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(A) BshA 
BS  ------------------------------MRKLKIGITCYPSVGGSGIIATELGKQLAEKGHEIHFITSSIPFRLN--- 47   
BA  -------------------------------MKLKIGITCYPSVGGSGVVGTELGKQLAERGHEIHFITSGLPFRLN--- 46   
BC  ------------------------------MEKLRIGISCYPTVGGSGVVATELGKQLASRGHEVHFITTEIPFRLD--D 48   
DR  MGSAAVGGPRPHLYFPAMSFFSPPSASVASTLGPKIAVLCHTGAGGSGVVATELGLKVADAGHEVHFVGTAMPFRLTGH- 79   
MX  MNAP-----------------------------LNVAITCFPTFGGSGMVATEIGLAMADRGHRVHFIARDLPVRLHGA- 50   
SA  -----------------------------MGKRMKIGITCYPSMGGSGIIATELGIKLAERGHEVHFITSNIPFRIR--- 48   
                                                                                                           
BS  TYHPNIHFHEVEVNQYAVFKYP-PYDLTLASKIAEVAERENLDIIHAHYALPHAVCAYLAKQMLK-RNIGIVTTLHGTDI 125  
BA  KVYPNIYFHEVTVNQYSVFQYP-PYDLALASKMAEVAQRENLDILHVHYAIPHAICAYLAKQMIG-ERIKIVTTLHGTDI 124  
BC  KVYPNIFFHQVEVNQYAVFKHP-PHDLSAASKIAEVILTHDLDLLHVHYAVPHAICAILAREMSG-KDIKIMTTLHGTDI 126  
DR  QGLRGPYFHQVGGFAYALFEQP-FPELSAANTLSEVILEHGVDLTHAHYAIPHASAALHARSITG--KTRVLTTLHGTDV 156  
MX  N--RKVVFHEVTESDYPALQQSGTYPIALASKMIEVASYERLDILHVHYAVPHATAAWMAREVLGHKAPRVVTTLHGTDT 128  
SA  KPLPNMIFHQVEVNQYAVFQYP-PYDITLSTKIAEVIKEYDLDLLHMHYAVPHAICGILAREMSG-KDIKIMTTLHGTDI 126  
                                                               
BS  TVLGYDPSLKDLIRFAIESSDRVTAVSSALAAETYDLIKPEK--KIETIYNFID-ERVYLKKNTAAIKEKHGIL-PDEKV 201  
BA  TVLGSDPSLNNLIRFGIEQSDVVTAVSHSLINETHELVKPNK--DIQTVYNFID-ERVYFKRDMTQLKKEYGIS-ESEKI 200  
BC  TVLGFEPSLRPLIRYGIEQSDIVTAVSYDLARQTNELVRTDK--PIQTVYNFID-EQVYYPKQVEQLRACYGLS-ETDDI 202  
DR  TLVGTEPAFQHTTRHAIERSDHVTAVSHSLAAETREVFGVDR--DIEVIHNFVDSDRFRRIPD-PGVRARFAHP--EEAL 231  
MX  TLVGIDPSYLPITRFSITRSDAVTVPSAYLRRATWRGFDIPESVPIDVIANFVDTARYAPVRDRACLRALFPALRDHEPV 208  
SA  TVLGYDHSLQGAIKFGIEKSDIVTSVSKSLAQETHEIIETNK--EIIPIYNFVR-ENEFPTKHNTALKSQFGIA-PDEKV 202  
 
BS  VIHVSNFRKVKRVQDVIRVFRNIAGKTKAKLLLVGDGPEKSTACELIRKYGLEDQVLMLGNQDRVEDLYSISDLKLLLSE 281  
BA  LIHISNFRKVKRVQDVVQAFAKIVTEVDAKLLLVGDGPEFCTILQLVKNLHIEDRVLFLGKQDNVAELLAMSDLMLLLSE 280  
BC  IIHISNFRPVKRIMDVLKTFQLIVKSRDAKLLLIGNGPELPIARQFVEENDLTNDVLMLGNQKHVAELLSMSDLMLLLSE 282  
DR  IVHVSNFRPIKRVEDVVQVFARIASEIPARLLMIGDGPERARAFELARELGVIGRTQFLGSFPDVQTVLGISDLFLLTSS 311  
MX  LIHVSNFRPVKRITDVVAIFTEVHRHRPCRLVMVGDGPERSPAERMLREMGLEGRVAFLGKQDRFEELVAASDVFLLPSE 288  
SA  LIHVSNFRQVKRIDTIIETFAKVREKIPSKLILLGDGPELVPMRQLTKELNVEEDVLFLGKQDCVSEFYQLSDLVLLLSE 282  
 
BS  KESFGLVLLEAMACGVPCIGTNIGGIPEVIKNNVSGFLVDVGDVTAATARAMSILEDEQLSNRFTKAAIEMLENEFSSKK 361  
BA  KESFGLVLLEAMACGVPCIGTRVGGIPEVIQHGDTGYLCEVGDTTGVADQAIQLLKDEELHRNMGERARESVYEQFRSEK 360  
BC  KESFGLVALEAMACGVPVIATNIGGIPEVVEDEETGYLCSLGNIEEAAAKAISLLADDQKRQAFKRAALNRVKQSFDSQH 362  
DR  HESFGLAALEAMSCEVPVVASNAGGIPEVVQHGVNGFLSDVGDVDDMAHHALKILRDQETYQQMGQAARRTAVEQFHPRL 391  
MX  QESFGLAALEALSCGIPVVASDLGGIPELVTHGETGFLAPLGDVPAMARHVLTLVEDAERWQGFSHRARAQVLERFQKEP 368  
SA  KESFGLTLLEAMKTGVVPIGSNAGGIKEVIKHGETGFVVDVGDCDSASDYAIRLLEDKVLYNKLQKNMLADIAERFGSEL 362  
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BS  IVSQYEQIYADLAEPE------ 377  
BA  IVSQYETIYYDVLRDDKNGKI- 381  
BC  IVSQYEHLYEAMLKEEPL---- 380  
DR  IVPQYLAAYRRLAEQSASTF-- 411  
MX  AIDRYEALYRRLLTGPLRR--- 387  
SA  ITDQYEYYYQKMLNEHNKSKGE 384  
 
(B) BshB1 and BshB2 
BS BshB1    -----------MYNADVLAFGAHSDDVEIGMGGTIAKFVKQEKKVMICDLTEAEL----------SSNGT 49   
BS BshB2    ------------MKEHVLVILPHPDDESYGVAGLIALNRKKDIPVTYACATLGEMGRNMGDPFFANRETL 58   
BA BA1557   -----------MSGLHILAFGAHADDVEIGMAGTIAKYTKQGYEVGICDLTEADL----------SSNGT 49   
BA BA3524   ------------MERHVLVVFPHPDDEAFAAGGTIRLLTDQGVPVTYACGTLGQMGRNMGKNVFANRETI 58   
BA BA3888   ----------MKNERHVLIVFPHPDDESYCVAGTILAYTQRNVPLTYVCLTLGEMGRAMGNPPFATRESL 60   
BC BshB1    ----------MAETVDILACGAHPDDIEIGMGGTVATYIQKGYNVAFLTLTLAEL----------SSNGD 50   
BC BshB2    ----------MKKQSHVLVIFPHPDDEAFGVSGTISAYIDAGTPVTYACLTLGQMGRNLGNPPFATRESL 60   
SA BshB1    ----------MTDERHVLVIFPHPDDETFSSAGTIASYVQRGVPVTYACLTLGQMGRNLGNPPFATRESL 60   
MX BshB1    -----MSANGTAYGIDVLAFGPHPDDVELFCGGLLASMAARGYRTGIVDLTRGEK----------SSRGT 55   
DR BshB1    MTPTLQTVYGEAQPLDWLCLAPHPDDAEIGAGGTLIRLAQAGRAVGILELTRGEK----------GTQGT 60   
DR BshB2    ----MTSSSTPAPRATLLVIFAHPDDEAFSVGGTLTHYARQGVRVVLACATRGEAGKITVPG--MTVDDL 64   
 
BS BshB1    VSLRKEEAAEAARILGADKRIQLTLPD----RGL-IMSDQAIR-----------SIVTVIRICRPKAVFM 103  
BS BshB2    PLLRKQELINACKEMDINDLRMLGLRD----KTLEFEDDEYLAD----------IMEEIIDDVKPSLIVT 114  
BA BA1557   IELRKEEAKAAARIMGVKTRLNLAMPD----RGL-YMKEEYIR-----------EIVKVIRTYKPKLVFA 103  
BA BA3524   PNIREKELKDACVAMGIQDLRMLGFHD----KTLEFEDVDFVAD----------KIEAIIQEVNPSRIIT 114  
BA BA3888   YAIREKELKRATNILGIKDLRMMGYRD----KTLEFETPGELRR----------VIQKCVEELNPSLVIS 116  
BC BshB1    IASRQQEAKAAAEQLGVRARYQLELPD----RGLTYIGEEKLE-----------EVVDIIRLTRPTLVFM 105  
BC BshB2    ADIRRKELQQAAAVMGITDLRMMGYRD----KTLEFEQPGRLKQ----------MVLDLVAELKPSLVIS 116  
SA BshB1    PSIRERELEEACKVIGITDLRKMGLRD----KTVEFEPYEHIDS----------MIKSLIDDTNPSLIIS 116  
MX BshB1    LQSRAEETEAATRALGLAHRENLELPD----GWLNPWAGFDTPEPERARTAAVARVVEALRRLRPELVVV 121  
DR BshB1    PAERQAECVAAARLMDLSWRGQLGLPD----GELADTPPFAH------------ALAAALRTVRPRVLVV 114  
DR BshB2    GAQREQELREACRALEIEPPVFLDYHDSGRYERTRHDDPTALMNVN--PLDAEVKLRALIEDVQPQVIVT 132  
 
BS BshB1    PY-KKDR-HPDHGNAAALVEEAIFSAGIHKYKDEKSLPAHKVSKVYYYMINGFHQP-------------- 157  
BS BshB2    FYPGHGV-HPDHDACGEAVIRALYRKKKED------RPRTICMAITRNREEVLGEA-------------- 163  
BA BA1557   PY-YEDR-HPDHANCAKLVEEAIFSAGIRKYMPE--VPPHRVESFYHYMINGFHKP-------------- 155  
BA BA3524   FYPEHGV-HPDHDAFGRAVVRAVSRMSTEE------RPVIHAVAITKNREAVLGEP-------------- 163  
BA BA3888   FYPGYAV-HPDHDATGEAVAEALATIPENK------RPTFYAVAFANNHEAEIGPP-------------- 165  
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BC BshB1    P--AADR-HPDHGQCGALIKEAIFNAGIRRYGNG---EPHKVKAAYSYFINGFAKP-------------- 155  
BC BshB2    FYPGYAV-HPDHDATGLAVASALAELPKSE------RPTFYAVAFSNNHEKEIGPA-------------- 165  
SA BshB1    FYPGYAV-HPDHEATADAVIRTVERMPKEE------RPRLTLVAFSNDATEALGEP-------------- 165  
MX BshB1    PW-EQER-HPDHEAASALVTRALFFAGVRKFDAEPAAEPFTPRQVLYYPMRHLTEP-------------- 175  
DR BshB1    PH-WHDR-HPDHFGTYHLTKRAIHLAALKKADLG--GDPWRVQRVLLYQGNSDISA-------------- 166  
DR BshB2    FDPHGAYGHVDHLQMHRATVAAFFSTGHLPSGGP---QRLYYTAMTHQAAAQISRLGHDQSLDPLVYGVS 199  
 
BS BshB1    ----DFVIDISDTIEAKKQSLNAYKSQFIPSKDSVSTP-LTNGYIEIVEAREKLYGKEAGVEYAEVSFPN 222  
BS BshB2    ----DVVLDIKEVADIKMNALRAHRTQTEG-----MLRELEEKLKNNEPVMATWFEEEIYWTYQWND--- 221  
BA BA1557   ----NFCIDISEYVSQKVEALEAYESQFSTGSDGVKTP-LTEGYVETVVAREKMFGKEVGVLYAEGFMSK 220  
BA BA3524   ----DVVNNISEVFEHKLAALGAHRSQTEA-----MLEETHAKIKNKDAATLKWLQLEQFWTYKWE---- 220  
BA BA3888   ----HVKNEVKEYVPKKLEALQAHASQFAT-----KVTELKREYEDGVTETVEWLEREPFWIYPFKDKNK 226  
BC BshB1    ----DFVVDVTDNHSAKVAALQAYKSQFVAQG-GVQTP-LTDGYIEAVIARDRLFGKEVGVALAEGFVAE 219  
BC BshB2    ----DIVHDVSAYAIRKLDTLRAHASQLAW-----TLPSLEKAYYDGVEEAKERLCNERFWTYPFA---- 222  
SA BshB1    ----DIQNDITDFKDLKIKAFEAHASQTGP-----FLKQLASPEIDGKQHS--FLTVEPYWTYHFKS--- 221  
MX BshB1    ----SVIVDVSAVYERKLAAVHCYASQVLPRPDAPPTLVGSPLSVSSLEARDRFHGAQIGVTHGEPYILR 241  
DR BshB1    ----NVLVDIGSVMTEWEAAIRAHTSQFAG---GYVSETVTPEIIERRQGRLTYWGTLLRVKYAEPFEAE 229  
DR BshB2    DSTLAVTMDVGAYAENKKAALAAHGTQMGETSLMGRLSPDERAALEERMLGKESFSIGGTRTAIREYPLR 269  
 
BS BshB1    -----------GC-------------- 224  
BS BshB2    --------------------------- 221  
BA BA1557   KPVLLHADLIGGCK------------- 234  
BA BA3524   --------------------------- 220  
BA BA3888   --------------------------- 226  
BC BshB1    KP-LVMANLLEGCGR------------ 233  
BC BshB2    --------------------------- 222  
SA BshB1    --------------------------- 221  
MX BshB1    EALGLADPLDHFRRNSFAKPLFFPSRT 268  
DR BshB1    EPL-LLDPLGL---------------- 239  
DR BshB2    GLFDGVGVEGLV--------------- 281  
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(C) BshC 
BS            -------MQLTELSIKNQNVFVQHYIDGKEEMSSFFDYSIHHKDMWRERLEDLSSRFF-A 52   
BA BA4058   -----  --MEIKEISVP-QQGVVADYMNGKKEIQSCFDY-MLTEDAFKQRVQDLREREF-F 50   
BC            -------MRFEALDTRRLTGFLAEYVNQPDQCSDLFSYRWKTNGWEQERSEDLAKRSFSH 53   
MX            MHFRWRARRDLLSRHAVTSPFSTAWLRGDASALSFLPDDYRHREARARAVAAAASRAV-- 58   
SA            -------MDCKVVSLNEKDQFIPKIKSSDPVITGLFQYDAAQQISFEKR---MSKENNGR 50   
 
BS           REELAAYLTSYHNKFGS-SAMQSAIEKLKDPSSAAVVGGQQAGLLTGPLYTIHKIISIIV 111  
BA BA4058    RQDLVTHLLEYNTKLQAGEATIQNVKALGDENTYVVIAGQQAGLLTGPLYTIHKIISVLQ 110  
BC           RQALCRLLEARHAPLRKREACMDNIHKLKQENALVVVAGQQAGLMTGPLYTAYKAMSVIL 113  
MX           SPALLDVLGAQNARLAPSPARERNLALLAKPGTVAVVTGQQMGLFLGPLYTLYKAASAIV 118  
SA           EAALANVIREYMNDLKLSSEQELNIQHLAN-GSKVVIGGQQAGLFGGPLYTFHKIFSIIT 109  
 
BS           LAKQQEKELQVPVIPIFWVAGEDHDLDEINFVHTSEENG---PVKKKLPQSYWKKSSAAS 168  
BA BA4058     LAKEKEESLGVKVVPVFWIAGEDHDMDEINHTFVTKNKK---IKKTIFHDRNPKKASASE 167  
BC           LAKQYEATLNQPVVPLFWIAGEDHDLDEVRYVHYLKGDM---WKKLMLGDE-PNGEAAST 169  
MX           TARALQEETGRPCVPVFWLQTEDHDLPEIDHCVIPRPGGGPCRLALELPDAATSRAPIAH 178  
SA           LSKELTDTHKQQVVPVFWIAGEDHDFDEVNHTFVYNENHG-SLHKVKYHTMEMPETTVSR 168  
 
BS           TSLDQEKCAAWIDDVFAAFEETDHTNTLLDNVKRCLRESVTFTDFFELLIADLFQEEGLV 228  
BA BA4058     SELSLEDCRKWIEEIFKTYPETNFTKDVLQFIDDSLRKSNTYVDFFGHLIMKMFVNSGLI 227  
BC           KVLPKKELDTFLAKLFASLPETSYTNTLKAMVTQAAATAGTYTEFFKLLMHELFYREGLL 229  
MX           RHLG-PSVLPALATLRAELEAEPHAEEFLSLLERAYRPEATLAGAFTDVLSSLFADEGLV 237  
SA           YYPDKAELKQTLKTMFIRMKETVHTQGLLEICDRIIDQYDSWTDMFKALLHETFKAYGVL 228  
 
BS           LLNSGDPGIKKLETAMFQKILRENDELARAVSDQQAFMRQAGYKPIIESGKEQANLFYEY 288  
BA BA4058     LVDSHHPELRKLEVPFFKQIVSKYKEVQEGLHNQQRVIKELGYKPIIETKSNAVHIFMEI 287  
BC           FLDSNDPELRAIERPFFKQLIRKVDALQECQAAGEARFVEKGYPSPIATEKQNAHLFYTL 289  
MX           FLDPRDARLAPLAAPVHRFALQEAGALSSVLAARAEALTRAGYTVQVHVRPGSPLSFFSP 297  
SA           FIDAQFEPLRKMEAPMFKKILKKHQLLDDAFRATQKRTQNQGLKAMIQTDTN-VHLFLHD 287  
 
BS           EDE---RFLIE---KDNGRFVIKELDLGWTRDELHTHMEEHPERFSNNVVTRPLMQEFLI 342  
BA BA4058     DNE---RVLLE---DNQGKFVGKDGTYSFSYKELIEEMERSPERFSNNVVTRPLMQEYVF 341  
BC           DGK---RRRLD---YEAGRFYVRETERQFTKEELLAEVDSHPQRFSNNVVTRPLMQEWLL 343  
MX           DALDGPRYRLDPAEADAWSLVGHPESSAITQDALHAALEREPLRFTTSALLRPLLQDTWL 357  
SA           ENM---RQLVS---YDGKHFRLNKTDKKYIKEEIINIAENQPELFSNNVVTRPLMEEWLF 341  
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BS           PTLAFIAGPGEINYWGELKQAFAVMGFKMPPVMPRLNITILERHIEKKLAERNISLQDAI 402  
BA BA4058     PTLAFIGGPGELAYWSELQQVFHTIGFRMPPVVPRITITYIERDIATDLHDLQLQESDPF 401  
BC           PTLAFVAGPGELAYWATLKDVFALFDYKLTPIIPRLSATFVPCRVEKHLRERKEAAETYI 403  
MX           PTAAYVGGPGELAYFAQLAPLYAHAGRPMPLAIPRARFRVLDDRARRWLGKVGLQPDEVN 417  
SA           NTVAFIGGPSEIKYWAELKDVFELFDVEMPIVMPRLRITYLNDRIEKLLSKYNIPLEKVL 401  
 
BS           ERGTENQRETYFERQIPEEFTAVMDQAKSQIEAIHKTVRQEALKV---DQSLEPLLLKNA 459  
BA BA4058     FNNVDKLRENWLSNQIEEPIDERFVEAKKEIIDIHKSLQQFVKKI---DPGLSAFAGKNE 458  
BC           LGEGEKLKEAWLASQHSYPVAQRAQAAAEAIEAAHLPFRELAGEI---SPTLKKMGEKNR 460  
MX           VPR-DALLTRLATRDAPESLETPEALEARLFGAFASELERVAGQVSAVDANLQDALRRTQ 476  
SA           VDGVEGERSKFIREQASDQFIEKVEGMIEQQRRLYQDLLDEVAGN---QNNINLVNKNNE 458  
 
BS           AFIQDQLQFLERTVMKRIEEKEGYVLKDYERIQNSIKPLLAPQERIWNIMYYLNRYGPKF 519  
BA BA4058     FKINEQIELLERMLKRNVEKKHEVELNKFRRIQFALRPLGAPQERVWNVCYYLNQFGLDF 518  
BC           AFIQGQIAFLKERMEREIREQHQVGLSKYDEAMTWLHPKDAPQERILHSFILLNTAGIDI 520  
MX           GTVRVAVSRLTGRYRRALARRDATAAEQVDRLRTFLFPEDAPQERILGLPYFACRIGTRA 536  
SA           IHIQQYDYLLKRYLLN-IERENDISMKQFREIQETLHPMGGLQERIWNPLQILNDFGTDV 517  
 
BS           FTT-FKNLPFSFQNQHQVVKL 539  
BA BA4058     VDR-VMEKPFSWNGKHHVIKL 538  
BC           FSR-LLEKKPPHTGAHLVFYV 540  
MX           FTKRVLDACVPFSGDSKDLTP 557  
SA           FKP-STYPPLSYTFDHIIIKP 537  
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D. Percent Identity/Similarity for BshA, BshB1, BshB2 and BshC orthologs. Structures shown 
are from the PDB as indicated by the PDB Identification number.   
 

 Identity/similarity Structure 
BshA       
B. anthracis (BA1558) 
B. cereus (ABC2070) 
S. aureus (SAR1469) 
D. radiodurans (DR_1555) 
M. xanthus (MXAN_6195) 

 
63.9/79.5 
56.1/76.3 
54.4/73.4 
38.9/59.6 
41.1/62.3 

2JJM 
 
 

BshB1       
B. anthracis (BA1557) 
B. cereus (ABC2071) 
S. aureus (SALG_02510) 
D. radiodurans (DR_2363a) 
M. xanthus (MXAN_6194) 

 
58.1/70.1 
48.7/66.1 
22.2//41.5 
29.9/46 
31.4/48.5 

2IXD 
 

BshB2 
B. anthracis (BA3524) 
B. anthracis (BA3888) 
B. cereus (ABC2104) 
S. aureus (SALG_02510) 
D. radiodurans (DR_0450) 
M. xanthus (MXAN_6194) 

 
56.6/72.9 
43.4/62.4 
45.7/64 
47.5/69.7 
26.4/39.9 
21.1/35.8 

 

BshC 
B. anthracis (BA4058) 
B. cereus (ABC2366) 
S. aureus (SALG_01369) 
D. radiodurans (DR_1647) 
M. xanthus (MXAN_6193) 

 
40.8/63.2 
36.7/57.2 
32/53.1 
18.4/32.7 
24.7/45.6 
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