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ORTHOLOGS BY FUNCTIONAL CLASS:

RNA modification + processing:
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Bb           Tp

2687883 3323141 (Tp/Bb and others)truA family 

2688006 3322747 (Tp/Bb and others) pseudouridylate synthase rsuA family pseudoU synthetases

2687903 3322614 (2nd best Tp/Bb) sfhb family + S4 domain

2688762 3322421 (Tp/Bb and others) pseudouridine synthase, sfhb homolog

2687901 S-adenosylmethionine: tRNA ribosyltransferase-isomerase (queuosine metabolism)

2687923  (distant hit in Tp) spoU protein (rRNA methylase)

2688216 3322979  (Tp/Bb and others)ftsJ RNA methylase

2688423 RNA methylase with S4 domain previously known as hemolysin (tlyA)

2688440 3322373 (Tp/Bb and others) <3322312 (Tp/Bb not best hit)>rRNA methylase (yacO)

2688507 3322613 (Tp/Bb not best hit) dimethyladenosine transferase (ksgA), RNA methyltransferase

2688630 3323221 (Tp/Bb and others) tRNA (guanine-N1)-methyltransferase (trmD)

2688425 3323344 (Tp/Bb and others)HD superfamily of hydrolases

2687939 3323062 (Tp/Bb and others) methionyl-tRNA formyltransferase (fmt)

2688758 3322935 (Tp/Bb not best hit)tRNA delta-2-isopentenylpyrophosphate (IPP) transferase

2688745 3323206 (Tp/Bb and others) tRNA pseudouridine 55 synthase (truB)*

2688741 tRNA-guanine transglycosylase (tgt)*

2688624 3322543 family beta nuceotidyl transferase, polyA polymerase

2687927 ribonuclease HII (rnhB)

2688354 ribonuclease P protein component (rnpA)

2688625 3323122 (Tp/Bb and others) ribonuclease III (rnc)

2688743 3323203 (Tp/Bb and others) polyribonucleotide nucleotidyltransferase (pnpA)* contains S1 RNA binding domain

2688757 3322818 (Tp/Bb and others) ATP-dependent RNA helicase superfamily II DEAH subfamily

2688352 3323270 (Tp/Bb and others) RNA binding protein with KH and R3H domain, JAG 

2688631 3323220  (Tp/Bb and others)16S ribosomal RNA processing protein; rimM family

2688319 endonuclease (nucA) best hits in mitochondrial nuclease in yeast

3322632
 Ribonuclease H

3322634  (transfer from eukaryota/plants) RNA binding protein 

3323115  ribonuclease II

Replication complex and Repair/recombination:

Replication:
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O
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16

15

14
29/31



Recombination + 



Repair:



28

38

21
43/66

TOTAL:


43

51

33
72/97


Bb           Tp

2687882 3322498 (Tp/Bb and others) priN'superfamily II helicases with inserted zinc fingers

2688535 3322363 (Tp/Bb and others)PCRA superfamily I helicase

2687992 3322317 (Tp/Bb and others) dnaB helicase

2690018 3322317 (Tp/Bb and others)dnaB helicase ?plasmid

2688756 3322672 (Tp/Bb not best hit)DNA topoisomerase I (topA)*

2688338 3322255 (Tp/Bb and others)DNA gyrase, subunit A (gyrA)*

2688337 2102700 (Tp/Bb and others)DNA gyrase, subunit B (gyrB) *

2688358 3322256 (Tp/Bb and others) dnaA AAA+ superfamily ATPase*

2688357 3322257 (Tp/Bb and others)DNA polymerase III, subunit beta (dnaN)*

2688379 3323329 (Tp/Bb and others)dnaX AAA+ superfamily ATPase, DNA polymerase III, subunits gamma and tau 

2688500 3322971 (Tp/Bb and others)DNA polymerase III active PHP domain

2688477 3322933 (Tp/Bb distant hit)DNA ligase (lig), NAD dependent; (Tp has a triplication of the BRCT domain c-terminus)

2687989 3322320 (Tp/Bb and others)single-stranded DNA-binding protein (ssb) 

2688648 3322781 (Tp/Bb and others)DNA primase (dnaG)

2688124 3322519 (Tp/Bb not best hit)HBbu IHFA/HU family of bacterial chromosomal proteins

3322591  single stranded DNA binding protein, ob fold (2nd member);

2688462 3322368 (Tp/Bb and others)DNA polymerase I (polA)

2687910 3322255 (Tp/Bb not best hit)DNAtopoisomerase IV (parC); (DNA gyrase subunit A)

2687909 2102700 (Tp/Bb not best hit)DNAtopoisomerase IV (parE); (DNA gyrase subunit B) 

2688557 primase; minimal toprim domain, primase like protein

2687900 3322427 (Tp/Bb and others)ruvB AAA superfamily ATPase*

2687899 3322833 (Tp/Bb and others)ruvA HhH motif*

2688005 3322995 (Tp/Bb and others)recA, ATPase

2687928 3322648 (Tp/Bb not best hit)P115 protein (chromosome condensation protein, ATP ase domains at N and C terminus)



2687977 3322604 (Tp/Bb distant hit)mutS, DNA mismatch repair protein

2688099 3322578(Tp/Bb and others) mutL, DNA mismatch repair protein

2688751 3322604 (Tp/Bb and others)mutS, DNA mismatch repair protein

2688678 3322622 (Tp/Bb and others)endonuclease III, alpha helical glycosidase with HhH and FCL motifs (mutY)

2688156 3323008 (Tp/Bb and others)single-stranded-DNA-specific exonuclease (recJ), DHH superfamily of phosphohydrolases

2688778 3322921 (Tp/Bb not best hit)exonuclease SbcD (sbcD) calcineurin like phosphoesterase domain

2688777 3322922 (Tp/Bb distant hit)sbcC, ABC superfamily ATPase with coiled coil insert 

2688782 3322379 (Tp/Bb and others) excinuclease ABC, subunit B (uvrB), SF II helicase with uvrBC domain

2688781 3322806 (Tp/Bb and others)excinuclease ABC, subunit A (uvrA), ABC superfamily ATPase

2688360 3322752 (Tp/Bb not best/distant hit)excinuclease ABC, subunit C (uvrC) 

2688454 3322391 (Tp/Bb and others)exodeoxyribonuclease III (exoA)

2688331 3-methyladenine DNA glycosylase (mag)

2687922 uracil DNA glycosylase

2688234 3323356 (Tp/Bb and others)DNA helicase (uvrD)

2688498 3322991 (Tp/Bb and others)recG superfamily II DNA helicases 

2688552 recD superfamily 1 helicase*  

2688551 3322363 (Tp/Bb very distant hit, only in p-loop)recB superfamily 1 helicase with c-terminal recB domain*

2688570 recC superfamily 1 helicase with disrupted ATPases motifs*

2688542 3322623 (Tp/Bb and others)MFD superfamily II helicase with a duplicated disrupted helicase domain

2688095 3322310 (Tp/Bb not best hit)adenine DNA methylase

3322660  (Mtu and eukaryota) rad25/ERCC-3, DNA repair helicase, ATPase

3322258  ABC family ATPase with coiled coil domains; RecF protein 

3322364  ATPase; helicase, RecQ (Ec,Hi and eukaryota); c-terminus cys rich domain

3322405  ada (DNA protein methyl transferase)

3322669  site-specific recombinase (xerd integrase/recombinase)

3322673  site-specific recombinase (xerd integrase/recombinase)

3322727  ABC family ATPase with coiled coil domain, DNA repair protein RecN

3322809  Crossover junction deoxyribonuclease, RuvC

3322942  3'-5' nuclease domain (ortholog og epsilon subunit of DNA polymerase III- ?horizontal transfer)

3323328  recR DNA repair protein; HhH+C2C2 little finger+inactive toprim domain  

3323351  DNA repair protein: sms/radA homolog; recA family ATPase, Zn finger

3323352  RecX protein; probable regulator of RecA

3323123  SAM binding DNA methylase, adenine specific

3323214 ATP-dependent nuclease, subunit A

3322496  uracil DNA glycosylase

BB013 uracil DNA glycosylase (quite divergent; akin to the Tp gene)

Transcription:
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O
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4

4

4
8/8

TOTAL:

20

23

15
30/43

Bb           Tp

2688294 3322512 (Tp/Bb and others)DNA-directed RNA polymerase (rpoC)*

2688293 3322511 (Tp/Bb and others)DNA-directed RNA polymerase (rpoB)*

2688389 3322481 (Tp/Bb and others)DNA-directed RNA polymerase (rpoA)*

2688061 moxR family AAA+ Atpase

2688365 3322374 (Tp/Bb distant hit)RNA polymerase sigma-54 factor (ntrA)

2688647 3322782 (Tp/Bb and others)RNA polymerase sigma-70 factor (rpoD)

2688700 ?3323011(Tp/Bb very distant hit)RNA polymerase sigma factor (rpoS)

2688004 3322268 (Tp/Bb and others)transcription elongation factor (greA) shares a unique n-terminus extension with trpeonema and chlamydia greA

2688253 3322803 (Tp/Bb and others)domain found in myxococcus AT hook transcription factor (shares a novel domain with helicases)

2688208 3323013(Tp/Bb and others) HTH DNA binding family, c-terminus: 

2688578 ferric uptake regulation protein (fur); fur transcriptional regulator

2688776 xylose operon regulatory protein (xylR-2), inactivated kinase of the hsp70 fold superfamily

2688635 xylose operon regulatory protein (xylR-1), inactivated kinase of the hsp70 fold superfamily

2688247 3322611 (Tp/Bb and others)  HTH family transcription factor

2688426 3322691 (Tp/Bb only) HTH family transcription factors, low complexity tail

2689933  metR family of transcriptional regulators

** HTH family transcription factors (2 new ones that Aravind identified for me)

3915554 BBD22 metJ/Arc family protein (plasmid encoded)

3322352  (Mtu) RNA polymerase sigma-24 factor (rpoE)

3323340  (gram+; distant in other Borr sp) RNA polymerase sigma-43 factor (sigA)

3323011  (Str griseo, distant Bb hit in sigma-70,2688647) RNA polymerase sigma-28 factor

3322374  (Azospirillium, Bb distant hit in sigma-70) RNA polymerase sigma-54 factor

3322487  (Bs, Ct distant hit) anti-sigma F factor antagonist*

3322503  (Ct, similar to Ct sigma regulatory factor) anti-sigma F factor antagonist; 2nd member

3322830  (Sy; similar to Ct sigma regulatory factor) anti-sigma F factor antagonist

3322503 *anti-sigma F factor antagonist 

3322435  iron-activated repressor protein (troR)*, HtH transcription factor

*nifA homolog

3323244  tex protein (S1 ribosomal domain + transcriptional regulator domain ? RNA binding)

Termination:



2687995 3323342 (Tp/Bb and others)(nusB) shares predicted RNA binding with Sun family methylases

2688748 3323210 (Tp/Bb and others)(nusA) N-utilization substance protein A (C4 zinc finger fused) 

2688126 3322527 transcription termination factor Rho (rho)

2688303 3322506 (Tp/Bb and others) transcription antitermination factor (nusG)*

Translation:

Bb

Tp

O
2*O/B+T




37

37

37
74/75

class I


10

10

10
20/20

class II


10

11

10
20/21

Bb           Tp

2687953 3322871 (Bb/Tp and others)peptide chain release factor 2 (prfB)

2688011 3322898 (Tp/Bb not best hit)ribosome releasing factor (frr)*

2688010 3322899 (Tp/Bb and others)translation elongation factor TS (tsf)*

2688415 3322451 (Tp/Bb and others)translation elongation factor TU (tuf)* 

2688063 3322358 (Tp/Bb and others)translation initiation factor 1 (infA)

2688074 3323163 (Tp/Bb and others)translation initiation factor 3 (infC)*

2688096 3322309 (Tp/Bb and others)peptide chain release factor 1 (prfA)

2688116 3322817 (Tp/Bb and others) translation elongation factor P (efp)

2688449 3323075 (Tp/Bb and others)translation elongation factor G (fus-1)

2688636 3322737 (Tp/Bb not best hit)translation elongation factor G (fus-2) 

2688237 3323348 (Tp/Bb and others)glu-tRNA amidotransferase, subunit B (gatB)*

2688236 3323347 (Tp/Bb 2nd best hit)glu-tRNA amidotransferase, subunit A (gluA)*

2687939 3323062 (Tp/Bb and others)methionyl-tRNA formyltransferase (fmt)

2688235 3323346 glu-tRNA amidotransferase, subunit C (gluC)*

2688714 3323339 (Tp/Bb distant hit)peptidyl-tRNA hydrolase (pth)

2688747 3323208 (Tp/Bb and others)translation initiation factor 2 (infB)*

2688746 3323207 (Tp/Bb and others)ribosome-binding factor A (rbfA)*

2687887 3322931 (Tp/Bb and others)tryptophanyl-tRNA synthetase, class I

2688147 3322882 (Tp/Bb and others)leucyl-tRNA synthetase (leuS) class I

2688267 3323143 (Tp/Bb and others)tyrosyl-tRNA synthetase (tyrS) class I

2688265 3322975 (Tp/Bb and others)glutamyl-tRNA synthetase (gltX) class I

2688523 3323142 (Tp/Bb and others)arginyl-tRNA synthetase (argS) class I 

2688519 3322350 (Tp/Bb and others)cysteinyl-tRNA synthetase (cysS) class I 

2688510 3323103 (Tp/Bb and others)methionyl-tRNA synthetase (metG) with c-terminal EMAP OB fold domain, class I; transfer in to common ancestor   

2688588 3322943 (Tp/Bb and others)lysyl-tRNA synthetase class I; archae in to common ancestor of spirochaetes  

2688775 3322738 (Tp/Bb and others)isoleucyl-tRNA synthetase (ileS), class I 

2688666 3323365 (Tp/Bb and others)valyl-tRNA synthetase (valS) class I

3323370 lysyl-tRNA synthetase (second member, eubacterial type)

2687998 3322907 (Tp/Bb not best hit)asparaginyl-tRNA synthetase (asnS) class II

2688030 3322940 (Tp/Bb and others)histidyl-tRNA synthetase (hisS) class II

2688110 3323345 (Tp/Bb and others) alanyl-tRNA synthetase (alaS) class II

2688129 3322945 (Tp/Bb and others) seryl-tRNA synthetase (serS) class II

2688266 3322974 (Tp/Bb and others)glycyl-tRNA synthetase (glyS) class II

2688299 prolyl-tRNA synthetase (proS) class II (eukaryotic horizontal transfer)

3322426  prolyl‑tRNA synthetase (proS), class II

2688349 3323310 (Tp/Bb and others)aspartyl-tRNA synthetase (aspS), class II

2688421 3323297 (Tp/Bb and others)phenylalanyl-tRNA synthetase, alpha subunit (pheS) class II

2688420 3322265 (Tp/Bb and others)phenylalanyl-tRNA synthetase, beta subunit (pheT) class II

2688663 3323150 (Tp/Bb 2nd best hit)threonyl-tRNA synthetase (thrZ), class II

ribosomal proteins:
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59

56

56
112/115

Bb           Tp

2687991 3322318 (Tp/Bb and others)ribosomal protein L9 (rplI)

2687990 3322319 (Tp/Bb and others)ribosomal protein S18 (rpsR)

2687988 3322321 (Tp/Bb and others)ribosomal protein S6 (rpsF)

2688009 3322900 (Tp/Bb and others)ribosomal protein S2 (rpsB)*

2688008 3322522 (Tp/Bb and others)ribosomal protein S1 (rpsA)

2688076 3323161 (Tp/Bb and others)50S ribosomal protein L20 (rplT)*

2688075 3323162 (Tp/Bb and others)50S ribosomal protein L35 (rpmI)*

2688127 3322528 (Tp/Bb not best hit)50S ribosomal protein L31 (rpmE)

2688123 30S ribosomal protein S20 (rpsT)

2688292 3322510 (Tp/Bb not best hit)50S ribosomal protein L7/L12 (rplL)*

2688306 3322509 (Tp/Bb and others)50S ribosomal protein L10 (rplJ)*

2688305 3322508 (Tp/Bb and others)50S ribosomal protein L1 (rplA)*

2688304 3322507 (Tp/Bb and others)50S ribosomal protein L11 (rplK)* 

2688296 3322516 (Tp/Bb and others)30S ribosomal protein S7 (rpsG)*

2688295 3322515 (Tp/Bb and others)30S ribosomal protein S12 (rpsL)*

2688301 3322504 (Tp/Bb and others)50S ribosomal protein L33 (rpmG)*

2688155 3323064 (Tp/Bb and others)30S ribosomal protein S21 (rpsU)

2688239 3323359 (Tp/Bb and others)30S ribosomal protein S9 (rpsI)*

2688238 3323353 (Tp/Bb and others)50S ribosomal protein L13 (rplM)*

2688254 50S ribosomal protein L28 (rpmB)*

2688355 3323275 (Tp/Bb and others)50S ribosomal protein L34 (rpmH)*

2688414 3322452 (Tp/Bb and others)30S ribosomal protein S10 (rpsJ)*

2688413 3322453 (Tp/Bb 2nd best hit)50S ribosomal protein L3 (rplC)*

2688412 3322454 (Tp/Bb and others)50S ribosomal protein L4 (rplD)*

2688411 3322455 (Tp/Bb 3rd best hit)50S ribosomal protein L23 (rplW)*

2688410 3322456 (Tp/Bb not best hit)50S ribosomal protein L2 (rplB)*

2688409 3322457 (Tp/Bb and others)30S ribosomal protein S19 (rpsS)*

2688408 3322458 (Tp/Bb and others)50S ribosomal protein L22 (rplV)*

2688407 3322459 30S ribosomal protein S3 (rpsC) *

2688406 3322460 50S ribosomal protein L16 (rplP)*

2688405 3322461(Bb/Tp and others) 50S ribosomal protein L29 (rpmC)*

2688404 3322462(Bb/Tp not best hit, Mtu) 30S ribosomal protein S17 (rpsQ)*

2688403 3322463(Bb/Tp and others) 50S ribosomal protein L14 (rplN)*

2688402 3322464(Bb/Tp and others) 50S ribosomal protein L24 (rplX)*

2688401 3322465(Bb/Tp and others) 50S ribosomal protein L5 (rplE)*

2688400 3322470 (Tp/Bb and others)30S ribosomal protein S14 (rpsN)*

2688399 3322466 (Tp/Bb and others)30S ribosomal protein S8 (rpsH)*

2688398 3322467 (Tp/Bb and others)50S ribosomal protein L6 (rplF)*

2688397 3322468 (Tp/Bb not best hit)50S ribosomal protein L18 (rplR)*

2688396 3322469 (Tp/Bb and others)30S ribosomal protein S5 (rpsE)*

2688394 3322477 (Tp/Bb and others)50S ribosomal protein L15 (rplO)*

2688392 3322489 (Tp/Bb not best hit)50S ribosomal protein L36 (rpmJ)* 

2688391 3322479 (Tp/Bb and others)30S ribosomal protein S13 (rpsM)*

2688390 3322480 (Tp/Bb and others)30S ribosomal protein S11 (rpsK)*

2688388 3322482 (Tp/Bb and others)50S ribosomal protein L17 (rplQ)*

2688529 3322583 (Tp/Bb and others)ribosomal protein S4 (rpsD)

2688633 3323218 (Tp/Bb not best hit)30S ribosomal protein S16 (rpsP)

2688629 3323222 (Tp/Bb and others)50S ribosomal protein L19 (rplS)

2688627 3323120 (Tp/Bb and others)50S ribosomal protein L32 (rpmF)

2688721 3323051 (Tp/Bb 3rd best hit)50S ribosomal protein L21 (rplU)

2688720 3323055 (Tp/Bb not best hit)50S ribosomal protein L27 (rpmA)

2688744 3323204 (Tp/Bb not best hit)30S ribosomal protein S15 (rpsO)*

2688715 3322650 (Tp/Bb and others)ctc/L25 probable ribosomal protein

2687938 3323063 (Tp/Bb and others) polypeptide deformylase (def)

pyrimidine metabolism:
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O
2*O/B+T





10

13

7
14/23

Bb           Tp

2687881 uridine kinase (udk)

3322964 uridine kinase with TGS domain (best hits in Thermatoga and eukaryotes)

2688487 3322360 (Tp/Bb and others)uridylate kinase (smbA)

2688007 3322552 (Tp/Bb and others;eubacteria)cytidylate kinase (cmk-1)

2688502 3322579 (Tp/Bb not best hit)CTP synthase (pyrG)

2688547 (hits in mycoplasma and eukaryota)cytidine deaminase (cdd)

2688759 3322621 (Tp/Bb and others; horizontal transfer from archae)cytidylate kinase (cmk-2)

2688734 (hit in mycoplasma only)thymidine kinase (tdk)

2688733 3322633 (Tp/Bb and others)thymidylate kinase (tmk)

2690241 3323331 (Tp/Bb and others)thymidylate synthase-complementing protein (thy1)

2688377 3323338 (Tp/Bb not best hit)nucleoside-diphosphate kinase (ndk)

3323332  ribonucleotide reductase alpha chain

3322311  ribonucleoside reductase beta chain

3323355  uridine phosphorylase (rU-->uracil)

3322732  uracil phosphoribosyltransferase (uracil-->UMP)

3323202  dUTP Nucleotidohydrolase (dUTP-->dUMP)

3322378  phosphomethylpyrimidine kinase (thiamin biosynthesis)

Purine metabolism:

Bb

Tp

O
2*O/B+T





16

10

9
19/26

TOTAL (pu+py)


26

23

16
33/49

Bb           Tp

2688288 3322437 (Tp/Bb distant hit)pfs protein (pfs-1); purine nucleoside phosphorylase 

2688509 3322437 (Tp/Bb distant hit)pfs protein (pfs-2) (MTA/SAH NUCLEOSIDASE)

2690087 3322437 (Tp/Bb distant hit)pfs protein, MTA/SAH nucleosidase

2688287 3323100 (Tp/Bb not best hit)S-adenosylmethionine synthetase (metK)

2688315 3322887 (Tp/Bb not best hit)adenylate kinase (adk)[additional domain]

2688722 3323369 (Tp/Bb and others)adenine phosphoribosyltransferase (apt)

2690131 adenine deaminase (adeC)

2689886 IMP dehydrogenase (guaB)*

2689885 GMP synthase (guaA)*

2688138 deoxyguanosine/deoxyadenosine kinase(I) subunit 2 (dck) 

2688480 cys rich metal binding protein similar to quinoline/xanthine dehydrogenase  

2688001 3322308 (Tp/Bb and others)divergent xanthine-guanine phosphoribosyltransferase +

2688569 3322923 (Tp/Bb and others)nicotinate phosphoribosyltransferase family

2688465 3322559 (Tp/Bb and others)phosphoribosyl pyrophosphate synthetase

2687897 3323038 (Tp/Bb not best hit) methylenetetrahydrofolate dehydrogenase (folD)

2688436 3323089 NH(3)-dependent NAD+ synthetase

3323039  purine nucleoside phosphorylase (distant hit in pfs-1 of Bb)

Glycolysis + sugar metabolism:

Bb

Tp

O
2*O/B+T






29

35

20
40/64

Bb           Tp

2687888 3322697 (Tp/Bb only) ??phosphoglucomutase

2687902 3322832 (Tp/Bb and eukaryotic)pyrophosphate--fructose 6-phosphate 1-phosphotransferase

2688657 3322371 (Tp/Bb and others)pyrophosphate--fructose 6-phosphate 1-phosphotransferase (pfk)  

2687945 3322828 (Tp/Bb not best hit) triosephosphate isomerase*

2687944 3322829 (Tp/Bb not best hit)phosphoglycerate kinase*

2687943 3323159 (Tp/Bb not best hit)glyceraldehyde 3-phosphate dehydrogenase* 

2687965 L-lactate dehydrogenase (ldh)

2688240 3323125 (Tp/Bb not best hit)enolase (eno)

2688255 pyruvate kinase (pyk)

2688272 methylglyoxal synthase

2688321 mannose-6-phosphate isomerase (manA)

2688350 3322961 (Tp/Bb distant hit) (orthologous gene displacement)fructose-bisphosphate aldolase (fba)

2688464 3322560 (Tp/Bb and others)xylulokinase (xylB)

2688472 3322609 (Tp/Bb not best hit)phosphogluconate dehydrogenase, decarboxylating (gnd)

2688545 beta-glucosidase

2688553 1-phosphofructokinase (fruK)

2688568 3322766 (Tp/Bb not best hit)glucose-6-phosphate 1-dehydrogenase (zwf)

2688590 3322914 (Tp/Bb and others)ribose 5-phosphate isomerase (rpi)

2688589 3322436 (Tp/Bb not best hit)phosphoglycerate mutase (gpmA)

2688602 3322848 (Tp/Bb and others)HAD superfamily hydrolase, phosphoglycolate phosphatase (gph)

2688657 3322371 (Tp/Bb and others)pyrophosphate--fructose 6-phosphate 1-phosphotransferase (pfk)

2688672 3322763 (Tp/Bb and others)glucose-6-phosphate isomerase (pgi)

2688773 3322941 (Tp/Bb 2nd best hit)phosphomannomutase (cpsG)

2688108 3322765(Tp/Bb not best hit) glucose-6-phosphate 1-dehydrogenase

2688321 mannose-6-phosphate isomerase (manA)

2688435 inositol monophosphatase

2688432 oxidoreductase; ??aldose reductase 

2688079 3322957 (Tp/Bb and others)carbon storage regulator (csrA) highly conserved bacterial protein involved in glycogen biosynthesis?

2688283 3323247 (Tp/Bb and others)glucosyl hydrolase (trehalase)

3322313  oxaloacetate decarboxylase, alpha chain (oxaloacetate to pyruvate)

3322314  oxaloacetate decarboxylase, beta chain

3323259  pyruvate (flavodoxin) dehydrogenase, nifJ (electron transfer from pyruvate to flavodoxin); pyruvate->acetyl CoA

3322386  (Mtu and eukaryotic hits) Phosphoenolpyruvate Carboxykinase (oxaloacetate to PEP)

3322410  (transfer from archae) alpha-amylase

3322636  (Sy, then archae) alpha-amylase 

3322535  deoxyribose-phosphate aldolase (deoxyribose5P to d-gly3P)

3322701  galactokinase (galK) homolog 

3322843  phophatase "Bazan type"(sugar metabolism)

3322854  transketolase

3322860  4-hydroxy-2-oxoglutarate aldolase

3323267  ribulose-5-phosphate 3-epimerase

3323137  D-1-deoxyxylulose 5-phosphate synthase (pyruvate+gly3P --> deoxy-xylulose)

3323052 (best hits in plants)PYRUVATE,PHOSPHATE DIKINASE (pyruvate to PEP)

3322294 *D-specific D-2-hydroxyacid dehydrogenase (D-lactate to pyruvate)

Energetics:

Bb

Tp
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2*O/B+T




7

12

7
14/19

Bb           Tp

2687982 3322712 (Tp/Bb and others)V-type ATPase, subunit I* 

2687981 3322711 (Tp/Bb and others)V-type ATPase, subunit D (atpD)*

2687980 3322820 (Tp/Bb and others)V-type ATPase, subunit B (atpB)*

2687979 3322821 (Tp/Bb and others)V-type ATPase, subunit A (atpA)*

2688660 3322404 (Tp/Bb not best/distant hit)K+ transport protein (ntpJ) vs (similar to Na+-transporting ATP synthase)

2688656 3323238 (Tp/Bb not best/distant hit)NADH oxidase (nox) 

2687978 3322708 (Tp/Bb) V-type ATPase, subunit E 

3322819  (archael transfer) H(+)-transporting ATP synthase subunit D*

3322824  (archael transfer) H+-transporting ATP synthase, subunit I *

3323315  rubredoxin (electron transfer)

3323136  desulfoferrodoxin

3323245  flavodoxin (FMN)

Secretion:


Bb

Tp

O
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7

7
14/17

Bb           Tp

2688202 signal peptidase I (lepB-3)

2687912 3323246 (Tp/Bb and others)signal peptidase I (lepB-2)

2687913 signal peptidase I Bb (lepB-1) 

2688036 3322659 (Tp/Bb and others)(secA) ATPase

2688302 preprotein translocase subunit (secE)*

2688393 3322478 (Tp/Bb and others)preprotein translocase subunit (secY)*

2688373 3323300 (Tp/Bb and others)signal peptidase II (lsp) 

2688574 3322694 (Tp/Bb and others)protein-export membrane protein (secD)

2688573 3322695 (Tp/Bb not best hit)protein-export membrane protein (secF)

2688634 3322699 (Tp/Bb not best hit)signal recognition particle protein (ffh)

Fatty acid metabolism:

Bb

Tp

O
2*O/B+T
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26/42

Bb           Tp

2687908 1-acyl-sn-glycerol-3-phosphate acetyltransferase (plsC)

2687993 acetyl-CoA C-acetyltransferase (fadA)

2688028 3322408 (Tp/Bb and others) long-chain-fatty-acid CoA ligase

2688136 glycerol kinase (glpK)*

2688149 phosphatidyltransferase; pss

2688215 3322980 (Tp/Bb and others)octaprenyl-diphosphate synthase (ispB)

2688229 3322424 (Tp/Bb and others)glycerolacyltransferase closest to plants; Tp has a second distant paralog

2688274 3323164 (Tp/Bb and others)prolipoprotein diacylglyceryl transferase (lgt)

2688269 3323337 (Tp/Bb and others)glycerol-3-phosphate dehydrogenase, NAD(P)+ (gpsA)

2688508 3322356 (Tp/Bb not best hit)phosphate acetyltransferase (pta)

2688524 3322408 (Tp/Bb and others)long-chain-fatty-acid CoA ligase

2688543 3322764 (Tp/Bb not best hit)acetate kinase (ackA)

2688584 a/b fold hydrolase

2688626 3323121 (Tp/Bb not best hit)acyl carrier protein

2688662 3322529 (Tp/Bb and others)phosphatidylglycerophosphate synthase

2689887 acylphosphatase (acyP)

2687884 3323139 holo-acyl-carrier protein synthase (Bb/Tp and others)*

2688618 3-hydroxy-3-methylglutaryl-CoA synthase

2688617 gufA family membrane protein*

2688616 3-hydroxy-3-methylglutaryl-CoA reductase (mvaA)*

2688615 *mevalonate pyrophosphate decarboxylase*

2688614 *phosphomevalonate kinase*

2688613 *mevalonate kinase* (horizontal transfer from eukaryota)

2688135 glycerol-3-phosphate dehydrogenase*

2688139 3322700 (Tp/Bb and others)nitrilase/apolipoprotein N-acyltransferase

2688153 bacitracin resistance protein (bacA), claimed undecaprenol kinase 

2688668 3323317 (Tp/Bb not best hit)rare lipoprotein A (rlpA)

3322638  (best hits in Hs/eukaryota; distant Bb plsC homolog) lysophosphatidic acid acyltransferase  

3322896  CDP-diglyceride synthetase

Aminoacid metabolism:

Bb

Tp

O
2*O/B+T
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1
2/14

Bb           Tp

2688789 arginine deiminase (arcA)

2688788 ornithine carbamoyltransferase, catabolic (arcB)

2688518 3322607 (Tp/Bb distant hit)serine hydroxymethyltransferase (glyA)

3322850  asparagine synthetase A (asnA)

3322493  aspartate aminotransferase (tpaaT)

3322626  GAMMA-GLUTAMYL PHOSPHATE REDUCTASE (GPR); proline biosynth pathway

3322627  gamma-glutamyl kinase

3323102  pyrroline carboxylate reductase (terminal step in proline biosynthesis)

3323040  (best hit Ph-archae) glutamate synthase*

3323041  (best hit Ph-archae) dehydrogenase*

3323172  glutamine amidotransferase (glutamine+fr6P-->glutamate+glucosamine6P)

3323174  nifS protein; role in Glutamine phosphoribosylpyrophosphate amidotransferase maturation, JBac 1997)

3322649  homoserine kinase family

Signal transduction:

Bb
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O
2*O/B+T
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46

30
60/101

Bb           Tp

2688661  adenylyl cyclase akin to members in hyperthermophilic archae

2687931 3322929 (Tp/Bb not best hit)chemotaxis protein methyltransferase 

2688317 3322929 (Tp/Bb and others)chemotaxis protein methyltransferase (cheR-2)

2688489 3322930 (Tp/Bb not best/distant hit)protein-glutamate methylesterase (cheB-2)* receiver domain

2688322 3322930 (Tp/Bb not best hit)protein-glutamate methylesterase (cheB-1) receiver domian

2688491 3322724 (Tp/Bb not best hit)chew family protein, purine-binding chemotaxis protein* 

2688217 3322724 (Tp/Bb and others)purine-binding chemotaxis protein (cheW-1)

2688606 3322641 (Tp/Bb and others)purine-binding chemotaxis protein (cheW-3)*

2688501 2367665 (Tp/Bb not best hit)methyl-accepting chemotaxis protein (mcp-1)

2688522 3322777 (Tp/Bb and others)methyl-accepting chemotaxis protein (mcp-2)

2688521 3322777 (Tp/Bb and others)methyl-accepting chemotaxis protein (mcp-3)

2688621 2367665 (Tp/Bb distant hit)methyl-accepting chemotaxis protein (mcp-4)

2688620 2367665 (Tp/Bb distant hit)methyl-accepting chemotaxis protein (mcp-5)

2688314 3323303 (Tp/Bb not best/distant hit)receiver domain 2 component system + DGCP/GGDEF domain 

2688460 1765976 (Tp/Bb and others)receiver domain of 2 component system

2688488 1765976 (Tp/Bb not best/distant hit)receiver domain of 2 component signaling system*

2688604 1765976 (Tp/Bb and others)receiver component of 2 component system (cheY-3)*

2688707 3322811 (Tp/Bb and others) receiver domain protein, AAA ATPase domain, HtH domain 

2688488 1765976 (Tp/Bb not best/distant hit)chemotaxis response regulator (cheY-2) receiver domain

2688313 1765976 (Tp/Bb very weak hit)histidine kinase

2688490 3322640 (Tp/Bb not best hit)chemotaxis histidine kinase (cheA-1)*

2688607 1765973 (Tp/Bb and others)histidine kinase (cheA-2)*

2688706 sensory transduction histidine kinase 

2688605 1765975 (Tp/Bb and others) (cheX) FliY/M family; probable binding to cheY..role in switch?(J Mol Biol 1998)

2688474 PTS system, glucose-specific IIA component (crr)*

2688579 PTS system, glucose-specific IIABC component (ptsG)

2688320 3322345 (Tp/Bb distant hit)PTS system, fructose-specific IIABC component (fruA-1)

2688554 3322345 (Tp/Bb distant hit)PTS system, fructose-specific IIABC component (fruA-2)

2689888 PTS system, maltose and glucose-specific IIABC component (malX) 

2688014 PTS system, maltose and glucose-specific IIABC component (malX)

2689900 PTS system, cellobiose-specific IIC component (celB) 

2689899 PTS system, cellobiose-specific IIA component (celC) 

2689898 PTS system, cellobiose-specific IIB component (celA)

2688368 3322345 (Tp/Bb distant hit) Na+/H+ antiporter (napA) fusion with IIA component

2688091 3322283(Tp/Bb not best hit) CBS domain protein

2687942 3322947 (Tp/Bb and others)two CBS domain protein called hemolysin*

2688058 3322842 (Tp/Bb not best hit)GTPase, thdF

2688422 1732241 (Tp/Bb and others) GTPase

2688121 3322387 (Tp/Bb not best hit)obg1 family of GTPases

2687976 circularly permuted GTPase

2688719 3323049 (Tp/Bb and others)GTP-binding protein (obg)

2688587 3322831 (Tp/Bb and others)GTPase (era)

2688581 GTPase THDF family

2687964 3322802 (Tp/Bb and others)GTP-binding protein (lepA)

2688100 3322750 (Tp/Bb not best/distant hit) TPR repeat protein

2688469 TPR repeat protein

2687949 3322946 (Tp/Bb and others)TPR repeat protein

2688072 3322323 (Tp/Bb and others)TPR repeat protein

2688016 3322267 (Tp/Bb and others) TPR repeat protein

2688452 3322541 (Tp/Bb and others) TPR repeat

2688209 3323234(Tp/Bb and others) TPR repeat protein

2688094 spoT/relA HD domain hydrolase with ACT domain (domain shared with GTPases and threonyl tRNA synthetases)

2688218 3322726 (Tp/Bb and others) possible DAG like kinase

2688367 phosphocarrier protein HPr (ptsH-1)

2688476 3322884 (very weak hit in Tp ?lost p-loop)phosphocarrier protein HPr (ptsH-2)*

2688475 3323052 (Tp/Bb distant hit)phosphoenolpyruvate-protein phosphatase (ptsI)*

3322485  pp2C family, ?sigma factor SigB regulation protein*

3322486  pp2C family, ?sigma factor SigG regulation protein*

3323169  pp2C family, sigma factor regulation protein; also non-phosphatase domain (3322767)

3322767  (ancient eukaryotic transfer)adenylate cyclase; non-phosphatase domain with pp2c-3323169

3323321  cAMP binding protein

3322349  cyclic nucleotide binding domain; 2nd CAMP domain

3322532
 cyclic nucleotide binding protein; also alpha helical domain distantly related to TPR

3322533
 cyclic nucleotide binding protein; +signal; fused to HtH domain

3322886  HPR kinase; ptsk family (sugar metabolism); p-loop containing kinase

3322949  HD superfamily of metal dependent hydrolases;probable phosphodiesterase 6 tm; 2nd member

3322794  (eukaryotic transfer) ankyrin; 2nd Tp member 3323149 (very good hit with human ankyrin)

3323149  ankyrin (best hits in eukaryota)

3322749  TPR repeat protein (best eukaryotic hits)

3322760  TPR repeat protein (Meth and eukaryota)

3323274  TPR domain-like repeats

Chaperones and protein modification:




Bb
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O
2*O/B+T
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54/79

Bb           Tp

2687940 3323237 (Tp/Bb distant hit)thioredoxin (trxA) 

2688441 3323124 (Tp/Bb not best hit)thioredoxin reductase (trxB)

2688533 3322798 (Tp/Bb and others)peptidyl prolyl isomerase fkbp family (Tig)

2687994 231640 (Tp/Bb and others)membrane associated parvulin family peptidyl prolyl isomerases

2687966 AAA+ superfamily ATPase (lon like) with n-terminus protease domain 

2688145 3322814 (Tp/Bb and others)ATP-dependent protease LA (lon-1), AAA+ superfamily

2688530 3322814* (Tp/Bb not best hit)AAA+ superfamily ATPase with protease domain (lon)

2688171 3322800 (Tp/Bb distant hit)heat shock protein (hslU) AAA+ superfamily ATPase

2688170 heat shock protein (hslV) protease of the CLPP family

2688532 3322799 (Tp/Bb not best hit)ATP-dependent Clp protease proteolytic component CLPP

2688531 3322800* (Tp/Bb and others)ATP-dependent Clp protease, subunit X (clpX) AAA+ superfamily ATPases

2688687 3323371 (Tp/Bb and others)ATP-dependent Clp protease proteolytic component (clpP-2)

2688774 3322325 (Tp/Bb and others)ATP-dependent Clp protease, subunit C (clp)

2688268 3323113 (Tp/Bb not best hit)AAA+ superfamily ATPase (clpA)

2688712 3323067 (Tp/Bb not best hit)AAA+ superfamily ATPase with c-terminal metalloprotease domain

2688439 3322359 (Bb/Tp distant hit)dnaJ protein

2688517 3322359* (Bb/Tp distant hit)dnaJ domain protein

2688572 3322359* (Bb/Tp distant hit)dnaJ domain protein (dnaJ-2)

2688201 3322484 (Bb/Tp not best hit)heat shock protein 70 (dnaK-1)

3322864
dnaJ domain protein

2688702 3322977 (Tp/Bb and others)sialoglycoprotease (gcp)

2688064 3322357 (Tp/Bb and others)dnaK suppressor

2688438 3322484 (Bb/Tp and others)heat shock protein dnaK

2688437 3322483 (Tp/Bb not best hit)heat shock grpE protein (grpE)

2688473 3323305 (Tp/Bb and others)heat shock protein 90 (htpG)

2688576 3322286 (Bb/Tp best hit)heat shock protein HSP60 (groEL)

2688681 3323341 (Tp/Bb and others)hsp10 (groES)

2687937 3322861 (Tp/Bb distant, closest to eukaryota) peptidase

2687955 aminopeptidase II 

2688270 aminopeptidase I (yscI)

2688556 prolyl dipeptidyl aminopeptidase I (pepX)

2687996 3323157 (Tp/Bb not best hit) methionine aminopeptidase (map)*

2688341 proline dipeptidase (pepQ)

2688497 3322488 (Tp/Bb and others)carboxypeptidase 

2688534 aminoacyl-histidine dipeptidase (pepD)

2688150 oligoendopeptidase F (pepF)

2688128 3322278 (Tp/Bb and others) Insulinase superfamily of metal dependant proteases

2688453 Insulinase family zinc protease

2687997 3322839 (Tp/Bb and others)periplasmic serine protease with PDZ domain, HTRA family*

2688251 3322551 (Tp/Bb and others)carboxyl-terminal protease (ctp), PDZ and IRBP domain

2688102 3322322 (Tp/Bb and others) protein methyltransferase 

2688251 3322551 (Tp/Bb and others)carboxyl-terminal protease (ctp), PDZ and IRBP domain

2688078 small highly conserved osgp fragment family

3322361  dsbE (thiol:disulfide interchange protein)

3322362  dsbD (thiol:disulfide interchange protein) 

3322266  ATP-dependent protease (lon)

3322376  aminopeptidase C

3322449  signal peptidase I (sip), +signal

3323323  endopeptidase IV, signal+

3323188  degenerate sialoglycoprotease

3323173  mip like protein, FKBP-type peptidyl-prolyl cis-trans isomerase; +signal

3323269  (Mtu, eukaryota) peptidyl-prolyl cis-trans isomerase; cyclophilinB family; +signal; (Inf Imm 1997)  

3322625  fkbp-type peptidyl-prolyl cis-trans isomerase

Transport:
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17
34/103



Bb           Tp

2688567 Na+/H+ antiporter (nhaC-1)

2688566 Na+/H+ antiporter (nhaC-2)

2688284 3323235 (Tp/Bb and others)Mg2+ transport protein (mgtE), cbs domain

2688111 ?gufA protein* horizontal transfer from archae

2687929 phosphate transport system regulatory protein (phoU) (?duplication of LERIGDH)

2688115 phosphate ABC transporter, periplasmic phosphate-binding  protein(pstS)*

2688114 phosphate ABC transporter, permease protein (pstC)*

2688113 3322383(Tp/Bb distant hit) phosphate ABC transporter, permease protein (pstA)*

2688112 3322384(Tp/Bb distant hit) phosphate ABC transporter, ATP-binding protein (pstB)* 

2687969 3323285 (Tp/Bb and others)ABC transporter, ATP-binding protein

2690182 3322874 (Tp/Bb distant hit)ABC transporter, ATP-binding protein

2688376 3323097 (Tp/Bb not best hit)ABC transporter, ATP-binding protein

2688485 1777934 (Tp/Bb distant hit)ABC transporter, ATP-binding protein

2688680 3323151 (Tp/Bb distant hit)ABC transporter, ATP-binding protein

2688689 3323192 (Tp/Bb distant hit) ABC transporter, ATP-binding protein

2688228 3322876 (Tp/Bb distant hit)oligopeptide ABC transporter, permease protein (oppA-1)

2688227 3322876* (Tp/Bb distant hit) oligopeptide ABC transporter, permease protein (oppA-2) 

2688226 3322876 *(Tp/Bb distant hit)oligopeptide ABC transporter, permease protein (oppA-3)

2688245 oligopeptide ABC transporter, permease protein (oppB-1)

2688244 oligopeptide ABC transporter, permease protein (oppC-1)

2688243 3322384 (Tp/Bb distant hit)oligopeptide ABC transporter, permease protein (oppD)

2688242 3322953 (Tp/Bb distant hit)oligopeptide ABC transporter, permease protein (oppF)

2689891 3322876* (Tp/Bb distant hit)oligopeptide ABC transporter, permease protein (oppAIV)

2690261 3322876*(Tp/Bb distant hit)oligopeptide ABC transporter, permease protein (oppAV)

2688677 oligopeptide ABC transporter, permease protein (oppC-2)

2688676 oligopeptide ABC transporter, permease protein (oppB-2)

2688300 3323255 (Tp/Bb distant hit)glutamate transporter

2688655 3322849 (?very distant hit in Tp)glutamate transporter (gltP)

2688763 pantothenate permease (panF)

2688024 glycine betaine, L-proline ABC transporter* 

2688023 3322383* (no ortholog) glycine betaine, L-proline ABC transporter*

2688022 3322384 *(no ortholog)glycine betaine, L-proline ABC transporter, ATPase* 

2688565 3322956 (Tp/Bb distant hit)spermidine/putrescine ABC transporter, (potD)

2688564 3322955 (Tp/Bb and others)spermidine/putrescine ABC transporter, permease protein (potC) 

2688563 3322954 (Tp/Bb distant hit)spermidine/putrescine ABC transporter, permease protein (potB) 

2688562 3323114 (Tp/Bb distant hit)spermidine/putrescine ABC transporter, ATP-binding protein (potA)

2688601 3322575 (Tp/Bb distant hit)ribose/galactose ABC transporter, ATP-binding protein (mglA); hit in Tp

2688600 3322599 (Tp/Bb distant hit)ribose/galactose ABC transporter, permease protein (rbsC-1)

2688599 3322600 (Tp/Bb distant hit)ribose/galactose ABC transporter, permease protein (rbsC-2)

2688137 glycerol uptake facilitator (glpF)*

2688212 2120519 (Tp/Bb distant hit)methylgalactoside ABC transporter, ATP-binding protein (mglA)

2688770 3322707 Tp/Bb only, ?transporter, ATP binding (Walker a)

2688538 L-lactate permease (lctP) 

2688364 transmembrane permease (similar to chromate transport protein)

2688370 similar to chromate transport protein

2687886 PERMEASE (Membrane protein) 

2688241 3323313 (Tp/Bb only)?oligopeptide permease (p26) (microbiology 1998); hit in Tp, ?no hits in the other oligo permeases

3322276  Na+ dependent transporter

3322333  sugar ABC transporter   

3322334  ABC transporter   

3322335  ABC transporter 

3322369  transporter, ?carnitine

3322407  ABC transporter (?thiamine); best hit in archae, Ph

3322428  TroA, ABC transporter (?hits with g+ cocci adhesion proteins)

3322434  TroD, ABC transporter

3322433  TroC, ABC transporter

3322383  amino acid ABC transporter

3322539  branch‑chain amino acid transporter

3322585  amino acid ABC transporter

3322586  glutamine ABC transporter

3322698  D‑alanine permease (dagA) homolog

3322805  *TRK system potassium uptake protein (trkA)

3322910  ABC transporter

3322911  ABC Transporter

3322981  ABC transporter, D‑GalactoseD‑Glucose Binding Protein (GGBP)

3323366  cation‑transporting ATPase, P‑type (pacS)

3323324  amino acid carrier protein

3322834  d‑galactose‑binding periplasmic protein 

3323042  sugar‑binding protein, transporter

3323079  similar to Na+/Pi cotransporter

3323084  Mg(2+) transport ATPase 

3322497  sugar transport permease

3322290  ABC transporter, ATP binding protein (very distant Bb hit)

3322406  ABC transporter, ATP‑binding protein

3323296  permease

3323284  conserved membrane protein; tm conserved with ABC transporters

3323286  conserved membrane protein; tm conserved with ABC transporters

Cell wall:
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Bb           Tp

2687975 3322687 (Tp/Bb not best hit)glutamate racemase (murI)

2688050 3322978 (Tp/Bb and others)alanine racemase (alr)

2688486 glycosyl transferase (lgtD)

2688048 4-alpha-glucanotransferase (malQ)

2688161 3322662 (Tp/Bb not best hit)(mraW) cell wall biosynthesis methyl transferases

2688163 3322624 (Tp/Bb distant hit)hospho-N-acetylmuramoyl-pentapeptide-transferase (mraY)

2688372 3322285 (Tp/Bb and others)UDP-N-acetylglucosamine 1-carboxyvinyltransferase (murA)

2688704 3322813 (Tp/Bb and others)UDP-N-acetylglucosamine--N-acetylmuramyl-(pentapeptide) pyrophosphoryl-undecaprenol N-acetylglucosamine transferase (murG)

2688512 3323217 (Tp/Bb not best hit)UDP-N-acetylmuramoylalanine--D-glutamate ligase (murD)

2688761 3322616 (Tp/Bb and others)UDP-N-acetylmuramate--alanine ligase (murC) 

2688162 3322664 (Tp/Bb not best hit)UDP-N-acetylmuramoylalanyl-D-glutamyl-2,6-diaminopimelate--D-alanyl-D-alanine ligase (murF)

2688093 3322972 (Tp/Bb not best hit)D-alanine--D-alanine ligase (ddlA)*

2688092 3323248 (Tp/Bb and others)UDP-N-acetylmuramoylalanyl-D-glutamate-2,6-diaminopimelate ligase (murE)*

2688039 N-acetylglucosamine-6-phosphate deacetylase (nagA)*

2688038 glucosamine-6-phosphate isomerase (nagB)

2688029 3323065 (Tp/Bb and others)transglycosylase + transpeptidase; penicillin-binding protein (pbp-1)

2688158 3322298 (Tp/Bb and others)soluble lytic transglycosylase

2688351 nucleotide sugar epimerase

2688520 3322351 (Tp/Bb and others)UDP-N-acetylmuramate dehydrogenase (murB)

2688537 3323112 (Tp/Bb not best hit)serine-type D-Ala-D-Ala carboxypeptidase

2688558 N-acetylmuramoyl-L-alanine amidase

2688592 3322517 (Tp/Bb and others)N-acetylmuramoyl-L-alanine amidase

2688101 3322370 (Tp/Bb very distant hit)UTP--glucose-1-phosphate uridylyltransferase (gtaB)

2688694 Rossmann fold oxidoreductase ?cell wall 

2687947 3322584 (Tp/Bb) membrane protein with c-terminal PBP domain fused to ST kinase in Ml/Mtb

2688362 lipopolysaccharide biosynthesis-related protein

2688628 3322553 (O)lipopolysaccharide biosynthesis-related protein (kdtB)

2688167 2688167 (Bb/Tp and others) cell division protein (ftsZ), tubulin like GTPase

2688166 3322667 (Tp/Bb not best hit)cell division protein (ftsA), actin like ATPase

2688165 3322666 (Tp/Bb and others)cell division protein (divIB) 

2688164 3322665 (Tp/Bb and others)cell division protein (ftsW)

2688713 3322651 (Tp/Bb not best hit) mesJ ortholog, PP loop ATPase

2688645 3322787 (Tp/Bb and others)rod shape-determining protein (mreB-1), hsp70 fold superfamily

2688644 3322788 (Tp/Bb and others)rod shape-determining protein (mreC) 

2688641 3322791 (Tp/Bb and others)rod shape-determining protein (mreB-2), hsp70 fold superfamily

2688670 3323009 (Tp/Bb and others)penicillin-binding protein (pbp-3)

2688642 3322790 (Tp/Bb and others)penicillin-binding protein (pbp-2)

2688140 3322307 (Tp/Bb and others)peptidase, LASA family with HxH motif 

2688159 3323007 (Tp/Bb not best hit)peptidase, LASA family with HxH motif

2688203 3323175 (Tp/Bb and others)peptidase, LASA family with HxH motif

2688708 3322729 (Tp/Bbx3 and others)peptidase, LASA family with HxH motif, invasin repeats

2688060 3323268 gidB conserved methyltransferase

2688059 3322299 (Tp/Bb and others)gidA Rosmann fold oxidoreductase

2688154 3323325 (Tp/Bb and others)MIND superfamily ATPase

2688275 3323165 (Tp/Bb and others)MIND superfamily ATPase

2688340 3322545 (Tp/Bb not best hit)MIND superfamily ATPase

2688339 3322544 (Tp/Bb not best hit)MIND superfamily ATPase

2687952 3322872 (Tp/Bb not best/distant hit)MIND superfamily ATPase

2688197 1216385 (Tp/Bb and others)MIND ATPases

2688658 MIND superfamily ATPase

2689894 MIND superfamily ATPase

2689931 MIND superfamily ATPase

2689958 MIND superfamily ATPase

2689983 MIND superfamily ATPase

2689990 MIND superfamily ATPase

2690013 MIND superfamily ATPase

2690050 MIND superfamily ATPase

2690083 MIND superfamily ATPase

2690133 MIND superfamily ATPase

2690179 MIND superfamily ATPase

2690246 MIND superfamily ATPase

3322336  Epimerase/dehydratase

3322337  spore coat polysaccharide biosynthesis protein (spsC)  

3322370  (Bb distant hit‑ UTP‑glucose‑1‑phosphate uridylyltransferase) ?LICC protein 

3322556  sugar nucleotidyltransferase distantly related to kdsB, SPSF  

3322919  murein transglycosylase D (dniR) 

3323354  oligoendopeptidase

3322857  SPSE ortholog; spore coat polysaccharide biosynthesis protein E

Surface proteins (flagellar apparatus):
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2688082 3322960 (Tp/Bb and others)flagellar hook-associated protein (flgK)*

2688081 3322959 (Tp/Bb and others)flagellar hook-associated protein 3 (flgL)*

2688196 1216384 (Tp/Bb and others)FlhF (flagellar biosynthesis protein)*

2688195 1216383 (Tp/Bb and others)FlhA (flagellar biosynthesis protein)*

2688194 3323017 (Tp/Bb and others)FlhB (flagellar biosynthesis protein)*

2688193 FliR (flagellar biosynthesis protein)*

2688191 2120514 (Tp/Bb and others)FliP (flagellar biosynthesis protein)*

2688192 3023764 (Tp/Bb not best hit)FliQ (flagellar biosynthesis protein)

2688190 FliZ (flagellar protein)*

2688189 2120517 (Tp/Bb and others)flagellar motor switch protein (fliN)*

2688188 2196898 (Tp/Bb and others)flagellar motor switch protein (fliM)*

2688187 2196897 (Tp/Bb and others)flagellar protein (fliL)*

2688186 3024159 (Tp/Bb and others)flagellar motor rotation protein B (motB)*

2688185 3024158 (Tp/Bb and others)flagellar motor rotation protein A (motA)*

2688184 3323027 (Tp/Bb only)flagellar protein (flbD)*

2688183 2196893 (Tp/Bb and others)flagellar hook protein (flgE)*

2688182 2196902 (Tp/Bb and others)flagellar hook assembly protein (flgD)*

2688181 flagellar protein (flbC)*

2688180 2108242 (Tp/Bb only)flagellar protein (flbB)*

2688179 flagellar protein (flbA)*

2688178 3322685 (Tp/Bb and others)flagellum-specific ATP synthase (fliI)*

2688177 3322684 (Tp/Bb and others)flagellar assembly protein (fliH); *

2688176 3322683 (Tp/Bb and others)flagellar motor switch protein (fliG-2)* 

2688175 3322682 (Tp/Bb and others)flagellar basal-body rod protein (fliF)*

2688174 3322681 (Tp/Bb and others)flagellar hook-basal body complex protein (fliE)*

2688173 3322680 (Tp/Bb and others)flagellar basal-body rod protein (flgC)*

2688172 3322679 (Tp/Bb and others)flagellar basal-body rod protein (flgB)*

2688608 3322518 (Tp/Bb and others)flagellar filament outer layer protein (flaA)

2688725 flagellar P-ring protein (flgI)

2688724 3323281 flagellar basal-body rod protein (flgG)

2688723 3323282 flagellar hook-basal body complex protein (flhO)

2688041 2506431 (Tp/Bb and others) flagellar filament 41 kDa core protein (flaB)*

2688040 3323185 (Tp/Bb and others)flagellar hook-associated protein 2 (fliD)*

2688082 3322960 flagellar hook-associated protein (flgK)*

2688081 3322959 flagellar hook-associated protein 3 (flgL)* 

2688461 3323260 flagellar protein (flaJ)

3322658  flagellar biosynthesis FliL

3323223  flagellar protein FlhB

2196898 fliY

Stress and host response:
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Bb           Tp

2688037 superoxide dismutase (sodA)

2688612 136052 (Tp/Bb distant hit) protective DNA binding protein

2689954 3322998 (Tp/Bb distant hit)isochorismatase family, pyrazinamidase/nicotinamidase (pncA)

2688622 PR family of proteins (secreted)

2688067 vwf-a domain (memebrane, tm)

2688068 vwf-a domain (surface, tm and signal)

2688231 vwf-a domain (no signal or tm)

3323523 vwf-a domain (

3323054 vwf-a domain (

3322275 vwf-a domain (

3322837  nuclease with ob fold(?signal, hits in Aero 1185049 and Sy 1652030 only)

3322801  alkyl hydrogen peroxide reductase (thioredoxin fold, peroxidasin)

2688256 fibronectin/fibrinogen-binding protein

Membrane:

Bb
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Bb           Tp

2688013 3323367 (Tp/Bb and others)hemolysin III (yplQ)+

2688012 3322894 (Tp/Bb and others)membrane associated zinc protease 

2688090 3322375 (Tp/Bb not best hit)Lambda CII stability-governing protein (hflK)

2688089 3322377 (Tp/Bb and others)Lambda CII stability-governing protein (hflC)

2688148 3323088 (Tp/Bb and others)dedA protein (conserved membrane protein)

2688353 3323271 (Tp/Bb and others) conserved membrane protein 

2687885 3323138 (Bb/Tp and others)membrane protein (TPLHDGAVII conserved)

2688214 membrane protein 

2688213 3322576 (Tp/Bb only)membrane protein  

2688211 3322574 (Tp/Bb only)membrane protein

2688230 3323314 (Tp/Bb only) membrane protein

2688247 3322611 (Tp/Bb and others) conserved membrane protein

2688246 3322610 (Tp/Bb only) membrane protein

2687891 3323140 conserved protein in (Bb/Tp only)*

2687898
3322762 conserved protein (Bb/Tp and others)

2687948 3322287 (Tp/Bb only)low complexity protein 

2687954 3322420 (Tp/Bb and others)conserved membrane protein

2687973 3322873 (Tp/Bb only)low complexity membrane protein

2688015 3322897 (Tp/Bb not best hit)conserved membrane protein

2688252 3322550 (Tp/Bb distant hit)conserved protein

2687983 3322713 (Tp/Bb only) membrane protein

2688416 3323215 conserved protein (best archael hits)

2688740 3322808 conserved membrane protein (mviN)

2687892 3323145 (Tp/Bb only)low complexity membrane protein (1 TM)

2688282 267140 (Tp/Bb and others)basic membrane protein B (bmpB)* 

2688281 3322590 (Tp/Bb and others)basic membrane protein A (bmpA)*

2688280 267140* (Tp/Bb not best hit)basic membrane protein C (bmpC)*

2688297 3322590* (Tp/Bb distant hit)basic membrane protein D (bmpD)*

2688146 3323098 (Tp/Bb and others)membrane protein 

3323304  conserved membrane protein ( hits in GLPG/glycerol metab; eukaryotic rhomboid protein)

3323311  conserved membrane protein

3322852  low complexity conserved membrane protein (His conserved) 

3323134  conserved outer membrane protein like Ec nlpA; lipoprotein

3323160  conserved protein; distant hit in Bb; WVDADSCP motif

3322994  conserved membrane protein; 

3323312  conserved membrane protein; homology (conserved cys and HP residues) 

3323283  conserved membrane protein;

3322746  conserved protein (high complexity c‑terminus)

Miscellaneous/probable metabolic enzymes:
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Bb           Tp

2688332 HAD superfamily hydrolase, Cof family

2687956 3322557 (Tp/Bb distant)HAD superfamily hydrolase (two areas of seq conservation at n and c terminus)

2688739 dfp ortholog highly conserved protein, divergent member of Rossmann oxidoreductase fold

2687967 3322912 (Tp/Bb distant)pyridoxal dependent aminotransferase (nifS)

2688073 3323301 (Tp/Bb not best hit)TIM barrel HxH containing hydrolase (Lisa Holm)

2688130 3323302 (Tp/Bb distant hit)Dinucleotide dependent TIM barrel enzyme (similar to dihydro-orotase)

2688248 3322988 (Tp/Bb only)aminotransferase

2688544 3322730 (Tp/Bb not best hit) amidotransferase family (horizontal transfer from eukaryota-into ancient ancestor)

2688591 3322450 (Tp/Bb distant hit)hemZ p-methylase biotin synthetase superfamily; oxygen-independent coproporphyrinogen III oxidase

2688684 Beta propeller fold dehydrogenase (WD40 domain distantly related)

2688688 3323127 (O) metallo beta lactamase superfamily

2688455 PHNP metallo betalactamase fold hydrolase

2688619 pp-loop ATPase trmU (5-METHYLAMINOMETHYL-2-THIOURIDYLATE)-METHYLTRANSFERASE

2688750 3323086 n-terminus little finger with c-terminal APRT domain seen in pur1/1ECF

2688342 3323298 (Tp/Bb and others) SAM dependent methyltransferase

3322748  SAM binding methyl transferase, ybbh homolog
3322367
 phosphoesterase (calcineurin like)domain superfamily  (5' nucleotidase)

3322324  p‑methylase lipoA synthetase family of metal binding proteins (Fe, S cluster enzymes)

3322385  p‑methylase lipoA synthetase family of metal binding proteins (Fe, S cluster enzymes); 2nd member

3322542  p‑methylase lipoA synthetase family of metal binding proteins (Fe, S cluster enzymes), 4th member

3323060  p‑methylase lipoA synthetase family of metal binding proteins (Fe, S cluster enzymes), 5th member

3323086  (hit in Bb) n‑terminus little finger with c‑terminal APRT domain seen in pur1/1ECF; cys rich protein

3323358  alpha‑beta hydrolase; probable phopholipase

3322932  protein‑methionine‑S‑oxide reductase (msrA)

3322778  metallo beta lactamase fold hydrolase PHNP family

3323216  esterase

3323256  esterase 

3322338  dehygrogenase (?horizontal transfer, part of a conserved operon) best hits‑ xanthine dehydrogenase    

3322339  dehydrogenase (conserved operon, eg, 4‑hydroxybenzoyl‑CoA reductase)

3322569  FMN dependent TIM barrel oxidoreductase

3322450  oxygen‑independent coproporphyrinogen III oxidase

3322725  aminotransferase superfamily

3322913  nifU; ancient conserved protein

3322615  folyl‑polyglutamate synthetase (to concentrate folate in tissue)

3322996  5,10‑methenyltetrahydrofolate synthetase

3322997  carboxylate‑amine/thiol ligase (ATP‑grasp domain superfamily)

3322635  biotin ligase BirA homolog; PPi generating reaction

3323205  riboflavin kinase (riboflavin‑>FMN; also FMN‑>FAD)  

3322810  possible sugar/thiamin pyrophosphokinase (TPK)

3322895  Rossmann fold oxidoreductase (similar member in plasmodium)

MISC:

Bb           Tp

2688546 3323118 (Tp/Bb and others)DHH superfamily hydrolase

2687911 3322448 (Tp/Bb and others) small protein (smpB) (highly conserved) 

2687941 3322948 (Tp/Bb and others)Histidine dyad bacterial type metallo-enzyme 

2688077 3323187 (Tp/Bb and others)HxD containing family of small p-loop ATPases with E instead of D in Walker B

2688131 3322706 (Tp/Bb only with best hits in eukayota) repetitive YWTD domain with best hits in RING domain containing proteins 

2688154 3323325 (Tp/Bb and others)ATPase ftsK homolog, pilT and AAA superclass relative

2688169 3322671 (Tp/Bb and others) smf protein

2688285 protein kinase C1 inhibitor (pkcI); HIT family

2688375 conserved protein similar to yfiH (?function)

2688463 3322572 (Tp/Bb distant hit) YACE class of ATPases

2688575 yajC family proteins

2688125 3322521 (Tp/Bb 3 hits and chlamydia/Hp) conserved protein

2688458 secreted high complexity protein (immunogenic- neuroborreliosis)

2689921 (Bb only)rev protein (rev); antigen expressed during tick bite innoculation

2689922 (Bb only)rev protein (rev)

2690249 (Bb only)decorin binding protein A (dbpA)

2690243 (Bb only)decorin binding protein B (dbpB)

2688109 3322683(Tp/Bb and others) flagellar motor switch protein (fliG-1) 

2688051 (Bb only)S2 antigen family Bb; ospC member 

2688056 (Bb only)S2/ospC antigen member

2690259 outer surface protein A (ospA)

2690242 outer surface protein B (ospB)

2690227 antigen, S2 

2690228 antigen, S1

2690128 protein p23

2689901 outer surface protein C (ospC)

2690176 outer surface protein D (ospD)

2689955 antigen, P35

2689992 p23 antigen 

2690052 p35 antigen

2690100 p35 antigen family

2690115 p35 antigen family

2690116 p35 antigen family 

2690120 p35 antigen family

2690092 p35 antigen family

2690105 p35 antigen family 

2690106 p35 antigen family 

2690125 p35 antigen family

2690126 p35 protein

2690183 p35 antigen

2690137 immunogenic protein P37

2690138 P37 family member

2690127 P37 family member

3322494 2104502 leucine repeat protein

Since LRRs have been proposed to be involved in protein-protein and protein-lipid interactions,

our findings suggests a role for PcpA in pneumococcal adhesion. FEMS Microbiol Lett 1998 Jul 1;164(1):207-14

3322412  ruf C like protein (conserved cysteines) 

3323047   HD superfamily of metal dependent hydrolases; 3rd member

3322840  metal dependant hydrolase (Ct homolog)

3323272  acylhydrolase

3322702  surE like acid phosphatase

3322731  GcpE protein; (essential for cell viability; regulation of N‑acetyltransferase)

3322858  AlgI (reqd for alginate acetylation)

3323130  amino group acetyltransferase

3323037  mutT family of phosphohydrolases (GG; EETG signature)

3323087  mazG ortholog

3322862  Listeria lemA ortholog

3322970  belongs to a family of small conserved bacterial proteins but has additional tm domains eg 3329094

3322992  mccF ortholog

3322447  conserved sua5 like domain; Bb distant hit

3323101  conserved protein

3322853  ThiI protein Sty involved in thiazole (thiamine) biosynthesis  

3323287  conserved protein; ?signal

3323225  small conserved protein;

3322332  small protein; only hit with Hi

