
SUPPLEMENTARY FIGURE 1  A structure-based sequence alignment of PepcA with Pepc 

from E. coli (Protein Data Bank entry 1jqn) and Z. mays (1jqo) was generated with Strap.[1]  

Representative archaeal PepcA sequences were subsequently added to the alignment.  The 

Sulfolobus acidocaldarius PepcA is sensitive to inhibition by aspartate; the 

Methanothermobacter thermautotrophicus PepcA is not.  The secondary structure derived from 

the X-ray coordinates is shown for C. perfringens PepcA above the alignment, and for Z. mays 

Pepc below the alignment. Residues missing from the electron density are shown in lighter 

colors (for example the residues involved in HCO3
- binding are missing from all three X-ray 

structures, at positions corresponding to 349-353 in the C. perfringens sequence).  The insertion 

beginning at C. perfringens residue 360 is present only in PepcA sequences from C. perfringens, 

Methanopyrus kandleri, Methanosarcina mazei, Methanosarcina barkeri and Methanosarcina 

acetivorans.  In the line highlighting residues discussed in the text, active-site residues are red; 

allosteric-site residues are green.  His11 and Arg246 (His138 and Arg587 in E. coli numbering) 

in orange are in the active-site of the R-state; in the E. coli T-state His138 and Arg587 are not 

positioned in the active-site (Arg587 forms part of the allosteric inhibitor-binding site).  Lys340 

in dark blue is the residue in the proposed aspartate-binding site of PepcA responsible for 

determining the sensitivity of members of the PepcA family to inhibition by aspartate.  Arg344 

and Arg390 in light blue are in the active-site and are also part of the proposed aspartate-binding 

site in PepcA.  
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C. perfringens 1 ....................................................................................................
M. thermoautotrophicus 1 ....................................................................................................
S. acidocaldarius 1 ....................................................................................................
E. coli 1 ..........................MNEQYSALRSNVSMLGKVLGETIKDALGEHILERVETIRKLSKSSR.AGNDANRQELLTTLQNLSNDELLPVAR
Z. mays 1 MASTKAPGPGEKHHSIDAQLRQLVPGKVSEDDKLIEYDALLVDRFLNILQDLHGPSLREFVQECYEVSADYEGKGDTTKLGELGAKLTGLAPADAILVAS
Z. mays X-ray ô̂ ô ô ôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôôôôôôôôôôô

Residues noted in text

C. perfringens X-ray
10.

C. perfringens 1 ..................................................................MKIPCSMMTQHPDNVET.................
M. thermoautotrophicus 1 ..................................................................MKVPRCMSTQHPDNVNP.................
S. acidocaldarius 1 .................................................................MRKIPRTMSTQHPDNAKV.................
E. coli 74 AFSQFLNLANTAEQYHSISPKGEAASNP............EVIARTLRKLKNQPELSEDTIKKAVESLSLELVLTAHPTEITRRTLIHKMVEVNACLKQL
Z. mays 101 SILHMLNLANLAEEVQIAHRRRNSKLKKGGFADEGSATTESDIEETLKRLVSEVGKSPEEVFEALKNQTVDLVFTAHPTQSARRSLLQKNARIRNCLTQL
Z. mays X-ray ô̂ ô ô ôôôôôôôôôôôôôôôôôôô ô̂ ô ôôôôôôôô ô̂ ô ôôôôôôôô ô̂ ô ôôôôôôôôôôôôôôô

Residues noted in text

C. perfringens X-ray ô̂ ô ô ôôôôôôôô
20. 30. 40. 50.

C. perfringens 18 .................................YISIQQEPAEAIKGLTPQDKGGLG..........................IEEVM..IDFEGK.LTP
M. thermoautotrophicus 18 ...................................PFFAEEPELGGEDEIREAYYVFS......................HLGCDEQM..WDCEGKEVDN
S. acidocaldarius 19 ..........................PEWNQGEAISGENEIIEAYLAFS...............................RYGVEEVM..WDAEGKDVDT
E. coli 162 DNKDIADYEHNQLMRRLRQLIAQSWHTDEIRKLRPSPVDEAKWGFAVVENSLWQGVPNYLRELNEQLEENLG.YKLPVEFVPVRFTSWMGGDRDGNPNVT
Z. mays 201 NAKDITDDDKQELDEALQREIQAAFRTDEIRRAQPTPQAEMRYGMSYIHETVWKGVPKFLRRVDTALKNIGINERLPYNVSLIRFSSWMGGDRDGNPRVT
Z. mays X-ray ô̂ ô ô ôôôôôôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôô ô̂

Residues noted in text

C. perfringens X-ray ô̂ ô ô ôôôôôôôô
60.

C. perfringens 56 YHQTSQIALGLISN......................................................................................
M. thermoautotrophicus 59 YVVKKLLTKYQAFFR.....................................................................................
S. acidocaldarius 60 HVVRKLLSQYPEFFR.....................................................................................
E. coli 261 ADITRHVLLLSRWKATDLFLKDIQVLVSELSMVEATPELLALVGE...................EGAAEPYRYLMKNLRSRLMATQAWLEARLKGEELPK
Z. mays 301 PEVTRDVCLLARMMAANLYIDQIEELMFELSMWRCNDELRVRAEELHSSSGSKVTKYYIEFWKQIPPNEPYRVILGHVRDKLYNTRERARHLLASGVSEI
Z. mays X-ray ô̂ ô ô ôôôôôôôôôôôôôôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôôôôôôôôôôôôôô

Residues noted in text



C. perfringens X-ray
70. 80.

C. perfringens 70 ...........................................GIIPGKDVRVTPRIPNANKE.....................................
M. thermoautotrophicus 74 ...........................................DHVLGEDLRLTLRVPNPTVERAEAK................................
S. acidocaldarius 75 ...........................................HRILGKDIFLTYRVPNPKIEGAERK................................
E. coli 342 P.EGLLTQNEELWEPLYACYQSLQACGMGIIANGDLLDTLRRVKCFGVPLVRIDIRQESTRHTEALGELTRYLGIGDYESWSEADKQAFLIRELNSKRPL
Z. mays 401 SAESSFTSIEEFLEPLELCYKSLCDCGDKAIADGSLLDLLRQVFTFGLSLVKLDIRQESERHTDVIDAITTHLGIGSYREWPEDKRQEWLLSELRGKRPL
Z. mays X-ray ô̂ ô ô ôôôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôô

Residues noted in text

C. perfringens X-ray ô̂ ô ô ôôôôôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôôôôôôôô ô̂ ô
90. 100. 110. 120. 130. 140. 150. 160.

C. perfringens 90 .........SVFRQLMSIMSIIETNVQSKELTG.TPAISEVVVPMIET..........GKEISEFQDRVNSVVDMGNKNYKTKLDLNSVRIIPLVEDVPA
M. thermoautotrophicus 99 ......ILLETLESIPRSYDTASLFYG.....MDAAPVFEVILPMTSSSSCLNRIHSYYLDFVKGKERLQLADGVTVKEWIGEFRPDEINVIPLFEDHEG
S. acidocaldarius 100 ......VFAETLNTIPITYDLAEKFYGE....NPNPPVFEVILPFTTSYEELIAVIKFYEKVIVNSDNTKLVDDTYVKDIIGETNPKKIEVIPLIEDRDS
E. coli 441 LPRNWQPSAETREVLDTCQVIAEAP.........QGSIAAYVISMAKT..........PSDVLAVHLLLKEAGIG...........FAMPVAPLFETLDD
Z. mays 501 LPPDLPQTDEIADVIGAFHVLAELP.........PDSFGPYIISMATA..........PSDVLAVELLQRECGVR...........QPLPVVPLFERLAD
Z. mays X-ray ô̂ ô ô ôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôô ô̂ ô ô

Residues noted in text

C. perfringens X-ray ô̂ ô ô̂ ô ô ôôôôôôôôôô ô̂ ô ôôôô ô̂ ô ôôôôôôôôôôôôôôôôôôô ô̂ ô ô̂ ô ôôôôôôô
170. 180. 190. 200. 210. 220. 230. 240. 250. 260.

C. perfringens 170 LANIDRILDEHYEIEKSKGHVLKDLRIMIARSDTAMSYGLISGVLSVLMAVDGAYKWGEKHGVTISPILGCGSLPFRGHFSEENIDEILATYSG.....I
M. thermoautotrophicus 188 MLNAAKITGEYLD.....GKDIQEQRVFLARSDPAMNYGMISATLLNRIALSDFRDLEEESGVKLYPIIGMGSAPFRGNLRPDNVEDVTWEYRG.....A
S. acidocaldarius 190 MLRIDTIVGKYIE.....IERPPYLRVFLARSDPAMNYGLLSAVLSVKYALSRLSKMEKIYGVKIFPLLGVGSLPFRGHFSPYNVENTLNEYRG.....I
E. coli 511 LNNANDVMTQLLNIDWYRGLIQGKQMVMIGYSDSAKDAGVMAASWAQYQAQDALIKTCEKAGIELTLFHGRGGSIGRGGA...PAHAALLSQPPGSLKGG
Z. mays 571 LQSAPASVERLFSVDWYMDRIKGKQQVMVGYSDSGKDAGRLSAAWQLYRAQEEMAQVAKRYGVKLTLFHGRGGTVGRGGG...PTHLAILSQPPDTINGS
Z. mays X-ray ô̂ ô ô ôôôôôôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôôôôôôôôôôôôôôô ô̂ ô ôô ô̂ ô ôôôôô

Residues noted in text

C. perfringens X-ray ô̂ ô ô ô̂ ô ôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôôô
270. 280. 290. 300. 310. 320. 330. 340. 350.

C. perfringens 265 KTFTFQSALRYDHGEE..ATKHAVRELKEKIAQSK...PRNFSEEDKDLMKEFIGICSKHYLQTFLKVIDTVSFVSD.......FIPKNRDRLTKAKTG.
M. thermoautotrophicus 278 YTFTVQSSFKYDHEPS.........DVIRGIKKLRSVKPGRAAEIERESVLEIISAYCREYRRQVMDLVDIINRVAR.......YVPGRRKR..KLHIGL
S. acidocaldarius 280 YTFTVQSAFKYDYEDD......LVISAIKKVNGTNVTEKIELSEEDEEIISNVTRKYTQGYQNKIEALADVINKVAL.......LLPRRRAR..KLHIGL
E. coli 608 LRVTEQGEMIRFKYGLPEITVSSLSLYTGAILEANLLPPPEPKESWRRIMDELSVISCDVYRGYVRENKDFVPYFRSATPEQELGKLPLGSRPAKRRPT.
Z. mays 668 IRVTVQGEVIEFCFGEEHLCFQTLQRFTAATLEHGMHPPVSPKPEWRKLMDEMAVVATEEYRSVVVKEARFVEYFRSATPETEYGRMNIGSRPAKRRPG.
Z. mays X-ray ô̂ ô ô ôôôôôôôôôôôôôôôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôôôôôôôôôôô ô̂ ô ôôôôôôô ô̂ ô ôôôôô

Residues noted in text



C. perfringens X-ray ô̂ ô ô ôôô ô̂ ô ôôôôôô ô̂ ô ôôôôôôôô ô̂ ô ôôôôôôôôôô ô̂ ô ôôôôôôôôôô ô̂ ô ôôôôôôô
360. 370. 380. 390. 400. 410. 420. 430. 440.

C. perfringens 352 LEYNREVANLDNVADLVKDEVLKQEILSIDNSKEYAVPRAISFTGAMYTLGMP.PELMGMGRALNEIKT..KYGQEGIDKLLE...IYPILRKDLAFAAR
M. thermoautotrophicus 360 FGYSRSMG.........................NVSLPRAITFTAALYSLGVP.PELLGFN..........ALSSGDLEFIEE...VYPGLGRDLHDAAR
S. acidocaldarius 365 FGYSRSTG.........................KVTLPRAISFVGSLYTIGIP.PEIIGLSSLS.......KMTDQELNAIFN...NYKYLKNDLQFAAR
E. coli 707 ................................GGVESLRAIPWIFAWTQNRLMLPAWLGAGTALQKVVE..DGKQSELEAMCRDWPFFSTRLGMLEMVFA
Z. mays 767 ................................GGITTLRAIPWIFSWTQTRFHLPVWLGVGAAFKFAIDKDVRNFQVLKEMYNEWPFFRVTLDLLEMVFA
Z. mays X-ray ô̂ ô ô ôôôôôôô ô̂ ô ôôôôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôôôôôôôôôôôôôôô

Residues noted in text

C. perfringens X-ray ô̂ ô̂ ô ô ôôôôôôôôôôôôôô ô̂ ô ôôô ô̂ ô ôôôôôôôôôôôôôôô
450. 460. 470. 480. 490. 500.

C. perfringens 446 FANGGVSKKIID.......EEARQEYKEDMKYVNEILNLGLDYDFLNEN............EFYHTLLKTTKPIIMHLMGL...................
M. thermoautotrophicus 421 YANP................ESPFLSPEVKSSFEEYL....EPEYDEG..................HMKTTEEIIRA.......................
S. acidocaldarius 429 FVNF................EALQLLKDIWNIDAEVVKAIKEDIDYAEN........SLGIRIGESDYMSKKHVLLSTLALLS.................
E. coli 773 KADLWLAEYYDQRLVDKALWPLGKELRNLQEEDIKVVLAIANDSHLMADLPWIAESIQLRNIYTDPLNVLQAELLHRSRQA...................
Z. mays 835 KGDPGIAGLYDELLVAEELKPFGKQLRDKYVETQQLLLQIAGHKDILEGDPFLKQGLVLRNPYITTLNVFQAYTLKRIRDPNFKVTPQPPLSKEFADENK
Z. mays X-ray ô̂ ô ô ôôôôôôôô ô̂ ô ôôôôôôôôôôôôôôôôôôôôô ô̂ ô ôôôôôôôôôôôôôôôôôôôôôôôôôôôô

Residues noted in text

C. perfringens X-ray ô̂ ô ô ôô ô̂ ô ôôôôôôôôôôôôôôô
510. 520. 530.

C. perfringens 508 ......EENVMRNSTEELKILNEWIVRMGKVRGSIG
M. thermoautotrophicus 460 ............LRINRTANLQELILEAASQRKFLG
S. acidocaldarius 488 ............IKEGKLDEAKTYIKEMAIVRRAIG
E. coli 854 ......EKEGQEPDPRVEQALMVTIAGIAAGMRNTG
Z. mays 935 PAGLVKLNPASEYPPGLEDTLILTMKGIAAGMQNTG
Z. mays X-ray ô̂ ô ô ôôôôôôôôôôôôôô

Residues noted in text

X non conserved
X ≥ 50% conserved
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