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SUPPLEMENTARY MATERIAL 

 

SUPPLEMENTARY RESULTS AND DISCUSSION 

tRNA and codon usage.  Forty-five tRNAs representing 43 different anticodons are encoded in the 

genome (Supplementary Table S1).  The tRNAMet is present in three copies in the genome.  In contrast to 

the number of tRNAs, all 61 sense codons are encoded in the genome sequence.  The codon usage 

correlates well with the tRNA complement and is consistent with the high G+C content of the genome as 

the GC-rich codons predominate in the organism (Supplementary Table S1).  Codons ATA (Ile), CGC 

(Arg), and CGA (Arg) as well as all codons that have a T at the third position, with the exception of CGT 

(Arg), do not appear to have a cognate tRNA in A. cellulolyticus.  As a likely evolutionary adaptation to 

the available tRNAs for any given amino acid, codons that do not have a cognate tRNA occur with the 

least frequency in the A. cellulolyticus genome when compared to synonymous codons differing just in 

the 3rd position.  However, the exceptions to these are for glycine (GGT (18.8%) > GGA (14.4%)), 

leucine (CTT (10.6%) > CTA (1.4%)), arginine (CGC (33.3%) > CGT (11.1%)), and valine (GTT 

(10.4%) > GTA (3.8%)).  The relative preference for CGC codon over CGT codon follows the high G+C 

content of the genome, while the remaining four biases mentioned above may simply reflect evolutionary 

conservation of codon usage, as a similar trend is seen in Frankia (Supplementary Table S2).  The 

functional significance of this bias remains elusive. 

The A. cellulolyticus  genome encodes a parsimonious complement of 46 tRNAs.  Except for the 

three copies of tRNA for the ATG codon, all other tRNAs occur in single copy.  In general, fast growing 

organisms have fewer species of tRNAs than slow growing organisms, although they may encode 

multiple copies of certain tRNAs (Rocha, 2004).  Thus, based purely on the diversity of the tRNAs in the 

A. cellulolyticus genome, it can be predicted that the organism may be a relatively slow grower under 

natural conditions.  The doubling time of this bacterium under optimal growth conditions has been 

estimated to be 6.7 hours (Mohagheghi et al., 1986), which is about 20 times longer than that of 
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Escherichia coli.  However, several factors may influence growth rates of bacteria.  Most fast growing 

bacteria, such as E. coli and Bacillus subtilis, have multiple copies of ribosomal RNA gene operons and at 

least one or more of these operons are usually on the leading strand and located close to origin of 

replication (Guy and Roten, 2004).  The position of the single rRNA operon in A. cellulolyticus is far 

away from the replication site.  This pattern is similar to that of rRNA operons in other actinobacteria,  

although in a relatively few actinobacterial genomes that possess multiple copies of rrn operons, at least 

one copy is closer to the OriC. Whether the distant location of the rRNA genes contributes to relatively 

slower growth rates of actinobacteria in general is yet to be determined. 

 

SUPPLEMENTARY METHODS. 

Genomic Regions (GR) in Acidothermus cellulolyticus.  The method used is implemented in the 

microbial genome annotation and comparative analysis platform MaGe (Vallenet et al., 2006) developed 

at Genoscope. It combines conservation of synteny groups between related bacteria, composition 

abnormalities and GI flanking features such as tRNA, IS and repeats. 

 In a first step, we delineated the core gene pool from the flexible gene pool of a query sequence 

(conserved backbone) by comparing this sequence to a selected set of related genomes. The set of 

orthologous genes (Bidirectional Best Hits or BBH) between the query, here Acidothermus cellulolyticus 

and the compared organisms, (Streptomyces avermitilis, S. coelicolor, S. cattleya, Frankia sp. EAN1pec, 

Frankia sp. CcI3, Frankia alni, and Thermobifida fusca) were searched for. The concept of synteny (i.e., 

local conserved gene organization between organisms) computed as explained in Vallenet et al., 2006, 

was introduced. Genes in BBH inside synteny groups between all compared organisms are more likely to 

be part of the query sequence backbone. Then, to delineate Genomic Regions, we retained regions above 

5 kb in length, which were found between two conserved blocks in Acidothermus cellulolyticus (they 

actually fall between two synteny break points). 

 In a second step, these Genomic Regions were analyzed to find some common Genomic Island 

characteristics such as tRNA and/or tRNA repeats, integrase, atypical GC content and Codon Adaptation 
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Index value (Sharp and Li, 1987), short DNA repeats or combinations of these features. Finally, to 

retrieve regions shorter than 5 kb the IVOMs results, software which is based on compositional biases 

using variable order motif distributions (Vernikos and Parkhill, 2006), was also combined with the set of 

predicted Genomic Regions. 

 

SUPPLEMENTARY FIGURE LEGENDS 

 

Figure S1.  Phylogenetic tree of the actinobacteria.  Sequences retrieved from 16S rRNA genes of 

actinobacterial representative completely sequences were aligned using Clustalx (Thompson et al. 1997). 

Phylogenetic tree reconstruction was based on the Neighbor joining method (Saitou and Nei 1987).  

Distances were corrected for multiple substitutions (Kimura 1980), using the No-gap option to exclude 

indel-containing positions, otherwise default settings were used.  Numbers give percent bootstrap support 

from 1000 samples when above 50%. Distances in the bar are in substitutions/site. 

 

Figure S2.  Taxonomic distribution of the top BLAST hits to A. cellulolyticus proteins. 

 

Figure S3.  Reduced dimensionality plot of PCA of global codon usage (A) and synonymous codon 

usage (B) of the 61 sense codons in 409 prokaryotes.  Red: hyperthermophiles, orange: thermophiles, 

green: mesophiles, blue: psychrophiles, magenta: A. cellulolyticus, maroon: T. fusca, yellow: Frankia sp. 

(ACN14a, CcI3), and dark green: Streptomyces sp. (S. avermitilis, S. coelicolor). 

 

Figure S4.  Reduced dimensionality plot of PCA of the usage of the twenty amino acids in 409 

prokaryotes.  Red: hyperthermophiles, orange: thermophiles, green: mesophiles, blue: psychrophiles, 

magenta: A. cellulolyticus, maroon: T. fusca, yellow: Frankia sp. (ACN14a, CcI3), and dark green: 

Streptomyces sp. (S. avermitilis, S. coelicolor). 
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SUPPLEMENTARY TABLES 

Table S1. tRNA and codon usage in A. cellulolyticus 11B. 

Table S2. A. cellulolyticus 11B proteins that have best BLAST-hits to Archaea or Eukarya. 

Table S3. Salient features of additional genomic regions (GR) identified in the genome of A. 

cellulolyticus 11B. 

Table S4. Comparative analysis of global codon usage in six actinobacteria. 

Table S5. Total fraction of IVYWREL amino acids in 478 orthologous proteins from each of the six 

actinobacteria. 

Table S6. Total fraction of IVYWREL amino acids in 46 orthologous proteins from forty-five completely 

sequenced actinobacteria. 

Table S7. Features of the 409 prokaryotic organisms used in this study. 

Table S8. The 478 A. cellulolyticus 11B homologs used in the analysis presented in Table S5. 

Table S9. The 46 A. cellulolyticus 11B homologs used in the analysis presented in Table S6. 
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Table S1. tRNA and codon usage in A. cellulolyticus 11B.

Amino acid Codon
Synonymous codon usage 

(%)

tRNA location in the 

genome
Anticodon

Alanine (A) GCC 40.8 842997..843072 GGC

Alanine (A) GCG 40.9 179235..179159 CGC

Alanine (A) GCA 10.1 10372..10447 TGC

Alanine (A) GCT 8.2 - -

Arginine (R) CGG 43.4 677195..677124 CCG

Arginine (R) CGT 11.1 41078..41153 ACG

Arginine (R) AGA 1.3 1824619..1824691 TCT

Arginine (R) AGG 2.3 160793..160721 CCT

Arginine (R) CGC 33.4 - -

Arginine (R) CGA 8.4 - -

Asparagine (N) AAC 67.7 893343..893418 GTT

Asparagine (N) AAT 32.3 - -

Aspartic acid (D) GAC 72.9 2339683..2339760 GTC

Aspartic acid (D) GAT 27.1 - -

Cysteine (C) TGC 77.8 1524883..1524954 GCA

Cysteine (C) TGT 22.2 - -

Glutamic acid (E) GAG 63.2 783484..783559 CTC

Glutamic acid (E) GAA 36.8 2339526..2339598 TTC

Glutamine (Q) CAG 76.2 783342..783416 CTG

Glutamine (Q) CAA 23.8 2206822..2206752 TTG

Glycine (G) GGG 19.3 2389324..2389254 CCC

Glycine (G) GGA 14.4 1797034..1797104 TCC

Glycine (G) GGC 47.5 1524762..1524834 GCC

Glycine (G) GGT 18.8

Histidine (H) CAC 72.2 1855719..1855794 GTG

Histidine (H) CAT 27.8 - -

Isoleucine (I) ATC 70.4 10111..10184 GAT

Isoleucine (I) ATT 26.1 - -

Isoleucine (I) ATA 3.4 - -

Leucine (L) CTG 34.9 24698..24783 CAG

Leucine (L) TTA 1.1 2147532..2147460 TAA

Leucine (L) CTA 1.4 1894564..1894636 TAG

Leucine (L) CTC 39.5 1294313..1294229 GAG

Leucine (L) TTG 12.5 1195870..1195798 CAA

Leucine (L) CTT 10.6

Lysine (K) AAA 29.6 2336318..2336246 TTT

Lysine (K) AAG 70.4 1861376..1861451 CTT

Methionine (M) ATG 100 921140..921213 CAT

Methionine (M) ATG 100 509883..509959 CAT

Methionine (M) ATG 100 308433..308509 CAT

Phenylalanine (F) TTC 79.3 2339803..2339879 GAA

Phenylalanine (F) TTT 20.7 - -

Proline (P) CCG 63.7 2281657..2281581 CGG

Proline (P) CCA 7.1 1796952..1796877 TGG

Proline (P) CCC 23.0 1372838..1372762 GGG

Proline (P) CCT 6.3 - -

Serine (S) AGC 25.8 40835..40924 GCT

Serine (S) TCA 6.5 2374948..2375032 TGA

Serine (S) TCG 29.9 2293483..2293394 CGA

Serine (S) TCC 26.1 2292585..2292671 GGA

Serine (S) AGT 7.8 - -

Serine (S) TCT 4.0 - -

Threonine (T) ACA 7.1 89585..89660 TGT

Threonine (T) ACC 50.3 308349..308424 GGT

Threonine (T) ACG 37.6 2230630..2230555 CGT

Threonine (T) ACT 5.0 - -

Tryptophan (W) TGG 100 313372..313447 CCA

Tyrosine (Y) TAC 76.6 307544..307629 GTA

Tyrosine (Y) TAT 23.4 - -

Valine (V) GTA 3.8 974815..974886 TAC

Valine (V) GTC 50.9 1525000..1525074 GAC

Valine (V) GTG 34.9 1523720..1523649 CAC

Valine (V) GTT 10.4 - -

Unknown ? - 895201..895275 ?

Stop codon TGA 67.1 - -

Stop codon TAG 21.3 - -

Stop codon TAA 11.6 - -



Table S2. A. cellulolyticus 11B proteins that have best BLAST-hits to Archaea or Eukarya.

Protein ID Size Protein description GI of Best hit Best hit organism Blast2Seq score

(A) Best hits to Archaea

Acel 0034 245 hypothetical protein Acel 0034 110667166 Haloquadratum walsbyi DSM 16790 224

Acel 0498 111 protein of unknown function DUF59 14590230 Pyrococcus horikoshii OT3 264

Acel 0525 137 hypothetical protein Acel 0525 15897985 Sulfolobus solfataricus P2 291

Acel 0526 204 hypothetical protein Acel 0526 88604270 Methanospirillum hungatei JF-1 111

Acel 0621 366 hypothetical protein Acel 0621 110667166 Haloquadratum walsbyi DSM 16790 225

Acel 0638 381 UDP-N-acetylglucosamine 2-epimerase 15678857 Methanothermobacter thermautotrophicus str. Delta H 519

Acel 0721 283 fructose-bisphosphate aldolase 15922681 Sulfolobus tokodaii str. 7 320

Acel 0888 284 ABC transporter related 73668563 Methanosarcina barkeri str. Fusaro 588

Acel 0910 245 ABC transporter related 110669070 Haloquadratum walsbyi DSM 16790 620

Acel 1270 291 ATP phosphoribosyltransferase (homohexameric) 116753404 Methanosaeta thermophila PT 780

Acel 1310 219 hypothetical protein Acel 1310 110667166 Haloquadratum walsbyi DSM 16790 163

Acel 1639 230 Asp/Glu racemase 14521305 Pyrococcus abyssi GE5 408

Acel 1644 317 Glutaconate CoA-transferase 11498798 Archaeoglobus fulgidus DSM 4304 495

Acel 1897 233 Small-conductance mechanosensitive channel-like 48477585 Picrophilus torridus DSM 9790 200

Acel 1930 282 ABC-2 type transporter 15899372 Sulfolobus solfataricus P2 221

Acel 1931 347 ABC transporter related 119720042 Thermofilum pendens Hrk 5 406

Acel 2066 164 Vitamin K epoxide reductase 70606913 Sulfolobus acidocaldarius DSM 639 193

Acel 2067 303 hypothetical protein Acel 2067 15898666 Sulfolobus solfataricus P2 355

(B) Best hits to Eukarya

Acel 0064 898 hypothetical protein Acel 0064 118129698 Gallus gallus 294

Acel 0179 656 esterase, PHB depolymerase family 114324587 Volvariella volvacea 753

Acel 0740 439 hypothetical protein Acel 0740 97180301 Sus scrofa 264

Acel 0770 160 hypothetical protein Acel 0770 118085709 Gallus gallus 112

Acel 1067 206 GPR1/FUN34/yaaH family protein 119178442 Coccidioides immitis RS 354

Acel 1163 225 cell wall surface anchor family protein 109658562 Homo sapiens 180

Acel 1712 323 hypothetical protein Acel 1712 46119356 Gibberella zeae PH-1 760

Acel 1727 219 beta-lactamase domain protein 125820913 Danio rerio 438



Table S3.  Salient features of additional genomic regions (GR) identified in the genome of A. cellulolyticus 11B. 
 

GR 

number 
Start 

coordinate 

End 

coordinate 
Description and Features 

GR1 10413 13165 Mainly hypothetical proteins – specific to Acidothermus compared to the 7 selected genomes (see methods). 

GR2 24757 34541 Enzymatic activities (ATPase + Kelch repeat possibly in a galactose oxidase). 

GR3 40836 53331 Several (conserved) hypothetical protein + enzymatic activities + transporter and 1 regulator. 

GR4 121404 141702 Mainly specific (conserved) hypothetical protein in the first part and cellulose transport + metabolism 

(degradation) shared with Streptomyces species, Frankia EAN1 and T. fusca. 

GR5 510185 531977 First part, unknown metabolism with transport (membrane proteins), regulator, and enzymatic activities 

(transferase, oxidoreductase, phosphoesterase). Second part, highly specific, only hypothetical proteins  + one 

enzyme probably involved in aromatic compound metabolism 

GR6 532234 551342 First part, probably nitrate metabolism with transporter and nitrate reductase activity (shared with S. coelicolor 

only). Second part, specific (conserved) hypothetical proteins. 

GR7 650219 677497 Cluster of protein/enzymes involved in cellulose degradation (specific to Acidothermus although partial homologs 

exists in the compared species). 

GR8 688548 694890 Enzymatic activities (glycosyltransferase, carbamoylphosphate, epimerase, hydrolase) 

GR9 762052 769864 Pyruvate synthase enzyme (containing iron-sulfur binding domains) specific to Acidothermus – Actually, the 

genes in the region encoded a pyruvate oxidoreductase or Pyruvic-ferredoxin oxidoreductase. The cluster is also 

find in Helicobacter pylori strains annotated as: 

   PorC = Pyruvate oxidoreductase gamma chain (ACICE0782) 

   PorD = Pyruvate oxidoreductase delta chain (partial match on ACICE0785 but more than 51% identity in aa). 

   PorA = Pyruvate oxidoreductase alpha chain (ACICE0783) 

   PorB = Pyruvate oxidoreductase beta chain (ACICE0784) 

GR10 783644 809485 First part, transport system + regulator + enzymatic activities (kinase, oxidase, glycosyltransferase). Second part, 

highly specific to Acidothermus, cluster hyf genes coding hydrogenase subunits (NADH dehydrogenase 

(ubiquinone)/ ATP synthesis coupled electron transport).  This cluster is found in a very well conserved synteny 

in: Anaeromyxobacter species (6 genes, from ACICE0811 to ACICE0816, identities % between 30 and 40) with 

the annotation ‘NADH dehydrogenase (quinone)’, and in Yersinia species (6 genes from ACICE0811 to 

ACICE0816, identities % between 25 and 35) with the annotation ‘hydrogenase 4 subunit a, B, C, D, F, G, H, I 

and J – subunits H and D are missing in Acidothermus. 

GR11 975117 987762 Transport system (ABC type, susbtrat nitrate?), regulator (lacI family) and putative nitrilase. Highly specific to 

Acidothermus.  Nitrilase (ACICE0994) and ACICE0997 in synteny with two genes of the Rhizobium 

leguminosarum bv. viciae 3841 plasmid pRL80076 (putative aliphatic nitrilase) and pRL80075 (putative 

endoribonuclease L-PSP family protein). 

GR12 1122316 1130148 First part, shared with Frankia CcI3 only, enzymatic activities (cytochrome c3 hydrogenase), second part more 

specific to Acidothermus with (conserved) hypothetical proteins. 

GR13 1196923 1203395 Transport system (type ABC, substrate amino acid?) shared with Frankia species only. 

GR14 1212310 1224927 Metabolism, very probably degradation (monooxygenase, dioxygenase) of glutamine/glutamate? + Regulator 

(marR family) + transport?  (permease).  Highly specific to Acidothermus. 

GR15 1284136 1295293 Mainly hypothetical proteins with a putative rRNA methylase and exonuclease. Mainly specific to Acidothermus. 

GR16 1459534 1477754 Type IV pilus (or type II?) highly specific to Acidothermus.  Best synteny group shared with Kineococcus 

radiotolerans SRS30216 (10 genes, %identity: 30-74), Moorella thermoacetica ATCC 39073 (7 genes, %identity: 

40-55), … 

GR17 1513103 1527815 Transport (ABC type, sugar?) + regulator (lacI family) + enzymatic activities (levabase, oxidase) 

GR18 1571301 1581786 Mainly specific conserved hypothetical proteins 

GR19 1603055 1612988 Cluster of enzymatic functions involved in aromatic compound degradation (paa genes cluster for phenylacetatic 

acid degradation) + regulation (tetR family). Shared with Streptomyces species only. 

GR20 1626197 1645147 Mainly conserved hypothetical proteins and 2 copies of a chitinase (involved in Chitin degradation), one is a 

pseudogene (ACICE1629+1630) and one seems to be functional (ACICE1631).  

GR21 2164737 2199723 Many conserved hypothetical proteins + enzymatic activities, probably involved in cell wall biogenesis 

(glycosyltransferases) = degradation of unknown compound? + Transport system. Highly specific to Acidothermus 

in the second part. 

GR22 2207054 2241063 Mainly conserved hypothetical proteins + transport system + marR family regulator + enzymes (oxidoreductase). 

GR23 2299648 2314028 Mainly specific conserved hypothetical proteins + chitinase (chitin degradation) 

GR24 2353384 2358909 Only specific conserved hypothetical proteins + regulator (marR family) and probable transporter. 

GR25 2383486 2389949 Only conserved hypothetical proteins + regulator (fragment) and probable transporter. 

 



Table S4. Comparative analysis of global codon usage in six actinobacteria. 

Amino acid Codon
Acidothermus 

cellulolyticus 11B

Frankia sp. 

ACN14

Frankia sp. 

CcI3

Streptomyce

s avermitilis

Streptomyce

s coelicolor

Thermobifida 

fusca

A GCG 5.62 5.90 5.37 5.40 5.02 4.31

A GCC 5.58 7.80 6.83 6.99 7.86 5.91

A GCA 1.37 0.58 0.74 0.62 0.53 1.12

A GCT 1.12 0.43 0.70 0.40 0.28 1.20

C TGC 0.66 0.67 0.67 0.69 0.70 0.69

C TGT 0.19 0.10 0.16 0.11 0.07 0.12

D GAC 4.20 5.38 4.87 5.43 5.82 5.21

D GAT 1.56 0.77 1.16 0.48 0.29 0.58

E GAG 3.23 4.07 3.94 4.62 4.84 3.77

E GAA 1.89 0.68 0.99 0.97 0.84 2.55

F TTC 2.32 2.42 2.40 2.66 2.60 2.60

F TTT 0.60 0.12 0.20 0.07 0.04 0.21

G GGC 4.17 5.76 4.63 5.81 6.15 4.08

G GGG 1.67 2.40 2.38 1.85 1.85 2.20

G GGT 1.64 1.15 1.54 1.04 0.93 0.94

G GGA 1.25 0.70 0.95 0.77 0.71 1.15

H CAC 1.57 1.81 1.72 2.03 2.17 2.07

H CAT 0.60 0.37 0.57 0.31 0.16 0.25

I ATC 2.95 3.02 3.16 2.95 2.73 3.49

I ATT 1.09 0.14 0.23 0.10 0.06 0.32

I ATA 0.14 0.05 0.10 0.08 0.07 0.06

K AAG 1.21 1.13 1.28 2.16 1.94 1.33

K AAA 0.50 0.09 0.20 0.14 0.10 0.66

L CTC 3.97 3.58 3.48 3.91 3.66 3.75

L CTG 3.52 5.74 5.32 5.67 6.14 5.14

L TTG 1.25 0.38 0.62 0.34 0.24 0.84

L CTT 1.06 0.27 0.47 0.23 0.15 0.44

L CTA 0.12 0.10 0.22 0.05 0.03 0.16

L TTA 0.10 0.02 0.03 0.01 0.01 0.04

M ATG 1.49 1.32 1.49 1.60 1.57 1.62

N AAC 1.29 1.39 1.45 1.69 1.62 1.81

N AAT 0.61 0.11 0.18 0.12 0.07 0.13

P CCG 3.94 4.06 3.75 3.29 3.37 2.77

P CCC 1.41 2.34 2.19 2.41 2.55 2.52

P CCA 0.43 0.28 0.43 0.17 0.13 0.28

P CCT 0.38 0.23 0.32 0.20 0.14 0.55

Q CAG 2.10 2.39 2.31 2.65 2.50 2.52

Q CAA 0.65 0.13 0.22 0.18 0.13 0.47

R CGG 3.71 3.77 4.01 2.85 3.22 3.04

R CGC 2.84 3.64 3.03 3.61 3.90 3.72

R CGT 0.94 0.64 0.95 0.73 0.54 0.76

R CGA 0.71 0.45 0.56 0.29 0.24 0.35

R AGG 0.18 0.31 0.41 0.38 0.36 0.21

R AGA 0.10 0.08 0.13 0.08 0.08 0.12

S TCG 1.52 1.69 1.62 1.60 1.39 1.03

S TCC 1.32 1.57 1.64 1.93 2.03 1.93

S AGC 1.31 1.42 1.35 1.30 1.23 1.55

S AGT 0.39 0.19 0.27 0.19 0.15 0.26

S TCA 0.33 0.13 0.21 0.14 0.10 0.19

S TCT 0.19 0.09 0.15 0.09 0.06 0.27

T ACC 2.96 3.68 3.62 3.55 3.97 3.92

T ACG 2.22 1.95 1.92 2.29 1.91 1.36

T ACA 0.42 0.17 0.28 0.23 0.15 0.29

T ACT 0.29 0.14 0.23 0.15 0.11 0.41

V GTC 4.74 4.81 4.45 4.45 4.72 3.91

V GTG 3.24 3.54 3.54 3.44 3.54 4.14

V GTT 0.97 0.27 0.47 0.19 0.14 0.40

V GTA 0.35 0.14 0.31 0.37 0.26 0.33

W TGG 1.38 1.41 1.44 1.54 1.51 1.50

Y TAC 1.63 1.57 1.53 1.92 1.95 1.91

Y TAT 0.49 0.17 0.31 0.20 0.10 0.27

- TGA 0.20 0.24 0.22 0.22 0.24 0.19

- TAG 0.06 0.05 0.05 0.06 0.05 0.07

- TAA 0.03 0.01 0.02 0.02 0.01 0.05



Organism
OGT 

(oC)
In the whole 

proteome
In the cytosolic 
subproteome

In a set of 478 
orthologus proteins

Acidothermus cellulolyticus 11B 55 40.56 41.94 41.76

Frankia alni ACN14a 28 38.83 39.96 39.90

Frankia sp. CcI3 27 39.68 40.68 40.32

Streptomyces avermitilis MA-4680 28 38.97 40.49 40.12

Streptomyces coelicolor A3(2) 30 38.83 40.67 40.00

Thermobifida fusca YX 50 41.19 41.86 41.75

R-squared value 0.77 0.89 0.94

p-value is less than 0.02 0.005 0.001

Total fraction of IVYWREL were computed from the amino acid composition in the whole 
proteome, cytosolic subproteome, and in a set of 478 highly conserved orthologous proteins in 
the six actinobacteria.  A list of the 478 proteins in A. cellulolyticus is provided in supplementary 
Table S8.

The R-squared and p-values were computed for linear regression between the OGT values and 
the IVYWREL fractions.
The cytosolic subproteome was predicted using the pSORTb software (Gardy et al., 2005; 
http://www.psort.org/psortb/)

Table S5. Total fraction of IVYWREL amino acids in 478 orthologous proteins from each of the 
six actinobacteria.



Organism
Genome 

Size (Mb)
%G+C

OGT 

(oC)

In the whole 

proteome

In the cytosolic 

subproteome

In the 46 

orthologs

Acidothermus cellulolyticus 11B 2.40 66.9 55 40.6 41.9 42.4

Arthrobacter aurescens TC1 5.23 62.4 30 38.4 39.2 40.2

Arthrobacter sp. FB24 5.08 65.4 30 38.3 39.2 40.1

Bifidobacterium adolescentis ATCC 15703 2.10 59.2 37 37.6 38.4 39.0

Bifidobacterium longum 2.26 60.1 37 37.2 38.2 39.0

Clavibacter michiganensis NCPPB 382 3.40 72.5 28 39.7 40.6 40.3

Corynebacterium diphtheriae 2.49 53.5 37 38.8 39.4 40.5

Corynebacterium efficiens YS-314 3.15 63.1 37 39.5 39.7 40.9

Corynebacterium glutamicum ATCC 13032 Bielefeld 3.30 53.8 33 39.0 39.6 40.7

Corynebacterium glutamicum ATCC 13032 Kitasato 3.30 53.8 33 39.0 39.5 40.7

Corynebacterium glutamicum R 3.35 54.1 33 39.0 39.5 40.7

Corynebacterium jeikeium K411 2.48 61.4 37 38.4 39.2 39.8

Frankia alni ACN14a 7.50 72.8 28 38.8 40.0 41.4

Frankia sp. CcI3 5.40 70.1 27 39.7 40.7 41.7

Kineococcus radiotolerans SRS30216 4.81 74.2 32 40.2 41.0 40.4

Leifsonia xyli subsp. xyli CTCB0 2.58 67.7 29 40.0 41.0 40.4

Mycobacterium avium 104 5.50 69.0 39 38.8 39.7 40.7

Mycobacterium avium subsp. paratuberculosis 4.80 69.3 39 38.8 39.7 40.7

Mycobacterium bovis 4.35 65.6 37 38.1 39.9 40.7

Mycobacterium bovis BCG Pasteur 1173P2 4.40 65.6 37 38.1 39.9 40.7

Mycobacterium gilvum PYR-GCK 5.96 67.7 30 39.0 39.6 40.3

Mycobacterium leprae 3.27 57.8 37 39.6 40.3 41.0

Mycobacterium smegmatis MC2 155 7.00 67.4 37 39.3 39.8 40.6

Mycobacterium sp. JLS 6.00 68.4 30 39.3 39.8 40.4

Mycobacterium sp. KMS 6.22 68.2 30 39.3 39.8 40.5

Mycobacterium sp. MCS 5.92 68.4 30 39.3 39.8 40.5

Mycobacterium tuberculosis CDC1551 4.40 65.6 37 38.2 39.9 40.8

Mycobacterium tuberculosis F11 4.40 65.6 37 38.0 39.9 40.7

Mycobacterium tuberculosis H37Ra 4.40 65.6 37 38.0 39.9 40.7

Mycobacterium tuberculosis H37Rv 4.40 65.6 37 38.0 40.0 40.7

Mycobacterium ulcerans Agy99 5.60 65.5 32 38.4 39.7 40.8

Mycobacterium vanbaalenii PYR-1 6.50 67.8 30 39.0 39.7 40.4

Nocardia farcinica IFM10152 6.29 70.7 37 39.9 40.6 40.6

Nocardioides sp. JS614 5.31 71.4 30 40.3 41.0 40.5

Propionibacterium acnes KPA171202 2.56 60.0 37 38.9 39.5 40.0

Rhodococcus sp. RHA1 9.67 67.0 30 39.4 39.9 40.4

Rubrobacter xylanophilus DSM 9941 3.23 70.5 60 44.9 45.5 45.0

Saccharopolyspora erythraea NRRL 2338 8.20 71.1 28 40.5 41.1 40.9

Salinispora tropica CNB-440 5.20 69.5 28 40.1 41.0 41.2

Streptomyces avermitilis MA-4680 9.12 70.7 28 39.0 40.5 40.4

Streptomyces coelicolor A3(2) 9.09 72.0 30 39.3 40.7 40.3

Symbiobacterium thermophilum IAM14863 3.60 68.7 60 42.8 43.3 42.8

Thermobifida fusca YX 3.60 67.5 50 41.2 41.9 41.6

Tropheryma whipplei TW08 27 0.93 46.3 37 40.0 40.4 40.0

Tropheryma whipplei Twist 0.93 46.3 37 40.0 40.4 39.8

0.31 0.37 0.40

8.0E-05 9.8E-06 2.7E-06

Total fraction of IVYWREL were computed from the amino acid composition in the whole proteome, cytosolic subproteome, and in a set 

of 46 conserved orthologous proteins in the actinobacteria.  A list of the 46 proteins in A. cellulolyticus is provided in supplementary 

Table S9.  The cytosolic subproteome was predicted using the pSORTb software (Gardy et al., 2005; 

http://www.psort.org/psortb/).  The R-squared and p-values were computed for linear regression between the OGT values and the 

IVYWREL fractions.  A p-value of less than 0.05 was considered significant.  

Table S6. Total fraction of IVYWREL amino acids in 46 orthologous proteins from forty-five  completely sequenced actinobacteria.

R-sqaured value

p-value is less than

% IVYWREL



Table S7. Features of the 409 prokaryotic organisms used in this study.

Organism
OGT 

(oC)

%G+C of the 

genome

%G+C of 

rRNA+tRNAs

(A) Archaea.

Aeropyrum pernix 90.0 56.31 71.01

Archaeoglobus fulgidus 85.0 48.58 65.31

Halobacterium sp 37.0 67.91 60.41

Hyperthermus butylicus 99.0 53.74 60.26

Methanobacterium thermoautotrophicum 65.0 49.54 58.21

Methanococcoides burtonii DSM 6242 21.5 40.76 53.19

Methanococcus jannaschii 85.0 31.43 64.47

Methanococcus maripaludis S2 37.0 33.10 55.05

Methanocorpusculum labreanum Z 37.0 50.01 53.13

Methanoculleus marisnigri JR1 27.5 62.06 58.02

Methanopyrus kandleri 98.0 61.16 70.20

Methanosaeta thermophila PT 61.0 53.55 59.21

Methanosarcina acetivorans 38.5 42.68 55.96

Methanosarcina barkeri fusaro 33.5 39.28 55.57

Methanosarcina mazei 37.0 41.48 55.95

Methanosphaera stadtmanae 37.0 27.63 49.31

Methanospirillum hungatei JF-1 37.0 45.15 54.09

Nanoarchaeum equitans 90.0 31.56 69.03

Natronomonas pharaonis 37.0 63.44 60.81

Picrophilus torridus DSM 9790 55.0 35.97 56.44

Pyrobaculum aerophilum 98.0 51.36 64.83

Pyrobaculum calidifontis JCM 11548 95.0 57.15 69.12

Pyrobaculum islandicum DSM 4184 97.5 49.60 68.73

Pyrococcus abyssi 98.0 44.71 64.50

Pyrococcus furiosus 98.5 40.77 59.96

Pyrococcus horikoshii 95.0 41.88 68.20

Staphylothermus marinus F1 87.5 35.73 67.71

Sulfolobus acidocaldarius DSM 639 70.0 36.71 60.98

Sulfolobus solfataricus 87.0 35.79 63.48

Sulfolobus tokodaii 75.0 32.79 66.36

Thermofilum pendens Hrk 5 88.0 57.67 67.66

Thermoplasma acidophilum 57.5 45.99 56.90

Thermoplasma volcanium 60.0 39.92 56.93

(B) Bacteria.

Acidobacteria bacterium Ellin345 25.0 58.38 56.90

Acidothermus cellulolyticus 11B 55.0 66.91 62.95

Acidovorax avenae citrulli AAC00-1 25.0 68.53 54.67

Acidovorax JS42 30.0 66.17 54.73

Acinetobacter sp ADP1 30.0 40.43 52.66

Actinobacillus pleuropneumoniae L20 37.0 41.30 51.60

Aeromonas hydrophila ATCC 7966 30.0 61.55 55.06

Alcanivorax borkumensis SK2 28.0 54.73 54.77

Anabaena variabilis ATCC 29413 25.0 41.42 53.26

Anaeromyxobacter dehalogenans 2CP-C 30.0 74.91 58.95

Anaplasma marginale St Maries 37.0 49.76 54.07

Anaplasma phagocytophilum HZ 37.0 41.64 52.50

Aquifex aeolicus 95.0 43.48 65.83

Arthrobacter aurescens TC1 30.0 62.34 56.88

Arthrobacter FB24 30.0 65.47 56.84

Aster yellows witches-broom phytoplasma AYWB 25.0 26.89 47.76



Azoarcus BH72 28.0 67.92 56.08

Azoarcus sp EbN1 28.0 65.12 56.62

Bacillus anthracis Ames 30.0 35.38 53.42

Bacillus anthracis Ames 0581 30.0 35.38 53.41

Bacillus anthracis str Sterne 30.0 35.38 53.19

Bacillus cereus ATCC 10987 30.0 35.58 53.42

Bacillus cereus ATCC14579 30.0 35.28 53.23

Bacillus cereus ZK 30.0 35.35 53.15

Bacillus clausii KSM-K16 30.0 44.75 55.52

Bacillus halodurans 30.0 43.69 54.72

Bacillus licheniformis ATCC 14580 37.0 46.19 55.14

Bacillus licheniformis DSM 13 37.0 46.19 55.16

Bacillus subtilis 30.0 43.52 54.74

Bacillus thuringiensis Al Hakam 30.0 35.43 53.08

Bacillus thuringiensis konkukian 30.0 35.41 53.21

Bacteroides fragilis NCTC 9434 37.0 43.19 50.64

Bacteroides fragilis YCH46 37.0 43.27 50.80

Bacteroides thetaiotaomicron VPI-5482 37.0 42.84 50.67

Bartonella bacilliformis KC583 37.0 38.24 54.20

Bartonella henselae Houston-1 37.0 38.23 54.33

Bartonella quintana Toulouse 37.0 38.80 54.00

Baumannia cicadellinicola Homalodisca coagulata 25.0 33.24 48.62

Bdellovibrio bacteriovorus 30.0 50.65 51.83

Bifidobacterium adolescentis ATCC 15703 37.0 59.18 59.48

Bifidobacterium longum 37.0 60.12 59.49

Bordetella bronchiseptica 37.0 68.08 55.92

Bordetella parapertussis 37.0 68.10 55.86

Bordetella pertussis 37.0 67.72 55.78

Borrelia afzelii PKo 37.0 28.31 45.86

Borrelia burgdorferi 35.0 28.59 46.37

Borrelia garinii PBi 37.0 28.30 47.05

Bradyrhizobium japonicum 26.0 64.06 57.95

Buchnera aphidicola 25.0 25.34 47.37

Buchnera aphidicola Cc Cinara cedri 25.0 20.10 45.86

Buchnera aphidicola Sg 25.0 25.33 48.90

Buchnera sp 25.0 26.31 49.58

Campylobacter fetus 82-40 37.0 33.31 48.73

Campylobacter jejuni 37.0 30.55 49.46

Campylobacter jejuni 81-176 37.0 30.62 49.26

Campylobacter jejuni RM1221 37.0 30.31 48.81

Candidatus Blochmannia floridanus 25.0 27.38 46.56

Candidatus Blochmannia pennsylvanicus BPEN 25.0 29.56 48.37

Candidatus Pelagibacter ubique HTCC1062 30.0 29.68 49.87

Carboxydothermus hydrogenoformans Z-2901 67.5 42.05 59.36

Caulobacter crescentus 30.0 67.21 56.93

Chlamydia muridarum 37.0 40.34 50.69

Chlamydia trachomatis 37.0 41.31 50.52

Chlamydia trachomatis A HAR-13 37.0 41.30 50.71

Chlamydophila abortus S26 3 37.0 39.87 50.12

Chlamydophila caviae 37.0 39.22 50.67

Chlamydophila felis Fe C-56 37.0 39.38 50.60

Chlamydophila pneumoniae AR39 37.0 40.57 50.44

Chlamydophila pneumoniae CWL029 37.0 40.58 49.69

Chlamydophila pneumoniae J138 37.0 40.58 50.27

Chlamydophila pneumoniae TW 183 37.0 40.58 50.18



Chlorobium chlorochromatii CaD3 37.0 44.28 52.96

Chlorobium phaeobacteroides DSM 266 25.0 48.35 52.61

Chlorobium tepidum TLS 47.0 56.53 53.67

Chromobacterium violaceum 26.0 64.83 54.52

Chromohalobacter salexigens DSM 3043 30.0 63.91 57.88

Clostridium acetobutylicum 37.0 30.93 50.93

Clostridium novyi NT 37.0 28.86 51.63

Clostridium perfringens 37.0 28.57 52.44

Clostridium perfringens ATCC 13124 37.0 28.38 52.42

Clostridium tetani E88 37.0 28.75 51.83

Clostridium thermocellum ATCC 27405 57.5 38.99 54.12

Colwellia psychrerythraea 34H 10.0 38.01 51.87

Corynebacterium diphtheriae 37.0 53.48 55.01

Corynebacterium efficiens YS-314 37.0 63.14 55.68

Corynebacterium glutamicum ATCC 13032 Bielefeld 33.0 53.84 54.90

Corynebacterium glutamicum ATCC 13032 Kitasato 33.0 53.81 55.07

Corynebacterium jeikeium K411 37.0 61.40 56.50

Coxiella burnetii 37.0 42.66 57.22

Cyanobacteria bacterium Yellowstone A-Prime 27.0 60.24 58.38

Cyanobacteria bacterium Yellowstone B-Prime 27.0 58.45 58.51

Cytophaga hutchinsonii ATCC 33406 30.0 38.85 50.80

Dechloromonas aromatica RCB 30.0 59.25 54.83

Dehalococcoides CBDB1 35.0 47.03 55.93

Dehalococcoides ethenogenes 195 35.0 48.85 55.82

Deinococcus geothermalis DSM 11300 47.5 66.64 59.42

Desulfitobacterium hafniense Y51 37.0 47.36 54.22

Desulfotalea psychrophila LSv54 7.0 46.81 52.28

Desulfovibrio desulfuricans G20 55.0 57.84 55.80

Desulfovibrio vulgaris DP4 30.0 63.01 56.37

Desulfovibrio vulgaris Hildenborough 30.0 63.14 56.54

Ehrlichia canis Jake 37.0 28.96 49.09

Ehrlichia chaffeensis Arkansas 37.0 30.10 48.90

Ehrlichia ruminantium Gardel 37.0 27.51 49.14

Enterococcus faecalis V583 37.0 37.53 52.72

Erwinia carotovora atroseptica SCRI1043 28.0 50.97 53.86

Erythrobacter litoralis HTCC2594 28.0 63.07 58.41

Escherichia coli 536 37.0 50.52 54.82

Escherichia coli APEC O1 37.0 50.55 54.67

Escherichia coli CFT073 37.0 50.48 54.68

Escherichia coli O157H7 37.0 50.54 54.83

Escherichia coli O157H7 EDL933 37.0 50.44 54.85

Escherichia coli UTI89 37.0 50.60 54.77

Escherichia coli W3110 37.0 50.80 53.96

Francisella tularensis FSC 198 37.0 32.26 51.03

Francisella tularensis holarctica 37.0 32.15 50.51

Francisella tularensis holarctica OSU18 37.0 32.16 50.71

Francisella tularensis novicida U112 37.0 32.48 51.15

Francisella tularensis tularensis 37.0 32.26 51.04

Frankia alni ACN14a 28.0 72.83 61.30

Frankia sp. CcI3 27.0 70.08 61.47

Fusobacterium nucleatum 37.0 27.15 48.49

Geobacillus kaustophilus HTA426 55.0 52.09 58.35

Geobacter metallireducens GS-15 30.0 59.51 55.89

Geobacter sulfurreducens 35.0 60.94 56.79

Gloeobacter violaceus 27.5 62.00 57.72



Gluconobacter oxydans 621H 26.0 61.07 56.52

Granulobacter bethesdensis CGDNIH1 37.0 59.07 57.82

Haemophilus ducreyi 35000HP 28.0 38.22 51.40

Haemophilus influenzae 37.0 38.15 51.58

Haemophilus influenzae 86 028NP 37.0 38.16 51.57

Haemophilus somnus 129PT 37.0 37.20 51.65

Hahella chejuensis KCTC 2396 28.0 53.87 55.00

Halorhodospira halophila SL1 25.0 67.98 59.71

Helicobacter acinonychis Sheeba 37.0 38.18 51.12

Helicobacter hepaticus 37.0 35.93 52.52

Helicobacter pylori 26695 37.0 38.87 50.64

Helicobacter pylori HPAG1 37.0 39.08 50.97

Helicobacter pylori J99 37.0 39.19 51.15

Hyphomonas neptunium ATCC 15444 26.0 61.93 56.46

Idiomarina loihiensis L2TR 30.0 47.04 54.48

Jannaschia CCS1 25.0 62.33 57.11

Lactobacillus acidophilus NCFM 37.0 34.71 51.59

Lactobacillus brevis ATCC 367 30.0 46.22 52.33

Lactobacillus casei ATCC 334 30.0 46.62 52.94

Lactobacillus delbrueckii bulgaricus 30.0 49.72 53.53

Lactobacillus gasseri ATCC 33323 37.0 35.26 51.36

Lactobacillus johnsonii NCC 533 37.0 34.61 50.93

Lactobacillus plantarum 30.0 44.47 51.70

Lactobacillus sakei 23K 30.0 41.26 51.20

Lactobacillus salivarius UCC118 37.0 32.94 51.21

Lactococcus lactis 30.0 35.33 51.18

Lactococcus lactis cremoris MG1363 30.0 35.75 51.10

Lactococcus lactis cremoris SK11 30.0 35.86 51.01

Lawsonia intracellularis PHE MN1-00 37.0 33.28 53.02

Legionella pneumophila Lens 37.0 38.42 53.67

Legionella pneumophila Paris 37.0 38.37 53.78

Legionella pneumophila Philadelphia 1 37.0 38.27 53.72

Leifsonia xyli xyli CTCB0 29.0 67.68 58.12

Listeria innocua 37.0 37.44 53.64

Listeria monocytogenes 37.0 37.98 53.58

Listeria monocytogenes 4b F2365 37.0 38.04 53.42

Listeria welshimeri serovar 6b SLCC5334 37.0 36.35 53.55

Magnetococcus MC-1 25.0 54.17 55.01

Magnetospirillum magneticum AMB-1 30.0 65.09 56.94

Mannheimia succiniciproducens MBEL55E 37.0 42.54 52.75

Maricaulis maris MCS10 26.0 62.73 57.11

Marinobacter aquaeolei VT8 30.0 57.27 56.26

Mesoplasma florum L1 30.0 27.02 50.05

Mesorhizobium BNC1 26.0 61.07 58.14

Mesorhizobium loti 26.0 62.75 56.56

Methylibium petroleiphilum PM1 30.0 69.20 56.45

Methylobacillus flagellatus KT 30.0 55.72 54.95

Methylococcus capsulatus Bath 37.0 63.58 56.88

Moorella thermoacetica ATCC 39073 55.0 55.79 58.53

Mycobacterium avium 104 39.0 68.99 59.41

Mycobacterium avium paratuberculosis 39.0 69.30 59.12

Mycobacterium bovis 37.0 65.63 59.71

Mycobacterium bovis BCG Pasteur 1173P2 37.0 65.64 59.72

Mycobacterium JLS 30.0 68.36 58.83

Mycobacterium KMS 30.0 68.44 58.82



Mycobacterium leprae 37.0 57.80 58.40

Mycobacterium MCS 30.0 68.45 59.25

Mycobacterium smegmatis MC2 155 37.0 67.40 58.55

Mycobacterium tuberculosis CDC1551 37.0 65.61 59.43

Mycobacterium tuberculosis H37Rv 37.0 65.61 59.71

Mycobacterium ulcerans Agy99 32.0 65.47 59.23

Mycobacterium vanbaalenii PYR-1 30.0 67.79 58.93

Mycoplasma capricolum ATCC 27343 37.0 23.77 46.26

Mycoplasma gallisepticum 37.0 31.45 47.32

Mycoplasma genitalium 37.0 31.69 46.63

Mycoplasma hyopneumoniae 232 37.0 28.56 45.26

Mycoplasma hyopneumoniae 7448 37.0 28.49 47.38

Mycoplasma hyopneumoniae J 37.0 28.52 47.33

Mycoplasma mobile 163K 37.0 24.95 46.91

Mycoplasma mycoides 37.0 23.97 48.37

Mycoplasma penetrans 37.0 25.72 47.86

Mycoplasma pneumoniae 37.0 40.01 47.16

Mycoplasma pulmonis 37.0 26.64 48.87

Mycoplasma synoviae 53 37.0 28.50 46.92

Myxococcus xanthus DK 1622 30.0 68.89 56.95

Neisseria gonorrhoeae FA 1090 37.0 52.69 54.19

Neisseria meningitidis FAM18 37.0 51.62 54.03

Neisseria meningitidis MC58 37.0 51.53 54.03

Neisseria meningitidis Z2491 37.0 51.81 53.90

Neorickettsia sennetsu Miyayama 37.0 41.08 52.31

Nitrobacter hamburgensis X14 28.0 61.71 58.19

Nitrobacter winogradskyi Nb-255 28.0 62.05 57.69

Nitrosococcus oceani ATCC 19707 27.5 50.32 56.97

Nitrosomonas europaea 26.0 50.72 51.55

Nitrosomonas eutropha C71 26.0 48.49 54.22

Nitrosospira multiformis ATCC 25196 26.0 53.94 56.40

Nocardia farcinica IFM10152 37.0 70.83 58.45

Nocardioides JS614 30.0 71.65 59.24

Nostoc sp 30.0 41.35 53.33

Novosphingobium aromaticivorans DSM 12444 30.0 65.15 56.80

Oceanobacillus iheyensis 28.0 35.68 53.63

Oenococcus oeni PSU-1 30.0 37.89 50.61

Onion yellows phytoplasma 25.0 27.74 46.99

Parachlamydia sp UWE25 34.5 34.72 50.85

Pasteurella multocida 37.0 40.40 51.53

Pediococcus pentosaceus ATCC 25745 30.0 37.36 51.57

Pelobacter carbinolicus 30.0 55.11 56.77

Pelobacter propionicus DSM 2379 30.0 59.02 55.15

Pelodictyon luteolum DSM 273 25.0 57.33 53.30

Photorhabdus luminescens 28.0 42.83 55.37

Pirellula sp 30.0 55.40 56.06

Polaromonas JS666 25.0 62.47 55.75

Polaromonas naphthalenivorans CJ2 20.0 62.53 54.43

Porphyromonas gingivalis W83 37.0 48.29 52.18

Prochlorococcus marinus AS9601 30.0 31.32 55.17

Prochlorococcus marinus CCMP1375 30.0 36.44 55.48

Prochlorococcus marinus MED4 30.0 30.80 53.11

Prochlorococcus marinus MIT 9303 30.0 50.01 56.12

Prochlorococcus marinus MIT 9312 30.0 31.21 54.83

Prochlorococcus marinus MIT 9515 30.0 30.79 54.97



Prochlorococcus marinus MIT9313 30.0 50.74 54.64

Prochlorococcus marinus NATL1A 30.0 34.98 55.46

Prochlorococcus marinus NATL2A 30.0 35.12 55.34

Propionibacterium acnes KPA171202 37.0 60.01 57.59

Pseudoalteromonas atlantica T6c 20.0 44.62 52.23

Pseudomonas aeruginosa 30.0 66.56 55.35

Pseudomonas aeruginosa UCBPP-PA14 30.0 66.29 54.47

Pseudomonas entomophila L48 30.0 64.16 54.13

Pseudomonas fluorescens Pf-5 30.0 63.30 53.85

Pseudomonas putida KT2440 26.0 61.52 53.61

Pseudomonas syringae phaseolicola 1448A 26.0 58.02 54.01

Pseudomonas syringae pv B728a 26.0 59.23 54.08

Pseudomonas syringae tomato DC3000 26.0 58.40 54.03

Psychrobacter arcticum 273-4 10.0 42.80 52.08

Psychrobacter cryohalolentis K5 23.0 42.29 52.06

Psychromonas ingrahamii 37 10.0 40.09 51.63

Ralstonia solanacearum 28.0 67.04 54.40

Rhizobium etli CFN 42 30.0 61.27 55.79

Rhizobium leguminosarum bv viciae 3841 26.0 61.09 55.66

Rhodococcus RHA1 30.0 67.52 57.46

Rhodoferax ferrireducens T118 25.0 59.88 54.53

Rhodopseudomonas palustris BisA53 25.0 64.44 56.73

Rhodopseudomonas palustris BisB18 25.0 64.96 57.29

Rhodopseudomonas palustris BisB5 25.0 64.81 58.00

Rhodopseudomonas palustris CGA009 25.0 65.04 55.92

Rhodopseudomonas palustris HaA2 25.0 66.04 58.41

Rhodospirillum rubrum ATCC 11170 25.0 65.45 57.60

Rickettsia bellii RML369-C 37.0 31.65 50.87

Rickettsia conorii 37.0 32.44 50.47

Rickettsia felis URRWXCal2 37.0 32.45 50.46

Rickettsia prowazekii 37.0 29.00 50.27

Rickettsia typhi wilmington 37.0 28.92 49.62

Roseobacter denitrificans OCh 114 20.0 58.97 55.95

Rubrobacter xylanophilus DSM 9941 60.0 70.48 64.37

Saccharophagus degradans 2-40 28.0 45.83 54.26

Salinibacter ruber DSM 13855 37.0 66.22 59.15

Salmonella enterica Choleraesuis 37.0 52.16 55.10

Salmonella enterica Paratypi ATCC 9150 37.0 52.16 54.42

Salmonella typhi 37.0 52.09 54.75

Salmonella typhimurium LT2 37.0 52.22 54.73

Shewanella amazonensis SB2B 37.0 53.59 54.24

Shewanella ANA-3 30.0 48.05 53.62

Shewanella baltica OS155 25.0 46.28 53.51

Shewanella denitrificans OS217 28.0 45.15 53.16

Shewanella frigidimarina NCIMB 400 20.0 41.58 52.66

Shewanella MR-4 30.0 47.89 53.60

Shewanella MR-7 30.0 47.87 53.63

Shewanella oneidensis 30.0 45.96 53.55

Shewanella W3-18-1 30.0 44.63 53.70

Shigella boydii Sb227 37.0 51.21 54.89

Shigella dysenteriae 37.0 51.25 54.71

Shigella flexneri 2a 37.0 50.89 54.79

Shigella flexneri 2a 2457T 37.0 50.91 54.48

Shigella flexneri 5 8401 37.0 50.92 54.87

Shigella sonnei Ss046 37.0 51.01 54.98



Silicibacter pomeroyi DSS-3 30.0 64.22 56.63

Silicibacter TM1040 30.0 60.41 57.60

Sinorhizobium meliloti 26.0 62.73 56.40

Sodalis glossinidius morsitans 28.0 54.70 55.24

Solibacter usitatus Ellin6076 30.0 61.90 56.70

Sphingopyxis alaskensis RB2256 25.0 65.50 57.45

Staphylococcus aureus aureus MRSA252 37.0 32.81 49.36

Staphylococcus aureus aureus MSSA476 37.0 32.85 49.46

Staphylococcus aureus COL 37.0 32.82 51.22

Staphylococcus aureus Mu50 37.0 32.88 51.43

Staphylococcus aureus MW2 37.0 32.83 51.34

Staphylococcus aureus N315 37.0 32.84 51.54

Staphylococcus aureus NCTC 8325 37.0 32.87 51.53

Staphylococcus aureus RF122 37.0 32.78 51.54

Staphylococcus aureus USA300 37.0 32.75 51.36

Staphylococcus epidermidis ATCC 12228 37.0 32.10 52.08

Staphylococcus epidermidis RP62A 37.0 32.15 51.52

Staphylococcus haemolyticus 37.0 32.79 51.79

Staphylococcus saprophyticus 28.0 33.24 51.42

Streptococcus agalactiae 2603 37.0 35.65 51.40

Streptococcus agalactiae A909 37.0 35.62 51.28

Streptococcus agalactiae NEM316 37.0 35.63 51.37

Streptococcus mutans 37.0 36.83 52.94

Streptococcus pneumoniae D39 37.0 39.71 51.84

Streptococcus pneumoniae R6 37.0 39.72 51.82

Streptococcus pneumoniae TIGR4 37.0 39.70 52.01

Streptococcus pyogenes M1 GAS 37.0 38.51 51.64

Streptococcus pyogenes MGAS10270 37.0 38.43 51.42

Streptococcus pyogenes MGAS10394 37.0 38.69 51.68

Streptococcus pyogenes MGAS10750 37.0 38.32 51.43

Streptococcus pyogenes MGAS2096 37.0 38.73 51.44

Streptococcus pyogenes MGAS315 37.0 38.59 51.51

Streptococcus pyogenes MGAS5005 37.0 38.53 51.68

Streptococcus pyogenes MGAS6180 37.0 38.35 51.54

Streptococcus pyogenes MGAS8232 37.0 38.55 51.69

Streptococcus pyogenes MGAS9429 37.0 38.54 51.57

Streptococcus pyogenes SSI-1 37.0 38.55 51.69

Streptococcus sanguinis SK36 37.0 43.40 52.60

Streptococcus thermophilus CNRZ1066 37.0 39.08 51.73

Streptococcus thermophilus LMD-9 37.0 39.08 51.59

Streptococcus thermophilus LMG 18311 37.0 39.09 51.73

Streptomyces avermitilis MA-4680 28.0 70.72 58.10

Streptomyces coelicolor A3(2) 30.0 72.12 58.59

Symbiobacterium thermophilum IAM14863 60.0 68.67 60.24

Synechococcus CC9311 27.5 52.45 55.86

Synechococcus CC9605 27.5 59.22 56.30

Synechococcus CC9902 27.5 54.16 55.78

Synechococcus elongatus PCC 6301 27.5 55.48 55.74

Synechococcus elongatus PCC 7942 27.5 55.47 55.70

Synechococcus sp WH8102 27.5 59.41 56.37

Synechocystis PCC6803 29.5 47.72 53.98

Syntrophobacter fumaroxidans MPOB 37.0 59.95 58.30

Syntrophus aciditrophicus SB 35.0 51.46 55.83

Thermoanaerobacter tengcongensis 75.0 37.57 59.12

Thermobifida fusca YX 50.0 67.50 60.00



Thermosynechococcus elongatus 55.0 53.92 55.94

Thermotoga maritima 80.0 46.25 63.85

Thermus thermophilus HB27 75.0 69.44 64.53

Thermus thermophilus HB8 75.0 69.52 64.68

Thiobacillus denitrificans ATCC 25259 30.0 66.07 55.77

Thiomicrospira crunogena XCL-2 25.0 43.13 52.20

Thiomicrospira denitrificans ATCC 33889 22.0 34.46 50.33

Treponema denticola ATCC 35405 37.0 37.87 52.17

Treponema pallidum 35.0 52.78 54.27

Trichodesmium erythraeum IMS101 37.0 34.14 53.19

Tropheryma whipplei TW08 27 37.0 46.31 57.87

Tropheryma whipplei Twist 37.0 46.33 57.75

Ureaplasma urealyticum 37.0 25.50 45.80

Wigglesworthia brevipalpis 27.5 22.48 48.34

Wolbachia endosymbiont of Brugia malayi TRS 27.5 34.18 48.40

Wolbachia endosymbiont of Drosophila melanogaster 27.5 35.23 48.73

Wolinella succinogenes 37.0 48.46 52.24

Xanthomonas campestris 8004 26.0 64.96 56.13

Xanthomonas campestris vesicatoria 85-10 26.0 64.75 56.18

Xanthomonas citri 26.0 64.77 56.55

Xanthomonas oryzae KACC10331 26.0 63.69 56.29

Xanthomonas oryzae MAFF 311018 26.0 63.70 56.22

Xylella fastidiosa 26.0 52.67 55.16

Xylella fastidiosa Temecula1 26.0 51.78 55.37

Yersinia pestis Antiqua 37.0 47.70 53.75

Yersinia pestis CO92 37.0 47.64 53.90

Yersinia pestis KIM 37.0 47.64 54.11

Yersinia pestis Nepal516 37.0 47.58 53.78

Yersinia pseudotuberculosis IP32953 37.0 47.61 53.75

Zymomonas mobilis ZM4 28.0 46.33 54.23



Table S8. The 478 A. cellulolyticus 11B homologs used in the analysis presented in Table S5.

GI Product

117927212 chromosomal replication initiator protein DnaA

117927214 recombination protein F

117927217 DNA gyrase subunit A

117927234 FHA domain-containing protein

117927239 hypothetical protein Acel_0028

117927270 thiosulfate sulfurtransferase

117927273 glycine cleavage T protein (aminomethyl transferase)

117927284 glycosyl transferase, group 1

117927286 phosphoglycerate mutase

117927289 CarD family transcriptional regulator

117927292 2C-methyl-D-erythritol 2,4-cyclodiphosphate synthase

117927293 cysteinyl-tRNA synthetase

117927294 RNA methyltransferase

117927301 phosphate uptake regulator, PhoU

117927303 phosphate ABC transporter, inner membrane subunit PstC

117927304 phosphate ABC transporter, inner membrane subunit PstA

117927305 phosphate ABC transporter, ATPase subunit

117927311 threonine synthase

117927315 cold-shock DNA-binding protein family protein

117927320 MarR family transcriptional regulator

117927325 phosphoserine aminotransferase

117927326 citrate synthase 2

117927327 pyridoxamine 5'-phosphate oxidase

117927365 hypothetical protein Acel_0155

117927376 UDP-glucose pyrophosphorylase

117927377 molybdopterin molybdochelatase

117927378 GTP cyclohydrolase subunit MoaC

117927379 molybdopterin adenylyltransferase

117927386 TatD family hydrolase

117927388 dimethyladenosine transferase

117927391 4-diphosphocytidyl-2-C-methyl-D-erythritol kinase

117927408 inorganic diphosphatase

117927410 hypothetical protein Acel_0201

117927412 hypoxanthine phosphoribosyltransferase

117927413 Mername-AA223 peptidase

117927414 GTP cyclohydrolase I

117927416 dihydropteroate synthase

117927420 pantothenate synthetase

117927422 L-aspartate oxidase

117927423 nicotinate-nucleotide pyrophosphorylase

117927424 pantothenate kinase

117927430 HhH-GPD family protein

117927437 DNA repair protein RadA

117927440 glutamate-1-semialdehyde 2,1-aminomutase

117927444 delta-aminolevulinic acid dehydratase

117927445 uroporphyrinogen-III synthase / uroporphyrinogen-III C-methyltransferase

117927448 redox-sensing transcriptional repressor Rex

117927455 histone deacetylase superfamily protein

117927456 pyrroline-5-carboxylate reductase

117927457 L-proline dehydrogenase

117927458 xylose isomerase domain-containing protein

117927459 phosphoglycerate mutase

117927475 geranylgeranyl reductase

117927476 NADH dehydrogenase subunit A

117927478 NADH dehydrogenase subunit C



117927479 NADH dehydrogenase subunit D

117927480 NADH dehydrogenase subunit E

117927481 NADH-quinone oxidoreductase, F subunit

117927482 NADH dehydrogenase subunit G

117927483 NADH dehydrogenase subunit H

117927484 NADH dehydrogenase subunit I

117927485 NADH dehydrogenase subunit J

117927487 NADH dehydrogenase subunit L

117927488 proton-translocating NADH-quinone oxidoreductase, chain M

117927489 NADH dehydrogenase subunit N

117927490 trans-hexaprenyltranstransferase

117927495 nucleotide-binding protein

117927498 dehydratase

117927501 aspartate aminotransferase

117927503 transcription antitermination protein nusG

117927505 50S ribosomal protein L1P

117927506 50S ribosomal protein L10

117927507 50S ribosomal protein L12P

117927508 DNA-directed RNA polymerase subunit beta

117927509 DNA-directed RNA polymerase subunit beta'

117927510 30S ribosomal protein S12

117927511 30S ribosomal protein S7

117927514 30S ribosomal protein S10

117927515 50S ribosomal protein L3P

117927516 50S ribosomal protein L4P

117927517 50S ribosomal protein L23P

117927518 50S ribosomal protein L2

117927519 SSU ribosomal protein S19P

117927521 30S ribosomal protein S3

117927522 50S ribosomal protein L16

117927523 50S ribosomal protein L29P

117927524 SSU ribosomal protein S17P

117927525 50S ribosomal protein L14

117927526 50S ribosomal protein L24P

117927527 50S ribosomal protein L5

117927528 30S ribosomal protein S14

117927529 SSU ribosomal protein S8P

117927530 50S ribosomal protein L6P

117927531 50S ribosomal protein L18P

117927532 SSU ribosomal protein S5P

117927533 50S ribosomal protein L30P

117927534 50S ribosomal protein L15P

117927535 preprotein translocase subunit SecY

117927536 adenylate kinase

117927539 50S ribosomal protein L36

117927540 30S ribosomal protein S13

117927541 30S ribosomal protein S11

117927544 50S ribosomal protein L17P

117927545 tRNA pseudouridine synthase A

117927550 LSU ribosomal protein L13P

117927551 SSU ribosomal protein S9P

117927552 phosphoglucosamine mutase

117927553 D-fructose-6-phosphate amidotransferase

117927554 carbohydrate kinase, YjeF related protein

117927564 alanine racemase

117927566 hypothetical protein Acel_0357

117927569 O-sialoglycoprotein endopeptidase

117927571 chaperonin Cpn10



117927575 inosine-5'-monophosphate dehydrogenase

117927576 inositol-5-monophosphate dehydrogenase

117927580 bifunctional GMP synthase/glutamine amidotransferase protein

117927584 ATP-dependent DNA helicase PcrA

117927592 phosphoribosylglycinamide formyltransferase

117927593 bifunctional phosphoribosylaminoimidazolecarboxamide formyltransferase/IMP cyclohydrolase

117927594 methenyltetrahydrofolate cyclohydrolase

117927603 flavoprotein disulfide reductase

117927618 acyl-CoA dehydrogenase domain-containing protein

117927664 LPPG:FO 2-phospho-L-lactate transferase

117927672 hypothetical protein Acel_0463

117927674 phosphomannomutase

117927677 S-adenosyl-L-homocysteine hydrolase

117927679 hypothetical protein Acel_0470

117927681 molybdopterin synthase subunit MoaE

117927729 putative phosphoketolase

117927741 histidinol-phosphate phosphatase

117927742 GTPase EngC

117927743 3-phosphoshikimate 1-carboxyvinyltransferase

117927747 anti-sigma factor

117927767 signal transduction histidine kinase

117927792 alcohol dehydrogenase

117927793 hypothetical protein Acel_0585

117927794 alpha-ketoglutarate decarboxylase

117927800 LamB/YcsF family protein

117927838 homoserine dehydrogenase

117927839 threonine synthase

117927841 transcription termination factor Rho

117927848 50S ribosomal protein L31P

117927849 peptide chain release factor 1

117927850 HemK family modification methylase

117927851 translation factor SUA5

117927852 glycosyl transferase family protein

117927859 F0F1 ATP synthase subunit alpha

117927860 ATP synthase F1, gamma subunit

117927861 F0F1 ATP synthase subunit beta

117927864 ATP:cob(I)alamin adenosyltransferase

117927872 hypothetical protein Acel_0664

117927880 acetyl-CoA acetyltransferase

117927888 alpha-glucan phosphorylases

117927890 short chain enoyl-CoA hydratase

117927892 electron transfer flavoprotein beta-subunit

117927893 electron transfer flavoprotein, alpha subunit

117927896 aminotransferase, class V

117927897 tRNA (5-methylaminomethyl-2-thiouridylate)-methyltransferase

117927901 methionine synthase, vitamin-B12 independent

117927902 DNA ligase, NAD-dependent

117927904 aspartyl/glutamyl-tRNA(Asn/Gln) amidotransferase subunit C

117927905 aspartyl/glutamyl-tRNA amidotransferase subunit A

117927906 aspartyl/glutamyl-tRNA amidotransferase subunit B

117927914 acetolactate synthase 1 catalytic subunit

117927915 acetolactate synthase 3 regulatory subunit

117927917 D-3-phosphoglycerate dehydrogenase

117927918 3-isopropylmalate dehydrogenase

117927920 alpha-isopropylmalate/homocitrate synthase family transferase

117927921 5-carboxymethyl-2-hydroxymuconate delta-isomerase

117927944 trigger factor

117927947 ATP-dependent protease ATP-binding subunit



117927955 nucleoside diphosphate kinase

117927961 radical SAM domain-containing protein

117927962 hypothetical protein Acel_0754

117927963 ribonuclease G

117927965 50S ribosomal protein L27

117927966 GTPase ObgE

117927967 gamma-glutamyl kinase

117927969 gamma-glutamyl phosphate reductase

117927970 nicotinate (nicotinamide) nucleotide adenylyltransferase

117927972 iojap-like protein

117927977 FO synthase

117927986 GTP-binding protein LepA

117927989 coproporphyrinogen III oxidase, anaerobic

117927991 heat-inducible transcription repressor

117927992 chaperone protein DnaJ

117927997 PhoH family protein

117927998 putative metalloprotease

117927999 CBS domain-containing protein

117928000 hypothetical protein Acel_0792

117928001 GTP-binding protein Era

117928002 2-isopropylmalate synthase

117928003 DNA repair protein RecO

117928014 DNA primase

117928084 acyl carrier protein

117928086 (acyl-carrier-protein) S-malonyltransferase-like

117928090 hypothetical protein Acel_0882

117928109 hypothetical protein Acel_0901

117928120 PBP family phospholipid-binding protein

117928125 3-methyl-2-oxobutanoate hydroxymethyltransferase

117928127 L-glutamine synthetase

117928128 (glutamate--ammonia-ligase) adenylyltransferase

117928131 L-glutamine synthetase

117928134 lipoyl synthase

117928145 leucyl aminopeptidase

117928162 iron-sulfur cluster assembly accessory protein

117928163 ribokinase-like domain-containing protein

117928164 cytochrome c oxidase, subunit II

117928166 putative integral membrane protein

117928172 cytochrome c oxidase, subunit III

117928173 response regulator receiver protein

117928195 thiazole synthase

117928198 thiamine-phosphate pyrophosphorylase

117928199 5,10-methylenetetrahydrofolate reductase

117928210 S-adenosyl-methyltransferase MraW

117928213 UDP-N-acetylmuramoylalanyl-D-glutamate--2,6-diaminopimelate ligase

117928214 UDP-N-acetylmuramoyl-tripeptide--D-alanyl-D-alanine ligase

117928215 phospho-N-acetylmuramoyl-pentapeptide-transferase

117928216 UDP-N-acetylmuramoylalanine--D-glutamate ligase

117928217 cell division protein FtsW

117928218 N-acetylglucosaminyl transferase

117928220 cell division protein FtsZ

117928222 hypothetical protein Acel_1014

117928232 hypothetical protein Acel_1024

117928234 hypothetical protein Acel_1026

117928237 isoleucyl-tRNA synthetase

117928240 ribosomal large subunit pseudouridine synthase D

117928242 hypothetical protein Acel_1034

117928266 histidinol dehydrogenase



117928267 histidinol-phosphate aminotransferase

117928269 imidazole glycerol phosphate synthase subunit HisH

117928270 1-(5-phosphoribosyl)-5-[(5-phosphoribosylamino)methylideneamino] imidazole-4-carboxamide isomerase

117928276 imidazoleglycerol phosphate synthase, cyclase subunit

117928277 phosphoribosyl-AMP cyclohydrolase

117928280 indole-3-glycerol phosphate synthase

117928282 tryptophan synthase, alpha chain

117928285 glutamate synthase (NADH) large subunit

117928288 response regulator receiver/ANTAR domain-containing protein

117928295 DNA polymerase I

117928296 30S ribosomal protein S1

117928300 4-aminobutyrate aminotransferase

117928313 excinuclease ABC subunit B

117928315 beta-lactamase domain-containing protein

117928316 excinuclease ABC subunit A

117928317 excinuclease ABC subunit C

117928318 hypothetical protein Acel_1111

117928319 hypothetical protein Acel_1112

117928320 hypothetical protein Acel_1113

117928328 preprotein translocase, SecG subunit

117928329 6-phosphogluconolactonase

117928335 protoheme IX farnesyltransferase

117928341 putative transcriptional regulator

117928342 FeS assembly protein SufB

117928343 FeS assembly protein SufD

117928344 FeS assembly ATPase SufC

117928345 SufS subfamily cysteine desulfurase

117928346 NifU family SUF system FeS assembly protein

117928347 hypothetical protein Acel_1140

117928348 transcriptional regulator

117928355 hypothetical protein Acel_1148

117928356 peptidase U62, modulator of DNA gyrase

117928361 ABC transporter related

117928367 tRNA/rRNA methyltransferase (SpoU)

117928376 phosphoglycerate mutase

117928377 hypothetical protein Acel_1170

117928378 hypothetical protein Acel_1171

117928379 cysteinyl-tRNA synthetase

117928380 hypothetical protein Acel_1173

117928387 RecB family exonuclease

117928389 tRNA (adenine-N(1)-)-methyltransferase

117928391 vesicle-fusing ATPase

117928393 hypothetical protein Acel_1186

117928394 hypothetical protein Acel_1187

117928396 20S proteasome, A and B subunits

117928398 hypothetical protein Acel_1191

117928419 hypothetical protein Acel_1212

117928429 glycine dehydrogenase

117928430 MerR family transcriptional regulator

117928431 hypothetical protein Acel_1224

117928433 FHA domain-containing protein

117928434 glycine cleavage system H protein

117928438 nucleotidyl transferase

117928439 CDP-alcohol phosphatidyltransferase

117928440 small GTP-binding protein

117928443 ribosomal large subunit pseudouridine synthase B

117928444 condensin subunit ScpB

117928445 condensin subunit ScpA



117928447 cobyrinic acid a,c-diamide synthase

117928450 CTP synthetase

117928452 DNA repair protein RecN

117928453 NAD(+) kinase

117928454 hemolysin A

117928457 HAD family hydrolase

117928463 argininosuccinate lyase

117928465 ArgR family transcriptional regulator

117928467 acetylornithine aminotransferase

117928468 acetylglutamate kinase

117928469 bifunctional ornithine acetyltransferase/N-acetylglutamate synthase protein

117928470 N-acetyl-gamma-glutamyl-phosphate reductase

117928471 phenylalanyl-tRNA synthetase subunit beta

117928472 phenylalanyl-tRNA synthetase subunit alpha

117928473 PAS/PAC sensor signal transduction histidine kinase

117928474 50S ribosomal protein L20

117928475 50S ribosomal protein L35P

117928476 translation initiation factor 3

117928478 6,7-dimethyl-8-ribityllumazine synthase

117928479 bifunctional 3,4-dihydroxy-2-butanone 4-phosphate synthase/GTP cyclohydrolase II protein

117928483 ribulose-5-phosphate 3-epimerase

117928484 Fmu (Sun) domain-containing protein

117928485 methionyl-tRNA formyltransferase

117928493 AsnC family transcriptional regulator

117928496 primosomal protein N'

117928498 phosphopantothenate-cysteine ligase / phosphopantothenoylcysteine decarboxylase

117928499 DNA-directed RNA polymerase subunit omega

117928500 guanylate kinase

117928501 putative integration host factor MihF

117928507 dihydroorotase

117928508 aspartate carbamoyltransferase catalytic subunit

117928512 elongation factor P

117928514 3-dehydroquinate synthase

117928515 shikimate kinase

117928516 chorismate synthase

117928536 Holliday junction resolvase YqgF

117928537 alanyl-tRNA synthetase

117928540 recombination factor protein RarA

117928546 adenine phosphoribosyltransferase

117928550 Holliday junction DNA helicase B

117928551 Holliday junction DNA helicase subunit RuvA

117928552 Holliday junction endonuclease RuvC

117928553 hypothetical protein Acel_1346

117928554 glutamine amidotransferase subunit PdxT

117928555 pyridoxine biosynthesis protein

117928560 phosphatidylinositol alpha-mannosyltransferase

117928564 histidine triad (HIT) protein

117928586 methionine-R-sulfoxide reductase

117928587 chlorite dismutase

117928589 uroporphyrinogen decarboxylase

117928598 3'-5' exonuclease

117928601 aconitase

117928605 TrkA domain-containing protein

117928606 TrkA domain-containing protein

117928609 deoxyuridine 5'-triphosphate nucleotidohydrolase Dut

117928612 inositol-phosphate phosphatase

117928614 ferrochelatase

117928676 exodeoxyribonuclease III



117928683 vitamin B12-dependent ribonucleotide reductase

117928684 ribonucleotide reductase regulator NrdR-like

117928686 LexA repressor

117928689 small GTP-binding protein

117928691 tRNA delta(2)-isopentenylpyrophosphate transferase

117928695 RNA modification protein

117928700 hypothetical protein Acel_1493

117928705 CDP-diacylglycerol--glycerol-3-phosphate 3-phosphatidyltransferase

117928706 MiaB-like tRNA modifying enzyme YliG

117928708 cell divisionFtsK/SpoIIIE

117928709 beta-lactamase domain-containing protein

117928713 dihydrodipicolinate reductase

117928714 peptidase M16 domain-containing protein

117928715 polynucleotide phosphorylase/polyadenylase

117928716 30S ribosomal protein S15

117928719 tRNA pseudouridine synthase B

117928720 ribosome-binding factor A

117928721 hypothetical protein Acel_1514

117928722 translation initiation factor IF-2

117928724 transcription elongation factor NusA

117928728 GCN5-related N-acetyltransferase

117928731 1-deoxy-D-xylulose 5-phosphate reductoisomerase

117928743 radical SAM protein

117928746 ribosome recycling factor

117928749 SSU ribosomal protein S2P

117928756 Mg chelatase, subunit ChlI

117928760 hypothetical protein Acel_1553

117928764 50S ribosomal protein L19

117928765 tRNA (Guanine37-N1) methyltransferase

117928766 16S rRNA processing protein RimM

117928768 SSU ribosomal protein S16P

117928770 signal recognition particle subunit FFH/SRP54 (srp54)

117928774 signal recognition particle-docking protein FtsY

117928777 condensin subunit Smc

117928780 formamidopyrimidine-DNA glycosylase

117928781 ribonuclease III

117928785 phosphopantetheine adenylyltransferase

117928789 50S ribosomal protein L28

117928791 thiamine monophosphate kinase

117928792 AsnC family transcriptional regulator

117928793 D-alanine--D-alanine ligase

117928794 glycerol-3-phosphate dehydrogenase (NAD(P)(+))

117928797 isopropylmalate isomerase small subunit

117928798 isopropylmalate isomerase large subunit

117928799 IclR family transcriptional regulator

117928805 ribose-5-phosphate isomerase B

117928810 HNH endonuclease

117928816 globin

117928821 putative ABC transporter ATP-binding protein

117928856 oligoribonuclease

117928857 hypothetical protein Acel_1650

117928889 redoxin domain-containing protein

117928890 RdgB/HAM1 family non-canonical purine NTP pyrophosphatase

117928891 ribonuclease PH

117928894 cysteine synthase

117928896 Mov34/MPN/PAD-1 family protein

117928898 ATP-dependent Clp protease adaptor protein ClpS

117928899 nicotinate phosphoribosyltransferase



117928935 SsrA-binding protein

117928938 cell division ATP-binding protein FtsE

117928939 peptide chain release factor 2

117928957 delta-1-pyrroline-5-carboxylate dehydrogenase

117928977 transcription factor WhiB

117928979 glutaredoxin-like protein

117928984 molybdopterin biosynthesis-like protein MoeZ

117928991 hypothetical protein Acel_1784

117929031 hypothetical protein Acel_1824

117929033 ECF subfamily RNA polymerase sigma-24 factor

117929042 hypothetical protein Acel_1835

117929044 DNA-3-methyladenine glycosylase I

117929046 dihydropteroate synthase

117929049 hypothetical protein Acel_1842

117929050 dipeptidase

117929062 N-succinyldiaminopimelate aminotransferase

117929068 translation-associated GTPase

117929082 exodeoxyribonuclease VII large subunit

117929084 fructose 1,6-bisphosphatase II

117929088 undecaprenyl pyrophosphate synthetase

117929090 hypothetical protein Acel_1883

117929093 LmbE family protein

117929094 transcription elongation factor GreA

117929114 hypothetical protein Acel_1907

117929117 nucleoside triphosphate pyrophosphohydrolase

117929120 transcription-repair coupling factor

117929151 peptidyl-tRNA hydrolase

117929152 50S ribosomal protein L25/general stress protein Ctc

117929153 ribose-phosphate pyrophosphokinase

117929154 UDP-N-acetylglucosamine pyrophosphorylase / glucosamine-1-phosphate N-acetyltransferase

117929169 F420-0--gamma-glutamyl ligase

117929179 DNA topoisomerase I

117929180 membrane-bound proton-translocating pyrophosphatase

117929183 DEAD/DEAH box helicase domain-containing protein

117929189 type II secretion system protein E

117929191 acetyl-coenzyme A synthetase

117929195 peptidase S1 and S6, chymotrypsin/Hap

117929197 alpha/beta hydrolase fold

117929200 endonuclease III / DNA-(apurinic or apyrimidinic site) lyase

117929202 transcriptional regulator

117929206 endoribonuclease L-PSP

117929207 hypothetical protein Acel_2000

117929208 putative ion-transporting ATPase

117929209 anion-transporting ATPase

117929212 GatB/Yqey domain-containing protein

117929213 metallophosphoesterase

117929219 aspartate kinase

117929222 recombination protein RecR

117929223 DNA polymerase III, subunits gamma and tau

117929231 thiamineS protein

117929232 response regulator receiver protein

117929246 NifC-like ABC-type porter

117929278 phosphoribosylformylglycinamidine cyclo-ligase

117929279 amidophosphoribosyltransferase

117929281 phosphoribosylformylglycinamidine synthase II

117929282 phosphoribosylformylglycinamidine synthase I

117929283 phosphoribosylformylglycinamidine synthase subunit PurS

117929292 zinc uptake regulator



117929308 alcohol dehydrogenase

117929309 hypothetical protein Acel_2102

117929312 prephenate dehydratase

117929319 deoxycytidine triphosphate deaminase

117929324 chaperone protein DnaJ

117929332 fructose-bisphosphate aldolase

117929333 adenylosuccinate synthetase

117929334 phosphoribosylamine--glycine ligase

117929336 phosphoribosylaminoimidazole-succinocarboxamide synthase

117929337 50S ribosomal protein L9P

117929340 SSU ribosomal protein S6P

117929344 PadR family transcriptional regulator

117929345 myo-inositol-1-phosphate synthase

117929346 metal dependent phosphohydrolase

117929361 chromosome segregation DNA-binding protein

117929362 cobyrinic acid a,c-diamide synthase

117929364 single-stranded nucleic acid binding R3H domain-containing protein



Table S9. The 46 A. cellulolyticus 11B homologs used in the analysis presented in Table S6.

GI Product

117927505 50S ribosomal protein L1P

117927507 50S ribosomal protein L12P

117927509 DNA-directed RNA polymerase subunit beta'

117927510 30S ribosomal protein S12

117927511 30S ribosomal protein S7

117927514 30S ribosomal protein S10

117927517 50S ribosomal protein L23P

117927518 50S ribosomal protein L2

117927522 50S ribosomal protein L16

117927524 SSU ribosomal protein S17P

117927525 50S ribosomal protein L14

117927527 50S ribosomal protein L5

117927529 SSU ribosomal protein S8P

117927530 50S ribosomal protein L6P

117927531 50S ribosomal protein L18P

117927532 SSU ribosomal protein S5P

117927535 preprotein translocase subunit SecY

117927540 30S ribosomal protein S13

117927541 30S ribosomal protein S11

117927550 LSU ribosomal protein L13P

117927551 SSU ribosomal protein S9P

117927552 phosphoglucosamine mutase

117927571 chaperonin Cpn10

117927580 bifunctional GMP synthase/glutamine amidotransferase protein

117927593 bifunctional phosphoribosylaminoimidazolecarboxamide formyltransferase/IMP cyclohydrolase

117927849 peptide chain release factor 1

117927859 F0F1 ATP synthase subunit alpha

117927861 F0F1 ATP synthase subunit beta

117927905 aspartyl/glutamyl-tRNA amidotransferase subunit A

117927906 aspartyl/glutamyl-tRNA amidotransferase subunit B

117927965 50S ribosomal protein L27

117928220 cell division protein FtsZ

117928313 excinuclease ABC subunit B

117928316 excinuclease ABC subunit A

117928344 FeS assembly ATPase SufC

117928447 cobyrinic acid a,c-diamide synthase

117928474 50S ribosomal protein L20

117928516 chorismate synthase

117928550 Holliday junction DNA helicase B

117928553 hypothetical protein Acel_1346

117928716 30S ribosomal protein S15

117928938 cell division ATP-binding protein FtsE

117928939 peptide chain release factor 2

117929068 translation-associated GTPase

117929222 recombination protein RecR

117929333 adenylosuccinate synthetase


	Barabote_Suppl_Material
	Figure_S1
	Figure_S2
	Figure_S3A
	Figure_S3B
	Figure_S4
	Table_S1
	Table_S2
	Table_S3
	Table_S4
	Table_S5
	Table_S6
	Table_S7
	Table_S8
	Table_S9



