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251 GQYVGSNAWVISGKHSKDNMPILANDPHLGLQIPSYWYALSQQGEH-LSAKGMGLVGTP-----LIIFGQNDHISWGGTNMMADVQDLYFETLNINQKGLYESGSSWQPLGE-RIEIIEVRADTPELLNKRIKPVKINVRTTERGPLIS-----------DIKQSMMHPV 402  

280 GYPTTSNVWLVGKTKASGAKAILLNGPQFGWFNPAYTYGIGLHGAG-FNIVGNTPFAYP-----AILFGHNGHVSWGSTAGFGDGVDIFAEQVSPEDPNSYLHQGQWKKMLS-RQETLNVKGE---------QPITFEIYRTVHGNVVK------------RDKTTHTAY 421  

212 -LERGSNAIAVGSERSADGKGMLLANPHFPWNGAMRFYQMHLTIPGRLDVMGASLPGLP-----VVNIGFSRHLAWTHTVDTSSHFTLYRLALDPKDPRRYLVDGRSLPLEE-KSVAIEVRGAD-----GKLSRVEHKVYQSIYGPLV--------VWPGKLDWNRSEAY 362  

221 -LPIGSNGWAFGSEATTNGRGLLLGNPHFPWETSNRFYQLHLTLPGQFDVMGASLGGMP-----VVNIGFNQDVAWTHTVSTDKRFTLAALTLVPGDPLSYVKDGQQRRLQR-RTAVIEVKTAN-----G-PRLHTRTVYFTPEGPLV-----NLPAA--GLTWTPQYAF 371  

260 LGVAASNNWAIAPQRSRSGKSLMANDTHLPLSMPSVWNYVQIRSPK-YQAAGVSIAGLPG-----VVAGFNGKLAWGMTMVLGDNQDLYLEQLRRQGNRLYYLADGKWQPTRERQETFFIKGQR---------PIREVIHETRHGPLLNSALGERKNILQPLPLKSGYGL 414  

1   --------------------------MKKVLLSTTIAALFATTMGAAINAEACSRLVTET----QYGTMLMRTADWVSTAPFDGHMSVFPVGTERTMRGQVAEYQQAMTKWQTKYHTLSIEEHG-----AFGGLSGQTSNEKGLSVMA-------------LSQHDSEPY 122  

1   --------------------------MKKSIVAASIVALMT--IGAVQTASACSSVSATT----DYGTLVARSLDWD--VHVEARAKIIPAGIEISSK---APSYKTQATWTTKYKSMSLSDNP-----IFHGTAYDAINDQGLSVHG-------------QYQEASKPF 115  

237 -ADMGSNAVAFRGSTTANGRGLLLGNPHYPWDGGRRFWQSQQTIPGELNVAGGSLLGST-----TVSIGHNADVAWSHTVATGVTLNLHQLTLDPADPTVYLVDGKPQRMTQ-RTVAVPVKGA---------APVTRTQWWTRYGPVV-----TSLGAALPLPWTASTAY 386  

240 -TGMGSNAVAFSGAATANRRGLLLGNPHYPWHGNRRFWQSQQTIPGELNVSGASLLGSP-----TVQIGHNASMAWSHTVATGVPMNLYELKPAPGDPRSYLVDGRPERMTE-RKVTVAVRGAD-----GRLANVTRSQWWTRYGPVV-----TGLGDDLPLPWTPGSAY 393  

235 -ADMGSNAVAFDGSTTVNGRGLLLGNPHYPWQGGRRFWQAQQTIPGELNVSGASLLGAT-----TISIGHNADVAWSHTVATGVTLNLHQLSLDPADPTVYLVDGKRERMTQ-RTVSVPVKGG---------ADVTRTQWWTRYGPVA-----TSMGAGLPLPWTASTAY 384  

 

384 VFRDANAG-NLRMLNTWFGFGAARSTSEVDQVLRRTQGVPWLNTVASDR-AGNAYYSGIQVVPH----VTDERLAACST--ALGQQLFRINGTPVLDGSRAACAWGTDPDAVESGLFGPSRLPTLTRADYVANANDSAWLTNPAQPLTGYPAVLG-------AAGTQRSA 538  

381 ALRDANRG-NTRMIDAWLHIAQAGDVAGIHRAIG-NLGIPWVNTIAADR-NGRALFVDVSATPD----VSAETLKRCAPS-PLAERLFKGAGLVLLDGARSTCNWQVDPASPVPGLIAPARMPALERDDFVANSNDSSWLTNPAQKLTGFPPIMG-------ETDVPQRL 535  

413 MIQDANMA-NMDPVDHWLAMNLATNKDEFQQAFKDYDGVIFNNTMFADK-EGNAFYIDDSTVPG----LSESAVVVLKTS-PDIKAAKQRAGFTILPGNTSLFSFS--------GPTPYERAPKLERSDFVQNSNDSFWSTNLNEPLTYFSPMYG-------PEAGQLSL 560  

444 AKARAWEGYELQSLMAWTRKTQSANWEQWKAQAARHALT--INWYYADD-RGNIGYAHTGFYPRRRP-GHDPRLPVPGTGEMDWLGLLPFSTNPQVYNPRQGFIANWNNQPMRGYPSTDLFAIVWGQADRYAEIETRLKAMTANGGKVSAQQMWDLI-----RTTSYADV 604  

403 SKKRSWDGYEVQSLLAWLNVAKARNWTEFLDQASKMAIS--INWYYADK-HGNIGYVSPAFLPQRPA-DQDIRVPAKGDGSMEWLGIKSFDAIPKAYNPPQGYLVNWNNKPAPDKTNTDTYYWTYG--DRMNELVSQYQQK----DLFSVQEIWEFN-----QKASYSDV 557  

388 TIRDAASE-NPRALNQWRSMNMATSVGDLVDRMQKILGLGFVNTIATDR-NGKALYADISTVPN----VTREKLVACSADAGAALPLLIAADLPALNGSTAACEWDTDADSPQAGIFGGSKLPFLIRDDYVLNSNDSYWLSNAEQPLTGFSPLLRRDLLPLSEDAAPLSL 551  

385 ALNDPNAT-NLRMADTGLGFSKARSTKDVERSLRRNQGMPWVNTIAADR-AGHSFFAQSQVLPR----ITDDLAERCST--PLGRATYPASGLAVLDGSRKDCALGSDRDAVQPGIFGPGRMPVLKNQPYVENSNDSAWLTNADRPLTGYERVFG-------TIATPRSM 539  

365 ALKSVQLQPGDRSLDCLLPMLTASSITEFYDMMEPWGLID-HNLVSADK-KGNIGVLVRAKIPVR----------------------DRLNGWLPMPGWTGAHEWR--------GMLPFERSPREENPARASS------------------------------------- 465  

444 AVALRWTALEPSNLASAITQINRAQNWQDFRTAANKFDIAAQNLVYADI-EGNIGYQMPGKFPIRNK-GNGRYPVPGWTDEYEWQGYIDFEKLPQSFNPSSGYIVTANN--LVANQYPYVITTDWVYGYRAKRIVDMIAQQDKQISLPDVQQIQGDN----------FNL 599  

380 ALRDANRN-NTRSVDSWLHIGQARDVAGIRQAIG-NLGIPWVNTIATDR-NGRALFADVSTTPD----VPAAELQRCAPS-PLAGKLFKDAGLVLLDGSRGTCNWQVDPASPVPGLVAPARMPVLERDDYVANSNDSSWLTNPAQKLTGFSPVMG-------SVDVPQRL 534  

218 LAVIGPMARSARDLSLLLDVLVEPNADDFRAFKLKESEKQTIQEFKVLFWMDDESCPIDSRLKK-----------------------KYDQLLQTLQTAKVNVDVGRPKNWDFDEIFKSYATRLISQMTFADPKLSRLSMSASTPLIKLLNGKAGIP------------- 351  

85  SYPDYD--GKSPGLSIAAWAQYVLDNFATVEEAVRVLEKN-PFIIVTDSVPGEERLATLHLSLS------------------------DASGDSAIVEYIDGK-QVIHHG---RQYQVMTNSPTFDEQLALNAYWTQIG------------------------------- 192  

367 AITDVNAG-NNRAFDGWLRMGQAKDVRALKAVLDRHQFLPWVNVIAADA-RGEALYGDHSVVPR----VTGALAAACIP--APFQPLYASSGQAVLDGSRSDCALGADPDAAVPGILGPASLPVRFRDDYVTNSNDSHWLASPAAPLEGFPRILG-------NERTPRSL 521  

407 SKYVSFRGTEAQSMSAYMKANWAKNLKEFENAASEYTMS--LNWYYADK-KGDIAYYHVGRYPVRNN-KIDERIPTPGTGEYEWKGFIPFKENPHVINPKNGYVVNWNNKPSKEWVN-GEYSYYWGEDNRVQQYINGMEAR----GKVTLEDINEIN-----YTASFAQL 562  

86  ASFVHEPVEGTENVATFEFPLWVARNFDSVDEVEETLRN---VTLVSQIVPGQQ-ESLLHWFIG------------------------DGK-RSIVVEQMADG-MHVHH----DDVDVLTNQPTFDFHMENLRNYMCVSNEMAEPTSWGKASLTAWG------------- 208  

407 SKSWSFRGTEAQSMSAYMKANWAKNLKEFENAASEYTMS--LNWYYADK-KGDIAYYHVGRYPVRNS-KIDERIPTPGTGEYEWKGFIPFKENPHVINPKNGYVVNWNNKPSKEWVN-GEYSFYWGEDNRVQQYINGMEAR----GKVTLEDINEIN-----YTASFAQL 562  

87  ATYADEPKKGTTGINPVYVISQVLGNCVTVDDVIEKLTS---YTLLNEANIILGFAPPLHYTFT------------------------DASGESIVIEPDKTG-ITIHR----KTIGVMTNSPGYEWHQTNLRAYIGVTPNPPQDIMMGDLDLTPFG------------- 211  

85  AEYEKTIREDTVHIVPHEFVTWVLSVCQSLEDVKEKIRS---LTIVEKKLDLLDTVLPLHWILS------------------------DRTGRNLTIEPRADG-LKVYD----NQPGVMTNSPDFIWHVTNLQQYTGIRPKQLESKEMGGLALSAFG------------- 209  

427 AKSRAWDGKEVASLLAWTHQMKAKNWQEWTQQAAKQALT--INWYYADV-NGNIGYVHTGAYPDRQS-GHDPRLPVPGTGKWDWKGLLPFEMNPKVYNPQSGYIANWNNSPQKDYPASDLFAFLWGGADRVTEIDRLLEQK----PRLTADQAWDVI-----RQTSRQDL 583  

83  ADYKKIE-EGKENVSPFEFIPWVLGQCSTVDEAKKLLKN---LNLVNINFSDELPLSPLHWLLA------------------------DKE-QSIVVESTKEG-LRVFD----NPVGVLTNNPTFDYQLFNLNNYRVLSTRTPKNNFSDQIELDIYS------------- 205  

370 SLRDANLQ-NDRVLQQWYAMDKADSLKAFQDSVRKIQGIPWVNTLAVDA-QGQALYMNLSVVPN----VDAARLARCSDP------RIGTE-LIVLDGSRSECNWEVSAEAAQAGIYPSSRQPQLLRTDFVQHSNDSAWMVNPAAPLQGFSPLIS-------QDGQPLGQ 519  

388 AMWWSFLVSANPVLDGFYEANRADTLDKMRSAAEKIQSPGLNIVWANAK--GDIGWWAAAQLPIRPQGVNPTFILDGSTAQADKLGFYPFSANPHEENPARGYIVSANFQP--LSPTGMQIPGYYNPAERGQELNRQLSDASVKWDLAASKALQLDT------QTDYAPS 547  

427 AKARAWAGKEVASLLAWTHQMKAKNWPEWTQQAAKQALT--INWYYADV-NGNIGYVHTGAYPDRQP-GHDPRLPVP-DGKWDWKGLLSFDLNPKVYNPQSGYIANWNNSPQKDYPASDLFAFLWGGADRVTEIDTILDKQ----PRFTADQAWDVI-----RQTSLRDL 582  

383 AIRDINGE-NFRTLRTWMRWNQAKSLDEFIAIQKEEASIPWVNTVAVGRGSAKAWYADIGAVPN----VSPAQTAACTTPFGMAVGQALP-NVPFFDGSRSECDWLTDADSVQKGAVGVSRMPSLQRDDYVGNMNDSYWLANVHAPLTGYPAIFG------PAGTSAQTL 540  

92  EYPKTKPTAKKPGLSVAAWAQYVLDNFATVDEAVKSLQQE-KFILVTKQVEGQKRLATLHLSLS------------------------DSSGDSAIIEYIDGK-QVIHHS---KNYQVMTNSPTFDQQLTLNAYWDQIG------------------------------- 201  

403 SLKWTGLDPDDTSYEAFFKLNYANNWSSFENALSFLVAP-ALNMLYADT-EGNIGYAGAGRIPIRAV-GEGVIPLPAGRVNTDWAGYIPYQQMPKLYNPESGIIVSANDG-LLFDSYPYFISHAFAPSYRSQRISDLIKNPERLLTAKDMMSIQG----------DTLDL 558  

422 SKARAWDGKELTSLMAWVKQGQAQNWQQWLDQAQNQALT--INWYYADK-DGNIGYVHTGHYPDRQI-NHDPRLPVSGTGEWDWKGIQPFANNPKVYNPKSGYIANWNNSPAKNYPASDLFAFLWGSADRVKEIDNRIEAY----DKLTADDMWAIL-----QQTSRVDL 578  

363 ALRDANLE-NTRVLQQWYSINQASDVADLRRRVEALQGIPWVNTLAADE-QGNALYMNQSVVPY----LKPELIPACAIP------QLVAEGLPALQGQDSRCAWSRDPAAAQAGITPAAQLPVLLRRDFVQNSNDSAWLTNPASPLQGFSPLVS-------QE-KPIGP 512  

372 ALRDANRN-NTRMLATWLGFAGAKSVRDIRASLN-VQGIPWVNTIAADR-AGSALYADISSSPN----VSAAQQQACTPP-PLAP-LFPAAGLAVLDGSHSACDWKTDPASRVPGLRAPDKMPVLIRQDFVANSNNSAWLANPAAPQTGLDPLVG-------EVNAPQSP 525  

415 AYRSIQQEADKT-LDGFFDLSRAKTIEQAFDATREIRAMPLNIVFADEK---HIGWQVTGRYPNRKE-GRGLLPSPGWDGRYDWDGYADPILHPSDQDPQQGWLGTANHRTVQPGYGAQLSNSWYYPERAERIAQLAGASKSHDTQSMIRMQYDQTSLFVAKLQAMFDNP 579  

123 LSQHKDN--GAPAVNTADVVSFITERYATTAEVKAALDNGEFQIAWASAPNGMEHAAPLHYSVV------------------------DADGNIMLIQLVKGGEQKIYLGDAESDLRVKTNDPLQEKHREYMQQFDLKD------------------------------- 235  

116 LTMHKDNDNGAPAVNNGLLATYITSNYKTVAEAIDGLEKGEWQPAFSDPMMDMEHLVPGHFNLR------------------------DNEGNVALIQLNAGGKLKVWRGSTNDELRFVTNEPLFQDHLEFSKTIDR--------------------------------- 228  

387 ALNDPNAV-NLRSADTSLGFSKARSTAGIERALHRSQGLPWVNTIAADR-SGNSFFSQSQVLPR----ITDELAARCST--PLGQATYPSAGLAVLDGSTSACALGSDRDAVQPGIFGPGRMPTLKNAPYVENSNDSAWLTNADRPLTGYERVFG-------TTATQRSI 541  

394 ALADPNAA-QFRFFDSSLGLSKARDVRGVREALRRTQGLPWVNTVAADS-AGHSLYTQSQVLPR----VTDEVQRSCAT--ALGRRTYPESGLAVLDGSRGACALGRDRDALQPGVFGPSAMPTLVDAPYAENSNDSAWLANADRPLTGYPRIFG-------DIGTERSF 548  

385 ALNDPNAT-NLRMADTGLGFGKARSTGDVERALHRSQGMPWVNTIAADR-AGRSFFAQSQVLPR----ITDALAERCST--PLGRATYPASGLAVLDGSRTDCALGSDPDAVRPGIFGPGRMPVLKNQPYVENSNDSAWLTNAERPLTGYERVFG-------TIATPRSM 539  

 

539 RTQQTIVSAQRRLAGADGLPGAGFSLDTMSRVLFSDDSRVAELTAADAAAMCAAFPDGVAAGAAG-PVDVTEACPVLAA--WDRSFRLDSR-GSLLFARFATRLG-AVPGGP-WATPFDPADPIGTPAGLATAKPAVQ----RAFADAVAELRSAGIA-LDAPLGDHQSV 697  

536 RTRIGLIEIGRRLAGADGLPGNRIDLPNLQAMLFRNTNLAGHLVLGDLLEAC--------KAARDADADVRNGCVALGR--WNRTAAANAR-AAHLFREFWMRAK---DIPQVYATDFNPDDPIYTPRGLRMHDATVRATVFKALKDAVGAVRAAGFA-LDAPLGTVQAV 690  

561 RTRMGLTLMQDAAG-----SDGKFNLEELEAAVLSNRSYLAELVLQDLIAQCEAQGSTPVVVSASLSKDLTSACAALKA--WNGKQDNDSK-GGALLREFAHQFS----QKTMLTKGFDPANAATTPNTLTTDGSALV-----ALAHAALNLEAAGFA-LDAPLGDVQFV 712  

605 NRRHFLPFLQRAVQG---LPADDPRVRLVAGLAAWDGMMTSERQPGYFDNAGPAVMDAWLRAMLRRTLADEMPADFFKW--YSATGYPTPQAPATGSLNLTTGVK------VLFNALAGPEAGVPQRYDFFNGARADD-VILAALDDALAALRQAYGQ-DPAAWKIPAPP 761  

558 NWRYFRPHLEKLAQQ---LPADDSSKAALTMLLAWDGMEQ--DQGGQNAGPARVLFKTWLEEMYKQVLMPVVPESHRAM--YSQTGFATQQGPNPGSINLSMGTK------VLLRALVLEAHPDPKRVNVFGERSSQE-IMHTALQNAQARLSQEQGA-QMARWTMPTSV 712  

552 RTRMAFTQVLDRLSNKDGLGGHNFDLDKLQQVVYGNRSYAAELVLDDVLADCNANP--MLPLTGGATIEAKQACSILNN--WDRRNNIDSR-GAHVFREFWNKAGFSEYTNDSFKVPFNEADPINTPRELKITAQT-----RQALGDAIAYFQNKGIA-LDASLGELQYV 710  

540 RTRGAIEDVASMAD------KGRLRVADLQRQQFANRAPAGELAASEVAKWCAALPGGTAVGTGGTPVDVSDACAVLRR--WDRSVDSDSR-GALLFDRFWRKTS-AVPAAELWKTPFDPADPVRTPRGLNTAAPGVG----RALADAVAELRAAGIA-LDAPLGKHQFV 694  

465 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 465  

600 NAQNIVPILQQISFN---------DSRLQTAQKLFQNWNLQLVTQSSAAALFEVFWKHLLADTFHEQLPKEYFPDGGDR--WYAVIENIIQQPNSNWWDNRQTSQVENRDQIFRQAFTKAVDELERLQGKNPQSWNWG--KLHTITFRNATLGKSGVA-PIEALFNRGAF 755  

535 RTRIGLIEIGRRLAGTDGLPGNRIDLPNLQAMIFSNANLAGQLVLGDLLAAC--------KATPAPDADVRDGCAALGQ--WNRTSNADAR-AAHLFREFWMRAK---DIAQVHAVEFDPADPVHTPRGLRMNDATVRTAVFKALKEAVGAVRKAGFA-LDAPLGTVQAA 689  

351 -----------------------------------------------------------PLAYGFTQGANLSHAEWLAK--YEESLHIKQKCLEIFAEYDVIICP------PILTLAFEHNHKEPLMFRTLQVDGRKR--FYLELFKWISPATVFGLPSTSAPIGLSEDN 452  

192 -------------------------------------------------------------GTVMLPGTNRASDRFVRA--SFYAN------AIP------KSEN----PVEAIASVFSVIRNVSVPYGITTPDQ----------PNISSTRWRTVID-HKRKLYFFESA 272  

522 RTRLGLDQIQQRLAGTDGLPGKGFTTARLWQVMFGNRMHGAELVRDDLVALCRRQP--TATASNGAIVDLTAACTALSR--FDERADLDSR-GAHLFTEFALAGG------IRFADTFEVTDPVRTPRRLNTTDPRVR----TALADAVQRL--AGIP-LDAKLGDIHTD 673  

563 RANLFKPLLIDVLDKN--KSTNGNYTYLIEKLEEWNNLKEDENKDGYYDAGIAAFFDEWWNNLHDKLFMDELGDFYGIT--KEIT-------------DHRYGAS------LAYKNISKESTN-----YKWVNVDQEK-IIMESTNEVLAKLQSEKGL-KAEKWRMPIKT 702  

208 ----------------------------------------------------------AGVGMHGIPGDVSSPSRFVRV--AYTNAHYP------------QQND----EAANVSRLFHTLGSVQMVDGMAKMGD----------GQFERTLFTSGYS-SKTNTYYMNTY 291  

563 RANLFKQLLIDVLDKN--KSTNGNYIYLIEKLEEWNNLKEDENKDGYYDAGIAAFFDEWWNNLHDKLFMDELGDFYGIT--KEIT-------------DHRYGAS------LAYKILNKESTN-----YKWVNVDQEK-IIMESTNEVLAKLQSEKGL-KAEKWRMPIKT 702  

211 ----------------------------------------------------------QGAGGLGLPGDFTPSARFLRV--AYWKKYTE------------KAKN----ETEGVTNLFHILSSVNIPKGVVLTNE----------GKTDYTIYTSAMC-AQSKNYYFKLY 294  

209 ----------------------------------------------------------QGLGTVGLPGDYTPPSRFVRA--VYLKEHLE------------PAAD----ETKGVTAAFQILANMTIPKGAVITEE----------DEIHYTQYTSVMC-NETGNYYFHHY 292  

584 NLRLFLPTLQAATSG---LTQSDPRRQLVETLTRWDGINLLNDDGKTWQQPGSAILNVWLTSMLKRTVVAAVPMPFDKW--YSASGYETTQDGPTGSLNISVGAK------ILYEAVQGDKSPIPQAVDLFAGKPQQE-VVLAALEDTWETLSKRYGN-NVSNWKTPAMA 740  

205 ----------------------------------------------------------RGMGGIGLPGDLSSVSRFVKA--TFTKLNSV------------SRSS----EYESISQFFHILSSVEQQKGLCDVGD----------EKYEYTIYSSCCN-LEKGIYYYRTY 288  

520 RARFALDRLESLKT------AGKISVENLQAMVMDNEVYQAGQVLPDLLTFCA-------SELGDDAARLAPLCAALKD--WDGRADLNSGIGFVYFQKIMTSMQ---AVASRWRVAFDPQDPVHTPSGLAIENPSVATALRAAMLAAVDDVAKAGLP-AGSKWGDIQVS 670  

548 ILRPLIPVLRSVVSD----------PDELALVERLASWKGDYPVDSVGATLFNQFLFDLTEETFHDELGDAMFETLLSSRVMDAALPRLAADADSPWWNNRNSPHEESRANTVKVAWRASVSHLRSLYGTNPDEWVWG------KAHTLTQGHPLGSQKPLDMIFNVGPY 701  
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582 -LRLFLPALKDATAN---LAENDPRRQLVDKLASWDGENLVNDDGKTYQQPGSAILNAWLTSMLKRTVVAAVPAPFGKW--YSASGYETTQDGPTGSLNISVGAK------ILYEALQGDKSPIPQAVDLFGGKPEQE-VILAALDDAWQTLSKRYGN-DVTGWKTPAMA 738  

541 RTRMGHTMALERLAGTDGYAGNKATSAVVREMVLGSRVFSAERFKDEVL-DLICTP--AQWTVNGAAVDAAQACAVLAA--WDNRGRKDSR-GSHLWDEFWSRVP----TASLFTVPFSAADPLNTPRGINAAAADAL---RQAMATAIARVGQSGYA-LDAPRGEVLYA 696  

201 -------------------------------------------------------------GNVMLPGTNRAADRFVRA--SFYVKNVNPNKLIPGVAEKGKIEK----DKADLATAFSIIRNASVPYGYSLPDM----------PNIASTRWRTVVD-HKSLQYFFESA 293  

559 EVKKLLPLAQQIQPQNE-HQRQALELLKSWSGNMSADSQAPSIFIVWQREIRKLLLKDELAGFWNQQGQLDILQDIAST--LPLTTVVELLQHPQWCVDSATNSSSDNCQQLINKAFKKALQVLSNQLGEDIAGWNWG----ELQHTEYAHTPFSHIR-VLDGLFERRAP 720  

579 NHRLFTPFLTQATQG---LPSNDNSVKLVSMLQQWDGINQLSSDGKHYIHPGSAILDIWLKEMLKATLGQTVPAPFDKW--YLASGYETTQEGPTGSLNISTGAK------LLYESLLEDKSPISQSIDLFSGQPQND-VIRKTLNTTYQKMIEKYGD-NPANWQTPATA 735  

513 RARYALSRLQGKQ---------PLEAKTLEEMVTANHVFSADQVLPDLLRLCR-------DNQGEKS--LARACAALAQ--WDRGANLDSGSGFVYFQRFMQRFA---ELDGAWKEPFDAQRPLDTPQGIALDRPQVATQVRQALADAAAEVEKSGIP-DGARWGDLQVS 658  

526 RTRMGLLEIGRRLSGTDGLPGRTFDIPTLQATLLRESNLTGEMYAADAAKLC--------QSAGG--AELQPACNALAA--WDRRSSQESR-GAALWREFWRRAR---AIPNVYAVPFDPADPVNTPRGLNTADPAAQTALLGALREAAAALTAAGIP-FDAPLGEVQGV 678  

580 GMALPLRQAIDALPEAQRSRAREAYDRLMAFDGKLTASSSDAALYGAFLHESARQIFLDELGPEDGPAWKAFVETANLS--YSAQADHLLGRDDSPFWDDTRTPQKEDKPAILARSLAAAVEFCEQRLGSERKAWQWGKLHTYEWQSDSSKMAPYLGAGERAGLGAIKGY 747  

235 -----------------------------------------------------------PSVATKMPWSIGGLERNSRL--LAMSTHMD----------LEGLSY----TETVARQKGTFDAAALVPFGVQDPKT----------GEDYPSFFSMQYN-LDNGDIWFRSL 319  

228 -----------------------------------------------------------SALGTKLPADYSPLSRYVRG--LHHAESQD----------FKNMTY----QQTMAAQLLAFHSAVAIPQSVQAPFVDGP--KIAEEGGVFPTFFTVQYN-LKNGDTVYSDL 320  

542 RTRGAIEDVAAMAE------RGRLRVTDLERQQLANRAPTGDLVAADVAKWCAALPGGTAVGSSGTPVDVSAACPVLRR--WDRSVDSDSR-GALLFDRFWRKAA-AVPAAELWKVPFDAADPVRTPRGLNTAAPGVG----KALADTVTELKAAGIA-LNAPLGEHQFV 696  

549 RTRGGVEDVAAMAK------RGRLTVADLERQQFAGRAPTGDLAAADAAAACAKLPGGRATGPDGRPVDVSGACGVLAR--WDRRLTTGSR-GALLFDRFVRALVREVPADRLWRVPFDPAKPVTTPNTLNTAEPGVA----RALAAAVHDLRSAGIA-LDAPLGEHQFV 704  

540 RTRGAIEDVASMAD------RGRLRVGDLQRQQFANRAPAGDLAASEAAKWCAALPGGTAVGSDGTPVDVSAACRVLRR--WDRTVDSDSR-GALLFDRFWRKAS-SAPAAELWRTPFDPADPVRTPRGLNTAAPVLG----RALADAVAELRAAGIA-LDAPLGEHQFV 694  

 

698 TRAG-------ETIPVHGAPHALGVLNVITPTWR-AGAGNVDVVHGS-------------------------SFIQVVEFGATGAPR-ARTLLTYSQSADPTSPHHADQTRLFSRST-WVTSRFTEREIAASPVLSQIRLTERAPR-- 808  

691 RLPD-------GDIALHGGEEYEGVLNKLQSLPIGPQGLQ--VDEGT-------------------------SYVQTVGFDAQGPVA--QALLVYGESTDPASPHAFDQMRAFSAKR-WIRLPFSEAAIAADPALKVTKLSQ------ 795  

713 EKSLPYGTASGARLPWPGSHNAEGGFNVFSTSLSGDDTLIPQHKYAPLMDVVTGKAMASGMTAKGYQVRYGSSWMMAVSFTDEGPVA--RGILTYSESSNILSPSFTDQSNLYSSSKSFRPLLFKEADIAPAVISTTELTLQKAQ--- 855  

762 MVFA--------PKNFLGVPQADAKAVLCYRATQNRGTENNMTVFDGKS-------------------------VRAVDVVAPGQSG-------FVAPDGTPSPHTRDQFDLYNTFG-SKRVWFTADEVRRNATSEETLRYPR----- 863  

713 HRFS--------DKNFTGTPQTMPGNTFAFTGYQNRGTENNRVVFDAKG-------------------------VEFCDAMPPGQSG-------FTDRNGVRSPHYEDQLKLYENFE-CKTMDVTHADIRRNAQSSTMLLIQPQP--- 816  

711 LDAGKN----NQHIPMHGGYGSEGIFNVARGAGVNEAGNYIINNGP--------------------------TYMQSVTFDSKGPVV--EALLAYSQAGDTTRPYHRDQTRRYSDKK-WIRLPFSKSEISKQAVGEVIKLRE------ 819  

695 VRNG-------KRLPIGGGTESLGIWNKTEPVWNAAGGGYTEVSSGS-------------------------SYIQAVGWDDSRCPV-ARTLLTYSQSENPRSRHFSDQTRLYAGER-WVTSRFCEKDIARSPDLRVVRVHERR---- 804  

465 ---------------------------------------------------------------------------------------------------------------------------------------------------- 465  

756 TTSG------------NGETVNANRWRANQSFEVTDIPSLRIIVDLAN-------------------------LDDSVAIHAPGQSG------------HAFHQHYDDMIESWRKLE-YHPMLWQQQTVTANTSAKLQLMPK------ 847  

690 HAPD-------GSIALHGGEEYEGVLNKLQTLPIGPKGLP--VYFGT-------------------------SYIQTVTFDDQGPVA--DAILTYGESTDHASPHAFDQMRAYSGKH-WNRLPFSEAAIAADPALKVMRLSQ------ 794  

453 LPVN----------------------------------------------------------------------IQILGQPYADKVT-------------------IKFAELLAQIT----------DGFQKPPLDF----------- 490  

273 LTPN----------------------------------------------------------------------VFWIDMTKLDLSK--------ETGAVKKLDLGANQIHIYSGMA--------NESLKDTKPFKFLGL-------- 326  

674 SRGE-------RRIPIHGGRGEAGTFNVITNPLVPGVG-YPQVVHGT-------------------------SFVMAVELG-PHGPS-GRQILTYAQSTNPNSPWYADQTVLYSRKG-WDTIKYTEAQIAADPNLRVYRVAQRGR--- 782  

703 MTFG--------EKSLIGIPHGYG--SMTPIIEMNRGSENHYIEMTPKG-------------------------PSGFNITPPGQIG-------FVKKDGTISDHYDDQLVMFAEWK-FKPYLFNKKDIYKAATNVSALNMSK----- 802  

292 DDPA----------------------------------------------------------------------IRSYAMADYDMD--------------------SSELISVAR--------------------------------- 316  

703 MTFG--------EKSLIGIPHGYG--SMTPIIEMNRGSENHYIEMTPTG-------------------------PSGFNITPPGQIG-------FVKKDGTISDHYDDQLVMFAEWK-FKPYLFNKKDINKAAKNVSALNMSK----- 802  

295 DNSR----------------------------------------------------------------------ISAVSLMAENLN--------------------SQDLITFEWDR--------KQDIKQLNQVNVMS--------- 335  

293 DNRQ----------------------------------------------------------------------IQKVNLFHEDLD--------------------CLEPKVFSAKA--------EESIHELN--------------- 327  

741 LTFR--------ANNFFGVPQAAAEETRHQAEYQNRGTENDMIVFSPTTSD---------------------RPVLAWDVVAPGQSG-------FIAPDGTVDKHYEDQLKMYENFG-RKSLWLTKQDVEAHKESQEVLHVQR----- 846  

289 DNSQ----------------------------------------------------------------------ITAVDMNKENLE--------------------KDSLIVYPMVE--------TQQINYANLEHHHHHH------- 331  

671 SISG-------KQIPIHGGPAGLGVYNAMQTVAG--KDGKREVVSGT-------------------------SYLQVVTFDEQGPKA--QGLLAFSESSNPQSAHSSDQTEAFSKKQ-WQALPFTEQQIKADPAYEVQVISEEPDR-- 779  

702 AAPG-----------THEVPNNLSSSIRPAPWPVGYGPSTRRLIDFADP-------------------------AHSLGINPVGQSG------------VPFDKHYSDQAKAFVNGE-YLPQRFSEKDVAEHTEGVLRLVPGA----- 795  

739 LTFR--------ANNFFGVPQAAAKEARHQAEYQNRGTENDMIVFSPTSGN---------------------RPVLAWDVVAPGQSG-------FIAPDGKADKHYDDQLKMYESFG-RKSLWLTPQDVDEHKESQEVLQVQR----- 844  

697 TRGG-------TRLPLYGGCGAMGYFTITCSENDITQGGYSMDGQPNAS----------------------NSYMQVVSFPASGVQA--HTFLTFSLSDDPASPHHGDYTKAYSAGQ-WLRVPFTEAEITGNADYRTATVKE------ 806  

294 VSPN----------------------------------------------------------------------IFWVDLKKINFAP--------RGGSAAKLDLGPNQSTIYSGQA--------SGHFKPAQPFEFAGLLEHHHHHH 355  

721 AGGS-----------IHSVNVAASYYDKSQGFVQNFGAGMRQIIVMGDP-------------------------EQHFYMNSTGQSG------------NPISEHYDDMVMKFSRVE------FERFDAEPSQLAYVELIAGD----- 809  

736 LTFR--------ENNFFGIPQALPQENFHQNEYHNRGTENDLIVFTEEG-------------------------VSAWDVVAPGQSG-------FISPQGKPSPHYQDQLSLYQQFG-KKPLWLNSEDVAPYIESTETLIIER----- 837  

659 TRGQ-------ERIAIPGGDGHFGVYNAIQSVR---KGDHLEVVGGT-------------------------SYIQLVTFPEEGPKA--RGLLAFSQSSDPRSPHYRDQTELFSRQQ-WQTLPFSDRQIDADPQLQRLSIR------- 761  

679 VRGG-------DFISLPGGAEFEGVLDKIDFNPLAPGGYRGVVGNAS-------------------------SYIQTVGFTDSGVQA--EAVLTYSQSSNPESPYFSDQTRLFSRSE-WVKLPFTQPEIEADPTRTVVQLSE------ 785  

748 LDRGP------YPAGGDHTTLDVSAYGWGQDFDTWLIPAMRLIVDFGQS-------------------------EPMIGVNSSGQSG------------NPASPHYADGIDAWLKGR-YVSFPFQPQNLDRVYGNKRLTLTPAR---- 847  

320 MSGK----------------------------------------------------------------------EIKFNLEDTKQF--------------------KTPMHADIMAQ--------VDKGAQTITWSKM---------- 359  

321 YEGH----------------------------------------------------------------------QIKFNFAEVSVG--------------------KEPVCANLSVD--------AHEGRAAPTFGKCS--------- 361  

697 VRNG-------KRIPVGGGTESLGIWNKIEPVWNPAAGGYTEVSAGS-------------------------SYIQAVGWDNSRCPV-ARTLLTYSQSSNPNSPHYSDQTRLFSGER-WVTSRFCEKDIARSPQLKVVRVHERR---- 806  

705 VRKG-------KRIPVPGGTEALGAWNKVESRWDGSRGGYPEVSMGT-------------------------SYVQAVGFDGGPCPVTARTLLTYSQSDDPASAHSSDQTELFSKGR-MTRGRFCERDILASPGLRVVRVAQR----- 814  

695 VRNG-------KRLPIGGGTESLGIWNKTEPQWNAAGGGYTEVSSGS-------------------------SYIQAVGWDDSRCPV-ARTLLTYSQSENPKSPHYSDQTRLYAGER-WVTSRFCERDIARSPDLRVVRVHERR---- 804  

Supplementary Figure S1. Multiple amino acid sequence alignment of AuAHLA and other acylases from the Ntn-hydrolase superfamily by 

ClustalW. Ntn-hydrolases with reported AHL acylase activity: AiiD, from Ralstonia sp. XJ12B (NCBI accession no. AAO41113); PvdQ, from 

Pseudomonas aeruginosa PAO1 (AAG05773); AhlM, from Streptomyces sp. M664 (AAT68473); QuiP, from P. aeruginosa PAO1 (AAG04421); 

HacA, from Pseudomonas syringae B728a (AAY37014); HacB, from P. syringae B728a (AAY39885); AiiC, from Anabaena sp. strain PCC7120 

(BAB75623); Aac, from Shewanella sp. Strain MIB015 (BAF94155); QqaR, from Deinococcus radiodurans R1 (WP_010889514); MacQ, from 

Acidovorax sp. MR-S7 (BAV56778), PfmA, Pseudoalteromonas flavipulchra JG1 (ASS36259); AmiE, Acinetobacter sp. Ooi24 (BAP18758); AibP, 

from Brucella melitensis (AAL53453); Aac, from Ralstonia solanacearum GMI1000 (WP_011002462); SlPVA, from Streptomyces lavendulae ATCC 

13664 (AAU09670), AuAAC, from Actinoplanes utahensis NRRL 12052 (WP_043523659); AhaP from Psychrobacter sp. M9-54-1 

(WP_200663734.1); Slac1, from Shewanella loihica PV-4 (ABO22553.1); Slac2, from Shewanella loihica PV-4 (ABO24671.1); and AuAHLA, from 

A. utahensis NRRL 12052 (WP_052163432). Ntn-hydrolases with reported penicillin G acylase activity: EcPGA, from Escherichia coli ATCC 

11105 (P06875); KcPGA, from Kluyvera citrophila DSM 2660 (P07941); AcPGA, from Achromobacter sp. strain CCM 4824 (AAY25991); BmPGA, 

from Bacillus megaterium ATCC 14945 (Q60136); AfPGA, from Alcaligenes faecalis ATCC 19018 (AAB71221); AvPGA, from Arthrobacter viscosus 

ATCC 15294 (P31956); and PrPGA, from Providencia rettgeri (AAP86197). Ntn-hydrolases with reported penicillin V acylase activity: SmPVA, 

from Streptomyces mobaraensis (BAF51977); AtPVA, from Agrobacterium tumefaciens (5J9R); PaPVA, from Pectobacterium atrosepticum (4WL2); 



BspPVA, from Bacillus sphaericus (3PVA); and BsPVA, from Bacillus subtilis (2OQC). Ntn-hydrolases with reported bile salt hydrolase 

activity: BlBSH, from Bifidobacterium longum (2HF0), and EfBSH, from Enterococcus feacalis (4WL3). Ntn-hydrolases with reported cyclic 

lipopeptide acylase activity were as follows: SsCLA, from Streptomyces sp. FERM-BP5809 (BAD07025). Bifunctional acylases (with both 

penicillin and AHL acylase activities) are indicated by asterisks and, among them, SlPVA and AuAAC present aculeacin A acylase activity 

as well. 



Supplementary Table S1. Amino acids involved in the catalysis predicted by COBALT sequence 

alignment using AuAHLA, SlPVA, AuAAC and other 174 acylases, and their characteristics*. 

Subunit 
Residue Secondary 

structure 

Conserved Most common 

SlPVA AuAAC Residue Residue Side chain Residue Side chain 

β 

(catalytic 

residues) 

βSer1 βSer1 βSer1 Coil S (100 %) Polar (100 %) S (100 %) Polar (100 %) 

βHis23 βHis23 βHis23 Coil H (84 %) Basic (87 %) H (84 %) Basic (87 %) 

βVal70 βVal70 βVal70 Coil V (33 %) Nonpolar (63 %) V (33 %) Nonpolar (63 %) 

βAsn272 βAsn268 βAsn274 Coil N (99 %) Polar (100 %) N (99 %) Polar (100 %) 

α 

(substrate 

binding 

pocket) 

αAla154 

 

 

αMet149 

 

 

αVal157 

Helix 

A (22 %) 

M (6 %) 

V (12 %) 

Nonpolar (66 %) 

Nonpolar (66 %) 

Nonpolar (66 %) 

A (22 %) Nonpolar (66 %) 

αGly158 αGly153 αGly161 Coil G (34 %) Polar (55 %) G (34 %) Polar (55 %) 

αThr167 

 

 

αVal162 

 

αVal170 

CoilSlPVA 

HelixAuAAC, 

AuAHLA 

T (9 %) 

V (10 %) 

Polar (25 %) 

Nonpolar (60 %) 
F (14 %) Nonpolar (60 %) 

β 

(substrate 

binding 

pocket) 

βGly8 

 

 

βAla8 

 

 

βArg8 

Coil 

G (28 %) 

A (5 %) 

R (4 %) 

Polar (36 %) 

Nonpolar (47 %) 

Basic (17 %) 

P (41 %) Nonpolar (47 %) 

βThr10 

 

 

βAla10 

 

 

βGly10 

Coil 

T (2 %) 

A (5 %) 

G (2 %) 

Polar (8 %) 

Nonpolar (13 %) 

Polar (8 %) 

K (41 %) Basic (80 %) 

βTyr24 

 

 

βPhe24 

βTyr24 

 
Coil 

Y (4 %) 

F (24 %) 

Polar (12 %) 

Nonpolar (77 %) 
L (43 %) Nonpolar (77 %) 

βArg31 βArg31 βArg31 

HelixSlPVA 

StrandAuAAC, 

AuAHLA 

R (24 %) Basic (24 %) R (24 %) Nonpolar (53 %) 

βPhe32 βPhe32 βPhe32 

HelixSlPVA 

StrandAuAAC, 

AuAHLA 

F (24 %) Nonpolar (72 %) W (42 %) Nonpolar (72 %) 

βTrp33 

 

 

βTyr33 

βTrp33 

 

HelixSlPVA 

StrandAuAAC, 

AuAHLA 

W (14 %) 

Y (62 %) 

Nonpolar (31 %) 

Polar (69 %) 
Y (62 %) Polar (69 %) 

βLeu50 βLeu50 βLeu50 Coil L (40 %) Nonpolar (86 %) L (40 %) Nonpolar (86 %) 

βSer53 

 

 

βAsp53 

 

 

βPhe53 

Coil 

S (6 %) 

D (1 %) 

F (2 %) 

Polar (25 %) 

Acidic (1 %) 

Nonpolar (75 %) 

L (27 %) Nonpolar (75 %) 

βSer57 

 

 

βGlu57 

 

 

βLeu57 

Strand 

S (9 %) 

E (1 %) 

L (18 %) 

Polar (26 %) 

Acidic (1 %) 

Nonpolar (59 %) 

V (21 %) Nonpolar (59 %) 

βIle58 βIle58 βIle58 Strand I (40 %) Nonpolar (93%) I (40 %) Nonpolar (93 %) 

βSer67 βSer67 βSer67 Strand S (20 %) Polar (98 %) G (38 %) Polar (98 %) 

βHis68 βHis68 βHis68 Strand H (26 %) Basic (26 %) H (26 %) Nonpolar (49 %) 

βThr69 βThr69 βThr69 Coil T (94 %) Polar (99 %) T (94 %) Polar (99 %) 

βThr72 βThr72 βThr72 Helix T (23 %) Polar (54 %) T (23 %) Polar (54 %) 

βVal186 

 

βVal182 

 

 

βLeu188 
Strand 

V (16 %) 

L (15 %) 

Nonpolar (54 %) 

Nonpolar (54 %) 
Q (20 %) Nonpolar (54 %) 

*Secondary structure of each residue, percentage of conserved amino acids and most common residue on 

each position and side chain properties. 



 

Supplementary Figure S2. Purified AuAHLA analysis. (A) MALDI-TOF analysis of α-subunit (left) and β-

subunit (right) of AuAHLA. (B) Mass fingerprint of α-subunit (highlighted in grey) and β-subunit 

(highlighted in black) of AuAHLA. (C) Fluorescence emission spectra of AuAHLA: λex = 275 nm (solid 

line), λex = 295 nm (dashed line) and contribution of tyrosine residues to the emission spectra (dotted line). 

(D) Analytical ultracentrifugation analysis of AuAHLA: c(s) distribution as a function of sedimentation 

coefficient (S).  



Supplementary Table S2. Purification table of AuAHLA by ionic exchange chromatography. 

Step 
Activity 

(IU/mL) 

Protein concentration 

(mg/mL) 

Specific 

activity (IU/mg) 

Yield 

(%) 

Purification 

(fold) 

Cell-free broth 0.19 0.042 4.5 100 1 

SP Sepharose 0.60 0.011 54.5 37 12 

Ultrafiltration 8.40 0.096 87.5 22 19 

 

Supplementary Table S3. MRM parameters of AHLs analysis. 

AHLs 
Retention time 

(min) 
Parent ion (m/z) 

Product ions 

(m/z) 

Collision Energy 

(V) 

C4-HSL 2.9 172.10 

43.05 

71.00 

102.05 

-27 

-12 

-14 

C6-HSL 4.7 200.10 

42.95 

98.95 

102.05 

-30 

-12 

-12 

C8-HSL 5.7 228.10 

210.20 

109.10 

102.10 

-15 

-15 

-15 

C10-HSL 6.2 256.10 

238.30 

102.10 

109.10 

-17 

-17 

-17 

C12-HSL 6.6 284.10 

266.20 

109.10 

102.10 

-17 

-17 

-17 

3-oxo-C6-HSL 3.4 212.10 

85.10 

87.05 

57.05 

18 

10 

30 

3-oxo-C10-HSL 5.8 268.10 

143.15 

141.20 

57.05 

13 

20 

35 

3-oxo-C12-HSL 6.3 296.30 

171.20 

169.20 

57.10 

14 

17 

11 

 



 

Supplementary Figure S3. Phylogenetic analysis of AuAHLA and other acylases from the Ntn-hydrolase 

superfamily. Evolutionary analysis was conducted in MEGA X and the phylogenetic tree was inferred 

using the Neighbor-Joining method. The percentage of replicate trees in which the associated taxa 

clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The evolutionary 

distances were computed using the p-distance method and are in the units of the number of amino acid 

differences per site. Ntn-hydrolases with reported AHL acylase activity: AiiD, from Ralstonia sp. XJ12B 

(NCBI accession no. AAO41113); PvdQ, from Pseudomonas aeruginosa PAO1 (AAG05773); AhlM, from 

Streptomyces sp. M664 (AAT68473); QuiP, from P. aeruginosa PAO1 (AAG04421); HacA, from Pseudomonas 

syringae B728a (AAY37014); HacB, from P. syringae B728a (AAY39885); AiiC, from Anabaena sp. strain 

PCC7120 (BAB75623); Aac, from Shewanella sp. Strain MIB015 (BAF94155); QqaR, from Deinococcus 

radiodurans R1 (WP_010889514); MacQ, from Acidovorax sp. MR-S7 (BAV56778), PfmA, from 

Pseudoalteromonas flavipulchra JG1 (ASS36259); AmiE, Acinetobacter sp. Ooi24 (BAP18758); AibP, from 

Brucella melitensis (AAL53453); Aac, from Ralstonia solanacearum GMI1000 (WP_011002462); SlPVA, from 

Streptomyces lavendulae ATCC 13664 (AAU09670), AuAAC, from Actinoplanes utahensis NRRL 12052 

(WP_043523659); AhaP, from Psychrobacter sp. M9-54-1 (WP_200663734.1); Slac1, from Shewanella loihica 

PV-4 (ABO22553.1); Slac2, from Shewanella loihica PV-4 (ABO24671.1); and AuAHLA, from A. utahensis 

NRRL 12052 (WP_052163432). Ntn-hydrolases with reported penicillin G acylase activity: EcPGA, from 



Escherichia coli ATCC 11105 (P06875); KcPGA, from Kluyvera citrophila DSM 2660 (P07941); AcPGA, from 

Achromobacter sp. strain CCM 4824 (AAY25991); BmPGA, from Bacillus megaterium ATCC 14945 (Q60136); 

AfPGA, from Alcaligenes faecalis ATCC 19018 (AAB71221); AvPGA, from Arthrobacter viscosus ATCC 15294 

(P31956); and PrPGA, from Providencia rettgeri (AAP86197). Ntn-hydrolases with reported penicillin V 

acylase activity: SmPVA, from Streptomyces mobaraensis (BAF51977); AtPVA, from Agrobacterium 

tumefaciens (5J9R); PaPVA, from Pectobacterium atrosepticum (4WL2); BspPVA, from Bacillus sphaericus 

(3PVA); and BsPVA, from Bacillus subtilis (2OQC). Ntn-hydrolases with reported bile salt hydrolase 

activity: BlBSH, from Bifidobacterium longum (2HF0), and EfBSH, from Enterococcus feacalis (4WL3). Ntn-

hydrolases with reported cyclic lipopeptide acylase activity were as follows: SsCLA, from Streptomyces sp. 

FERM-BP5809 (BAD07025). Bifunctional acylases (with both penicillin and AHL acylase activities) are 

indicated by asterisks and, among them, SlPVA and AuAAC present aculeacin A acylase activity as well.  

 

 
 

gaattcgagctcggtacccccgggggatcctctagagtcgacctgcagtaccaaccggcacgattgtgcccacaacagcatcgcggtgcc 

  EcoRI     SstI     KpnI     SmaI      BamHI     XbaI      SalI     PstI 

acgtgtggaccgcgtcggtcagatcctccccgcacctctcgccagccgtcaagatcgaccgcgtgcacctgcgatcgccgatcaaccgcg 
 

actagcatcgggcgcaagccgccactcgaacggacactcgcaagctt 
          HindIII 

Supplementary Figure S4. Shuttle vector pENV19 construction.  


