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Text S1:  Definition of reactions.   

Reactions were defined in Supporting Information Fig. S1 according the KEGG database 

(Kanehisa et al., 2017).  Exceptions are given below.     

For reactions catalyzed by hydrogenases, we defined the reaction substrates and products, 

directionality (H2-consuming vs. H2-producing), and cellular location for each KO ID.  First, we 

identified genes of hydrogenases with known reaction properties, using UniProt (Pundir et al., 

2017), MetaCyc (Caspi et al., 2016), and individual studies as references (Supporting Information 

Table S6).  We then determined the KO IDs of these hydrogenase genes, thereby associating KO 

IDs with reaction properties.  Some genes were annotated with the wrong KO ID, and these KO 

IDs were not searched.  This misannotation led to three hydrogenases (two from rumen bacteria) 

unable to be searched with the KO ID, and no COG ID was specific enough to serve as a substitute.  

Thus, our analysis may not identify all hydrogenase reactions in fact present in a bacterium, though 

it should correct define the reaction properties for reactions that it does identify.   

  For reactions catalyzed by lactate dehydrogenases (LDH, Dld, LdhA), we defined the 

redox cofactor generated as NADox.  Lactate dehydrogenase (LDH) has been found to generate 

Fdred, also, when in a complex with Etf (Weghoff et al., 2015).  We found no evidence of a complex 

because loci for Etf genes did not flank those for lactate dehydrogenase genes (seeSupporting 

Information Table S8).   

For the reaction catalyzed by butyryl-CoA dehydrogenase (Bcd-EtfAB), we defined redox 

cofactors generated (Fdred and NADox) following Buckel and Thauer (2013) and  Chowdhury et al. 

(2015).  We found evidence that Bcd-EtfAB indeed forms a complex; for bacteria predicted to 
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form butyrate, loci for Etf genes flanked those Bcd genes in at least one instance in the genome 

(seeSupporting Information Table S8).   

For reactions catalyzed by formate dehydrogenase (FdoGHI, FdnG), we defined the redox 

cofactor generated as Qred [see (Unden et al., 2014)].   

For reactions catalyzed by ion-translocating proteins, we defined the stoichiometry of the 

ion translocation.  The stoichiometry was defined as 4 H+/ATP for ATPF0A-C/ATPF1A-E and 

ATPVABCDEFGIK (ATP synthase) (Toei et al., 2007; Steigmiller et al., 2008), 2 H+/Fdred for 

EchA-F (Buckel and Thauer, 2013; Schuchmann and Müller, 2014), 1 Na+/methylmalonyl-CoA 

for MmcD (Dimroth, 1997), 2 Na+/NADred for NqrA-F (Bogachev et al., 1997), 2 H+/NADred for 

NuoA-N (Unden et al., 2014), and 2 Na+/Fdred for RnfA-F (Buckel and Thauer, 2013; Schuchmann 

and Müller, 2014).  Additionally, a stoichiometry of 1 H+/PPi HppA (H+-pyrophosphatase) was 

defined based on the 1) PPi/ATP ratio reported in Schöcke and Schink (1998) and 2) the 

stoichiometry for ATP synthase defined in this study.  We defined the stoichiometry as 0 (no ions 

translocated) for Ndh (Schnorpfeil et al., 2001; Unden et al., 2014), FdoGHI (Kröger et al., 2002), 

FdnG (Unden et al., 2014), HyaCOAB (Unden et al., 2014), HydABC (Kröger et al., 2002), and 

Sdh (Unden et al., 2014).  Ion translocation is uncertain for HycB-G/FdhF and HyfA-I/FdhF 

(formate hydrogenlyase) (Unden et al., 2014) and thus not represented.  Our attempt to define 

stoichiometry should be accepted cautiously, as stoichiometry is often uncertain or varies across 

species.  For example, we define the stoichiometry of Sdh as 0 H+/NADred based on Escherichia 

coli strains (Unden et al., 2014), but it is ~2 H+/NADred in Bacillus subtilis subsp. spizizenii W23 

(Schnorpfeil et al., 2001).    
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