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Metabolism is essential for survival and reproduction, and there is a metabolic pathways entry in the
clusters of orthologous groups of proteins (COGs) database, updated in 2020. In this study, the meta-
bolic pathways of 1309 prokaryotes were analyzed using COGs. There were 822 COGs associated with
63 metabolic pathways, and the mean for each taxon was between 200.50 (mollicutes) and 527.07
(cyanobacteria) COGs. The metabolic pathway composition ratio (MPCR) was defined as the number
of COGs present in one genome in relation to the total number of COGs constituting each metabolic
pathway, and the number of pathways with 100% MPCR ranged from 0 to 26 in each prokaryote.
Among 1309 species, the 100% MPCR pathways included murein biosynthesis associated with cell wall
synthesis (922 species); glycine cleavage (918); and ribosomal 30S subunit synthesis (903). The metabol-
ic pathways with 0% MPCR were those involving photosystem I (1263 species); archaea/vacuolar-type
ATP synthase (1028); and Na'-translocation NADH dehydrogenase (976). Depending on the prokar-
yote, three to 49 metabolic pathways could not be performed at all. The sequence of most highly con-
served metabolic pathways was ribosome 30S subunit synthesis (96.1% of 1309 species); murein bio-
synthesis (86.8%); arginine biosynthesis (80.4%); serine biosynthesis (80.3%); and aminoacyl-tRNA syn-
thesis (82.2%). Protein and cell wall synthesis have been shown to be important metabolic pathways
in prokaryotes, and the results of this study of COGs related to such pathways can be utilized in,
for example, the development of antibiotics and artificial cells.

Key words : COG (cluster of orthologous proteins), conservative metabolic pathway, MPCR (metabolic
pathway composition ratio), prokaryotes
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Table 1. Phylogenetic groups, numbers of studied species, and average among 822 COGs in COG pathways

Phylogenetic Group

Average (range) among 822

Phylum Abbre-viations # of species COGs of COG pathways
Class
Kingdom Archaebacteria
Crenarchaeota aC 25 364.92 (273~428)
Euryarchaeota aE 79 400.27 (202~450)
Thaumarchaeota aT 12 365.08 (342~386)
Other Archaea aZ 6 240.67 (126~433)
Kingdom Eubacteria
Acidobacteria Ad 7 481.43 (465~503)
Actinobacteria At 155 44323 (283~525)
Aquificae Aq 9 437.56 (413~456)
Bacteroidetes Bc 107 439.62 (141~519)
Chlamydiae Cm 6 329.17 (270~377)
Chlorobi Cb 5 466.40 (455~481)
Chloroflexi Ct 14 42521 (313~502)
Cyanobacteria Cy 41 527.07 (320~567)
Deferribacteres De 5 486.00 (481~490)
Deinococcus-Thermus DT 6 475.83 (447~490)
Firmicutes
Bacilli B 73 432.26 (255~522)
Clostridia fC 79 428.58 (239~505)
Negativicutes fN 10 443.20 (349~511)
Tissierellia fT 9 349.00 (300~429)
Other Firmicutes fO 4 343.25 (274~468)
Fusobacteria Fu 6 378.67 (265~485)
Mollicutes Mo 14 200.50 (141~324)
Planctomycetes Pm 14 470.00 (404~514)
Proteobacteria
a-Proteobacteria aP 158 468.77 (93~533)
B-Proteobacteria bP 102 47151 (71~543)
§-Proteobacteria dP 39 483.28 (337~535)
e-Proteobacteria eP 12 449.25 (372~498)
y-Proteobacteria gP 224 482.79 (124~579)
Other Proteobacteria oP 6 439.00 (397~499)
Spirochaetes Sp 11 370.55 (197~471)
Synergistetes Sy 5 416.60 (386~445)
Thermotogae Tt 9 377.56 (360~410)
Verrucomicrobia Vr 9 44811 (325~486)
Other eubacteria oB 48 314.54 (86~495)
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