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Supplementary Methods

Materials and methods

Materials, bacterial strains, and plasmids. Biochemicals and media were purchased from
Sinopharm Chemical Reagent Co. Ltd. (China) or Oxoid Ltd. (UK) unless stated otherwise.
Enzymes were purchased from New England Biolabs Ltd. (UK) except ApexHF HS DNA
polymerase for high-fidelity amplification from Accurate Biology Co. Ltd. (China). Chemical
compounds and reagents were purchased from Bide Pharmatech Ltd. (China), Macklin Biochemical
Technology Co., Ltd. (China) and J&K Scientific Ltd. (China) unless stated otherwise. Gene
synthesis and codon optimization were performed at GENEWIZ, Inc (China). Primer synthesis and
DNA sequencing were performed at Shanghai Sangon Biotech Co. Ltd. (China). Bacteria strains
and plasmids used in this study are listed in Table S2. Primers used in this study are summarized in

Table S3.

Analysis. High performance liquid chromatography (HPLC) analysis was carried out on Thermo
Fisher Dionex UltiMate 3000 UHPLC system (Thermo Fisher Scientific Inc., USA). Electrospray
ionization mass spectrometry (ESI-MS) was performed on Bruker AmaZon SL Ion Trap LC/MS
spectrometer (Bruker Co. Ltd, Germany), and the data were analyzed using Bruker Daltonics
DataAnalysis. ESI-high resolution MS (ESI-HR-MS) analysis was carried out on Bruker High
Resolution Q-TOF mass spectrometry (impactHD) (Bruker Co. Ltd, Germany) and the data were
analyzed using Bruker Daltonics DataAnalysis. NMR data were recorded on the Bruker Avance Neo

600 MHz NMR spectrometer (Bruker Co. Ltd, Germany).
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Sequence analysis. Open reading frames (ORFs) were identified using the FramePlot 4.0beta
program (http://nocardia.nih.go.jp/fp4/). The deduced proteins were compared with other known
proteins in the databases using available BLAST methods (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Amino acid sequence alignments were performed wusing the Strap program
(http://www.bioinformatics.org/strap/). Homology modeling of the GvgD structure was conducted

using the I-TASSER on-line server (http://zhanglab.ccmb.med.umich.edu/I-TASSER/).

Gene sequences of the codon optimized gvgD- gvgH~ metYwus~ metZwus

gvgD:
ATGAGCCTGGTGGAAGTGCATAACGAATGGGACCCGCTGGAAGAAATGATTGTGGGCGTGGCGCA

TGGCGCGCGCGTGCCGCGCCCGGATCGCGGCCTGTTTGCGCTGGATTATAGCGAACATCATGATA
GCCCGCATGAAATTCCGAGCGGCCCGTATCCGGAACAGCTGATTGAAGAAGCGCAAGAAGATCTG
GATGCGTTTGCGGCGTTTCTGGTGGGCCATGGCGTGACCGTGCGCCGCCCGCGCGAAACCTATCA
TGCGGCGCTGTTTGGCACCGCGGATTGGAAAACCGATGGCGAATATAACTATTGCCCGCGCGATG
TGCTGCTGCCGATTGGCAAAACCATTATTGAAGCGCCGATGGCGCTGCGCAGCCGCTATTTTGAA
CCGTTTGCGTATCGCGAACATCTGCAAGCGTATTTTGCGAGCGGCGCGAACTGGATTAGCGCGCC
GAAACCGGAACTGCCGGATAGCACCTATCGCGTGAACCCGCGCGAAGGCAGCATTATTGCGAACG
ATGAACCGATTTTTGATGCGGCGAACGTGCTGCGCATGGGCCGCGATATTCTGTATCTGGTGAGC
CGCAGCGGCAACCGCCTGGGCTATGAATGGCTGAAACGCGTGCTGGGCGATCAGTATCGCGTGCA
TGCGCTGAGCGGCTTTTATGATGGCACCCATCTGGATACCACCATTACCCTGGTGCGCCCGGGLCC
TGGTGGTGCTGAACCCGGAACGCATTGGCAAAGATCAAGTGCCGGATGTGTTTAAAAACTGGGAT
ATTATTTGGGCGCCGGATATGGTGGATACCGGCTATTGCTGGAGCTATCCGCGCGCGAGCATTTG
GCAAGGCATGAACTTTATTATGGTGAACCCGAGCCTGGCGGTGATTAACGATCAGCAAGTGCCGC
TGATTCGCGCGCTGGAAAAACATCATGTGGATGTGGCGCCGCTGAAAATGCGCCATGCGCGCAGC
CTGAGCGGCGGCTTTCATTGCGTGAGCGTGGATATTCGCCGTCGCGGCACCCTGGAAGATTGCCG
CTAA

gvgH:
ATGAGCAAAGTGATTTATAAAAACCTGAACACGAGCCCGATTCTGGCGGTGGGLCGEGCGECGEGEGELET

GTGGCTGGAAGATGCGACCGGCAAACGCTATTTAGATACCTGCGGCGGCGTGGCGGTGAGCAGCC
TGGGCCATGGCCATCCGCGCATTGCGGCCGCGTTCGAACGCGAAGCGAAAAAATTAGCGTGGGCG
CATGCCGGCAGCTTCACCACGGCGGCCGCGGAGGAACTGGCGGAACGCCTGGTTGCCGCGAGTGG
TGGCCTGGCCCGCGCGCAGTTTCTGAGCGGCGGCAGCGAAGTGATGGAACTGGCGATGAAAATTG
CGTATCAGTATCAGTGCGAACGCGGCCTGCCGGAAAAAAGCCTGTTTATTAGCCGCCGTCAGAGC
TATCATGGCAGCACCCTGGGCACCCTGAGCATTAGCGGCAACCCGCAGCGTCAGAGCGTGTTTGG
TCAGCTGTTTGCGGCCGCGGAATTTGTGAGCCCGTGCTATGCGTATCGCGATCAGCGCCCGGATG
AAAGCGAAGAACAGTATGCGACCCGCCTGGCGGATGAACTGGATGCGAAAATTCGCAGCCTGGGC
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AGCGAAAACGTGGCGGCGTTTTTTGCGGAAACCGTGGTGGGCAGCACCAACGGCGCGGTGCCGGL
GGTGCCGGGCTATTTTCGCAAAATTAAAGCGGTGTGCGAACGCCATGATGTGCTGCTGATTCTGG
ATGAAGTGATGGCGGGCATGGGCCGCACCGGCCAACTGTTTGCCTATGCCGATGATGGCATTGTG
CCGGATATGGTGGCGGTGGGCAAAGGCCTGGCGGCGGGCTATATGCCGATTAGCGCGCTGCTGAT
TAGCGATCAAGTGCATAGCGTGATGGCGCGCGGCAGCGGCGTGCTGGGCAACGGTCAGACCCATG
TGAACCATCCGCTGGCGTGCGCGATTGCGCTGGAAGTGCAGCAAGTGATTGAAGATGAAGATCTG
CTGGCGCAAGTGCGTCAGCGCGGCGAACAGCTGCGCGCGTGGCTGCGCGAAAGCCTGGCGGATCT
GGATATTGTGGGCGATGTGCGCGGCCGCGGCCTGTTTGTGGGCGTGGAATTTGTGGAAAGCCGCG
CGACCAAAGCGCCGTTTAAGGGCGGTGGCGCGTATGCGGCCGCGCTGAAACAAGAAGCGCTGCAG
CGCGGCCTGCTGATTTATCCGGGCAGCGGCACCGTGCAAGGCACCCATGGCAACCATGTGCTGTT
TGCGCCGCCGTTTATTACGAGCGAAGGCGAACTGGGTCAGATGGTGGAACGCTTTAACGCGGTGG
TGCGCGCGGTGGCGTATTAA

metYwus:
ATGAAAGATGCGACCATTGCGCTGCATCATGGCTTTAAAAGCGATCCGACCACCAAAGCGGTGGC
GGTGCCGATTTATCAGAACGTGGCGTTTGAATTTGATAACGCGCAGCATGGCGCGGATCTGTTTA
ACCTGGATGTGCCGGGCAACATTTATACCCGCATTATGAACCCGACCAACGATGTTTTAGAACAG
CGTCTGGCGGCCCTGGAAGGCGGCATTGCCGGTCTGGCCGTGAGCGCGGGCAGCGCGGCGATTCA
TTATGCGATTCAGACCCTGACCCGCGCGGGCGATAACATTGTGACCACCCCGCAGCTGTATGGCG
GCACCTATACCCTGTTTGCGCATCTGCTGCCGAGCTTTGGCGTGGATGTGCGCTTTGCGCGCGAT
GATAGCGCGGAAGCGATTGCGGAACTGATTGATGATAATACCAAACTGGTGTATTGCGAAAGCAT
TGGCAACCCGGCGGGCAACATTGTGGATCTGGAAGCGCTGGCGAACGTGGCGCATGATCGCGGCG
TGCCGCTGATGGTGGATAACACCGTGGCGACCCCGATTCTGTGCAAACCGATTCAGTTTGGCGCG
GATATTGTGGTGCATAGCGTGACCAAATATATTGGCGGCCATGGCAACAGCCTGGGCGGCGTGAT
TGTGGATAGCGGCACCTTTCCGTGGGCGCAGTATCCGGAAAAATTTCCGGGCCTGAACACCCCGG
AACCGGCGTATCATGGCGTGGTGTATACCGAAAAATTTGGCCCGGCGGCCTTTATTGCGCGTGCG
CGTACCGTTCCGCTGCGCAATACCGGCGCGGCCCTGGCGCCGATGAACGCGTTTCTGTTACTGCA
AGGCCTGGAAACCCTGGCGCTGCGCATGGAACGCCATACCGAAAACGCGCTGAAAGTGGCGCAGT
TTCTGCAAGGCCATACCGCGGTGGAATGGGTGAGCTATGCGGGCCTGCCGGATCATCCGCATCAT
GCGCTGGCGCAGAAATATCTGCAAGGCAAACCGAGCGCGATTCTGAGCTTTGGCCTGAAAGGCGG
CTTTGATGCGGGCGTGCGCTTTTATGATGCGCTGCAGATTTTTAAACGCCTGGTGAACATTGGCG
ATGCGAAAAGCCTGGCGTGCCATCCGGCGAGCACCACCCATCGTCAGATGAACGAACAAGAACAA
GCGAAAGCGGGCGTGAAACCGGAAATGATTCGCCTGAGCGTGGGCATTGAAGCGATTGAAGATCT
GATTGACGACCTGCAACAAGCGCTGGGCAGCACCCGCCTGTAA

metZwrs

ATGAGCCAAGAATGGGATGCGGGCCGCCTGGATAGCGATCTGGATGGCGTGGCGTTTGATACCCT
GGCGGTGCGCGCGGGTCAGCATCGCACCCCGGAAGGCGAACATGGCGATCCGATGTTTTTTACGA
GCAGCTATGTGTTTCGCACCGCGGCGGATGCGGCCGCGCGCTTTGCGGGCGAAGTGCCGGGCAACL
GTGTATAGCCGCTATACCAACCCGACCGTGCGCGCGTTTGAAGAACGCATTGCGGCGCTGGAGGG
TGCGGAACAAGCCGTGGCCACCGCGACCGGCATGGCGGCGATTCTGGCGGTGGTGATGAGCCTGT
GCAGCGCGGGCGATCATGTGCTGGTGAGCCGCAGCGTGTTTGGCAGCACCATTAGCCTGTTTGAA
AAATATTTTAAACGCTTTGGCATTGAAGTGGATTATGTGCCGCTGGCGGATCTGAGCGGCTGGGA
TACCGCGATTAAAGCGAACACCCGCCTGCTGTTTGTGGAAAGCCCGAGCAACCCGCTGGCGGAAC



TGGTGGATATTGCGGCCCTGAGCGAAGTGGCGCATGCGAAAGGCGCGATGCTGGTGGTGGATAAC
TGCTTTTGCACCCCGGCGCTGCAGCAGCCGCTGAAACTGGGCGCGGATATTGTGGTGCATAGCGC
GACCAAATTTATTGATGGCCAAGGCCGCTGCATGGGCGGCGTGGTGGCGGGCCGCAGCGAACAGA
TGAAAGAAGTGGTGGGCTTTCTGCGCACCGCGGGCCCGACCCTGAGCCCGTTTAACGCGTGGATT
TTTCTGAAAGGCCTGGAAACCCTGGGCCTGCGCATGAAAGCGCATTGCGCGAACGCGCAAGCGCT
GGCGGAATGGCTGGAACAGCAAGATGGCATTGAAAAAGTGCATTATGCGGGCCTGAAAAGCCATC
CGCAGCATGAACTGGCGCAGCGTCAGCAGCGCGGCTTTGGCGCGGTGGTGAGCTTTGAAGTGAAA
GGCGGCAAAGAAGGCGCGTGGCGCTTTATTGATGCGACCCGCCTGATTAGCATTACCGCGAACCT
GGGCGATAGCAAAACCACCATTACCCATCCGAGCACCACGAGCCATGGCCGCCTGGCGCCGCAAG
AACGCGAAGCGGCGGGCATTCGCGATAGCCTGATTCGCGTGGCGGTGGGCCTGGAAGATGTGGCG
GATCTGCAAGCGGATCTGGCGCGCGGCCTGGCGGCGCTGTAA

Protein expression and purification

GvgD. The plasmid pFG1001 (pET28at+gvgD) was electrotransformed into Escherichia coli BL21

(DE3) for protein expression. GvgD fused to an N-terminal 6 x His tag was expressed at 25 °C and

shook at 200 rpm for 24 h with 100 uM isopropyl-p-D-thiogalactopyranoside (IPTG) added at

ODs0o=0.6 for induction. Cells were harvested by centrifugation at 4 °C and re-suspended in lysis

buffer containing 50 mM K>;HPO4 (pH 8.0), 300 mM NaCl, 5 mM imidazole and 10% (v/v) glycerol.

After disruption by a low-temperature ultra-high-pressure cell disrupter, the insoluble material was

removed by centrifugation at 20000 g at 4 °C. The soluble fraction was subjected to purification

using a Ni Bestarose FF column (Bestchrom, China) according to the manufacturer’s protocol. The

elution fraction containing the recombinant protein was desalted using a PD-10 Desalting Column

(GE Healthcare, USA) into storage buffer (50 mM K,HPO4 (pH 8.0), 100 mM NaCl, 10% (v/v)

glycerol and 1 mM 2-mercaptoethanol (2-ME)). The resulting protein was concentrated and stored

at -80 °C. The purity of the protein was determined by 10% sodium dodecyl sulfate polyacrylamide

gel electrophoresis (SDS-PAGE) analysis, and the concentration was determined by the Bradford

assay using bovine serum albumin (BSA) as the standard.



GvgH, MetY, MetZ. The plasmids pFG1002 (pET28a+gvgH), pFG1003 (pET28a+metYwns) and
pFG1004 (pET28a+ metZwus) were transferred into E. coli BL21 (DE3) for expression, respectively.
The proteins were purified to homogeneity, and concentrated according to the procedures described
above for GvgD. Storage buffer free of 2-mercaptoethanol (50 mM KoHPO4 (pH 8.0), 100 mM

NaCl, 10% (v/v) glycerol) was utilized instead of the 2-mercaptoethanol containing buffer for GvgD.

Site-directed mutations of GvgD C332A, C332S, H227A, D179A, D108A, D229A and GvgH
K268R. Plasmids containing site-directed mutations were generated using the primers listed in
Table S2 for PCR amplification with pFG1001or pFG1002 as the template. Then, 1 uL of Dpnl
enzyme was added to the PCR system to remove the template. The PCR system was desalted by
0.025 pm mixed cellulose ester (MCE)membrane (Merck Millipore Ltd.,, USA) and
electrotransformed into E. coli BL21 (DE3). After sequencing to validate the fidelity, the resulting
mutant proteins were expressed in E. coli BL21 (DE3), purified to homogeneity, and concentrated

according to the procedures described above for the native proteins.

Site-directed mutation of GvgH K268A. Two DNA fragments containing K268A mutant
(fragment 1) and the antibiotic resistance marker kan (fragment 2) were generated using the primers
listed in Table S2 for PCR amplification with pFG1002 as the template, respectively. After
purification by agarose gel electrophoresis, 600 ng fragment 1 and 400 ng fragment 2 were
assembled in a 20 pL system including 10 pL 2x MultiF Samless Assembly Mix (ABclonal

Technology Co.,Ltd., USA) at 50 °C for 2 h. The assembled system was desalted by



MCE membrane and electrotransformed into £. coli BL21 (DE3). After sequencing to validate the
fidelity, the resulting mutant protein was expressed in E. coli BL21 (DE3), purified to homogeneity,

and concentrated according to the procedures described above for the native proteins.

In vitro enzymatic assay for GvgD. The assays for GvgD (total volume, 100 pL) were performed
at 30 °C for 3 h in 50 mM Tris-HCI buffer (pH 7.5) containing 1 mM L-canaline (or L-ornithine, L-
lysine, L-Dab), 1 mM L-arginine (or L-canavanine, L-homoarginine) in the presence of 40 uM GvgD
or GvgD mutants. The assays were quenched by adding an equal volume (100 pL) of CH3CN. After
centrifugation, 4 pL of dansyl chloride (DNSC, 50 mM in CH3CN) was added to the 200 pL of
supernatant of the assays, followed by further incubation at 50 °C for 1 h to derivatize the amino
group. After removal of precipitate by centrifugation, the mixtures were then subjected to HPLC-
ESI-(HR)MS analysis on an Acclaim TM RSLC 120 C18 column (2.1 x 100 mm, 2.2 pm, 120 A,
Thermo Fisher Scientific Inc., USA) by gradient elution of solvent A (H>O containing 0.1% formic
acid) and solvent B (CH3CN containing 0.1% formic acid) with a flow rate of 0.3 mL/min over a
25 min period as follows: T =0 min, 5% B; T =3 min, 5% B; T = 18 min, 95% B; T = 22 min, 95%

B; T=23 min, 5 % B; and T = 25 min, 5% B (mAU at 254 nm).

Kinetic studies for GvgD. To determine the apparent kinetic parameters of the forward (L-Arg +
L-canaline) and reverse (L-canavanine + L-ornithine) reactions, the assays contained 50 mM Tris-
HCl buffer (pH 7.5), 40 uM GvgD, and various concentrations of reactants (L-Arg + L-canaline, 0.5
mM to 2.5 mM, or L-canavanine + L-ornithine, 0.7 mM to 2.5 mM) in a final volume of 300 pL. To

determine the apparent kinetic constants for L-Arg + L-Lys, the same reaction system was



constructed with L-Arg + L-Lys various from 0.7 mM to 2.5 mM. All reactions were performed at

30 °C, and terminated by addition of an equal volume of CH3CN. After centrifugation and DNSC

derivatization, the mixtures were then analyzed by HPLC-ESI-MS.

In vitro enzymatic assay for GvgH (MetYwns or MetZwne). The assays for GvgH (MetY wus or

MetZwns, total volume, 100 pL) were performed at 30 °C for 3 h in 100 mM K;HPOj4 buffer (pH

7.5) containing 1 mM O-succinylhomoserine (or O-acetylhomoserine, 2-aminobut-3-enoic acid), 1

mM pyridoxal 5'-phosphate monohydrate (PLP), (and 1 mM 2-mercaptoethanol) in the presence of

50 uM GvgH (or MetY whs, MetZwhs). The assays were quenched by adding 90 pL of CH3CN. After

centrifugation, 4 pL. of DNSC (50 mM in CH3CN) and 10 uL of Li>CO3 (800 mM suspension in

CH3CN) were added to the supernatant of the assays, followed by further incubation at room

temperature for 1 h to derivatize the amino group. The mixtures were then subjected to HPLC-ESI-

(HR)MS analysis according to the procedure described above for GvgD.

Derivatization of the commercially available amino acids as standards. Commercially available

amino acids were dissolved in Tris-HCI buffer (50 mM, pH 7.5) or K;HPO, buffer (100 mM, pH

7.5) to obtain 1 mM aqueous solutions. Then 100 pL of the aqueous solutions were mixed with an

equal volume of CH3CN, 4 pL of DNSC (50 mM in CH3CN) was added to each of the 200 uL amino

acid aqueous solution, following by further incubation at 50 °C for 1 h to derivatize the amino group.

After removal of precipitate by centrifugation, the mixtures were then subjected to HPLC-ESI-

(HR)MS analysis according to the procedure described above for GvgD.



Table S1. Apparent kinetic parameters of GvgD on different

repeated three times.

substrates. All experiments were

Apparent

Apparent Apparent Apparent
Substrate K Vimax Keat Keat/Km
(mM) (mM s?) (sh (mM1st)
L-cnanaline + L-arginine 4.59 0.0962 2.41 0.524
L-ornithine + L-canavanine 6.13 0.220 5.51 0.899
L-lysine + L-arginine 13.67 0.00399 0.0998 0.00730




Table S2. Bacterial strains and plasmids.

. . - Source/
Strain/Plasmid Characteristic(s)
Reference

E. coli
BL21 (DE3) Host for protein expression NEB
FG1001 BL21 (ED3) derivative, containing pFG1001 for producing GvgD This study
FG1002 BL21 (ED3) derivative, containing pFG1002 for producing GvgH This study

BL21 (ED3) derivative, containing pFG1003 for producing )
FG1003 This study

MetY whs
FG1004 BL21 (ED3) derivative, containing pFG1004 for producing MetZwws | This study
FG1005 FG1001 derivative, containing pFG1005 This study
FG1006 FG1001 derivative, containing pFG1006 This study
FG1007 FG1001 derivative, containing pFG1007 This study
FG1008 FG1001 derivative, containing pFG1008 This study
FG1009 FG1001 derivative, containing pFG1009 This study
FG1010 FG1001 derivative, containing pFG1010 This study
FG1011 FG1002 derivative, containing pFG1011 This study
FG1012 FG1002 derivative, containing pFG1012 This study
Plasmids

Protein expression vector used in E. coli, encoding N-terminal 6>
PET-28a(+) . . . Novagen

His-tag, kanamycin resistance
pFG1001 PET28a(+) derivative containing gvgD (Ndel+Xhol) This study
pFG1002 PET28a(+) derivative containing gvgH (Ndel+Xhol) This study
pFG1003 PET28a(+) derivative containing metYwws (Ndel+HindlIlI) This study
pFG1004 PET28a(+) derivative containing metZwns (Ndel+HindlIl) This study
pFG1005 pET28a(+) derivative containing gvgD D108A This study
pFG1006 pET28a(+) derivative containing gvgD D179A This study
pFG1007 pET28a(+) derivative containing gvgD D229A This study
pFG1008 pET28a(+) derivative containing gvgD H227A This study
pFG1009 pET28a(+) derivative containing gvgD C332A This study
pFG1010 pET28a(+) derivative containing gvgD C332S This study
pFG1011 PET28a(+) derivative containing gvgH K268R This study
pFG1012 PET28a(+) derivative containing gvgH K268A This study
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Table S3. Primers used in this study.

Primer

Sequence (5°-3”)

GvgD D108A-for

AACTATTGCCCGCGCGCAGTGCTGCTGCCGATT

GvgD D108A-rev

AATCGGCAGCAGCACTGCGCGCGGGCAATAGTT

GvgD D179A-for

GATGAACCGATTTTTGCAGCGGCGAACGTGCTG

GvgD D179A-rev

CAGCACGTTCGCCGCTGCAAAAATCGGTTCATC

GvgD D229A-for

GATGGCACCCATCTGGCAACCACCATTACCCTG

GvgD D229A-rev

CAGGGTAATGGTGGTTGCCAGATGGGTGCCATC

GvgD H227A-for

TTTTATGATGGCACCGCACTGGATACCACCATT

GvgD H227A-rev

AATGGTGGTATCCAGTGCGGTGCCATCATAAAA

GvgD C332A-for

AGCGGCGGCTTTCATGCAGTGAGCGTGGATATT

GvgD C332A-rev

AATATCCACGCTCACTGCATGAAAGCCGCCGCT

GvgD C332S-for

AGCGGCGGCTTTCATAGCGTGAGCGTGGATATT

GvgD C332S-rev

AATATCCACGCTCACGCTATGAAAGCCGCCGCT

GvgH K268R-for

ATGGTGGCGGTGGGCCGTGGCCTGGCGGCGGGL

GvgH K268R-rev

GCCCGCCGCCAGGCCACGGCCCACCGCCACCAT

GvgH K268A-1-for

CCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAA

GvgH K268A-1-rev

GCTAATCGGCATATAGCCCGCCGCCAGGCCTGCGCCCACCGCCACCATAT

CCG

GvgH K268A-2-for

GGCCTGGCGGCGGGCTATAT

GvgH K268A-2-rev

GCCAGAGTTGTTTCTGAAAC
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Figure S1. Proposed inhibitive mechanism of oxyvinylglycine for the eliminase subgroup of PLP-

dependent enzymes.!
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Figure S2. Distinct biosynthetic pathways of AMB (A), rhizobitoxine (B) and D-cycloserine (C).>
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Figure S3. The biosynthetic gene cluster of FVG in P, fluorescens WH6 with predicted functions.

gvgD and gvgH are highlighted in red and blue, respectively.'*14
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Figure S4. Denaturing SDS-PAGE analysis (conc. 10%) of GvgD and its mutants. Lane 1,
Protein standard; Lane 2, GvgD (41.61 kDa); Lane 3, Protein standard; Lane 4, GvgD C332A,;
Lane 5, Protein standard; Lane 6, GvgD C332S; Lane 7, Protein standard; Lane 8, GvgD H227A;

Lane 9, Protein standard; Lane 10, GvgD D179A; Lane 11, Protein standard; Lane 12, GvgD
D108A.
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Figure S5. HPLC-ESI-HRMS of DNS-3, DNS-Orn, DNS-Arg and DNS-2, respectively.
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Figure S6. In vitro characterization of GvgD with L-Lys (A) or L-Dab (B) as amidino acceptors.
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Figure S7. In vitro characterization of GvgD with L-HoArg as amidino donor and L-canaline (A) or

L-Orn (B) as amidino acceptors.
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Figure S8. Homology modeling of GvgD performed by I-TASSER. (A) The alignment of GvgD
(Green) and StxG (Cyan, Protein DataBank entry 6UIR'%). (B) Partial enlarged detail of GvgD

(Green) and StxG (Cyan) at the catalytic sites. The related residues (indicated in sticks) of the two

proteins are close in space.
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Figure S9. Partial sequence alignment of GvgD and the homologous proteins. The proposed

catalytic sites are indicated by red triangles.
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Figure S10. Evaluation of the putative catalytic sites (A) and the proposed catalytic mechanism of
GvgD (B). The peaks with [M+H]"=410 in II-VII are isotopic peaks of DNS-Arg ([M+H]"=408)

and are extraneous to DNS-3.
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Figure S11. Denaturing SDS-PAGE analysis (conc. 10%) of GvgH, GvgH mutants, MetY wns and
MetZwus. Lane 1, Protein standard; Lane 2, GvgH (49.04 kDa); Lane 3, Protein standard; Lane 4,
GvgH K268A; Lane 5, Protein standard; Lane 6, GvgH K268R; Lane 7, Protein standard; Lane 8,

MetYwns (47.86 kDa); Lane 9, Protein standard; Lane 10, MetZwnue (45.41 kDa).
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Figure S12. Visible spectra of GvgH, MetY wns, MetZwns, and GvgH mutants.
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Figure S13. HPLC-ESI-HRMS of DNS-6, DNS-7 and MS/MS fragmentation analysis of DNS-7,

respectively.
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Figure S14. Characterization of the y-elimination activity of GvgH with L-homoserine (HoSer) and

L-homocysteine (HoCys).

(o} (o} (¢} o
HO GvgH HS GvgH
OH —%—— & OH OH —x—— & OH
NH, NH, NH, NH,
HoSer 6 HoCys 6

ESI m/z [M+H]* modes for HPLC-ESI-MS after DNSC derivatization:

353 = HoSer
369 = HoCys
335 = DNS-6

HoSer+GvgH
I A HoSer, -GvgH
m HoCys+GvgH

\Y K HoCys, -GvgH
Vi /\ DNS-6 Standard

T T T T T T T T 1
8.0 9.0 10.0 1.0 min

25



Figure S15. NMR and HPLC-ESI-HRMS spectra of chemically synthesized 7.

A: "H-NMR spectrum (600 MHz, D,0).
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C: HPLC-ESI-HRMS, [CsH14NO3S]", caled. 180.0689, found 180.0684.
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Figure S16. Characterization of the addition activity of GvgH, MetYwns and MetZwns with

exogenous 6 and 2-ME.
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Figure S17. Characterization of the addition activity of GvgH with (A) hydroxylamine (8), (B)
hydroxyurea (9) or (C) hydroxyguanidine (10). The peak of [M+H]*=410 in figure C is extraneous
to DNS-3 as this peak was also observed in negative controls omitting GvgH and the retention time

was distinct from DNS-3 standard.
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Figure S18. HPLC-ESI-HRMS analysis of PLP releasement from denatured GvgH, K268A and

K268R by either boiling or adding 2% (v/v) formic acid.
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Figure S19. Evaluation of the putative catalytic K268 in GvgH.
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Figure 20. Reactions catalyzed by known biosynthetic enzymes belonging to HDO superfamily.'®
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Figure 21. Plausible functions of GvgA, GvgC and GvgF.
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Figure 22. Chemical structures of crocagins, saxitoxin and the proposed functions of Cgnl, SxtI and

SxtL.25-28
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Figure 23. Other BGCs that including homologous genes of gvgACF.
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