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Supplementary Figure 1 – Length distribution of 280 entries retrieved from UniProt belonging to the zinc-containing alcohol dehydrogenase family 

under EC 1.1.1.* either found additionally in PDB or annotated to have catalytic activity with experimental evidence. Their sequence length was 

restricted to fit into the range of 250 to 600 residues. 
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Supplementary Figure 2 – Phylogenetic tree analysis for finding similar Zn-dependent ADHs from thermophile organisms 

 

The sections shown in the figures A-F below are actually parts of larger phylogenetic trees generated as described in the main text. For 

clarity, we zoom into the branches relevant for this discussion. To test the robustness of the results, we varied tree-building methods and 

the procedure of handling alignment columns with gaps.  

 

 

 
 

Supplementary Figure 2A - Neighbor-Joining method. All positions containing gaps and missing data were eliminated. There were a 

total of 80 positions in the final dataset. 

 

 
 

Supplementary Figure 2B - Neighbor-Joining method. All positions with less than 95% site coverage were eliminated. That is, fewer 

than 5% alignment gaps, missing data, and ambiguous bases were allowed at any position. There were a total of 273 positions in the 

final dataset. 
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Supplementary Figure 2C - Maximum Likelihood method based on the JTT matrix-based model. All positions containing gaps and 

missing data were eliminated. There were a total of 80 positions in the final dataset. 

 

 
 

Supplementary Figure 2D - Maximum Likelihood method based on the JTT matrix-based model. All positions with less than 95% site 

coverage were eliminated. That is, fewer than 5% alignment gaps, missing data, and ambiguous bases were allowed at any position. 

There were a total of 273 positions in the final dataset. 

 

 
 

Supplementary Figure 2E - Neighbor-Joining method. All ambiguous positions were removed for each sequence pair. There were a 

total of 21 positions in the final dataset. 



5 
 

 

 
Supplementary Figure 2F – Maximum Likelihood method based on the JTT matrix-based model. There were a total of 21 positions 

(all binding pocket sites) in the final dataset. 

 

Supplementary Figure 3 – Alternative version of the substrate binding pocket tree shown in Figure 4 

This alternative view of the substrate binding site tree in Figure 4 shows the context discussed in the text in greater detail and with more 

annotation. All branches are annotated with EC numbers (see Supplementary Table 1). The tree is linear for readability. The high-

resolution figure is available as Supplementary Material File 3 in PDF format. Supplementary File 2 contains the accession numbers of 

all sequence sets described in this article in electronically readable format.  

 

 

Supplementary Figure 4 – Phylogenetic tree of ADH sequences 

This tree is a true phylogenetic tree generated from the full-length sequence alignment of ADHs produced in this work. All branches are 

annotated with EC numbers. The tree is linear for readability.  

 

The evolutionary history was inferred by using the Maximum Likelihood method and JTT matrix-based model (Jones et al., 1992). The 

tree with the highest log likelihood (-24786.54) is shown. The percentage of trees in which the associated taxa clustered together is 

shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ 

algorithms to a matrix of pairwise distances estimated using the JTT model, and then selecting the topology with superior log likelihood 

value. A discrete Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G, parameter = 
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6.2284)). The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. This analysis involved 62 

amino acid sequences. All positions with less than 95% site coverage were eliminated, i.e., fewer than 5% alignment gaps, missing data, 

and ambiguous bases were allowed at any position (partial deletion option). There were a total of 315 positions in the final dataset. 

Evolutionary analyses were conducted in MEGA X (Kumar et al., 2018). The high-resolution figure is available as Supplementary 

Material File 4 in PDF format. Supplementary File 2 contains the accession numbers of all sequence sets described in this article in 

electronically readable format. 

 

Supplementary Figure 5 – Phylogenetic tree of AOx sequences 

This tree is a true phylogenetic tree generated from the full-length sequence alignment of AOxs produced in this work. All branches are 

annotated with EC numbers. The tree is linear for readability.  

 

The evolutionary history was inferred by using the Maximum Likelihood method and JTT matrix-based model (Jones et al., 1992). The 

tree with the highest log likelihood (-85944.23) is shown. The percentage of trees in which the associated taxa clustered together is 

shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ 

algorithms to a matrix of pairwise distances estimated using the JTT model, and then selecting the topology with superior log likelihood 

value. This analysis involved 280 amino acid sequences. All positions with less than 95% site coverage were eliminated, i.e., fewer than 

5% alignment gaps, missing data, and ambiguous bases were allowed at any position (partial deletion option). There were a total of 310 

positions in the final dataset. Evolutionary analyses were conducted in MEGA X (Kumar et al., 2018). The high-resolution figure is 

available as Supplementary Material File 5 in PDF format. Supplementary File 2 contains the accession numbers of all sequence sets 

described in this article in electronically readable format.  

 

Supplementary Figure 6 – Binding site tree of AOx enzymes with known catalytic activity by the Maximum Likelihood method (using 

binding pocket positions for tree generation only). The image is also available as Supplementary Material File 6 for zooming in (for 

readability of annotation of branches). Supplementary File 2 contains the accession numbers of all sequence sets described in this article 

in electronically readable format. 
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Supplementary Figure 7 – Molecular phylogenetic analysis of AmDH enzymes with known catalytic activity by Maximum 

Likelihood method using full length sequences.  

 

The evolutionary history was inferred by using the Maximum Likelihood method and JTT matrix-based model (Jones et al., 1992). The 

tree with the highest log likelihood (-20635.39) is shown. The percentage of trees in which the associated taxa clustered together is 

shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ 

algorithms to a matrix of pairwise distances estimated using the JTT model, and then selecting the topology with superior log likelihood 

value. A discrete Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G, parameter = 

2.4974)). The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. This analysis involved 66 

amino acid sequences. All positions with less than 95% site coverage were eliminated, i.e., fewer than 5% alignment gaps, missing data, 

and ambiguous bases were allowed at any position (partial deletion option). There were a total of 337 positions in the final dataset. 

Evolutionary analyses were conducted in MEGA (Kumar et al., 2018). The branches are annotated with EC numbers.  
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Supplementary Table 1 – List of EC numbers and reactions covered for ADHs in this article 

EC number Accepted Enzyme Name 

1.1.1.- Oxidoreductases 

1.1.1.1 Alcohol dehydrogenase 

1.1.1.103 L-threonine 3-dehydrogenase 

1.1.1.105 All-trans-retinol dehydrogenase (NAD(+)) 

1.1.1.12 L-arabinitol 4-dehydrogenase 

1.1.1.120 Galactose 1-dehydrogenase (NADP(+)) 

1.1.1.14 L-iditol 2-dehydrogenase 

1.1.1.144 Perillyl-alcohol dehydrogenase 

1.1.1.183 Geraniol dehydrogenase (NADP(+)) 

1.1.1.195 Cinnamyl-alcohol dehydrogenase 

1.1.1.2 Alcohol dehydrogenase (NADP(+)) 

1.1.1.251 Galactitol-1-phosphate 5-dehydrogenase 

1.1.1.255 Mannitol dehydrogenase 

1.1.1.264 L-idonate 5-dehydrogenase (NAD(P)(+)) 

1.1.1.284 S-(hydroxymethyl)glutathione dehydrogenase 

1.1.1.287 D-arabinitol dehydrogenase (NADP(+)) 

1.1.1.301 D-arabitol-phosphate dehydrogenase 

1.1.1.303 Diacetyl reductase ((R)-acetoin forming) 

1.1.1.306 S-(hydroxymethyl)mycothiol dehydrogenase 

1.1.1.324 8-hydroxygeraniol dehydrogenase 

1.1.1.327 5-exo-hydroxycamphor dehydrogenase 

1.1.1.329 2-deoxy-scyllo-inosamine dehydrogenase 

1.1.1.347 Geraniol dehydrogenase (NAD(+)) 

1.1.1.354 Farnesol dehydrogenase (NAD(+)) 

1.1.1.359 Aldose 1-dehydrogenase (NAD(P)(+)) 
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1.1.1.360 Glucose/galactose 1-dehydrogenase 

1.1.1.366 L-idonate 5-dehydrogenase (NAD(+)) 

1.1.1.368 6-hydroxycyclohex-1-ene-1-carbonyl-CoA dehydrogenase 

1.1.1.4 (R,R)-butanediol dehydrogenase 

1.1.1.401 2-dehydro-3-deoxy-L-rhamnonate dehydrogenase (NAD(+)) 

1.1.1.405 Ribitol-5-phosphate 2-dehydrogenase (NADP(+)) 

1.1.1.414 L-galactonate 5-dehydrogenase 

1.1.1.47 Glucose 1-dehydrogenase (NAD(P)(+)) 

1.1.1.48 D-galactose 1-dehydrogenase 

1.1.1.56 Ribitol 2-dehydrogenase 

1.1.1.66 Omega-hydroxydecanoate dehydrogenase 

1.1.1.73 Octanol dehydrogenase 

1.1.1.80 Isopropanol dehydrogenase (NADP(+)) 

1.1.1.9 D-xylulose reductase 

1.1.1.90 Aryl-alcohol dehydrogenase 
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