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Hypothetical protein YggS, proline synthase co−transcribed bacterial homolog PROSC

Pyrroline−5−carboxylate reductase (EC 1.5.1.2)

Alanine racemase (EC 5.1.1.1)

Alanine racemase, catabolic (EC 5.1.1.1)

Branched−chain amino acid aminotransferase (EC 2.6.1.42)

Cysteine desulfurase (EC 2.8.1.7), IscS subfamily

Cysteine desulfurase (EC 2.8.1.7), SufS subfamily

Glutamate−pyruvate aminotransferase (EC 2.6.1.2)

HTH−type transcriptional regulator IlvY

Valine−−pyruvate aminotransferase (EC 2.6.1.66)

2−amino−4−ketopentanoate thiolase, alpha subunit

2−amino−4−ketopentanoate thiolase, beta subunit

D−Ornithine 4,5−aminomutase E subunit (EC 5.4.3.5)

Ornithine racemase (EC 5.1.1.12)

Agmatine deiminase (EC 3.5.3.12)Arginine ABC transporter, permease protein ArtMArginine ABC transporter, permease protein ArtQArginine deiminase (EC 3.5.3.6)Arginine N−succinyltransferase (EC 2.3.1.109)Arginine pathway regulatory protein ArgR, repressor of arg regulonArginine utilization protein RocBArginine utilization regulatory protein RocRArginine/ornithine antiporter ArcDDelta−1−pyrroline−5−carboxylate dehydrogenase (EC 1.5.1.12)Histidine ABC transporter, ATP−binding protein HisP (TC 3.A.1.3.1)Histidine ABC transporter, histidine−binding periplasmic protein precursor HisJ (TC 3.A.1.3.1)Histidine ABC transporter, permease protein HisQ (TC 3.A.1.3.1)N−carbamoylputrescine amidase (3.5.1.53)NADP−specific glutamate dehydrogenase (EC 1.4.1.4)Ornithine carbamoyltransferase (EC 2.1.3.3)Ornithine cyclodeaminase (EC 4.3.1.12)Putrescine aminotransferase (EC 2.6.1.82)Succinylglutamate desuccinylase (EC 3.5.1.96)Succinylglutamic semialdehyde dehydrogenase (EC 1.2.1.71)Succinylornithine transaminase (EC 2.6.1.81)

Argininosuccinate synthase (EC 6.3.4.5)

Glutamate N−acetyltransferase (EC 2.3.1.35)

N−acetyl−gamma−glutamyl−phosphate reductase (EC 1.2.1.38)

N−acetylglutamate synthase (EC 2.3.1.1)

Carbamate kinase (EC 2.7.2.2)

4−hydroxyphenylpyruvate dioxygenase (EC 1.13.11.27)
5−oxopent−3−ene−1,2,5−tricarboxylate decarboxylase.

Aromatic amino acid transport protein AroP
Aromatic−L−amino−acid decarboxylase (EC 4.1.1.28)

Kynurenine formamidase, bacterial (EC 3.5.1.9)
Phenylalanine hydroxylase transcriptional activator PhhR

Phenylalanine−4−hydroxylase (EC 1.14.16.1)
Predicted 2−keto−4−pentenoate hydratase/2−oxohepta−3−ene−1,7−dioic acid hydratase

Probable 5−carboxymethyl−2−hydroxymuconate delta isomerase
Putative fumarylacetoacetate (FAA) hydrolase
Tryptophan 2−monooxygenase (EC 1.13.12.3)
Tryptophan 2,3−dioxygenase (EC 1.13.11.11)

Tryptophanase (EC 4.1.99.1)

Amino acid−binding ACT

Indolepyruvate ferredoxin oxidoreductase, alpha and beta subunits

Indolepyruvate oxidoreductase subunit IorA (EC 1.2.7.8)

Indolepyruvate oxidoreductase subunit IorB (EC 1.2.7.8)

Indolepyruvate oxidoreductase subunit IorB II (EC 1.2.7.8)

Phenylacetate−coenzyme A ligase (EC 6.2.1.30)

3−hydroxyisobutyrate dehydrogenase (EC 1.1.1.31)

3−hydroxyisobutyryl−CoA hydrolase (EC 3.1.2.4)

Enoyl−CoA hydratase [valine degradation] (EC 4.2.1.17)

Methylmalonate−semialdehyde dehydrogenase (EC 1.2.1.27)

Predicted transcriptional regulator LiuR of leucine degradation pathway, MerR family

(R)−citramalate synthase (EC 2.3.1.182)
2−isopropylmalate synthase (EC 2.3.3.13)

3−isopropylmalate dehydratase large subunit (EC 4.2.1.33)
3−isopropylmalate dehydratase small subunit (EC 4.2.1.33)

3−isopropylmalate dehydrogenase (EC 1.1.1.85)
Acetolactate synthase small subunit (EC 2.2.1.6)

Acetolactate synthase small subunit (EC 2.2.1.6), Xanthomonadales type
Dihydroxy−acid dehydratase (EC 4.2.1.9)

Ketol−acid reductoisomerase (EC 1.1.1.86)
Leucine dehydrogenase (EC 1.4.1.9)

Leucine−responsive regulatory protein, regulator for leucine (or lrp) regulon and high−affinity branched−chain amino acid transport system
Threonine dehydratase (EC 4.3.1.19)

Threonine dehydratase biosynthetic (EC 4.3.1.19)
Threonine dehydratase, catabolic (EC 4.3.1.19)

Arogenate dehydrogenase (EC 1.3.1.43)
Chorismate mutase I (EC 5.4.99.5)

Chorismate mutase II (EC 5.4.99.5)
Cyclohexadienyl dehydrogenase (EC 1.3.1.12)(EC 1.3.1.43)

Periplasmic chorismate mutase I precursor (EC 5.4.99.5)
Prephenate and/or arogenate dehydrogenase (unknown specificity) (EC 1.3.1.12)(EC 1.3.1.43)

Prephenate dehydratase (EC 4.2.1.51)
Prephenate dehydrogenase (EC 1.3.1.12)

Quinate/shikimate dehydrogenase [Pyrroloquinoline−quinone] (EC 1.1.99.25)

2−Amino−2−deoxy−isochorismate synthase (EC 4.1.3.−)

2−keto−3−deoxy−D−arabino−heptulosonate−7−phosphate synthase II PhzC (EC 2.5.1.54)

Aminodeoxychorismate lyase (EC 4.1.3.38)

Isochorismate synthase (EC 5.4.4.2)

Para−aminobenzoate synthase, amidotransferase component (EC 2.6.1.85)

Para−aminobenzoate synthase, aminase component (EC 2.6.1.85)

2−amino−3,7−dideoxy−D−threo−hept−6−ulosonate synthase (EC 2.5.1.−)
2−keto−3−deoxy−D−arabino−heptulosonate−7−phosphate synthase I alpha (EC 2.5.1.54)
2−keto−3−deoxy−D−arabino−heptulosonate−7−phosphate synthase I beta (EC 2.5.1.54)

2−keto−3−deoxy−D−arabino−heptulosonate−7−phosphate synthase II (EC 2.5.1.54)
3−dehydroquinate synthase (EC 4.2.3.4)

3,7−dideoxy−D−threo−hepto−2, 6−diulosonate synthase (EC 4.2.3.−)
5−Enolpyruvylshikimate−3−phosphate synthase (EC 2.5.1.19)

Chorismate synthase (EC 4.2.3.5)
Transcriptional repressor protein TyrR

Creatinase (EC 3.5.3.3)

Creatinine amidohydrolase (EC 3.5.2.10)

Cytosine permease

Dimethylglycine dehydrogenase (EC 1.5.99.2)

N−carbamoylsarcosine amidase (EC 3.5.1.59)

N−methylhydantoinase A (EC 3.5.2.14)

Sarcosine dehydrogenase (EC 1.5.99.1)

Asparagine synthetase [glutamine−hydrolyzing] (EC 6.3.5.4)

Cyanophycin synthase (EC 6.3.2.29)(EC 6.3.2.30)

Cyanophycin synthase II

Cyanophycinase (EC 3.4.15.6)

Cyanophycinase (EC 3.4.15.6) dimer

Adenylylsulfate kinase (EC 2.7.1.25)
Cys regulon transcriptional activator CysB

Cystathionine beta−synthase (EC 4.2.1.22)
Cystathionine gamma−lyase (EC 4.4.1.1)

Cysteine synthase (EC 2.5.1.47)
Cysteine synthase A (EC 2.5.1.47)
Cysteine synthase B (EC 2.5.1.47)

Sulfate adenylyltransferase subunit 1 (EC 2.7.7.4)
Sulfate adenylyltransferase subunit 2 (EC 2.7.7.4)

Sulfate and thiosulfate import ATP−binding protein CysA (EC 3.6.3.25)
Sulfate permease

Sulfate permease, Trk−type
Sulfate transport system permease protein CysT

Sulfate transport system permease protein CysW
Sulfate transporter, CysZ−type

Sulfite reductase [NADPH] hemoprotein beta−component (EC 1.8.1.2)

NAD−specific glutamate dehydrogenase (EC 1.4.1.2)

Asparagine synthetase [glutamine−hydrolyzing] (EC 6.3.5.4) AsnH
Aspartate aminotransferase (EC 2.6.1.1)

Aspartate ammonia−lyase (EC 4.3.1.1)
Aspartate−−ammonia ligase (EC 6.3.1.1)

Ferredoxin−dependent glutamate synthase (EC 1.4.7.1)
Glutamate racemase (EC 5.1.1.3)

Glutamate synthase [NADPH] large chain (EC 1.4.1.13)
Glutamate synthase [NADPH] putative GlxC chain (EC 1.4.1.13)

Glutamate synthase [NADPH] small chain (EC 1.4.1.13)
Glutaminase (EC 3.5.1.2)

Glutamine amidotransferase protein GlxB (EC 2.4.2.−)
Glutamine synthetase (EC 6.3.1.2)

Glutamine synthetase type I (EC 6.3.1.2)
Glutamine synthetase type II, eukaryotic (EC 6.3.1.2)

Glutamine synthetase type III, GlnN (EC 6.3.1.2)
Glutamine synthetase, clostridia type (EC 6.3.1.2)

NAD−specific glutamate dehydrogenase (EC 1.4.1.2), large form

D−serine dehydratase (EC 4.3.1.18)
D−serine/D−alanine/glycine transporter

Glycine dehydrogenase [decarboxylating] (glycine cleavage system P protein) (EC 1.4.4.2)
Glycine dehydrogenase [decarboxylating] (glycine cleavage system P1 protein) (EC 1.4.4.2)
Glycine dehydrogenase [decarboxylating] (glycine cleavage system P2 protein) (EC 1.4.4.2)

L−serine dehydratase (EC 4.3.1.17)
L−serine dehydratase, alpha subunit (EC 4.3.1.17)
L−serine dehydratase, beta subunit (EC 4.3.1.17)

Serine transporter

2−amino−3−ketobutyrate coenzyme A ligase (EC 2.3.1.29)

Glycine riboswitch

L−threonine 3−dehydrogenase (EC 1.1.1.103)

Low−specificity L−threonine aldolase (EC 4.1.2.5)

Sodium/glycine symporter GlyP

ATP phosphoribosyltransferase (EC 2.4.2.17)
ATP phosphoribosyltransferase catalytic subunit (EC 2.4.2.17)

ATP phosphoribosyltransferase regulatory subunit (EC 2.4.2.17)
Histidinol dehydrogenase (EC 1.1.1.23)

Histidinol−phosphatase [alternative form] (EC 3.1.3.15)
Histidinol−phosphate aminotransferase (EC 2.6.1.9)

Imidazole glycerol phosphate synthase amidotransferase subunit (EC 2.4.2.−)
Imidazole glycerol phosphate synthase cyclase subunit (EC 4.1.3.−)

Imidazoleglycerol−phosphate dehydratase (EC 4.2.1.19)
Phosphoribosyl−AMP cyclohydrolase (EC 3.5.4.19)

Conserved hypothetical protein (perhaps related to histidine degradation)

Formiminoglutamase (EC 3.5.3.8)

Formiminoglutamic iminohydrolase (EC 3.5.3.13)

Histidine ammonia−lyase (EC 4.3.1.3)

Histidine utilization repressor

N−formylglutamate deformylase (EC 3.5.1.68) [alternative form]

Urocanate hydratase (EC 4.2.1.49)

Acetoacetyl−CoA synthetase (EC 6.2.1.16)

Acetoacetyl−CoA synthetase [leucine] (EC 6.2.1.16)

Biotin carboxyl carrier protein of methylcrotonyl−CoA carboxylase

Biotin carboxylase of methylcrotonyl−CoA carboxylase (EC 6.3.4.14)

Isovaleryl−CoA dehydrogenase (EC 1.3.99.10)

Methylcrotonyl−CoA carboxylase biotin−containing subunit (EC 6.4.1.4)

Methylcrotonyl−CoA carboxylase carboxyl transferase subunit (EC 6.4.1.4)

3−ketoacyl−CoA thiolase [isoleucine degradation] (EC 2.3.1.16)

Acyl−CoA dehydrogenase, short−chain specific (EC 1.3.99.2)

Branched−chain acyl−CoA dehydrogenase (EC 1.3.99.12)

Probable acyl−CoA dehydrogenase (EC 1.3.99.3)

Transcriptional regulator BkdR of isoleucine and valine catabolism operon

Acetyl−coenzyme A synthetase (EC 6.2.1.1)

L−2−amino−thiazoline−4−carboxylic acid hydrolase (EC 3.5.2.−)

Probable transcriptional activator for leuABCD operon

Homocitrate synthase (EC 2.3.3.14)

2,3,4,5−tetrahydropyridine−2,6−dicarboxylate N−acetyltransferase (EC 2.3.1.89)

2,3,4,5−tetrahydropyridine−2,6−dicarboxylate N−succinyltransferase (EC 2.3.1.117)

Aspartokinase (EC 2.7.2.4)

Dihydrodipicolinate synthase (EC 4.2.1.52)

L,L−diaminopimelate aminotransferase (EC 2.6.1.83)

LL−diaminopimelate aminotransferase, predicted alternative

Meso−diaminopimelate D−dehydrogenase (EC 1.4.1.16)

N−acetyl−L,L−diaminopimelate aminotransferase (EC 2.6.1.−)

5−aminovalerate aminotransferase (EC 2.6.1.48)
Delta 1−piperideine−2−carboxylate reductase (EC 1.5.1.21)

Glutarate−semialdehyde dehydrogenase (EC 1.2.1.20)
L−beta−lysine 5,6−aminomutase alpha subunit (EC 5.4.3.3)
L−beta−lysine 5,6−aminomutase beta subunit (EC 5.4.3.3)

L−lysine aminomutase regulator
L−pipecolate dehydrogenase (EC 1.5.99.3)

Lysine decarboxylase 2, constitutive (EC 4.1.1.18)
Lysine/cadaverine antiporter membrane protein CadB

Outer membrane porin, OprD family
Saccharopine dehydrogenase (EC 1.5.1.9)

Saccharopine dehydrogenase [NADP , L−glutamate−forming] (EC 1.5.1.10)

3−keto−5−aminohexanoate cleavage enzyme

3,5−diaminobexanoate dehydrogenase (EC 1.4.1.11)

5−methyltetrahydrofolate−−homocysteine methyltransferase (EC 2.1.1.13)
5−methyltetrahydropteroyltriglutamate−−homocysteine methyltransferase (EC 2.1.1.14)

Adenosylhomocysteinase (EC 3.3.1.1)
Archaeal S−adenosylmethionine synthetase (EC 2.5.1.6)

Cystathionine beta−lyase (EC 4.4.1.8)
Cystathionine beta−lyase, type II (EC 4.4.1.8)

Cystathionine gamma−synthase (EC 2.5.1.48)
Homocysteine S−methyltransferase (EC 2.1.1.10)

Homoserine dehydrogenase (EC 1.1.1.3)
Homoserine O−acetyltransferase (EC 2.3.1.31)

Homoserine O−succinyltransferase (EC 2.3.1.46)
Methionine ABC transporter ATP−binding protein

Methionine ABC transporter substrate−binding protein
Methionine transporter MetT

O−acetylhomoserine sulfhydrylase (EC 2.5.1.49)
O−succinylhomoserine sulfhydrylase (EC 2.5.1.48)

Predicted regulator of methionine metabolism, ArsR family
S−adenosylmethionine synthetase (EC 2.5.1.6)

Transcriptional activator MetR

2−Oxobutyrate dehydrogenase E1 (EC:1.2.4.1)

2−Oxobutyrate oxidase, putative

2−hydroxy−3−keto−5−methylthiopentenyl−1−phosphate phosphatase

2,3−diketo−5−methylthiopentyl−1−phosphate enolase

5−methylthioribose kinase (EC 2.7.1.100)

5'−methylthioadenosine phosphorylase (EC 2.4.2.28)

Glutamine−dependent 2−keto−4−methylthiobutyrate transaminase

Methionine aminotransferase, PLP−dependent

Methylthioribose−1−phosphate isomerase (EC 5.3.1.23)

Biosynthetic Aromatic amino acid aminotransferase alpha (EC 2.6.1.57)

Biosynthetic Aromatic amino acid aminotransferase beta (EC 2.6.1.57)

Chorismate mutase (EC 5.4.99.5)

Periplasmic aromatic amino acid aminotransferase beta precursor (EC 2.6.1.57)

Phosphonoalanine aminotransferase

Phosphonoalanine and/or phosphonopyruvate ABC transporter periplasmic binding component

Gamma−DL−glutamyl hydrolase PgsS (EC 3.4.19.−), catalyzes PGA release

Hypothetical protein in predicted poly−gamma−glutamate synthase operon

Poly−gamma−glutamate synthase subunit PgsA/CapA (EC 6.3.2.−)

Transition state regulatory protein AbrB

ABC transporter, periplasmic spermidine putrescine−binding protein PotD (TC 3.A.1.11.1)
Agmatinase (EC 3.5.3.11)

Agmatine/putrescine antiporter, associated with agmatine catabolism
Carboxynorspermidine decarboxylase, putative (EC 4.1.1.−)

Carboxynorspermidine dehydrogenase, putative (EC 1.1.1.−)
DNA−binding response regulator, LuxR family, near polyamine transporter

Probable two−component sensor, near polyamine transporter
Putrescine ABC transporter putrescine−binding protein PotF (TC 3.A.1.11.2)

Putrescine transport ATP−binding protein PotA (TC 3.A.1.11.1)
Putrescine transport ATP−binding protein PotG (TC 3.A.1.11.2)

Putrescine transport system permease protein PotH (TC 3.A.1.11.2)
Putrescine transport system permease protein PotI (TC 3.A.1.11.2)

S−adenosylmethionine decarboxylase proenzyme (EC 4.1.1.50), prokaryotic class 1B
Spermidine Putrescine ABC transporter permease component PotB (TC 3.A.1.11.1)

Spermidine synthase (EC 2.5.1.16)

Pyrroline−5−carboxylate reductase (EC 1.5.1.2), ProG−like

1−pyrroline−4−hydroxy−2−carboxylate deaminase (EC 3.5.4.22)
Dipeptidyl peptidase IV in 4−hydroxyproline catabolic gene cluster

L−Proline/Glycine betaine transporter ProP
Not a Proline racemase, nor 4−hydroxyproline epimerase [missing catalytic residues]

Predicted 4−hydroxyproline dipeptidase
Predicted regulator PutR for proline utilization, GntR family

Proline iminopeptidase (EC 3.4.11.5)
Proline/sodium symporter PutP (TC 2.A.21.2.1)

ProQ: influences osmotic activation of compatible solute ProP
PutR, transcriptional activator of PutA and PutP

Similar to eukaryotic Peptidyl prolyl 4−hydroxylase, alpha subunit (EC 1.14.11.2)
Transcriptional repressor of PutA and PutP

Ureidoglycolate/malate/sulfolactate dehydrogenase family (EC 1.1.1.−)

4−aminobutyraldehyde dehydrogenase (EC 1.2.1.19)

Gamma−aminobutyrate:alpha−ketoglutarate aminotransferase (EC 2.6.1.19)

Glycine/D−amino acid oxidase (deaminating) in putrescine utilization cluster

Monoamine/putrescine oxidase (EC 1.4.3.10)

Putrescine importer

Phosphoserine phosphatase (EC 3.1.3.3)

Predicted functional analog of homoserine kinase (EC 2.7.1.−)

L−allo−threonine aldolase (EC 2.1.2.1)

Threonine dehydrogenase and related Zn−dependent dehydrogenases

Transcriptional regulator GabR of GABA utilization (GntR family with aminotransferase−like domain)

Acting phosphoribosylanthranilate isomerase (EC 5.3.1.24)

Eukaryotic−type low−affinity urea transporter
Partial urea carboxylase (EC 6.3.4.6)

Urea ABC transporter, urea binding protein
Urea carboxylase−related ABC transporter, ATPase protein

Urea carboxylase−related ABC transporter, periplasmic substrate−binding protein
Urea carboxylase−related ABC transporter, permease protein

Urea carboxylase−related amino acid permease
Urea carboxylase−related aminomethyltransferase (EC 2.1.2.10)

Urease accessory protein UreE
Urease accessory protein UreG

Effect of perturbation

Amino Acids and Derivatives
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(GlcNAc)2 Catabolic
Operon (2/11)

2−Ketogluconate
Utilization (4/6)

Acetoin, butanediol
metabolism (6/10)

Acetone Butanol
Ethanol Synthesis

(11/12)

Acetyl−CoA
fermentation to
Butyrate (11/16)

Alpha−acetolactate
operon (2/2)

Alpha−Amylase locus
in Streptocococcus

(3/3)

Beta−Glucoside
Metabolism (12/47)

beta−glucuronide
utilization (1/3)

Butanol
Biosynthesis (2/3)

Calvin−Benson cycle
(16/22)

Carboxysome (2/4)

Cellulosome
(5/9)

Chitin and
N−acetylglucosamine
utilization
(18/38)

CO2 uptake,
carboxysome (7/27)

D−galactarate,
D−glucarate

and D−glycerate
catabolism (6/12)

D−galactonate
catabolism (4/6)

D−Galacturonate
and D−Glucuronate
Utilization
(23/46)

D−gluconate and
ketogluconates

metabolism (14/33)

D−ribose
utilization (4/11)

D−Sorbitol(D−Glucitol)
and L−Sorbose
Utilization (2/15)

D−Tagatose
and Galactitol

Utilization (5/14)

Dehydrogenase
complexes (12/13)

Deoxyribose
and Deoxynucleoside
Catabolism (12/15)

Dihydroxyacetone
kinases (3/10)

Entner−Doudoroff
Pathway (15/16)

Erythritol
utilization (5/13)

Ethanolamine
utilization (10/25)

Ethylmalonyl−CoA
pathway of C2

assimilation (7/13)

Fermentations:
Lactate (3/3)

Fermentations:
Mixed acid (4/5)

Formaldehyde
assimilation:

Ribulose
monophosphate

pathway (2/7)

Fructooligosaccharides(FOS)
and Raffinose
Utilization
(11/15)

Fructose
utilization (7/14)

Glycerate
metabolism (4/4)

Glycerol and
Glycerol−3−phosphate
Uptake and
Utilization
(13/21)

Glycerol
fermenation to

1,3−propanediol
(1/6)

Glycogen metabolism
(10/12)

Glycolate,
glyoxylate
interconversions
(7/14)

Glycolysis and
Gluconeogenesis

(6/12)

Glycolysis and
Gluconeogenesis,
including Archaeal

enzymes (3/6)

Glyoxylate bypass
(10/11)

Inositol
catabolism (17/23)

L−Arabinose
utilization
(25/41)

L−ascorbate
utilization (and
related gene

clusters) (2/16)

L−fucose
utilization (6/15)

L−fucose
utilization temp
(3/6)

L−rhamnose
utilization
(29/46)

Lactate utilization
(6/15)

Lacto−N−Biose
I and
Galacto−N−Biose
Metabolic Pathway
(3/6)

Lactose and
Galactose Uptake and
Utilization (8/27)

Malonate
decarboxylase
(4/10)

Maltose and
Maltodextrin

Utilization (21/35)

Mannitol
Utilization (5/12)

Mannose
Metabolism (17/41)

Melibiose
Utilization (1/2)

Methanogenesis
(4/38)

Methanogenesis from
methylated compounds

(2/13)

Methylcitrate
cycle (8/9)

Methylglyoxal
Metabolism (2/3)

N−Acetyl−Galactosamine
and Galactosamine

Utilization (6/31)

One−carbon
metabolism by

tetrahydropterines
(2/5)

Peripheral Glucose
Catabolism Pathways

(1/7)

Photorespiration
(oxidative C2 cycle)

(3/4)

Predicted
carbohydrate

hydrolases (2/4)

Propanediol
utilization (3/18)

Propionyl−CoA to
Succinyl−CoA Module

(3/7)

Pyruvate
Alanine Serine

Interconversions
(2/2)

Pyruvate metabolism
I: anaplerotic

reactions, PEP
(8/15)

Pyruvate metabolism
II: acetyl−CoA,

acetogenesis from
pyruvate (9/12)

Pyruvate:ferredoxin
oxidoreductase
(5/7)

Serine−glyoxylate
cycle (12/18)

Sucrose
utilization (2/7)

Sugar utilization
in Thermotogales

(7/53)

TCA Cycle (3/12)

Trehalose
Biosynthesis (5/6)

Trehalose Uptake
and Utilization

(11/20)

Tricarballylate
Utilization (4/4)

Unknown
carbohydrate

utilization
( cluster Ydj )

(4/14)

Unknown
carbohydrate

utilization
( cluster Yeg )

(1/7)

Unknown
carbohydrate

utilization
containing

Fructose−bisphosphate
aldolase (1/7)

Unknown
oligosaccharide

utilization Sde 1396
(1/5)

Unknown sugar
utilization (cluster

yphABCDEFG) (2/7)

Xyloglucan
Utilization (2/8)

Xylose
utilization
(20/42)

−1
e−

03

−5
e−

04
0e

+0
0

5e
−0

4
1e
−0

3

−1
e−

03

−5
e−

04
0e

+0
0

5e
−0

4
1e
−0

3

−1
e−

03

−5
e−

04
0e

+0
0

5e
−0

4
1e
−0

3

−1
e−

03

−5
e−

04
0e

+0
0

5e
−0

4
1e
−0

3

Beta−N−acetylhexosaminidase, (GlcNAc)2 catabolism

Glucosamine kinase GpsK (EC 2.7.1.8)

2−ketogluconate transporter

2−ketogluconate utilization repressor PtxS

Epimerase KguE

HTH−type transcriptional regulator PtxR

Acetoin catabolism protein X

Acetoin dehydrogenase E1 component alpha−subunit (EC 1.2.4.−)

Acetoin dehydrogenase E1 component beta−subunit (EC 1.2.4.−)

Acetolactate synthase large subunit (EC 2.2.1.6)

Dihydrolipoamide acetyltransferase component (E2) of acetoin dehydrogenase complex (EC 2.3.1.−)

Transcriptional activator of acetoin dehydrogenase operon AcoR

3−hydroxybutyryl−CoA dehydrogenase (EC 1.1.1.157)

Acetaldehyde dehydrogenase (EC 1.2.1.10)

Acetoacetate decarboxylase (EC 4.1.1.4)

Acetoacetate metabolism regulatory protein AtoC

Acetyl−CoA acetyltransferase (EC 2.3.1.9)

Acetyl−CoA:acetoacetyl−CoA transferase, alpha subunit (EC 2.8.3.8)

Acetyl−CoA:acetoacetyl−CoA transferase, beta subunit (EC 2.8.3.8)

Electron transfer flavoprotein, alpha subunit

Electron transfer flavoprotein, beta subunit

NADH−dependent butanol dehydrogenase A (EC 1.1.1.−)

NADH−dependent butanol dehydrogenase B (EC 1.1.1.−)

3−hydroxybutyrate dehydrogenase (EC 1.1.1.30)

3−hydroxybutyryl−CoA dehydratase (EC 4.2.1.55)

3−hydroxybutyryl−CoA epimerase (EC 5.1.2.3)

Acetoacetyl−CoA reductase (EC 1.1.1.36)

Butyrate kinase (EC 2.7.2.7)

Butyrate−acetoacetate CoA−transferase subunit A (EC 2.8.3.9)

Butyrate−acetoacetate CoA−transferase subunit B (EC 2.8.3.9)

Electron transfer flavoprotein−ubiquinone oxidoreductase (EC 1.5.5.1)

Enoyl−CoA hydratase (EC 4.2.1.17)

phosphotransbutyrylase (EC 2.3.1.19)

Probable electron transfer flavoprotein−quinone oxidoreductase FixC (EC 1.5.5.−)

Acetolactate synthase, catabolic (EC 2.2.1.6)

Alpha−acetolactate decarboxylase (EC 4.1.1.5)

Cyclomaltodextrin glucanotransferase (EC 2.4.1.19)

Maltose/maltodextrin ABC transporter, substrate binding periplasmic protein MalE

putative esterase

Beta−glucosidase (EC 3.2.1.21)
Beta−glucoside ABC transport system, permease protein 2

Cellobiose phosphorylase (EC 2.4.1.−)
Cellobiose phosphotransferase system YdjC−like protein

Glucokinase, ROK family (EC 2.7.1.2)
Laminarinase (EC 3.2.1.39)

Outer surface protein of unknown function, cellobiose operon
Periplasmic beta−glucosidase (EC 3.2.1.21)

Predicted aldo/keto reductase in CelR regulon, COG4989
Predicted beta−glucoside−regulated ABC transport system, permease component 2, COG0395

Predicted dehydrogenase in CelR regulon, COG0673
PTS system, cellobiose−specific IIC component (EC 2.7.1.69)

Glucuronide transporter UidB

Acetaldehyde dehydrogenase (acetylating) (EC 1.2.1.10)

Pyruvate formate−lyase (EC 2.3.1.54)

Fructose−1,6−bisphosphatase, GlpX type (EC 3.1.3.11)
Fructose−1,6−bisphosphatase, type I (EC 3.1.3.11)

Fructose−1,6−bisphosphatase, type V, archaeal (EC 3.1.3.11)
Fructose−bisphosphate aldolase class I (EC 4.1.2.13)
Fructose−bisphosphate aldolase class II (EC 4.1.2.13)

NAD−dependent glyceraldehyde−3−phosphate dehydrogenase (EC 1.2.1.12)
NAD(P)−dependent glyceraldehyde 3−phosphate dehydrogenase archaeal (EC 1.2.1.59)

NADPH−dependent glyceraldehyde−3−phosphate dehydrogenase (EC 1.2.1.13)
Phosphoglycerate kinase (EC 2.7.2.3)

Ribose 5−phosphate isomerase A (EC 5.3.1.6)
Ribose 5−phosphate isomerase B (EC 5.3.1.6)

Ribulose bisphosphate carboxylase large chain (EC 4.1.1.39)
Ribulose bisphosphate carboxylase small chain (EC 4.1.1.39)

Transketolase (EC 2.2.1.1)
Transketolase, N−terminal section (EC 2.2.1.1)

Triosephosphate isomerase (EC 5.3.1.1)

High−affnity carbon uptake protein Hat/HatR

NADH dehydrogenase (EC 1.6.99.3)

1,4−alpha−glucan branching enzyme (EC 2.4.1.18)

Alpha−glucosidase SusB (EC 3.2.1.20)

Regulatory protein SusR

SusC, outer membrane protein involved in starch binding

SusD, outer membrane protein

Beta−hexosaminidase (EC 3.2.1.52)
Chitin binding protein

Chitinase (EC 3.2.1.14)
Glucosamine−6−phosphate deaminase (EC 3.5.99.6)

Glucosamine−6−phosphate deaminase [isomerizing], alternative (EC 3.5.99.6)
hypothetical oxidoreductase related to N−acetylglucosamine utilization

N−acetyl glucosamine transporter, NagP
N−Acetyl−D−glucosamine ABC transport system ATP−binding protein
N−Acetyl−D−glucosamine ABC transport system, permease protein 1
N−Acetyl−D−glucosamine ABC transport system, permease protein 2

N−Acetyl−D−glucosamine ABC transport system, sugar−binding protein
N−Acetyl−D−glucosamine permease 2, possible

N−acetylglucosamine regulated methyl−accepting chemotaxis protein
N−acetylglucosamine−6−phosphate deacetylase (EC 3.5.1.25)

Predicted chitobiose ABC transport system, permease protein 1
Predicted N−acetyl−glucosamine kinase 2, ROK family (EC 2.7.1.59)

Predicted transcriptional regulator of N−Acetylglucosamine utilization, GntR family
PTS system, N−acetylglucosamine−specific IIC component (EC 2.7.1.69)

Hypothetical transmembrane protein coupled to NADH−ubiquinone oxidoreductase chain 5 homolog

NADH dehydrogenase subunit 5, Involved in CO2 fixation

Possible carbon dioxide concentrating mechanism protein CcmK

probable RuBisCo−expression protein CbbX

Rubisco activation protein CbbO

Rubisco activation protein CbbQ

RuBisCO operon transcriptional regulator

2−dehydro−3−deoxyglucarate aldolase (EC 4.1.2.20)

5−dehydro−4−deoxyglucarate dehydratase (EC 4.2.1.41)

D−galactarate dehydratase (EC 4.2.1.42)

D−glycerate 2−kinase (EC 2.7.1.−)

Glucarate dehydratase (EC 4.2.1.40)

Predicted D−glucarate or D−galactorate regulator, GntR family

2−dehydro−3−deoxygalactonokinase (EC 2.7.1.58)

D−Galactonate repressor DgoR

D−galactonate transporter

Galactonate dehydratase (EC 4.2.1.6)

2−dehydro−3−deoxygluconate kinase (EC 2.7.1.45)
2−dehydro−3−deoxyphosphogluconate aldolase (EC 4.1.2.14)

2−keto−3−deoxygluconate permease (KDG permease)
4−deoxy−L−threo−5−hexosulose−uronate ketol−isomerase (EC 5.3.1.17)

Alcohol dehydrogenase, zinc−containing
Alpha−glucosidase (EC 3.2.1.20)

Alpha−glucuronidase (EC 3.2.1.139)
Altronate oxidoreductase (EC 1.1.1.58)

D−mannonate oxidoreductase (EC 1.1.1.57)
Endo−1,4−beta−xylanase A precursor (EC 3.2.1.8)

Exopolygalacturonate lyase (EC 4.2.2.9)
Hexuronate utilization operon transcriptional repressor ExuR

Ketoglutarate semialdehyde dehydrogenase (EC 1.2.1.26)
Mannonate dehydratase (EC 4.2.1.8)

Novel D−mannonate dehydrogenase (EC 1.1.1.57)
Novel D−tagaturonate epimerase

Oligogalacturonate lyase (EC 4.2.2.6)
Pectate lyase precursor (EC 4.2.2.2)

Pectinesterase (EC 3.1.1.11)
Polygalacturonase (EC 3.2.1.15)

Rhamnogalacturonides degradation protein RhiN
Uronate isomerase (EC 5.3.1.12)

Uronate isomerase, family BH0493 (EC 5.3.1.12)

2,5−diketo−D−gluconate reductase A (EC 1.1.1.274)
2,5−diketo−D−gluconic acid reductase B (EC 1.1.1.274)

5−keto−D−gluconate 5−reductase (EC 1.1.1.69)
Gluconate 2−dehydrogenase (EC 1.1.99.3), membrane−bound, flavoprotein

Gluconate 2−dehydrogenase (EC 1.1.99.3), membrane−bound, gamma subunit
Gluconate permease, Bsu4004 homolog

Gluconate transporter family protein
Gluconate utilization system Gnt−I transcriptional repressor

Glucose 1−dehydrogenase (EC 1.1.1.47)
Glucose dehydrogenase, PQQ−dependent (EC 1.1.5.2)

Hypothetical oxidoreductase YqhD (EC 1.1.−.−)
L−idonate 5−dehydrogenase (EC 1.1.1.264)

Low−affinity gluconate/H+ symporter GntU
Positive regulator of L−idonate catabolism

Ribose ABC transport system, ATP−binding protein RbsA (TC 3.A.1.2.1)

Ribose ABC transport system, permease protein RbsC (TC 3.A.1.2.1)

Ribose operon repressor

Ribose/xylose/arabinose/galactoside ABC−type transport systems, permease component 1

Glucitol operon activator protein

Glucitol/sorbitol−specific transport protein GutA

6−phosphofructokinase (EC 2.7.1.11)

D−tagatose 3−epimerase (EC 5.3.1.−)

Galactitol−1−phosphate 5−dehydrogenase (EC 1.1.1.251)

PTS system, galactitol−specific IIB component (EC 2.7.1.69)

Tagatose 1,6−bisphosphate aldolase (EC 4.1.2.40)

2−oxoglutarate dehydrogenase E1 component (EC 1.2.4.2)
Branched−chain alpha−keto acid dehydrogenase, E1 component, alpha subunit (EC 1.2.4.4)
Branched−chain alpha−keto acid dehydrogenase, E1 component, beta subunit (EC 1.2.4.4)

Dihydrolipoamide acyltransferase component of branched−chain alpha−keto acid dehydrogenase complex (EC 2.3.1.168)
Dihydrolipoamide dehydrogenase of 2−oxoglutarate dehydrogenase (EC 1.8.1.4)

Dihydrolipoamide dehydrogenase of branched−chain alpha−keto acid dehydrogenase (EC 1.8.1.4)
Dihydrolipoamide succinyltransferase component (E2) of 2−oxoglutarate dehydrogenase complex (EC 2.3.1.61)

Enoyl−CoA hydratase [branched−chain amino acid degradation] (EC 4.2.1.17)
Leucine−, isoleucine−, valine−, threonine−, and alanine−binding protein

Pyruvate dehydrogenase E1 component alpha subunit (EC 1.2.4.1)
Pyruvate dehydrogenase E1 component beta subunit (EC 1.2.4.1)

Valine dehydrogenase (EC 1.4.1.−)

Deoxyribose−phosphate aldolase (EC 4.1.2.4)
Nucleoside permease NupC

Predicted nucleoside ABC transporter, ATP−binding component
Predicted nucleoside ABC transporter, permease 1 component
Predicted nucleoside ABC transporter, permease 2 component

Predicted nucleoside ABC transporter, substrate−binding component
Putative deoxyribonuclease YjjV

Putative deoxyribose−specific ABC transporter, ATP−binding protein
Putative deoxyribose−specific ABC transporter, permease protein

Pyrimidine−nucleoside phosphorylase (EC 2.4.2.2)
Ribokinase (EC 2.7.1.15)

Thymidine phosphorylase (EC 2.4.2.4)

Dihydroxyacetone kinase, ATP−dependent (EC 2.7.1.29)

Phosphoenolpyruvate−dihydroxyacetone phosphotransferase (EC 2.7.1.121), ADP−binding subunit DhaL

Putative dihydroxyacetone kinase (EC 2.7.1.29), dihydroxyacetone binding subunit

2,3−bisphosphoglycerate−independent phosphoglycerate mutase (EC 5.4.2.1)
2,3−bisphosphoglycerate−independent phosphoglycerate mutase, archaeal type (EC 5.4.2.1)

6−phosphogluconolactonase (EC 3.1.1.31)
6−phosphogluconolactonase (EC 3.1.1.31), eukaryotic type

Enolase (EC 4.2.1.11)
Glucokinase (EC 2.7.1.2)

Gluconate dehydratase (EC 4.2.1.39)
Gluconolactonase (EC 3.1.1.17)

Glucose−6−phosphate 1−dehydrogenase (EC 1.1.1.49)
Non−phosphorylating glyceraldehyde−3−phosphate dehydrogenase (NADP) (EC 1.2.1.9)

OpcA, an allosteric effector of glucose−6−phosphate dehydrogenase, actinobacterial
Phosphogluconate dehydratase (EC 4.2.1.12)

Phosphoglycerate mutase (EC 5.4.2.1)
Polyphosphate glucokinase (EC 2.7.1.63)

Pyruvate kinase (EC 2.7.1.40)

Possible D−erythrulose 4−phosphate dehydrogenase EryC (EC 1.1.1.−)

Predicted erythritol ABC transporter 1, ATP−binding component 2

Predicted erythritol ABC transporter 1, substrate−binding component

Predicted erythritol ABC transporter 2, permease component

Predicted erythritol ABC transporter 2, substrate−binding component

Acetaldehyde dehydrogenase, ethanolamine utilization cluster

ATP:Cob(I)alamin adenosyltransferase (EC 2.5.1.17), ethanolamine utilization

Ethanolamine ammonia−lyase heavy chain (EC 4.3.1.7)

Ethanolamine permease

Ethanolamine sensory transduction histidine kinase

Ethanolamine utilization polyhedral−body−like protein EutM

Ethanolamine utilization polyhedral−body−like protein EutN

Ethanolamine utilization protein EutA

Ethanolamine utilization protein similar to PduA/PduJ

Phosphate acetyltransferase (EC 2.3.1.8), ethanolamine utilization−specific

Acyltransferase family protein associated with ethylmalonyl−CoA pathway

Crotonyl−CoA carboxylase/reductase, ethylmalonyl−CoA producing

Ethylmalonyl−CoA mutase, methylsuccinyl−CoA−forming

L−malyl−CoA/beta−methylmalyl−CoA lyase (EC 4.1.3.−), actinobacterial type

Mesaconyl−CoA hydratase

Methylsuccinyl−CoA dehydrogenase, predicted by (Erb et al, 2007)

Putative cyclic di−GMP phosphodiesterase, EAL domain protein

D−lactate dehydrogenase (EC 1.1.1.28)

L−lactate dehydrogenase (EC 1.1.1.27)

Xylulose−5−phosphate phosphoketolase (EC 4.1.2.9)

Formate efflux transporter (TC 2.A.44 family)

Phosphoenolpyruvate carboxylase, archaeal (EC 4.1.1.31)

Pyruvate formate−lyase activating enzyme (EC 1.97.1.4)

Sugar/maltose fermentation stimulation protein homolog

Formaldehyde activating enzyme

Transcriptional regulator HxlR, formaldehyde assimilation

Alpha−galactosidase (EC 3.2.1.22)

Alpha−mannosidase (EC 3.2.1.24)

Glucan 1,6−alpha−glucosidase (EC 3.2.1.70)

MSM (multiple sugar metabolism) operon regulatory protein

Multiple sugar ABC transporter, ATP−binding protein

Multiple sugar ABC transporter, membrane−spanning permease protein MsmF

Multiple sugar ABC transporter, membrane−spanning permease protein MsmG

Multiple sugar ABC transporter, substrate−binding protein

Raffinose operon transcriptional regulatory protein RafR

Sucrose phosphorylase (EC 2.4.1.7)

Sucrose−6−phosphate hydrolase (EC 3.2.1.26)

1−phosphofructokinase (EC 2.7.1.56)

Fructokinase (EC 2.7.1.4)

Fructose ABC transporter, ATP−binding component FrcA

Fructose ABC transporter, permease component FrcC

Fructose ABC transporter, substrate−binding component FrcB

Transcriptional regulator FrcR for fructose utilization, ROK family

Transcriptional repressor of the fructose operon, DeoR family

D−glycerate 3−kinase (EC 2.7.1.31), plant type

Hydroxypyruvate isomerase (EC 5.3.1.22)

Hydroxypyruvate reductase (EC 1.1.1.81)

Serine−−glyoxylate aminotransferase (EC 2.6.1.45)

Aerobic glycerol−3−phosphate dehydrogenase (EC 1.1.5.3)
Alpha−glycerophosphate oxidase (EC 1.1.3.21)

Anaerobic glycerol−3−phosphate dehydrogenase subunit A (EC 1.1.5.3)
Glycerol kinase (EC 2.7.1.30)

Glycerol uptake facilitator protein
Glycerol uptake operon antiterminator regulatory protein

Glycerol−3−phosphate ABC transporter, ATP−binding protein UgpC (TC 3.A.1.1.3)
Glycerol−3−phosphate ABC transporter, permease protein UgpE (TC 3.A.1.1.3)

Glycerol−3−phosphate dehydrogenase (EC 1.1.5.3)
Glycerol−3−phosphate dehydrogenase [NAD(P)+] (EC 1.1.1.94)

Glycerol−3−phosphate regulon repressor, DeoR family
Glycerol−3−phosphate transporter

Glycerophosphoryl diester phosphodiesterase (EC 3.1.4.46)

Glycerol dehydratase reactivation factor large subunit

1,4−alpha−glucan (glycogen) branching enzyme, GH−13−type (EC 2.4.1.18)

4−alpha−glucanotransferase (amylomaltase) (EC 2.4.1.25)

Glucose−1−phosphate adenylyltransferase (EC 2.7.7.27)

Glycogen biosynthesis protein GlgD, glucose−1−phosphate adenylyltransferase family

Glycogen branching enzyme, GH−57−type, archaeal (EC 2.4.1.18)

Glycogen debranching enzyme (EC 3.2.1.−)

Glycogen phosphorylase (EC 2.4.1.1)

Glycogen synthase, ADP−glucose transglucosylase (EC 2.4.1.21)

Predicted glycogen synthase, ADP−glucose transglucosylase (EC 2.4.1.21), Actinobacterial type

Putative glycogen debranching enzyme, archaeal type, TIGR01561

(S)−2−hydroxy−acid oxidase (EC 1.1.3.15)

D−Lactate dehydrogenase, cytochrome c−dependent (EC 1.1.2.4)

Glycolate dehydrogenase (EC 1.1.99.14), FAD−binding subunit GlcE

Glycolate dehydrogenase (EC 1.1.99.14), iron−sulfur subunit GlcF

Glycolate oxidase (EC 1.1.3.15)

Phosphoglycolate phosphatase, archaeal type (EC 3.1.3.18)

Transcriptional regulator, LysR family, in glycolate utilization operon

Fructose−1,6−bisphosphatase, Bacillus type (EC 3.1.3.11)

Glucose−6−phosphate isomerase, archaeal II (EC 5.3.1.9)

Predicted Fructose−bisphosphate aldolase (EC 4.1.2.13) in Geobacter

Pyrophosphate−−fructose 6−phosphate 1−phosphotransferase, alpha subunit (EC 2.7.1.90)

Pyrophosphate−−fructose 6−phosphate 1−phosphotransferase, beta subunit (EC 2.7.1.90)

Pyruvate,phosphate dikinase (EC 2.7.9.1)

Glyceraldehyde−3−phosphate: ferredoxin oxidoreductase (EC 1.2.7.6)

Non−phosphorylating glyceraldehyde−3−phosphate dehydrogenase (NAD)

Phosphoenolpyruvate synthase (EC 2.7.9.2)

(R)−2−hydroxyacid dehydrogenase, similar to L−sulfolactate dehydrogenase (EC 1.1.1.272)

Aconitate hydratase (EC 4.2.1.3)

Aconitate hydratase 2 (EC 4.2.1.3)

Citrate synthase (si) (EC 2.3.3.1)

Isocitrate dehydrogenase phosphatase (EC 2.7.11.5)/kinase (EC 3.1.3.−)

Isocitrate lyase (EC 4.1.3.1)

Isocitrate lyase (EC 4.1.3.1), group III, Mycobacterial type ICL2

Malate dehydrogenase (EC 1.1.1.37)

Malate synthase (EC 2.3.3.9)

Malate synthase G (EC 2.3.3.9)

5−deoxy−glucuronate isomerase (EC 5.3.1.−)
5−keto−2−deoxy−D−gluconate−6 phosphate aldolase [form 2] (EC 4.1.2.29)

5−keto−2−deoxygluconokinase (EC 2.7.1.92)
Epi−inositol hydrolase (EC 3.7.1.−)
Inositol oxygenase (EC 1.13.99.1)

Inositol transport system ATP−binding protein
Inositol transport system permease protein

Inositol transport system sugar−binding protein
Inosose dehydratase (EC 4.2.1.44)

Inosose isomerase (EC 5.3.99.−)
Methylmalonate−semialdehyde dehydrogenase [inositol] (EC 1.2.1.27)

Minor myo−inositol transporter IolF
Myo−inositol 2−dehydrogenase (EC 1.1.1.18)

Myo−inositol 2−dehydrogenase 1 (EC 1.1.1.18)
Myo−inositol 2−dehydrogenase 2 (EC 1.1.1.18)

Predicted transcriptional regulator of the myo−inositol catabolic operon
uncharacterized domain

Alpha−arabinosides ABC transport system, substrate−binding protein
Alpha−L−arabinofuranosidase II precursor (EC 3.2.1.55)

Alpha−N−arabinofuranosidase (EC 3.2.1.55)
Alpha−N−arabinofuranosidase 2 (EC 3.2.1.55)
Alpha−N−arabinofuranosidase II (EC 3.2.1.55)

Arabinan endo−1,5−alpha−L−arabinosidase (EC 3.2.1.99)
Arabinose operon regulatory protein

Hypothetical glycoside hydrolase, family 43, similar to arabinosidase
L−2−keto−3−deoxyarabonate dehydratase (EC 4.2.1.43)

L−arabinolactonase (EC 3.1.1.15)
L−arabinose isomerase (EC 5.3.1.4)

L−arabinose transport ATP−binding protein AraG (TC 3.A.1.2.2)
L−arabinose transport system permease protein (TC 3.A.1.2.2)

L−arabinose−binding periplasmic protein precursor AraF (TC 3.A.1.2.2)
L−arabinose−specific 1−epimerase (mutarotase)

L−arabonate dehydratase (EC 4.2.1.25)
L−ribulose−5−phosphate 4−epimerase (EC 5.1.3.4)

Possible GPH family transporter (TC 2.A.2) for arabinosides
Predicted L−arabinose ABC transport system, ATP−binding protein

Predicted L−arabinose ABC transport system, periplasmic arabinose−binding protein
Predicted L−arabinose ABC transport system, permease protein 2

Predicted L−arabinose isomerase (EC 5.3.1.4)
Protein AraJ precursor

Ribulokinase (EC 2.7.1.16)
Transcriptional regulator of the arabinose operon in Shewanella, GntR family

3−dehydro−L−gulonate 2−dehydrogenase (EC 1.1.1.130)

Ascorbate−specific PTS system, EIIB component (EC 2.7.1.69)

Alpha−L−fucosidase (EC 3.2.1.51)

Fucose permease

L−fucose isomerase (EC 5.3.1.25)

L−fucose mutarotase

Possible alternative L−fucose mutarotase

Transcriptional regulator of fucose utilization, GntR family

L−fuco−beta−pyranose dehydrogenase

L−fuconate dehydratase (EC 4.2.1.68)

L−fuconolactone hydrolase

Aldehyde dehydrogenase A (EC 1.2.1.22)Alfa−L−rhamnosidase (EC 3.2.1.40)L−rhamno−gamma−lactonase (EC 3.1.1.65)L−rhamnonate dehydratase (EC 4.2.1.90)L−rhamnose isomerase (EC 5.3.1.14)L−rhamnose mutarotaseL−rhamnose operon transcriptional activator RhaRL−rhamnose−1−dehydrogenase ( EC 1.1.1.173)L−rhamnose−proton symporterPredicted alpha−L−rhamnosidasePredicted L−rhamnose ABC transporter, ATP−binding componentPredicted L−rhamnose ABC transporter, substrate−binding componentPredicted L−rhamnose ABC transporter, transmembrane component 1Predicted L−rhamnose ABC transporter, transmembrane component 2Predicted L−rhamnose permease RhaYPredicted lactaldehyde dehydrogenase (EC 1.2.1.22)Predicted rhamnogalacturonan lyase in rhamnose utilization clusterPredicted rhamnogalacturonide−specific TRAP−type transporter, large transmembrane component RhiCPredicted rhamnose oligosaccharide ABC transport system, permease componentPredicted rhamnose oligosaccharide ABC transport system, permease component 2Predicted rhamnose oligosaccharide ABC transport system, substrate−binding componentPredicted rhamnose oligosaccharide ABC transporter, permease component 1rhamnogalacturonan acetylesteraseRhamnulokinase (EC 2.7.1.5)Rhamnulokinase RhaK in alpha−proteobacteria (EC 2.7.1.5)Transcriptional regulator of rhamnose utilization, DeoR familyTranscriptional regulator of rhamnose utilization, GntR familyTranscriptional regulator of rhamnose utilization, LacI familyTranscriptional regulator of rhamnose utilization, LysR family

L−lactate dehydrogenase (EC 1.1.2.3)

L−lactate permease

Lactate−responsive regulator LldR in Actinobacteria, GntR family

Predicted D−lactate dehydrogenase, Fe−S protein, FAD/FMN−containing

Predicted L−lactate dehydrogenase, Iron−sulfur cluster−binding subunit YkgF

Predicted Lactate−responsive regulator, IclR family

N−acetylhexosamine 1−kinase

Predicted galacto−N−biose−/lacto−N−biose I ABC transporter, periplasmic substrate−binding protein

Predicted galacto−N−biose−/lacto−N−biose I ABC transporter, permease component 1

Aldose 1−epimerase (EC 5.1.3.3)

Arabinogalactan endo−1,4−beta−galactosidase (EC 3.2.1.89)

Galactokinase (EC 2.7.1.6)

Lactose and galactose permease, GPH translocator family

Lactose phosphotransferase system repressor

Mgl repressor and galactose ultrainduction factor GalS, HTH−type transcriptional regulator

Predicted galactoside ABC transporter type II, permease protein 2

Transcriptional repressor of the lac operon

Malonate decarboxylase alpha subunit

Malonate transporter, MadM subunit

Malonate utilization transcriptional regulator

Triphosphoribosyl−dephospho−CoA synthetase (EC 2.7.8.25)

Alpha−amylase (EC 3.2.1.1)
Cytoplasmic alpha−amylase (EC 3.2.1.1)

Glucoamylase (EC 3.2.1.3)
Inner membrane ABC transporter permease protein YcjO

Malto−oligosyltrehalose synthase (EC 5.4.99.15)
Maltodextrin glucosidase (EC 3.2.1.20)

Maltose operon transcriptional repressor MalR, LacI family
Maltose−6'−phosphate glucosidase (EC 3.2.1.122)

Maltose/maltodextrin ABC transporter, permease protein MalF
Maltose/maltodextrin ABC transporter, permease protein MalG

Maltose/maltodextrin transport ATP−binding protein MalK (EC 3.6.3.19)
Mlc, transcriptional repressor of MalT (the transcriptional activator of maltose regulon) and manXYZ operon

Neopullulanase (EC 3.2.1.135)
Oligo−1,6−glucosidase (EC 3.2.1.10)

Predicted maltose transporter MalT
PTS system, maltose and glucose−specific IIA component (EC 2.7.1.69)
PTS system, maltose and glucose−specific IIC component (EC 2.7.1.69)

Pullulanase (EC 3.2.1.41)
Putative sucrose phosphorylase (EC 2.4.1.7)

Transcriptional activator of maltose regulon, MalT
Transcriptional regulator of maltose utilization, LacI family

Mannitol operon activator, BglG family

Multiple polyol−specific dehydrogenase (EC 1.1.1.−)

PTS system, mannitol−specific IIA component (EC 2.7.1.69)

PTS system, mannitol−specific IIB component (EC 2.7.1.69)

Transcriptional regulator of mannitol utilization, DeoR family protein

Activator of the mannose operon (transcriptional antiterminator), BglG family
Alpha−1,2−mannosidase

Beta−mannan and fructose induced hypothetical ABC transporter, ATP−binding protein 1
Beta−mannosidase (EC 3.2.1.25)

Endo−1,4−beta−mannosidase
Endoglucanase (EC 3.2.1.4)

Fructokinase in mannoside utilization gene cluster (EC 2.7.1.4)
GDP−mannose mannosyl hydrolase (EC 3.6.1.−)

Hexokinase (EC 2.7.1.1)
Mannoside ABC transport system, ATP−binding protein 2

Mannoside ABC transport system, permease protein 2
Predicted glycosylase, COG2152

PTS system, mannose−specific IIA component (EC 2.7.1.69)
PTS system, mannose−specific IIB component (EC 2.7.1.69)
PTS system, mannose−specific IIC component (EC 2.7.1.69)
PTS system, mannose−specific IID component (EC 2.7.1.69)

Putative regulator of the mannose operon, ManO

Melibiose operon regulatory protein

Formylmethanofuran dehydrogenase (tungsten) subunit B (EC 1.2.99.5)

Formylmethanofuran dehydrogenase subunit B (EC 1.2.99.5)

Formylmethanofuran−−tetrahydromethanopterin N−formyltransferase (EC 2.3.1.101)

N5−methyltetrahydromethanopterin:coenzyme M methyltransferase subunit A (EC 2.1.1.86)

Methanol:corrinoid methyltransferase

Methylcobalamin:coenzyme M methyltransferase, methanol−specific

2−methylcitrate dehydratase FeS dependent (EC 4.2.1.79)

2−methylcitrate synthase (EC 2.3.3.5)

2−methylisocitrate dehydratase (EC 4.2.1.99)

Methylisocitrate lyase (EC 4.1.3.30)

Propionate catabolism operon regulatory protein PrpR

Propionate catabolism operon transcriptional regulator of GntR family [predicted]

Propionate−−CoA ligase (EC 6.2.1.17)

PrpF protein involved in 2−methylcitrate cycle

Aldehyde dehydrogenase (EC 1.2.1.3)

NADPH−dependent methylglyoxal reductase (D−lactaldehyde dehydrogenase)

Beta−phosphoglucomutase (EC 5.4.2.6)

Chondroitinase (chondroitin lyase)

Galactosamine−6−phosphate isomerase (EC 5.3.1.−)

N−acetylgalactosamine−6−phosphate deacetylase (EC 3.5.1.25)

Predicted secreted alpha−N−acetylgalactosaminidase (EC 3.2.1.49)

Tagatose−6−phosphate kinase AgaZ (EC 2.7.1.144)

Methylene tetrahydromethanopterin dehydrogenase (EC 1.5.99.9)

N(5),N(10)−methenyltetrahydromethanopterin cyclohydrolase (EC 3.5.4.27)

DNA−binding response regulator GltR, controls specific porins for the entry of glucose

2−oxoglutarate/malate translocator

L−alanine:glyoxylate aminotransferase (EC 2.6.1.44)

Malyl−CoA lyase (EC 4.1.3.24)

Carbohydrate Esterase Family 4

COG1649 predicted glycoside hydrolase

Propanediol utilization polyhedral body protein PduJ

Propanediol utilization polyhedral body protein PduN

Propanediol utilization protein PduL

Methylmalonyl−CoA mutase (EC 5.4.99.2)

Propionyl−CoA carboxylase biotin−containing subunit (EC 6.4.1.3)

Propionyl−CoA carboxylase carboxyl transferase subunit (EC 6.4.1.3)

Alanine dehydrogenase (EC 1.4.1.1)

D−alanine aminotransferase (EC 2.6.1.21)

Aerobic C4−dicarboxylate transporter for fumarate, L−malate, D−malate, succunate

Malate permease

Malolactic regulator

NAD−dependent malic enzyme (EC 1.1.1.38)

NADP−dependent malic enzyme (EC 1.1.1.40)

Phosphoenolpyruvate carboxykinase [ATP] (EC 4.1.1.49)

Phosphoenolpyruvate carboxykinase [GTP] (EC 4.1.1.32)

Pyruvate carboxyl transferase (EC 6.4.1.1)

Acetyl−CoA synthetase (ADP−forming) alpha and beta chains, putative

Acetyltransferase AcuA, acetyl−CoA synthetase inhibitor

Dihydrolipoamide dehydrogenase of pyruvate dehydrogenase complex (EC 1.8.1.4)

Lactate 2−monooxygenase (EC 1.13.12.4)

NAD−independent protein deacetylase AcuC

Putative membrane protein, clustering with ActP

Pyruvate decarboxylase (EC 4.1.1.1)

Pyruvate oxidase (EC 1.2.3.3)

Pyruvate oxidase [ubiquinone, cytochrome] (EC 1.2.2.2)

Pyruvate−flavodoxin oxidoreductase (EC 1.2.7.−)

Pyruvate:ferredoxin oxidoreductase, alpha subunit (EC 1.2.7.1)

Pyruvate:ferredoxin oxidoreductase, beta subunit (EC 1.2.7.1)

Pyruvate:ferredoxin oxidoreductase, delta subunit (EC 1.2.7.1)

Pyruvate:ferredoxin oxidoreductase, gamma subunit (EC 1.2.7.1)

5−FCL−like protein, but predicted not to be 5−formyltetrahydrofolate cyclo−ligase (5−FCL)
crotonyl−CoA reductase

Fumarate hydratase class I, aerobic (EC 4.2.1.2)
Fumarate hydratase class I, anaerobic (EC 4.2.1.2)

low−specificity D−threonine aldolase
Phosphoglyceromutase

putative isobutyryl−CoA mutase, chain B
Putative malate dehydrogenase (EC 1.1.1.37), similar to archaeal MJ1425

Serine−−pyruvate aminotransferase (EC 2.6.1.51)
Serine−pyruvate aminotransferase/archaeal aspartate aminotransferase

Succinyl−CoA ligase [ADP−forming] alpha chain (EC 6.2.1.5)
Succinyl−CoA ligase [ADP−forming] beta chain (EC 6.2.1.5)

Predicted sucrose permease, MFS family, FucP subfamily

Predicted sucrose−specific TonB−dependent receptor

Maltodextrin glycosyltransferase MmtA

Myo−inositol ABC transporter, periplasmic sugar−binding protein InoE

Predicted sugar dehydrogenase TM0325

Putative alpha−glucosidase

Putative alpha−glucosidase (EC 3.2.1.−)

Regulator of myo−inositol utilization IolR, ROK family

Unknown pentose kinase TM0952

Aconitate hydratase X, predicted

Fumarate hydratase class I (EC 4.2.1.2)

Isocitrate dehydrogenase [NAD] (EC 1.1.1.41)

Alpha,alpha−trehalose−phosphate synthase [UDP−forming] (EC 2.4.1.15)

Malto−oligosyltrehalose trehalohydrolase (EC 3.2.1.141)

Trehalose phosphorylase (EC 2.4.1.64)

Trehalose synthase (EC 5.4.99.16)

Trehalose−6−phosphate phosphatase (EC 3.1.3.12)

Cytoplasmic trehalase (EC 3.2.1.28)

Glucose/mannose:H+ symporter GlcP

Predicted trehalose ABC transporter, permease component 2, Archaea−type

Predicted trehalose permease, MFS family

Predicted trehalose permease, MFS family, FucP subfamily

PTS system, glucose−specific IIC component (EC 2.7.1.69)

PTS system, trehalose−specific IIC component (EC 2.7.1.69)

Putative cytoplasmic protein clustered with trehalase

Trehalose 6−phosphate phosphorylase (EC 2.4.1.216)

Trehalose synthase, nucleoside diphosphate glucose dependent

Trehalose−regulated TonB−dependent outer membrane receptor

TcuA: flavoprotein used to oxidize tricarballylate to cis−aconitate

TcuB: works with TcuA to oxidize tricarballylate to cis−aconitate

TcuC: integral membrane protein used to transport tricarballylate across the cell membrane

TcuR: regulates tcuABC genes used in utilization of tricarballylate

Putative oxidoreductase YdjL

Putative oxidoreductase YeaE, aldo/keto reductase family

Uncharacterized sugar kinase YdjH

UPF0229 protein YeaH

Putative nucleoside transporter YegT

Putative carbohydrate kinase in cluster with fructose−bisphosphate aldolase

LacI family transcriptional regulator, row 218

Inner membrane protein YphA

Uncharacterized protein YphG, TPR−domain containing

Extracellular endo−1,4−glucanase

Glucose oligosaccharide ABC transport system, ATP−binding protein 2

Acetyl xylan esterase (EC 3.1.1.41)
Acetyl xylan esterase XylU (EC 3.1.1.41)

Beta−xylosidase (EC 3.2.1.37)
D−xylose transport ATP−binding protein XylG

Novel Xylose regulator from LacI family
Possible alpha−xyloside ABC transporter, ATP−binding component

Possible alpha−xyloside ABC transporter, permease component
Possible alpha−xyloside ABC transporter, substrate−binding component

predicted xylose isomerase
Xylanase

Xylonate dehydratase (EC 4.2.1.82)
Xylose ABC transporter, periplasmic xylose−binding protein XylF

Xylose ABC transporter, permease protein XylH
Xylose ABC transporter, substrate−binding component

Xylose activator XylR (AraC family)
Xylose isomerase (EC 5.3.1.5)

Xylose oligosaccharides ABC transporter, ATP−binding protein 2
Xylose oligosaccharides ABC transporter, permease protein 1

Xyloside transporter XynT
Xylulose kinase (EC 2.7.1.17)

Effect of perturbation

Carbohydrates
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Cell division protein FtsL
Cell division protein FtsN

Chromosome (plasmid) partitioning protein ParA
Chromosome (plasmid) partitioning protein ParB

MreB−like protein (Mbl protein)
Penicillin−binding protein PBP2

Rod shape−determining protein MreD
Rod shape−determining protein RodA

Sporulation initiation inhibitor protein Soj

FIG001721: Predicted N6−adenine−specific DNA methylase

Recombination protein RecU

Uncharacterized protein YppC

Circadian clock protein KaiC

Circadian input kinase A

Circadian oscillation regulator KaiB

Circadian phase modifier

Group 2 RNA polymerase sigma factor

SSU ribosomal protein S21p

Chromosome partition protein smc

Pseudouridine synthase family protein

Signal recognition particle associated protein

Signal recognition particle, subunit Ffh SRP54 (TC 3.A.5.1.1)

Effect of perturbation

Cell Division and Cell Cycle
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Alginate biosynthesis protein Alg8
Alginate biosynthesis protein AlgX

Hexuronate transporter
Mannose−1−phosphate guanylyltransferase (GDP) (EC 2.7.7.22)

Mannose−6−phosphate isomerase (EC 5.3.1.8)
Pectin degradation protein KdgF

Phosphomannomutase (EC 5.4.2.8)
Poly(beta−D−mannuronate) C5 epimerase precursor (EC 5.1.3.−)

Probable poly(beta−D−mannuronate) O−acetylase (EC 2.3.1.−)

Glycosyl transferase, group 1 family, anthrose biosynthesis

Methyltransferase, anthrose biosynthesis

D−glycero−D−manno−heptose 1−phosphate guanosyltransferase
D−glycero−D−manno−heptose 1,7−bisphosphate phosphatase (EC 3.1.1.−)

D,D−heptose 7−phosphate kinase
dTDP−4−dehydrorhamnose 3,5−epimerase (EC 5.1.3.13)

GDP−L−fucose synthetase (EC 1.1.1.271)
GDP−mannose 4,6−dehydratase (EC 4.2.1.47)

Phosphoheptose isomerase (EC 5.3.1.−)
Phosphoheptose isomerase 1 (EC 5.3.1.−)

Capsular polysaccharide ABC transporter, ATP−binding protein KpsT

Capsular polysaccharide ABC transporter, permease protein KpsM

Capsular polysaccharide export system inner membrane protein KpsE

Capsular polysaccharide export system periplasmic protein KpsD

Capsular polysaccharide biosynthesis protein CapD
Capsular polysaccharide biosynthesis protein WcbQ

Capsular polysaccharide biosynthesis/export periplasmic protein WcbC
Capsular polysaccharide export system protein KpsC

Glycosyl transferase, group 1 family protein (EC 2.4.1.−)
Low molecular weight protein−tyrosine−phosphatase Wzb (EC 3.1.3.48)

O−antigen flippase Wzx
Oligosaccharide repeat unit polymerase Wzy

Oxidoreductase, short−chain dehydrogenase/reductase family (EC 1.1.1.−)
Polysaccharide export lipoprotein Wza

Tyrosine−protein kinase Wzc (EC 2.7.10.2)
UDP−N−acetylglucosamine 4−epimerase (EC 5.1.3.7)

N−Acetylneuraminate cytidylyltransferase (EC 2.7.7.43)

N−acetylneuraminate synthase (EC 2.5.1.56)

Carbamoyltransferase in large core OS assembly cluster

Glycosyl transferase in large core OS assembly cluster

Hypothetical protein FIG015671 in large core OS assembly cluster

D−alanine−−poly(phosphoribitol) ligase subunit 1 (EC 6.1.1.13)

D−alanine−−poly(phosphoribitol) ligase subunit 2 (EC 6.1.1.13)

D−alanyl transfer protein DltB

dTDP−Rha:A−D−GlcNAc−diphosphoryl polyprenol, A−3−L−rhamnosyl transferase WbbL

dTDP−rhamnosyl transferase RfbF (EC 2.−.−.−)

Glucose−1−phosphate thymidylyltransferase (EC 2.7.7.24)

Capsular polysaccharide synthesis enzyme CpsA, sugar transferase
Capsular polysaccharide synthesis enzyme CpsB

Capsular polysaccharide synthesis enzyme CpsC, polysaccharide export
Capsular polysaccharide synthesis enzyme CpsD, exopolysaccharide synthesis

Glycosyl transferase, group 1 family protein
Tyrosine−protein kinase EpsD (EC 2.7.10.2)

Tyrosine−protein kinase transmembrane modulator EpsC

Inner membrane metabolite transport protein YhjE

Uncharacterized protein YhjG

3−deoxy−D−manno−octulosonate 8−phosphate phosphatase (EC 3.1.3.45)3−deoxy−D−manno−octulosonic−acid transferase (EC 2.−.−.−)3−deoxy−manno−octulosonate cytidylyltransferase (EC 2.7.7.38)Acyl−[acyl−carrier−protein]−−UDP−N−acetylglucosamine O−acyltransferase (EC 2.3.1.129)Arabinose 5−phosphate isomerase (EC 5.3.1.13)Lipid A biosynthesis (KDO) 2−(lauroyl)−lipid IVA acyltransferase (EC 2.3.1.−)Lipid A biosynthesis lauroyl acyltransferase (EC 2.3.1.−)Lipid A export ATP−binding/permease protein MsbA (EC 3.6.3.25)Lipopolysaccharide ABC transporter, ATP−binding protein LptBLPS−assembly lipoprotein RlpB precursor (Rare lipoprotein B)LptA, protein essential for LPS transport across the periplasmPredicted hydrolase of the metallo−beta−lactamase superfamily, clustered with KDO2−Lipid A biosynthesis genesProtein of unknown function DUF1009 clustered with KDO2−Lipid A biosynthesis genesTetraacyldisaccharide 4'−kinase (EC 2.7.1.130)UDP−2,3−diacylglucosamine hydrolase (EC 3.6.1.−)UDP−3−O−[3−hydroxymyristoyl] glucosamine N−acyltransferase (EC 2.3.1.−)

Bacillosamine/Legionaminic acid biosynthesis aminotransferase PglE

Legionaminic acid biosynthesis protein PtmA

Legionaminic acid biosynthesis protein PtmG

Fe(2+)/alpha−ketoglutarate−dependent dioxygenase LpxO

Lipid A 3−O−deacylase

Phosphoethanolamine transferase EptA specific for the 1 phosphate group of core−lipid A

Phosphoethanolamine transferase specific for the outer Kdo residue of lipopolysaccharide

Sensor protein basS/pmrB (EC 2.7.3.−)

Transcriptional regulatory protein basR/pmrA

Polymyxin resistance protein ArnA_DH, UDP−glucuronic acid decarboxylase (EC 4.1.1.−)
Polymyxin resistance protein ArnA_FT, UDP−4−amino−4−deoxy−L−arabinose formylase (EC 2.1.2.−)

Polymyxin resistance protein ArnC, glycosyl transferase (EC 2.4.−.−)
Polymyxin resistance protein ArnT, undecaprenyl phosphate−alpha−L−Ara4N transferase

Polymyxin resistance protein PmrJ, predicted deacetylase
UDP−4−amino−4−deoxy−L−arabinose−−oxoglutarate aminotransferase (EC 2.6.1.−)

UDP−glucose dehydrogenase (EC 1.1.1.22)

Inner membrane protein YrbG, predicted calcium/sodium:proton antiporter
Lipoprotein releasing system ATP−binding protein LolD

Lipoprotein releasing system transmembrane protein LolC
Lipoprotein releasing system transmembrane protein LolE

Outer membrane lipoprotein carrier protein LolA
Outer membrane lipoprotein SmpA, a component of the essential YaeT outer−membrane protein assembly complex

Outer membrane protein assembly factor YaeT precursor
Outer membrane protein Imp, required for envelope biogenesis

Probable component of the lipoprotein assembly complex (forms a complex with YaeT, YfgL, and NlpB)
Uncharacterized ABC transporter, ATP−binding protein YrbF
Uncharacterized ABC transporter, auxiliary component YrbC

Uncharacterized ABC transporter, periplasmic component YrbD
Uncharacterized ABC transporter, permease component YrbE

FIG043197: Inositol monophosphatase family protein

Protein of unknown function DUF374

TldE/PmbA protein, part of proposed TldE/TldD proteolytic complex (PMID 12029038)

Uncharacterized protein, Bsl7517 homolog

ADP−heptose synthase (EC 2.7.−.−)
ADP−heptose−−lipooligosaccharide heptosyltransferase II (EC 2.4.1.−)

ADP−L−glycero−D−manno−heptose−6−epimerase (EC 5.1.3.20)
Beta−1,3−glucosyltransferase

Lipopolysaccharide core biosynthesis glycosyltransferase, group 2 family protein (EC 2.4.1.−)
Lipopolysaccharide core biosynthesis protein WaaP (EC 2.7.−.−), heptosyl−I−kinase

Lipopolysaccharide heptosyltransferase I (EC 2.4.1.−)
Lipopolysaccharide heptosyltransferase III (EC 2.4.1.−)

O−antigen ligase
Putative two−domain glycosyltransferase

UDP−galactopyranose mutase (EC 5.4.99.9)
UDP−glucose:(heptosyl) LPS alpha1,3−glucosyltransferase WaaG (EC 2.4.1.−)

Maltoporin (maltose/maltodextrin high−affinity receptor, phage lambda receptor protein)

Osmolarity sensory histidine kinase EnvZ

Outer membrane protein A precursor

Outer membrane protein H precursor

Outer membrane protein W precursor

Two−component system response regulator OmpR

Membrane−bound lytic murein transglycosylase A precursor (EC 3.2.1.−)

Membrane−bound lytic murein transglycosylase B precursor (EC 3.2.1.−)

Membrane−bound lytic murein transglycosylase C precursor (EC 3.2.1.−)

Soluble lytic murein transglycosylase precursor (EC 3.2.1.−)

Phenolpthiocerol synthesis polyketide synthase ppsB

POSSIBLE CONSERVED POLYKETIDE SYNTHASE ASSOCIATED PROTEIN PAPA5

POSSIBLE LINOLEOYL−CoA DESATURASE (DELTA(6)−DESATURASE)

SECRETED ANTIGEN 85−C FBPC (85C) (ANTIGEN 85 COMPLEX C) (AG58C) (MYCOLYL TRANSFERASE 85C) (FIBRONECTIN−BINDING PROTEIN C)

Glucosamine−1−phosphate N−acetyltransferase (EC 2.3.1.157)
Monofunctional biosynthetic peptidoglycan transglycosylase (EC 2.4.2.−)

Multimodular transpeptidase−transglycosylase (EC 2.4.1.129) (EC 3.4.−.−)
Murein−DD−endopeptidase (EC 3.4.99.−)

N−acetylglucosamine−1−phosphate uridyltransferase eukaryotic (EC 2.7.7.23)
Phospho−N−acetylmuramoyl−pentapeptide−transferase (EC 2.7.8.13)

Rare lipoprotein A precursor
UDP−N−acetylenolpyruvoylglucosamine reductase (EC 1.1.1.158)

UDP−N−acetylglucosamine 1−carboxyvinyltransferase (EC 2.5.1.7)
UDP−N−acetylmuramate−−alanine ligase (EC 6.3.2.8)

UDP−N−acetylmuramoylalanine−−D−glutamate ligase (EC 6.3.2.9)

D−alanine−−D−alanine ligase B (EC 6.3.2.4)

UDP−N−acetylmuramate:L−alanyl−gamma−D−glutamyl−meso−diaminopimelate ligase (EC 6.3.2.−)

UDP−N−acetylmuramoylalanyl−D−glutamate−−L−diaminobutyrate ligase

UDP−N−acetylmuramoylalanyl−D−glutamate−−L−ornithine ligase

UDP−N−acetylmuramoylalanyl−D−glutamate−−L,L−2,6−diaminopimelate ligase

L,D−transpeptidase YcbB

Lipoteichoic acid primase LtaP

Lipoteichoic acid synthase LtaS Type Ia

Lipoteichoic acid synthase LtaS Type IIIa

Lipoteichoic acid synthase LtaS Type IVa

Lipoteichoic acid synthase LtaS Type IVb

Peptidoglycan N−acetylglucosamine deacetylase (EC 3.5.1.−)

Polysaccharide deacetylase

AmpG permease

Gamma−D−Glutamyl−meso−Diaminopimelate Amidase

N−acetylmuramoyl−L−alanine amidase (EC 3.5.1.28)

N−acetylmuramoyl−L−alanine amidase (EC 3.5.1.28) AmpD

Anhydro−N−acetylmuramic acid kinase (EC 2.7.1.−)

N−acetylmuramic acid 6−phosphate etherase (EC 4.2.−.−)

Alpha−D−GlcNAc alpha−1,2−L−rhamnosyltransferase (EC 2.4.1.−)

Alpha−L−Rha alpha−1,2−L−rhamnosyltransferase/alpha−L−Rha alpha−1,3−L− rhamnosyltransferase (EC 2.4.1.−)

capsular polysaccharide biosynthesis protein

Glycerol−3−phosphate cytidylyltransferase (EC 2.7.7.39)

N−acetylmannosamine kinase (EC 2.7.1.60)
N−acylglucosamine 2−epimerase (EC 5.1.3.8)

Predicted sialic acid transporter
Sialic acid transporter (permease) NanT

Sialic acid utilization regulator, RpiR family
TRAP−type transport system, large permease component, predicted N−acetylneuraminate transporter
TRAP−type transport system, small permease component, predicted N−acetylneuraminate transporter

UTP−−glucose−1−phosphate uridylyltransferase (EC 2.7.7.9)

CDP−glycerol:poly(glycerophosphate) glycerophosphotransferase (EC 2.7.8.12)

diglucosyldiacylglycerol synthase (LTA membrane anchor synthesis)

N−acetylmannosaminyltransferase (EC 2.4.1.187)

Putative CDP−glycosylpolyol phosphate:glycosylpolyol glycosylpolyolphosphotransferase

Putative polyribitolphosphotransferase

tRNA−dependent lipid II−−amino acid ligase

3−deoxy−D−manno−octulosonic acid kinase (EC 2.7.1.−)

Hemolysin−related protein RbmC

Transcriptional regulator VpsR

Xanthan biosynthesis glycosyltransferase GumI

Xanthan biosynthesis oligosaccharidyl−lipid flippase GumJ

Xanthan biosynthesis pyruvyltransferase GumL

YjbH outer membrane lipoprotein

ATPase YjeE, predicted to have essential role in cell wall biosynthesis

COG3178: Predicted phosphotransferase related to Ser/Thr protein kinases

YjeF protein, C−terminal domain

YjeF protein, function unknown

Effect of perturbation

Cell Wall and Capsule
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A
Gammaproteobacteria
Cluster Relating to
Translation (7/9)

A
Glutathione−dependent

Thiol Reductase
Associated with
a Step in Lysine

Biosynthesis (2/2)
A Gram−positive

cluster that relates
ribosomal protein
L28P to a set of
uncharacterized

proteins (6/8)

Bacterial Cell
Division (19/25)

Bacterial
RNA−metabolizing

Zn−dependent
hydrolases (10/12)

Beta−lactamase
cluster in

Streptococcus (1/7)

CBSS−138119.3.peg.2719
(3/4)

CBSS−159087.4.peg.2189
(1/4)

CBSS−160492.1.peg.550
(4/4)

CBSS−176279.3.peg.868
(4/5)

CBSS−176280.1.peg.1561
(7/14)

CBSS−176299.3.peg.235
(1/4)

CBSS−176299.4.peg.1292
(7/8)

CBSS−188.1.peg.6170
(4/4)

CBSS−188.1.peg.9880
(4/4)

CBSS−194948.1.peg.143
(1/12)

CBSS−196164.1.peg.1690
(7/9)

CBSS−196164.1.peg.461
(4/4)

CBSS−196620.1.peg.2477
(2/7)

CBSS−198094.1.peg.4426
(3/3)

CBSS−205922.3.peg.1809
(3/5)

CBSS−214092.1.peg.3450
(4/5)

CBSS−216592.1.peg.3534
(4/9)

CBSS−222523.1.peg.1311
(1/4)

CBSS−224911.1.peg.435
(4/4)

CBSS−235.1.peg.567
(5/9)

CBSS−243265.1.peg.198
(2/2)

CBSS−243277.1.peg.4359
(1/4)

CBSS−246196.1.peg.364
(2/2)

CBSS−251221.1.peg.1863
(2/3)

CBSS−257314.1.peg.488
(2/2)

CBSS−257314.1.peg.676
(8/12)

CBSS−257314.1.peg.752
(2/2)

CBSS−258594.1.peg.3339
(3/10)

CBSS−261594.1.peg.2640
(1/7)

CBSS−261594.1.peg.788
(2/3)

CBSS−262316.1.peg.2929
(5/7)

CBSS−262719.3.peg.410
(4/5)

CBSS−265072.7.peg.546
(2/10)

CBSS−266117.6.peg.2476
(2/2)

CBSS−269482.1.peg.1294
(3/3)

CBSS−269799.3.peg.2220
(4/5)

CBSS−269801.1.peg.1715
(5/6)

CBSS−269801.1.peg.1725
(7/10)

CBSS−269801.1.peg.2186
(1/2)

CBSS−280355.3.peg.2835
(2/3)

CBSS−281090.3.peg.464
(1/2)

CBSS−288000.5.peg.1793
(3/6)

CBSS−288681.3.peg.1039
(2/2)

CBSS−290633.1.peg.1906
(2/3)

CBSS−291331.3.peg.3674
(7/12)

CBSS−296591.1.peg.2330
(7/12)

CBSS−306254.1.peg.1508
(1/2)

CBSS−312309.3.peg.1965
(3/4)

CBSS−314267.3.peg.390
(1/1)

CBSS−314269.3.peg.1840
(6/6)

CBSS−316057.3.peg.1308
(6/14)

CBSS−316057.3.peg.3521
(2/2)

CBSS−316057.3.peg.563
(2/3)

CBSS−316057.3.peg.659
(1/1)

CBSS−316273.3.peg.227
(2/3)

CBSS−316273.3.peg.448
(4/5)

CBSS−316273.3.peg.922
(3/6)

CBSS−316279.3.peg.746
(1/4)

CBSS−316407.3.peg.1371
(1/3)

CBSS−316407.3.peg.2816
(1/4)

CBSS−320372.3.peg.6046
(3/3)

CBSS−323097.3.peg.2594
(1/2)

CBSS−323098.3.peg.2823
(2/2)

CBSS−323850.3.peg.3142
(1/1)

CBSS−323850.3.peg.3269
(3/4)

CBSS−323850.3.peg.3284
(5/7)

CBSS−326442.4.peg.1852
(8/12)

CBSS−342610.3.peg.1536
(3/4)

CBSS−342610.3.peg.1794
(3/3)

CBSS−342610.3.peg.283
(2/2)

CBSS−344610.3.peg.2335
(2/5)

CBSS−345072.3.peg.1318
(5/8)

CBSS−350688.3.peg.1509
(10/11)

CBSS−354.1.peg.2917
(2/2)

CBSS−370552.3.peg.1240
(1/3)

CBSS−376686.6.peg.291
(3/8)

CBSS−393121.3.peg.1913
(1/2)

CBSS−393121.3.peg.2760
(4/9)

CBSS−393130.3.peg.129
(4/5)

CBSS−393130.3.peg.794
(2/3)

CBSS−393131.3.peg.612
(1/1)

CBSS−393133.3.peg.2787
(1/2)

CBSS−49338.1.peg.459
(5/8)

CBSS−52598.3.peg.2843
(3/3)

CBSS−562.2.peg.5158
SK3 including (3/7)

CBSS−56780.10.peg.1536
(5/5)

CBSS−630.2.peg.3360
(1/3)

CBSS−69014.3.peg.2094
(2/13)

CBSS−83331.1.peg.3039
(6/6)

CBSS−83332.1.peg.3803
(3/10)

CBSS−84588.1.peg.1247
(3/7)

CBSS−87626.3.peg.3639
(3/4)

CBSS−89187.3.peg.2957
(3/5)

Cell Division
Cluster (3/5)

Cell
division−ribosomal

stress proteins
cluster (10/13)

Cluster Ytf
and putative sugar
transporter (6/9)

Cluster−based
Subsystem Grouping
Hypotheticals −
perhaps Proteosome
Related (8/9)
Conserved
cluster in
Enterobacteriaceae
downstream from
YqjA, a DedA family
protein (3/9)

Conserved gene
cluster associated
with Met−tRNA
formyltransferase
(12/16)

EC49−61
(5/5)

EC699−706
(4/5)

GABA
and putrescine
metabolism from
cluters (3/5)

Hypothetical
Coupled to RecF

(1/1)

KH domain RNA
binding protein YlqC

(2/3)

LMPTP YfkJ cluster
(2/3)

LMPTP YwlE cluster
(3/3)

PA0057 cluster
(3/3)

Predicted
mycobacterial

monooxygenase (1/3)

Proteasome subunit
alpha archaeal

cluster (3/8)

Putative
diaminopropionate

ammonia−lyase
cluster (5/15)

SeqA and
Co−occurring Genes

(1/3)

Spore Coat
(6/20)

Sporulation−related
Hypotheticals (2/4)

Staphylococcus
aureus hypothetical
repetitive gene loci

(1/5)

Sulfatases and
sulfatase modifying

factor 1 (3/4)

Unspecified
monosaccharide
transport cluster
(1/4)

USS−DB−2 (2/5)

USS−DB−4 (1/3)

USS−DB−7
(1/1)

YeiH (1/4)
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2−Keto−3−deoxy−D−manno−octulosonate−8−phosphate synthase (EC 2.5.1.55)

4−diphosphocytidyl−2−C−methyl−D−erythritol kinase (EC 2.7.1.148)

FIG002082: Protein sirB2

Glutamyl−tRNA reductase (EC 1.2.1.70)

Outer membrane lipoprotein LolB precursor

Peptide chain release factor 1

Ribose−phosphate pyrophosphokinase (EC 2.7.6.1)

FIG138056: a glutathione−dependent thiol reductase

N−succinyl−L,L−diaminopimelate desuccinylase (EC 3.5.1.18)

Dihydroxyacetone kinase family protein

FIG001802: Putative alkaline−shock protein

LSU ribosomal protein L28p

Ribosome small subunit−stimulated GTPase EngC

Serine/threonine protein kinase PrkC, regulator of stationary phase

Thiamin pyrophosphokinase (EC 2.7.6.2)

Cell division protein FtsACell division protein FtsH (EC 3.4.24.−)Cell division protein FtsI [Peptidoglycan synthetase] (EC 2.4.1.129)Cell division protein FtsKCell division protein FtsQCell division protein FtsWCell division protein FtsXCell division protein FtsZ (EC 3.4.24.−)Cell division protein MraZCell division topological specificity factor MinECell division transporter, ATP−binding protein FtsE (TC 3.A.5.1.1)Cell division trigger factor (EC 5.2.1.8)Chromosome partitioning protein ParACytoplasmic axial filament protein CafA and Ribonuclease G (EC 3.1.4.−)GTP−binding protein EraRod shape−determining protein MreCrRNA small subunit methyltransferase HSeptum formation protein MafSeptum site−determining protein MinC

Ferric uptake regulation protein FUR
Hydrolase (HAD superfamily) in cluster with DUF1447
Metallo−beta−lactamase family protein, RNA−specific

Peptide deformylase (EC 3.5.1.88)
Polyribonucleotide nucleotidyltransferase (EC 2.7.7.8)

Ribosomal−protein−S18p−alanine acetyltransferase (EC 2.3.1.−)
Transcriptional regulator in cluster with Zn−dependent hydrolase

YgjD/Kae1/Qri7 family, required for threonylcarbamoyladenosine (t(6)A) formation in tRNA
Zn−dependent hydrolase, RNA−metabolising

Zn−dependent hydrolase, RNA−metabolising, CPSF 100 kDa analog

Transcriptional regulator in cluster with beta−lactamase, GntR family

FIG146085: 3'−to−5' oligoribonuclease A, Bacillus type

Translation initiation factor 2

tRNA pseudouridine synthase B (EC 4.2.1.70)

Putative deoxyribonuclease similar to YcfH, type 4

21 kDa hemolysin precursor

LppC putative lipoprotein

Predicted endonuclease distantly related to archaeal Holliday junction resolvase

rRNA small subunit methyltransferase I

COG0536: GTP−binding protein Obg

FIG139598: Potential ribosomal protein

LSU ribosomal protein L21p

LSU ribosomal protein L27p

A/G−specific adenine glycosylase (EC 3.2.2.−)

Acyl−CoA hydrolase (EC 3.1.2.20)

Hypothetical protein SAV1869

Teichoic acid export ATP−binding protein TagH (EC 3.6.3.40)

ThiJ/PfpI family protein

Transcription regulator CDS_ID OB0894

Two component transcriptional regulator VraR

Indigoidine synthase A−like protein, uncharacterized enzyme involved in pigment biosynthesis

DNA recombination and repair protein RecO

GTP pyrophosphokinase (EC 2.7.6.5), (p)ppGpp synthetase I

Guanosine−3',5'−bis(diphosphate) 3'−pyrophosphohydrolase (EC 3.1.7.2)

Holo−[acyl−carrier protein] synthase (EC 2.7.8.7)

hypothetical protein NAS141_09886

Mll7752 protein

Ribonuclease III (EC 3.1.26.3)

Sarcosine oxidase alpha subunit (EC 1.5.3.1)

Sarcosine oxidase beta subunit (EC 1.5.3.1)

Sarcosine oxidase delta subunit (EC 1.5.3.1)

Sarcosine oxidase gamma subunit (EC 1.5.3.1)

COG1496: Uncharacterized conserved protein

COG1565: Uncharacterized conserved protein

FIG018229: hypothetical protein

Prolipoprotein diacylglyceryl transferase (EC 2.4.99.−)

putative DNA N−6−adenine methyltransferase

ABC−type multidrug transport system, ATPase component

ABC−type multidrug transport system, permease component

FIG020413: transmembrane protein

Iron−sulfur cluster assembly ATPase protein SufC

Iron−sulfur cluster assembly protein SufB

Iron−sulfur cluster assembly protein SufD

Iron−sulfur cluster regulator SufR

Glutamate−1−semialdehyde aminotransferase (EC 5.4.3.8)

HemX protein, negative effector of steady−state concentration of glutamyl−tRNA reductase

Hypothetical, related to broad specificity phosphatases COG0406

Hypothetical, similarity to phosphoglycerate mutase

Maltose O−acetyltransferase (EC 2.3.1.79)

Putative antibiotic transport−associated protein

DNA polymerase X family

Possible colicin V production protein

Recombination inhibitory protein MutS2

conserved hypothetical membrane protein, paralogue of Y20848

putative uricase

salvage of nucleosides and nucleotides

FIG137864: putative endonuclease containing a URI domain

FIG138517: Putative lipid carrier protein

FIG139552: Putative protease

FIG139928: Putative protease

CRISPR−associated helicase Cas3, protein

CRISPR−associated protein Cas1

CRISPR−associated protein, CT1975 family

CRISPR−associated protein, CT1976

YjbH−like, GTP pyrophosphokinase domain

Carboxyl−terminal protease (EC 3.4.21.102)

FIG000735: Adenosine (5')−pentaphospho−(5'')−adenosine pyrophosphohydrolase (EC 3.6.1.−)

Peptidase M23B precursor

Possible divergent polysaccharide deacetylase

2−amino−4−hydroxy−6−hydroxymethyldihydropteridine pyrophosphokinase (EC 2.7.6.3)

Dihydroneopterin aldolase (EC 4.1.2.25)

Dihydropteroate synthase (EC 2.5.1.15)

Mlr0777 protein

Mlr0789 protein

Transcription accessory protein (S1 RNA−binding domain)

Transcription elongation factor GreB

Membrane−bound lytic murein transglycosylase B (EC 3.2.1.−)

3−oxoacyl−[acyl−carrier protein] reductase (EC 1.1.1.100)

Acyl dehydratase

Outer membrane protein/protective antigen OMA87

UDP−3−O−[3−hydroxymyristoyl] N−acetylglucosamine deacetylase (EC 3.5.1.−)

Alanyl−tRNA synthetase (EC 6.1.1.7)

Hypothetical protein possible functionally linked with Alanyl−tRNA synthetase

CDP−diacylglycerol−−glycerol−3−phosphate 3−phosphatidyltransferase (EC 2.7.8.5)
Competence/damage−inducible protein CinA

FIG001621: Zinc protease
FIG006542: Phosphoesterase

FIG009210: peptidase, M16 family
Unspecified monosaccharide ABC transport system, ATP−binding protein

Unspecified monosaccharide ABC transport system, permease component 2
Unspecified monosaccharide ABC transport system, permease component Ib (FIG143636)

Acetate kinase (EC 2.7.2.1)

Adenine−specific methyltransferase (EC 2.1.1.72)

Exopolysaccharide production protein ExoF precursor

Omega−amino acid−−pyruvate aminotransferase (EC 2.6.1.18)

Undecaprenyl−phosphate galactosephosphotransferase (EC 2.7.8.6)

Metal−dependent hydrolase COG0491 with rhodanese−homology domain (RHOD)

Cell division inhibitor

Cysteinyl−tRNA synthetase related protein

Aldehyde dehydrogenase in hypothetical Actinobacterial gene cluster

Amino acid/metabolite permease in hypothetical Actinobacterial gene cluster

Glutamine synthetase family protein in hypothetical Actinobacterial gene cluster

Short−chain dehydrogenase/reductase in hypothetical Actinobacterial gene cluster

Transcriptional regulator, GntR family, in hypothetical Actinobacterial gene cluster

Adenylosuccinate synthetase (EC 6.3.4.4)

FIG003573: hypothetical protein

LSU ribosomal protein L9p

Phosphoesterase, DHH family protein

Methylamine dehydrogenase heavy chain precursor (EC 1.4.99.3)

Transcriptional regulator containing an amidase domain and an AraC−type DNA−binding HTH domain

hypothetical protein SC6C5.04c

Regulator of polyketide synthase expression

FIGfam005179

Homoserine kinase (EC 2.7.1.39)

Organic hydroperoxide resistance transcriptional regulator

ABC−type Fe3+ transport system protein

Molybdopterin oxidoreductase (EC 1.2.7.−)

Molybdopterin oxidoreductase, iron−sulfur binding subunit (EC 1.2.7.−)

Putative uncharacterized protein TTHA1760

FIG007079: UPF0348 protein family

FIGfam003972: membrane protein

Lon−like protease with PDZ domain

Phosphopantetheine adenylyltransferase (EC 2.7.7.3)

Ribosomal RNA small subunit methyltransferase D (EC 2.1.1.−)

2−dehydropantoate 2−reductase (EC 1.1.1.169)

5−nucleotidase SurE (EC 3.1.3.5)

Penicillin−binding protein 2 (PBP−2)

Penicillin−binding protein 2B

Penicillin−binding protein 3

S−adenosyl−methyltransferase MraW (EC 2.1.1.−)

Stage V sporulation protein D (Sporulation−specific penicillin−binding protein)

Exodeoxyribonuclease V alpha chain (EC 3.1.11.5)

Lmbe−related protein

MazG nucleotide pyrophosphohydrolase

FIG004453: protein YceG like

bll7545

protein of unknown function DUF1036

protein of unknown function DUF882

Conserved protein YqhG

Superfamily II DNA/RNA helicases, SNF2 family

GTP−binding protein EngA

Outer membrane protein YfgL, lipoprotein component of the protein assembly complex (forms a complex with YaeT, YfiO, and NlpB)

Cyclopropane−fatty−acyl−phospholipid synthase (EC 2.1.1.79)

Cyclopropane−fatty−acyl−phospholipid synthase−like protein, clusters with FIG005069

FIG001571: Hypothetical protein

FIG005069: Hypothetical protein

FIG026291: Hypothetical periplasmic protein

FIG097052: Sugar transporter

S−adenosyl−L−methionine dependent methyltransferase, similar to cyclopropane−fatty−acyl−phospholipid synthase

Alpha−1,3−N−acetylgalactosamine transferase PglA (EC 2.4.1.−)

dTDP−glucose 4,6−dehydratase (EC 4.2.1.46)

NAD−dependent epimerase/dehydratase

Nucleoside−diphosphate sugar epimerase/dehydratase

Nucleoside−diphosphate−sugar epimerases

UDP−glucose 4−epimerase (EC 5.1.3.2)

UDP−N−acetylglucosamine 4,6−dehydratase (EC 4.2.1.−)

Carbamoyl−phosphate synthase small chain (EC 6.3.5.5)

Methionine aminopeptidase (EC 3.4.11.18)

SSU ribosomal protein S2p (SAe)

Translation elongation factor Ts

Putative Isoquinoline 1−oxidoreductase subunit, Mll3835 protein

Carbon monoxide dehydrogenase form I, large chain( EC:1.2.99.2 )

Carbon monoxide dehydrogenase large chain (EC 1.2.99.2)

Carbon monoxide dehydrogenase medium chain (EC 1.2.99.2)

carbon monoxide dehydrogenase operon C protein

Carbon monoxide dehydrogenase small chain (EC 1.2.99.2)

Uncharacterized MobA−related protein

DNA−directed RNA polymerase specialized sigma subunit, sigma24−like

ECF family sigma factor

macromolecule metabolism

macromolecule synthesis, modification

RNA polymerase sigma−70 factor, ECF subfamily

Transmembrane regulator protein PrtR

Large exoproteins involved in heme utilization or adhesion

Thiol peroxidase, Bcp−type (EC 1.11.1.15)

Cytochrome c oxidase polypeptide II (EC 1.9.3.1)

TldD protein, part of proposed TldE/TldD proteolytic complex (PMID 12029038)

Polysialic acid capsule sugar isomerase, KpsF/GutQ family

Alpha−2−macroglobulin

Penicillin−insensitive transglycosylase (EC 2.4.2.−) & transpeptidase PBP−1C

FIG033680: Hypothetical protein

FIG037995: Hypothetical protein

FIG042594: DUF1550 domain−containing protein

FIG048626: Hypothetical protein

FIG035830: Two−component system regulatory protein

FIG037127: Two−component system sensor protein

Integral membrane protein CcmA involved in cell shape determination

Iojap protein

Phosphatidate cytidylyltransferase (EC 2.7.7.41)

Protein involved in stability of MscS mechanosensitive channel

Aspartate carbamoyltransferase (EC 2.1.3.2)

Glutathione synthetase (EC 6.3.2.3)

UPF0301 protein YqgE

Protein YicC

Flagellar motor rotation protein MotB

MotA/TolQ/ExbB proton channel family protein, probably associated with flagella

diguanylate cyclase (GGDEF domain) with PAS/PAC sensor

2−haloalkanoic acid dehalogenase (EC 3.8.1.2)

Diaminopimelate decarboxylase (EC 4.1.1.20)

Protein of unknown function DUF484

ABC transporter, transmembrane region:ABC transporter:Peptidase C39, bacteriocin processing

ABC−type protease exporter, membrane fusion protein (MFP) family component PrtE/AprE

Agglutination protein

GAF domain/GGDEF domain/EAL domain protein

GGDEF and EAL domain proteins

ABC−type polar amino acid transport system, ATPase component
Cytosine deaminase (EC 3.5.4.1)

LSU m5C1962 methyltransferase RlmI
Putative TEGT family carrier/transport protein

RNA polymerase associated protein RapA (EC 3.6.1.−)
tRNA 5−methylaminomethyl−2−thiouridine synthase TusC
tRNA 5−methylaminomethyl−2−thiouridine synthase TusD

tRNA(Cytosine32)−2−thiocytidine synthetase

DNA polymerase III epsilon subunit (EC 2.7.7.7)

Membrane−bound lytic murein transglycosylase D precursor (EC 3.2.1.−)

Ribonuclease HI (EC 3.1.26.4)

ADP−ribose pyrophosphatase (EC 3.6.1.13)

Putative esterase, FIGfam005057

Topoisomerase IV subunit B (EC 5.99.1.−)

D−tyrosyl−tRNA(Tyr) deacylase

Ribonuclease BN (EC 3.1.−.−)

Positive regulator of Tartrate dehydrogenase/decarboxylase/D−malic enzyme

Tartrate decarboxylase (EC 4.1.1.73)

BatA (Bacteroides aerotolerance operon)

BatB

hypothetical protein PA3071

MoxR−like ATPase in aerotolerance operon

TPR domain protein in aerotolerance operon

COG0779: clustered with transcription termination protein NusA
COG2740: Predicted nucleic−acid−binding protein implicated in transcription termination

Dipicolinate synthase subunit A (EC 4.2.1.52)
DNA polymerase III alpha subunit (EC 2.7.7.7)

FIG007013: polysaccharide deacetylase, putative
FIG007697: hypothetical protein

ribosomal protein L7Ae family protein
SSU ribosomal protein S15p (S13e)

Transcription termination protein NusA
YlxP−like protein

FIG003879: Predicted amidohydrolase

FIG005080: Possible exported protein

FIG006988: Lipase/Acylhydrolase with GDSL−like motif

Bacterial sugar transferase

Glycosyl transferase, family 2

hypothetical protein FP1254

DNA ligase (EC 6.5.1.2)

ABC transporter ATP−binding protein uup

hypothetical protein BH3604

Peptide chain release factor 2

Protein export cytoplasm protein SecA ATPase RNA helicase (TC 3.A.5.1.1)

BH1670 unknown conserved protein in B. subtilis

Menaquinone−cytochrome C reductase iron−sulfur subunit

Menaquinone−cytochrome c reductase, cytochrome B subunit

TPR−repeat−containing protein, putative component of Menaquinone−cytochrome C reductase

Septation ring formation regulator EzrA

SSU ribosomal protein S4p (S9e)

Putative metallopeptidase (Zinc) SprT family

protein from nitrogen regulatory protein P−II (GLNB) family, ortholog YAAQ B. subtilis

Putative tricarboxylic transport TctC

TRAP−type C4−dicarboxylate transport system, large permease component

TRAP−type C4−dicarboxylate transport system, periplasmic component

TRAP−type uncharacterized transport system, fused permease component

Tricarboxylate transport membrane protein TctA

FIG003492: Threonine dehydrogenase and related Zn−dependent dehydrogenases

FIG003603: membrane protein, putative

FIG139612: Possible conserved membrane protein

Cytoplasmic protein YaiE

DNA recombination−dependent growth factor C

Protein YaiI

FIG000233: metal−dependent hydrolase

Magnesium and cobalt efflux protein CorC

Membrane protein containing HD superfamily hydrolase domain, YQFF ortholog

Phosphate starvation−inducible ATPase PhoH with RNA binding motif

Phosphate starvation−inducible protein PhoH, predicted ATPase

Radical SAM family enzyme, similar to coproporphyrinogen III oxidase, oxygen−independent, clustered with nucleoside−triphosphatase RdgB

Membrane bound hydrogenase, MbhH subunit

NADH−ubiquinone oxidoreductase chain D (EC 1.6.5.3)

1−deoxy−D−xylulose 5−phosphate reductoisomerase (EC 1.1.1.267)

1−hydroxy−2−methyl−2−(E)−butenyl 4−diphosphate synthase (EC 1.17.7.1)

GCN5−related N−acetyltransferase, FIGfam019367

Membrane−associated zinc metalloprotease

penicillin−binding protein, putative

Undecaprenyl pyrophosphate synthetase (EC 2.5.1.31)

Antigen 85−C precursor (85C) (Antigen 85 complex C) (Ag85C) (Mycolyl transferase 85C) (EC 2.3.1.−)

Probable polyketide synthase, similar to many. e.g. gp|M63676|SERERYAA_1 S.erythraea first ORF of eryA gene, involved in complex polyketide formation in erythromycin biosynthesis.

Propionyl−CoA carboxylase beta chain (EC 6.4.1.3)

Cysteine desulfurase (EC 2.8.1.7)

Cysteine desulfurase CsdA−CsdE (EC 2.8.1.7), main protein CsdA

D−alanyl−D−alanine carboxypeptidase (EC 3.4.16.4)

2−octaprenyl−3−methyl−6−methoxy−1,4−benzoquinol hydroxylase (EC 1.14.13.−)

2−octaprenyl−6−methoxyphenol hydroxylase (EC 1.14.13.−)

Aminomethyltransferase (glycine cleavage system T protein) (EC 2.1.2.10)

Glutathione S−transferase domain protein

Glutathione S−transferase, omega (EC 2.5.1.18)

Methionyl−tRNA formyltransferase (EC 2.1.2.9)

FIG001583: hypothetical protein, contains S4−like RNA binding domain

Isoleucyl−tRNA synthetase (EC 6.1.1.5)

UDP−N−acetylglucosamine−−N−acetylmuramyl−(pentapeptide) pyrophosphoryl−undecaprenol N−acetylglucosamine transferase (EC 2.4.1.227)

Hypothetical protein, FIG12300 and FIG043029 fams
Low temperature requirement B protein

Peptidyl−tRNA hydrolase, archaeal type (EC 3.1.1.29)
Ribosome−associated heat shock protein implicated in the recycling of the 50S subunit (S4 paralog)

RNA binding protein, contains ribosomal protein S1 domain
S1 RNA binding domain protein

S4−domain−containing heat shock protein
Spore cortex biosynthesis protein

SSU ribosomal protein S1p
tRNA(Ile)−lysidine synthetase

Putative sugar ABC transport system, ATP−binding protein YtfR (EC 3.6.3.17)

Putative sugar ABC transport system, periplasmic binding protein YtfQ precursor

Putative sugar ABC transport system, permease protein YjfF

Putative sugar transporter

Uncharacterized protein YtfM precursor

Uncharacterized protein YtfN

Bacterial proteasome−activating AAA−ATPase (PAN)
FIG005453: Putative DeoR−family transcriptional regulator

FIG005666: putative helicase
FIG019733: possible DNA−binding protein

Prokaryotic ubiquitin−like protein Pup
Proteasome subunit beta (EC 3.4.25.1), bacterial

Pup ligase PafA, possible component of postulated heterodimer PafA−PafA'
Pup ligase PafA' paralog, possible component of postulated heterodimer PafA−PafA'

Inner membrane protein YhaI

LysR−family transcriptional regulator YhaJ

Pirin−like protein YhaK

16S rRNA m(5)C 967 methyltransferase (EC 2.1.1.−)
50S ribosomal subunit maturation GTPase RbgA (B. subtilis YlqF)

Cytochrome d ubiquinol oxidase subunit II (EC 1.10.3.−)
DNA topoisomerase I (EC 5.99.1.2)

GTP−sensing transcriptional pleiotropic repressor codY
Helicase PriA essential for oriC/DnaA−independent DNA replication

Protein of unknown function Smg
Protein serine/threonine phosphatase PrpC, regulation of stationary phase

Ribosomal RNA large subunit methyltransferase N (EC 2.1.1.−)
Ribosomal RNA small subunit methyltransferase B (EC 2.1.1.−)

tRNA:m(5)U−54 MTase gid
Uncharacterized protein with LysM domain, COG1652

4−hydroxythreonine−4−phosphate dehydrogenase (EC 1.1.1.262)

ApaG protein

Bis(5'−nucleosyl)−tetraphosphatase, symmetrical (EC 3.6.1.41)

DnaJ−like protein DjlA

Organic solvent tolerance protein precursor

Allophanate hydrolase 2 subunit 1 (EC 3.5.1.54)

FIG042796: Hypothetical protein

FIG143828: Hypothetical protein YbgA

Lactam utilization protein LamB

Gamma−glutamyl−GABA hydrolase

Gamma−glutamyl−putrescine oxidase (EC1.4.3.−)

Gamma−glutamyl−putrescine synthetase (EC 6.3.1.11)

FIG002958: hypothetical protein

16S rRNA processing protein RimM

SSU ribosomal protein S16p

Hypothetical protein YfkK

Low molecular weight protein tyrosine phosphatase (EC 3.1.3.48)

Hypothetical protein ywlG

Hypothetical transmembrane protein ywlD

YrdC/Sua5 family protein, required for threonylcarbamoyladenosine (t(6)A) formation in tRNA

LysR−family transcriptional regulator clustered with PA0057

Metallo−beta−lactamase superfamily protein PA0057

Thioredoxin−like protein clustered with PA0057

Monooxygenase, FAD− and [2Fe−2S]−containing component B

Exosome complex exonuclease 1

LSU ribosomal protein L15e

LSU ribosomal protein L37Ae

Carbamate kinase−like protein YqeA

Predicted oxidoreductase, Fe−S subunit

Putative deacetylase YgeY

Uncharacterized protein YqeC

Uncharacterized sigma−54−dependent transcriptional regulator YgeV

Phosphoglucomutase (EC 5.4.2.2)

Inner spore coat protein H

Polypeptide composition of the spore coat protein CotJC

Polypeptide composition of the spore coat; required for the assembly of CotJC

Spore coat protein S

Stage IV sporulation protein A

Stage VI sporulation protein D

Stage II sporulation protein related to metaloproteases (SpoIIQ)

Stage III sporulation protein D

Oxidoreductase ion channel

FIG068086: hypothetical protein

Mucin−desulfating sulfatase MdsA precursor (EC 3.1.6.14)

Sulfatase

ACT domain protein

Multidrug efflux transporter [USSDB2D]

Response regulator, ompR family [USSDB2A]

Transcriptional regulator, TetR (AcrR) family [USSDB4A]

Putative cytoplasmic protein USSDB7A

LysR family transcriptional regulator YeiE

Effect of perturbation

Clustering−based subsystems
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5−FCL−like protein
5,10−methylenetetrahydrofolate reductase (EC 1.5.1.20)

Alcohol dehydrogenase (EC 1.1.1.1)
Butyryl−CoA dehydrogenase (EC 1.3.99.2)

Dihydrofolate reductase (EC 1.5.1.3)
Dihydrolipoamide acetyltransferase component of pyruvate dehydrogenase complex (EC 2.3.1.12)

Dihydrolipoamide dehydrogenase (EC 1.8.1.4)
Formate−−tetrahydrofolate ligase (EC 6.3.4.3)

Formiminotetrahydrofolate cyclodeaminase (EC 4.3.1.4)
Formyltetrahydrofolate deformylase (EC 3.5.1.10)

Isocitrate dehydrogenase [NADP] (EC 1.1.1.42)
Phosphomethylpyrimidine kinase (EC 2.7.4.7)

Phosphoribosylaminoimidazolecarboxamide formyltransferase (EC 2.1.2.3)
Phosphoribosylglycinamide formyltransferase (EC 2.1.2.2)

Pyruvate dehydrogenase E1 component (EC 1.2.4.1)
Serine hydroxymethyltransferase (EC 2.1.2.1)

Substrate−specific component ThiW of predicted thiazole ECF transporter
Succinate dehydrogenase iron−sulfur protein (EC 1.3.99.1)

Thiamin−phosphate pyrophosphorylase (EC 2.5.1.3)
Thiaminase II (EC 3.5.99.2)

Thiamine−monophosphate kinase (EC 2.7.4.16)
YjbQ (alternate ThiE)

YlmB

Heme oxygenase (EC 1.14.99.3)

3−ketoacyl−CoA thiolase (EC 2.3.1.16)
8−amino−7−oxononanoate synthase (EC 2.3.1.47)

ATPase component BioM of energizing module of biotin ECF transporter
Biotin synthase (EC 2.8.1.6)
Biotin synthesis protein bioC
Biotin synthesis protein bioH

Biotin−protein ligase (EC 6.3.4.15)
Long−chain−fatty−acid−−CoA ligase (EC 6.2.1.3)

Predicted biotin repressor from TetR family
Substrate−specific component BioY of biotin ECF transporter

Transmembrane component BioN of energizing module of biotin ECF transporter

2−desacetyl−2−hydroxyethyl bacteriochlorophyllide A dehydrogenase BchC
Bacteriochlorophyllide c C8 methyltransefase BchQ

Chlorophyll a synthase ChlG (EC 2.5.1.62)
Chlorophyllide reductase subunit BchX (EC 1.18.−.−)
Chlorophyllide reductase subunit BchY (EC 1.18.−.−)
Chlorophyllide reductase subunit BchZ (EC 1.18.−.−)

Divinyl protochlorophyllide a 8−vinyl−reductase (EC 1.3.1.75)
Geranylgeranyl hydrogenase BchP

Light−independent protochlorophyllide reductase iron−sulfur ATP−binding protein ChlL (EC 1.18.−.−)
Light−independent protochlorophyllide reductase subunit N (EC 1.18.−.−)

Mg protoporphyrin IX monomethyl ester oxidative cyclase (aerobic) (EC 1.14.13.81)
Mg−protoporphyrin IX monomethyl ester oxidative cyclase (anaerobic) (EC 1.14.13.81)

Mg−protoporphyrin O−methyltransferase (EC 2.1.1.11)

Pheophorbide a oxygenase (EC 1.14.−.−)

Adenosylcobinamide−phosphate synthase
Alpha−ribazole−5'−phosphate phosphatase (EC 3.1.3.73)

Cob(I)alamin adenosyltransferase (EC 2.5.1.17)
Cobalamin biosynthesis protein BluB
Cobalamin biosynthesis protein CbiG

Cobalamin synthase
Cobalt−precorrin−2 C20−methyltransferase (EC 2.1.1.130)

Cobalt−precorrin−3b C17−methyltransferase
Cobalt−precorrin−4 C11−methyltransferase (EC 2.1.1.133)

Cobalt−precorrin−6 synthase, anaerobic
Cobalt−precorrin−8x methylmutase (EC 5.4.1.2)

Cobyric acid synthase
Cobyrinic acid A,C−diamide synthase

L−threonine 3−O−phosphate decarboxylase (EC 4.1.1.81)
Threonine kinase in B12 biosynthesis

3−methyl−2−oxobutanoate hydroxymethyltransferase (EC 2.1.2.11)

Dephospho−CoA kinase (EC 2.7.1.24)

Pantothenate kinase (EC 2.7.1.33)

Pantothenate:Na+ symporter (TC 2.A.21.1.1)

Phosphopantetheine adenylyltransferase, type II eukaryotic (EC 2.7.7.3)

Phosphopantothenate synthetase, archaeal

Phosphopantothenoylcysteine decarboxylase (EC 4.1.1.36)

Phosphopantothenoylcysteine synthetase (EC 6.3.2.5)

Substrate−specific component PanT of predicted pantothenate ECF transporter

5,6−dimethylbenzimidazole synthase, flavin destructase familyAdditional substrate−specific component CbiN of cobalt ECF transporterAerobic cobaltochelatase CobS subunit (EC 6.6.1.2)Aerobic cobaltochelatase CobT subunit (EC 6.6.1.2)ATPase component CbiO of energizing module of cobalt ECF transporterCblY, a non−orthologous displasment for Alpha−ribazole−5'−phosphate phosphataseCblZ, a non−orthologous displasment for Alpha−ribazole−5'−phosphate phosphataseChlI component of cobalt chelatase involved in B12 biosynthesisCob(I)alamin adenosyltransferase PduO (EC 2.5.1.17)Cob(II)alamin reductaseCobalamine−related hypothetical metal−binding protein CrdXCobalt−precorrin−6y C15−methyltransferase [decarboxylating] (EC 2.1.1.−)Cobalt−precorrin−6y C5−methyltransferase (EC 2.1.1.−)CobN component of cobalt chelatase involved in B12 biosynthesisDuplicated ATPase component CbrU of energizing module of predicted cobalamin ECF transporterHupE−UreJ family cobalt transporterOptional hypothetical component of the B12 transporter BtuNPrecorrin−6A synthase (EC 2.1.1.152)Predicted alpha−ribazole−5−phosphate synthase CblS for cobalamin biosynthesisSubstrate−specific component CbiM of cobalt ECF transporterSubstrate−specific component CbrT of predicted cobalamin ECF transporterTransmembrane component CbiQ of energizing module of cobalt ECF transporterTransmembrane component CbrV of energizing module of predicted cobalamin ECF transporterUroporphyrinogen−III methyltransferase (EC 2.1.1.107)Vitamin B12 ABC transporter, ATPase component BtuDVitamin B12 ABC transporter, permease component BtuC

7,8−didemethyl−8−hydroxy−5−deazariboflavin synthase subunit 1

7,8−didemethyl−8−hydroxy−5−deazariboflavin synthase subunit 2

Coenzyme F420−1:L−glutamate ligase

Lactyl (2) diphospho−(5')guanosine:7,8−didemethyl−8−hydroxy−5−deazariboflavin 2−phospho−L−lactate transferase

putative L−glutamate ligase

2−phosphosulfolactate phosphatase (EC 3.1.3.71)

L−sulfolactate dehydrogenase (EC 1.1.1.272)

Phosphosulfolactate synthase (EC 4.4.1.19)

Sulfopyruvate decarboxylase − alpha subunit (EC 4.1.1.79)

Sulfopyruvate decarboxylase − beta subunit (EC 4.1.1.79)

Similar to coenzyme PQQ synthesis protein B

Flavodoxin

Flavodoxin 1

Hypothetical flavoprotein YqcA (clustered with tRNA pseudouridine synthase C)

alternate gene name: yzbB
COG0488: ATPase components of ABC transporters with duplicated ATPase domains

Dihydroneopterin triphosphate epimerase
Dihydroneopterin triphosphate pyrophosphohydolase type 2

Folate transporter 3
FolM Alternative dihydrofolate reductase 1
Folylpolyglutamate synthase (EC 6.3.2.17)
GTP cyclohydrolase I (EC 3.5.4.16) type 1
GTP cyclohydrolase I (EC 3.5.4.16) type 2
Non functional Dihydropteroate synthase 2

PqqC−like protein
Related to Dihydropteroate synthase

Thymidine kinase (EC 2.7.1.21)
Thymidylate synthase (EC 2.1.1.45)

Thymidylate synthase thyX (EC 2.1.1.−)
Transaldolase (EC 2.2.1.2)

5−aminolevulinate synthase (EC 2.3.1.37)
Coproporphyrinogen III oxidase, aerobic (EC 1.3.3.3)

Coproporphyrinogen III oxidase, oxygen−independent (EC 1.3.99.22)
Coproporphyrinogen III oxidase, oxygen−independent (EC 1.3.99.22), divergent, putative 2

Distant homolog of E. coli HemX protein in Xanthomonadaceae
Glutamyl−tRNA synthetase (EC 6.1.1.17)

Hemoprotein HemQ, essential component of heme biosynthetic pathway in Gram−positive bacteria
Hypothetical membrane protein, possible involvement in cytochrome functioning/assembly

Porphobilinogen synthase (EC 4.2.1.24)
Protoporphyrinogen IX oxidase, aerobic (EC 1.3.3.4)

Protoporphyrinogen IX oxidase, oxygen−independent, HemG (EC 1.3.−.−)
Sirohydrochlorin ferrochelatase (EC 4.99.1.4)

Uroporphyrinogen III decarboxylase (EC 4.1.1.37)
Uroporphyrinogen−III synthase (EC 4.2.1.75)

Uroporphyrinogen−III synthase, divergent, Flavobacterial type (EC 4.2.1.75)

Heme biosynthesis protein related to NirD and NirG

Heme biosynthesis protein related to NirL and NirH

Lipoate synthase

Lipoate−protein ligase A

Octanoate−[acyl−carrier−protein]−protein−N−octanoyltransferase

Proposed lipoate regulatory protein YbeD

1,4−dihydroxy−2−naphthoate octaprenyltransferase (EC 2.5.1.74)

2−succinyl−5−enolpyruvyl−6−hydroxy−3−cyclohexene−1−carboxylic−acid synthase (EC 2.2.1.9)

Menaquinone−specific isochorismate synthase (EC 5.4.4.2)

Naphthoate synthase (EC 4.1.3.36)

O−succinylbenzoate−CoA synthase (EC 4.2.1.−)

O−succinylbenzoic acid−−CoA ligase (EC 6.2.1.26)

3−polyprenyl−4−hydroxybenzoate carboxy−lyase (EC 4.1.1.−)

3−polyprenyl−4−hydroxybenzoate carboxy−lyase UbiX (EC 4.1.1.−)

Menaquinone via futalosine step 1

7,8 dihydropteroate synthase (methanopterin)

COG1548 family protein

COG1821 family protein

GTP cyclohydrolase III (EC 3.5.4.29)

Phosphoribosylformimino−5−aminoimidazole carboxamide ribotide isomerase related protein

Queuosine biosynthesis QueD, PTPS−I

Triphosphoribosyl−dephospho−CoA synthetase

GTP cyclohydrolase II (EC 3.5.4.25)
Molybdate−binding domain of ModE

Molybdenum ABC transporter, periplasmic molybdenum−binding protein ModA (TC 3.A.1.8.1)
Molybdenum cofactor biosynthesis protein MoaC

Molybdenum transport ATP−binding protein ModC (TC 3.A.1.8.1)
Molybdenum transport system permease protein ModB (TC 3.A.1.8.1)

Molybdenum transport system protein ModD
Molybdopterin biosynthesis enzyme

Molybdopterin biosynthesis Mog protein, molybdochelatase
Molybdopterin biosynthesis protein MoeA
Molybdopterin biosynthesis protein MoeB

Molybdopterin−guanine dinucleotide biosynthesis protein MobA
Molybdopterin−guanine dinucleotide biosynthesis protein MobB

Periplasmic molybdate−binding domain

CTP:molybdopterin cytidylyltransferase

Hypothetical protein YagQ

Periplasmic aromatic aldehyde oxidoreductase, iron−sulfur subunit YagT

Periplasmic aromatic aldehyde oxidoreductase, molybdenum binding subunit YagR

3−hydroxyanthranilate 3,4−dioxygenase (EC 1.13.11.6)
Indoleamine 2,3−dioxygenase (EC 1.13.11.52)

Kynureninase (EC 3.7.1.3)
Kynurenine 3−monooxygenase (EC 1.14.13.9)

Kynurenine formamidase (EC 3.5.1.9)
L−Aspartate dehydrogenase (EC 1.4.1.21)

L−aspartate oxidase (EC 1.4.3.16)
Niacin transporter in yeast, DAL5 family

Niacin transporter NiaP
Nicotinamidase family protein YcaC

Nicotinamidase/isochorismatase family protein
Nicotinamide phosphoribosyltransferase (EC 2.4.2.12)

Nicotinamide−nucleotide adenylyltransferase (EC 2.7.7.1), eukaryotic PNAT family
Nicotinate phosphoribosyltransferase (EC 2.4.2.11)

NMN 5'−nucleotidase, extracellular (EC 3.1.3.5)
Predicted N−ribosylNicotinamide CRP−like regulator

Quinolinate phosphoribosyltransferase [decarboxylating] (EC 2.4.2.19)
Quinolinate synthetase (EC 2.5.1.72)

Ribosyl nicotinamide transporter, PnuC−like
Ribosylnicotinamide kinase (EC 2.7.1.22)

Hypothetical Nudix−like regulator

Predicted NAD regulator in Alphaproteobacteria

Catalyzes the cleavage of p−aminobenzoyl−glutamate to p−aminobenzoate and glutamate, subunit A

Catalyzes the cleavage of p−aminobenzoyl−glutamate to p−aminobenzoate and glutamate, subunit B

Regulatory protein (induces abgABT, used to catabolize p−aminobenzoyl−glutamate)

Homogentisate prenyltransferase

Dihydropteridine reductase (EC 1.5.1.34)

Pterin−4−alpha−carbinolamine dehydratase (EC 4.2.1.96)

Sepiapterin reductase (EC 1.1.1.153)

Fumarylacetoacetate hydrolase family protein

COGs COG3146

Phenylalanine−4−hydroxylase (EC 1.14.16.1) − Long

D−3−phosphoglycerate dehydrogenase (EC 1.1.1.95)

Erythronate−4−phosphate dehydrogenase (EC 1.1.1.290)

Phosphoserine aminotransferase (EC 2.6.1.52)

Predicted transcriptional regulator of pyridoxine metabolism

Pyridoxine 5'−phosphate synthase (EC 2.6.99.2)

Pyridoxine biosynthesis glutamine amidotransferase, synthase subunit (EC 2.4.2.−)

Pyridoxine 4−oxidase (EC 1.1.3.12)

Coenzyme PQQ synthesis protein B

Coenzyme PQQ synthesis protein C

Coenzyme PQQ synthesis protein D

Coenzyme PQQ synthesis protein E

Microsomal dipeptidase (EC 3.4.13.19)

Pyrimidine deaminase eukaryotic (EC 3.5.4.26)

Riboflavin kinase (EC 2.7.1.26)

Riboflavin synthase alpha chain (EC 2.5.1.9)

Riboflavin transporter PnuX

ATPase component YkoD of energizing module of thiamin−regulated ECF transporter for HydroxyMethylPyrimidine
Glycine oxidase ThiO (EC 1.4.3.19)

Hydroxymethylpyrimidine ABC transporter, ATPase component
Hydroxymethylpyrimidine ABC transporter, transmembrane component

Predicted hydroxymethylpyrimidine transporter CytX
Predicted thiamin transporter PnuT

Rhodanese−like domain required for thiamine synthesis
Sulfur carrier protein adenylyltransferase ThiF
Thiamin ABC transporter, ATPase component

Thiamin ABC transporter, substrate−binding component
Thiamin ABC transporter, transmembrane component

Thiamin−regulated outer membrane receptor Omr1
Thiazole biosynthesis protein ThiH
Thiazole biosynthetic enzyme Thi4

4−hydroxybenzoate polyprenyltransferase (EC 2.5.1.−)

Chorismate−−pyruvate lyase (EC 4.1.3.40)

Protein YigP (COG3165) clustered with ubiquinone biosynthetic genes

Ubiquinone biosynthesis enzyme COQ7

Ubiquinone biosynthesis monooxygenase UbiB

Effect of perturbation

Cofactors, Vitamins, Prosthetic Groups, Pigments
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Nucleoid−associated
proteins in Bacteria

(1/3)

Plasmid
replication (2/2)

Restriction−Modification
System (6/8)

Uracil−DNA
glycosylase (6/9)

YcfH (2/4)
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2−deoxyglucose−6−phosphate hydrolase YniC

Putative phosphatase YqaB

Similar to phosphoglycolate phosphatase, clustered with ribosomal large subunit pseudouridine synthase C

Similar to phosphoglycolate phosphatase, clustered with ubiquinone biosynthesis SAM−dependent O−methyltransferase

Transcriptional regulator SpxA1

CRISPR−associated protein Cas02710

CRISPR−associated protein TM1812

CRISPR−associated RAMP Cmr1

CRISPR−associated RAMP Cmr2

CRISPR−associated RAMP Cmr3

CRISPR−associated RAMP Cmr4

CRISPR−associated helicase Cas3

CRISPR−associated negative autoregulator

CRISPR−associated protein Cas2

CRISPR−associated protein, MJ0381 family

CRISPR−associated protein, TM1800 family

CRISPR−associated RecB family exonuclease Cas4b

DNA helicase (Rad25 homolog)

Hypothetical protein (associated with DNA helicase − Rad25 homolog)

3'−phosphoadenosine 5'−phosphosulfate sulfurtransferase DndC

DNA polymerase III subunits gamma and tau (EC 2.7.7.7)

DNA topoisomerase III (EC 5.99.1.2)

FIG000557: hypothetical protein co−occurring with RecR

Inhibitor of pro−sigmaK processing BofA

Protein involved in catabolism of external DNA

Recombination protein RecR

DNA repair and recombination protein RadA

DNA repair and recombination protein RadB

DNA repair protein RAD51

ATP−dependent DNA ligase (EC 6.5.1.1)

ATP−dependent DNA ligase (EC 6.5.1.1) clustered with Ku protein, LigD

ATP−dependent DNA ligase (EC 6.5.1.1) LigC

DNA polymerase I (EC 2.7.7.7)

DNA polymerase II (EC 2.7.7.7)

Exodeoxyribonuclease I (EC 3.1.11.1)

Flap structure−specific endonuclease (EC 3.−.−.−)

Formamidopyrimidine−DNA glycosylase (EC 3.2.2.23)

ADA regulatory proteinAlkylated DNA repair protein AlkBDNA mismatch repair endonuclease MutHDNA polymerase IV (EC 2.7.7.7)DNA polymerase−like protein MT3142DNA polymerase−like protein PA0670DNA recombination protein RmuCDNA repair exonuclease family protein YhaODNA repair protein RadADNA repair protein RadCDNA repair protein RecNDNA−damage−inducible protein JEndonuclease V (EC 3.1.21.7)Exodeoxyribonuclease III (EC 3.1.11.2)Exonuclease SbcCG:T/U mismatch−specific uracil/thymine DNA−glycosylaseMethyl−directed repair DNA adenine methylase (EC 2.1.1.72)Methylated−DNA−−protein−cysteine methyltransferase (EC 2.1.1.63)RecA proteinRecombinational DNA repair protein RecT (prophage associated)Single−stranded DNA−binding proteinVery−short−patch mismatch repair endonuclease (G−T specific)

ATP−dependent helicase DinG/Rad3

DinG family ATP−dependent helicase CPE1197

DinG family ATP−dependent helicase YoaA

DinG family ATP−dependent helicase YpvA

Clostridial MutS2−related protein

DNA mismatch repair protein MutL

DNA mismatch repair protein MutS

MutS domain protein, family 5

MutS−related protein, family 1

Deoxyribodipyrimidine photolyase (EC 4.1.99.3)

Deoxyribodipyrimidine photolyase, type II (EC 4.1.99.3)

ATP−dependent DNA helicase SCO5183

ATP−dependent DNA helicase SCO5184

Exodeoxyribonuclease V beta chain (EC 3.1.11.5)

Exodeoxyribonuclease V gamma chain (EC 3.1.11.5)

Protease III precursor (EC 3.4.24.55)

RecD−like DNA helicase Atu2026

RecD−like DNA helicase YrrC

ATP−dependent DNA helicase RecQ

ATP−dependent DNA helicase, RecQ family

DNA recombination and repair protein RecF

Single−stranded−DNA−specific exonuclease RecJ (EC 3.1.−.−)

Single−stranded−DNA−specific exonuclease RecJ, clostridial paralog

ATP−dependent DNA helicase pcrA (EC 3.6.1.−)

ATP−dependent DNA helicase Rep

ATP−dependent DNA helicase UvrD/PcrA

ATP−dependent DNA helicase UvrD/PcrA, actinomycete paralog

ATP−dependent DNA helicase UvrD/PcrA, proteobacterial paralog

DNA helicase IV

putative ATP−dependent DNA helicase YjcD

Excinuclease ABC subunit A

Excinuclease ABC subunit A paralog in greater Bacteroides group

Excinuclease ABC subunit A paralog of unknown function

Excinuclease ABC subunit A, dimeric form

Excinuclease ABC subunit C

Excinuclease cho (excinuclease ABC alternative C subunit)

Archaeal DNA polymerase I (EC 2.7.7.7)

Archaeal DNA polymerase II large subunit (EC 2.7.7.7)

Archaeal DNA polymerase II small subunit (EC 2.7.7.7)

Cell division control protein 6

DNA primase large subunit (EC 2.7.7.−)

DNA replication helicase protein MCM

Replication factor C large subunit

Replication factor C small subunit

Chromosome partition protein MukB

Chromosome partition protein MukE

Chromosome partition protein MukF

DNA−binding protein Fis

DNA−binding protein HBsu

DNA−binding protein HU−beta

Integration host factor alpha subunit

Integration host factor beta subunit

DNA topoisomerase I, eukaryotic−type (EC 5.99.1.2)

DNA topoisomerase IB (poxvirus type) (EC 5.99.1.2)

DNA topoisomerase III, Bacteroidales−type (EC 5.99.1.2)

DNA topoisomerase III, Burkholderia type (EC 5.99.1.2)

DNA topoisomerase III, TraE−type (EC 5.99.1.2)

DNA gyrase subunit A (EC 5.99.1.3)

DNA topoisomerase VI subunit A (EC 5.99.1.3)

DNA topoisomerase VI subunit B (EC 5.99.1.3)

Topoisomerase IV subunit A (EC 5.99.1.−)

Crossover junction endodeoxyribonuclease RuvC (EC 3.1.22.4)
DNA polymerase III beta subunit (EC 2.7.7.7)

DNA polymerase III chi subunit (EC 2.7.7.7)
DNA polymerase III delta prime subunit (EC 2.7.7.7)

DNA primase (EC 2.7.7.−), phage−associated
DNA replication protein DnaC

Holliday junction DNA helicase RuvB
Primosomal protein I

Primosomal replication protein N

ComF operon protein A, DNA transporter ATPase

Competence protein CoiA

Late competence protein ComEA, DNA receptor

Negative regulator of genetic competence MecA

Positive regulator of competence TfoX

Ku domain protein

DNA−binding protein H−NS

Plasmid replication protein RepB

Plasmid replication protein RepC

Putative DNA−binding protein in cluster with Type I restriction−modification system

Type I restriction−modification system, DNA−methyltransferase subunit M (EC 2.1.1.72)

Type I restriction−modification system, restriction subunit R (EC 3.1.21.3)

Type I restriction−modification system, specificity subunit S (EC 3.1.21.3)

Type III restriction−modification system DNA endonuclease res (EC 3.1.21.5)

Type III restriction−modification system methylation subunit (EC 2.1.1.72)

Domain often clustered or fused with uracil−DNA glycosylase

Uracil−DNA glycosylase, family 1

Uracil−DNA glycosylase, family 3

Uracil−DNA glycosylase, family 4

Uracil−DNA glycosylase, family 5

Uracil−DNA glycosylase, putative family 6

Putative deoxyribonuclease similar to YcfH, type 2

Putative deoxyribonuclease similar to YcfH, type 3

Effect of perturbation

DNA Metabolism
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Bacillus biofilm
matrix protein

component TasA and
homologs (3/15)

Dipicolinate
Synthesis (1/1)

Exosporium (1/14)

Persister Cells
(1/2)

Small
acid−soluble spore
proteins (4/10)

Spore Core
Dehydration (4/5)

Spore
germination
(13/49)

Spore pigment
biosynthetic cluster
in Actinomycetes
(4/10)

Sporulation
Cluster III A
(7/7)

Sporulation
draft (3/8)

Sporulation
gene orphans
(19/29)

Sporulation−associated
proteins with

broader functions
(2/3)
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Immune inhibitor A metalloprotease

Signal peptidase SipW (EC 3.4.21.89), required for TasA secretion

SinR, regulator of post−exponential−phase responses genes (competence and sporulation)

Dipicolinate synthase subunit B

Outer spore coat protein E

HipA protein

Endopeptidase spore protease Gpr (EC 3.4.24.78)

Small acid−soluble spore protein, alpha−type SASP

Small acid−soluble spore protein, alpha/beta family, SASP_1

Small acid−soluble spore protein, beta−type SASP

Fused spore maturation proteins A and B

Spore maturation protein A

Spore maturation protein A−like protein

Spore maturation protein B

Putative peptidoglycan hydrolase YvbX, NOT involved in spore germination
Spore cortex−lytic enzyme, lytic transglycosylase SleB

Spore cortex−lytic enzyme, N−acetylglucosaminidase SleL (EC 3.2.1.−)
Spore germination protein GerAA, germination response to L−alanine and related amino acids (earliest stage)

Spore germination protein GerD
Spore germination protein GerKA
Spore germination protein GerKB
Spore germination protein GerKC

Spore germination protein GerN (inosine−dependent germination), Na+/H+ antiporter
Spore germination protein GerSA
Spore germination protein GerSB
Spore germination protein GerYA
Spore germination protein YpeB

Polyketide beta−ketoacyl synthase WhiE−KS paralog

Polyketide chain length factor WhiE−CLF paralog

Polyketide hydroxylase WhiE VIII

WhiE I protein of unknown function

Stage III sporulation protein AA
Stage III sporulation protein AB
Stage III sporulation protein AC
Stage III sporulation protein AD
Stage III sporulation protein AF
Stage III sporulation protein AG
Stage III sporulation protein AH

Spore cortex−lytic enzyme precursor

spore peptidoglycan hydrolase (N−acetylglucosaminidase) (EC 3.2.1.−)

Stage V sporulation protein B

Sporulation kinase A (EC 2.7.13.3)Sporulation kinase B (EC 2.7.13.3)Sporulation sigma−E factor processing peptidase (SpoIIGA)Stage 0 sporulation two−component response regulator (Spo0A)Stage II sporulation protein M (SpoIIM)Stage II sporulation protein PStage II sporulation protein required for processing of pro−sigma−E (SpoIIR)Stage II sporulation serine phosphatase for sigma−F activation (SpoIIE)Stage IV sporulation pro−sigma−K processing enzyme (SpoIVFB)Stage IV sporulation protein BStage IV sporulation protein FA (SpoIVFA)Stage V sporulation protein AA (SpoVAA)Stage V sporulation protein AC (SpoVAC)Stage V sporulation protein AD (SpoVAD)Stage V sporulation protein AE (SpoVAE)Stage V sporulation protein AF (SpoVAF)Stage V sporulation protein involved in spore cortex synthesis (SpoVR)Stage V sporulation protein T, AbrB family transcriptional regulator (SpoVT)Stage V sporulation protein whose disruption leads to the production of immature spores (SpoVK)

Protein of unknown function identified by role in sporulation (SpoVG)

Stage III sporulation protein AE

Effect of perturbation

Dormancy and Sporulation
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Acyclic
terpenes utilization
(4/7)

Acyl−CoA
thioesterase II

(5/6)

Archaeal lipids
(7/11)

Carnitine
Metabolism in

Microorganisms
(1/8)

Carotenoids
(18/31)

Cholesterol
catabolic operon in
Mycobacteria (5/6)

Fatty Acid
Biosynthesis FASI
(5/10)

Fatty Acid
Biosynthesis FASII

(11/20)

Fatty acid
degradation regulons

(4/6)

Glycerolipid and
Glycerophospholipid

Metabolism in
Bacteria (9/12)

Isoprenoid
Biosynthesis (6/9)

Phospholipid
and Fatty acid
biosynthesis related
cluster (16/22)

Polyhydroxybutyrate
metabolism (8/10)

Polyprenyl
Diphosphate
Biosynthesis (3/8)

Polyunsaturated
Fatty Acids
synthesis (4/7)

Sphingolipid
biosynthesis (1/3)

Triacylglycerol
metabolism (4/4)
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3−hydroxy−3isohexenylglutaryl−CoA:acetate lyase

Acyclic terpenes utilization regulator AtuR, TetR family

Geranyl−CoA carboxylase carboxyl transferase subunit

Isohexenylglutaconyl−CoA hydratase

Acyl−CoA thioesterase II (EC 3.1.2.−)

TesB−like acyl−CoA thioesterase 1

TesB−like acyl−CoA thioesterase 3

TesB−like acyl−CoA thioesterase 4

TesB−like acyl−CoA thioesterase 5

(S)−3−O−geranylgeranylglyceryl phosphate synthase
Digeranylgeranylglycerophospholipid reductase

Glycerol−1−phosphate dehydrogenase [NAD(P)] (EC 1.1.1.261)
Hydroxymethylglutaryl−CoA reductase (EC 1.1.1.34)
Hydroxymethylglutaryl−CoA synthase (EC 2.3.3.10)

Isopentenyl phosphate kinase
Isopentenyl−diphosphate delta−isomerase, FMN−dependent (EC 5.3.3.2)

Electron transfer flavoprotein, alpha subunit FixB

Beta−carotene hydroxylaseBeta−carotene ketolase (EC 1.14.−.−)C50 carotenoid epsilon cyclaseDehydrosqualene synthase (EC 2.5.1.−)gamma−carotene desaturase, putativeGeranylgeranyl pyrophosphate synthetase (EC 2.5.1.29)Geranyltranstransferase (farnesyldiphosphate synthase) (EC 2.5.1.10)Lycopene cyclaseLycopene elongase (EC 2.5.1.−)Methoxyneurosporene dehydrogenase (EC 1.14.99.−)Phytoene dehydrogenase (EC 1.14.99.−)Phytoene dehydrogenase and related proteinsPhytoene desaturase (EC 1.14.99.−)Phytoene synthase (EC 2.5.1.32)Pro−zeta−carotene desaturase, prolycopene producing (EC 1.−.−.−)Regulator of carotenoid biosynthesisSqualene−−hopene cyclase (EC 5.4.99.17)Zeaxanthin glucosyl transferase

Acyl−CoA dehydrogenase IgrC

Conserved protein IgrD

Enoyl coenzyme A hydratase IgrE

Lipid carrier protein IgrF

Putative cytochrome P450 IgrA

[Acyl−carrier−protein] malonyl transferase of FASI (EC 2.3.1.39)

4'−phosphopantetheinyl transferase of FASI (EC 2.7.8.7)

Acetyl−coenzyme A carboxyl transferase of ACAC1 (EC 6.4.1.2)

Fatty acyl−coenzyme A elongase

Trans−2,3−enoyl−cozyme A reductase of elongase (EC 1.−.−.−)

(3R)−hydroxymyristoyl−[acyl carrier protein] dehydratase (EC 4.2.1.−)
3−hydroxydecanoyl−[acyl−carrier−protein] dehydratase (EC 4.2.1.60)

3−oxoacyl−[acyl−carrier−protein] synthase, KASII (EC 2.3.1.41)
3−oxoacyl−[acyl−carrier−protein] synthase, KASIII (EC 2.3.1.41)

4'−phosphopantetheinyl transferase (EC 2.7.8.−)
Acetyl−coenzyme A carboxyl transferase alpha chain (EC 6.4.1.2)

Acyl carrier protein phosphodiesterase (EC 3.1.4.14)
Biotin carboxyl carrier protein of acetyl−CoA carboxylase

Enoyl−[acyl−carrier−protein] reductase [NADH] (EC 1.3.1.9)
Enoyl−[acyl−carrier−protein] reductase [NADPH] (EC 1.3.1.10)

Malonyl CoA−acyl carrier protein transacylase (EC 2.3.1.39)

2,4−dienoyl−CoA reductase [NADPH] (EC 1.3.1.34)

Long−chain fatty acid transport protein

Predicted transcriptional regulator for fatty acid degradation FadP, TetR family

Transcriptional regulator for fatty acid degradation FadR, GntR family

1−acyl−sn−glycerol−3−phosphate acyltransferase (EC 2.3.1.51)
Acyl−phosphate:glycerol−3−phosphate O−acyltransferase PlsY

Aldehyde dehydrogenase B (EC 1.2.1.22)
Cardiolipin synthetase (EC 2.7.8.−)

CDP−diacylglycerol−−serine O−phosphatidyltransferase (EC 2.7.8.8)
Glycerol−3−phosphate acyltransferase (EC 2.3.1.15)

Phosphate:acyl−ACP acyltransferase PlsX
Phosphatidylglycerophosphatase A (EC 3.1.3.27)
Phosphatidylserine decarboxylase (EC 4.1.1.65)

1−deoxy−D−xylulose 5−phosphate synthase (EC 2.2.1.7)

2−C−methyl−D−erythritol 2,4−cyclodiphosphate synthase (EC 4.6.1.12)

2−C−methyl−D−erythritol 4−phosphate cytidylyltransferase (EC 2.7.7.60)

Diphosphomevalonate decarboxylase (EC 4.1.1.33)

Isopentenyl−diphosphate delta−isomerase (EC 5.3.3.2)

Phosphomevalonate kinase (EC 2.7.4.2)

3−hydroxydecanoyl−[ACP] dehydratase (EC 4.2.1.60)
3−oxoacyl−[ACP] reductase (EC 1.1.1.100)

3−oxoacyl−[ACP] synthase
3−oxoacyl−[ACP] synthase (EC 2.3.1.41) FabV like

Acyl carrier protein (ACP1)
FIG002571: 4−hydroxybenzoyl−CoA thioesterase domain protein

FIG017861: hypothetical protein
FIG018329: 1−acyl−sn−glycerol−3−phosphate acyltransferase

FIG021862: membrane protein, exporter
FIG022199: FAD−binding protein

FIG027190: Putative transmembrane protein
FIG035331: hypothetical protein

FIG138576: 3−oxoacyl−[ACP] synthase (EC 2.3.1.41)
FIG143263: Glycosyl transferase

FIGfam138462: Acyl−CoA synthetase, AMP−(fatty) acid ligase
Putative histidine ammonia−lyase protein

D−beta−hydroxybutyrate dehydrogenase (EC 1.1.1.30)
D−beta−hydroxybutyrate permease

D(−)−3−hydroxybutyrate oligomer hydrolase (EC 3.1.1.22)
Intracellular PHB depolymerase (EC 3.1.1.−)

Poly(3−hydroxyalkanoate) depolymerase
Polyhydroxyalkanoate granule−associated protein PhaF

polyhydroxyalkanoate synthesis repressor PhaR
Polyhydroxyalkanoic acid synthase

Geranylgeranyl reductase (EC 1.3.1.83)

Heptaprenyl diphosphate synthase component I (EC 2.5.1.30)

Octaprenyl−diphosphate synthase (EC 2.5.1.−)

4'−phosphopantetheinyl transferase (EC 2.7.8.−), inferred for PFA pathway

Enoyl−[acyl−carrier−protein] reductase [FMN] (EC 1.3.1.9), inferred for PFA pathway

omega−3 polyunsaturated fatty acid synthase subunit, PfaA

omega−3 polyunsaturated fatty acid synthase subunit, PfaC

Putative fatty acid desaturase (EC 1.14.−.−)

Lysophospholipase (EC 3.1.1.5)

Phospholipase A1 precursor (EC 3.1.1.32, EC 3.1.1.4)

Triacylglycerol lipase (EC 3.1.1.3)

Triacylglycerol lipase precursor (EC 3.1.1.3)

Effect of perturbation

Fatty Acids, Lipids, and Isoprenoids
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Alcaligin
Siderophore (1/9)

Bacillibactin
Siderophore (1/11)

Campylobacter Iron
Metabolism (4/16)

Ferrous iron
transporter EfeUOB,
low−pH−induced
(4/4)

Heme, hemin uptake
and utilization

systems in
GramPositives

(21/62)

Hemin transport
system (9/14)

Iron acquisition in
Streptococcus (3/4)

Iron acquisition in
Vibrio (2/37)

Iron
Scavenging cluster
in Thermus (1/3)

Iron siderophore
sensor & receptor

system (2/3)

Petrobactin−mediated
iron uptake system

(1/4)

Salmochelin−mediated
Iron Acquisition

(1/5)

Siderophore
[Alcaligin−like]
(1/10)

Siderophore
Achromobactin

(1/18)

Siderophore
Aerobactin (3/12)

Siderophore
assembly kit
(13/20)

Siderophore
Desferrioxamine E
(5/6)

Siderophore
Enterobactin (3/18)

Siderophore
pyochelin (2/22)

Siderophore
Pyoverdine (16/39)

Siderophore
Staphylobactin
(1/16)

Siderophore
Yersiniabactin
Biosynthesis (3/7)

Transport of Iron
(2/5)

Vibrioferrin
synthesis (1/11)
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Siderophore [Alcaligin] biosynthesis complex, long chain

Bacillibactin synthetase component F (EC 2.7.7.−)

Ferric iron ABC transporter, iron−binding protein

Ferrous iron transport protein B

Periplasmic protein p19 involved in high−affinity Fe2+ transport

Putative high−affinity iron permease

Ferrous iron transport periplasmic protein EfeO, contains peptidase−M75 domain and (frequently) cupredoxin−like domain

Ferrous iron transport permease EfeU

Ferrous iron transport permease EfeU, N−terminal extended

Ferrous iron transport peroxidase EfeB

Heme ABC transporter (Streptococcus), ATP−binding proteinHeme ABC transporter (Streptococcus), permease proteinHeme ABC transporter, ATPase component HmuVHeme ABC transporter, cell surface heme and hemoprotein receptor HmuTHeme ABC transporter, permease protein HmuUHeme ABC type transporter HtsABC, permease protein HtsCHemin transport protein HmuSHemoglobin−dependent two component system, sensory histidine kinase HrrSHemoglobin, heme−dependent two component system response regulator ChrAHemoglobin, heme−dependent two component system sensory histidine kinase ChrSHypothetical, distant similarity with heme−degrading oxygenase IsdGIron compound ABC uptake transporter ATP−binding proteinIron compound ABC uptake transporter permease proteinIron compound ABC uptake transporter substrate−binding proteinIron compound ABC uptake transporter substrate−binding protein PiaAIron−dependent repressor IdeR/DtxRSortase A, LPXTG specificTwo−component response regulator SA14−24Uncharacterized iron compound ABC uptake transporter, ATP−binding proteinUncharacterized iron compound ABC uptake transporter, permease proteinZn−dependent hydrolase (beta−lactamase superfamily)

ABC−type hemin transport system, ATPase component
Ferric siderophore transport system, periplasmic binding protein TonB

Haemin uptake system outer membrane receptor
heme uptake transmembrane sensor

Hemin ABC transporter, permease protein
Hemin transport protein

Hemin uptake protein
Outer membrane receptor proteins, mostly Fe transport

Periplasmic hemin−binding protein

Ferric iron ABC transporter, ATP−binding protein

Ferric iron ABC transporter, permease protein

Two−component response regulator, associated with ferric iron transporter, SPy1062 homolog

Ferrous iron transport protein A

TonB−dependent receptor

Probable thiol oxidoreductase with 2 cytochrome c heme−binding sites

Iron siderophore receptor protein

Iron siderophore sensor protein

Petrobactin ABC transporter, permease protein II

Glycosyltransferase IroB

Iron−siderophore [Alcaligin−like] transport system, substrate−binding component

Putative achromobactin biosynthesis protein, related to 2−demethylmenaquinone methyltransferase

Ferric hydroxamate ABC transporter (TC 3.A.1.14.3), ATP−binding protein FhuC

Ferric hydroxamate ABC transporter (TC 3.A.1.14.3), periplasmic substrate binding protein FhuD

Ferric hydroxamate ABC transporter (TC 3.A.1.14.3), permease component FhuB

ABC−type Fe3+−siderophore transport system, ATPase component
ABC−type Fe3+−siderophore transport system, permease component

Iron−siderophore transport system, permease component
Siderophore biosynthesis diaminobutyrate−−2−oxoglutarate aminotransferase (EC 2.6.1.76)

Siderophore biosynthesis L−2,4−diaminobutyrate decarboxylase
Siderophore biosynthesis non−ribosomal peptide synthetase modules

Siderophore biosynthesis protein, monooxygenase
Siderophore synthetase component, ligase

Siderophore synthetase large component, acetyltransferase
Siderophore synthetase small component, acetyltransferase

Siderophore transport protein
TonB−dependent hemin , ferrichrome receptor

TonB−dependent siderophore receptor

Desferrioxamine E biosynthesis protein DesA

Desferrioxamine E biosynthesis protein DesB

Desferrioxamine E biosynthesis protein DesC

Desferrioxamine E biosynthesis protein DesD

Putative Desferrioxamine E transporter

2,3−dihydro−2,3−dihydroxybenzoate dehydrogenase (EC 1.3.1.28) [enterobactin] siderophore

Enterobactin synthetase component F, serine activating enzyme (EC 2.7.7.−)

Proofreading thioesterase in enterobactin biosynthesis EntH

ABC efflux pump, fused inner membrane and ATPase subunits in pyochelin gene cluster

Enantio−pyochelin synthetase PchF, non−ribosomal peptide synthetase module

ABC transporter in pyoverdin gene cluster, ATP−binding component
ABC transporter in pyoverdin gene cluster, permease component

Acyl−homoserine lactone acylase PvdQ (EC 3.5.1.−), quorum−quenching
Antisigma transmembrane sensor FpvR

Cation ABC transporter, periplasmic cation−binding protein, PA2407 homolog
Hypothetical MbtH−like protein, PA2412 homolog

Non−ribosomal peptide synthetase modules, pyoverdine
Non−ribosomal peptide synthetase modules, pyoverdine??

Pirin−related protein, coexpressed with pyoverdine biosynthesis regulon
Probable thioesterase involved in non−ribosomal peptide biosynthesis, PA2411 homolog

PvdO, pyoverdine responsive serine/threonine kinase (predicted by OlgaV)
Pyoverdin biosynthesis protein PvdN, putative aminotransferase, class V

Pyoverdine chromophore precursor synthetase PvdL
Pyoverdine sidechain non−ribosomal peptide synthetase PvdD
Pyoverdine sidechain non−ribosomal peptide synthetase PvdI
Pyoverdine sidechain non−ribosomal peptide synthetase PvdJ

Siderophore staphylobactin biosynthesis protein SbnH

iron aquisition yersiniabactin synthesis enzyme (Irp1,polyketide synthetase)

iron aquisition yersiniabactin synthesis enzyme (Irp2)

iron aquisition yersiniabactin synthesis enzyme (YbtT,resembles thioesterases)

Ferrichrome−iron receptor

Iron−regulated protein A precursor

Vibrioferrin decarboxylase protein PvsE

Effect of perturbation

Iron acquisition and metabolism



Drought Flood Freeze Heat

ABC
transporter
alkylphosphonate (TC
3.A.1.9.1) (4/5)

ABC
transporter
branched−chain amino
acid (TC 3.A.1.4.1)
(6/6)

ABC transporter
dipeptide (TC

3.A.1.5.2) (4/5)

ABC transporter of
unknown substrate X

(1/4)

ABC transporter
oligopeptide (TC
3.A.1.5.1) (3/5)

ABC transporter
peptide (TC

3.A.1.5.5) (1/5)

ABC
transporter
tungstate (TC
3.A.1.6.2) (3/6)

ATP−dependent
efflux pump
transporter Ybh
(4/5)

Choline Transport
(1/4)

Citrate
Utilization System
(CitAB, CitH, and
tctABC) (5/6)

Curli
production (1/5)

ECF class
transporters
(20/50)

ESAT−6
proteins secretion
system in
Actinobacteria
(7/15)

ESAT−6 proteins
secretion system in
Firmicutes (3/20)

Fructose and
Mannose Inducible

PTS (2/9)

General
Secretion Pathway
(12/15)

HtrA and Sec
secretion (1/7)

Mannose−sensitive
hemagglutinin type 4
pilus (11/18)

Periplasmic−Binding−Protein−Dependent
Transport System for
&#945;−Glucosides
(6/6)

Phosphoglycerate
transport system

(1/8)

Proton−dependent
Peptide Transporters

(1/6)

Sodium Hydrogen
Antiporter (6/21)

Sucrose−specific
PTS (1/1)

Ton and Tol
transport systems

(17/27)

Transport of
Manganese (3/8)

Transport of Nickel
and Cobalt (8/22)

Transport of Zinc
(4/14)

Twin−arginine
translocation system
(2/5)

Type III secretion
system (7/13)

Type III secretion
system orphans

(2/5)

Type IV pilus
(20/21)

Type VI
secretion systems
(17/25)

Widespread
colonization island
(12/16)
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Phosphonate ABC transporter ATP−binding protein (TC 3.A.1.9.1)

Phosphonate ABC transporter permease protein phnE (TC 3.A.1.9.1)

Phosphonate ABC transporter permease protein phnE2 (TC 3.A.1.9.1)

Phosphonate ABC transporter phosphate−binding periplasmic component (TC 3.A.1.9.1)

Branched−chain amino acid ABC transporter, amino acid−binding protein (TC 3.A.1.4.1)

Branched−chain amino acid transport ATP−binding protein LivF (TC 3.A.1.4.1)

Branched−chain amino acid transport ATP−binding protein LivG (TC 3.A.1.4.1)

Branched−chain amino acid transport system permease protein LivM (TC 3.A.1.4.1)

High−affinity branched−chain amino acid transport system permease protein LivH (TC 3.A.1.4.1)

High−affinity leucine−specific transport system, periplasmic binding protein LivK (TC 3.A.1.4.1)

Dipeptide transport ATP−binding protein DppD (TC 3.A.1.5.2)

Dipeptide transport ATP−binding protein DppF (TC 3.A.1.5.2)

Dipeptide transport system permease protein DppB (TC 3.A.1.5.2)

Dipeptide−binding ABC transporter, periplasmic substrate−binding component (TC 3.A.1.5.2)

Putative ABC transporter of substrate X, ATP−binding subunit

Oligopeptide transport ATP−binding protein OppD (TC 3.A.1.5.1)

Oligopeptide transport ATP−binding protein OppF (TC 3.A.1.5.1)

Oligopeptide transport system permease protein OppC (TC 3.A.1.5.1)

Peptide transport system permease protein sapB (TC 3.A.1.5.5)

ABC−type tungstate transport system, ATP−binding protein

ABC−type tungstate transport system, periplasmic binding protein

ABC−type tungstate transport system, permease protein

ABC transport system, permease component YbhR

ABC transport system, permease component YbhS

ABC transporter multidrug efflux pump, fused ATP−binding domains

Predicted membrane fusion protein (MFP) component of efflux pump, membrane anchor protein YbhG

Choline ABC transporter ATP−binding protein

Response regulator CitB of citrate metabolism

Signal transduction histidine kinase CitA regulating citrate metabolism

TctA citrate transporter

TctB citrate transporter

TctC citrate transporter

Minor curlin subunit CsgB, nucleation component of curlin monomers

Additional substrate−specific component NikN of nickel ECF transporterATPase component NikO of energizing module of nickel ECF transporterATPase component of general energizing module of ECF transportersATPase component STY3232 of energizing module of queuosine−regulated ECF transporterDuplicated ATPase component MtsB of energizing module of methionine−regulated ECF transporterDuplicated ATPase component SS1136 of energizing module of predicted ECF transporterDuplicated ATPase component TTE1589 of energizing module of predicted methylthioadenosine ECF transporterDuplicated ATPase component YkoD of energizing module of thiamin−regulated ECF transporter for HydroxyMethylPyrimidineSubstrate−specific component FolT of folate ECF transporterSubstrate−specific component MtsA of methionine−regulated ECF transporterSubstrate−specific component NikM of nickel ECF transporterSubstrate−specific component PdxU2 of predicted pyridoxin−related ECF transporterSubstrate−specific component RibU of riboflavin ECF transporterSubstrate−specific component STY3230 of queuosine−regulated ECF transporterSubstrate−specific component ThiT of thiamin ECF transporterSubstrate−specific component YkoE of thiamin−regulated ECF transporter for HydroxyMethylPyrimidineTransmembrane component NikQ of energizing module of nickel ECF transporterTransmembrane component of general energizing module of ECF transportersTransmembrane component TTE1588 of energizing module of predicted methylthioadenosine ECF transporterTransmembrane component YkoC of energizing module of thiamin−regulated ECF transporter for HydroxyMethylPyrimidine

AAA family ATPase, ESX−1 secretion system component Rv3868

FtsK/SpoIIIE family protein Rv3870, component of ESX−1 secretion system

FtsK/SpoIIIE family protein Rv3871, component of ESX−1 secretion system

Putative ESX−1 secretion system component Rv3869

Putative ESX−1 secretion system component Rv3877

RD1 region associated protein Rv3876

RD1 region associated protein Rv3879c

FtsK/SpoIIIE family protein, putative secretion system component EssC/YukA

Repetitive hypothetical protein near ESAT cluster, SA0282 homolog

Tetratrico−peptide repeat (TPR) protein within ESAT−6 gene cluster

fructose sensor histidine kinase

Phosphoenolpyruvate−protein phosphotransferase of PTS system (EC 2.7.3.9)

General secretion pathway protein A
General secretion pathway protein B
General secretion pathway protein C
General secretion pathway protein D
General secretion pathway protein E
General secretion pathway protein F
General secretion pathway protein G
General secretion pathway protein I

General secretion pathway protein K
General secretion pathway protein L
General secretion pathway protein M
General secretion pathway protein N

Preprotein translocase subunit SecG (TC 3.A.5.1.1)

MSHA biogenesis protein MshE
MSHA biogenesis protein MshG
MSHA biogenesis protein MshI

MSHA biogenesis protein MshK2
MSHA biogenesis protein MshL
MSHA biogenesis protein MshM
MSHA biogenesis protein MshN
MSHA biogenesis protein MshP
MSHA biogenesis protein MshQ

MSHA pilin protein MshA
MSHA pilin protein MshD

ABC alpha−glucoside transporter, inner membrane subunit AglF

Alpha−glucosidase AglA

Alpha−glucoside transport ATP−binding protein AglK

Alpha−glucoside transport system permease protein AglG

Alpha−glucosides−binding periplasmic protein AglE precursor

Transcriptional regulator AglR, LacI family

FIGfam010146: Two component system histidine kinase

Di−/tripeptide transporter

Na(+) H(+) antiporter subunit A

Na(+) H(+) antiporter subunit A (TC 2.A.63.1.2)

Na(+) H(+) antiporter subunit B

Na(+) H(+) antiporter subunit C

Na(+) H(+) antiporter subunit D

Na(+) H(+) antiporter subunit F

Sucrose operon repressor ScrR, LacI family

4−hydroxybenzoyl−CoA thioesterase family active site
Biopolymer transport protein ExbD/TolR

Colicin I receptor precursor
Ferric siderophore transport system, biopolymer transport protein ExbB

iron−chelator utilization protein
MotA/TolQ/ExbB proton channel family protein

N−acetylglucosamine−regulated TonB−dependent outer membrane receptor
Outer membrane lipoprotein omp16 precursor

Peptidoglycan−associated lipoprotein precursor
Predicted b−glucoside−specific TonB−dependent outer membrane receptor

Protein−L−isoaspartate O−methyltransferase (EC 2.1.1.77)
Putative TolA protein

Tol biopolymer transport system, TolR protein
TolA protein

tolB protein precursor, periplasmic protein involved in the tonb−independent uptake of group A colicins
TPR domain protein, putative component of TonB system

TPR repeat containing exported protein

Manganese ABC transporter, periplasmic−binding protein SitA

Manganese transport protein MntH

Manganese uptake regulation protein MUR

Additional periplasmic component NikK of nickel ECF transporter
HoxN/HupN/NixA family nickel/cobalt transporter

HupE−UreJ family metal transporter
Nicel/Cobalt−specific TonB−dependent outer membrane receptor

Nickel responsive regulator NikR
Nickel transport system permease protein NikB (TC 3.A.1.5.3)

Nickel transporter UreH
Predicted cobalt transporter CbtA

COG0523: Putative GTPases (G3E family)

Zinc ABC transporter, ATP−binding protein ZnuC

Zinc transporter, ZIP family

Zinc−regulated TonB−dependent outer membrane receptor

Deoxyribonuclease TatD

Twin−arginine translocation protein TatB

Type III secretion bridge between inner and outermembrane lipoprotein (YscJ,HrcJ,EscJ, PscJ)

Type III secretion chaperone protein for YopD (SycD)

Type III secretion cytoplasmic ATP synthase (EC 3.6.3.14, YscN,SpaL,MxiB,HrcN,EscN)

Type III secretion inner membrane protein (YscR,SpaR,HrcR,EscR,homologous to flagellar export components)

Type III secretion inner membrane protein (YscU,SpaS,EscU,HrcU,SsaU, homologous to flagellar export components)

Type III secretion outermembrane pore forming protein (YscC,MxiD,HrcC, InvG)

Type III secretion thermoregulatory protein (LcrF,VirF,transcription regulation of virulence plasmid)

BarA sensory histidine kinase (= VarS = GacS)

Type III secretion transcriptional activator HilA

Fimbrial assembly protein FimBN−methyltransferase (EC 2.1.1.−)Twitching motility protein PilTTwo−component sensor PilStype 4 fimbrial biogenesis protein FimUType IV fimbriae expression regulatory protein PilRType IV fimbrial assembly protein PilCType IV fimbrial assembly, ATPase PilBType IV fimbrial biogenesis protein FimTType IV fimbrial biogenesis protein PilVType IV fimbrial biogenesis protein PilWType IV fimbrial biogenesis protein PilXType IV fimbrial biogenesis protein PilY1Type IV pilin PilAType IV pilus biogenesis protein PilEType IV pilus biogenesis protein PilMType IV pilus biogenesis protein PilNType IV pilus biogenesis protein PilOType IV pilus biogenesis protein PilPType IV pilus biogenesis protein PilQ

IcmF−related protein
Outer membrane protein ImpK/VasF, OmpA/MotB domain

Protein ImpG/VasA
Protein of avirulence locus ImpE

Protein phosphatase ImpM
Secreted protein Hcp

Serine/threonine protein kinase (EC 2.7.11.1) PpkA
Sigma−54 dependent transcriptional regulator

Uncharacterized protein ImpA
Uncharacterized protein ImpB
Uncharacterized protein ImpC
Uncharacterized protein ImpF

Uncharacterized protein ImpH/VasB
Uncharacterized protein ImpI/VasC
Uncharacterized protein ImpJ/VasE

Uncharacterized protein similar to VCA0109
VgrG protein

ATP−dependent helicase, DEAD/DEAH box family, associated with Flp pilus assembly
Flp pilus assembly protein RcpC/CpaB

Flp pilus assembly protein TadB
Flp pilus assembly protein TadD, contains TPR repeat

Flp pilus assembly protein, pilin Flp
Predicted ATPase with chaperone activity, associated with Flp pilus assembly

Similar to TadZ/CpaE, associated with Flp pilus assembly
Type II/IV secretion system ATP hydrolase TadA/VirB11/CpaF, TadA subfamily

Type II/IV secretion system ATPase TadZ/CpaE, associated with Flp pilus assembly
Type II/IV secretion system protein TadC, associated with Flp pilus assembly

Type II/IV secretion system secretin RcpA/CpaC, associated with Flp pilus assembly
Von Willebrand factor type A domain protein, associated with Flp pilus assembly

Effect of perturbation

Membrane Transport
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4−Hydroxyphenylacetic
acid catabolic
pathway (7/12)

Anaerobic
benzoate metabolism
(5/9)

Aromatic Amin
Catabolism (3/4)

Benzoate catabolism
(5/7)

Benzoate
degradation (5/13)

Benzoate
transport and
degradation cluster
(16/22)

Biphenyl
Degradation (8/15)

Catechol branch
of beta−ketoadipate

pathway (6/9)
Central

meta−cleavage
pathway of aromatic

compound degradation
(5/11)

Chloroaromatic
degradation pathway
(1/2)

Chlorobenzoate
degradation (1/4)

Cresol degradation
(1/2)

Gentisare
degradation (2/3)

Homogentisate
pathway of aromatic
compound degradation
(4/5)

Hydroxyaromatic
decarboxylase family

(1/3)

N−heterocyclic
aromatic compound

degradation (2/3)

n−Phenylalkanoic
acid degradation

(1/2)

Naphtalene
and antracene

degradation (3/4)

p−cymene
degradation (3/15)

Phenol
hydroxylase (4/7)

Phenylacetyl−CoA
catabolic pathway
(core) (12/18)

Phenylpropanoid
compound degradation

(9/24)

Protocatechuate
branch of

beta−ketoadipate
pathway (4/8)

Quinate degradation
(1/1)

Salicylate and
gentisate catabolism

(6/12)

Toluene
4−monooxygenase

(T4MO) (1/8)
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2−oxo−hepta−3−ene−1,7−dioic acid hydratase (EC 4.2.−.−)
2,4−dihydroxyhept−2−ene−1,7−dioic acid aldolase (EC 4.1.2.−)

4−hydroxyphenylacetate 3−monooxygenase (EC 1.14.13.3)
5−carboxymethyl−2−hydroxymuconate delta−isomerase (EC 5.3.3.10)

5−carboxymethyl−2−hydroxymuconate semialdehyde dehydrogenase (EC 1.2.1.60)
5−carboxymethyl−2−oxo−hex−3− ene−1,7−dioate decarboxylase (EC 4.1.1.68)

Transcriptional activator of 4−hydroxyphenylacetate 3−monooxygenase operon, XylS/AraC family

Benzoate−CoA ligase (EC 6.2.1.25)

Benzoyl−CoA reductase subunit BadD (EC 1.3.99.15)

Benzoyl−CoA reductase subunit BadE (EC 1.3.99.15)

Benzoyl−CoA reductase subunit BadF (EC 1.3.99.15)

Benzoyl−CoA reductase subunit BadG (EC 1.3.99.15)

Aldehyde dehydrogenase (EC 1.2.1.3), PaaZ

Monoamine oxidase (1.4.3.4)

Nitrilotriacetate monooxygenase component B (EC 1.14.13.−)

Acetyl−CoA C−acyltransferase (EC 2.3.1.16)

Benzoate 1,2−dioxygenase (EC 1.14.12.10)

Benzoate 1,2−dioxygenase beta subunit (EC 1.14.12.10)

Catechol 1,2−dioxygenase (EC 1.13.11.1)

Muconate cycloisomerase (EC 5.5.1.1)

Benzoate transport protein

Benzoylformate decarboxylase (EC 4.1.1.7)

Ortho−halobenzoate 1,2−dioxygenase alpha−ISP protein OhbB

Ortho−halobenzoate 1,2−dioxygenase beta−ISP protein OhbA

Ring hydroxylating dioxygenase, alpha subunit (EC 1.14.12.13)

3−hydroxyacyl−CoA dehydrogenase (PaaH) (EC 1.1.1.157)4−hydroxybenzoyl−CoA reductase, beta subunit (EC 1.3.99.20)4−hydroxybenzoyl−CoA reductase, gamma subunit (EC 1.3.99.20)4−oxalocrotonate decarboxylase (EC 4.1.1.77)benzoate degradation ring−cleavage hydrolaseBenzoate transport related proteinBenzoate transport, ATP binding proteinBenzoate transport, ATPase componentBenzoate transport, extracellular ligand−binding receptorBenzoate transport, inner−membrane translocatorBenzoate transport, inner−membrane translocator precursorBenzoyl−CoA oxygenase component ABenzoyl−CoA oxygenase component Bbenzoyl−CoA−dihydrodiol lyase (BoxC)Methylglutaconyl−CoA hydratase (EC 4.2.1.18)Regulatory protein of benzoate catabolism

2−keto−4−pentenoate hydratase (EC 4.2.1.−)
2,3−dihydroxybiphenyl 1,2−dioxygenase

4−hydroxy−2−oxovalerate aldolase (EC 4.1.3.−)
Acetaldehyde dehydrogenase, acetylating, (EC 1.2.1.10) in gene cluster for degradation of phenols, cresols, catechol

Biphenyl dioxygenase system ferredoxin−−NAD( ) reductase component (EC 1.18.1.3)
Biphenyl−2,3−diol 1,2−dioxygenase (EC 1.13.11.39)

biphenyl−2,3−diol 1,2−dioxygenase III−related protein
Dihydrodiol dehydrogenase (EC 1.3.1.56)

3−oxoadipate CoA−transferase subunit A (EC 2.8.3.6)
3−oxoadipate CoA−transferase subunit B (EC 2.8.3.6)

Beta−ketoadipate enol−lactone hydrolase (EC 3.1.1.24)
mandelate racemase/muconate lactonizing enzyme family protein

Succinyl−CoA:3−ketoacid−coenzyme A transferase subunit A (EC 2.8.3.5)
Succinyl−CoA:3−ketoacid−coenzyme A transferase subunit B (EC 2.8.3.5)

3,4−dihydroxyphenylacetate 2,3−dioxygenase

4−oxalocrotonate tautomerase (EC 5.3.2.−)

Catechol 2,3−dioxygenase (EC 1.13.11.2)

Protocatechuate 4,5−dioxygenase alpha chain (EC 1.13.11.8)

Protocatechuate 4,5−dioxygenase beta chain (EC 1.13.11.8)

Beta−ketoadipyl CoA thiolase (EC 2.3.1.−)

Putative benzaldehyde dehydrogenase oxidoreductase protein (EC 1.2.1.28)

4−cresol dehydrogenase [hydroxylating] flavoprotein subunit (EC 1.17.99.1)

Maleylacetoacetate isomerase (EC 5.2.1.2)

Putative n−hydroxybenzoate hydroxylase

Aromatic−amino−acid aminotransferase (EC 2.6.1.57)

Fumarylacetoacetase (EC 3.7.1.2)

Homogentisate 1,2−dioxygenase (EC 1.13.11.5)

Transcriptional regulator, IclR family

Hydroxyaromatic non−oxidative decarboxylase protein C (EC 4.1.1.−)

Isoquinoline 1−oxidoreductase alpha subunit (EC 1.3.99.16)

Isoquinoline 1−oxidoreductase beta subunit (EC 1.3.99.16)

Putative 3−hydroxyacyl−coa dehydrogenase

2−hydroxychromene−2−carboxylate isomerase

naphthalene dioxygenase ferredoxin

Salicylaldehyde dehydrogenase (EC 1.2.1.65)

2,3−dihydroxy−p−cumate−3,4−dioxygenase (CmtC)

p−cumate dioxygenase small subunit (CmtAc)

p−cymene degradation operon transcriptional regulator

Phenol hydroxylase, P1 oxygenase component DmpL (EC 1.14.13.7)

Phenol hydroxylase, P3 oxygenase component DmpN (EC 1.14.13.7)

Phenol hydroxylase, P4 oxygenase component DmpO (EC 1.14.13.7)

Positive regulator of phenol hydroxylase

3−hydroxyacyl−CoA dehydrogenase PaaC (EC 1.1.1.−)
Acetate permease ActP (cation/acetate symporter) PaaL

Phenylacetate−CoA oxygenase, PaaG subunit
Phenylacetate−CoA oxygenase, PaaH subunit
Phenylacetate−CoA oxygenase, PaaI subunit
Phenylacetate−CoA oxygenase, PaaJ subunit

Phenylacetate−CoA oxygenase/reductase, PaaK subunit
Phenylacetate−coenzyme A ligase (EC 6.2.1.30) PaaF

Phenylacetic acid degradation protein PaaD, thioesterase
Phenylacetic acid degradation protein PaaN, ring−opening aldehyde dehydrogenase (EC 1.2.1.3)

Phenylacetic acid degradation protein PaaN2, ring−opening aldehyde dehydrogenase (EC 1.2.1.3)
Phenylacetic acid degradation protein PaaY

4−hydroxycinnamoyl CoA hydratase/lyase (Enoyl−CoA hydratase/lyase) (EC 4.2.1.17)
Chlorogenate esterase

Probable FERULIC acid hydratase protein
Probable vanillate O−demethylase oxygenase subunit oxidoreductase protein (EC 1.14.13.−)

putative 3−hydroxyphenylpropionic acid porine
Putative phthalate 4,5−dioxygenase oxygenase subunit (OhpA2)
Putative phthalate 4,5−dioxygenase reductase subunit (OhpA1)

Vanillate O−demethylase oxygenase subunit (EC 1.14.13.82)
vannilate transporter VanK

3−carboxy−cis,cis−muconate cycloisomerase (EC 5.5.1.2)

4−carboxymuconolactone decarboxylase (EC 4.1.1.44)

Pca regulon regulatory protein PcaR

PhaK−like protein

3−dehydroshikimate dehydratase

4−hydroxybenzoate transporter
Fumarylacetoacetate (FAA) hydrolase (EC 4.1.1.68)

Gentisate 1,2−dioxygenase (EC 1.13.11.4)
putative facilitator of salicylate uptake

salicylate esterase
Salicylate hydroxylase (EC 1.14.13.1)

Toluene−4−monooxygenase, subunit TmoA

Effect of perturbation

Metabolism of Aromatic Compounds
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Archease2 (1/3)

At2g33980 At1g28960
(3/3)

At3g21300 (2/5)

Broadly distributed
proteins not in

subsystems (4/10)

COG2363 (6/10)

Conserved gene
cluster possibly
involved in RNA
metabolism (5/8)

Iojap (12/13)

Luciferases (1/6)

Muconate
lactonizing enzyme
family (1/2)

Synechocystis
experimental (5/23)

YaaA (1/1)

YbbK (3/4)

ZZ gjo need homes
(16/34)
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Archease

FIG003620: Proteophosphoglycan precursor (Fragment)

FIG017823: ATPase, MoxR family

Hypothetical nudix hydrolase YeaB

Aspartyl−tRNA(Asn) amidotransferase subunit A (EC 6.3.5.6)

Transcription regulator [contains diacylglycerol kinase catalytic domain]

Putative oxidoreductase YncB

UPF0234 protein YajQ

YbbL ABC transporter ATP−binding protein

YrbA protein

Hydroxyethylthiazole kinase (EC 2.7.1.50)
Hydroxymethylpyrimidine ABC transporter, substrate−binding component

Predicted thiazole transporter ThiU
Sulfur carrier protein ThiS

Thiamin biosynthesis protein ThiC
Thiazole biosynthesis protein ThiG

Cysteinyl−tRNA synthetase (EC 6.1.1.16)

Hypothetical protein DUF901, similar to C−terminal domain of ribosome protection−type Tc−resistance proteins

Serine acetyltransferase (EC 2.3.1.30)

Small protein similar to cysteinyl−tRNA synthetase

TrmH family tRNA/rRNA methyltransferase YacO (EC 2.1.1.−)

FIG004454: RNA binding protein
FIGfam135315: Iojap−related protein

Gamma−glutamyl phosphate reductase (EC 1.2.1.41)
Glutamate 5−kinase (EC 2.7.2.11)

Hydrolase (HAD superfamily), YqeK
Inorganic pyrophosphatase (EC 3.6.1.1)

LSU m3Psi1915 methyltransferase RlmH
N−acetylglucosamine−1−phosphate uridyltransferase (EC 2.7.7.23)

Nicotinamidase (EC 3.5.1.19)
Nicotinamide−nucleotide adenylyltransferase, NadM family (EC 2.7.7.1)

Nicotinate−nucleotide adenylyltransferase (EC 2.7.7.18)
tRNA delta(2)−isopentenylpyrophosphate transferase (EC 2.5.1.8)

LuxB, luciferase beta chain (EC 1.14.14.3)

N−acylamino acid racemase

Lipase (EC 3.1.1.3) family protein, sll1969 homolog

Lysophospholipase L2 (EC 3.1.1.5)

Menaquinone biosynthesis related protein, putative DHNA−CoA thioesterase

prolyl oligopeptidase family protein

Similar to non−heme chloroperoxidase, sll5080 homolog

UPF0246 protein YaaA

Putative membrane−bound ClpP−class protease associated with aq_911

Putative stomatin/prohibitin−family membrane protease subunit aq_911

Putative stomatin/prohibitin−family membrane protease subunit YbbK

Cephalosporin hydroxylaseGTP−binding protein RBG1Lipid A export ATP−binding/permease protein MsbAMitochondrial processing peptidase−like protein (EC 3.4.24.64)Phosphatidyl−N−methylethanolamine N−methyltransferase (EC 2.1.1.71)Phosphocarrier protein kinase/phosphorylase, nitrogen regulation associatedPole remodelling regulatory diguanylate cyclaseProtein of unknown function DUF81Protein of unknown function YceHPutative GTP−binding protien TM0445Putative heat shock protein YegDPutative membrane protein YfcAPutative permease often clustered with de novo purine synthesisRNase L inhibitorTyrosine−specific transport proteinUncharacterized ATP−dependent helicase MJ0294

Effect of perturbation

Miscellaneous
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Archaeal
Flagellum (1/6)

Bacterial
Chemotaxis (19/20)

Flagellar
motility (6/15)

Flagellum
(22/38)

Flagellum
in Campylobacter
(5/6)
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Flagella−related protein FlaH

Aerotaxis sensor receptor proteinChemotaxis protein CheC −− inhibitor of MCP methylationChemotaxis protein CheDChemotaxis protein CheV (EC 2.7.3.−)Chemotaxis protein CheXChemotaxis protein methyltransferase CheR (EC 2.1.1.80)Chemotaxis regulator − transmits chemoreceptor signals to flagelllar motor components CheYChemotaxis response − phosphatase CheZChemotaxis response regulator protein−glutamate methylesterase CheB (EC 3.1.1.61)Flagellar motor switch protein FliGFlagellar motor switch protein FliMFlagellar motor switch protein FliNGalactose/methyl galactoside ABC transport system, D−galactose−binding periplasmic protein MglB (TC 3.A.1.2.3)Methyl−accepting chemotaxis protein I (serine chemoreceptor protein)Methyl−accepting chemotaxis protein II (aspartate chemoreceptor protein)Methyl−accepting chemotaxis protein IV (dipeptide chemoreceptor protein)Positive regulator of CheA protein activity (CheW)Ribose ABC transporter, periplasmic ribose−binding protein RbsB (TC 3.A.1.2.1)Signal transduction histidine kinase CheA (EC 2.7.3.−)

Flagellar biosynthesis protein FlhA

Flagellar biosynthesis protein FlhF

Flagellar motor rotation protein MotA

Flagellar synthesis regulator FleN

Flagellum−specific ATP synthase FliI

RNA polymerase sigma factor for flagellar operon

Flagellar assembly protein FliHFlagellar basal−body P−ring formation protein FlgAFlagellar biosynthesis protein FliCFlagellar biosynthesis protein FliLFlagellar biosynthesis protein FliOFlagellar biosynthesis protein FliPFlagellar biosynthesis protein FliSFlagellar biosynthesis protein FliTFlagellar hook protein FlgEFlagellar hook−associated protein 3Flagellar hook−associated protein FliDFlagellar hook−length control protein FliKFlagellar P−ring protein FlgIFlagellar protein FlbBFlagellar protein FliJFlagellar regulatory protein FleQFlagellar sensor histidine kinase FleSFlagellar trans−acting factor FliXFlagellar transcriptional activator FlhCFlagellar transcriptional activator FlhDFlagellin protein FlaGNegative regulator of flagellin synthesis

Flagellar basal−body rod protein FlgB

Flagellar hook subunit protein

Flagellar hook−basal body complex protein FliE

Flagellin protein FlaA

Flagellin protein FlaB

Effect of perturbation

Motility and Chemotaxis
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Allantoin
Utilization (8/11)

Amidase
clustered with
urea and nitrile
hydratase functions
(1/1)

Ammonia
assimilation

(10/13)

Cyanate
hydrolysis (4/6)

Denitrification
(13/20)

Dissimilatory
nitrite reductase
(5/9)

Nitrate
and nitrite
ammonification
(24/38)

Nitric oxide
synthase (2/2)

Nitrogen
fixation (16/41)

Nitrosative
stress (6/8)
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2−hydroxy−3−oxopropionate reductase (EC 1.1.1.60)

Allantoicase (EC 3.5.3.4)

Allantoin permease

Allantoinase (EC 3.5.2.5)

DNA−binding transcriptional activator of the allD operon

Glycerate kinase (EC 2.7.1.31)

Glyoxylate carboligase (EC 4.1.1.47)

Ureidoglycolate hydrolase (EC 3.5.3.19)

Amidase clustered with urea ABC transporter and nitrile hydratase functions

[Protein−PII] uridylyltransferase (EC 2.7.7.59)
Ammonium transporter

Ammonium transporter family
ammonium/methylammonium permease

Glutamate synthase, alpha subunit domain protein
Glutamate−ammonia−ligase adenylyltransferase (EC 2.7.7.42)

Glutamine amidotransferase, class−II
Nitrogen regulation protein NR(I)

Nitrogen regulation protein NR(II) (EC 2.7.3.−)
Nitrogen regulatory protein P−II

Cyanate ABC transporter, ATP−binding protein

Cyanate ABC transporter, permease protein

Cyanate ABC transporter, substrate binding protein

Cyanate hydratase (EC 4.2.1.104)

Cytochrome cd1 nitrite reductase (EC:1.7.2.1)
Nitric oxide −responding transcriptional regulator Dnr (Crp/Fnr family)

Nitric oxide reductase activation protein NorD
Nitric oxide reductase activation protein NorE

Nitric−oxide reductase (EC 1.7.99.7), quinol−dependent
Nitric−oxide reductase subunit B (EC 1.7.99.7)
Nitric−oxide reductase subunit C (EC 1.7.99.7)

Nitrite reductase accessory protein NirV
Nitrous oxide reductase maturation protein NosD

Nitrous oxide reductase maturation protein NosF (ATPase)
Nitrous oxide reductase maturation protein NosR

Nitrous oxide reductase maturation protein, outer−membrane lipoprotein NosL
Nitrous−oxide reductase (EC 1.7.99.6)

Heme d1 biosynthesis protein NirF

Heme d1 biosynthesis protein NirG

Heme d1 biosynthesis protein NirH

Heme d1 biosynthesis protein NirJ

Nitrite reductase associated c−type cytochorome NirN

Assimilatory nitrate reductase large subunit (EC:1.7.99.4)Cytochrome c nitrite reductase, small subunit NrfHCytochrome c−type protein NapCCytochrome c552 precursor (EC 1.7.2.2)Ferredoxin−−nitrite reductase (EC 1.7.7.1)Ferredoxin−type protein NapG (periplasmic nitrate reductase)Nitrate ABC transporter, ATP−binding proteinNitrate ABC transporter, nitrate−binding proteinNitrate ABC transporter, permease proteinNitrate reductase cytochrome c550−type subunitNitrate/nitrite response regulator proteinNitrate/nitrite sensor protein (EC 2.7.3.−)Nitrate/nitrite transporterNitrite reductase [NAD(P)H] large subunit (EC 1.7.1.4)Nitrite reductase [NAD(P)H] small subunit (EC 1.7.1.4)Nitrite reductase probable [NAD(P)H] subunit (EC 1.7.1.4)Nitrite reductase probable electron transfer 4Fe−S subunit (EC 1.7.1.4)Nitrite transporter from formate/nitrite familyPeriplasmic nitrate reductase precursor (EC 1.7.99.4)Polyferredoxin NapH (periplasmic nitrate reductase)Respiratory nitrate reductase alpha chain (EC 1.7.99.4)Respiratory nitrate reductase beta chain (EC 1.7.99.4)Respiratory nitrate reductase gamma chain (EC 1.7.99.4)Response regulator NasT

Nitric oxide synthase oxygenase (EC 1.−.−.−)

putative cytochrome P450 hydroxylase

4Fe−4S ferredoxin, nitrogenase−associated
Iron−sulfur cluster assembly scaffold protein NifU

NifB−domain protein, type 2
NifX−associated protein

NifZ protein
Nitrogenase (molybdenum−iron) alpha chain (EC 1.18.6.1)
Nitrogenase (molybdenum−iron) beta chain (EC 1.18.6.1)

Nitrogenase (molybdenum−iron) reductase and maturation protein NifH
Nitrogenase (molybdenum−iron)−specific transcriptional regulator NifA

Nitrogenase (vanadium−iron) transcriptional regulator VnfA
Nitrogenase FeMo−cofactor carrier protein NifX

Nitrogenase FeMo−cofactor scaffold and assembly protein NifE
Nitrogenase FeMo−cofactor scaffold and assembly protein NifN

Nitrogenase FeMo−cofactor synthesis FeS core scaffold and assembly protein NifB
Nitrogenase FeMo−cofactor synthesis molybdenum delivery protein NifQ

Nitrogenase−associated protein NifO

Anaerobic nitric oxide reductase flavorubredoxin

Ferredoxin 3 fused to uncharacterized domain

Functional role page for Anaerobic nitric oxide reductase transcription regulator NorR

Hcp transcriptional regulator HcpR (Crp/Fnr family)

Hydroxylamine reductase (EC 1.7.−.−)

Nitric oxide−dependent regulator DnrN or NorA

Effect of perturbation

Nitrogen Metabolism
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Adenosyl
nucleosidases (4/7)

AMP to
3−phosphoglycerate
(2/4)

De Novo
Purine Biosynthesis
(11/17)

De Novo Pyrimidine
Synthesis (8/12)

Housecleaning
nucleoside

triphosphate
pyrophosphatases

(1/6)

Hydantoin
metabolism (7/11)

Novel non−oxidative
pathway of Uracil
catabolism (8/9)

Nudix
proteins (nucleoside
triphosphate
hydrolases)
(10/27)

Pseudouridine
Metabolism (4/6)

Purine
conversions
(18/26)

Purine
nucleotide synthesis
regulator (1/1)

Purine Utilization
(12/16)

pyrimidine
conversions (4/7)

Pyrimidine
utilization (8/14)

Ribonucleotide
reduction (7/9)

Xanthine Metabolism
in Bacteria (1/1)

Xanthosine
utilization (xap
region) (1/5)
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5'−methylthioadenosine/S−adenosylhomocysteine nucleosidase related protein VF1653

hypothetical protein Bcep3774, commonly clustered with carotenoid biosynthesis

Purine nucleoside phosphorylase (EC 2.4.2.1)

S−adenosylhomocysteine nucleosidase (EC 3.2.2.9)

Ribose−1,5−bisphosphate isomerase

Ribulose bisphosphate carboxylase (EC 4.1.1.39)

Adenylosuccinate lyase (EC 4.3.2.2)
Amidophosphoribosyltransferase (EC 2.4.2.14)

Phosphoribosylaminoimidazole carboxylase ATPase subunit (EC 4.1.1.21)
Phosphoribosylaminoimidazolecarboxamide formyltransferase [alternate form]

Phosphoribosylformylglycinamidine cyclo−ligase (EC 6.3.3.1)
Phosphoribosylformylglycinamidine synthase, glutamine amidotransferase subunit (EC 6.3.5.3)

Phosphoribosylformylglycinamidine synthase, PurS subunit (EC 6.3.5.3)
Phosphoribosylformylglycinamidine synthase, synthetase subunit (EC 6.3.5.3)

Phosphoribosylglycinamide formyltransferase 2 (EC 2.1.2.−)
Possible subunit variant of phosphoribosylaminoimidazolecarboxamide formyltransferase [alternate form]

PurR: transcription regulator associated with purine metabolism

Aspartate carbamoyltransferase regulatory chain (PyrI)
Carbamoyl−phosphate synthase large chain A (EC 6.3.5.5)

Dihydroorotase (EC 3.5.2.3)
Dihydroorotate dehydrogenase (EC 1.3.3.1)

Orotate phosphoribosyltransferase (EC 2.4.2.10)
Orotidine 5'−phosphate decarboxylase (EC 4.1.1.23)

Uracil permease
Uracil phosphoribosyltransferase (EC 2.4.2.9)

Deoxyuridine 5'−triphosphate nucleotidohydrolase (EC 3.6.1.23)

Deacetylases, including yeast histone deacetylase and acetoin utilization protein
Dihydropyrimidinase (EC 3.5.2.2)

Hydantoin permease
Hydantoin racemase (EC 5.1.99.−)

N−carbamoyl−L−amino acid hydrolase (EC 3.5.1.87)
N−methylhydantoinase (ATP−hydrolyzing) (EC 3.5.2.14)

N−methylhydantoinase B (EC 3.5.2.14)

Allophanate hydrolase (EC 3.5.1.54)
GTP cyclohydrolase II homolog

Possible pyrimidine−degrading protein DUF1688
Urea carboxylase (EC 6.3.4.6)

Urease alpha subunit (EC 3.5.1.5)
Urease beta subunit (EC 3.5.1.5)

Urease gamma subunit (EC 3.5.1.5)
Uridine kinase (EC 2.7.1.48)

5−methyl−dCTP pyrophosphohydrolase (EC 3.6.1.−)
Adenosine (5')−pentaphospho−(5'')−adenosine pyrophosphohydrolase (EC 3.6.1.−)

GDP−mannose pyrophosphatase YffH
Low G+C gram positive nudix hydrolase YtkD (EC 3.6.−.−)

Mutator mutT protein (7,8−dihydro−8−oxoguanine−triphosphatase) (EC 3.6.1.−)
NADH pyrophosphatase (EC 3.6.1.22)

Nudix hydrolase family protein YffH
Nudix−like NDP and NTP phosphohydrolase YmfB

Pyrimidine deoxynucleoside triphosphate (dYTP) pyrophosphohydrolase YfoO
Thiamin−phosphate pyrophosphorylase−like protein

Probable pyrimidine nucleoside transport protein associated with pseudouridine catabolism

Pseudouridine 5'−phosphate glycosidase

Pseudouridine kinase (EC 2.7.1.83)

Ribosomal small subunit pseudouridine synthase A (EC 4.2.1.70)

2',3'−cyclic−nucleotide 2'−phosphodiesterase (EC 3.1.4.16)5'−nucleotidase (EC 3.1.3.5)5'−nucleotidase family protein in cluster with NagD−like phosphataseAdenine deaminase (EC 3.5.4.2)Adenosine deaminase (EC 3.5.4.4)Deoxyguanosine kinase (EC 2.7.1.113)Deoxyguanosinetriphosphate triphosphohydrolase (EC 3.1.5.1)GMP reductase (EC 1.7.1.7)GMP synthase [glutamine−hydrolyzing] (EC 6.3.5.2)IMP dehydrogenase related 2 (EC 1.7.1.7)Inosine−5'−monophosphate dehydrogenase (EC 1.1.1.205)Inosine−uridine preferring nucleoside hydrolase (EC 3.2.2.1)Nucleoside diphosphate kinase (EC 2.7.4.6)Nucleotide pyrophosphatase (EC 3.6.1.9)Possible hypoxanthine oxidase XdhD (EC 1.−.−.−)preQ1−regulated inosine−uridine nucleoside hydrolase (EC 3.2.2.1)putative Adenosine kinase (EC 2.7.1.20)Xanthine phosphoribosyltransferase (EC 2.4.2.22)

Purine nucleotide synthesis repressor

Guanine deaminase (EC 3.5.4.3)
Guanine−hypoxanthine permease

Periplasmic aromatic aldehyde oxidoreductase, FAD binding subunit YagS
Xanthine and CO dehydrogenases maturation factor, XdhC/CoxF family

Xanthine dehydrogenase iron−sulfur subunit (EC 1.17.1.4)
Xanthine dehydrogenase, iron−sulfur cluster and FAD−binding subunit A (1.17.1.4)

Xanthine dehydrogenase, molybdenum binding subunit (EC 1.17.1.4)
Xanthine permease

Xanthine transporter,putative
Xanthine/uracil transporter

Xanthine/uracil/thiamine/ascorbate permease family protein
XdhC protein (assists in molybdopterin insertion into xanthine dehydrogenase)

CTP synthase (EC 6.3.4.2)

Deoxycytidine triphosphate deaminase (EC 3.5.4.13)

Uridine kinase (EC 2.7.1.48) [C1]

Uridine phosphorylase (EC 2.4.2.3)

Dihydropyrimidine dehydrogenase [NADP+] (EC 1.3.1.2)
Possible pyrimidine permease in reductive pathway

Pyridine nucleotide−disulphide oxidoreductase associated with reductive pyrimidine catabolism
Pyrimidine ABC transporter, ATP−binding protein

Pyrimidine ABC transporter, substrate−binding component
Pyrimidine ABC transporter, transmembrane component 1
Pyrimidine ABC transporter, transmembrane component 2

Transcriptional regulator RutR of pyrimidine catabolism (TetR family)

Ribonucleotide reductase of class Ia (aerobic), alpha subunit (EC 1.17.4.1)
Ribonucleotide reductase of class Ia (aerobic), beta subunit (EC 1.17.4.1)

Ribonucleotide reductase of class Ib (aerobic), alpha subunit (EC 1.17.4.1)
Ribonucleotide reductase of class Ib (aerobic), beta subunit (EC 1.17.4.1)

Ribonucleotide reductase of class III (anaerobic), activating protein (EC 1.97.1.4)
Ribonucleotide reductase of class III (anaerobic), large subunit (EC 1.17.4.2)

Ribonucleotide reductase transcriptional regulator NrdR

Hypoxanthine/guanine permease PbuG

Xanthosine permease

Effect of perturbation

Nucleosides and Nucleotides
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CBSS−203122.12.peg.188
(11/17)Conjugative

transposon,
Bacteroidales
(9/17)

Integrons (3/5)Listeria
Pathogenicity Island

LIPI−1 extended
(1/6)

Phage capsid
proteins (1/11)

Phage entry and
exit (1/9)

Phage integration
and excision (3/14)

Phage packaging
machinery (6/9)

Phage tail fiber
proteins (1/4)

Phage tail proteins
2 (3/13)

Plasmid−encoded
T−DNA transfer

(1/20)
Prophage lysogenic
conversion modules

(1/2)
Staphylococcal
pathogenicity

islands SaPI (1/12)
T7−like
phage core proteins
(2/5)
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Integrase/recombinase clustered with segregation and condensation protein BISPsy4, transposaseISPsy4, transposition helper proteinPlasmid replication protein RepAPredicted nucleotidyltransferasesprotein of unknown function DUF1403protein of unknown function DUF1612Resolvase/Integrase TinR proteinSegregation and condensation protein BTniB NTP−binding proteinTransposase OrfAB, subunit B

Conjugative transposon protein TraE
Conjugative transposon protein TraF
Conjugative transposon protein TraG
Conjugative transposon protein TraI
Conjugative transposon protein TraJ
Conjugative transposon protein TraK
Conjugative transposon protein TraN

Putative conjugative transposon mobilization protein BF0132
Putative mobilization protein BF0133

Integron integrase

Integron integrase IntI1

Integron integrase IntIPac

Zinc metalloproteinase precursor (EC 3.4.24.29)

Phage capsid and scaffold

Phage portal

Integrase

Site−specific recombinase

Site−specific tyrosine recombinase

Phage DNA binding protein
Phage DNA packaging

Phage portal protein
Phage terminase large subunit
Phage terminase small subunit
Phage terminase, large subunit

Phage tail fiber protein

Phage minor tail protein

Phage tail assembly

Phage tape measure

Outer membrane and periplasm component of type IV secretion of T−DNA complex, has secretin−like domain, VirB9

Phage−associated cell wall hydrolase

Degenerate integrase, superantigen−encoding pathogenicity islands SaPI

T7−like phage endonuclease (EC 3.1.21.2)

T7−like phage primase/helicase protein

Effect of perturbation

Phages, Prophages, Transposable elements, Plasmids
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Alkylphosphonate
utilization (4/13)

High affinity
phosphate

transporter and
control of PHO
regulon (7/9)

Phosphate
metabolism (16/27)

Phosphoenolpyruvate
phosphomutase (1/3)

Phosphonate
metabolism (3/8)
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Metal−dependent hydrolase involved in phosphonate metabolism

PhnH protein

PhnI protein

Protein RcsF

Phosphate ABC transporter, periplasmic phosphate−binding protein PstS (TC 3.A.1.7.1)
Phosphate regulon sensor protein PhoR (SphS) (EC 2.7.13.3)

Phosphate regulon transcriptional regulatory protein PhoB (SphR)
Phosphate transport ATP−binding protein PstB (TC 3.A.1.7.1)

Phosphate transport system permease protein PstA (TC 3.A.1.7.1)
Phosphate transport system regulatory protein PhoU

Putative periplasmic phosphate−binding protein PstS (Catenulisporaceae type)

Alkaline phosphatase like proteinDistant similarity with phosphate transport system regulatorExopolyphosphatase (EC 3.6.1.11)Inorganic pyrophospatase PpaX (EC 3.1.3.18)Integral membrane protein YggT, involved in response to extracytoplasmic stress (osmotic shock)NAD(P) transhydrogenase alpha subunit (EC 1.6.1.2)NAD(P) transhydrogenase subunit beta (EC 1.6.1.2)Polyphosphate kinase (EC 2.7.4.1)Predicted ATPase related to phosphate starvation−inducible protein PhoHProbable low−affinity inorganic phosphate transporterPutative periplasmic phosphate−binding protein PstS (Mycoplasma type)Pyrophosphate−energized proton pump (EC 3.6.1.1)response regulator in two−component regulatory system with PhoQsecreted alkaline phosphataseSodium−dependent phosphate transporterSoluble pyridine nucleotide transhydrogenase (EC 1.6.1.1)

2−aminoethylphosphonate:pyruvate aminotransferase (EC 2.6.1.37)

2−aminoethylphosphonate ABC transporter permease protein I (TC 3.A.1.9.1)

2−aminoethylphosphonate uptake and metabolism regulator

Phosphonoacetate hydrolase (EC 3.11.1.2)

Effect of perturbation

Phosphorus Metabolism
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Bacterial
light−harvesting
proteins (2/12)

Photosystem I
(1/16)

Photosystem II
(2/23)
Photosystem
II−type
photosynthetic
reaction center
(1/5)

Proteorhodopsin
(1/2)
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Light−harvesting LHI, alpha subunit

Light−harvesting LHI, beta subunit

photosystem I biogenesis protein BtpA

Photosystem II CP43 protein (PsbC)

photosystem II protein D1 (PsbA)

Photosynthetic reaction center cytochrome c subunit

Spheroidene monooxygenase

Effect of perturbation

Photosynthesis
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Glutathione−regulated
potassium−efflux

system and
associated functions

(4/6)

Hyperosmotic
potassium uptake

(2/3)

Potassium
homeostasis (11/25)
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Glutathione−regulated potassium−efflux system ancillary protein KefF

Glutathione−regulated potassium−efflux system ATP−binding protein

Glutathione−regulated potassium−efflux system protein KefB

Trk system potassium uptake protein TrkA

Potassium uptake protein, integral membrane component, KtrA

Potassium uptake protein, integral membrane component, KtrB

Glutathione−regulated potassium−efflux system protein KefC
Kef−type K+ transport systems (NAD−binding component fused to domain related to exopolyphosphatase)

Kef−type transport system 2 (probable substrate potassium), subunit 2
Kup system potassium uptake protein

Osmosensitive K+ channel histidine kinase KdpD (EC 2.7.3.−)
Possible potassium−efflux system protein

Potassium channel protein
Potassium efflux system KefA protein

Potassium uptake protein TrkH
Potassium voltage−gated channel subfamily KQT

Trk system potassium uptake protein TrkG

Effect of perturbation

Potassium metabolism
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Aminopeptidases (EC
3.4.11.−) (5/6)

Dipeptidases
(EC 3.4.13.−)
(3/3)

Glycine reductase,
sarcosine reductase

and betaine
reductase (2/11)

GroEL GroES
(1/2)

Inteins
(2/3)

Metallocarboxypeptidases
(EC 3.4.17.−) (2/5)

Metalloendopeptidases
(EC 3.4.24.−) (1/6)

Omega peptidases
(EC 3.4.19.−) (2/4)

Peptide
methionine sulfoxide
reductase (2/5)

Peptidyl−prolyl
cis−trans isomerase
(9/11)

Periplasmic
disulfide

interchange (6/7)

Proteasome
archaeal (4/4)

Proteasome
bacterial (6/6)

Proteasome
eukaryotic (12/39)

Protein Acetylation
and Deacetylation in

Bacteria (3/3)

Protein
chaperones (5/6)

Protein degradation
(8/11)

Protein secretion
by ABC−type

exporters (4/11)
Proteolysis
in bacteria,

ATP−dependent
(5/10)

Putative
TldE−TldD
proteolytic complex
(4/6)

Pyrrolysine
(2/4)
Ribosomal

protein S12p Asp
methylthiotransferase

(1/1)

Ribosomal
protein S5p
acylation (2/2)

Ribosome activity
modulation (1/4)

Ribosome biogenesis
bacterial (10/16)

Ribosome LSU
bacterial (13/30)

Ribosome
LSU eukaryotic and
archaeal (12/36)

Ribosome
LSU mitochondrial
(6/46)

Ribosome SSU
bacterial (8/14)

Ribosome
SSU eukaryotic and
archaeal (7/27)

Ribosome
SSU mitochondrial
(4/33)

Selenocysteine
metabolism (5/8)

Selenoprotein
O (1/1)

Serine
endopeptidase (EC

3.4.21.−) (1/4)

Signal peptidase
(1/3)

Thermosome,
archaeal (1/1)

Translation
elongation factor G

family (5/11)

Translation
elongation factors

bacterial (2/3)
Translation

elongation factors
eukaryotic and
archaeal (6/10)

Translation
initiation factors
bacterial (1/4)

Translation
initiation factors
eukaryotic and
archaeal (3/8)

Translation
termination factors
bacterial (1/4)

tRNA
aminoacylation, Arg

(1/3)

tRNA
aminoacylation, Asp

and Asn (3/3)

tRNA
aminoacylation, Cys

(1/6)

tRNA
aminoacylation, Glu

and Gln (6/8)

tRNA
aminoacylation, Gly

(2/4)

tRNA
aminoacylation, Leu

(1/2)

tRNA
aminoacylation, Lys

(3/3)

tRNA
aminoacylation, Met

(2/7)

tRNA
aminoacylation, Phe

(2/3)

tRNA
aminoacylation, Pyr
(1/1)

tRNA
aminoacylation, Ser

(1/2)

tRNA
aminoacylation, Thr

(1/3)

Universal GTPases
(4/5)
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Aminopeptidase S (Leu, Val, Phe, Tyr preference) (EC 3.4.11.24)
Aminopeptidase Y (Arg, Lys, Leu preference) (EC 3.4.11.15)

Cytosol aminopeptidase PepA (EC 3.4.11.1)
Membrane alanine aminopeptidase N (EC 3.4.11.2)

Xaa−Pro aminopeptidase (EC 3.4.11.9)

Alpha−aspartyl dipeptidase Peptidase E (EC 3.4.13.21)

Aminoacyl−histidine dipeptidase (Peptidase D) (EC 3.4.13.3)

Xaa−Pro dipeptidase PepQ (EC 3.4.13.9)

Thioredoxin

Thioredoxin reductase (EC 1.8.1.9)

Heat shock protein 60 family chaperone GroEL

Amino−terminal intein−mediated trans−splice

intein−containing

Carboxypeptidase T (EC 3.4.17.18)

Zinc D−Ala−D−Ala carboxypeptidase (EC 3.4.17.14)

Microbial collagenase, secreted (EC 3.4.24.3)

Acylamino−acid−releasing enzyme (EC 3.4.19.1)

Pyrrolidone−carboxylate peptidase (EC 3.4.19.3)

Two−component response regulator yesN, associated with MetSO reductase

Two−component sensor kinase yesM (EC 2.7.3.−), associated with MetSO reductase

FKBP−type peptidyl−prolyl cis−trans isomerase fklB (EC 5.2.1.8)
FKBP−type peptidyl−prolyl cis−trans isomerase FkpA precursor (EC 5.2.1.8)

FKBP−type peptidyl−prolyl cis−trans isomerase slpA (EC 5.2.1.8)
FKBP−type peptidyl−prolyl cis−trans isomerase SlyD (EC 5.2.1.8)

Foldase protein PrsA precursor (EC 5.2.1.8)
Peptidyl−prolyl cis−trans isomerase ppiA precursor (EC 5.2.1.8)

Peptidyl−prolyl cis−trans isomerase ppiB (EC 5.2.1.8)
Peptidyl−prolyl cis−trans isomerase ppiD (EC 5.2.1.8)

Survival protein SurA precursor (Peptidyl−prolyl cis−trans isomerase SurA) (EC 5.2.1.8)

Cytochrome c−type biogenesis protein CcdA (DsbD analog)
Cytochrome c−type biogenesis protein DsbD, protein−disulfide reductase (EC 1.8.1.8)

Periplasmic thiol:disulfide interchange protein DsbA
Periplasmic thiol:disulfide oxidoreductase DsbB, required for DsbA reoxidation

Thiol:disulfide interchange protein DsbC
Thiol:disulfide interchange protein DsbG precursor

Proteasome subunit alpha (EC 3.4.25.1), archaeal

Proteasome subunit alpha (EC 3.4.25.1), bacterial

Proteasome subunit beta (EC 3.4.25.1), archaeal

Proteasome−activating AAA−ATPase (PAN), archaeal

ATP−dependent Clp protease ATP−binding subunit ClpX
ATP−dependent hsl protease ATP−binding subunit HslU

ATP−dependent protease HslV (EC 3.4.25.−)
ATP−dependent protease La (EC 3.4.21.53) LonB Type I

ATP−dependent protease LonB−like Type I
Uncharacterized protein, similar to the N−terminal domain of Lon protease

proteasome regulatory subunit Rpn1
proteasome regulatory subunit Rpn11

proteasome regulatory subunit Rpn2
proteasome regulatory subunit Rpn3
proteasome regulatory subunit Rpn4
proteasome regulatory subunit Rpn5
proteasome regulatory subunit Rpn6
proteasome regulatory subunit Rpn9
proteasome regulatory subunit Rpt3
proteasome regulatory subunit Rpt6

proteasome subunit alpha1 (EC 3.4.25.1)
proteasome subunit alpha2 (EC 3.4.25.1)

Acetate permease ActP (cation/acetate symporter)

NAD−dependent protein deacetylase of SIR2 family

Protein acetyltransferase

Chaperone protein HscA
Chaperone protein HscB
Chaperone protein HtpG

Chaperone−modulator protein CbpM
ClpB protein

Aminopeptidase C (EC 3.4.22.40)
Aminopeptidase YpdF (MP−, MA−, MS−, AP−, NP− specific)

Arginine−tRNA−protein transferase (EC 2.3.2.8)
Deblocking aminopeptidase (EC 3.4.11.−)

Isoaspartyl dipeptidase (EC 3.4.19.5)
Leucyl/phenylalanyl−tRNA−−protein transferase (EC 2.3.2.6)

Oligopeptidase A (EC 3.4.24.70)
Thimet oligopeptidase (EC 3.4.24.15)

ABC exporter for hemopore HasA, ATP−binding component HasD

ABC exporter for hemopore HasA, membrane fusion protein (MFP) family component HasE

ABC exporter for hemopore HasA, outer membrane component HasF

ABC−type protease exporter, outer membrane component PrtF/AprF

ATP−dependent protease domain protein (EC 3.4.21.−)
ATP−dependent protease La (EC 3.4.21.53) Type I

ATP−dependent protease La (EC 3.4.21.53) Type II
ClpXP protease specificity−enhancing factor

Nucleotide excision repair protein, with UvrB/UvrC motif

FIG138315: Putative alpha helix protein

TldD family protein, Actinobacterial subgroup

TldD−domain protein

TldE/PmbA family protein, Actinobacterial subgroup

Pyrrolysine synthetase

pyrrolysine−containing

SSU ribosomal protein S12p (S23e)

Ribosomal−protein−S5p−alanine acetyltransferase

SSU ribosomal protein S5p (S2e)

Ribosome hibernation protein YhbH

Ribonuclease E (EC 3.1.26.12)
Ribonuclease M5 (EC 3.1.26.8)

Ribosomal large subunit pseudouridine synthase A (EC 4.2.1.70)
Ribosomal large subunit pseudouridine synthase C (EC 4.2.1.70)
Ribosomal large subunit pseudouridine synthase D (EC 4.2.1.70)

RNA pseudouridylate synthase, group 1
Similar to ribosomal large subunit pseudouridine synthase A

Similar to ribosomal large subunit pseudouridine synthase D, Bacillus subtilis YhcT type
Similar to ribosomal large subunit pseudouridine synthase D, CAC1266−type

tRNA (Guanine37−N1) −methyltransferase (EC 2.1.1.31)

Firmicutes ribosomal L7Ae family proteinLSU ribosomal protein L11p (L12e)LSU ribosomal protein L16p (L10e)LSU ribosomal protein L18p (L5e)LSU ribosomal protein L1p (L10Ae)LSU ribosomal protein L20pLSU ribosomal protein L24p (L26e)LSU ribosomal protein L25pLSU ribosomal protein L2p (L8e)LSU ribosomal protein L3p (L3e)LSU ribosomal protein L4p (L1e)LSU ribosomal protein L6p (L9e)LSU ribosomal protein L7/L12 (P1/P2)

LSU ribosomal protein L10Ae (L1p)
LSU ribosomal protein L10e (L16p)
LSU ribosomal protein L11e (L5p)

LSU ribosomal protein L12a (P1/P2)
LSU ribosomal protein L12e (L11p)
LSU ribosomal protein L17e (L22p)

LSU ribosomal protein L18e
LSU ribosomal protein L26e (L24p)

LSU ribosomal protein L32e
LSU ribosomal protein L3e (L3p)

LSU ribosomal protein L7Ae
LSU ribosomal protein L9e (L6p)

LSU ribosomal protein L10p (P0), mitochondrial
LSU ribosomal protein L15p (L27Ae), mitochondrial

LSU ribosomal protein L27p, mitochondrial
LSU ribosomal protein L2p (L8e), mitochondrial

LSU ribosomal protein L5p (L11e), mitochondrial
LSU ribosomal protein L6p (L9e), mitochondrial

SSU ribosomal protein S10p (S20e)
SSU ribosomal protein S13p (S18e)
SSU ribosomal protein S17p (S11e)

SSU ribosomal protein S18p
SSU ribosomal protein S19p (S15e)

SSU ribosomal protein S3p (S3e)
SSU ribosomal protein S7p (S5e)

SSU ribosomal protein S8p (S15Ae)

SSU ribosomal protein S13e (S15p)
SSU ribosomal protein S17e

SSU ribosomal protein S23e (S12p)
SSU ribosomal protein S2e (S5p)

SSU ribosomal protein S3Ae
SSU ribosomal protein S4e
SSU ribosomal protein S6e

SSU ribosomal protein RSM24, mitochondrial

SSU ribosomal protein S23mt, mitochondrial

SSU ribosomal protein S2p (SAe), mitochondrial

SSU ribosomal protein S33mt, mitochondrial

L−seryl−tRNA(Sec) selenium transferase (EC 2.9.1.1)
Selenide,water dikinase (EC 2.7.9.3)

selenocysteine−containing
Selenocysteine−specific translation elongation factor

Selenophosphate−dependent tRNA 2−selenouridine synthase

Selenoprotein O and cysteine−containing homologs

Prolyl endopeptidase (EC 3.4.21.26)

Lipoprotein signal peptidase (EC 3.4.23.36)

Thermosome subunit

Oxytetracycline resistance protein OtrA
Ribosome protection−type tetracycline resistance related proteins, group 2

Translation elongation factor G
Translation elongation factor G paralog

Translation elongation factor G−related protein

Translation elongation factor P

Translation elongation factor Tu

Eukaryotic peptide chain release factor GTP−binding subunit
Eukaryotic peptide chain release factor subunit 1

Translation elongation factor 1 alpha subunit
Translation elongation factor 1 gamma subunit

Translation elongation factor 2
Translation elongation factor 3

Translation initiation factor SUI1−related protein

Eukaryotic translation initiation factor 2 beta subunit

Eukaryotic translation initiation factor 2 gamma subunit

Translation initiation factor 1A

Peptide chain release factor 3

Arginyl−tRNA synthetase (EC 6.1.1.19)

Asparaginyl−tRNA synthetase (EC 6.1.1.22)

Aspartyl−tRNA synthetase (EC 6.1.1.12)

Aspartyl−tRNA(Asn) synthetase (EC 6.1.1.23)

domain similar to cysteinyl−tRNA synthetase and MshC

Glutaminyl−tRNA synthetase (EC 6.1.1.18)
Glutamyl−tRNA(Gln) amidotransferase asparaginase subunit (EC 6.3.5.7)

Glutamyl−tRNA(Gln) amidotransferase subunit A (EC 6.3.5.7)
Glutamyl−tRNA(Gln) amidotransferase subunit B (EC 6.3.5.7)

Glutamyl−tRNA(Gln) amidotransferase transferase subunit (EC 6.3.5.7)
Glutamyl−tRNA(Gln) synthetase (EC 6.1.1.24)

Glycyl−tRNA synthetase alpha chain (EC 6.1.1.14)

Glycyl−tRNA synthetase beta chain (EC 6.1.1.14)

Leucyl−tRNA synthetase (EC 6.1.1.4)

Lysyl−tRNA synthetase (class I) (EC 6.1.1.6)

Lysyl−tRNA synthetase (class II) (EC 6.1.1.6)

Putative membrane protein found fused to lysyl−tRNA synthetase like protein

Methionyl−tRNA synthetase (EC 6.1.1.10)

Methionyl−tRNA synthetase−related protein 2

Phenylalanyl−tRNA synthetase alpha chain (EC 6.1.1.20)

Phenylalanyl−tRNA synthetase beta chain (EC 6.1.1.20)

Pyrrolysyl−tRNA synthetase (EC 6.1.1.26)

Archaeal seryl−tRNA synthetase−related sequence

Threonyl−tRNA synthetase−related protein

GTP−binding and nucleic acid−binding protein YchF

GTP−binding protein TypA/BipA

GTP−binding protein YqeH, required for biogenesis of 30S ribosome subunit

Probable GTPase related to EngC

Effect of perturbation
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A conserved
operon linked to
TyrR and possibly
involved in
virulence (1/2)

Autoinducer 2
(AI−2) transport
and processing

(lsrACDBFGE operon)
(6/11)

Biofilm
Adhesin Biosynthesis
(2/4)

Biofilm formation
in Staphylococcus

(1/10)

cAMP signaling in
bacteria (15/26)

Cell
envelope−associated

LytR−CpsA−Psr
transcriptional

attenuators (4/8)

Coagulation cascade
(1/23)

CytR
regulation (1/1)

DNA−binding
regulatory proteins,

strays (12/31)
Global
Two−component
Regulator PrrBA
in Proteobacteria
(1/2)

HPr catabolite
repression system

(3/5)

MazEF
toxin−antitoxing

(programmed cell
death) system (1/7)

Murein hydrolase
regulation and cell

death (7/17)

Orphan
regulatory proteins
(16/25)

Oxygen and light
sensor PpaA−PpsR

(1/2)

P38 MAP kinase
pathways (5/24)

Phd−Doc, YdcE−YdcD
toxin−antitoxin

(programmed cell
death) systems

(2/5)

Pseudomonas
quinolone signal PQS

(1/12)

Quorum sensing in
Yersinia (1/7)

Regulatory
Intramembrane
Proteolysis Pathways
(5/18)

Sex pheromones
in Enterococcus
faecalis and other
Firmicutes (3/7)

Symbiotic
colonization and

sigma−dependent
biofilm formation

gene cluster (2/17)

The Chv
regulatory system of
Alphaproteobacteria
(3/5)

Toxin−antitoxin
replicon
stabilization
systems (2/8)

Toxin−antitoxin
systems (other than
RelBE and MazEF)

(5/15)

Trans−envelope
signaling

system VreARI in
Pseudomonas (2/7)

Two−component
regulatory systems
in Campylobacter

(3/8)

Two−component
Response Regulator
of Virulence ResDE
(2/2)

VieSAB signal
transduction system

of Vibrio (1/2)

WhiB and
WhiB−type regulatory
proteins (6/7)

Zinc regulated
enzymes (1/2)
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Conserved protein YcjX with nucleoside triphosphate hydrolase domain

Autoinducer 2 (AI−2) ABC transport system, fused AI2 transporter subunits and ATP−binding component
Autoinducer 2 (AI−2) ABC transport system, periplasmic AI−2 binding protein LsrB

Autoinducer 2 (AI−2) aldolase LsrF (EC 4.2.1.−)
Autoinducer 2 (AI−2) kinase LsrK (EC 2.7.1.−)

LsrR, transcriptional repressor of lsr operon
S−ribosylhomocysteine lyase (EC 4.4.1.21)

Biofilm PGA outer membrane secretin PgaA

Biofilm PGA synthesis deacetylase PgaB (EC 3.−)

RNA polymerase sigma factor SigB

3',5'−cyclic−nucleotide phosphodiesterase (EC 3.1.4.17)
Adenine phosphoribosyltransferase (EC 2.4.2.7)

Adenylate cyclase (EC 4.6.1.1)
ATP−dependent Clp protease proteolytic subunit (EC 3.4.21.92)

CAMP phosphodiesterases class−II:Metallo−beta−lactamase superfamily
cAMP−binding proteins − catabolite gene activator and regulatory subunit of cAMP−dependent protein kinases

cAMP−dependent Kef−type K+ transport system
Cyclic AMP receptor protein

cyclolysin secretion ATP−binding protein
ElaA protein

Heme−regulated cyclic AMP phosphodiesterase (EC 3.1.4.−)
Hydrolase, alpha/beta fold family functionally coupled to Phosphoribulokinase

Predicted signal−transduction protein containing cAMP−binding and CBS domains
Putative Heme−regulated two−component response regulator

Putative insecticidal toxin complex

Cell envelope−associated transcriptional attenuator LytR−CpsA−Psr, subfamily A1 (as in PMID19099556)

Cell envelope−associated transcriptional attenuator LytR−CpsA−Psr, subfamily F1 (as in PMID19099556)

Cell envelope−associated transcriptional attenuator LytR−CpsA−Psr, subfamily M (as in PMID19099556)

Exopolysaccharide biosynthesis transcriptional activator EpsA

Coagulation factor XIa, protease S01.213

Transcriptional (co)regulator CytR

Alkanesulfonate utilization operon LysR−family regulator CbI
Aromatic hydrocarbon utilization transcriptional regulator CatR (LysR family)

LysR family transcriptional regulator near succinyl−CoA:3−ketoacid−coenzyme A transferase
LysR family transcriptional regulator PA2758
LysR family transcriptional regulator PA3398

LysR family transcriptional regulator STM2281
LysR family transcriptional regulator STM3121

LysR family transcriptional regulator YbhD
LysR family transcriptional regulator YfiE

LysR family transcriptional regulator YneJ
LysR family transcriptional regulator YnfL

Nitrogen assimilation regulatory protein Nac

Sensor histidine kinase PrrB (RegB) (EC 2.7.3.−)

Catabolite repression HPr−like protein Crh

HPr kinase/phosphorylase (EC 2.7.1.−) (EC 2.7.4.−)

Phosphocarrier protein of PTS system

Programmed cell death toxin YdcE

Antiholin−like protein LrgA
Autolysis histidine kinase LytS

Autolysis response regulater LytR
Cytidine deaminase (EC 3.5.4.5)

Holin associated hypothetical protein
LysR family regulatory protein CidR

tRNA−dihydrouridine synthase C (EC 1.−.−.−)

Copper sensory histidine kinase CpxAGlycine cleavage system transcriptional activatorGlycine cleavage system transcriptional activator GcvAGlycine cleavage system transcriptional antiactivator GcvRHybrid sensory histidine kinase in two−component regulatory system with EvgAPutative sensor−like histidine kinase YfhKPutative sensory histidine kinase YfhAPutative two−component response regulator and GGDEF family protein YeaJSensory histidine kinase AtoSSensory histidine kinase CreBSensory histidine kinase in two−component regulatory system with RstATranscriptional regulatory protein RstATwo−component nitrogen fixation transcriptional regulator FixJTwo−component oxygen−sensor histidine kinase FixLTwo−component sensor histidine kinase PleCTwo−component system response regulator QseB

PpaA, heme−binding SCHIC domain sensory protein, regulator for photosystem formation

GTPase Rac1

MAP kinase activated protein kinase MAPKAPK3

MAP kinase activated protein kinase MAPKAPK5

MAP kinase JNK2

MAP kinase p38 gamma

Death on curing protein, Doc toxin

Prevent host death protein, Phd antitoxin

PQS biosynthesis protein PqsA, anthranilate−CoA ligase (EC 6.2.1.32)

N−acyl homoserine lactone hydrolase

Endoplasmic reticulum chaperon grp78 (BiP)

Endoribonuclease (EC 3.1.26.−) IRE1

Membrane−bound transcription factor site−1 protease S1P

Sterol regulatory element binding protein cleavage−activating protein

Sterol regulatory element binding transcription factor sre1

Hypothetical similar to thiamin biosynthesis lipoprotein ApbE

Putative pheromone cAM373 precursor lipoprotein CamS

Putative prenyltransferase, contains 1,4−dihydroxy−2−naphthoate octaprenyltransferase domain

Acetyltransferase SypM

Signal transduction histidine kinase SypF

DNA−binding response regulator ChvI

PTS system permease (IIAMan), nitrogen regulatory IIA protein

Sensor histidine kinase ChvG (EC 2.7.3.−)

SMT0608 replicon stabilization toxin

StbD replicon stabilization protein (antitoxin to StbE)

HigA protein (antitoxin to HigB)

HigB toxin protein

Toxin mRNA interferase YgiU

VapC toxin protein

YefM protein (antitoxin to YoeB)

Hemolysin activation/secretion protein associated with VreARI signalling system

Putative outer membrane TonB−dependent receptor associated with haemagglutinin family outer membrane protein

Flagellar sensory histidine kinase FlgS

Putative two−component sensor histidine kinase

Signal−transduction regulatory protein FlgR

DNA−binding response regulator ResD

Sensor histidine kinase ResE (EC 2.7.3.−)

Sensory box sensor histidine kinase/response regulator VieS

Sporulation regulatory protein WhiB
Sporulation regulatory protein WhiD

WhiB−family transcriptional regulator
WhiB−like transcription regulator

WhiB−like transcriptional regulator
WhiB−type transcription regulator

Putative metal chaperone, involved in Zn homeostasis, GTPase of COG0523 family

Effect of perturbation
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Anaerobic
respiratory
reductases (25/44)

Biogenesis of
c−type cytochromes

(12/26)

Biogenesis of
cbb3−type cytochrome
c oxidases (2/2)

Biogenesis of
cytochrome c

oxidases (7/10)

Carbon
monoxide
dehydrogenase
maturation factors
(4/5)

Carbon
monoxide induced
hydrogenase (9/23)

CO
Dehydrogenase
(6/6)

Coenzyme F420
hydrogenase (1/9)

Coenzyme F420−H2
dehydrogenase

(methanophenazine)
(1/14)

Energy−conserving
hydrogenase
(ferredoxin) (6/6)

F0F1−type ATP
synthase (7/10)

Formate
hydrogenase
(24/44)

Hydrogenases
(30/55)

Na(+)−translocating
NADH−quinone
oxidoreductase and
rnf−like group of
electron transport
complexes (6/14)

Na+ translocating
decarboxylases

and related
biotin−dependent
enzymes (6/13)

NiFe
hydrogenase
maturation (5/8)

Quinone
oxidoreductase

family (3/7)

Respiratory Complex
I (12/33)

Respiratory
dehydrogenases 1

(3/9)

Soluble cytochromes
and functionally
related electron
carriers (10/16)

Succinate
dehydrogenase

(6/14)

Terminal cytochrome
C oxidases (14/26)

Terminal cytochrome
d ubiquinol oxidases

(4/7)

Terminal
cytochrome O
ubiquinol oxidase
(3/4)

Terminal
cytochrome oxidases
(4/4)

Tetrathionate
respiration (6/6)

trimethylamine
N−oxide (TMAO)
reductase (5/11)

Ubiquinone
Menaquinone−cytochrome

c reductase
complexes (4/6)

V−Type ATP
synthase (4/10)
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Adenylylsulfate reductase alpha−subunit (EC 1.8.99.2)
Adenylylsulfate reductase beta−subunit (EC 1.8.99.2)

Anaerobic dehydrogenases, typically selenocysteine−containing
Anaerobic dimethyl sulfoxide reductase chain A (EC 1.8.99.−)
Anaerobic dimethyl sulfoxide reductase chain B (EC 1.8.99.−)
Anaerobic dimethyl sulfoxide reductase chain C (EC 1.8.99.−)
CoB−−CoM heterodisulfide reductase subunit A (EC 1.8.98.1)
CoB−−CoM heterodisulfide reductase subunit B (EC 1.8.98.1)
CoB−−CoM heterodisulfide reductase subunit C (EC 1.8.98.1)
CoB−−CoM heterodisulfide reductase subunit D (EC 1.8.98.1)

Dissimilatory sulfite reductase (desulfoviridin), alpha and beta subunits
Fe−S−cluster−containing hydrogenase components 1

Ferredoxin reductase
Flavodoxin reductases (ferredoxin−NADPH reductases) family 1

Formate dehydrogenase −O, gamma subunit (EC 1.2.1.2)
Heterodisulfide reductase, cytochrome reductase subunit

heterodisulfide reductase, iron−sulfur binding subunit, putative
heterodisulfide reductase, subunit A/methylviologen reducing hydrogenase, subunit delta

Polysulfide reductase, subunit B, putative
Polysulfide reductase, subunit C, putative

Sulfite reductase alpha subunit (EC 1.8.99.1)
Sulfite reductase beta subunit (EC 1.8.99.1)

Sulfite reductase, dissimilatory−type gamma subunit (EC 1.8.99.3)
Thiosulfate reductase cytochrome B subunit

Thiosulfate reductase precursor (EC 1.−.−.−)

ABC transporter involved in cytochrome c biogenesis, ATPase component CcmA
ABC transporter involved in cytochrome c biogenesis, CcmB subunit
Ccs1/ResB−related putative cytochrome C−type biogenesis protein

Cytochrome c heme lyase subunit CcmF
Cytochrome c heme lyase subunit CcmH

Cytochrome c−type biogenesis protein CcmG/DsbE, thiol:disulfide oxidoreductase
Cytochrome c−type biogenesis protein Ccs1/ResB
Cytochrome c−type biogenesis protein CcsA/ResC

Cytochrome c−type biogenesis protein ResA
Putative ATP−binding component of ABC transporter involved in cytochrome c biogenesis

Putative cytochrome C−type biogenesis protein
Thiol:disulfide oxidoreductase related to ResA

Putative analog of CcoH, COG3198

Type cbb3 cytochrome oxidase biogenesis protein CcoH

Copper metallochaperone, bacterial analog of Cox17 protein

Cytochrome oxidase biogenesis protein Cox11−CtaG, copper delivery to Cox1

Cytochrome oxidase biogenesis protein Surf1, facilitates heme A insertion

Ferredoxin−−NADP(+) reductase (EC 1.18.1.2)

Frataxin homolog CyaY, facilitates iron supply for heme A synthesis or Fe−S cluster assembly

Heme O synthase, protoheme IX farnesyltransferase (EC 2.5.1.−) COX10−CtaB

Sco1/SenC/PrrC protein family

carbon monoxide dehydrogenase D protein

carbon monoxide dehydrogenase E protein

Carbon monoxide dehydrogenase F protein

carbon monoxide dehydrogenase G protein

5−methyltetrahydrofolate:corrinoid iron−sulfur protein methyltransferase

Acetyl−CoA synthase corrinoid iron−sulfur protein, large subunit

Acetyl−CoA synthase corrinoid iron−sulfur protein, small subunit

Carbon monoxide dehydrogenase CooS subunit (EC 1.2.99.2)

CO dehydrogenase accessory protein CooC (nickel insertion)

CO dehydrogenase iron−sulfur protein CooF (EC 1.2.99.2)

CO dehydrogenase/acetyl−CoA synthase, acetyl−CoA synthase subunit (EC 2.3.1.169)

CO dehydrogenase/acetyl−CoA synthase, CO dehydrogenase subunit (EC 1.2.99.2)

Similar to carbon monoxide dehydrogenase CooS subunit

Carbon monoxide dehydrogenase large chain (EC 1.2.99.2) parolog without usual motifs

Carbon monoxide dehydrogenase large chain (EC 1.2.99.2) without typical motifs

Carbon−monoxide dehydrogenase form II, large subunit (EC 1.2.99.2)

CO dehydrogenases maturation factor, CoxF family

Hypothetical lactonase in carbon monoxide dehydrogenase cluster

Transcription regulator in CO−DH cluster

Putative coenzyme F420−dependent oxidoreductase MJ1349

Coenzyme F(420)H(2) dehydrogenase (methanophenazine) subunit FpoM

Energy−conserving hydrogenase (ferredoxin), subunit A

Energy−conserving hydrogenase (ferredoxin), subunit B

Energy−conserving hydrogenase (ferredoxin), subunit C

Energy−conserving hydrogenase (ferredoxin), subunit D

Energy−conserving hydrogenase (ferredoxin), subunit E

Energy−conserving hydrogenase (ferredoxin), subunit F

ATP synthase alpha chain (EC 3.6.3.14)

ATP synthase B chain (EC 3.6.3.14)

ATP synthase B' chain (EC 3.6.3.14)

ATP synthase beta chain (EC 3.6.3.14)

ATP synthase C chain (EC 3.6.3.14)

ATP synthase gamma chain (EC 3.6.3.14)

ATP synthase protein I

Formate dehydrogenase N gamma subunit (EC 1.2.1.2)
Formate dehydrogenase O putative subunit

Formate dehydrogenase related protein
Formate dehydrogenase−O, major subunit (EC 1.2.1.2)

Formate hydrogenlyase subunit 3
Formate hydrogenlyase subunit 3/Multisubunit Na+/H+ antiporter, MnhD subunit

Formate hydrogenlyase subunit 4
Formate hydrogenlyase subunit 5
Formate hydrogenlyase subunit 7

Formate hydrogenlyase transcriptional activator
Hydrogenase−4 component B (EC 1.−.−.−)
Hydrogenase−4 component D (EC 1.−.−.−)
Hydrogenase−4 component E (EC 1.−.−.−)
Hydrogenase−4 component F (EC 1.−.−.−)
Hydrogenase−4 component G (EC 1.−.−.−)

Hydrogenase−4 transcriptional activator
NAD−dependent formate dehydrogenase (EC 1.2.1.2)

NAD−dependent formate dehydrogenase alpha subunit
NAD−dependent formate dehydrogenase beta subunit

Putative formate dehydrogenase iron−sulfur subunit (EC 1.2.1.2)
Putative formate dehydrogenase oxidoreductase protein

Putative formate dehydrogenase−specific chaperone
tungsten−containing formate dehydrogenase alpha subunit
tungsten−containing formate dehydrogenase beta subunit

[Ni/Fe] hydrogenase, group 1, large subunit[Ni/Fe] hydrogenase, group 1, small subunitCoenzyme F420−reducing hydrogenase, alpha subunitCoenzyme F420−reducing hydrogenase, beta subunitCoenzyme F420−reducing hydrogenase, gamma subunitcytochrome−c3 hydrogenase alpha chainFe−S−cluster−containing hydrogenase components 2hydrogenase, subunit gamma related proteinhydrogenase/sulfur reductase, alpha subunithydrogenase/sulfur reductase, delta subunitNAD−reducing hydrogenase subunit HoxE (EC 1.12.1.2)NAD−reducing hydrogenase subunit HoxF (EC 1.12.1.2)NAD−reducing hydrogenase subunit HoxH (EC 1.12.1.2)NAD−reducing hydrogenase subunit HoxU (EC 1.12.1.2)NAD−reducing hydrogenase subunit HoxY (EC 1.12.1.2)NADH−reducing hydrogenase maturation factorNADP−reducing hydrogenase, subunit BNi,Fe−hydrogenase I cytochrome b subunitNi,Fe−hydrogenase III large subunitNi,Fe−hydrogenase III small subunitNi/Fe−hydrogenase 2 B−type cytochrome subunitNickel−dependent hydrogenase, large subunitNickel−dependent hydrogenase, small subunitPeriplasmic [Fe] hydrogenase (EC 1.12.7.2)Periplasmic [Fe] hydrogenase large subunit (EC 1.12.7.2)Quinone−reactive Ni/Fe−hydrogenase large chain (EC 1.12.5.1)Quinone−reactive Ni/Fe−hydrogenase small chain precursor (EC 1.12.5.1)Signal transduction histidine kinase HoxJ (hydrogenase regulation)Uptake hydrogenase large subunit (EC 1.12.99.6)Uptake hydrogenase small subunit precursor (EC 1.12.99.6)

Electron transport complex protein RnfA

Electron transport complex protein RnfB

Electron transport complex protein RnfC

Electron transport complex protein RnfD

Electron transport complex protein RnfE

Electron transport complex protein RnfG

Biotin carboxyl carrier protein of methylmalonyl−CoA decarboxylase

Membrane protein associated with methylmalonyl−CoA decarboxylase

Methylmalonyl−CoA decarboxylase, beta chain (EC 4.1.1.41)

Methylmalonyl−CoA:Pyruvate transcarboxylase 5S subunit (EC 2.1.3.1)

Oxaloacetate decarboxylase alpha chain (EC 4.1.1.3)

Oxaloacetate decarboxylase beta chain (EC 4.1.1.3)

[NiFe] hydrogenase metallocenter assembly protein HypC

[NiFe] hydrogenase metallocenter assembly protein HypD

[NiFe] hydrogenase metallocenter assembly protein HypE

[NiFe] hydrogenase metallocenter assembly protein HypF

[NiFe] hydrogenase nickel incorporation−associated protein HypB

Putative Zn−dependent oxidoreductase BA2113

Putative Zn−dependent oxidoreductase PA5234

Quinone oxidoreductase (EC 1.6.5.5)

NAD(P)H−quinone oxidoreductase chain H (EC 1.6.5.2)
NAD(P)H−quinone oxidoreductase chain I (EC 1.6.5.2)

NADH dehydrogenase subunit 2
NADH dehydrogenase subunit 4L

NADH−ubiquinone oxidoreductase chain E (EC 1.6.5.3)
NADH−ubiquinone oxidoreductase chain F (EC 1.6.5.3)
NADH−ubiquinone oxidoreductase chain H (EC 1.6.5.3)
NADH−ubiquinone oxidoreductase chain K (EC 1.6.5.3)
NADH−ubiquinone oxidoreductase chain L (EC 1.6.5.3)
NADH−ubiquinone oxidoreductase chain M (EC 1.6.5.3)
NADH−ubiquinone oxidoreductase chain N (EC 1.6.5.3)

NADH:ubiquinone oxidoreductase 17.2 kD subunit

Anaerobic glycerol−3−phosphate dehydrogenase subunit C (EC 1.1.5.3)

D−amino acid dehydrogenase small subunit (EC 1.4.99.1)

Methanol dehydrogenase large subunit protein (EC 1.1.99.8)

Cytochrome c−552 precursor

Cytochrome c2

Cytochrome c4

Cytochrome C550 (Soluble cytochrome C)

Cytochrome c551/c552

Cytochrome c552

Ferredoxin, 2Fe−2S

FIG135464: Cytochrome c4

Probable cytochrome c2

Putative diheme cytochrome c−553

Fumarate reductase flavoprotein subunit (EC 1.3.99.1)

Fumarate reductase subunit D

putative succinate dehydrogenase [membrane anchor subunit] (succinic dehydrogenase)

Putative succinate dehydrogenase cytochrome b subunit

Succinate dehydrogenase cytochrome b subunit

Succinate dehydrogenase cytochrome b558 subunit

Alternative cytochrome c oxidase polypeptide CoxO (EC 1.9.3.1)
Alternative cytochrome c oxidase polypeptide CoxP (EC 1.9.3.1)

Cytochrome c oxidase (B(O/a)3−type) chain I (EC 1.9.3.1)
Cytochrome c oxidase (B(O/a)3−type) chain II (EC 1.9.3.1)

Cytochrome c oxidase polypeptide I (EC 1.9.3.1)
Cytochrome c oxidase polypeptide III (EC 1.9.3.1)
Cytochrome c oxidase subunit CcoN (EC 1.9.3.1)
Cytochrome c oxidase subunit CcoO (EC 1.9.3.1)
Cytochrome c oxidase subunit CcoP (EC 1.9.3.1)
Cytochrome c oxidase subunit CcoQ (EC 1.9.3.1)

FixO3 cytochrome−c oxidase subunit
membrane c−type cytochrome cy

probable cytochrome oxidase (cbb3−type)
Type cbb3 cytochrome oxidase biogenesis protein CcoG, involved in Cu oxidation

putative Cytochrome bd2, subunit I

putative Cytochrome bd2, subunit II

Transport ATP−binding protein CydCD

Transport ATP−binding protein CydD

Cytochrome O ubiquinol oxidase subunit I (EC 1.10.3.−)

Cytochrome O ubiquinol oxidase subunit III (EC 1.10.3.−)

Cytochrome O ubiquinol oxidase subunit IV (EC 1.10.3.−)

AA3−600 quinol oxidase subunit I

AA3−600 quinol oxidase subunit II

AA3−600 quinol oxidase subunit IIII

AA3−600 quinol oxidase subunit IV

Octaheme tetrathionate reductase

Tetrathionate reductase sensory transduction histidine kinase

Tetrathionate reductase subunit A

Tetrathionate reductase subunit B

Tetrathionate reductase subunit C

Tetrathionate reductase two−component response regulator

Biotin sulfoxide reductase (EC 1.−.−.−)

Hypothetical iron−sulfur cluster binding protein YccM

Periplasmic protein torT precursor

Sensor protein torS (EC 2.7.3.−)

Trimethylamine−N−oxide reductase (EC 1.6.6.9)

Menaquinone−cytochrome C oxidoreductase, cytochrome C subunit

Ubiquinol−−cytochrome c reductase, cytochrome B subunit (EC 1.10.2.2)

Ubiquinol−cytochrome C reductase complex core protein I, mitochondrial precursor (EC 1.10.2.2)

Ubiquinol−cytochrome C reductase iron−sulfur subunit (EC 1.10.2.2)

V−type ATP synthase subunit A (EC 3.6.3.14)

V−type ATP synthase subunit B (EC 3.6.3.14)

V−type ATP synthase subunit E (EC 3.6.3.14)

V−type ATP synthase subunit I (EC 3.6.3.14)

Effect of perturbation

Respiration
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ATP−dependent
RNA helicases,
bacterial (15/20)

Group II
intron−associated
genes (1/1)

Methylthiotransferases
(3/3)

Polyadenylation
bacterial (1/1)

Queuosine−Archaeosine
Biosynthesis

(11/17)

Ribonuclease H
(5/8)

Ribosome
biogenesis archaeal
(2/2)

RNA
3'−terminal
phosphate cyclase
(4/4)

RNA polymerase
archaeal (5/15)

RNA polymerase
archaeal initiation

factors (3/3)

RNA polymerase
bacterial (4/7)

RNA polymerase
I (2/5)

RNA polymerase
II (3/7)

RNA polymerase
II initiation
factors (7/19)

RNA polymerase
III (2/17)

RNA polymerase III
initiation factors

(1/6)

RNA processing
and degradation,
bacterial (4/7)

RNA processing
orphans (2/3)

RNA
pseudouridine
syntheses (2/5)

Rrf2 family
transcriptional
regulators (5/9)

rRNA
modification Archaea
(9/13)

rRNA
modification
Bacteria (5/11)

Spliceosome
(1/3)

Transcription
elongation factors,
archaeal (1/4)

Transcription
factors bacterial

(6/11)
Transcription

factors
cyanobacterial

RpoD−like sigma
factors (1/9)

Transcription
initiation,

bacterial sigma
factors (13/21)

tRNA
modification Archaea
(11/20)

tRNA
modification
Bacteria (9/22)

tRNA
modification yeast
cytoplasmic (1/27)

tRNA
nucleotidyltransferase

(4/5)

tRNA processing
(3/5)

tRNA splicing
(2/3)

Wyeosine−MimG
Biosynthesis (2/6)

YrdC−YciO
(1/2)
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ATP−dependent RNA helicase Atu1833ATP−dependent RNA helicase BA2475ATP−dependent RNA helicase Bcep18194_A5658ATP−dependent RNA helicase DbpAATP−dependent RNA helicase NGO0650ATP−dependent RNA helicase PA3950ATP−dependent RNA helicase RhlBATP−dependent RNA helicase RhlEATP−dependent RNA helicase SO1501ATP−dependent RNA helicase VCA0768ATP−dependent RNA helicase VF1437ATP−dependent RNA helicase YfmLATP−dependent RNA helicase YqfRATP−dependent RNA helicase YxiNCold−shock DEAD−box protein A

Retron−type reverse transcriptase

Ribosomal protein S12p Asp88 (E. coli) methylthiotransferase

tRNA N6−threonylcarbamoyladenosine 2−methylthiotransferase (putative)

tRNA−i(6)A37 methylthiotransferase

Poly(A) polymerase (EC 2.7.7.19)

COG2047: Uncharacterized protein (ATP−grasp superfamily)
Dihydroneopterin triphosphate pyrophosphohydolase

glutamyl−Q−tRNA synthetase
NADPH dependent preQ0 reductase

Peptidyl−prolyl cis−trans isomerase (EC 5.2.1.8)
Permease of the drug/metabolite transporter (DMT) superfamily

Putative preQ0 transporter
Queuosine Biosynthesis QueC ATPase

Queuosine Biosynthesis QueE Radical SAM
Substrate−specific component QueT (COG4708) of predicted queuosine−regulated ECF transporter

tRNA−guanine transglycosylase (EC 2.4.2.29)

hypothetical protein ssl1918

Protein often found in Actinomycetes clustered with signal peptidase and/or RNaseHII

Ribonuclease HI−related protein 3

Ribonuclease HII (EC 3.1.26.4)

Ribonuclease HIII (EC 3.1.26.4)

Fibrillarin

rRNA biogenesis protein Nop5/Nop56

Protein RtcB

Protein with similarity to RtcB

RNA 3'−terminal phosphate cyclase (EC 6.5.1.4)

Transcriptional regulatory protein RtcR

DNA−directed RNA polymerase subunit A (EC 2.7.7.6)

DNA−directed RNA polymerase subunit B (EC 2.7.7.6)

DNA−directed RNA polymerase subunit E' (EC 2.7.7.6)

DNA−directed RNA polymerase subunit F (EC 2.7.7.6)

DNA−directed RNA polymerase subunit H (EC 2.7.7.6)

Archaeal transcription factor E

TATA−box binding protein

Transcription initiation factor B

DNA−directed RNA polymerase alpha subunit domain

DNA−directed RNA polymerase beta subunit (EC 2.7.7.6)

DNA−directed RNA polymerase beta' subunit (EC 2.7.7.6)

DNA−directed RNA polymerase delta subunit (EC 2.7.7.6)

DNA−directed RNA polymerase I largest subunit (EC 2.7.7.6)

DNA−directed RNA polymerase I second largest subunit (EC 2.7.7.6)

DNA−directed RNA polymerase II 32 kDa polypeptide (EC 2.7.7.6)

DNA−directed RNA polymerase II largest subunit (EC 2.7.7.6)

DNA−directed RNA polymerase II second largest subunit (EC 2.7.7.6)

Transcription initiation factor IID 145 kDa subunit
Transcription initiation factor IID 150 kD subunit

Transcription initiation factor IIF alpha subunit
Transcription initiation factor IIH cyclin−dependent kinase 7

Transcription initiation factor IIH p34 subunit
Transcription initiation factor IIH p44 subunit
Transcription initiation factor IIH p90 subunit

DNA−directed RNA polymerase III largest subunit (EC 2.7.7.6)

DNA−directed RNA polymerases I and III 40 kDa polypeptide (EC 2.7.7.6)

Transcription initiation factor IIIA

3'−to−5' exoribonuclease RNase R

3'−to−5' oligoribonuclease (orn)

3'−to−5' oligoribonuclease B, Bacillus type

Exoribonuclease II (EC 3.1.13.1)

2'−5' RNA ligase

2H phosphoesterase superfamily protein Bsu1186 (yjcG)

Ribosomal large subunit pseudouridine synthase E (EC 4.2.1.70)

tRNA pseudouridine synthase C (EC 4.2.1.70)

Iron−responsive repressor RirA

Predicted transcriptional regulator of cysteine synthase, Rrf2 family

Predicted transcriptional regulator of sulfate adenylyltransferase, Rrf2 family

Predicted transcriptional regulator of sulfate transport, Rrf2 family

Rrf2 family transcriptional regulator, group III

COG2106 Methylase
COG3269, Predicted RNA−binding protein, contains TRAM domain

conserved protein with predicted RNA binding PUA domain
Predicted N6−adenine−specific RNA methylase containing THUMP domain

Predicted RNA methylase COG2263
Predicted Zn−ribbon RNA−binding protein with a function in translation

Putative RNA−binding protein COG1094
tRNA pseudouridine 55 synthase (EC 4.2.1.70)

tRNA:Cm32/Um32 methyltransferase

23S rRNA (guanosine−2'−O−) −methyltransferase rlmB (EC 2.1.1.−)

23S rRNA (Uracil−5−) −methyltransferase rumA (EC 2.1.1.−)

Ribosomal RNA large subunit methyltransferase F (EC 2.1.1.51)

Ribosomal RNA small subunit methyltransferase C (EC 2.1.1.52)

RNA binding methyltransferase FtsJ like

Pre−mRNA splicing factor PRP8

NusA protein homolog, archaeal

Regulator of nucleoside diphosphate kinase
Transcription antitermination protein NusG

Transcription elongation factor GreB−related protein
Transcription termination factor Rho

Transcription termination protein NusB
Transcription−repair coupling factor

RNA polymerase sigma factor RpoD

RNA polymerase principal sigma factor HrdD
RNA polymerase sigma factor RpoE

RNA polymerase sigma factor RpoH−related protein RpoH2
RNA polymerase sigma factor RpoS
RNA polymerase sigma factor SigW

RNA polymerase sigma−54 factor RpoN
RNA polymerase sigma−70 factor

RNA polymerase sporulation specific sigma factor SigE
RNA polymerase sporulation specific sigma factor SigF
RNA polymerase sporulation specific sigma factor SigG
RNA polymerase sporulation specific sigma factor SigH
RNA polymerase sporulation specific sigma factor SigK

Serine protease precursor MucD/AlgY associated with sigma factor RpoE

archaeal ATPase, fused to C−terminal DUF234 domain
COG1180: Radical SAM, Pyruvate−formate lyase−activating enzyme like

COG1355, Predicted dioxygenase
COG1720: Uncharacterized conserved protein

COG2078: Uncharacterized ACR
Hypothetical ATP−binding protein, containing DUF265 domain

Iron−sulfur cluster assembly scaffold protein IscU
Rhodanese−like domain protein

tRNA (Uracil54−C5−)−methyltransferase (EC 2.1.1.35)
tRNA dihydrouridine synthase B (EC 1.−.−.−)

tRNA pseudouridine 13 synthase (EC 4.2.1.−)

5−methylaminomethyl−2−thiouridine−forming enzyme mnmC
Believed to be involved in assembly of Fe−S clusters

COG0613, Predicted metal−dependent phosphoesterases (PHP family)
GTPase and tRNA−U34 5−formylation enzyme TrmE

Iron binding protein IscA for iron−sulfur cluster assembly
tRNA (cytosine34−2'−O−)−methyltransferase (EC 2.1.1.−)
tRNA (guanine46−N7−)−methyltransferase (EC 2.1.1.33)

tRNA (Guanosine18−2'−O−) −methyltransferase (EC 2.1.1.34)
tRNA uridine 5−carboxymethylaminomethyl modification enzyme GidA

tRNA (guanine−N(7)−)−methyltransferase (EC 2.1.1.33) (tRNA(m7G46)−methyltransferase)

tRNA nucleotidyltransferase (EC 2.7.7.21) (EC 2.7.7.25)

tRNA nucleotidyltransferase, A−adding (EC 2.7.7.25)

tRNA nucleotidyltransferase, archaeal type (EC 2.7.7.21) (EC 2.7.7.25)

tRNA nucleotidyltransferase, CC−adding (EC 2.7.7.21)

Ribonuclease T (EC 3.1.13.−)

Ribonuclease Z (EC 3.1.26.11)

tRNAHis−5'−guanylyltransferase

RNA:NAD 2'−phosphotransferase

tRNA−intron endonuclease (EC 3.1.27.9)

Fe−S OXIDOREDUCTASE (1.8.−.−) Wyeosine biosynthesis

tRNA methylase Yol141w homolog Wyeosine biosynthesis

YciO family

Effect of perturbation
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Drought Flood Freeze Heat 2−isocapryloyl−3R−hydroxymethyl−gamma−butyrolactone
and other bacterial
morphogens (2/5)Alkaloid
biosynthesis from

L−lysine (1/2)
Apigenin

derivatives (1/1)
Auxin biosynthesis

(6/11)
Auxin degradation

(1/3)
Biflavanoid

biosynthesis (1/3)
Caffeic acid

derivatives (1/1)
Cannabinoid

biosynthesis (1/2)
Cinnamic Acid

Degradation (3/9)
Flavanone

biosynthesis (2/4)
Nonribosomal
peptide synthetases
(NRPS) in Frankia
sp. Ccl3 (4/4)

Phenazine
biosynthesis (1/8)

Phytoalexin
biosynthesis (1/4)Salicylic

acid biosynthesis1
(1/2)
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Inducers of aerial mycelium formation biosynthesis protein BldG
Pleiotropic negative regulator for morphological and physiological development in Streptomyces, BldD

Deoxyhypusine synthase

Isoflavone reductase homolog P3 (EC 1.3.1.−)

Anthranilate phosphoribosyltransferase (EC 2.4.2.18)Nitrilase 1 (EC 3.5.5.1)Nitrilase 2 (EC 3.5.5.1)Phosphoribosylanthranilate isomerase (EC 5.3.1.24)Tryptophan synthase alpha chain (EC 4.2.1.20)Tryptophan synthase beta chain (EC 4.2.1.20)

Peroxidase (EC 1.11.1.7)

Dihydroflavonol−4−reductase (EC 1.1.1.219)

Cinnamoyl−CoA reductase (EC 1.2.1.44)

Monoglyceride lipase (EC 3.1.1.23)

2,3−dihydroxy−2,3−dihydro−phenylpropionate dehydrogenase (EC 1.3.1.−)
3−(3−hydroxy−phenyl)propionate hydroxylase (EC 1.14.13.−)

3−phenylpropionate dioxygenase ferredoxin subunit

4−coumarate−−CoA ligase 1 (EC 6.2.1.12)
Chalcone synthase (EC 2.3.1.74)

NRPS loading module Thr−PG−PG−Thr
NRPS module 2 PG−PG−Asn

NRPS module 3 PG−PG
NRPS module 4 PG−Ser−Gly−Thr

Phenazine biosynthesis protein PhzF

flavonoid 7−O−methyltransferase (EC 2.1.1.75)

6−Methyl salicylic acid synthase

Effect of perturbation

Secondary Metabolism
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Acid resistance
mechanisms (4/6)

Bacterial
hemoglobins (6/7)

Carbon Starvation
(5/9)

Choline and
Betaine Uptake and
Betaine Biosynthesis

(13/27)

Cold shock,
CspA family of
proteins (4/8)

Dimethylarginine
metabolism (1/3)

Ectoine
biosynthesis and
regulation (2/6)

Flavohaemoglobin
(1/3)

Glutaredoxins
(6/12)

Glutathione
analogs: mycothiol
(10/10)

Glutathione−dependent
pathway of

formaldehyde
detoxification

(2/5)

Glutathione:
Biosynthesis and

gamma−glutamyl cycle
(7/9)

Glutathione:
Non−redox reactions

(12/24)

Glutathione: Redox
cycle (1/2)

Glutathionylspermidine
and Trypanothione

(2/3)

Heat shock dnaK
gene cluster

extended (17/19)

Hfl operon
(5/6)

O−antigen capsule
important for

environmental
persistence (2/10)

Osmoprotectant ABC
transporter YehZYXW
of Enterobacteriales

(1/4)

Osmoregulation
(3/3)

Oxidative stress
(20/38)

Periplasmic
Stress Response
(5/5)

Phage shock protein
(psp) operon (3/7)

Protection from
Reactive Oxygen

Species (1/1)

Redox−dependent
regulation of

nucleus processes
(1/4)

Regulation of
Oxidative Stress
Response (3/4)

Rubrerythrin
(5/5)

SigmaB stress
responce regulation
(4/7)

Synthesis of
osmoregulated

periplasmic glucans
(6/9)

Universal stress
protein family

(6/13)

Uptake
of selenate and
selenite (5/8)
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Arginine decarboxylase (EC 4.1.1.19)

Arginine/agmatine antiporter

Biosynthetic arginine decarboxylase (EC 4.1.1.19)

Glutamate decarboxylase (EC 4.1.1.15)

Cyanoglobin

diguanylate cyclase/phosphodiesterase (GGDEF & EAL domains) with PAS/PAC sensor(s)

Flavohemoprotein (Hemoglobin−like protein) (Flavohemoglobin) (Nitric oxide dioxygenase) (EC 1.14.12.17)

Hemoglobin−like protein HbO

Hypothetical protein in Cyanoglobin locus

Putative bacterial haemoglobin

Carbon starvation protein A

Carbon starvation protein A paralog

Starvation sensing protein RspA

Stringent starvation protein A

Stringent starvation protein B

Betaine aldehyde dehydrogenase (EC 1.2.1.8)
Choline ABC transport system, ATP−binding protein OpuBA

Choline binding protein D
Choline dehydrogenase (EC 1.1.99.1)

Choline−sulfatase (EC 3.1.6.6)
Glycine betaine ABC transport system permease protein

Glycine betaine ABC transport system, ATP−binding protein OpuAA (EC 3.6.3.32)
Glycine betaine ABC transport system, permease/glycine betaine−binding protein OpuABC

HTH−type transcriptional regulator BetI
L−proline glycine betaine ABC transport system permease protein ProV (TC 3.A.1.12.1)
L−proline glycine betaine ABC transport system permease protein ProW (TC 3.A.1.12.1)

L−proline glycine betaine binding ABC transporter protein ProX (TC 3.A.1.12.1)
Osmotically activated L−carnitine/choline ABC transporter, substrate−binding protein OpuCC

Cold shock protein CspA

Cold shock protein CspB

Cold shock protein CspE

Cold shock protein CspG

NG,NG−dimethylarginine dimethylaminohydrolase 1 (EC 3.5.3.18)

Diaminobutyrate−pyruvate aminotransferase (EC 2.6.1.46)

Ectoine hydroxylase (EC 1.17.−.−)

ABC−type Fe3+−siderophore transport system, permease 2 component

Competence protein F homolog, phosphoribosyltransferase domain

Glutaredoxin

Glutaredoxin 2

Glutaredoxin 3

Glutaredoxin 3 (Grx3)

Uncharacterized monothiol glutaredoxin ycf64−like

Acetyl−CoA:Cys−GlcN−Ins acetyltransferase, mycothiol synthase MshD
Glycosyltransferase MshA involved in mycothiol biosynthesis (EC 2.4.1.−)

L−cysteine:1D−myo−inosityl 2−amino−2−deoxy−alpha−D−glucopyranoside ligase MshC
Maleylpyruvate isomerase, mycothiol−dependent (EC 5.2.1.4)

Mycothiol S−conjugate amidase Mca
N−acetyl−1−D−myo−inosityl−2−amino−2−deoxy−alpha−D−glucopyranoside deacetylase MshB

NADPH−dependent mycothiol reductase Mtr
Putative hydrolase in cluster with formaldehyde/S−nitrosomycothiol reductase MscR

S−nitrosomycothiol reductase MscR
Uncharacterized protein Rv0487/MT0505 clustered with mycothiol biosynthesis gene

S−(hydroxymethyl)glutathione dehydrogenase (EC 1.1.1.284)

Transcriptional regulator, LysR family, in formaldehyde detoxification operon

5−oxoprolinase (EC 3.5.2.9)

Gamma−glutamyltranspeptidase (EC 2.3.2.2)

Glutamate−−cysteine ligase (EC 6.3.2.2)

Glutamate−−cysteine ligase (EC 6.3.2.2), divergent, of Alpha− and Beta−proteobacteria type

Glutathione biosynthesis bifunctional protein gshF (EC 6.3.2.2)(EC 6.3.2.3)

Putative exported protein clustered with Gamma−glutamyltranspeptidase

Similar to 5−oxoprolinase (EC 3.5.2.9) and Methylhydantoinases A, B (EC 3.5.2.14), contradiction in experimental data (see Annotation)

FIG005121: SAM−dependent methyltransferase (EC 2.1.1.−)
Glutathione S−transferase (EC 2.5.1.18)
Glutathione S−transferase family protein

Glutathione S−transferase, unnamed subgroup (EC 2.5.1.18)
Glutathione S−transferase, unnamed subgroup 2 (EC 2.5.1.18)

Glutathione S−transferase, zeta (EC 2.5.1.18)
Hydroxyacylglutathione hydrolase (EC 3.1.2.6)

Phytochelatin synthase (EC 2.3.2.15), eukaryotic type
Probable glutathione S−transferase (EC 2.5.1.18), YfcF homolog

SAM−dependent methyltransferase 2, in cluster with Hydroxyacylglutathione hydrolase (EC 3.1.2.6)
Uncharacterized glutathione S−transferase−like protein

Uncharacterized GST−like protein yibF

Glutathione peroxidase (EC 1.11.1.9)

Similarity with glutathionylspermidine synthase (EC 6.3.1.8), group 1

Similarity with glutathionylspermidine synthase (EC 6.3.1.8), group 2

Chaperone protein DnaJ
Chaperone protein DnaK

DNA replication intiation control protein YabA
FIG001341: Probable Fe(2+)−trafficking protein YggX

FIG009886: phosphoesterase
Heat shock protein GrpE

HspR, transcriptional repressor of DnaK operon
Hypothetical radical SAM family enzyme, NOT coproporphyrinogen III oxidase, oxygen−independent

MiaB family protein, possibly involved in tRNA or rRNA modification
Nucleoside 5−triphosphatase RdgB (dHAPTP, dITP, XTP−specific) (EC 3.6.1.15)

Putative coproporphyrinogen III oxidase of BS HemN−type, oxygen−independent (EC 1.3.99.22), in heat shock gene cluster
Ribonuclease PH (EC 2.7.7.56)

Ribosomal protein L11 methyltransferase (EC 2.1.1.−)
RNA polymerase sigma factor RpoH

Signal peptidase−like protein
tmRNA−binding protein SmpB

Translation elongation factor LepA

GTP−binding protein HflX

GTP−binding protein related to HflX

HflC protein

HflK protein

RNA−binding protein Hfq

Aldolase YihT

Oxidoreductase YihU

Osmoprotectant ABC transporter permease protein YehY

Aquaporin Z

Osmotically inducible protein OsmY

Propanediol diffusion facilitator

Catalase (EC 1.11.1.6)Iron−responsive regulator IrrManganese superoxide dismutase (EC 1.15.1.1)NnrS protein involved in response to NOParaquat−inducible protein AParaquat−inducible protein BPeroxide stress regulatorPhytochrome, two−component sensor histidine kinase (EC 2.7.3.−)Redox−sensitive transcriptional activator SoxRRedox−sensitive transcriptional regulator (AT−rich DNA−binding protein)Regulatory protein SoxSRubrerythrinSuperoxide dismutase [Cu−Zn] precursor (EC 1.15.1.1)Superoxide dismutase [Fe] (EC 1.15.1.1)Superoxide dismutase [Mn] (EC 1.15.1.1)Superoxide dismutase [Mn/Fe] (EC 1.15.1.1)Superoxide reductase (EC 1.15.1.2)transcriptional regulator, Crp/Fnr familytranscriptional regulator, Fur familyTranscriptional regulator, FUR family

HtrA protease/chaperone protein

Outer membrane stress sensor protease DegQ, serine protease

Outer membrane stress sensor protease DegS

Sigma factor RpoE negative regulatory protein RseA

Sigma factor RpoE negative regulatory protein RseB precursor

Phage shock protein C

Phage shock protein E

Psp operon transcriptional activator

Cytochrome c551 peroxidase (EC 1.11.1.5)

Glyceraldehyde−3−phosphate dehydrogenase (EC 1.2.1.12) (GAPDH)

Aerobic respiration control sensor protein arcB (EC 2.7.3.−)

RNA polymerase sigma factor

Superoxide dismutase [Cu−Zn] (EC 1.15.1.1)

Fe−S oxidoreductase−like protein in Rubrerythrin cluster

Hypothetical protein i Rubrerythrin cluster

Rubredoxin

Rubredoxin−NAD(+) reductase (EC 1.18.1.1)

rubredoxin−oxygen oxidoreductase

anti−sigma B factor RsbT

Putative SigmaB asociated two−component system sensor protein

RsbR, positive regulator of sigma−B

Serine phosphatase RsbU, regulator of sigma subunit

Beta−(1−−>2)glucan export ATP−binding/permease protein NdvA (EC 3.6.3.42)

Cyclic beta−1,2−glucan modification transmembrane protein

Cyclic beta−1,2−glucan synthase (EC 2.4.1.−)

Glucans biosynthesis protein C (EC 2.1.−.−)

OpgC protein

Phosphoglycerol transferase I (EC 2.7.8.20)

Universal stress protein E

Universal stress protein F

Universal stress protein family

Universal stress protein family 4

Universal stress protein family 5

Universal stress protein family 7

DedA protein

Various polyols ABC transporter, ATP−binding component

Various polyols ABC transporter, periplasmic substrate−binding protein

Various polyols ABC transporter, permease component 1

Various polyols ABC transporter, permease component 2

Effect of perturbation

Stress Response



Drought Flood Freeze Heat
Alkanesulfonate

assimilation
(12/16)

Galactosylceramide
and Sulfatide

metabolism (5/9)

Inorganic Sulfur
Assimilation (9/19)
L−Cystine
Uptake and
Metabolism (5/12)Release of Dimethyl
Sulfide (DMS) from

Dimethylsulfoniopropionate
(DMSP) (1/2)

Sulfate
reduction−associated
complexes (4/6)

Sulfur
oxidation (12/16)

Taurine
Utilization (2/4)

Thioredoxin−disulfide
reductase (3/4)Utilization

of glutathione as
a sulphur source
(1/4)
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ABC−type nitrate/sulfonate/bicarbonate transport system, ATPase componentABC−type nitrate/sulfonate/bicarbonate transport system, permease componentABC−type nitrate/sulfonate/bicarbonate transport systems, periplasmic componentsAlkanesulfonate monooxygenase (EC 1.14.14.5)Alkanesulfonates ABC transporter ATP−binding proteinAlkanesulfonates transport system permease proteinAlpha−ketoglutarate−dependent taurine dioxygenase (EC 1.14.11.17)Arylsulfatase (EC 3.1.6.1)Dibenzothiophene desulfurization enzyme BFMN reductase (EC 1.5.1.29)probable dibenzothiophene desulfurization enzymesulfonate monooxygenase

Alpha−galactosidase precursor (EC 3.2.1.22)
Beta−galactosidase (EC 3.2.1.23)

Galactocerebrosidase precursor (EC 3.2.1.46)
probable beta−D−galactosidase

Sialidase (EC 3.2.1.18)

4Fe−4S ferredoxin, iron−sulfur binding
ABC−type probable sulfate transporter, ATPase component

ABC−type probable sulfate transporter, periplasmic binding protein
Adenylyl−sulfate reductase [thioredoxin] (EC 1.8.4.10)

Ferredoxin
Ferredoxin−−NADP(+) reductase, actinobacterial (eukaryote−like) type (EC 1.18.1.2)

Ferredoxin−−sulfite reductase, actinobacterial type (EC 1.8.7.1)
Sulfate adenylyltransferase, dissimilatory−type (EC 2.7.7.4)

Sulfate−binding protein Sbp

Bacterial luciferase family protein YtmO, in cluster with L−cystine ABC transporter
Cystine ABC transporter, periplasmic cystine−binding protein FliY

HTH−type transcriptional regulator YtlI, LysR family
L−Cystine ABC transporter, ATP−binding protein TcyC

L−Cystine ABC transporter, periplasmic cystine−binding protein TcyA

Dimethylsulfoniopropionate (DMSP) acyl CoA transferase DddD

Protein similar to glutamate synthase [NADPH] small chain, clustered with sulfite reductase
Sulfite reduction−associated complex DsrMKJOP iron−sulfur protein DsrO (=HmeA)

Sulfite reduction−associated complex DsrMKJOP protein DsrK (=HmeD)
Sulfite reduction−associated complex DsrMKJOP protein DsrP (= HmeB)

Blr3520 protein homolog, hypothetical proteincytochrome c subunit of flavocytochrome c sulfide dehydrogenaseLipocalin−related protein and Bos/Can/Equ allergenSulfide dehydrogenase [flavocytochrome C] flavoprotein chain precursor (EC 1.8.2.−)Sulfite dehydrogenase cytochrome subunit SoxDSulfur oxidation molybdopterin C proteinsulfur oxidation protein SoxASulfur oxidation protein SoxBSulfur oxidation protein SoxXSulfur oxidation protein SoxYSulfur oxidation protein SoxZthioredoxin SoxW

Taurine transport ATP−binding protein TauB

Taurine transport system permease protein TauC

Alkyl hydroperoxide reductase protein F (EC 1.6.4.−)

Alkylhydroperoxidase protein D

Thiol peroxidase, Tpx−type (EC 1.11.1.15)

Putative glutathione transporter, ATP−binding component

Effect of perturbation

Sulfur Metabolism



Drought Flood Freeze Heat

&#946;−Fimbriae
(2/3)

&#963;−Fimbriae
(2/5)

Acyl Homoserine
Lactone (AHL)

Autoinducer Quorum
Sensing (2/10)

Adaptation to
d−cysteine (2/4)

Adhesion of
Campylobacter (1/8)

Aminoglycoside
adenylyltransferases

(1/2)

Arsenic resistance
(5/6)

Bacitracin
Stress Response
(10/14)

Bacterial cyanide
production and

tolerance mechanisms
(6/14)

Beta−lactamase
(10/16)

BlaR1 Family
Regulatory

Sensor−transducer
Disambiguation

(6/10)

C jejuni
colonization of

chick caeca (4/8)

Cadmium resistance
(1/3)

Cobalt−zinc−cadmium
resistance (8/21)

Copper homeostasis
(8/14)

Erythromycin
resistance (1/2)

Fosfomycin
resistance (1/3)

Listeria
surface proteins:
Internalin−like
proteins (6/33)

Marinocine,
a broad−spectrum
antibacterial
protein (1/2)

Mediator of
hyperadherence YidE

in Enterobacteria
and its conserved

region (2/7)

Mercuric reductase
(2/2)

Mercury resistance
operon (1/7)

Methicillin
resistance in
Staphylococci

(3/12)

MexE−MexF−OprN
Multidrug Efflux

System (3/4)

MLST (1/2)

Multidrug
efflux pump in

Campylobacter jejuni
(CmeABC operon)

(3/4)

Multidrug
Resistance Efflux

Pumps (9/15)

Multidrug
Resistance Operon
mdtRP of Bacillus

(1/2)

Pertussis toxin
(1/2)

Polymyxin
Synthetase Gene
Cluster in Bacillus

(1/4)

Resistance to
chromium compounds

(4/5)

Resistance
to fluoroquinolones
(1/2)

Resistance to
Vancomycin (4/6)

Streptococcus
pneumoniae

Vancomycin Tolerance
Locus (1/5)

Streptococcus
pyogenes

recombinatorial zone
(2/6)

Streptothricin
resistance (1/1)

The mdtABCD
multidrug resistance

cluster (2/6)

Tolerance to
colicin E2 (4/5)

Type 1 pili
(mannose−sensitive

fimbriae) (2/8)

Type 4 secretion
and conjugative
transfer (32/61)

Zinc
resistance (2/3)
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Beta−fimbriae chaperone protein

Beta−fimbriae usher protein

Sigma−fimbriae chaperone protein

Sigma−fimbriae usher protein

Autoinducer synthesis protein LuxI

Autoinducer synthesis protein SolI

Cystine ABC transporter, permease protein

D−cysteine desulfhydrase (EC 4.4.1.15)

Amino−acid ABC transporter ATP−binding protein PebC

Aminoglycoside N6'−acetyltransferase (EC 2.3.1.82)

Arsenic efflux pump protein

Arsenic resistance protein ArsH

Arsenical pump−driving ATPase (EC 3.6.3.16)

Arsenical resistance operon trans−acting repressor ArsD

Arsenical−resistance protein ACR3

ABC transporter permease protein YvcS

Bacitracin export ATP−binding protein BceA

Bacitracin export permease protein BceB

Protein LiaH, similar to phage shock protein A

Response regulator LiaR

Transporter LiaF

Two−component response regulator BceR

Two−component response regulator YvcP

Two−component sensor histidine kinase BceS

Two−component sensor kinase YvcQ

Carbonic anhydrase (EC 4.2.1.1)

formate dehydrogenase formation protein FdhE

Formate dehydrogenase O alpha subunit (EC 1.2.1.2)

Formate dehydrogenase O beta subunit (EC 1.2.1.2)

Formate dehydrogenase O gamma subunit (EC 1.2.1.2)

Sulfate transporter family protein in cluster with carbonic anhydrase

Beta−lactamase

Beta−lactamase (Cephalosporinase) (EC 3.5.2.6)

Beta−lactamase (EC 3.5.2.6)

Beta−lactamase class C and other penicillin binding proteins

Beta−lactamase repressor BlaI

Metal−dependent hydrolases of the beta−lactamase superfamily I

Metal−dependent hydrolases of the beta−lactamase superfamily II

Metal−dependent hydrolases of the beta−lactamase superfamily III

Negative regulator of beta−lactamase expression

Regulatory protein BlaR1

Copper−translocating P−type ATPase (EC 3.6.3.4)

Negative transcriptional regulator−copper transport operon

Peptidase M48, Ste24p precursor

Regulatory sensor−transducer, BlaR1/MecR1 family

Transcriptional regulator, MecI family

Transcriptional repressor, BlaI/MecI family

4−keto−6−deoxy−N−Acetyl−D−hexosaminyl−(Lipid carrier) aminotransferase

Flagellar biosynthesis protein FliR

Phosphate acetyltransferase (EC 2.3.1.8)

Predicted signal transduction protein

Cadmium−transporting ATPase (EC 3.6.3.3)

Cobalt−zinc−cadmium resistance protein

Cobalt−zinc−cadmium resistance protein CzcA

Cobalt/zinc/cadmium efflux RND transporter, membrane fusion protein, CzcB family

Copper sensory histidine kinase CusS

Heavy metal RND efflux outer membrane protein, CzcC family

Heavy metal sensor histidine kinase

Probable Co/Zn/Cd efflux system membrane fusion protein

Transcriptional regulator, MerR family

Blue copper oxidase CueO precursor

CopG protein

Copper chaperone

Copper resistance protein B

Copper resistance protein D

Copper tolerance protein

Cu(I)−responsive transcriptional regulator

Multidrug resistance transporter, Bcr/CflA family

Dimethyladenosine transferase (EC 2.1.1.−)

Fosfomycin resistance protein FosB

Internalin E (LPXTG motif)

Internalin−like protein (LPXTG motif) Lin0290 homolog

Internalin−like protein (LPXTG motif) Lmo0331 homolog

Internalin−like protein (LPXTG motif) Lmo0610 homolog

Internalin−like protein (LPXTG motif) Lmo0732 homolog

internalin, putative

Lysine−epsilon oxidase (EC 1.4.3.20) antimicrobial protein LodA

16 kDa heat shock protein A

Uncharacterized protein YidR

Mercuric ion reductase (EC 1.16.1.1)

PF00070 family, FAD−dependent NAD(P)−disulphide oxidoreductase

Mercuric resistance operon regulatory protein

UDP−N−acetylmuramoylalanyl−D−glutamate−−2,6−diaminopimelate ligase (EC 6.3.2.13)

UDP−N−acetylmuramoylalanyl−D−glutamyl−2,6−diaminopimelate−−D−alanyl−D−alanine ligase (EC 6.3.2.10)

Undecaprenyl−phosphate N−acetylglucosaminyl 1−phosphate transferase (EC 2.7.8.−)

Multidrug efflux transporter MexF

Outer membrane protein OprN

Transcriptional regulator MexT

Shikimate 5−dehydrogenase (EC 1.1.1.25)

RND efflux system, inner membrane transporter CmeB

RND efflux system, membrane fusion protein CmeA

RND efflux system, outer membrane lipoprotein CmeC

Acriflavin resistance protein

Macrolide export ATP−binding/permease protein MacB (EC 3.6.3.−)

Macrolide−specific efflux protein MacA

Multidrug efflux RND membrane fusion protein MexC

Multidrug efflux RND transporter MexD

Probable transcription regulator protein of MDR efflux pump cluster

RND efflux system, outer membrane lipoprotein, NodT family

Transcription regulator of multidrug efflux pump operon, TetR (AcrR) family

Type I secretion outer membrane protein, TolC precursor

Multidrug efflux transporter MdtP

Major pilus subunit of type IV secretion complex (VirB2)

Polymyxin synthetase PmxB

Chromate resistance protein ChrB

Chromate transport protein ChrA

Rhodanese−like protein ChrE

Superoxide dismutase SodM−like protein ChrF

DNA gyrase subunit B (EC 5.99.1.3)

Sensor histidine kinase VanS (EC 2.7.3.−)

Vancomycin B−type resistance protein VanW

Vancomycin B−type resistance protein VanX

Vancomycin response regulator VanR

Two−component response regulator VncR

Chaperonin (heat shock protein 33)

Fibronectin−binding protein

Streptothricin acetyltransferase, Streptomyces lavendulae type

Multidrug transporter MdtD

Probable RND efflux membrane fusion protein

Inner membrane protein CreD

Inner membrane protein CreD−like protein

Two−component response regulator CreB

Two−component response regulator CreC

type 1 fimbriae regulatory protein FimB

type 1 fimbriae regulatory protein FimE

ATPase provides energy for both assembly of type IV secretion complex and secretion of T−DNA complex (VirB11)Bores hole in peptidoglycan layer allowing type IV secretion complex assembly to occur (VirB1)Conjugative signal peptidase TrhFConjugative transfer protein TrbBConjugative transfer protein TrbCConjugative transfer protein TrbDConjugative transfer protein TrbEConjugative transfer protein TrbFConjugative transfer protein TrbGConjugative transfer protein TrbIConjugative transfer protein TrbJConjugative transfer protein TrbLConjugative transfer protein TrbP (IncF TraX homolog)IncF plasmid conjugative transfer pilus assembly protein TraBIncF plasmid conjugative transfer pilus assembly protein TraCIncF plasmid conjugative transfer pilus assembly protein TraFIncF plasmid conjugative transfer pilus assembly protein TraHIncF plasmid conjugative transfer pilus assembly protein TraKIncF plasmid conjugative transfer pilus assembly protein TraUIncF plasmid conjugative transfer pilus assembly protein TraWIncF plasmid conjugative transfer protein TraDIncF plasmid conjugative transfer protein TraGIncF plasmid conjugative transfer protein TraNIncQ plasmid conjugative transfer DNA nicking endonuclease TraR (pTi VirD2 homolog)IncQ plasmid conjugative transfer protein TraPIncW plasmid conjugative protein TrwB (TraD homolog)IncW plasmid conjugative relaxase protein TrwC (TraI homolog)Inner membrane protein forms channel for type IV secretion of T−DNA complex (VirB10)Inner membrane protein forms channel for type IV secretion of T−DNA complex (VirB8)Minor pilin of type IV secretion complex (VirB5)Two−component regulator of vir regulon. VirA is a transmembrane histidine kinaseYnc

Response regulator of zinc sigma−54−dependent two−component system

Sensor protein of zinc sigma−54−dependent two−component system

Effect of perturbation
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