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Table S1. Enzyme activities of dual cofactor dependent GIuDHs towards 2-ketobutyric acid in

laboratory.
Enzyme Activity (U/mg)
Acinetobacter tandoii GluDH 57.3x9.1
Cupriavidus necator GluDH 42.5+3.7
Geobacillus thermocatenulatus GluDH 314+1.2

Table S2. Kinetic paramrters of AtGluDH towards NADH and NADPH.

keat (s2) K (MM) keat / Km (MM s71)
NADH? 3673.1+121.9 0.52+0.08 7063.65
NADPH®b 4013.8+208.5 3.87+0.14 1037.16

a Data for NADH and NADPH was measured with 200 mM NH4CI/NH,OH buffer (pH 9.5), 50 mM
2-ketobutyric acid, 0.01-5 mM NADH or 0.01-30 mM NADPH and at 30°C.

Table S3. Primers used for site-directed mutagenesis of AtGluDH.

Primer Sequence (5’-3')

K76G-F GGTGGCGGCGGTATTCGTTACCAT
K76G-R TGGTCCACGCGACAAATTATGTTG
K76A-F GGTGCGGGCGGTATTCGTTACCAT
K76A-R TGGTCCACGCGACAAATTATGTTG
K76V-F GGTGTGGGCGGTATTCGTTACCAT
K76V-R TGGTCCACGCGACAAATTATGTTG
K76L-F GGTCTGGGCGGTATTCGTTACCAT
K76L-R TGGTCCACGCGACAAATTATGTTG
K761-F GGTATCGGCGGTATTCGTTACCAT
K761-R TGGTCCACGCGACAAATTATGTTG
S355A-F GTGGCTTACTTCGAGTGGGTTCAA
S355A-R GGTTACACCGCCAGCATTACAGAG
S355V-F GTGGTGTACTTCGAGTGGGTTCAA
S355V-R GGTTACACCGCCAGCATTACAGAG
T180A-F GTGGCGGGTAAACCTGTACATTTAGGT
T180A-R TACACCTGTGACAGTATGACCCTT
T180V-F GTGGTGGGTAAACCTGTACATTTAGGT
T180V-R TACACCTGTGACAGTATGACCCTT
T180S-F GTGTCTGGTAAACCTGTACATTTAGGT
T180S-R TACACCTGTGACAGTATGACCCTT
T180C-F GTGTGCGGTAAACCTGTACATTTAGGT

T180C-R TACACCTGTGACAGTATGACCCTT




Table S4. Binding free energy analysis using the Molecular Mechanics Poisson Boltzmann

(Generalized Born) surface area method.

Energy (kcal/mol)? AtGluDH-WT AtGluDH-K76L/T180C

VDW -11.32+2.83 -14.18+2.97
EEL -32.4948.33 -10.71+8.46

GB 13.51+7.21 -5.77+7.14
GBSURF -2.99+0.07 -3.09+0.005
GBGAS -43.81+8.09 -24.901£7.90
GBSOLV 10.52+7.21 -8.8717.13
GBTOT -33.30+3.06 -33.76%3.76
PB -20.6419.44 -44.51+5.15
PBNPOLAR -13.62+0.24 -13.7440.15
PBDISPER 20.52+0.62 20.71+0.62
PBGAS -43.81+8.09 -24.90+£7.90
PBSOLV -13.7549.73 -37.5415.21
PBTOT -57.56+10.16 -62.4416.81

2 VDW: van der Waals energy. EEL: energy of electrostatic. GBTOT/PBTOT: final binding free

energy.
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Figure S1. (A) Enzyme inactivation assay at different temperatures for 12 h. (B) Time courses of
thermal inactivation at 50°C. Purified AtGIuDH-WT was incubated at a certain temperature for a
set time, and then added into the reaction mixure. A 200 pL-scale reaction mixture containing a
certain amount of purified AtGIluDH-WT, 2-ketobutyric acid (50 mM), 0.1 mM NADH, 200 mM
NH,4CI/NH,OH buffer (pH 9.5). Then, the activity was measured by monitoring the absorbance at
340 nm (g=6220 M1 cm~1) at 30°C.
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Figure S2. Reaction curve at different pH. A 20 mL-scale reaction mixture contained EcTD (3 g/L),
AtGIuDH-WT (10 g/L) and BmGDH (3 g/L) which were prepared as lyophilized cells, 0.5 M L-
threonine, 0.1 mM NADH, 0.6 M glucose, 200mM (NH,);PO, buffer (pH 8.0-8.5) or 200 mM
NH.Cl/NH,OH buffer (pH 9.0-10.0), and at 30°C.
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Figure S3. Cascade reaction curves with 1 M L-threonine as substrate. A 20 mL-scale reaction
mixture contained EcTD (3 g/L), AtGIuDH-WT (10 g/L) and BmGDH (3 g/L) which were prepared
as lyophilized cells, 1 M L-threonine, 0.1 mM NADH, 1.2 M glucose, 200 mM NH,CI/NH,OH buffer

(pH 9.5), and at 30°C. Error bars represent the standard deviation of three independent

experiments.
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Figure S4. The conversion of the reductive amination of 2-ketobutyric acid by wild type AtGluDH.
A 1 ml-scale reaction mixture contained AtGIuDH-WT (10 g/L) and BmGDH (3 g/L) which were
prepared as lyophilized cells, 2-ketobutyric acid (200-1000 mM), 0.1 mM NADH, glucose (1.2 x
substate concentration), 200 mM NH,4CI/NH,OH buffer (pH 9.5), and at 30°C within 24 h. Error

bars represent the standard deviation of three independent experiments.

)

Figure S5. Homology model of AtGIuDH with NAD*, a-ketoglutarate and 2-ketobutyric acid. NAD?,

a-ketoglutarate and 2-ketobutyric acid are shown as sticks.



AtGluDH-A.tandoii 26 YLEEDLIPFINTFKR@K PIV DFbIQErEGYRV N

LfLeuDH-L. fusiformis ol RN o - [ R . B . . A E GLKAVIAIH

CnLeuDH-C.necator 41 YLG.SLARWVE TILKR[P[K P IELBIN|GT/IAHFEEGYRVQ

PpGluDH-P.putida 46 Y...LQSGILERMVEPE SWVDEJQGKVIQVINRGYRI

EcGluDH-E.coli 45 Y...RQMS[LLERLVEPE VWV DPRNQ|TIOVMNRAWRV Q

CgGluDH-C.glutamicum 45 Y...ADYGNIQRICEPE| P WV DBlQGOVHVINRGFRVQ

PeGluDH-P.entomophila 43 Y...LEAG|ILERMVEPE| SWVDQGIKVQ&NRIGYRI

LsGluDH-L. sphaericus 54 Y...IKAN[ILS EPR[D| 2. W Q D] H[NIQVIO! GYRVQ
GsGluDH-G.stearothermophilus 30 KLG.YPEEVYELLKEPIRVLTVRI]P VRMPMD|GSVKIFT|GYRAQ

BsGluDH-B.subtilis 31 KLG.YPGDMYELMKEPQORMLTVRIP VKMPBING FTGYRSQ

BmGluDH-B.megaterium 33 KLG.YPDEVMYELLKEP|L PVRMDESVKIFTGHRBQ

CsGluDH-C. symbiosum 43 Y...EEVALLERMVIPE PWEDBNGKVHVINTGYRVQ

AtGluDH-A.tandoii 86 ELN....EW SAWMTI

LfLeuDH-L. fusiformis 50 SEENAIEDALRBARGMTY

CnLeuDH-C.necator 100 LS....EM SAWMS

PpGluDH-P.putida 103 LS....VLKFPMAFEQVF

EcGluDH-E.coli 102 NLS....ILKF@GFEQTF

CgGluDH-C. glutamicum 102 NLG....IVKFWGFEQIF

PeGluDH-P.entomophila 100 LG....VLKFMAFEQVF

LsGluDH-L. sphaericus 111 ES....IIKFMGFEQIF

GsGluDH-G.stearothermophilus 89 ER....EW SIWMSL|

BsGluDH-B.subtilis 90 NEE....EWV SIWMTL|

BmGluDH-B.megaterium 92 EK....EW SIWMSL

CsGluDH-C. symbiosum 100 NLS....IMKFGFEQAF

AtGluDH-A.tandoii 142 GTNAD IMGWMMD TY|S[TIKGHTV TG VVEEKPVIH LEGHE L GRVRARPGREVF
LfLeuDH-L. fusiformis 109 GTTVLDEDL[HE.. ....... ETNYVELRT s Bja FlEsBc s pvida vV Y
CnLeuDH-C.necator 156 NTNAQVMAWMMD T SGSTATGVVEKP I|s LEGE L GRHERNGREVF
PpGluDH-P.putida 159 GVGARE[IGFMFGQ ANQ. FTSVLEEKGMT Y[HclL IR ERRGC Y[EC Y
EcGluDH-E.coli 158 GVGGREVGFMAGM SNN . TACVFEeRGLs FlEGHL IR P EARG YL v
CgGluDH-C.glutamicum 158 GVGGRE[I|GYLFGH ANQHES GVILISEKG LT WlelL VR T ERRG YEC v
PeGluDH-P.entomophila 156 GVGARE|IGFLFGO ANO . FTSVLIQEKGMT Y[GHlL IR ERKG Y[gc v
LsGluDH-L.sphaericus 167 GVGARENGYLWGQ TKASESGVILEREKTBlG Y[HcE L AR K EARG Y[ETV
GsGluDH-G.stearothermophilus 145 FTNSQIMAWMMDE|SRIREFDSPGF IpdeKP LV LEGEH G| ETAKVT
BsGluDH-B.subtilis 146 ¥ TNSQIMAWMMDEYSRLREFDS P G FTpdeKP 1|V LEcH0 GRE TANA Offlv T
BmGluDH-B.megaterium 148 FTNSQIMAWMMDEYSRIDEFNSPGFIERP LV LECEHGRE TANAKEY T
CsGluDH-C. symbiosum 156 GVCARETGYMY COYRKIVGGF Y N VLEERARS FiEcB L VR ARG vlEs v
AtGluDH-A.tandoii 202 B clSERAlY LFHKANAKVVC [GT[XF NAD[GE]
LfLeuDH-L. fusiformis 156 LERIVIAYKLCE YLHNEGAKLV|V| QARIDRV|. .
CnLeuDH-C.necator 216 FELVCAVAAK LFHEAGAKVVA| T|TILFDPAlC
PpGluDH-P.putida 218 S| AQYAARKVMDLGGKVIS GTLYAEAG
EcGluDH-E.coli 217 S| AQYAIEKAMEFGARVIT T DESIGF|
CgGLluDH-C. glutamicum 218 SERVATYAIEKAQELGATVIG GWVIHTP NG
PeGluDH-P.entomophila 215 S| AQYAARKVMDLGGKVIS GILFCEAG
LsGluDH-L. sphaericus 227 5 SITIYAIEKAQQYGAKVVA Y[IYDPE|G
GsGluDH-G.stearothermophilus 205 F| G|S|Y LAKFLLHDAGAKVV|G GA|LY DP N|G
BsGluDH-B.subtilis 206 Il LA C/SFLAKFMEDAGAKVIC GGLYNPD|G
BmGluDH-B.megaterium 208 YA G/SFILAK FMHDAGAKIV|G GALHDP NG
CsGluDH-C. symbiosum 216 F| AWCRAAKKLAELGAKAVT, eYlZyDPEET
AtGluDH-A.tandoii 260 DV....KQ| YVAIHKG.V...AGFP .NATVIED.EAFWTVEMEE AER
LfLeuDH-L. fusiformis 213 .. A0 T ...VNDF.DAIAVAP.DEIJ¥A DIET
CnLeuDH-C.necator 274 DVuan 3 PR YASHSGT.[T|. . .EGFR.G.EVLRT.AQFME AEN
PpGluDH-P.putida 276 TDA.QWDA LIKNVKRGRI|SELAGQF . GLEFRKG.QTPM|S AIED
EcGluDH-E.coli 275 TKE.KLAR ASRDGRVIADYAKEF .GLVYLEG.QQPM|S vipa
CgGluDH-C . glutamicum EVRRARVISVYADEVEGATYHTD.GSIMD) GIEN
PeGluDH-P.entomophila NVKRGRISELAGRF.GLEFRKG.QTPMS ADD
LsGluDH-L.sphaericus EVKGDRISTYVSYRPNATFTNGCTGIMT GIE|S
GsGluDH-G. stearothermophilus DSFGT.M...TKLF.K.NTISN.KEL[LE AEN
BsGluDH-B.subtilis DSFGM.V...TNLF.T.DVITN.EEL[LE IAKN
BmGluDH-B.megaterium DSFGT.V...TKLF.N.NTISN.KEL[LELDC E[EN
CsGluDH-C. symbiosum ASGRNKMQDYADKF . GVQFFPG . EKPMGIQK VIR LE/Q
AtGluDH-A.tandoii 310 RQKITA...KLVE PEAEDTLLO . ROTMIVED VILCNNES WV[@DMA
LfLeuDH-L. fusiformis 248 |1p LiKA KV[IA Y|LHE. LG‘I Y LYH. .0
CnLeuDH-C.necator 323 RAPQIKA...RLVI ILRE.RNILV WVIQDF S
PpGluDH-P.putida 333 RITLLRNGCICVA FLD.AGILY MSIQNAM
EcGluDH-E. coli 332 AHRLIANGVKAVA FQQ.AGVLF MAQNAA
CgGluDH-C. glutamicum 331 RAKTLADNGCREVA FRE.RD|IRF MOIQN A S
PeGluDH-P.entomophila 330 ARTLLRNGCICVA IFIE.AGILY| MS|QNAM
LsGluDH-L. sphaericus 341 RARTLISNGVKAIG ELN.AGVLF MAIQD S S
GsGluDH-G.stearcthermophilus 312 RAPRIKA...SIVV LTQ.RGILL WVIQNNQ
BsGluDH-B.subtilis 313 [AHNIQA SIVV TKILNE . RGVLLVZD I|LA ST WVIQNNQ
BmGluDH-B.megaterium 315 QAHNIQA SIVV ILSE.RGILL NNQ
CsGluDH-C. symbiosum 332 RAKKIVANNIKY)YI LMQOP NMV|VALES MSIQNSE

T-coffee and Espript 3.

Figure S6. Multiple-sequence alignment of AADHs from some different sources with the help of
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Figure S7. (A and B) Relative activity of the mutants of AtGIuDH compared to the wild-type
protein. Reaction conditions: 200 pL final volume, 200 mM NH,4Cl/NH,OH buffer (pH 9.5), 0.1 mM
NADH, 50 mM 2-ketobutyric acid and at 30°C. Error bars represent the standard deviation of

three independent experiments.
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Figure S8. (A) Distance analysis between the reactive carbonyl carbon (C2) of the substrate and
the hydride donating/accepting carbon (C4) of the nicotinamide group of the coenzyme in MD
simulations. (B) RMSD analysis results.
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Figure S9. (A) SDS-PAGE of AtGIuDH and mutants. L: cell free extract, N: precipitation, P: pure
protein elution fraction, M: marker. (B) SDS-PAGE of the co-expression systems. Col: E.coli cells
co-expressing AtGluDH (K76L/T180C) and BmGDH, Co2: E.coli cells co-expressing AtGluDH
(K76L/T180C), BmGDH and EcTD, L: cell free extract, N: precipitation, M: marker. Protein
molecular weight: AtGluDH (46.7 kDa), BmGDH (28.2 kDa), EcTD (56.2 kDa).
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Figure S10. (A) HPLC chromatogram of racemic 2-aminobutyric acid. (B) HPLC chromatogram of L-

2-aminobutyric acid. (C) HPLC chromatogram of product L-2-aminobutyric acid yielded by
AtGluDH.



Figure S11. NMR spectra of the purified L-homoalanine. (A) 'H NMR; (B) 13C NMR. TH NMR (600
MHz, D,0): & = 3.71 (td, J = 5.8, 2.8 Hz, 1H), 1.89 (m, 2H), 0.97 (td, J = 7.6, 1.7 Hz, 3H); 13C NMR
(150 MHgz, D,0): 6 =174.9, 55.8, 23.7, 8.5.



