76802608

3dwn_chainA_p002

76801103
257052995
257387202
56379215
15791089
169236841
222478868
76801892
56378772
110667803
222479962
14600831
222479689
55378770
222480314
76801420
161528937
118195088
73670982
110622000
116754290
21226239
20092115
20091769
20091575
91772430
11498344
15679735
84489151
154151659
119872163
99900700
171186442
126460739
18312133
145592561
15920744
70606737
146303428
15899146
238618682
21226933
18313447
20092879
73668043
257051106
11498162
110621949
126465328
119719232
161529056
118195731
218884204
218883523
146305007
15897228
70606476
18976717
242398989
240103969
14521166
212223928
126465571
170290391
156937613
126178288
18313123
99901685
124027033
99901683
171185791
119872459
126459675
126354836
126458782
171185694
18314025
124027886
218884699
242399593
170290827
170289639
171185745
99900649
18313032
126459632
126353936
21228746
20090565
148642612
156937055
124027477
124485303
88603453
88601825
126179282
126466483
11497643
170289930
55378769
110621538
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91773385 VKIKLFAN---LREI EL ELE ENIQEILD I LQNDHP- QIQELIYDDDR Y 1 --NILIN-GNN~ IQHLEGSDTVLNEG-DE IAIFPPV~~. 112
11499216 VRVKLFAN--~FRE KE EVE TVGEVLQELVRRFP KLESL-FYEE( RLRDY! N-GRN---VRGDLNYPLSHT-DEVAIFPPV. 86
48478128 IR11YFAA---ARDR!  TDNE- Y 1DYK( LTELKK I I'YERHN- DLKSMDLLF,/ NRRY? DDCI IKDG-DE 1AVFPPV- 75
76803138 GTKRV=======—-| EVDAAP DTFGDAFEQLLAAHP -~ -~~~ DLEAEVLDEDG============= === mm e e | ELRDH I --RVLRNDRNP-FVSDDGFETTLEEG-DELALFPPV- 92
257387698 EDR! DD/ ETVGEALDALLSAHP: LESEVLDDD! RLLHD-GDDPFAAGDGLDTPVSPG-DELALFPPV- 90
55379974 DGQ! DIEGD: \TVETALDALLATRP- LAEEVLDENE: RVLVD GEDFFAAGEGLATAVDEE TELALFPPV 92
222480407 REI DVAAEP DTVGDALDALLEAHP: DLRDRVL-DD! N LFPP! 94
110669083 TREK IDIHTN \T IEDAIDELLNDRP- LANRVLLDPGTK-- ELALFPPV 118
15790749 TVAVPTD DPTVQDALDALVADYP- LGDRVLAAD AAHV--NVL ELAVFPPV. 100
169236492 DPTVQDALDALVADYP- LGDRVLAAD ELAVFPPV. 91
76801893 \TVGDVLAAVEDEFP- ELAGD ILDDD! RLSIFPPV- 93
222479963 -GMNGR-L 1VDG- RLSVFPPV- 95
134045266 LQLKEDF- EN 84
150399418 INLKEEF- 84
45358920 LQLKEDF- 84
154151667 GTDII DGYDAIFDAKG 92
116753334 KEM EIE: DLRRALYSDT( 92
219851939 ERIQ TTITEAVQIVCRERN EAATALFGED 93
18976915 -GVDEE- RVRDL I EE IKKRHE: KFKEEVFGEGY 90
242399827 -GTGEE- KIRDL DFKREAFSEGY SKN -GRY~ASF ~~~~DEELKEG=D I VALFPPT == === = e e SGG 92
33356787 GTSEE- \TIRDL I EEIKRRHE-~ RFKSEVFGEDF—========= == mm e e | DEDADV--NVSLN-GRY- DEKLKDG-D! S 94
212224774 IKVREL 1D IKERHP: ILKNEVFAED: DDLADV--NVSRN-GRY~VSF~~~~DEVLNDG-DT JALFPPV== === = m e e oo SGG 88
240102133 \TVMDL I EK IKEMHP- 'LRNEVFAED: DDLADV--NVSRN-GRY-VRF----DETLREG-DVVAIFPP 88
218883903 EAIEKAGE ILGRDF I DE- LTSE: YRSDR- LVN-GRH-1QF 1E-~ELKLRDG-DVIAIFPP I === —— o m e oo AGG 91
119719092 VEEAAR I LGRDFVEE- FEGD: DYRRDR LVN-GRH-1QFVQ--STQLKDG-D! PP 111
11499688 VRIEFYAT---LREKY. KS1 GKDFLKE FDER NFRDDR KDEM=~ 1 EKLSEN=ARAVFPPY~ === e e AGG 89
124485016 ITVKAFAT--~FREVM DK TIKTLLSELTARYM LDALLFAAP TLRDFV- HF IAGLDTPLDEG-DMIALFPP; 92
219852168 \TVQHLLDLL I'VDHP- ISTALFDQ: LLPAV- FFLNGLSTLLEEG-DL ISVFPPV-~ 91
13541625 KNIDDL I SLLNQE EKFRKLMYNGN. ELYPNV- NSIEGLKTPLKDG-DNIDVFPPV- 91
16081944 SKISELLERLKVE' SEFTKQMYDGN. NLFKNV- ' TSMKGLDTE IKDD-DKIDLFPPV- 90
2gle_chainA_p001 SKISELLERLKVE' SEFTKQMYDGN. NLFKNV- LVN-GNN-ITSMKGLDTE IKDD-DKIDLFPPV-~: 90
124028367 LHVL VTIECIH - -YALGRRVE: DKLPEGASEWLLSPPPGPVA}\RLLGPNERLDFNMWEVLSLRGG 95
242399599 LTLTYGGP---FYEKT- KKHKE: TIELDKN: ITVQELVKFLFEQYP: ELAQI I/IIZEFS»»TI IVR -GRV-L 1PQDLPRVHLSDG-EEVFFLPVV--- 96
124026993 VTVVPGGK TR ILE FGAWP- RVRD I LEKL- R-TRD--VKPLLPDEHVGDG-EDVTVYVAA~~ 7
124027961 VRVRLVSL---LRE E IEVGED TLRDVLKTLFTRYP LEKLVRELE: RGLD I --VYLVN-GRF- LDQQVRDG-DE IV ILPP; 89
219851847 ITLELPDL---TRKLC PSGD: TIEELL NPAE! 1VVRD-GVL: 65
15921923 RE- \TVKDLLKKIGYR: /QGS--VVVKD-GLP- 'VEDERLNDG-DKVQVFL/ 68
70607385 VTVELVRE--- RVRDLLKKIGYR:- /QGS--VVVKN-SLP- IEDEELKDG-DKLRVFL, S 68
146304182 VTVYLPRE--- STVRDLVRKLGLT- /QGS--VVLRD-GVP- LEDERIKEG-EKLTVVQTA===—===———mm e e SGG 68
218884697 ISVSELLRRLGL: LI ~LTEDDI IRDG-DEVVVYLVK 61
212223899 IRIRLM FAYLA-——~ NVRIEDK: KTVDEILREVIPRYD: \RGDAEVTDG-DI 76
242398470 VKIRLMGA-~~FAHLA-~~--KAREL EVKLEGP- KTANE ILREV IPRYD. KGEA I VEEN-DI 76
18977977 MK KL FAHL, EE EVRIAGK. RQUGEVLREVIPRFD REDAEVSDN-DVVK IMPVP- 79
33356700 MRIRLMG I -~~FSHLA- EVLREI IPRFD. -ATEDAEVTNE-DI 78
33356745 1EK. MKVKDVLRAVGFNT- 69
242399406 MKVKD ILKAVGFNT 75
33359535 MKVRD ILRAVGFNT 71
212223374 MKIADVLREVGFNT- LEDENVKDG-DYVEV! 67
240102862 IRVKVLGR- I1EK. EVEWKR MK! DVLREVGFNT 'LEDDPVGDG-DYVEV! 70
18977854 VKVKLYGE--~-LALKH: E EVEVKE( RVVDILRMLK I EH--HL ILN-ERK- LDHQLKDG-DVLKILPVV-~: 73
242399115 E EIEIEKE TVGDILKLLRISE EH-~HL I LN-EKK. KNHPLKEG-DTLKVLSVV- 73
212224959 VILILYGE---VALRF PRI ELELEER TTVGELLRELGI EH-~HILVN-ERK. DHSRVLKDG-DVVKVLPVI 73
150400275 IFAKIGE NSF- ELEFSKD: ITINDILNLLKI KDV--LVVRN-GE ~LSDDDL I'YEN-ETLRLVP V- 64
134045956 VFIKNAG- KLKDF KDN--LVVRN-GE ~LSETDDLSEN-DTLRLVPIV- 64
45358218 VFIKNAG- IELPEN KLKDF IEKMDI KDN--LVVRN-GE ~LSETDDLSEN-DTLRLVPIV- 64
118431725 IKVRLVPE- 1QAERP- LKAGELLRMLGMNE: E 'LRD-GKP- ~LLPEDLVSPG-ETVDVVRVL-~- 74
126465688 VRVVFLAR---AGD KHFH: DFILDDN- \TLNDL IEAIGKEL: Y RL VF»»AIFVN -GKP- -VDEPNYKLKDN-DRVVFTTPE: M 89
218884045 TAEAL THIE. EYSIQEN: -TRLNELLDVIAEKHP-~~--~-| FLQEILRN- L1--NTYVN-GRH- ~VDLNHVLEDN-DEV I IAPPF- FE( 86
16082411 IRK ELTIESE RKVSDLMKDLGLN: EDEY~--WV IVN-GSP- LGDH I VKKE-DDVT I LEVF- 67
13540947 NMITVKGH TKK EIDRE MSVGD I LKDLGLP- 68
48477609 MIRIK ENK- T IEMDHE: LTINDIIKQYKID: 64
13541400 VRVRYFAY -~~FKEKV-~~~~GKDEE-~===~~~-" YFELSP NVGTL INEVMKKYK -~~~ ~~-| NIFN: 90
16082053 VTVKYFAY RERV- KI1QLDQ KR1SDL IDMLMARYP: IFN- 85
16081733 IRIRVLSH- SSAL- FS 1 GE 'TFAELRSKLIEQF° FVR- 80
Consensus_aa: Lo 1 N ' e o N 11 1 h...lh.s.tp. . p..l.cs.D.l.lh.sh..

Consensus_ss: eeeee hhhh ee eee hhhhhhhhhhh hhhhhh ee eeee eeeee

The alignment for all B-grasp fold domains containing proteins from archaeal genomes was constructed by PROMALS-3D program with two reference structures

(2gle and 3dwm). Sequences are denoted by their Gl numbers were retrieved from arCOG database (ftp://ftp.ncbi.nih.gov/pub/wolf/COGs/arCOG/).
The consensus predicted by PSIPRED program secondary structures are shown in the last line. If the fraction of helix or strand predictions among representative
sequences in a position is larger than 0.5, the consensus letter is "h" or "e", respectively. Conserved amino acid residues (“Consensus_aa” line) - uppercase
letters (such as G); aliphatic residues (I, V, L): I; aromatic residues (Y, H, W, F): @; hydrophobic residues (W, F, Y, M, L, I, V, A, C, T, H): h; alcohol
residues (S, T): o; polar residues (D, E, H, K, N, Q, R, S, T): p; tiny residues (A, G, C, S): t; small residues (A, G, C, S, V, N, D, T, P): s; bulky residues (E,
F I,K, L M,Q,R,W,Y): b; positively charged residues (K, R, H): +; negatively charged residues (D, E): -; charged (D, E, K, R, H): ¢




URM1

72387818_Trypanosoma brucei MSN-HNH I TVQFAGGCELLFAKQTSLQLDGVVP--TGTNLNGLVQLLKTNYVKERP-DLLVDQT GQTLRPGILVLVNSCDAEVVGGMDYVLNDGDTVEFISTLHGG 102
154336581_Leishmania braziliensis MDVMHKK IKISLSGGCELLFNKEES I TLADVVP--VGATVAEL IDILRRDY IKERP-ELFVDAT- GTNVRPGILVLVNGCDAEVFGGVQHVLEDGDEVEFVSTLHGG 103
159489488_Chlamydomonas reinhardtii M----VKVKIEFSGGLELLFGNQKQHDVDVPVQEGKQLTAGHL I AWTRDNMLRERP-EL--FVK GHTVRPGILVL INECDWELSGATESTISDGDVVVFISTLHGG 99
13569870_Homo sapiens MAA-PLSVEVEFGGGAELLFDGIKKHRVTLPGQ-EEPWD IRNLL IWIKKNLLKERP-EL--FIQ GDSVRPGILVL INDADWELLGELDYQLQDQDSVLFISTLHGG 101
66810572_Dictyostelium discoideum  ----- MKVKIELSGGLELLFDKKKVHE IEFSDK--NEIPLKDL I LYMRDNLLKERS-EL--FVV- DDTVRPGILVL INDADWELFGGISYNVEDKDT I IFISTLHGG 96
295442748_Schizosaccharomyces pombe ----- MAITKVELLGGLDLLFNKQKALSLSLSNL--GSTKLGSL IDYMAQI IEKPSQKDL--FIL NGTVRPGI IVLVNDQDWELLEKEEYNLEEGDEVVFVSTLHGG 97
124804635_Plasmodium falciparum MK---TKVELKFLGGLESYLANKSKNYVSLE IE-SEEFNFENL IAY IRNH I I VDRK-DVFSDFVMSDGNVKSCNVM I DDKEYSNYNLSDKGKIKPG I IVL INEYDWEILDTYTYKIKNNDKICFLSTLHGG 126
6322183_Saccharomyces cerevisiae M----VNVKVEFLGGLDAIFGKQRVHK IKMDKE--DPVTVGDL IDHIVSTMINNPN-DVSIFIE DDSIRPGIITLINDTDWELEGEKDY ILEDGDI ISFTSTLHGG 99
arC0G00540

70606476__ Sulac__arCoG00540  -----MSVKIRLKGPLATRLGR-DEFVISLKAD---~---- NLLDILKEL--DKEE-KL--LIN GNKIRSGY ILLINGIDYRLLNG---KLKDGDVVDILP INHGG 84
146305007__Metse__arC0G00540 --NLISILSKI--DKRG-1---1VS DGRIKPGYL ILVNGMDFRLLKK--EVLEDSDTVDI IPINHGG 81
15897228___ Sulso__arC0G00540  ----—- MPKVILKGPLISQFNF-REIYVNDR---—-—-—-- ELLRVLVKI--DSKK-HLI-LNE SNQLKSGILILINGKDWRLYRN--QLLNDNDITEIIPINHGG 83
Consensus_aa:  Liii.o.. cl.h.Gsh...hs..p...Ip............ pLI.hh.p...pp-.ch. o pl+sGhIILIN..Dhcl....... Ips.D.1.hIsh.HGG
Consensus_ss: eeeeeee eeeeeeee hhhhhhhhhhh e ee ee eeeeee eeee eee eeeee

The alignment was constructed by PROMALS-3D program. Sequences are denoted by their Gl number and full species name for URM1 family and GI number
and abbreviated species names for arCOG00540 family. Amino acids within alignment are colored according to PSIPRED secondary structure prediction - red:
alpha-helix, blue: beta-strand. The consensus predicted secondary structures are shown in the last line in each block. If the fraction of helix or strand predictions
among representative sequences in a position is larger than 0.5, the consensus letter is "h" or "e", respectively. Conserved amino acid residues: bold and
uppercase letters (such as G); aliphatic residues (I, V, L): I; aromatic residues (Y, H, W, F): @; hydrophobic residues (W, F, Y, M, L, I, V, A, C, T, H): h;
alcohol residues (S, T): o; polar residues (D, E, H, K, N, Q, R, S, T): p; tiny residues (A, G, C, S): t; small residues (A, G, C, S, V, N, D, T, P): s; bulky
residues (E, F, I, K, L, M, Q, R, W, Y): b; positively charged residues (K, R, H): +; negatively charged residues (D, E): -; charged (D, E, K, R, H): ¢



146304628 Therm Metallosphaera sedula DSM 5348
15897242 Therm Sulfolobus solfataricus P2

70606021 Therm Sulfolobus acidocaldarius DSM 639

15922598 Therm Sulfolobus tokodaii str- 7

48477593 Therm Picrophilus torridus DSM 9790

156936933 Therm Ignicoccus hospitalis KIN4-|
18976375 Therm Pyrococcus furiosus DSM 3638
110622766 envir uncultured methanogenic archaeon RC-I

16081900 Therm Thermoplasma acidophilum DSM 1728
13541774 Therm Thermoplasma volcanium GSS1
|: 219852535 Metha Methanosphaerula palustris E1-9¢

18977661 Therm Pyrococcus furiosus DSM 3638
!:212224003 Therm Thermococcus onnurineus NA1
242399699 Therm Thermococcus sibiricus MM 739
— 170290353 Korar Candidatus Korarchaeum cryptofilum OPF8
—i _|: 118195731 Cenar Cenarchaeum symbiosum A
161529056 marin Nitrosopumilus maritimus SCM1
_|— 170290848 Korar Candidatus Korarchaeum cryptofilum OPF8

126353368 Therm Caldivirga maquilingensis IC-167
99901982 Therm Thermoproteus tenax
126459291 Therm Pyrobaculum calidifontis JCM 11548
171184670 Therm Thermoproteus neutrophilus V24Sta
119872762 Therm Pyrobaculum islandicum DSM 4184
18312380 Therm Pyrobaculum aerophilum str- IM2
145590812 Therm Pyrobaculum arsenaticum DSM 13514
14601507 Therm Aeropyrum pernix K1
124027450 Therm Hyperthermus butylicus DSM 5456
218884698 Therm Desulfurococcus kamchatkensis 1221n
126465689 Therm Staphylothermus marinus F1
148642789 Metha Methanobrevibacter smithii ATCC 35061

84489058 Metha Methanosphaera stadtmanae DSM 3091
124485015 Metha Methanocorpusculum labreanum Z
E 88601826 Metha Methanospirillum hungatei JF-1
124485414 Metha Methanocorpusculum labreanum Z
116753857 Metha Methanosaeta thermophila PT
88603429 Metha Methanospirillum hungatei JF-1
110621537 envir uncultured methanogenic archaeon RC-|
110622871 envir uncultured methanogenic archaeon RC-I
219851938 Metha Methanosphaerula palustris E1-9¢
154151666 Metha Candidatus Methanoregula boonei 6A8
126179283 Metha Methanoculleus marisnigri JR1
21227635 Metha Methanosarcina mazei Go1
73668769 Metha Methanosarcina barkeri str- Fusaro
20089153 Metha Methanosarcina acetivorans C2A
— 91772205 Metha Methanococcoides burtonii DSM 6242
257051238 Halob Halorhabdus utahensis DSM 12940
169235125 Halob Halobacterium salinarum R1
15789413 Halob Halobacterium sp- NRC-1
222479690 Halob Halorubrum lacusprofundi ATCC 49239
55378799 Halob Haloarcula marismortui ATCC 43049
257386350 Halob Halomicrobium mukohataei DSM 12286
76800681 Halob Natronomonas pharaonis DSM 2160
110667387 Halob Haloquadratum walsbyi DSM 16790
222478857 Halob Halorubrum lacusprofundi ATCC 49239
219851775 Metha Methanosphaerula palustris E1-9¢
*l_} 11498142 Archa Archaeoglobus fulgidus DSM 4304
11498163 Archa Archaeoglobus fulgidus DSM 4304
119720725 Therm Thermofilum pendens Hrk 5
150399300 Metha Methanococcus vannielii SB
150402406 Metha Methanococcus maripaludis C7
240102232 Therm Thermococcus gammatolerans EJ3
242399828 Therm Thermococcus sibiricus MM 739
18976381 Therm Pyrococcus furiosus DSM 3638
14520281 Therm Pyrococcus abyssi GE5
14590009 Therm Pyrococcus horikoshii OT3
212224773 Therm Thermococcus onnurineus NA1
57642052 Therm Thermococcus kodakarensis KOD1

20

154151524 Metha Candidatus Methanoregula boonei 6A8

156936910 Therm Ignicoccus hospitalis KIN4-I

15679567 Metha Methanothermobacter thermautotrophicus str- Delta H

e ) e

E1+Unkown domain

Jab+E1

E1+TBP (GG or Gx)
arCOG01430, cysteine synthase

E1+TBP (GG or Gx)
Thil

UbI+E1+TBP

arC0G02944 and
arCOG01430, cysteine synthase

MoaD

MoaD, MoaE
Thil and arCOG01430, cysteine synthase

MoaD, MoaE

MoaB/MoakE
MoaD and arCOG01430, cysteine synthase

Jab

MoaE

MoaD, MoaE
arCOG00419, Hit family hydrolase
MoaD, MoaE



Supplementary Figure S3. Phylogenetic analysis of archaeal E1-like proteins
(arCOG001676).

The maximum likelihood tree was reconstructed by MOLPHY program (Adachi and Hasegawa
1992); 245 informative positions were used for the reconstruction. Color codes, sequence
identifiers and species abbreviations are the same as in the Figure 1. Fusions are shown by the
sequence of domains delimited by “+” symbol. Genes and domains associated with E1-like
enzyme are the following: MoaE - Molybdopterin converting factor, large subunit; MoaD — Ubl
protein of MoaD subfamily; Thil - Thiamine biosynthesis ATP pyrophosphatase; MoaB -
Molybdopterin biosynthesis enzyme; TBP - TATA-binding protein (TBP)-like fold.



