supplemental Table 1.

Primers used in this study

Primer

Sequence (5°-3’)

Primers used for amplification and sequencing of 16S rRNA gene

27F
1492R
43P16S_400F
43P16S_1000R

AGAGTTTGATCCTGGCTCAG
CGTTACCTTGTTACGACTT
GGGGAATCTTAGACAATGGGGG
GAACGTCTCACGACACGAGCTG

Degenerate primers used for identification of lgdA and IgnH

LGDH_NterF
LGDH_midR
LGnDH_NterFlII
LGnDH_midRIII

ATHGGNACNGGNTTYATGGG
GGRTCNGCCATRTARTCYTC
ATHGARAARGARGGNCAYAC
CCCATNCCDATCATNCCRCA

Primers used for inverse PCR and primer walking

LGDH_invF
LGDH_invFll
LGDH_invR
LGDH_invRlII
43P1679_F
43P1678_invF
43P1678_invFIl
43P1678_invFllII
43P1678_invFIV
43P1678_invR
43P1678_invRlII
43P1678_invRlIlII
43P1677_R
43P1676_invF
43P1676_invFIl
43P1676_invFIII
43P1676_invFIV
43P1676_invFV
43P1676_invR
43P1676_invRlII
43P1674_invF
43P1674_invFIl
43P1675_invR
43P1675_invRlII
43P1675_invRlIlII
LGNDH_invF
LGNDH_invFII
LGNDH_invFHI
LGNDH_invR
LGNDH_invRII
LGNDH_invRIII
LGNDH_invRIV
43P4929 invF
43P4929 invFIl
43P4929 _invFllII
43P4929 invR

GCCGAATGCGGTGCGACGTTGC
GTCAATTTCTGAGGAATGATAT
GCGGTCGATCTGATCGCCGAAGG
AAAGACTGGATCGCGCCGATCG
ATTGGTGCGAAACGCTGCAACC
GGTCAAGGATGTGACCGGCGCG
CGGCTATGTCGCGCTGAAAAAGG
GTTCTGGGCCAGCAGATCCTGA
CGCTTTATCCCTTTAACCTGTG
GGCGCGGTTCACGTCGTTCAGC
CGGGCATATCCTCAAGCTGGAC
CCTCGATTTGTCCGGTAAAGGC
GCTTCGATCATGCTGCCGGTGT
GACGACCGGCTGGAGAATGC
ACGATCTGGTGCGCGGCTTT
CTATGCCAAGACCAAGAAGC
GCGGTTTCAGGACTTTACCA
GCTATAGCTGCATGGGGTACGA
CGGTAGAAGATCAGCGGAAAGC
CGCACAGGCCGCGTTTCCCG
AATGACTGCAAGGTCTGCGT
GGTGCAGGCATGAAGCTGTT
AAAGTCGATCTGCGGCTGCT
CCCCATTTGATTTCCTGCTG
TATCTGCCCGATGGCAGCGA
AATGGAAAAGGTCATTCTGAA
GATGTCGTGTTCGAAGCTGT
CAATGCGACTATGACGGACT
AGGGTGACCAAAGGATTAAAC
ACATCACATCTTCGTCGATG
ACAGGCTGTTGTTGCGATGC
CAGTCGATATAACCGGCCTC
TGTAGTCGTTTGCGGCATGG
TCGAGAGATTTTCGAAACGC
GTGCATGTCCAGAACGTTAT
AGAGCCAGATCCTGAAGCTG



43P4929 invRII
43P4929 midF
43P4928_invF
43P4928_invR
43P4926_midR
43P4926_midFIlI
43P4926 NterR
43P4924 NterR
43P4923 CterF
43P4923 NterR

CAACTCGCTTTTTGAGGCTT
CAATGGCTTCGGCAATATCC
CAAGCCTCAAAAAGCGAGTT
GCTTTCATCGCGATATTTCC
GACTTCGTCAAACAGCATGAGT
GTGATTGCACACCGTGATCT
ATTTCCCCGAAGTAAGCGCTT
GAGATCTGCGACACAAGGCT
CGGAACATCATGATCCTGGCA
GCCAACAAATTCCCCAATCGC

Primers used for construction of expression plasmids

LgdA_NdeF
LgdA_XhoR
LgnH_NdeF
LgnH_XhoR
Lgnl_NdeF
Lgnl_XhoR
LgnF_NheF
LgnF_XhoR
LgnG_NdeF
LgnG_EcoR
LgnE_NdeF
LgnE_EcoR
DgoD10B_NdeF
DgoD10B_XhoR

CCGGGCATATGAGCAATGCTGAAAAAGCCCTC
CCGGGCTCGAGGAAATTGACGGGCTGGCCGGTCT
GAGAGACATATGAAGGCGCTTATCATCGAGA
GGCCCCTCGAGTCATAGTGCCACCATCACTT
GGGAGGCATATGAGCGACAGTTTCAAAAAA
GAGACTCGAGTTAGAACCCTGCGAGTGCCC
GAGAGAGCTAGCACGAATGGAATAGCGCCACG
TAACTCGAGTCAGGGCCAGATACGGGTGG
GAGAGACATATGAATTTTCCAACTCTCCCCC
TTTGAATTCTCATGCGAGGCCTCCTGATGTCT
GAGAGACATATGAAAGCTAAAACAATCCGGC
GAAGAATTCTCACGTCACCACCGCAAGCTGCCAA
GAGAGACATATGAAAATCACCAAAATTACCAC
GGGCTCGAGTTACCACTCTGCTACGCTGTTAT

Primers used for construction of suicide plasmids

LgdA1700_EcoF
LgdA1700_BamR
LgnE2000_HinF
LgnE2000_XbaR
LgnH1500_EcoF
LgnH1500_BamR
Lgnl1500_XbaF
Lgnl1500_SaclR

GGGGAATTCTTCCGGCATGAAHATCGTCG
GGGGGATCCCTTCAGCGCCTTTTTCAGCG
CAGAGAAGCTTATCAACGAAGCAAATCCGTC
GATGCTCTAGAGTCGATATAACCGGCCTCCA
GGGGAATTCGATCATCTCGGCTTATCAGG
GGGGGATCCATAAGAAGCCATCGATGCGG
CAGTCATCTAGACTGCCGCTACAACAAAACGC
GACTGAGAGCTCGGTGTCAGAACGCGGATAGC

Pkan_SacllF CACAACCGCGGATGTCAGCTACTGGGCTATCTGGA
Kan_SaclIR CACAACCGCGGTTGGTCGGTCATTTCGAACC
Pkan_F ATGTCAGCTACTGGGCTATCTGGA

Kan_R TTGGTCGGTCATTTCGAACC

Mob_F ACTCGCATAGGCTTGGGTCG

Mob_R CTGGCAATTCCGGTTCGCTT

Primers used for confirmation of gene disruption

IgdA_conF AAGGACATCGAGGACGTGAT

IlgdA_conR ACGCTCGATTTCGTCATTGC

IgnE_conF AATGCCATGACGACAAACGC

IgnE_conR TTTCCTCACCACGAATGACG

IgnH_conF ATTCGGCATCGGAACCAACC

Ignl_conF GCATGAAGGCGCTTATCATC

Ignl_conR CGTGCTGACGGTACACCTCC

? Restriction sites introduced are shown in italics, and the initiation and termination codons are in bold.



supplemental Table 2. Purification of L-GDH

Total protein Total activity Specific activity Yield
Purification step (mg) (umol min™) (umol min*mg™®) (%)
Cell-free extract 734 331 0.05 100
DEAE-cellulose 117 22.6 0.19 68.2
Butyl Toyopearl 8.53 20.6 242 62.8
Mono Q 5/50 151 4.86 3.21 14.7
Superdex 200 10/300 0.21 0.982 4,71 3.00

supplemental Table 3. Purification of L-GnDH

Purification step Total protein Total activity Specific activity Yield
(mg) (umol min™) (umol min*mg™®) (%)
Cell-free extract 149 33.9 0.23 100
1st DEAE-cellulose 45.7 27.1 0.59 80.0
2nd DEAE-cellulose 16.4 17.7 1.07 52.1
Mono Q 5/50 0.36 4.61 12.7 13.6
Superdex 200 10/300 0.04 0.851 22.0 2.51




74 P. zeaxanthinifaciens ATCC 215887 (AF461158)
_|52 E P. homiensis DD-R117 (DQ342239)
P. rhizosphaerae CC-CCM15-8T (JN662389)
P. saliphilus YIM 90738" (DQ923133)

P. fistulariae 22-5" (GQ260189)
_Irp.caeni MJ17T (GQ250442)
P. aestuarii B7™ (EF660757)
52 P. stylophorae KTW-16" (GQ281379)
_: P. alcaliphilus ATCC 51199T (AY014177)
P. seriniphilus MBT-A4T (AJ428275)

- 70 P. marcusii™ (Y12703)
100t P. haeundaensis BC741717 (AY189743)

88— p_carotinifaciens E-396T (AB006899)
P. isoporae sw-3T (FJ593906)
L b marinus KKLAST (AB185957)
P. halophilus HN-182T (DQ423482)
P. sphaerophysae Zy-3" (GU129567)
P. chinensis KS-117 (EU660389)
P. niistensis NI-0918™ (FJ842690)
P. alkenifer A901/17 (Y13827)
P. solventivorans ATCC 7002527 (AY014175)
P. kocurii JCM 7684™ (D32241)
P. koreensis Ch05™ (AB187584)
P. sulfuroxidans LW36™ (DQ512861)

_I— P. aminophilus ATCC 49673 (AY014176)
P. denitrificans ATCC 177417 (Y16927)

P. aminovorans JCM 7685™ (D32240)

P. thiocyanatus THI 0117 (D32242)

75

52 P. yeei G12127 (AY014173)
P. kondratievae GB™ (AF250332)
36 P. methylutens DM12" (AF250334)
83 P. pantotrophus ATCC 355127 (Y16933)

97| P. bengalensis JJJT (AJ864469)
97" P. versutus ATCC 25364 (AY014174)
Strain 43P
I Rhodobacter capsulatus ATCC111667 (D16428)
Rhodobacter sphaeroides 2.4.17 (X53853)

supplemental Figure 1. Phylogenetic tree based on 16S rRNA gene sequences of strain 43P and
Paracoccus and Rhodobacter strains. The tree was drawn using the NJ method with the MEGAS
package. Bootstrap values were calculated from 1000 repeats and those greater than 50% are shown at
branch points. The bar represents 0.01 substitution.
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supplemental Figure 2. SDS-PAGE of purification steps of L-GDH (A) and L-GnDH (B) and the
purified recombinant enzymes (C). Lanes M denote molecular markers (kDa). (A) Lane 1, cell-free
extracts; 2, after DEAE-cellulose; 3, after Butyl-Toyopearl; 4, after Mono Q 5/50 GL; and 5, after
Superdex 200 10/300 GL chromatography. (B) Lane 1, cell-free extracts; 2, after first DEAE-cellulose;
3, after second DEAE-cellulose; 4, after Mono Q 5/50 GL; and 5, after Superdex 200 10/300 GL
chromatography. The arrow indicates the position of L-GnDH. (C) Lane 1, LgdA; 2, LgnH; 3, Lgnl; 4,

LgnE; 5, LgnF; and 6, LgnG.
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H2 4128 (4.116) 1H,d  C1 181.33 (181.30) H2 4.604 (4.597) 1H,d  C1 178.71 (179.34)
H3 4.027 (4.019) 1H,dd C2  76.79 (76.76) H3 4423 (4.419) 1H,dd C2  81.99 (81.98)
H4, H5 3.781-3.745 2H,m C3 7526 (75.27) H4 4115(4.112) 1H,d  C3  78.99 (78.98)
(3.775-3.736) C4  73.91 (73.90) He 3.649(3.644) 2H,s C4 7877 (78.74)
Hé 3.621(3.621) 1H,m C5  73.65 (73.67) C5 105.75 (105.74)
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Lgnl product (sodium D-idonate) LgnE product (potassium KDGal)
1H-NMR 13C-NMR TH-NMR 13C-NMR
3 (ppm) 3 (ppm) 5 (ppm) 3 (ppm)
H2 4129 (4.128) 1H,d  C1 181.30 (181.29) H3 1.773(1.774)  1H,dd  C1  178.94(178.91)
H3 4.007 (4.007) 1H,dd C2  75.08 (75.08) H3 2.145(2.144)  1H,dd  C2 99.31 (99.30)
H4 3.731(3.732) 1H,dd C3 7537 (75.37) H4 3.842(3.841) 1H,m C3 4166 (41.63)
H5 3.851(3.852) 1H,ddd C4  74.46 (74.46) H5 3.587(3.586) 1H,ddd C4 71.64 (71.62)
He 3702(3.703) 1H,dd C5  73.80 (73.80) H6 3.589(3.588) 1H,dd C5 73.39 (73.37)
He' 3.660(3.661) 1H,dd C6 6575 (65.75) He' 3.784(3.786) 1H,dd C6 65.64 (65.63)

supplemental Figure 3. NMR analysis of LgdA (A), LgnH (B), Lgnl (C), and LgnE (D) reaction
products. Chemical shifts of the reaction products are shown in tables below, where those of the
authentic standards, potassium D-gluconate (A), potassium D-5-keto-gluconate (B), sodium D-idonate
(C) and potassium KDGal (D), are shown in brackets. The deduced structures are also shown. All the
chemical shifts were referenced to a 4,4-dimethyl-4-silapentane-1-sulfonic acid internal standard (0

ppm).



supplemental Figure 4. PCR analysis of gene disruption mutants. PCR reactions for amplifying
IgdA (lanes 1 and 2), IgnE (3 and 4), IgnH (5 and 6), and Ignl (7 and 8) were conducted with primer
pairs described in supplemental Table 1 using strain 43P chromosomal DNA (lanes 1, 3, 5, and 7),

AlgdA strain (2), AlgnE strain (4), AlgnH strain (6), and Algnl strain (8) as templates. Lane M denotes
molecular mass markers.
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supplemental Figure 5. Phylogenetic trees based on the amino acid sequences of LgdA (A), LgnH
(B), Lgnl (C), LgnE (D), LgnF (E), and LgnG (F) and their related sequences from the KEGG genome
and Uniprot KB databases. The sequences of enzymes with known function from respective protein
families in the Uniprot KB database are shown in green with their accession numbers, and those of
"potential” L-glucose and L-gluconate utilizing organisms from the KEGG genome database are
shown in red and blue, respectively, with KEGG organisms and accession numbers. The other
sequences from the KEGG genome database showing high similarities are indicated only with lines.
Line colors denote affiliations of organisms with the KEGG organisms; red, orange, yellow and
magenta, Alpha-, Beta-, Gamma- and Deltaproteobacteria; green, Firmicutes; cyan, Actinobacteria;
denim, Chlamydiae; cream, Spirochetes; purple, Acidobacteria; blue, Bacteroidetes; mustard,
Fusobacteria; camel, Verrucomicrobia; and lilac, Hyperthermophilic bacteria. The bars represent 0.1
substitutions.
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