7





Table 4 
Electrostatic interaction energy and interaction energy of DAADHs 
	DAADH
	Electrostatic interaction energy (kcal/mol)
	Total interaction energy (kcal/mol)

	DAwild
	-161.0
	-202.4

	DA06
	-173.2
	-220.1

	DA07
	-172.4
	-219.9

	DA08
	-173.0
	-222.6

	DA09
	-162.8
	-211.8

	DA10
	-161.2
	-214.5

	DA11
	-175.0
	-220.1





Table 5
Average number of salt bridges of DAADHs calculated by MDS with 0.1 M salt concentrations
	DAADH
	Salt-bridges
	Hydrogen bonds

	DAwild
	58
	108

	DA06
	79
	116

	DA07
	70
	114

	DA08
	73
	105

	DA09
	62
	95

	DA10
	65
	114

	DA11
	72
	116





Table 6 
Enzyme activity for reductive amination
	Enzyme
	Enzyme activity (U/mg)

	DAwild
	2.46

	DA06
	0.27

	DA11
	2.47


Reaction conditions: Phenylpyruvate 2 mM; Gly-NaOH buffer, 80 mM; NH4Cl-NH3•H2O buffer, 80 mM; NADPH, 0.2 mM; temperature 25 oC.


Table 7 
The kinetic parameters of DAwild and DA11 
	Enzyme
	Vmax (mM/min)
	Km (mM)
	Vmax/Km(10-3/min)

	DAwild
	0.59
	1.50
	0.40

	DA11
	0.59
	1.00
	0.59


Reaction conditions: Phenylpyruvate 0.625-10 mM; Gly-NaOH buffer, 80 mM; NH4Cl-NH3•H2O buffer, 80 mM; NADPH, 0.2 mM; temperature 30 oC.
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