List of PP-Clusters

Comments. Thisfile contains the list of clusters of functionally related COGs, found
using NJ algorithm and anticorrelation distance measure (see main text for more details).
Every PP-cluster includes >=2 COGs. In several cases, when there is evidence that PP-
cluster includes displacements of orthologous genes (DOGS), the complimentary phyletic
patterns of presumably displaced genes (COGs) are included for illustrative purpose.
Each pattern is a binary vector of Os and 1s that indicate presence or absence of given
COG in aparticular genome. Thus, for convenience, three lines above two
complementary patterns list three-letters codes of 66 microbial genomes (see
http://www.ncbi.nlm.nih.gov/COG/new/orgs.html for full names of organisms)
horizontally. For example,
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Thisway presence/absenceis easily referred to a genome.

I. Functional Predictions and Gene Displacements
1) Specialized system consists of divalent cations transporter and
cognate enzyne:
P_CO®X053 Predicted Co/Zn/Cd _cation_transporters
R CO&X220 Predicted_Zn-dependent hydrol ases

2) New. Repair or Reconbination

R _COGL019 Predicted_nucl eoti dyl transferase

L _COGL111 ERCCA-1i ke _helicases

L _COGL311 Archaeal DNA polynerase |I, small _subuni

3) DOG exanple: 1189 vs 0293 is a DOG

TCBBSL SSL CASBVHPVYSEEEPRXNNCMVIVFDSNRRBCCTBMUMVACH] HVPPAMVMI TSAPSSE

mashal ppi ct mm i ncpt cccasf nmgl tt nryopcut ppbpupgaj pHbahaftj kavspycpc
acuauaynnr ueeonuheyoZseoaeAl euCuansr ocr nauur neeeypscobuhaacooeaeou
111101111111110000000000000111110111100001110011110100100000000000: COG1189
00000000011111211111211121112000000001110011000000001100111111000111: COG0293

J_COG1189 Predicted _rRNA net hyl ase

J_C0O@0293 23S r RNA net hyl ase

K _COGL420 Transcri ptional _regul ator_of heat shock
K _COXx2740 Predicted_nucl ei c-aci d-binding_protein

4) DOG exanpl e: 0207 vs 1351 is a DOG

TCBBSL SSL CASBVHPVYSEEEPRXNNCMVIVIFDSNRRBCCTBMUMVACH] HVPPAMVMI TSAPSSE

mashal ppi ct mm i ncpt cccasf ngl tt nryopcut ppbpupgaj pHbahaftj kavspycpc
acuauaynnr ueeonuheyoZseoaeAl euCuansr ocr nauur neeeypscobuhaacooeaeou
0111112121122121111111111111111111111000010000101100000100111100000112: COR0207
110000000000000000000000000111100111101111000011111011000011111000: COGL351

F_COX0207 ThyA Thym dyl at e_synt hase
F_COGL351 ThyX thym dyl ate_synt ha

5) New system presumably involved in rRNA maturation.

S COX585 Novel pseudouridylate synthase distantly related to TruB
R _COGl444 Predicted _P-1oop_ATPase fused_to_an_acetyl transferase

A COE0430 RNA 3' -term nal _phosphat e_cycl ase



6) Specialized systemconsists of divalent cations transporter and
cognate enzyme (medline 12123839 and 12093726)

F_CO®X213_Thym di ne_phosphoryl ase C0O&0213

P_COX619 ABC-type_cobalt _transport_system

P_COGL122 ABC-type_cobalt _transport_system ATPase

7) Energy production and conversion and multiple DOGs event
C _COX055_FOF1-type_ ATP_synt hase_beta_subunit

C COX056_FOF1-type_ ATP_synt hase_al pha_subuni t

C COX224 FOF1l-type_ ATP_synt hase _ganma_subuni t

C COX355 FOF1l-type ATP_synt hase_epsilon_subunit

C COX356_FOF1-type ATP_synthase_subunit_a

C COX711_FOF1-type_ ATP_synthase_subunit_b

C COX712_FOF1-type_ ATP_synt hase_del ta_subunit

C COGL155 Archaeal / vacuol ar -t ype H+- ATPase_subuni t
C COGl156_Ar chaeal / vacuol ar -t ype H+- ATPase_subuni t
C COGLl269 Archaeal / vacuol ar -t ype H+- ATPase_subuni t
C _COG1394_Archaeal / vacuol ar -t ype_ H+- ATPase_subuni t
C _COGL390_Archaeal / vacuol ar -t ype_ H+- ATPase_subuni t

8) Known and new DOGs (0764 is presunably artifact but close distance)
J COR0423 A ycyl -t RNA synt hetase (class_I1)

J_COA0751_d ycyl -t RNA synt het ase_bet a_subuni t

J_CORA0752_d ycyl -t RNA synt het ase_al pha_subuni t

| _COG0764_3- hydroxynyristoyl/3- hydroxydecanoyl - dehydr at ases

9) Known and new DOGs

TCBBSL SSL CASBVHPVYSEEEPRXNNCMVIVFDSNRRBCCTBMUMVACH] HVPPAMVMI TSAPSSE

mashal ppi ct i nept cccasf mmgl tt nryopcut ppbpupgaj pHbahaf t j kavspycpc
acuauaynnr ueeonuheyoZseoaeAl euCuansr ocr nauur neeeypscobuhaacooeaeou
11111111112111211211211121112117121171112111111100111111120000000000000111: CO0194
000000000000000000000000000000000000000011000000001111111111111000: COG1102
111111112122221112122221111222211111212101111111110000000000000000001: CO30283

F _COX194_Cuanyl at e_ki nase
F _COGL102_Cyti dyl at e_ki nase
F_CO®X0283_Cyti dyl at e_ki nase

10) Known DOGs
J _COG1190 _Lysyl -t RNA synthetase (class I1)
J _COG1384 Lysyl -t RNA synthetase (class_|I)

11) New DOG

TCBBSL SSL CASBVHPVY SEEEPRXNNCMVIVFDSNRRBCCTBMUMVACH] HVPPAMMMI TSAPSSE

mashal ppi ct mm i ncpt cccasf ngl tt nryopcut ppbpupgaj pHbahaftj kavspycpc
acuauaynnr ueeonuheyoZseoaeAl euCuansr ocr nauur neeeypscobuhaacooeaeou
1111111112121111111121111111121211111112111111111211111111111100000000111 COX0563
000000000000100000000000000000000000000000000000000011011111111000 CO&019
F_COX0563_Adenyl at e_ki nase

F_CO&X019 Archaeal _ad. ki nase

12) Presumably new degradati on/ processi ng/ chaperone system

E CO®X339_Zn- dependent _ol i gopepti dases

O CO&X2377_Predi ct ed_nol ecul ar_chaperone_di stantly_related to HSP70
O CO&X2360_Leu/ Phe-t RNA- protei n_transferase

13) Presunably new DOG

TCBBSL SSL CASBVHPVYSEEEPRXNNCMMVIFDSNRRBCCTBMUMVACH] HVPPAMVMI TSAPSSE

mashal ppi ct i nept cccasf mmgl tt nryopcut ppbpupgaj pHbahaf t j kavspycpc
acuauaynnr ueeonuheyoZseoaeAl euCuansr ocr nauur neeeypscobuhaacooeaeou
111111111000001111111111111000010000011110011101111111111011000000: COX0551



001100000111110000000000000111101001100011000000000000000000000000: COG1329
000000000111110000000000100111101111100001000000000000000000000000: COG1754

L_COx551 7Zn-f_dom assoc w topois |
K _COGL329_Transcri ptional _regs/CarD
R COGL754_Unchar _C-term domtopl A

14) Presumably new DOG

TCBBSL SSL CASBVHPVYSEEEPRXNNCMVIVFDSNRRBCCTBMUMVACH] HVPPAMVMI TSAPSSE
mashal ppi ct mm i ncpt cccasf ngl tt nryopcut ppbpupgaj pHbahaftj kavspycpc
acuauaynnr ueeonuheyoZseoaeAl euCuansr ocr nauur neeeypscobuhaacooeaeou

010011111111111111111111111000001110011111000000001111111111111111: COG0120
111110111001110101110000000111110101100000111111110000000000000000; CO30698
G COX120_Ri bose_5-P_i soner ase
G COX698_Ri bose_5-P_i som Rpi B

15) DXPS pat hway of isoprenoid biosynthesis; new link with cell wall
| _COG0245 2C-nethyl -D-erythritol 2, 4-cycl odi phosph

| _COGL211 4-di phosphocytidyl -2-nmethyl-D-erithritol

| _CO&0743_1-deoxy- D xyl ul ose_5- phosphat e_r eductoi s

| M. COX0761 Penicillin_tolerance_protein

| _COG0821 Enzyne_invol ved_ i n_t he_deoxyxyl ul ose_pat h.

H COGl154 Deoxyxyl ul ose-5- phosphat e_synt hase COG1154
M CO®X0860_N- acet yl nur anoyl - L- al ani ne_am dase

| _COGL947_4-di phosphocyti dyl - 2C- net hyl - D-eryt hr.

M COX0791 Cell _wal | -associ at ed_hydr ol ases

S COGL496 Uncharacterized conserved _protein

H CO&X022_Unchar acteri zed_enzyne_of thiazol e_bi os.

16) Presumably new DOG

TCBBSL SSL CASBVHPVYSEEEPRXNNCMVIVFDSNRRBCCTBMUMVACH] HVPPAMVMI TSAPSSE
mashal ppi ct mm i ncpt cccasf ngl tt nryopcut ppbpupgaj pHbahaftj kavspycpc
acuauaynnr ueeonuheyoZseoaeAl euCuansr ocr nauur neeeypscobuhaacooeaeou

100000000111111111111111111111111111101110000001110000000000000000; COGR0817
101111111000000000000000000000010000000000011110001111111111111001: COGLO78
L _COx0817_Hol liday_j resol vase RuvC

R _COGL078_HD sf _phosphohydr ol ases

17) Presunmably new DOG

TCBBSL SSL CASBMHPVYSEEEPRXNNCMMVIF-DSNRRBCCTBMUMVACH] HVPPAMMMI TSAPSSE
mashal ppi ct m i nept cccasf mmgl tt nryopcut ppbpupgaj pHbahaf t j kavspycpc
acuauaynnr ueeonuheyoZseoaeAl euCuansr ocr nauur neeeypscobuhaacooeaeou

010100000111111101111111111111100111111100000011111111111111111000; COR0717
001011101000000000000001000000001000000001111100000000000000000000. COG1428
F COX0717_Deoxycyti di ne_deam nase
F _COGL428 Deoxynucl eosi de_ki nases

18) Presumably new RNA processing system
J_COGL514_2'-5' _RNA | igase
S COGL801 _Uncharacterized conserved _protein

19) Presunably new functional |ink: nitrate reductase plus protection
agai nst NO nitrosative stress

C COGL140 Nitrate reductase beta_subunit

C CO013 Nitrate reductase_al pha_subunit

C COX2180 Nitrate reductase_delta subunit

C COX2181 Nitrate_reductase_ganma_subunit

P_CO&X2223 Nitrate/nitrite_transporter

C COGL251_NAD(P)H-nitrite_reductase

S COGL742_Uncharacterized conserved_protein



Q COXx2162_Aryl am ne_N-acetyl transferase
S COX764_Uncharacterized protein_conserved_in_bac.

20) Presumably new functional link: 3931 utilizes histidine
E COG3931 Predicted N-fornyl gl utamat e_am dohydrol ase
E COG3938 Proline_racenase

21) New iron-dependent enzyme conpl ex
P_CO&X2703_Hemerythrin

S COG3016_Uncharacterized iron-regul ated protein
R _COG3019 Predicted_netal -bi nding protein

22) Presumably new RNA processing conpl ex
J_COG1096_Predi ct ed_RNA- bi ndi ng_protein

J _COG1097_RNA- bi ndi ng_protein_Rrp4_and rel ated pr
J CO&123 RNase_ PH-rel at ed_exori bonucl ease

23) New. connection between flagellae and cell shape: medline 12055288
(flagella vs cell division better studied: fromnedline 8071236 to
12471245)

D COX455 ATPases_invol ved i n_chronpsone_partition

N _COGL334_Uncharacterized flagellar_protein_FlaG

N_COGL419 Fl agel | ar _GTP-bi ndi ng_protein

S COGLl699 Uncharacterized_protei n_conserved_in_bac.

S COX257 _Uncharacterized honol og _of the cytoplasm ¢ donain of FhlB
NT_COGL776_Chenot axi s_pr ot ei n_CheC, _inhibitor

NT_COR0643_Chenot axi s_protei n_hi stidi ne_kinase

NT_COR0840_Met hyl - accepti ng_chenot axi s_protein

NT_CO®0835_Chenot axi s_si gnal _transducti on_protein

NT_COGL1352_ Met hyl ase_of chenptaxi s_net hyl -acceptin

NT_CO&2201_Chenvot axi s_response_regul at or _contai ni n

T _COR0784_FOG _CheY-like receiver

NT_COG1871_Chenot axi s_protein; _stinmul ates_met hyl at

D COGL077_Actin-like ATPase_involved_in_cell _shape determ nati on M eB
M COGL792_Cel | _shape-determ ning_protein MeC

M COGL664 | ntegral _nenb. pr.CcmA involved in cell shape determ nation
K COGL191 DNA-directed RNA pol ynerase specialized_sigma subunit FliA
NU_COG1317_Fl agel I ar _bi osynt hesi s/type_I 11l _secret.

N_COGL345_Fl agel | ar _cappi ng_protein

K _COGL510 Predicted transcriptional _regulators

N_COGL580 Fl agel | ar _basal body-associ ated_protein

T _COG1551_Carbon_storage_regul ator_(coul d_al so_regul ate swarm ng and
guor um sensi ng)

II. Functionally linked cluster s of genes, PP-Clusters

1) Biosynthesis of amino acids: nearly conplete pathways to arginine,
proline, and histidine

E _COX002_Acetyl gl ut amat e_seni al dehyde_dehydr ogena

E COx4992_Ornithine/acetyl ornithine_amnotransfera

E COX0548 Acetyl gl ut amat e_ki nase

CE _CO@0473_lsocitrate/isopropyl mal at e_dehydr ogenas

E COX0066_3-i sopropyl nal at e_dehydr at ase_snal | _subu

E COX0119 | sopropyl nal ate/ honocitrate/citramal ate_

E _CO®X040_ATP_phosphori bosyl transf erase

E COX106_Phosphori bosyl f or mi m no-5-am noi m dazol e



E COX107_I m dazol egl ycer ol - phosphat e_synt hase

E COX118_d ut am ne_am dot r ansf er ase

E COX131 I nidazol egl ycerol - phosphat e_dehydr at ase
E _CO®X139_Phosphori bosyl - AMP_cycl ohydr ol ase

E COX141 Hi stidi nol _dehydrogenase

E _CO®X140_Phosphori bosyl - ATP_pyr ophosphohydr ol ase
E COX065_3-i sopropyl nal at e_dehydr at ase_| arge_subu
EH_COQ0028_Thi ani ne_pyr ophosphat e-requi ri ng_enzyne
E _COX0077_Prephenat e_dehydr at ase

E COX137_Argi ni nosucci nat e_synt hase

E CO®X165_Argi ni nosucci nate_| yase

E COX079_Hi sti di nol - phosphat e/ aromati ¢_am notrans
E COX0078_Or ni t hi ne_car banoyl t r ansf er ase

2) Mddle portion of purine biosynthesis from phosphoribosyl gl yci nani de
F_CO®X041 Phosphori bosyl car boxyam noi m dazol e_( NCA
F_CO®X046_Phosphori bosyl f or nyl gl yci nan di ne_( FGAM
F_CO®X047_Phosphori bosyl f or nyl gl yci nani di ne_( FGAM
F_CO®X150_Phosphori bosyl am noi m dazol e_ (Al R)_synth
F_CO®X152_Phosphori bosyl am noi m dazol esucci nocar bo

3) Two adj oi ni ng genes/domains in heme biosynthesis (CobA CysGQ
H CO®X007_Ur opor phyri nogen-111_net hyl ase
H COGL648_Si r ohene_synt hase_(precorrin-2_oxi dase)

4) Subunits of glutamte synthase

E COX067_d ut anat e_synt hase_donmain_1
E COX0069_d ut anmat e_synt hase_domai n_2
E COX0070_d ut anmat e_synt hase_domai n_3

5) SbcC/ D repair conpl ex
L _CO®X419 ATPase_invol ved_in_DNA repair
L_CO®0420_DNA repair_exonucl ease

6) Muilticonponent trasport system
EP_COR0444 ABC-type_di pepti de/ ol i gopepti de/ ni ckel
E COx608 ABC-type_ol i gopeptide_transport_system
EP_COR0601_ABC-t ype_di pepti de/ ol i gopepti de/ ni ckel
EP_COG1173_ABC-type_di pepti de/ ol i gopepti de/ ni ckel
E COX0747_ABC-type_di peptide_transport_system

7) Transport, am dase may be required

P_COX609_ABC-type_Fe3+-si derophore_transport_syst.
PH _COG1120_ABC-type_cobal am n/ Fe3+- si der ophores_tr.
P_COX614_ABC-type_Fe3+- hydroxamate_transport_syst.
R _COGL473_Met al - dependent _ani dase/ am noacyl ase/ car.

8) Branched-chain anino acid transport system

E COX410_ABC-type_branched- chai n_amni no_aci d_trans.
E CO®X559 Branched-chain_am no_aci d_ABC-type_trans.
E COx177_ABC-type_branched-chai n_ani no_aci d_trans.
E COX0683_ABC-type_branched-chai n_ani no_aci d_trans.
E COX411 ABC-type_branched- chai n_amni no_aci d_trans.

9) Transketol ase two-domai n conpl ex
G COG3958_Tr ansket ol ase_C-term nal _subuni t
G COG3959 Transket ol ase_N-term nal _subuni t



10) FixA/B el ectron transfer conpl ex
C COX025_El ectron_transfer_fl avoprotein, _al pha_sub.
C COX2086_El ectron_transfer_fl avoprotein, beta_ sub.

11) dycine cl eavage system

E COX403_d yci ne_cl eavage_system protein_P
E COGL003_d yci ne_cl eavage_system protein_P
E COX0404_d yci ne_cl eavage_system T protein
E COX509 d yci ne_cl eavage_system H protein

12) CO dehydrogenase and its maturation factor

C COG1319 Aerobic-type_carbon_nonoxi de_dehydr ogen.
C _CO&X2080_Aer obi c-type_car bon_nonoxi de_dehydr ogen.
C COG1529 Aerobic-type carbon_nonoxi de_dehydr ogen.
O _COGL975_ Xant hi ne_and_CO dehydr ogenases_nat ur at .

13) Histidine catabolismpathway, Q should probably be changed to E
Q _COG1228 | m dazol onepr opi onase

E CO&X2986 Hi sti di ne_ammoni a-| yase

E CO&X987_Urocanat e_hydr at ase

14) Two adj oining steps in glyoxylate netabolism CO&897 possibly al so
i nvol ved

C COXx2224 Isocitrate_ | yase

C CO&Xx2225 Mal at e_synt hase

P_CO&X897_Rhodanese-rel ated_sul furtransferase

15) K+ transport and K+-dependent signal transduction. CO&353 role is
uncl ear

P_COX060_K+-transporting ATPase A chain

P_COX156_K+-transporting ATPase c_chain

P_CO&X2216_Hi gh-affinity K+ transport_system ATPase

T _CORX205 _GCsnosensitive K+ channel _histidi ne_kinas.

S CO&X353 Uncharacterized conserved _protein

16) Mol ybdopterin biosynthesis, including three new conponents (1280,
1526, 2050)

H CO®X0303_Mbl ybdopt eri n_bi osynt hesi s_enzyne

H COX521 Mol ybdopt eri n_bi osynt hesi s_enzynes

H CO®X315_ Mol ybdenum cof act or _bi osynt hesi s_enzyne

P_COX725_ ABC-type_nol ybdate transport _system

H CO&2896_Mbl ybdenum cof act or _bi osynt hesi s_enzyne

H CO®X0314_Mbl ybdopt eri n_converting factor, |arge_sub.

H COX0746_Mbl ybdopt eri n- guani ne_di nucl eoti de_bi os.

H COGL977_Mbl ybdopterin_converting factor, small _sub.

Q CO&X050 _Uncharacterized protein, possibly putative thioesterase

E COGL280_Put ative_threonine_efflux_protein #transporter, not threonine
R_CO&X2005_N-term nal _domai n_of _nol ybdenum- bi ndi ng

C COGL526_Uncharacteri zed _protein_required for formate_dehydrogenase_ac
tivity

17) Cytochromne

C COG1271_Cytochrone_bd-type_qui nol _oxi dase_subun

C COGLl294 Cytochrone_bd-type_qui nol _oxi dase_subun

18)



G _COX380_Tr ehal ose- 6- phosphat e_synt hase COG0380
G COGl877_Tr ehal ose- 6- phosphat ase coG1877

19) Two pyrophosphatases (I PPl is related to the nudix fanmly) involved
in lipid nmetabolism

| _COGL443 | sopent enyl di phosphat e_i soner ase

| _CO&X134_CDP-di acyl gl ycerol _pyrophosphat ase

20) Two prophage-encoded | ate proteins
L _CO&E3747_Phage_term nase, _snall _subunit
R _COGb562 Phage _envel ope_protein

21)

S COX011_Uncharacterized_conserved_protein

H COX214_ Pyri doxi ne_bi osynt hesi s_enzyne

H CO®X311 Predicted_gl utan ne_am dotransferase

22)
O _COX396_ABC-type_transport_system.invol ved_i n_Fe
O COX719 ABC-type_transport_system.invol ved in_Fe

23) Presumably succinate to propionate conversion (medline 10769117)
E COGL703_Put ative_peripl asm c_protein_ki nase_ArgK
| _COGL884_Met hyl mal onyl - CoA _nmut ase, _N-term nal _dom
| _CO=x185_Met hyl mal onyl - CoA nut ase, _C-term nal _dom

24)
H COGL239 M- chel at ase_subunit _Chll COGL239
H COGL240_Mg- chel at ase_subunit _Chl D COGL240

25) Hydant oi nases are thensel ves ani dases

EQ COX0145 N- net hyl hydant oi nase_A/ acet one_car boxyl .
EQ COR0146_N- net hyl hydant oi nase_B/ acet one_car boxyl .
R _COGL402_Uncharacterized_protein, _putative_am dase.

26)
NU _CO&X2064 Fl p_pilus_assenbly protein_TadC
U COA962_Fl p_pilus_assenbly_protein, ATPase_ CpaF.

27) Alnost full aerobic branch of cobalamin (vitanin B12) biosynthesis
(medl i ne 11007789)

H CO®X368_Cobal am n- 5- phosphat e_synt hase

H CO&X2038_NaM\: DMB_phosphori bosyl transf er ase

H COGL010_Precorrin-3B_net hyl ase

H CO&X082_Precorrin_i sonerase

H CO&X243 Precorrin-2_methyl ase

H COX875_Precorrin-4_methyl ase

H CO&X2241 Precorrin-6B_nethylase_ 1

H CO&X2242_Precorrin-6B_nethyl ase_2

H COGL797_Cobyrini c_acid_a, c-di am de_synt hase

H COGL492 Cobyric_aci d_synt hase

H COGL270_Cobal am n_bi osynt hesi s_protei n_CobD/ Chi B
H COGL903_Cobal am n_bi osynt hesi s_protei n_Chi D

H CO&X2073_Cobal am n_bi osynt hesi s_protei n_Chi G

H COGL429 Cobal am n_bi osynt hesi s_protei n_CobN_

H CO&X099 Precorrin-6x_reductase



28) Urease and its Ni ++ dependent maturation
OK_CO@0378_Ni 2+- bi ndi ng_GTPase_i nvol ved_i n_regul at.
E COX0804_Ur ea_am dohydrol ase_(urease) _al pha_subun.
E CO®X0831_Urea_am dohydrol ase_(urease)_ganmma_subun.
E CO®X832_Urea_ani dohydrol ase_(urease) beta_subun.
O COX830_Urease_accessory_protein_UreF

O COX829 Urease_accessory_protein_U eH

O CO&X2371_Urease_accessory_protein_UeE

R _COGL123_ATPase_conponents_of vari ous_ABC-type
P_CO&3376_Hi gh-affinity ni ckel pernease

29) Two conponents of siderophore synthase
Q _COG3486_Lysi ne/ orni t hi ne_N- nonooxygenase
Q COA264_Si der ophor e_synt het ase_conponent

30) Spernidi ne biosynthesis
E COX421 Spernidi ne_synt hase
E COGL586_S- adenosyl et hi oni ne_decar boxyl ase

31) Two enzymes of tRNA processing
J _COG1859 RNA: NAD 2' - phosphot r ansf erase
R CO&X110_Predi ct ed_phosphat ase_honol ogous_to_t he_hi stone 2A/ X donai n

32) Hydrogenase and its nmaturation (0675 is nost likely fal se positive)
O COX068_Hydrogenase_maturation_factor

O COX409 Hydrogenase_maturation_factor

C COX680_Ni , Fe- hydrogenase_mat urati on_factor

O _COX298_ Hydrogenase_maturation_factor

R _CO®X0375_7n_fi nger_protein_HypA/ HybF_(possibly re

O COX309 Hydrogenase_maturation_factor

L_COX0675_Transposase_and_i nacti vated _derivatives

C COX650 Fornat e_hydr ogenl yase_subunit_4

C C0OG3260_Ni , Fe- hydrogenase_I 11 _smal | _subunit
C COG3261_Ni, Fe- hydrogenase_I 11 _I arge_subunit
33)

C COX674_Pyruvat e: f erredoxi n_oxi dor educt ase
C COGL013_Pyruvat e: f err edoxi n_oxi dor educt ase
C COG1l014_Pyruvat e: f err edoxi n_oxi dor educt ase

34) Pfl and NrdD have a simlar glycyl radical, apparently produced by
1180;

O COG1180 _Pyruvate-formate_| yase-activati ng_enzymne
F_COGL328_Oxygen-sensitive_ribonucl eosi de-tri phosp.

35) Benzoyl - CoA reduct ase conpl ex

C COX426_Uncharacterized flavoproteins

C COGl142_Fe-S-cl uster-cont ai ni ng_hydr ogenase_conp.
C COGl151_6Fe-6S prismane_cl ust er - cont ai ni ng_pr ot .
E COGL775_Benzoyl - CoA reduct ase/ 2- hydr oxygl ut aryl

| _COGL924 Activator_of 2-hydroxygl utaryl - CoA dehyd.

36) Disparate functions in ubiquinone biosynthesis plus two or three
(1520, 1765, maybe 1819) fal se positives

H COX0684_Denet hyl menaqui none_net hyl t ransf er ase

H COG3161_4- hydroxybenzoate synthetase (chorisnmate

GC COG1819 _d ycosyl _transferases related to UDP-g



S COGLl520 FOG WM40-1i ke _repeat
HC _CO®0543_2- pol yprenyl phenol _hydroxyl ase_and rel a
O COGL765_Predi cted_redox_protein, _regul ator_of _di

37) Known conpl ex

CP_CO®0651_ For mat e_hydr ogenl yase_subunit _3/ Mil ti sub.
P_COGL006_Mul ti subunit_ Na+/ H+_antiporter, MhC sub.
P_COG2111 Mul ti subunit_Na+/ H+_antiporter, NMhB_sub.
P_COGL320_Mul ti subunit _Na+/ Ht+_anti porter, MhG sub.
P_COGL863_Mul tisubunit_ Na+/H+ antiporter, MhE sub.
P_CO&X212 Mul tisubunit_ Na+/H+_antiporter, MhF _sub.

38) Transport conplex for biotin (nmedline 12368242)
P_CO®X803_ABC-type_netal _ion_transport_system
P_COGL108 ABC-type M2+/ Zn2+ transport _systens
P_COGL121 ABC-type_Mi/Zn_transport_systens_ ATPase
R COGL268_Uncharacteri zed _conserved_protein

39)

P_COX600_ABC-type_nitrate/sul fonate/bicarbonate t
P_COX0715 _ABC-type_nitrate/sul fonate/bicarbonate t
P_COGL116_ABC-type_nitrate/sul fonate/bicarbonate t

40)
C COGl148 Heterodi sul fi de_reductase_subunit_ A
C COGL150 Heterodi sul fi de_reductase_subunit_C

41)

H COx4054_Met hyl _coenzyme_M reduct ase_bet a_subun.

H COx055 Met hyl _coenzyme_M reductase_subunit D

H COx056_Met hyl _coenzynme_M reduct ase_subunit _C

H COx057_Met hyl _coenzyme_M reduct ase_gamra_subun.
H COx4058_Met hyl _coenzynme_M r educt ase_al pha_subun.
H CO4059_Tet r ahydr onmet hanopt eri n_S- net hyl t ransfer.
H COXx060_Tet r ahydr onmet hanopt eri n_S-net hyl t ransfer.
H COx061_Tetrahydronmet hanopt eri n_S-net hyl t ransfer.
H COx4062_Tet r ahydr onet hanopt eri n_S-net hyl t ransfer.
H CO4063_Tet r ahydr onet hanopt eri n_S- net hyl t ransfer.
H COx4064_Tet r ahydr onet hanopt eri n_S- net hyl t ransfer.

42)
P_CO&0310_ABC-type_Co2+_transport_system pernmease
P_COG1930_ABC-type_cobalt _transport_system peri pl

43)

C COGLl625 Fe-S oxi doreductase, related to N f B/ Ma
C COGl941 Coenzyne_ F420-reduci ng_hydrogenase_gam
C _C0G3259 Coenzyne_F420-reduci ng_hydr ogenase_al ph.

44) Only part of type IV system

U COE3701 _Type_ |V _secretory_pat hway, TrbF_conponen.

QU _COx4959 Type |V _secretory_pat hway, protease_TraF
NU_COG5268_Type_I| V_secretory_pat hway, TrbD conponent/ Vir B3
U COGb5314_Conj ugal _transfer/entry_exclusion_protein TrbJ/K

45)
O COG3175_Cytochrone_oxi dase_assenbl y factor



C COG3474_Cytochronme_c2

46) New connection w 4321

E COx311 Sarcosi ne_oxi dase_delta subunit

R COxA321 Uncharacterized protein_related to_aryls.
E COx583 Sar cosi ne_oxi dase_gama_subuni t

47)
F_COx630_Xant hi ne_dehydr ogenase_i ron-sul fur_cl us.
F _COx631_ Xant hi ne_dehydr ogenase_nol ybdopterin-bi .

48)
N_COGb442_Fl agel | ar _bi osynt hesi s_regul at or _Fl aF
N_COG5443_Fl agel | ar _bi osynt hesi s_regul ator _Fl bT

49)
H COG598 Tri net hyl am ne: corrinoi d_net hyl transferase
R _COG5012_Predi ct ed_cobal anmi n_bi ndi ng_protein

50)
P_COGL348 Nitrogenase_subunit N fH (ATPase)
C COX2710_Nitrogenase_nol ybdenumiron_protein

51)

Q CO4663_TRAP-type_nanni tol /chl oroaromatic
Q CO4664 TRAP-type_nmanni tol /chl oroaromatic
Q CO4665 TRAP-type _nmanni tol /chl oroaromatic

52)
H CO&X998_ ABC-type_tungstate_transport_system
H COA662_ABC-type_tungstate_transport_system

53)
V_COGl401_GTPase _subunit _of restriction_endonucl ea COGL401
V_CO&x268 McrBC 5-nethyl cytosine restriction_syste COx4268

54) Both in folate biosynthesis (should be category H maybe)
E COG3404_Met henyl _tetrahydrof ol ate_cycl ohydrol ase
E CO&E643_d utamat e form m notransf erase

55) Pol ysacchari de hydrol ysis system
G _C0OG3669 Al pha- L-fucosi dase
G COG3934_Endo- bet a- mannanase

56) 1479 is anticorrelation artifact; 0531 is probably not AA
transporter

C COX022_Pyruvat e/ 2- oxogl ut ar at e_dehydr ogenase

C COGL071_Pyruvat e/ 2- oxogl ut ar at e_dehydr ogenase

S COGl479 Uncharacterized_conserved_protein

C COX039 Mal at e/ | act at e_dehydr ogenases

E COX0531 Anino_acid transporters

C _COX508_Pyruvat e/ 2- oxogl ut ar at e_dehydr ogenase

C COG1249 Pyruvat e/ 2- oxogl ut ar at e_dehydr ogenase

57)
C COG1l883 Na+-transporting_net hyl mal onyl - CoA
C COG3630_Na+-transporting_net hyl mal onyl - CoA



C CO&016_Pyruvat e/ oxal oacet at e_car boxyl transf.

58) Funcster 65

U COG3031_Type_I | _secretory_pat hway
U COG3149 Type_ |l _secretory_pat hway
U COG3156_Type || _secretory_pat hway
U COG3297 _Type_ || _secretory_pat hway

59) Prophage | ate proteins

R _COG3628 Phage basepl ate_assenbly protein W

R _COG3948 Phage-rel at ed_basepl ate_assenbly protein
R CO&004_P2-1ike_prophage tail _protein_ X

R _COxA540_Phage_P2_basepl at e_assenbl y_protei n_gpV
R COG5301_Phage-related_tail _fibre_protein

R COx287_PhoPQ acti vat ed pat hogenicity-rel ated_pr
S COA727_Uncharacterized protein_conserved_in_bac
R _COG3654_Prophage_nmi nt enance_systemkiller_prote
S COA893 _Uncharacterized protein_conserved_i n_bac
N_COG5567_Predi cted_smal | _periplasmc_|lipoprotein

60
R _CO&X358 TRAP-type_uncharacterized_transport_syst.
R _ COX666_TRAP-type_uncharacterized_transport_syst.

61) Pili synthesis and assenbly

U COG3745 Fl p_pilus_assenbly protein_CpaB

S COG3795 Uncharacterized protein_conserved in_bacteria
S COG3813_Uncharacterized protei n_conserved_i n_bac
K _ COx4941 Predicted_RNA pol ynerase_sigma_factor_co
U COG3847_Fl p_pilus_assenbly protein, pilin_Flp

U COA964 Fl p_pilus_assenbly protein, secretin_Cpa
QU COx4960_Fl p_pilus_assenbly protein, protease Cp
U COA961 Fl p_pilus_assenbly protein_TadG

U COA963_Fl p_pilus_assenbly protein, ATPase_CpaE
U COG010_Fl p_pilus_assenbly protein_TadD, contain

62)

M _COGL861_Spore_coat _pol ysacchari de_bi osynt hesi s
M CO&X2089_Si al i c_aci d_synt hase

M COG3980_Spore_coat _pol ysacchari de_bi osynt hesi s

63)
H CO®X611 Thi an ne_nonophosphat e_ki nase
H _COGL564_Thi ani ne_pyr ophosphoki nase

64)

R _COGL079 _Uncharacteri zed ABC-type_transport_system
R _COG3845_ABC-type_uncharacteri zed_transport_syste
R _COX603_ABC-type_uncharacteri zed_transport_syste
R COGL744 _Uncharacterized ABC-type_transport _syste
R COGL277_ABC-type_transport_system

65) G COE3936_Protein_invol ved_i n_pol ysacchari de

S COA502_Uncharacterized_protei n_conserved_i n_bac.

S CO4640_Predi cted nenbrane _protein

G CO4193 Beta-_N-acetyl gl ucosam ni dase (phosphate binding site?)
M COG3944_Capsul ar _pol ysacchari de_bi osynt hesi s



GM COz4464 _Capsul ar _pol ysacchari de_bi osynt hesi s
R COG3956_Protein_containing tetrapyrrole_methyltr.
M _COGE577_Spore_coat _protein

66)

Q COA542 Protein_involved_ in_propanediol _utilizat
Q CO4909 Propanedi ol _dehydrat ase, | arge_subuni t
Q CO4910_Propanedi ol _dehydr at ase, _smal | _subuni t

Q COA869 Propanedi ol _utilization_protein

67) Other part of type IV secretory pat hway

U COXx2948 Type |V _secretory_pat hway Vi rB10_conpon

U COG3504_Type_| V_secretory_pat hway_ Vi r B9 _conpone

U COG3736_Type_| V_secret ory_pat hway_conponent _Vi r B8
U COG3451 Type |V _secretory_pat hway VirB4 _conpone

U COE3505 Type |V _secretory pat hway Vir D4_conpone

68)

R _COGL101_ABC-type_uncharacteri zed_transport_syst.
R COx120_ABC-type_uncharacteri zed_transport_syst.
R CO&X984 ABC-type_uncharacteri zed_transport_syst.

69) Mdre of type IV and a fal se discovery (4553 uncl ear)
U COG3838_Type_| V_secretory_pat hway_Vi r B2_conpon.
| _CO&553 Pol y- bet a- hydr oxyal kanoat e_depol yner ase
U COGE3702_Type_ | V_secretory_pat hway_ Vi r B3_conpon.
U COE3704_Type_ | V_secretory_pat hway Vi rB6_conpon.

70) Fatty acid transfer. Good cluster despite Hanm ng dist 12 between
2057 and 2031

| _COGL788_ Acyl CoA: acetate/ 3-ketoaci d_CoA transfer

| _COR057_Acyl CoA: acet at e/ 3-ketoaci d_CoA transfer

| _CO=x2031_sShort_chain_fatty_ acids_transporter

71) More of Type 1V

S CO&X958 Uncharacterized protein_conserved_in_bact.
S CO4694 Uncharacterized protein_conserved_in_bac.
U COG3843_Type_| V_secretory_pat hway, VirD2_conpon.

U COG3846_Type_| V_secretory_pat hway, TrbL_conponen.

72) Bottom part of glycolysis nminus dog' ged pgm

G _COX057_d ycer al dehyde- 3- phosphat e_dehydr ogenase
G COX126_3- phosphogl ycer at e_ki nase

G COX148_Enol ase

G COX149 Tri osephosphat e_i somer ase

73)
G _COX362_6- phosphogl uconat e_dehydr ogenase
G _COX364_d ucose- 6- phosphat e_1- dehydr ogenase

74)

NU_COGLl459 Type |l _secretory_pat hway_ conponent Pu
NU_CO&2804_Type_I| | _secretory_pat hway_ ATPase_ Pul E/
NU_CO&165_ Type_ || _secretory_pat hway_pseudopilin

75)
P_COx604_ABC-type_enterochelin_transport_system



P_COx605 ABC-type_enterochelin_transport_system
P_COx606_ABC-type_enterochelin_transport_system
P_COx607_ABC-type_enterochelin_transport_system

76) Downstream portion of |ysine biosynthesis, 0861 nmaybe fal se
E CO®253_Di am nopi nel at e_epi mer ase

E CO®X289 Di hydrodi pi col i nat e_reduct ase

P_CO®X0861_ Menbrane_protein_TerC

E COX171_Tetrahydr odi pi col i nat e_N-succi nyl transfe

77)
GM COG1134_ABC-type_pol ysacchari de/ pol yol _phosphat .
GM COG1682_ABC-t ype_pol ysacchari de/ pol yol _phosphat .

78)
R _COGL1999 Uncharacterized_protein_SCOL/ SenC PrrC
C CO&X2857_Cytochronme_cl

79)

P_COG3420 Nitrous_oxi dase_accessory_protein

K COG3901 Regul ator_of nitric_oxi de_reductase_tran
C COA314 _Predicted lipoprotein_involved in_nitrou
P_COG3256_Nitric_oxide_reductase_| arge_subunit

80)
C C0G3245_Cytochronme_cb
C _COG3658_Cytochrone_b

81) Pili (azurin is probably false, 3310, 4255)

NU COG3167_Tfp_pilus_assenbly protein PilO

NU COG3168 Tfp_pilus_assenbly protein PilP

NU COG3170_Tfp_pilus_assenbly protein_Finmv
NU_CO34968 Tfp_pilus_assenbly protein_ PilE
NU_COG5008_Tf p_pil us_assenbly_protein, ATPase Pil U
NU CO4970 Tfp_pilus_assenbly protein_ Fimr

S COG3310 _Uncharacterized protein_conserved_in_bac
S COX255 Uncharacterized protein_conserved_in_bac
NU_COG3215 Tfp_pilus_assenbly protein_PilZ
NU_COGA726_Tfp_pilus_assenbly protein_Pil X

NU COG4966 Tfp_pilus_assenbly protein PilW

C C0OG3241_Azurin

NU COG3419 Tfp_pilus_assenbly protein, tip-associa
NU_CO4972_Tf p_pil us_assenbly protein, ATPase Pil M

82)

M COGL083_CMP- N- acet yl neuram ni ¢c_aci d_synt het ase

S CO&X830 _Uncharacterized protein_conserved_in_bac
M _COG3524_Capsul e_pol ysacchari de_export _protein

M _COG3562_Capsul e_pol ysacchari de_export _protein

M COG3563_Capsul e_pol ysacchari de_export _protein

S CO&X833_Uncharacterized protein_conserved_in_bac
M COx4092_ Predi cted_gl ycosyl transferase_invol ved i
S COG3512_Uncharacterized_protei n_conserved_i n_bac
S COG3513_Uncharacterized protei n_conserved_in_bac

83)
C COGL347_Na+-transporting_ NADH: ubi qui none_oxi dor e



C COGL726_Na+-transporting_ NADH: ubi qui none_oxi dore
C CO&X209 Na+-transporting_ NADH: ubi qui none_oxi dore
C CO&X2869 Na+-transporting_NADH ubi qui none_oxi dore
C CO&X2871_Na+-transporting_NADH ubi qui none_oxi dore

84)

S COG3778_Uncharacterized protein_conserved_in_bac
R COx4228 Mu-1ike_prophage DNA circul ati on_protein
R COA379_Mu-1ike_prophage_tail _protein_gpP

S CO381_Mi-1i ke_prophage_protein_gp46

S COA384_Mu-1i ke_prophage_protein_gp45

R COx386_Mu-1i ke _prophage tail _sheath_protein_gpL
S COA382_Mi-1i ke_prophage_protein_gplé

S COA383_Mi-1i ke_prophage_protein_gp29

S COA387_Mu-1i ke_prophage_protein_gp36

R COx388 Mi-I|i ke prophage | protein

R _COG003_Mu-1i ke _prophage_protein_gp37

R COxA396_Mu- | i ke_prophage_host - nucl ease_i nhi bi t or
R COxA397_Mu-1ike_prophage_maj or _head_subunit_gpT
R _COG005_Mu-1i ke _prophage protein_gpG

85)

G COX0021_Transket ol ase

H COX0196_FAD synt hase

G _COX036_Pent ose- 5- phosphat e- 3- epi ner ase

G COX191 Fruct ose/t agat ose_bhi sphosphat e_al dol ase
H COX192_S- adenosyl et hi oni ne_synt het ase

H COGL057_Ni coti ni c_aci d_nononucl eoti de_adenyl yl tr

86)

L_COX178_Exci nucl ease_ATPase_subuni t

L _CO®X322_Nucl ease_subunit_of the_exci nucl ease_com
L_CO®X0556_Hel i case_subunit _of the_ DNA exci si on_rep

87) Mostly phyl ogenetic but distinguishable by a few di scordants
J _COG1369 RNase P/ RNase MRP_subunit POP5
J _COG1603_RNase P/ RNase MRP_subunit_p30

88)

C _COX280_Phosphotransacet yl ase C0@0280
C COX282 Acet at e_ki nase C0a0282

89)

L_COX0632_Hol I'i day_j uncti on_resol vasonme_DNA- bi nd.
L _CO&X255 Hol liday_junction_resol vasone_hel i case

90)
| Q COX0304_3- oxoacyl - (acyl -carrier-protein)_syntha
| _CO&0331_(acyl -carrier-protein)_S-mal onyl transfer

91)
L_COGL570_Exonucl ease_VI1 | arge_subunit
L _COGL722_Exonucl ease_VI| _smal |l _subunit

92) 0816 is anticorr.artifact but closer to 1436 than 1436 is to 1527
L _CO®X0816_Predi ct ed_endonucl ease_i nvol ved_i n_recom
C COGl436_Ar chaeal / vacuol ar -t ype H+- ATPase_subuni t



C COGL527_Archaeal / vacuol ar -t ype H+- ATPase_subuni t

93)
| Q COX0304_3- oxoacyl - (acyl -carrier-protein)_syntha
| _COG0331 _(acyl -carrier-protein)_ S-nmalonyl transfer

94)
L_COGL570_Exonucl ease_VI | _| arge_subuni t
L _COGL722_Exonucl ease_VI| _smal | _subunit

95)

| _COGD332_3-oxoacyl -acyl -carrier-protei n_synt hase
| _CO777_Acetyl - CoOA carboxyl ase_beta_subunit

| _CO&0825_Acetyl - CoA carboxyl ase_al pha_subuni t

96) 1219 and 0740; Hanmi ng di stance 1 sets 0740 apart from 1219 and
cl oser to 0766

O COG1219 ATP- dependent _protease_C p, _ATPase_subun.

QU_COG0740_Pr ot ease_subunit _of _ATP-dependent _Cl p_p

97) 0772/ FtsWfacilitates septal peptidoglycan synthesis by the
transpepti dase Ftsl nedline 11807049.

M COX0766_UDP- N- acet yl gl ucosam ne_enol pyruvyl _tran.

M COX0768_Cel | _division_protein_Ftsl/penicillin

D COX0772_Bacterial _cell _division_menbrane_protein

M COX0773_UDP- N-acet yl nur anat e- al ani ne_| i gase

M CO®0812_ UDP- N- acet yl nur anat e_dehydr ogenase

98)

M COX0707_UDP- N- acet yl gl ucosam ne: LPS_N-acet yl gl uc
M COX0769_ UDP- N-acetyl muranyl tripeptide_synt hase
M COX0771 _UDP- N-acet yl nur anoyl al ani ne-D- gl ut amat e_
M COX0770_UDP- N- acet yl mur anyl _pent apepti de_synt has

99)

G _COGL080_Phosphoenol pyruvat e- prot ei n_ki nase
GI_COG1762_Phosphot r ansf er ase_syst em manni t ol

G _COG1925_Phosphot ransferase_system _HPr-rel ated

100) In fact, discrete (few discordant points make it specific)
J _COX0227_Ri bosonal protein L28

J _COR30230_Ri bosomal protein_ L34

J_COR0257_Ri bosomal _protein_L36

J_CO30238_Ri bosomal _protein_S18

J _COR0267_Ri bosonal protein L33

J _COR0360_Ri bosonal _protein_S6

101)
R _COR0220_Pr edi ct ed_S- adenosyl net hi oni ne- dependent
J _COR0564 Pseudouri dyl at e_synt hases, 23S RNA- spec.

102)

N_COGL681 Archaeal flagellins

NU_COG1955_ Archaeal _fl agella_assenbly protein_J
NU_CO&X2874 Predi ct ed ATPases_invol ved_i n_bi ogenesi

103)



N COG3351 Putative archaeal flagellar _protein DE
N _COG3352 Putative_archaeal flagellar _protein_C
N _COG3354_Put ative_archaeal _flagellar_protein_G
N_COG3353_Put ative_archaeal _flagellar_protein_F

104)

G _COX058_d ucan_phosphoryl ase

G COX296_1, 4- al pha-gl ucan_branchi ng_enzymne

G _C0ORX448_ADP- gl ucose_pyr ophosphoryl ase

G COG1523 Type |l _secretory_pat hway pul | ul anase_P
G COX297_d ycogen_synt hase

G _COGLl640_4- al pha- gl ucanot r ansf er ase

105)

E CO®X0687_Sper ni di ne/ putresci ne-bi ndi ng_peri pl asni
E COGL176_ABC-type_sperm di ne/ putresci ne_transport
E COGL177_ABC-type_sperm di ne/ putresci ne_transport
E COG3842_ABC-type_sperm di ne/ putresci ne_transport

106)

F _COX274_Deoxyri bose- phosphat e_al dol ase
F_CO®X295 Cytidi ne_deam nase
F_COGL435_Thym di ne_ki nase

107)
P_COX0168 Trk-type K+ transport_systens, nenbrane_
P_COX569 K+ transport _systens, NAD- bi ndi ng_compon

108) NAD synthesis 3202 may be anticorr artifact

H COX171 NAD synt hase

FE_COR462_Phosphori bosyl pyrophosphat e_synt het ase
C _COG3202_ATP/ ADP_t r ansl ocase

H COGL488_Ni coti ni c_aci d_phosphori bosyl t ransf erase

109)

G _COX0395_ABC-type_sugar _transport_system per neas
G COGL175_ABC-type_sugar _transport_systens_pernea
G _COGLl653_ABC-type_sugar _transport_system peripla
G COG3839_ABC-type_sugar _transport_systens_ATPase

110)

P_CO®226 ABC-type_phosphate transport _system
P_CO®X581 ABC-type_phosphate_transport_system
P_COGL117_ABC-type_phosphate_transport_syste_ ATP
P_COX573_ABC-type_phosphate_transport _system
P_COX704_Phosphat e_upt ake_r egul at or

R COX0714_MoxR-1i ke _ATPases

111)
H CO®X262_Di hydr of ol at e_r educt ase
F_COX634_Hypoxant h- guani ne

112)

O _COX109_Pol yprenyl transferase

C COX843_Here/ copper -type_cyt ochrone/ qui nol _oxi da
C COGl845 Herre/ copper -t ype_cyt ochrone/ qui nol _oxi da
C COGLl622_ Hene/ copper -type_cyt ochrone/ qui nol _oxi da



O COGLl612 _Uncharacterized protein_required for_cyt

113)
| _CO=x2030_Acyl _dehydr at ase
| _COxA799 Acetyl - CoA carboxyl ase_car boxyl transfer

114)
| _COA770_Acetyl / propi onyl - CoA _car boxyl ase_al pha
| _CO&3243_Pol y(3- hydr oxyal kanoat e) _synt het ase

115)

G CO&Xx2273_Bet a- gl ucanase/ Bet a- gl ucan_synt het ase
G _COG3534_Al pha- L- ar abi nof ur anosi dase

M COG3773_Cel | _wal | _hydrol yses_i nvol ved_i n_spore

116)
| _COx981 Enoyl reductase_donai n_of yeast -type_ FAS
| _CO34982_3-oxoacyl -acyl -carrier_protein_reduct ase

117)
G CO4282 Protein_invol ved i n_beta-1, 3-glucan_synt.
M COGb597_ Al pha- N-acet yl gl ucosami ne_transferase

118) cf f. 3 and 40; systemin pieces

H COX276_Protohenme_ferro-lyase (ferrochel at ase)

H CO®0407_Ur opor phyri nogen-111_decar boxyl ase

H CO&X226_ Met hyl ase_i nvol ved_i n_ubi qui none/ menaqui

119) Discontinuous steps of pantothenate biosynthesis
H COX413_Ket opant oat e_hydr oxynet hyl t r ansf er ase

H COX414 Pant hot henat e_synt het ase

H COX0853 Aspartate_1-decarboxyl ase

120)
D COX0850 Septum formati on_i nhibitor
D COX2894 Septum formati on_i nhi bitor-activating_AT

121)

Q COX767_ABC-type_transport_system.invol ved
Q COGl127_ABC-type_transport_system.invol ved
Q COGl463_ABC-type_transport_system.invol ved

122)
C _COG1282_NAD/ NADP_t r anshydr ogenase_bet a_subuni t
C _C0G3288_NAD/ NADP_t ranshydr ogenase_al pha_subuni t

123)
Or_COG1391_d ut ani ne_synt het ase_adenyl yl transf er as
O CO&2844 _UTP: A nB_(protein_Pl1) uridylyltransfera

124) Conserved part of meval onate pat hway

| _COGL257_Hydr oxynet hyl gl ut aryl - CoA reduct ase

| _COG1577_Meval onat e_ki nase

| _COE3425_3- hydroxy- 3- et hyl gl ut aryl _CoA _synt hase

125)
O COGL220_ATP- dependent _protease_Hsl VU (d pYQ



O COb405_ATP- dependent _protease_Hsl VU (d pYQ

126) Lipid A biosynthesis

M COG3307_Li pid_A core_-_O-antigen_ligase

M CORX0793 Peri pl asm c_prot ease

M COX0763_Li pi d_A di sacchari de_synt het ase

M COX0774_UDP- 3- O acyl - N-acet yl gl ucosam ne

M COGL043_Acyl -acyl _carrier_protein

M _COGL044_UDP- 3- O 3- hydr oxynyri st oyl _gl ucosam ne
U COX0848_ Bi opol yner _transport_protein

M COGL212_ CMP- 2- ket o- 3- deoxyoct ul osoni c_aci d_synt h.
M COGL519 3-deoxy- D- manno- oct ul osoni c-aci d_transf.
M COGL663_Tet raacyl di sacchari de-1-P_4' - ki nase

M CO&X2877_3- deoxy- D- manno- oct ul osoni c_aci d_( KDO)

127) =
M COGL596 Peri pl asm c_protein_invol ved_in_pol ysacc.
M _COG3206_Unchar acteri zed_protei n_i nvol ved_i n_exop.

128)
H CO®X854_Pyri doxal _phosphat e_bi osynthesis_protein
H COGL995 Pyri doxal _phosphat e_bi osynthesis_protein

129)

P_COGL118 ABC-type_sul fate/ nol ybdate_transport_sys.
P_COGL613 ABC-type_sul fate transport_system
P_CO&X193 Bacterioferritin_(cytochrone_bl)
P_COx4208_ABC-type_sul fate_transport_system

130)

M COGL462_Uncharacterized protein_involved in form
NU_CO&X2805 Tfp_pilus_assenbly protein pilus retra
U COA796_Type_ || _secretory_pat hway_comnmponent _Hof

131)
U CO&X831 Henol ysin_activation/secretion_protein
U COG3210 Large_exoproteins_involved in_heme_utili

132)

S COX316_Uncharacterized conserved _protein

H COX321 Lipoate-protein_|igase B

R _CO®0354_Predi cted_am nonet hyl transferase_rel at ed
HC_CO®0654_2- pol ypr enyl - 6- net hoxyphenol _hydr oxyl as
H CO®X0320_Li poat e_synt hase

C COX567_2-oxogl ut arat e_dehydr ogenase_conpl ex

133)
C CO&X142_Succi nat e_dehydr ogenase, _hydr ophobi c_anc
C _CO&X2009_Succi nat e_dehydr ogenase/ f umar at e_r educt a

134)

T _COG1366_Anti-anti-sigma_regulatory factor
TK_CO&X2208_Seri ne_phosphat ase_RsbU regul at or
T _CO&172_Anti -sigma_regul atory_factor

135) Car bohydrate netabolism
R _COGL480_Predi ct ed_nenbrane-associ at ed_HD super f



G COG3866_Pectate | yase
G COG3867_Ar abi nogal act an_endo- 1, 4- bet a- gal act osi d.
R _COG3872_Predi ct ed_net al - dependent _enzyne

136)

R COG3694 ABC-type_uncharacteri zed_transport _syst.
R COx587_ ABC-type_uncharacteri zed transport_syst.
R _COxA586_ABC-type_uncharacteri zed_transport_syst.

137)

J _CO30064_Asp-t RNAAsn/ d u-t RNAG n_ami dot r ansf er ase
J _COR0154 Asp-t RNAAsn/ d u-t RNAG n_ami dot r ansf er ase
J_COR0721_Asp-t RNAAsn/ d u-t RNAGQ n_ami dot r ansf er ase

138)

C COG3051_Citrate_ | yase_al pha

C COG3052 Citrate_ | yase _gama

C COG3053 Citrate_ | yase_synt het askE

139) Start of nesaconate pat hway;

E COG3033_Trypt ophanase

E COG3799 Met hyl aspartate_ammoni a-| yase

E COx865_d ut amat e_mnut ase_epsi | on_subuni t

140)
C COX437_Fe-S-cl uster-containi ng_hydrogenase_conp
C CO&Xx2864_Cytochrone_b_subunit_of fornate_dehydrog

141)

D COG3115 Cell _division _protein

R _CO&X916_DNA- bi ndi ng_protei n_H- NS
L _CO&X925 Exonucl ease_|

D COG3116_Cel | _di vi sion_protein

142)

C CO4656_Predi ct ed_NADH: ubi qui none_oxi dor educt ase
C CO4657_Predi ct ed_NADH: ubi qui none_oxi dor educt ase
C _COA659 Predi ct ed_NADH: ubi qui none_oxi dor educt ase
C _COA660_Predi ct ed_NADH: ubi qui none_oxi dor educt ase
C CO4658_Predi ct ed_NADH: ubi qui none_oxi dor educt ase

143)

O _COG3058_Uncharacterized_protein_invol ved_i n_f ormat e_dehydr ogenase_f or
mat i on

R _COG3302_DMSO reduct ase_anchor _subuni t

P_COG3303_For nat e- dependent _nitrite_reductase

S COG3787_Uncharacterized protein_conserved_ in_bact distantly to

fl avi n-dep oxi dases

144)

E COX0709_Sel enophosphat e_synt hase

J COG3276_Sel enocyst ei ne-specific_transl ati on_el onG
E COGL921_Sel enocyst ei ne_synt hase_seryl -t RNASer

145)
O COGL138_Cytochrone_c_bi ogenesi s_factor
O CO&Xx332_Cytochrone_c-type_bi ogenesis _protein_Ccm



O COA133_ABC-type_transport_system
O CO&Xx2386_ABC-type_transport_system

146) cf nedline 12874385
E COGL509 Lysine_2, 3- am nonut ase
J _CO&2269 Truncated, possibly inactive, |ysyl -t RNA

147)

E CO&2981 Uncharacterized_protein_invol ved_in_cyst

P_COx148 ABC-type_nol ybdate_transport _system _ATP
P_COx531 ABC-type_Zn2+ transport_system _peripl as
E COx160_ABC-type_argi ni ne/ histidine_transport_sy
E COXA215_ABC-type_argi ni ne_transport_system _perm

148)

C COG3005_Nitrate/ TMAO reduct ases_nenbr ane- bound

C COG3043 _Nitrate_reductase_cytochronme_c-type_sub.
P_COG3062_Uncharacteri zed_protein_involved_in_form

149)

M COG3040 Bacterial _|ipocalin

P_COxA771 _Quter_nenbrane_receptor _for ferrienteroc
P_COxA779_ABC-type_enterobactin_transport_system

150)

T _COG3456_Uncharacteri zed _conserved _protein
P_COx558 ABC-type_henmi n_transport_system
P_COAA559 ABC-type_heni n_transport_system ATPase
P_COG3721 Putative_heme_iron_utilization_protein

151) slightly different patterns in different groups of genes
NU_COGL157_Fl agel | ar _bi osynt hesis/type Il _secreto
NU_COG1298_ Fl agel | ar _bi osynt hesi s_pat hway, _conpone
NU_COG1338_Fl agel | ar _bi osynt hesi s_pat hway, _comnpone
NU_COGL377_Fl agel | ar _bi osynt hesi s_pat hway, conpone
N _COGL536_Fl agel |l ar_notor_switch_protein
NU_COG1886 Fl agel l ar_nmotor _switch/type Il _secreto
N_COGL256_Fl agel | ar _hook-associ ated_protein
N_COGL558 Fl agel | ar _basal _body_r od_protein
NU_COGL677_Fl agel | ar _hook- basal body protein
NU_COGL684 Fl agel | ar _bi osynt hesi s_pat hway, conpone
NU COGL766_Fl agel | ar _bi osynt hesis/type Il _secreto
N_COGL815_Fl agel | ar _basal _body_protein

N_COGL843_Fl agel | ar _hook_cappi ng_protein
NU_COG1987_Fl agel | ar _bi osynt hesi s_pat hway

N COxA786_Fl agel | ar _basal body rod protein

N _COGL868_Fl agel | ar_notor_switch _protein
N_COGL291 Fl agel | ar _not or _conponent

N_COGL344_Fl agel l i n_and_rel at ed_hook- associ at ed

N _COGL360_Fl agel | ar_notor _protein

N _COGL749 Fl agel | ar _hook_protei n_Fl gE

NO COG1261 Fl agel | ar _basal body_ P-ring_bi osyn.
N_CO&X2063_Fl agel | ar _basal _body_L-ring_protein
N_COGL706_Fl agel | ar _basal - body_P-ring_protein

152)
R COx174_ABC-type_uncharacteri zed_transport



R COx239 ABC-type_uncharacterized transport

153)
E COG3138_Argi ni ne/ orni t hi ne_N-succi nyl transferase
E COG3724_Succi nyl ar gi ni ne_di hydr ol ase

154)

S COA672_Phage-rel ated_protein

S COA718_Phage-rel ated_protein

S COA723_Phage-rel ated_protein_tail_conponent
S COA733_Phage-rel ated _protein_tail _conponent
S CO&435 Uncharacterized conserved _protein

155)
H COx138_ ABC-type_cobal am n_transport _system ATP
H COx139 ABC-type_cobal ami n_transport_system

156) =

U COA790_Type_ | Il _secretory_pat hway_conponent Es
U COA669 Type |1 _secretory pathway |ipoprotein
U COA789 Type |1 _secretory_ pathway conponent Es
U COA791 Type |1 _secretory_pathway conponent Es
U COA794_Type_ | Il _secretory_pat hway_conponent Es

157)
R COG3822_ABC-type_sugar _transport_system
R COx158 Predi cted ABC-type sugar_transport

158)

NU COG3121 P pilus_assenbly protein, chaperone_Pap
NU COG3188 P _pilus_assenbly protein, porin_PapC

R COG3497_Phage tail _sheath_protein_Fl

R _COG3500_Phage_protein_D

R _COG3498_ Phage_tail _tube_protein_FlI

R _COG3499 Phage protein_U

159)

R COxA135_ABC-type_uncharacteri zed_transport
R COxA136_ABC-type_uncharacteri zed_transport
R COx588 Accessory_col oni zation_factor_ AcfC

160) rRNA nodification in 0116
L_COX0116_Predi ct ed_N6- adeni ne-speci fi c_DNA et hyl
J_COG1534_Predi ct ed_RNA- bi ndi ng_prot ei n_cont ai ni ng

161)

G COGL105_ Fruct ose- 1- phosphat e_ki nase_and_rel at ed
G _COG1263_Phosphot ransferase_system | | C_conponent s
G _COGl264_Phosphot ransferase_system | | B_conponent s
G CO&X190_ Phosphotransferase_system || A conponents
G COGL299 Phosphotransferase_system fructose-spec.
G _COGl445 Phosphotransferase_system fruct ose- spec.
G CO4668_Manni tol /fructose-specific_phosphotransf.
G CO&X213_Phosphot ransf erase_system _manni t ol - spec.
S COG3037_Uncharacterized protei n_conserved_in_bac.
G COG3414_Phosphotransferase_system _gal actitol -sp.



162)

G COGLl869 ABC-type_ ribose transport _system _auxili
CO _CO4987_ABC-type_transport_system

CO _CO4988_ABC-type_transport_system

F _COGL972_Nucl eosi de_per nease

163)

G COXx2160_L- ar abi nose_i soner ase

M COGb581 Predi cted_gl ycosyl transferase

G _COGl440_Phosphotransferase_system cel | obi ose-spe
G COGl447_Phosphotransferase_system cel | obi ose-spe
G _COGl455 Phosphotransferase_system cel | obi ose-spe
G _COG3444_Phosphot ransf erase_system _mannose/ f r uct
G _COG3715_Phosphot ransf erase_system _mannose/ f r uct
G COG3716_Phosphot ransferase_system _nmannose/ f r uct
K CO&E3711 Transcriptional _antiterm nator

164)

E COA166_ABC-type_ol i gopepti de_transport_system
E COX0765_ ABC-type_ami no_acid_transport_system

E COGL126_ABC-type_polar_am no_aci d_transport
ET_COQR0834_ABC-type_ani no_aci d_transport/signal

165) MenBCDEF part of ubi qui none bi osysnthesis

H CO®X447_Di hydr oxynapht hoi ¢c_aci d_synt hase

H COGL165_ 2-succi nyl - 6- hydr oxy- 2, 4- cycl ohexadi ene
H COGL575 1, 4-di hydr oxy- 2- napht hoat e_oct aprenyl tr.
HQ COG1169 | sochori smat e_synt hase

R _COGL090_Pr edi ct ed_nucl eosi de- di phosphat e_sugar

166)
Q COGL021 _Peptide_aryl ati on_enzynes
Q COG3433_Aryl _carrier_domain

167)
C COG3029 Furmar at e_reductase_subunit_C
C COG3080_Fumar at e_reductase_subunit_D

168)

G _COG3001_Fruct osam ne- 3- ki nase

R CO&X2103_Predi cted_sugar _phosphat e_i sonerase
G CO&X211 Na+/ nel i bi ose_synporter

169)

G COX246_Manni t ol - 1- phosphat e/ al t r onat e_dehydr og.
G COGL129_ABC-type_sugar _transport_system _ATPase
G COGl172_Ri bose/ xyl ose/ ar abi nose/ gal act osi de_ABC
G COGL879_ABC-type_sugar _transport_system

G _COGL593_TRAP-type_C4-di carboxyl ate_transport _sys.
G COG3090 TRAP-type C4-di carboxyl ate_transport _sys.
G COGL638_TRAP-type C4-di carboxyl ate_transport _sys.

170)

P_COGL135_ABC-type_netal _i on_transport_system ATP
P_COGL464 ABC-type_netal ion_transport_system
P_COX011 ABC-type_netal ion_transport_system



171)

S COG3698 Predicted periplasmc _protein

E COXA597_ABC-type_ami no_aci d_transport_system
R COxA134_ABC-type_uncharacteri zed_transport

172)
O _COG3088_Uncharacterized protein_involved in_bios.
O COA235_Cytochrone_c_bi ogenesi s_fact or

173) taurine vs phosphonate, nedline 10582129
P_COG3454_Met al - dependent _hydrol ase_i nvol ved_in_ph
P_COG3624_Uncharacteri zed_enzyne_of phosphonat e_ne
P_COG3625_Unchar acteri zed_enzynme_of _phosphonat e_ne
P_COG3626_Unchar acteri zed_enzynme_of _phosphonat e_ne
P_CO&3627_Uncharacteri zed_enzyne_of phosphonat e_ne
P_COx107_ABC-type_phosphonate_transport_system A
P_COx778 ABC-type_phosphonate_transport_system A
P_COG3709_Unchar act eri zed_conponent _of _phosphonat e
P_COx:A525_ABC-type_taurine_transport_system _ATPas
P_COx521 ABC-type_taurine_transport_system perip
P_CO&E3720 Putative heme_degradation_protein

174)
G COA213_ABC-type_xyl ose_transport_system
G CO4214 _ABC-type_xyl ose transport_system

175)
G CO&X942_N- acyl - D- gl ucosani ne_2- epi ner ase
G COG3734_2- ket 0o- 3- deoxy- gal act onoki nase

176)

E COX113 ABC-type_proline/glycine_betaine_transp.
E COA175_ABC-type_proline/glycine_betaine_transp.
E COxA176_ABC-type_proline/glycine_betaine_transp.

177)
P_COx651 Kef-type K+ transport_system
P_COG3158_K+_transporter

178) Sugar netabolism

G COGLl312_D- nannonat e_dehydr at ase

G COX115 Xyl ose_i somer ase

G COGL904_d ucuronat e_i somer ase

E COGL897_Honoseri ne_trans-succinyl ase

G COXx721_Al tronat e_dehydrat ase

S COG3254 _Uncharacterized conserved_protein

179)
P_COGL276_Put ati ve_copper _export_protein
R CO&X372_Uncharacteri zed _protei n_honol og_of CopC

180)
P_COGL178_ABC-type_Fe3+_transport_system

H COxA143_ABC-type_t hi am ne_transport_system
P_COGL840_ABC-type_Fe3+_transport_system

181)



R CO&X215 ABC-type_uncharacteri zed transport_syste
R _COG3683_ABC-type_uncharacteri zed_transport_syste

182)

G _COG3730_Phosphot ransf er ase_syst em sor bi t ol - speci
G COG3731_Phosphotransferase_system sorbi t ol - speci
G COG3732_Phosphot ransferase_system sorbi t ol - speci

183)
G COG3684_Tagat ose- 1, 6- bi sphosphat e_al dol ase
G COG3775_Phosphotransferase_system

184) m 12554704

E COG3192_Et hanol ami ne_utilization_protein

E COx302_Et hanol am ne_amoni a-| yase_snal | _sub.

E COx303_Et hanol am ne_amoni a- | yase | arge_sub.
QC CO&4576_Car bon_di oxi de_concentrati ng_mechani sm
QC _CO&A577_Car bon_di oxi de_concentrati ng_mechani sm
E COxA766_FEt hanol ami ne_utilization_protein

E COx810_Et hanol am ne_utilization_protein

E COx812_ Et hanol am ne_utilization_cobal amn

E COx816_ Et hanol am ne_utilization_protein

E COx819 Et hanol amine_utilization_protein

E COx820_FEt hanol ami ne_utilization_protein

E COx917_Et hanol am ne_utilization _protein

185)

E COGL125_ ABC-type_proline/glycine_betaine_transp.
E COGL174_ABC-type_proline/glycine_betaine_transp.
M COGL732_Peri pl asm c_gl yci ne_bet ai ne/ chol i ne- bi nd

186)

P_C0OG3221_ABC-t ype_phosphat e/ phosphonat e_t ransport
P_COG3638_ABC-t ype_phosphat e/ phosphonat e_t ransport
P_COG3639 ABC-type_phosphat e/ phosphonat e_t ransport

187)
R _COG3740_Phage_head_mat ur ati on_pr ot ease
R _COx653_Predi ct ed_phage_phi - C31_gp36_nmj or _capsi d

188) Early phage genes

S CO&X369 Uncharacterized protei n_honol og_of phage_pr
R _CO&2842_Unchar acteri zed_ATPase_putative_transp.

S CO&852_Uncharacterized_protei n_conserved_i n_bac.
R COG3378_Predi ct ed_ATPase

K _CO&3617_Prophage_antirepressor

S COGb283 Phage-related tail _protein

S COG3477_Predicted_periplasmnc/secreted_protein

S COG3645_Uncharacteri zed_phage- encoded_protein
L_CO&3728 Phage _term nase_snal | _subunit

L _COG3723_Reconbi nati onal _DNA repair_protein
L_COA570 Hol liday_junction_resol vase

K _COG3561_Phage_anti -repressor_protein

M _COG3955_Exopol ysacchari de_bi osynthesis_protein

R COx416_Mu-1ike_prophage_protein_Com

R COx373_Mi-|ike_prophage Fl uMi_protein_gp28

S CO4518 Mu-1i ke _prophage_ Fl uMu_protei n_gp4l



S CO&566 Uncharacterized conserved _protein

189)
G COX0153_Gal act oki nase
C COGL085_Gal act ose- 1- phosphate_uri dyl yl transferas

190)

P_COX0471 _Di - _and_tricarboxylate_transporters
R _COX0733_Na+- dependent _transporters

E COGL115 Na+/ al ani ne_synporter

E COX0786_Na+/ gl ut amat e_synporter

191)
M COGL346_Put ati ve_effector_of _murei n_hydrol ase
R COGL380 Putative effector_of nurein_hydrol ase Lr

192)
E COGLl984_Al | ophanat e_hydrol ase_subunit_2
E COX2049_Al | ophanat e_hydrol ase_subunit _1

193)

S CO&X836_Uncharacterized conserved protein related to CO785 cyt ¢
bi ogenesi s prot

C _CO&2863_Cyt ochr one_c553

C CO&X2993 Chb3-type _cytochrone_oxi dase_cytochrone

O COG3278_Chb3-type_cytochrone_oxi dase_subunit 1
P_COG3197_Uncharacterized protein

O COA736_Cbb3-type_cytochrome_oxi dase_subunit_3

194)

P_COX370_Fe2+ transport_systemprotein B
P_COG1918 Fe2+ transport_system protein_A

R COX0727_Predicted Fe-S-cl uster_oxi doreduct ase

195)
C COGl838 _Tartrate _dehydratase _beta subunit
C COGl951 Tartrate_dehydratase_al pha_subunit

196)
H CO®X043_3- pol yprenyl - 4- hydr oxyben
H COX163_3- pol yprenyl - 4- hydr oxybenzoat e_decar box.

197) 223 1143 and 1894 have Hanmi ng di stance 15

C _CORX377_NADH: ubi qui none_oxi dor educt ase_20_kD sub
C _COX649 NADH: ubi qui none_oxi dor educt ase_49 kD sub.
C _CORX852_NADH: ubi qui none_oxi dor educt ase_27_ kD sub.
C COGl143_For nat e_hydr ogenl yase_subuni t _6/ NADH: ub.

C _CORX713_NADH: ubi qui none_oxi dor educt ase_subunit _1
C_COGL1008_NADH: ubi qui none_oxi dor educt ase_subunit_4
C _CORX838_NADH: ubi qui none_oxi dor educt ase_subunit_3
C _COGL005_NADH: ubi qui none_oxi dor educt ase_subunit 1
C _COGL007_NADH: ubi qui none_oxi dor educt ase_subunit_2
C _CORX839_NADH: ubi qui none_oxi dor educt ase_subunit_6
C _COG1034_NADH dehydr ogenase/ NADH: ubi qui none_oxi do
C _COG1894 NADH: ubi qui none_oxi dor educt ase_NADH- bi n.

C _COGL905_NADH: ubi qui none_oxi dor educt ase_24 kD sub.



198)
M COX0836_Mannose- 1- phosphat e_guanyl yl transf er ase
M _COGL089_GDP- D- mannose_dehydr at ase

199)

M COGL088 dTDP- D- gl ucose_4, 6- dehydr at ase

M COGL209 _dTDP- gl ucose_pyr ophosphoryl ase

M _COGL091 dTDP- 4- dehydr or hanmose_r educt ase

M _COGL898_dTDP- 4- dehydr or hammose_3, 5- epi nmer ase
R COGL216 Predi cted_gl ycosyl t ransferases

200)

H CO®X157_Ni coti nat e- nucl eoti de_pyr ophosphoryl ase
H CO®X0379_Qui nol i nat e_synt hase

H CO®X0422_ Thi am ne_bi osynthesis _protein_Thi C

201)

M _COR0859_ADP- hept ose: LPS_hept osyl transf er ase

R COGL778_Low specificity_phosphat ase (HAD superfa
M CO&X2870_ADP- hept ose_synt hase, _bi functi onal _sugar

202)

C COX374_Ni , Fe- hydrogenase_| _| arge_subunit

C COGL740_Ni , Fe- hydrogenase_| _snal | _subunit

C COGLl969 Ni, Fe- hydrogenase | _cytochronme_b_subunit

203) Crux of proline/purine/folate cofactor biosynthesis
E COX0014_Gamma- gl ut anyl _phosphat e_r educt ase

E COE0263_d ut amat e_5- ki nase

F _COX0138_Al CAR transfornylase/ | MP_cycl ohydrol ase_

F _COX299 Fol at e- dependent _phosphori bosyl gl yci nam

H CO®0285_ Fol yl pol ygl ut amat e_synt hase
F_CO®X026_Phosphori bosyl am noi m dazol e_car boxyl ase

204)
L _COGL195 Reconbi nati onal DNA repair_ATPase
L_COGL381 Reconbi nati onal DNA repair_protein

205)

M COGL589 Cel | division_septal protein

M COGL686_D- al anyl - D- al ani ne_car boxypepti dase
D COXx919 Septum formation_initiator

L COA974_Site-specific_reconbi nase_XerD

206)
D COXx177_Cel |l _division _protein
D CO&X2884_Predi cted_ATPase_involved in_cell _div.

207)
P_COX155 Sul fite_reductase_beta subunit
EH COX0175_3' - phosphoadenosi ne_5' - phosphosul fate

208) M x of enzynes involved in different aa biosynthesis
E _CO®X019_Di am nopi nel at e_decar boxyl ase

EH COR0059 Ket ol -aci d_reduct oi soner ase

EG COX0129 Di hydroxyaci d_dehydr at ase/ phosphogl ucon

E COX133_Trypt ophan_synt hase_beta chain



E COX440_ Acet ol actate_synt hase_snal |

209)

H CO®X340_Bi oti n- (acetyl - CoA car boxyl ase) | i gase
| _COG0511 Biotin_carboxyl carrier_protein

| _COGD439 Biotin_carboxyl ase

210) Repair of protein oxidative damage

O _COX225_ Pepti de_net hi oni ne_sul f oxi de_r educt ase

O COX229 Conserved _domai n_frequently associ ated w
O COX652_Peptidyl -prolyl _cis-trans_isonerase_(rot

211) First steps in riboflavin biosynthesis
H COX0117_Pyri ni di ne_deam nase

H CO®X307_Ri bofl avi n_synt hase_al pha_chai n

H COX807_GTP_cycl ohydrol ase_|I|

212) Biotin synthesis

H COR0132_Det hi obi oti n_synt het ase

H COX502_Biotin_synthase_and _rel ated_enzynes

H COX161_ Adenosyl et hi oni ne- 8- am no- 7- oxononanoat .

214)
U COX0805_Sec-i ndependent _protei n_secretion_pat hwa
U COGL826_Sec-i ndependent protein_secretion_pat hwa

215)
C COX723_Ri eske_Fe-S protein
C COG1290_Cytochrone_b_subunit_of the_bc_conpl ex

216) Pyrim di ne biosynthesis plus introgressed tryptophan
F _COX015_ Adenyl osucci nate_| yase

F_COX104_Adenyl osucci nat e_synt hase

F_CO®X151 Phosphori bosyl ani ne- gl yci ne_l i gase

EH COX0147_Ant hrani | at e/ par a- am nobenzoat e_synt has

EH COR0512_ Ant hrani | at e/ par a- am nobenzoat e_synt has

F _COX167_Di hydr oor ot at e_dehydr ogenase

F_COX0284_Orotidi ne-5' - phosphat e_decar boxyl ase

R _CO®X491 Zn- dependent _hydrol ases, _i ncl udi ng_gl yox

F COX461 Orotate_phosphori bosyl transferase

217) Pyrimdi ne biosynthesis

F_COX540_Aspartat e_car banoyl transferase, _catal yti
EF_CO®0458_Car banoyl phosphat e_synt hase_| arge_subun
EF_COQ®0505_Car banoyl phosphat e_synt hase_snmal | _subun.

218)

E COGL605_ Chori snat e_mut ase

F_COX0518_GWP_synt hase_-_d ut anmi ne_am dot r ansf er ase
F _COX519 GWP_synt hase_ PP- ATPase_donmi n/ subuni t

219) More tryptophane bi osynthesis plus other am no acids
HE_CO®0111_Phosphogl ycer at e_dehydr ogenase_and_rel a

E COX134_I ndol e- 3-gl ycerol _phosphat e_synt hase

E COX547_Ant hrani | at e_phosphori bosyl transferase

E COX159 Trypt ophan_synt hase_al pha_chain

E COX460 Honoseri ne_dehydr ogenase



E _CO®X498 Thr eoni ne_synt hase
E COX287_Prephenat e_dehydr ogenase

220) Mx of: later steps in riboflavin biosynthesis, trunk of aromatic
am no aci d bi osynt hesis

H COX054_Ri bofl avi n_synt hase_beta-chain

H COX108_3, 4-di hydr oxy- 2- but anone_4- phosphat e_syn.

H COGL985_Pyri ni di ne_reduct ase, _ribofl avi n_bi osynt.

E _COX0082_Chori smat e_synt hase

E COX128_5-enol pyruvyl shi ki nat e- 3- phosphat e_synt h.

E COX169_Shi ki nat e_5- dehydr ogenase

E COX0136_Aspart at e- seni al dehyde_dehydr ogenase

E COX527_Aspart oki nases

221) lsoprenoid derivatives biosynthesis
| _COG0020_Undecapr enyl _pyrophosphat e_synt hase
H COX142_Cer anyl geranyl pyrophosphat e_synt hase

222) Amino acid biosynthesis; 0251 annotation is nost |ikely spurious,
it should be an (aa)

E COX031 Cystei ne_synt hase

J CO@0251 Putative translation_initiation_inhibito

E _CO®X0626_Cyst at hi oni ne_bet a-| yases/ cyst at hi oni ne_

E CO®X0337_3- dehydr oqui nat e_synt het ase

E CO®X345 Pyrroline-5-carboxyl ate_reductase

223)
J_CO&163_Ri bosomal _protein_L14E/ L6E/ L27E
J_CO&174_Ri bosomal _protein_L34E



