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Figure 1. The global workflow of comparative metabolic model construction for the 24 SPR species.
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[bookmark: _Hlk44936673]Figure 2. The pan-genome of a) Archaeoglobus, b) Desulfovibrio, and c) Desulfotomaculum can be subdivided into three categories: (i) the core genome (the set of genes shared by all genomes), (ii) the accessory genome (the set of genes present in some but not all genomes), and (iii) the unique genome (the set of genes that are unique to a single genome). The function of each gene in a group is classified using COGs. 
COG categories are as follows: For cellular processes and signaling, D is cell cycle control, cell division, and chromosome partitioning; M is cell wall/membrane/envelope biogenesis; N is cell motility; O is posttranslational modification, protein turnover, and chaperones; T is signal transduction mechanisms; U is intracellular trafficking, secretion, and vesicular transport; V is defense mechanisms; W is extracellular structures; Y is nuclear structure; and Z is cytoskeleton. For information storage and processing, A is RNA processing and modification; B is chromatin structure and dynamics; J is translation, ribosomal structure, and biogenesis; K is transcription; and L is replication, recombination, and repair. For metabolism, C is energy production and conversion; E is amino acid transport and metabolism; F is nucleotide transport and metabolism; G is carbohydrate transport and metabolism; H is coenzyme transport and metabolism; I is lipid transport and metabolism; P is inorganic ion transport and metabolism; and Q is secondary metabolites biosynthesis, transport, and catabolism. For poorly characterized genes, R is for general function prediction only; and S is for unknown function. Genes belonging to W, Y, Z, A, and B are not found.


[bookmark: _Hlk45206237][bookmark: _Hlk45129246][image: ]Figure 3. Model comparison of the 24 SRP core metabolic models. Models are clustered based on the presence and absence of reactions. Reactions absent from the model are shown in black, and those present in the model are shown in red. Detailed information on the reactions as well as associated enzymes and genes are listed in supplementary Table S2.
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[bookmark: _Hlk45206278]Figure 4. Model validation of Desulfovibrio vulgaris Hildenborough under (a) lactate-sulfate growth condition; and (b) H2-sulfate growth condition. Experimental data are obtained from (Badziong & Thauer, 1978; Nethe-Jaenchen & Thauer, 1984; Pankhania et al., 1986; Tang et al., 2007; Traore et al., 1983; Traore et al., 1981; Walker et al., 2009).
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[bookmark: _Hlk45206303]Figure 5. Visualization of central carbon metabolic pathway and flux distribution of DvH model during lactate-sulfate growth.
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[bookmark: _Hlk44936765][bookmark: _Hlk49499661]Figure 6. Predicted flux and stoichiometry ratios during LS growth: a) Predicted flux of key reactions associated with energy generation; b) Predicted stoichiometry ratios of ATP to sulfate, acetate to lactate, sulfate to lactate, and CO2 to lactate. Flux is presented in absolute value without regard to reaction directionality. Archaeoglobus profundus (Apro) and Archaeoglobus veneficus (Aven), are not predicted to grow on lactate/sulfate.
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Figure 7. Schematic representation of the major electron transfer pathways of SRPs under LS growth summarized from simulation results.
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[bookmark: _Hlk44936790][bookmark: _Hlk49499723]Figure 8. Predicted flux and stoichiometry ratios during HS growth: a) Predicted flux of key reactions associated with energy generation; b) Predicted stoichiometry ratios of ATP to sulfate, sulfate to H2, and CO2 to acetate. Desulfovibrio africanus (Dafr) is not predicted to grow on H2/sulfate.
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[bookmark: _Hlk45206411] [image: ]
[bookmark: _Hlk45041093][bookmark: _Hlk45034106][bookmark: _Hlk45047070]Figure 9. Energy conservation mechanisms of SRPs: (a) MQ-based redox loop; (b) Proton-pumping; (c) Hydrogen cycling; and (d) Flavin-based electron bifurcation (FBEB).
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