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Gster LDH 229 IAMGLARVTRAILHNENANMLTVSAYLDGLY-GERDVY NRNGUREVIEIENDDH#KNRFHHSAATL
Tth LDH 223 IEAGLAREVRAILTDEKGUYTVSAFTPEVE-GVLEVS GAGG|/EGTVYPSIESPESREALRRSAEIL
Blon LDH 233 IEMSGVDIIEAVLHDTNRULPVSSMLKDFH-GISDIC NROQG/NNTINTP/SDKIMLAALKRSAETL
220 PATSVVEUVESIVLDRKRVLTCAVSLDGQY-GIDGTEF GKNGIUEHIYEIKIDQSPFLDLLOKSAKIV
217 PENAVATUIESMAKDKKMUIPVSAYLDGQY-GVSDLC GAGG)/EKIVELKIDSF2QGVFDKGVASV
217 PENAISAIVEAVVRDRKQUVIPVATYLDGEY-DHSDVT GKNGJ/EKIIELDEINDEZKQVENKAVENV
217 PENAISAVUIEAVVRDRKQUVIPVATYLDGEY-GHSDVT GKKGJUEKIIELDEINAEZKQLFDAGIQNV
217 PENGISAIIDSVVNDKKQULPIATYLDGEY-GYSDVT GKNGJ/EKIIELDEINDE2KEMENKGIESV
217 PENGISAIIDSVVNDKKQUVLPIATYLDGEY-GYSDVT GKNGJ/EKIIELDEINDE2KEMENKGIESV
217 PENGISTIIDSVVNGKMQULPIATYLDGEY-GYSDVT GKNGJ/EKIIELDEINDESKEIFNKGIESV
217 PENGISSIIDAVVNNRKRVIPVATYLDGEY-GYSDVT GRNGJ/EKIVELDENDE2KSMFQKGIEST
217 PENGISANIDSIVNNRKQUVLPVATCLDGEY-GQSDIT GKKGUEKIIELDEINEEZKDWENKGIVSV
217 PENAISAVUIESVVQODKKQUIPVSTNLDGEY-GQKDVS GKKGUEKILELENDE2KEWFNKGVDSV
217 PENAISSIIESVVRDKKRUMPVSTPLNGEY-GYSDVT GKNGJUEKIIELEENDE2KDWFRKSVDSV
217 PANAISSIIESVVRNQRRIIPVATPLDGEY-GYSDVT GKNGJ/EKIIQLDIDEKZKEWIKKSVESV
217 PANGISAIVESIVRDTKQUIPVATYLDGEY-GESDVT GKNGUEKIIELDIDSS#KE-—-=-=-—-—-—-—-—
217 PANGISVIEVESIVRDTKQUIPVATYLDGEY-GESDVT GKNGIEEKIIELD!DSS@KEWFKKGVDSV
217 PENAISAIVEAIIKDRKKVIPVATPLTGQY-GHSDVS GRKGJUEKIIELDEINSEZKEWFEKGVNSV
224 PAAAILN/VRCIVNNEKRELTLSAYVDGEFDGIRDVC GRDGIEEEVVSIEDKD#ITIAFRKSAEITI
226 PLrATFQEINVVSHLANESK I IPISLPONIE--GVGRVA SGR-!KPLVQL-INEEZQERLKRAAKATL
214 VIEGTTWEPETIIADI IKSIAFSENRUMSIATP--KEY-EKEIIH GSS-IGPSLESLIDEKFRWHLNSAMKDF

Fig. S5. Sequence alignment of lactate dehydrogenase (LDH) and malate dehydrogenase (MDH) homologs, shaded
in yellow and green, respectively. Conserved residues are shaded in black and grey. The universally conserved in
the LDH/MDH superfamily substrate binding Argl71 is indicated in red. Residues important for substrate
discrimination and active site architecture are shaded in orange and discussed in the text. The residue
determining the cofactor specificity is shaded in green. Residue numbering refers to the LDH numbering as in
Roche et al. 2019.

Primary sequences from the following organisms were used to generate the alignment (Uniprot accession numbers
in parentheses): Gster, Geobacillus stearothermophilus (P00344); Tth, Thermus thermophilus (Q5SJA1);
Blon, Bifidobacterium longum (E8ME30); Ctep, Chlorobaculum tepidum (P80039); Nvie, Nitrososphaera
viennensis (AOA060HG74); Nmar, Nitrosopumilus maritimus (A9A450); Nkor, Nitrosarchaeum koreense
(FOCUMS); Nbrev, Ca. Nitrosopelagicus brevis (AOAOA7V4F4); Nuzo, Ca. Nitrosotenuis uzonensis (V6ARS3);
Mjan, Methanocaldococcus jannaschii (Q60176); lisl, Ignicoccus islandicus (AOAOU3FQH7); Msed,
Metallosphaera sedula (A4YDYO0). Sequences from the marine sediment AOA MAGs reported in this study are in
bold and their locus tags can be found in Table S3.





