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Figure S1: Overview of the global proteomic comparison.

A] Number of proteins detected in each of the biological triplicates for different carbon sources. B] Coverage of proteins detected in
all the samples. Total nine samples were processed for proteomics, for each carbon source there were biologcal triplicates (i.e.
3×3), and the numbers given on either side of the bar plot represent the coverage of proteins in different number of samples.  C]
Principal components analysis of demonstrating the variation in protein expression profiles under different growth conditions. D]
Correlation heatmap depicting the replicability between biological triplicates for each growth condition.



Clostridium botulinum

2677160727 Ga0104476 10468 glcD2 glycolate oxidase Clostridium uliginosum DSM 12992 : Ga0104476 104
2553900253 H122DRAFT 01443 glcD2 glycolate oxidase Clostridium saccharoperbutylacetonicum N1-4(HMT) : H122DRAFT AOIF01000038 1.38
2609357126 Cspa c41430 glcD2 glycolate oxidase Clostridium saccharoperbutylacetonicum DSM 14923 (Cspa) : Csp c
2705805608 CLSAP 38950 glycolate oxidase Clostridium saccharoperbutylacetonicum N1-504 (CLSAP) : CLSAP contig000001

Clostridium beijerinckii

2632616682 Ga0072885 122153 glcD2 glycolate oxidase Clostridium sp. HMP27 : Ga0072885 122
Clostridium saccharobutylicum

2656686402 Ga0111308 113423 glycolate oxidase Clostridium carboxidivorans P7 null replaces 81740 : Ga0111308 11
645612920 CcarbDRAFT 2213 FAD linked oxidase domain protein Clostridium carboxidivorans P7: NZ ACVI01000032
648014577 CLCAR 3285 putative glycolate oxidase subunit GlcD Clostridium carboxidivorans P7 genomic scaffold Scaffold 18: NZ GG770694

2629951784 Ga0077986 113556 glcD2 glycolate oxidase Clostridium scatologenes ATCC 25775 : Ga0077986 11
2580384410 EG59DRAFT 06382 glcD2 glycolate oxidase Clostridium scatologenes ATCC 25775 : EG59DRAFT JIDX01000119 1.119

2587828696 EJ32DRAFT 00126 glcD2 glycolate oxidase Clostridium intestinale DSM 6191 : EJ32DRAFT scaffold00001.1
2541302604 CINTURNW 2227 glcD2 glycolate oxidase Clostridium intestinale URNW (NCBI site downloaded Genbank annotation) : APJA01000012
2510260319 CURNW11 00010680 glcD2 glycolate oxidase Clostridium sp. URNW (Scaffolds with Merged Contigs) : CURNW11 scaffold00001.1
2516417681 CURNW 01072 glcD2 glycolate oxidase Clostridium sp. URNW (Assembly of contigs) : CURNW contig00031.31

2516115153 A370 03088 glcD2 glycolate oxidase Clostridium sp. MBC34-26 : A370 NODE 189 1 len 61860 cov 930 782043.98
2793591335 Ga0308437 109622 glcD2 glycolate oxidase Clostridium sp. LS : Ga0308437 1096
2713642037 CCHR 18800 glcD2 glycolate oxidase subunit GlcD Clostridium chromiireducens DSM 23318 (CCHR) : CCHR contig000021

2706334491 CLPUN 28410 glycolate oxidase Clostridium puniceum BL70/20 (CLPUN) : CLPUN contig000177
2587815836 EJ29DRAFT 03312 glcD2 glycolate oxidase Clostridium acidisoli DSM 12555 : EJ29DRAFT scaffold00019.19

2689810603 CLAUR 25130 glcD2 glycolate oxidase Clostridium aurantibutyricum DSM 793 (CAUR) : CLAUR contig000092
2706339333 CLROS 23100 glycolate oxidase Clostridium roseum Wis 42-A (CLROS DSM6424) : CLROS contig000034
2706330362 CLFE 35420 glycolate oxidase Clostridium felsineum 541 (CLFEL) : CLFE contig000020
2689824545 CROST 39880 glcD2 glycolate oxidase Clostridium roseum DSM 7320 (CROS) : CROST contig000097

Clostridium butyricum

2723238200 Ga0175872 121231 glycolate oxidase Clostridium estertheticum estertheticum DSM 8809 : Ga0175872 12
2725854256 Ga0126224 105129 glycolate oxidase Clostridium colicanis DSM 13634 : Ga0126224 105
2653419246 CLCO 13080 glycolate oxidase Clostridium colicanis 3WC2 (CLCO) : CLCO contig000005

2599659121 Ga0056055 02512 glycolate oxidase Clostridium thermopalmarium DSM 5974 : Ga0056055 scaffold00032.32
2588078140 EJ55DRAFT 01726 glycolate oxidase Dethiosulfatibacter aminovorans DSM 17477 : EJ55DRAFT scaffold00007.7

2588078136 EJ55DRAFT 01722 glycolate oxidase Dethiosulfatibacter aminovorans DSM 17477 : EJ55DRAFT scaffold00007.7
2623238770 Ga0070594 103127 glycolate oxidase Clostridium homopropionicum DSM 5847 : Ga0070594 103
2645962377 Ga0098769 112158 glcD2 glycolate oxidase Clostridium homopropionicum DSM 5847 : Ga0098769 112

Clostridium tyrobutyricum 
2608658695 Ga0059085 10737 glycolate oxidase Sarcina sp. DSM 11001 : Ga0059085 107

2705740624 Ga0139430 11411 glycolate oxidase subunit GlcD unclassified Lachnospiraceae bin 15 Ga0139430 : Ga0139430 1141
2563352341 T507DRAFT 01268 glycolate oxidase Lachnospiraceae bacterium FE2018 : T507DRAFT scaffold00013.13

651012966 CXIVA 02370 glycolate oxidase Clostridium sp. SY8519: NC 015737
2514318048 HMPREF9333 01070 glycolate oxidase Johnsonella ignava ATCC 51276 : NZ ACZL01000017

2791228614 Ga0303293 101775 glycolate oxidase Eubacterium sp. An3 : Ga0303293 1017
2791232319 Ga0303360 10147 glycolate oxidase Eubacterium sp. An11 : Ga0303360 1014

644227509 EUBHAL 01954 FAD/FMN-containing dehydrogenases Anaerobutyricum hallii DSM 3353 E hallii-1.0 Cont95.1: NZ ACEP01000088
2775684799 EHLA 0974 glycolate oxidase Anaerobutyricum soehngenii L2-7 : LT907978 Anaerobutyricum

2565714051 C823 03264 glycolate oxidase Eubacterium plexicaudatum ASF492 : AQFT01000099
2601090300 Ga0057060 01097 glycolate oxidase Lachnospiraceae bacterium 40969 : Ga0057060 106

2565740877 C805 01270 glycolate oxidase Eubacterium sp. 14-2 : ASSS01000005
2589175513 C810 01867 glycolate oxidase Lachnospiraceae bacterium A2 : ASSX01000008

650536941 CC1 16380 FAD/FMN-containing dehydrogenases Coprococcus catus GD/7 draft genome.: FP929038

Anaerococcus spp.
2559705769 HMPREF1253 0542 glycolate oxidase Clostridiales bacterium BV3C26 : AWXB01000007

2620688339 Ga0040331 10653 glycolate oxidase Peptoniphilus timonensis JC401 : Ga0040331 1065
2776377946 Ga0126726 10881 glycolate oxidase Peptoniphilus phoceensis SIT15 : Ga0126726 108

2776380794 Ga0129054 15441 glycolate oxidase Peptoniphilus sp. DNF00840 : Ga0129054 154
650261982 HMPREF9286 0253 putative glycolate oxidase subunit GlcD Peptoniphilus harei ACS-146-V-Sch2b contig00003: NZ AENP01000025

2553494181 NoneDRAFT 00741 glycolate oxidase Peptoniphilus rhinitidis 1-13 : NoneDRAFT BAEW01000003 1.3
2547579340 HGPGDRAFT 01070 glycolate oxidase Peptoniphilus grossensis ph5 : HGPGDRAFT CAGX01000039 1.39

2547520915 PTSHGDRAFT 01128 glycolate oxidase Peptoniphilus senegalensis JC140 : PTSHGDRAFT CAEL01000024 1.24
2514407808 HMPREF9129 0360 glycolate oxidase Peptoniphilus indolicus ATCC 29427 : NZ AGBB01000026

2677268563 Ga0129073 11113 glycolate oxidase Clostridiales bacterium KA00134 : Ga0129073 111
2668544692 Ga0111474 112428 glycolate oxidase Intestinimonas butyriciproducens AF211 : Ga0111474 11
2756679957 Ga0215709 10519 glycolate oxidase Intestinimonas butyriciproducens DSM 26588 : Ga0215709 105
2743239182 Ga0132500 104636 glycolate oxidase Intestinimonas butyriciproducens ER1 : Ga0132500 1046

2776102756 Ga0132366 191303 glycolate oxidase Intestinimonas massiliensis GD2 : Ga0132366 19
2776101465 Ga0132366 194 glycolate oxidase Intestinimonas massiliensis GD2 : Ga0132366 19

Intestinimonas butyriciproducens

2758451015 Ga0226089 11357 glycolate oxidase Ruminococcaceae bacterium CPB6 : Ga0226089 11
2595565845 LY85DRAFT 1253 glycolate oxidase Clostridium sp. KNHs216 : LY85DRAFT unitig 0 quiver.1

2775865773 Ga0153787 117122 glycolate oxidase bacterium MS4 : Ga0153787 117
2754133864 Ga0165199 103476 glycolate oxidase Clostridium sp. W14A : Ga0165199 1034

Flavonifractor spp. I
2635113297 Ga0074849 10519 glycolate oxidase Peptococcus niger DSM 20475 : Ga0074849 105

645961479 F3 010100005485 (S)-2-hydroxy-acid oxidase chain D Fusobacterium sp. 3 1 5R: NZ ACDD01000044
645968544 FgonA2 010100002874 (S)-2-hydroxy-acid oxidase chain D Fusobacterium gonidiaformans ATCC 25563: NZ ACET01000015
2682734812 Ga0129017 106943 glycolate oxidase Fusobacterium equinum CMW8396 : Ga0129017 1069

Fusobacterium nucleatum

2583914896 T263DRAFT 01084 FN1536 glycolate oxidase Fusobacterium nucleatum W1481 : T263DRAFT AXUR01000026 1.26
2514309743 HMPREF9628 00805 glycolate oxidase Eubacterium sp. CM5 : NZ AFZG01000096
2514304654 HMPREF9629 00821 glycolate oxidase Eubacterium sp. ACC19a : NZ AFZE01000057
2532882147 HMPREF1143 1636 glycolate oxidase Eubacteriaceae bacterium sp. OBRC8 : ALNK01000037
2562996379 HMPREF9630 01367 glycolate oxidase Eubacterium sp. CM2 : AFZF02000016

2587945699 EI51DRAFT 00204 glycolate oxidase Eubacterium yurii ATCC 43714 : EI51DRAFT scaffold00001.1
2539063009 HMPREF1142 2135 glycolate oxidase Eubacterium sp. AS15 : ALJM01000033
648830861 HMPREF0379 1187 glcD glycolate oxidase Eubacterium yurii subsp. margaretiae ATCC 43715 contig00044: NZ AEES01000044

2601473384 Ga0032376 00490 glycolate oxidase Peptostreptococcaceae bacterium oral taxon 113 W5053 : Ga0032376 1024
2558963117 T546DRAFT 02154 glycolate oxidase Clostridium aerotolerans DSM 5434 : T546DRAFT scaffold00006.6

2548873742 K430DRAFT 1876 glycolate oxidase Clostridium sp. 12(A) : K430DRAFT scf7180000000006 quiver.2
2731528277 Ga0128375 107262 glycolate oxidase Clostridium sp. JCM 10519 : Ga0128375 107

2525997533 K401DRAFT 3427 glycolate oxidase Clostridium indolis DSM 755 : K401DRAFT scaffold00001.1
2526266647 H204DRAFT 0508 glycolate oxidase Clostridium methoxybenzovorans SR3 DSM 12182 : H204DRAFT scaffold00001.1

650598389 CK3 30750 FAD/FMN-containing dehydrogenases Clostridiales sp. SS3/4 draft genome.: FP929062
2598991009 Ga0038807 02638 glycolate oxidase Eubacterium ramulus VPI C6-27 ATCC 29099 : Ga0038807 gi544229206.174

Fusobacterium necrophorum

2547705503 D612DRAFT 01130 glycolate oxidase Bacillus sp. ZYK : D612DRAFT ANOK01000002 1.2
2525450356 G605DRAFT 03228 glycolate oxidase Clostridium cadaveris AGR2141 : G605DRAFT scaffold00028.28
2624738658 Ga0070261 12831 glycolate oxidase Clostridium cadaveris NLAE-zl-G419 : Ga0070261 128

2590648085 EJ70DRAFT 2480 glycolate oxidase Papillibacter cinnamivorans DSM 12816 : EJ70DRAFT scaffold00007.7
2790544369 Ga0303365 10796 glycolate oxidase Flavonifractor sp. An10 : Ga0303365 107
2790529489 Ga0303292 102323 glycolate oxidase Flavonifractor sp. An306 : Ga0303292 1023
2790541535 Ga0303364 1336 glycolate oxidase Flavonifractor sp. An100 : Ga0303364 133

Flavonifractor spp. II

2790203107 Ga0303325 100377 glycolate oxidase Pseudoflavonifractor sp. An184 : Ga0303325 1003
2793578401 Ga0308509 1328 glycolate oxidase Clostridium merdae Marseille-P2953 : Ga0308509 13

2520495664 G340DRAFT 00597 glycolate oxidase Clostridium sporosphaeroides DSM 1294 : G340DRAFT scaffold00001.1
2621084637 Ga0055386 10377 glycolate oxidase Clostridium jeddahense JCD : Ga0055386 1037

2524475046 HMPREF1141 1686 glycolate oxidase Clostridium sp. MSTE9 : NZ AKFU01000023
650017997 HMPREF0996 02498 glycolate oxidase Lachnospiraceae bacterium 5 1 63FAA cont1.60: NZ ACTS01000060
642203117 CLOSS21 02962 FAD/FMN-containing dehydrogenases Clostridium sp. SS2/1 unfinished sequence: NZ ABGC03000042
2535171236 HMPREF0369 00723 glycolate oxidase Anaerostipes hadrus comb. nov. VPI 82-52 DSM 3319 : AMEY01000024
2632890811 Ga0077183 101020 glycolate oxidase Anaerostipes hadrus PEL 85 : Ga0077183 1010
650594982 CL2 23160 FAD/FMN-containing dehydrogenases Clostridiales sp. SSC/2 draft genome.: FP929061

641895005 ANACAC 01345 FAD/FMN-containing dehydrogenases Anaerostipes caccae DSM 14662 unfinished sequence: NZ ABAX03000012
2586813797 VE20209DRAFT 01039 glycolate oxidase Clostridiales bacterium VE202-09 : VE20209DRAFT BAHW02000015 1.15

650027725 HMPREF1011 01161 glycolate oxidase Anaerostipes sp. 3 2 56FAA cont2.45: NZ ACWB01000045

Anaerostipes spp.

2642612690 Ga0073300 12328 glycolate oxidase Eubacterium barkeri VPI 5359 : Ga0073300 123
2642744863 Ga0073299 10515 glycolate oxidase Eubacterium aggregans SR12 : Ga0073299 105

650317767 HMP0721 1530 glcD glycolate oxidase subunit GlcD Pseudoramibacter alactolyticus ATCC 23263 contig00021: NZ AEQN01000021
2688360246 Ga0133507 112091 glycolate oxidase Olsenella sp. F0089 : Ga0133507 11

2562569272 T521DRAFT 02023 glycolate oxidase Lachnospiraceae bacterium ND2006 : T521DRAFT scaffold00015.15
2657159706 Ga0105812 1149 glycolate oxidase Lachnospiraceae bacterium KH1T2 : Ga0105812 114

2608492677 Ga0059116 10857 glycolate oxidase Clostridium aminophilum KH1P1 : Ga0059116 1085
2566055446 BR86DRAFT 02551 glycolate oxidase Clostridium aminophilum DSM 10710 : BR86DRAFT scaffold00021.21
2595515675 IE67DRAFT 02561 glycolate oxidase Clostridium aminophilum F : IE67DRAFT scaffold00020.20
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Figure S2: Maximum likelihood phylogenetic tree of 285 lactate dehydrogenase homologues. Phylogenetic tree of 285 LDH homologs identifed by searching against 55,499
isolate genomes of the IMG/ER database (as of 2 October 2018). Labels represent the IMG gene id, IMG annotation for the gene product, taxonomic identity, strain name, an
assembly and/or contig/scafold which contains this gene. Where several genomes for a species were present, the branch of the tree was collapsed for clarity. The numbers 
on branches represent the bootstrap values from 1000 replicates. See methods for details on calculation.



Figure S3: Comparison of the neighbourhood of genes involved in lactate utilization in genomes of A. soehngenii and related lactate utilizing bacteria. 
The red line highlights the gene cluster involved in lactate utilization. Neighbourhoods of genes in other genomes with the same top cluster of orthologs (COG) hit 
and roughly same matching length are shown below using the IMG gene neighbourhood search. Genes of the same colour (except light yellow) are from the 
same orthologous group (top COG hit). A] Shows selected bacterial genomes that share similar gene organisation as A. soehngenii lactate utilization gene 
cluster. B] Shows selected bacterial genomes that share similar gene organisation as Anaerostipes caccae lactate utilization gene cluster.



Supplementary figure S4: Mining of publicly available metagenomes and metatranscriptomes.

A] Abundance of lctABCDFG protein homologues in human gut metagenomes from the human

microbiome project. B] Detection and prevalence of transcripts for lctABCDFG gene cluster of

Anaerobutyricum soehngenii in Simplified Intestinal Microbiota (SIM) colonized mouse model.
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