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SUPPLEMENTARY FIGURE LEGEND 

 

Supplementary FIG. S1. Multiple sequence alignment of HypBA1 and its homologs. The 

homologous proteins are shown in Fig. 11. The alignment was created with MUSCLE and 

BoxShade 3.21. Identical residues and conservative substitutions are highlighted in black and 

dark gray, respectively. Asterisks indicate the residues selected for site-directed mutagenesis. 

The protein characterized in this study is enclosed in the box. 

 



Fig. S1a 

BL1   242 ---NIFHDLGFYKPTYFQ---AAEPVRDQQTADGHAVR--------VGYLCTGVAHVGRL 
BI1   242 ---NIFHDLGFYKPTYFQ---AAEPVRDQQTADGHAVR--------VGYLCTGVAHVGRL 
BLL1  242 ---NIFHDLGFYKPTYFQ---AAEPVRDQQTADGHAVR--------VGYLCTGVAHVGRL 
BB    214 ---NIFPDLGFYKPTYFQ---AAEPVRDQQTADGHAVR--------VGYLCTGVAHVGRL 
BD1   242 ---YIFRDLGFYKPEYFQ---AAEPIRNQQDANGHAVR--------VVYLCTGMAHVGRL 
BP1   242 ---YIFRDLGFYKPTYFQ---AAQPVREQQTADGHAVR--------VAYLCTGIAHVARI 
BC1   242 ---YIFRDLGFYKPTYFQ---AAQPVREQQTADGHAVR--------VAYLCTGIAHVARI 
BAn   250 GLPAIFPAMETWSHEYTL---TARPIRDQQTAVGHAVR--------VAYLLAGVMQVGRL 
BC3   250 ----FYTDLHM-PLKYFV---QDEPILDKQHAEGHAVR--------LLYLAAAVSKVGRL 
BD2   271 DGRNYEPREQ--NYAYYQ---ADKPVTEQTEALGHAVR--------AAYFYSGVADVARI 
BC2   277 DGRNYEPREQ--NYTYYQ---ADKPVTEQTEALGHAVR--------AAYFYSGVADVARI 
BAd   270 DGRNYAPREQ--NYAYYQ---ADKPITEQTEALGHAVR--------AAYFYAGAADVARL 
BI2   269 ADANYKPNTDPSRYAYHQ---ANKPVTEQDEAVGHAVR--------AGYFYSGLADVARL 
BL2   269 ADANYKPNTDPNRYAYHQ---ANKPVTEQDEAVGHAVR--------AGYFYSGLADVARL 
BLL2  269 ADANYKPNTDPNRYAYHQ---ANKPVTEQDEAVGHAVR--------AGYFYSGLADVARL 
BP2   233 ERYHVMADR-FKDHAIFDPLAQGEDVLTGMHANTQIPK------------VLGWERLGAI 
BLL4  337 RSEFLKASAFFDTDKLIDNCGAGVDILNNLHANQHIPQ-------FVGYAKDAAMGDADI 
BLL3  598 KQTVLTAAHLFDETALFQKLANGQDPLNGLHANTTIPKLTGAMQRYVAYTEDEDLYNS-L 

 
            *E322----------- 

BL1   288 LGDQG------LIDTAKRFWKNIVTRRMYVTGAIGSTHV----GESFTYDYDLPN--DTM 
BI1   288 LGDQG------LIDTAKRFWKNIVTRRMYVTGAIGSTHV----GESFTYDYDLPN--DTM 
BLL1  288 LGDQG------LIDTAKRFWKNIVTRRMYVTGAIGSTHV----GESFTYDYDLPN--DTM 
BB    260 LGDQG------LIDTAKRFWKNIVTRRMYVTGAIGSTHV----GESFTYDYDLPN--DTM 
BD1   288 TGDRG------LLDAVHRMWNSIVGKRMYVTGAVGSTHV----GESFTYDYDLPN--DTM 
BP1   288 TGDQG------LLDAAHRFWNNIVSKRMYVTGAIGSTHV----GESFTYDYDLPN--DTM 
BC1   288 TGDQG------LLDAAHRFWNNIVSKRMYVTGAIGSTHV----GESFTYDYDLPN--DTM 
BAn   299 TNDEG------LLRTGERLWNNIVHKRMYITGGIGSTHV----GEAFTYDYDLPN--DTM 
BC3   294 LNDQK------MLDTAERLWTNIVKHRMYITGAVGSCQV----GESFSFDDDLPN--DLV 
BD2   318 TGEAT------LLESCETLWRNIVDRKLYITGGIGATHM----GEAFSFDYDLPN--DTA 
BC2   324 TGEAA------LLESCETLWRNIVDRKLYITGGIGATHM----GEAFSFDYDLPN--DTA 
BAd   317 TGDSD------LLASCERLWRNIVDRKIYITGGIGATHM----GEAFSFDYDLPN--DTA 
BI2   318 ADDQD------LADAAERLWRNIVDKKLYVTGGIGGTVD----GEAFSYNYDLPN--DSA 
BL2   318 ADDQD------LADAAERLWRNIVDKKLYVTGGIGGTVD----GEAFSYNYDLPN--DSA 
BLL2  318 ADDQD------LADAAERLWRNIVDKKLYVTGGIGGTVD----GEAFSYNYDLPN--DSA 
BP2   280 CNDEQ------ADAATNTFWDSVVHHRS---VSIGAHSV----SEHFHPTDDFSSMIESR 
BLL4  390 DADARAR----YLKAVEGYWGMIVPGRMYAHGGTGE-------GEMWGPAHTVAG--DI- 
BLL3  657 SADERGKLTSLYLKAAQNFFDIVVKDHTYVNGGNSQSEHFHVAGELWKDA-TQNG--DQN 

 
         *E338                       *E366__________________                   

BL1   336 YG-------ETCASVAMSMFAQQMLDLEPKGEYADVLEKELFNGSIAGISLDGKQYYYVN 
BI1   336 YG-------ETCASVAMSMFAQQMLDLEPKGEYADVLEKELFNGSIAGISLDGKQYYYVN 
BLL1  336 YG-------ETCASVAMSMFAQQMLDLEPKGEYADVLEKELFNGSIAGISLDGKQYYYVN 
BB    308 YG-------ETCASVAMSMFAQQMLDLEPKGEYADVLEKKLFNGSIAGISLDGKQYYYVN 
BD1   336 YG-------ETCASVGMSMLSRQMLLLEPKGEYADVLERELFNGAIAGISLDGKQYYYVN 
BP1   336 YG-------ETCASVAMSMFARQMLLLEPNGEYADVLERELFNGAIAGISLDGKQYYYVN 
BC1   336 YG-------ETCASVAMSMFARQMLLLEPNGEYADVLERELFNGAIAGISLDGKQYYYVN 
BAn   347 YG-------ESCASVGMCFVARQMLEHELRGEYADVLEKELFNGAIAGIALDGKHFFYVN 
BC3   342 YG-------ETCASVAMLFYGKSLMETKPRGSVADVMEKELFNGVLSGVQLDGTRYFYVN 
BD2   366 YS-------ESCAAIALAFFARRMLEIQPKSEYADVMESALYNTTLAGMALDGKSFFYVN 
BC2   372 YS-------ESCAAIALAFFARRMLEIQPKSEYADVMESALYNTTLAGMALDGKSFFYVN 
BAd   365 YS-------ESCAAIALAFFARRMLEIQPKSEYADVMESALYNTTLAGMALDGKSFFYVN 
BI2   366 YS-------ETCAAISLAFFARRMLELAPKAEYADVMESALYNTTLAGMALDGKSFFYVN 
BL2   366 YS-------ETCAAISLAFFARRMLELAPKAEYADVMESALYNTTLAGMALDGKSFFYVN 
BLL2  366 YS-------ETCAAISLAFFARRMLELAPKAEYADVMESALYNTTLAGMALDGKSFFYVN 
BP2   327 EG------PETCNSYNMSKLAERLWLRSGSADYINFYERVLENHLLSTINPKQPGFVYFT 
BLL4  436 -GKRN---AESCAAYNMLKVARYLFFIEQKPAYMDYYERTILNHILGGKSRDLDSGTALT 
BLL3  714 GGYRNFSTVETCNEYNMLKLARILFQVTKDSKYSEYYEHTFINAIVASQNPETGMTTYFQ 

 



BL1   389 ALETTPDGLD-NPDRHHVLSHRVDWFGCA-----CCPANIARLIASVDRYIYTER----- 
BI1   389 ALETTPDGLD-NPDRHHVLSHRVDWFGCA-----CCPANIARLIASVDRYIYTER----- 
BLL1  389 ALETTPDGLD-NPDRHHVLSHRVDWFGCA-----CCPANIARLIASVDRYIYTER----- 
BB    361 ALETTPDGLA-NPDRHHVLSHRVDWFGCA-----CCPTNIAQLIASVDRYIYTER----- 
BD1   389 ALESTPDGLD-NPDRHHVLSHRVDWFGCA-----CCPANIARLIASVDRYMYTER----- 
BP1   389 ALETSPDGLD-NPDRHHVLSHRVDWFGCA-----CCPANVARLIASVDRYVYTER----- 
BC1   389 ALETSPDGSD-NPDRHHVLSHRVDWFGCA-----CCPANVARLIASVDRYVYTER----- 
BAn   400 PLEADVQATENNPDRRHVLLERAQWFGCA-----CCPSNIARLIASVDRYLYTVR----- 
BC3   395 PLEADPAASKGNPTKAHILTRRAGWFDCA-----CCPANLGRLITSLDQYLYTVS----- 
BD2   419 PLEVVPEACHRDERKFHVKPVRQKWFGCA-----CCPPNIARMVESVQQYAYTVA----- 
BC2   425 PLEVVPEACHRDERKFHVKPVRQKWFGCA-----CCPPNIARMVESVQQYAYTVA----- 
BAd   418 PLEVVPEACHRDERKAHVKPVRQKWFGCA-----CCPPNIARIVEDVQQYAYTIG----- 
BI2   419 PLEVNPYACHKDSRLRHVKPVRQKWFGCA-----CCPPNIARIVESVQEYAYTVA----- 
BL2   419 PLEVNPYACHKDSRLRHVKPVRQKWFGCA-----CCPPNIARIVESVQEYAYTVA----- 
BLL2  419 PLEVNPYACHKDSRLRHVKPVRQKWFGCA-----CCPPNIARIVESVQEYAYTVA----- 
BP2   381 PMRSQHYRAYSTPQECF-------W---------CCVGSGLENHARYGRLIYALQRPAAQ 
BLL4  492 PGNCYMYPVNPATQKEY----GDGNIGT------CCGGTALESHSKYQDSIYFHS----- 
BLL3  774 PMKAGYPKVFGITGTDY----DADWFGGAIGEYWCCQGTGIENFAKLNDSFYF------- 

 
 

BL1   438 --------------------------DGGKTVLSHQFIAN--KADF-ASGLTVEQR---S 
BI1   438 --------------------------DGGKIVLSHQFIAN--KADF-ASGLTVEQR---S 
BLL1  438 --------------------------DGGKTVLSHQFIAN--TAEF-ASGLTVEQR---S 
BB    410 --------------------------DGGKTVLSHQFITN--KAEF-ASGLTVEQR---S 
BD1   438 --------------------------DGGKTVLSHQFIAN--EATF-DSGLYVVQR---S 
BP1   438 --------------------------DGGRTVLAHQFIAN--QASF-DSGLHVEQR---S 
BC1   438 --------------------------DGGRTVLAHQFIAN--QASF-DSGLHVEQR---S 
BAn   450 --------------------------EDERMIAAHQFIAN--DARF-FDDVRVKQE---S 
BC3   445 --------------------------NDGKTVYAHQFVAN--KTEF-EDGFTIEQTQAGD 
BD2   469 --------------------------DDASTLYVHLYMGGVVSAKLGGSDVSLEVR---A 
BC2   475 --------------------------DDASTLYVHLYMGGVVSAKLGGSDVSLEVR---A 
BAd   468 --------------------------DDSSTLYVHLYMGGGVHARLSGTDVRLDVM---S 
BI2   469 --------------------------EDGGTLFTHLYMGGVAKAELNGTAVELDVT---A 
BL2   469 --------------------------EDGGTLFTHLYMGGVAKAELNGTAVELDVT---A 
BLL2  469 --------------------------EDGGTLFTHLYMGGVAKAELNGTAVELDVT---A 
BP2   425 DSADSAAAGFASSAAETGNTVSNNAEAEATRLLVNLYIDS--TFDCPEQGLRITQRAARI 
BLL4  537 --------------------------TDNKELYVNLFTAS--TLDWTDTGLKLAQE---T 
BLL3  823 --------------------------TDENNVYVNMFWSS--TYTDTRHNLTITQT---A 

 
 

BL1   466 DFPWDSHVEYTVSLPASA------ADSSVRFGLRIPGW--SLGS----YTLTVNGKPAVG 
BI1   466 DFPWDSHVEYTVSLPASA------ADSSVRFGLRIPGW--SLGS----YTLTVNGKPAVG 
BLL1  466 NFPWDGHVEYTVSLPASA------TDSSVRFGLRIPGW--SRGS----YTLTVNGKPAVG 
BB    438 DFPWNGHVEYTVSLPASA------TDSSVRFGLRIPGW--SLGS----YALTVNGKSAVA 
BD1   466 DMPWSGHVEFEVNLAEGA--------QPVRFGVRIPSW--SANA----YALAVDGEPCEK 
BP1   466 DFPWNGHIEYMVELPAEA------AD-SVRFGVRIPTW--SADS----YALTCDGVAVKT 
BC1   466 DFPWNGHIEYMVELPAEA------AD-SVRFGVRIPTW--SADS----YALTCDGVAVKT 
BAn   478 DFPREGVVRFTVDVPEGA--------DPVIFKVRIPSW--SPE-----YRLTVDGVDVTG 
BC3   476 EYPWSGDITFHVSNPNGL---------DKKVAVRIPQW--SKD-----YTLEVNGEAVEL 
BD2   500 GMPWNGAGAITVTLPSSD---EGQVPEPFALALRLPAW--AGGESAA-DSIHAAGEKDSR 
BC2   506 GMPWNGAGAITVTLPSSD---EGQVPESFALALRLPAW--AGGESAA-DSIHATGEKDSR 
BAd   499 DMPWSGKGSVAVGFDAGDSASDASKDAVFTIALRLPAW--AGGETAS-DAVTVRGRDDIS 
BI2   500 NLPWYGDGKAVVRLGNDAAGASAQAPARFTLAFRLPGW--VGEESAAAAAITATGEPESG 
BL2   500 NLPWQGDGKAVVRLGGDAAGTSAQAPARFTLAFRLPGW--VGDESAAAAAITATGESESG 
BLL2  500 NLPWQGDGKAVVRLGGDAAGTSAQAPARFTLAFRLPGW--VGDESAAAAAITATGESESG 
BP2   483 EDGVDYTVTFTLESTAEHVPDTPGGLRETTLFLRRPWWAEHYGVMEATCAVCTLDPARTN 
BLL4  566 NYPEEETSTISITAAPKS---------AVTFRIRIPAW--SKG-----AKIEVNGKAIDG 
BLL3  852 NVPKTEDVTFEVSGTGSA-----------NLKLRVPDWAITNG-----VKLVVDGTEQAL 

Fig. S1b 




