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Table S1. Catalog of LasR mutants generated in this study and selected previously reported 
data for LuxR-type proteins with related mutations. 

This study Previous studies 

LasR mutation LuxR-type protein Mutation Effect on activity with native ligand Reference 
Y56F LasR Y56C present in QS-deficient clinical isolate 1 
 LasR Y56F no change 2 
 LuxR Y62F significant decrease in sensitivity 3 
 TraR Y53F moderate decrease in sensitivity 4 
 TraR Y53S inactive or major decrease in sensitivity 4 
W60F LasR W60F moderate decrease in sensitivity 2 
 LuxR W66H inactive 3 
 TraR W57F inactive or major decrease in sensitivity 4 
 TraR W57Y inactive or major decrease in sensitivity 4 
R61M LasR R61M moderate decrease in sensitivity 5 
 LuxR R67M inactive or major decrease in sensitivity 5 
D73L LasR D73E loss in activity (sensitivity not reported) 6 
 LasR D73N not determined 7 
 LuxR D79N inactive 3, 8 
 TraR D70E inactive 9 
 TraR D70N inactive 9 
 TraR D70S inactive or major decrease in sensitivity 4 
 TraR D70V inactive or major decrease in sensitivity 4 
 RhlR D81E did not bind native ligand in vitro 10 
T75V LasR T75K present in QS-deficient clinical isolate 1 
W88F LasR W88Y loss in activity (sensitivity not reported) 6 
 LasR W88C not determined 11 
 LuxR W94D inactive 3 
 LuxR W94Q could not be stably expressed 12 
Y93F none    
T115V LasR T115I isolated PAO1 mutant had major 

deficiencies in producing OdDHL, BHL, 
elastase, and nucleoside hydrolase 

13-14 

 TraR T115I significant decrease in sensitivity 4 
S129A TraR T129S no change 4 
 TraR T129A inactive or major decrease in sensitivity 4 
 TraR T129V significant decrease in sensitivity 4 
 TraR T129L inactive or major decrease in sensitivity 4 
 TraR T129I inactive or major decrease in sensitivity 4 
 TraR T129F inactive or major decrease in sensitivity 4 
N/A* CviR M89A moderate decrease in sensitivity 15 
 CviR M89S moderate decrease in sensitivity 15 
 CviR M89L no change 15 
 CviR M89F no change 15 
 CviR’ S89M/ 

N77Y 
maximum activity substantially 
decreased 

15 

N/A* QscR S56G moderate decrease in sensitivity 16 
 QscR S56T slight decrease in sensitivity 16 

* Nearby residues in CviR and QscR not examined in this study; data included here to be comprehensive.!  
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Table S2. Bacterial strains and plasmids used in this study. 

Strain or plasmid Description* Reference 
E. coli   

DH5a F-, j80dlacZDM15D(lacZYA-argF)U169 deoR recA1 endA1 
hsdR17(rk-, mk+) phoA supE44 λ- thi-1 gyrA96 relA1 

Invitrogen 

Plasmids   
pJN105L Arabinose-inducible expression plasmid for lasR; GmR 17 
pSC11 lasI-lacZ transcriptional fusion reporter plasmid; ApR 18 
pJG002 Y56F mutant analog of pJN105L 19 
pJG005 W88F mutant analog of pJN105L 19 
pJG008 W60F mutant analog of pJN105L 19 
pJG009 R61M mutant analog of pJN105L 19 
pJG010 D73L mutant analog of pJN105L 19 
pJG011 T75V mutant analog of pJN105L 19 
pJG012 Y93F mutant analog of pJN105L This study 
pJG0013 T115V mutant analog of pJN105L 19 
pJG014 S129A mutant analog of pJN105L 19 

*Abbreviations: GmR, gentamicin resistance; ApR, ampicillin resistance 
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Table S3. Primers for site-directed mutagenesis. 

Mutation Forward primer sequencea Reverse primer sequencea 

flanking primers CGATTAGAATTCTTAAGAAGAACGTAGCGCTATG CCACGCTCTAGAGGCAAGA 
Y56F(TAC!TTC) TCGGCAACTTCCCGGCCGC   GCGGCCGGGAAGTTGCCGA 
W60F(TGG!TTC) GGCCGCCTTCCGCGAGCATT AATGCTCGCGGAAGGCGGCC 
R61M(CGC!ATG) GGCCGCCTGGATGGAGCATTACG CGTAATGCTCCATCCAGGCGGCC 
D73L(GAC!CTC) GCGGGTCCTCCCGACGGTCA TGACCGTCGGGAGGACCCGC 
T75V(ACG!GTG) GGTCGACCCGGTGGTCAGTCACT AGTGACTGACCACCGGGTCGACC 
W88F(TGG!TTC) GCCGATTTTCTTCGAACCGTCCA TGGACGGTTCGAAGAAAATCGGC 
Y93F(TAC!TTC) ACCGTCCATCTTCCAGACGCGAA TTCGCGTCTGGAAGATGGACGGT 
T115V(ACC!GTC) GTATGGGCTGGTCATGCCGCTGC GCAGCGGCATGACCAGCCCATAC 
S129A(AGC!GCC) GCGCGCTGGCCCTCAGCGT ACGCTGAGGGCCAGCGCGC 
aBold = mutated codon 
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Table S4. Sequence alignment of 100 LasR homologs.!
Boxed residues are those mutated in this study. 
                 1       10        20        30        40        50        60        70        80        90       100       110       120  125 
                 |        |         |         |         |         |         |         |         |         |         |         |         |    | 
LasR(aag04819.1) -----------------------------------------------------------------------------------MALVDGFLELERSSGKLEWSAILQKMASDLGFSKI------- 
  YP_001747665   --------------------------------------------------------------------------------MPHWNHEHLHRL-VNESTPQKVFDLAVHLAQDLGMEFMGLKLRIQ 
  YP_001991323   --------------------------------------------------------------------MSR---------RALDETLHFVGNVERADTPDAVALALLAAVQVHGFSHVIAGVIPT 
     YP_569310   --------------------------------------------------------------------MSR---------RALDETLHFVGNVERADTPDAVALALLAAVQVHGFSHVIAGVIPT 
  YP_002232821   -------------------------------------------------------------------------------MDLTILHDCFDAL-QRAPTAEAAFPPIAAAAAALGFRYCVYGLRRT 
     YP_624828   -------------------------------------------------------------------------------MDLTILHDCFDAL-QRAPTAEAAFPPIAAAAAALGFRYCVYGLRRT 
  YP_002158591   ---------------------------------------------------------------------------MGMKDINADDTYRIINKIKACRSNNDINQCLSDMTKMVHCEYYLLAIIYP 
  YP_002265247   ---------------------------------------------------------------------------MNLVNINVTL--EIINKIRLSQTNNDMSLCLQELTKILHCEYYLLAIISQ 
     YP_855658   ------------------------------------------------------------------------MHNSHTPEMNTLHALDLIAQFETAADERTIVTLLRELSGRMGFDYFRLALIFP 
     YP_776923   ----------------------------------------------------------------------------------------MVFEIGSCTCMDELGRMLIDIGHLAGFDHV------- 
  YP_002955225   -----------------------------------------------------------------MSQNDGPKKLPRLSKLDALTLLDITVKCLECSTEAEYKQIFALLNTIVPFDQS------- 
  YP_002537872   -----------------------------------------------------------------MENTD------CISKRDAVFLLELIHECVTCKNKTGIKNIVDSLSSLVAIDNA------- 
  YP_002871035   -------------------------------------------------------------------------------------MLDDFSLLANDLHRRDWERHLRKILRRIGYERY------- 
     NP_106527   -----------------------------------------------------------------------MGLPR-----IGVELGRFLDQTDGIAQSEQLFDLLSAFALNFDCPWIAYGPLAP 
  YP_001242900   -------------------------------------------------------------------------MID---AYWGRRALDYVDAIEASKTSASVLSQFEKMIGDLGFHAYIMAGVP- 
  YP_001203095   -------------------------------------------------------------------------MID---AYWGRRALDYVDAIEASKTSASVITQFEKMICDLGFHAYIMAGVP- 
  YP_001927660   --------------------------------------------------------------------MSR---------KSLDLTLEILKSLDRAHSREDILRAIMPRLNAMGIEYVISAMIPQ 
  YP_002547516   -----------------------------------------MNFIFAGIPILPISGPECPASKISRSDDLEFYFMHDIKHKTVDPLDRFIMRLNAAVSAAEMKAVMESSIKSLGYKYFSYHILQT 
  YP_003558208   -------------------------------------------------------------------MRLPEGDNISLNIKQVSDVYHMFSASSSNDGIMQCAKTLQNLLEVDGVALITLMIRPD 
     YP_777789   -------------------------------------------------------------------------------MA-NWMEQILYEI-EATHSEHEAFGKIASAVKEIGFEYSAYCLQTP 
  YP_003749681   -------------------------------------------------------------------------------MK-NWQEDLIDIFSEAATSTSDVFAHIEAAALALGFEHVAYGFRAP 
  YP_001715477   -------------------------------------------------------------------------------ME-SWQEDLLSAF-LVVKNEYQLFEIVKSTASRLGFDYCAYGMQSP 
  YP_001083200   -------------------------------------------------------------------------------------------------------------------------MQSP 
  YP_003734010   -------------------------------------------------------------------------------ME-NWQEDLLSAS-LMVKNEYQLFEVVKSTASKLGFDYCAYGMQSP 
  YP_002911505   -------------------------------------------------------------------------------MY-DWAGELLSGL-EGASSEREISILIEGAANHLGYEFCGYGLRIP 
  YP_003978623   -------------------------------------------------------------------------------MK-SWAQDLLLTT-NSATSEQAVFTKVAAVAQELGFSYCAYGLRAA 
  YP_002947664   -------------------------------------------------------------------------------MN-EWTQDVLGRL-DEASEPSQVLAQVSVAARQLGFEHCAYGLRTL 
  YP_003750859   -------------------------------------------------------------------------------MEPSFQDAYHAFR--TAQDERQLFREITSIARQLGFDYCCYGVRMP 
     NP_521406   -------------------------------------------------------------------------------MGPGFQDAYHAFH--TAQDERQLFRQIASVVRQLGFDYCCYGIRVP 
  YP_003744152   -------------------------------------------------------------------------------MEPDFQDAYHAFR--TAEDEHQLFREVASIARQLGFDYCCYGARMP 
  YP_001117674   -------------------------------------------------------------------------------MELRWQDAYQQFS--AAEDEQQLFQRIAAYSKRLGFEYCCYGIRVP 
     YP_623508   -------------------------------------------------------------------------------MELRWQDAYQQFS--AAEDEQQLFQRIAAYSKRLGFEYCCYGIRVP 
  YP_001583946   -------------------------------------------------------------------------------MELRWQDAYDEFS--AAEDEQQLFQRIAAYSKRLGFEYCCYGIRVP 
     YP_105961   -------------------------------------------------------------------------------MELRWQDAYLQFS--AAENEQQLFQQIAAYTKRLGFEYCCYGIRVP 
  YP_002909041   -------------------------------------------------------------------------------MELRWQDAYHQFN--TAENEQQLFHQVSAYSKRLGFEYCCYGIRVP 
  YP_002907673   --------------------------------------------------------------------------------MFSPIDVAHDIC--SSDSSRVVFDKLVGYASQLGFDYCCYGFRSP 
  YP_003910271   ---------------------------------------------------------------------------------MSLHFIEQMAPLLNAADEAEWFSAVAKLAETWGFDRL------- 
  YP_001888024   -----------------------------------------------------------------------------------------MAPLLDAADEAEWFGAIAGLAETWGFDKL------- 
  YP_003608086   -----------------------------------------------------------------------------------------MAPLLNAADEAEWFGVITGLAETWGFDRI------- 
  YP_001860599   -----------------------------------------------------------------------------------------MSPLLEAENDVTWFRELARLADDWGFDRV------- 
  YP_003847232   -----------------------------------------------------------------------------------MKFIERFSDLISCSSQEIWRNRVFKLGCDLGYEQT------- 
  YP_001167907   --------------------------------------------------------------------------------------MDIIDLSVVASDDANFLEYLDQLCARLGFDFAS------ 
  YP_001043640   --------------------------------------------------------------------------------------MDIIDLSTVATDDASFLDYIDQLCQKLGFDYAS------ 
  YP_001758389   --------------------------------------------------------------------MPHS--------KHLDRTFSVLRDLERAATPDEIARLLVEAFSRYGVSYIMAGIVPD 
     YP_486928   --------------------------------------------------------------------MSR---------GALEDTLTFVAALDRANTPDIVADKLLGVVRPFGYSQVLAGIIPT 
  YP_001603072   ----------------------------------------------------------------------------MTKTVSFDKAFDLIEPLRRSTTASELRAAFVRATKSISDCYIASGRVKG 
  YP_003262848   -------------------------------------------------------------------------------ME-LWQGDLVSQI-QSAENEESAFKKIEDEALALGFENAAYGLRLN 
  YP_002911546   -------------------------------------------------------------------------------MQ-DFLQIWLYEF-SRIEKPQHLGATLSRVAAILGYEFVAYGIRRP 
  YP_001815695   -------------------------------------------------------------------------------MN-QWRESLLASL-EQVKTASEAFDNLAPAVRALGFEYYAYVLRIT 
  YP_001115608   -------------------------------------------------------------------------------MS-QWRESLLASM-EQAETASDAFDGLAPAVRALGFEYHAYVLRVT 
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                 1       10        20        30        40        50        60        70        80        90       100       110       120  125 
                 |        |         |         |         |         |         |         |         |         |         |         |         |    | 
  YP_002874841   --------------------------------------------------------------------------------MLNWRNTRLPKL-EGENEITSVFEMVINQTYELGFQYCSFKMSSQ 
  YP_001437405   ---------------------------------------------------------------------------MKESDFFNWRREMTTRF-QEIQDSSDIYSLLKTETQNMEYDYFALCVRHP 
  YP_003941366   ---------------------------------------------------------------------------MRDIDFFSWRRDVLQKF-QLASSSEEIYSILQQQTEMLEYDWYALCVRHP 
  YP_003530769   ---------------------------------------------------------------------------MTSENYFIWRADIKSAY-EKGSGIDHITRLIEQQLRALELDFYSLFIRHP 
  YP_002649216   ---------------------------------------------------------------------------MTSEDYFIWRADIKSAY-EKGGGIVHITRIIEQQLRELELDFYSLFIRHP 
  YP_001908006   ---------------------------------------------------------------------------MTSENYFIWRADLKSAY-DNGSGIAHITRVIEQQLKELELDFYSLFIRHP 
  YP_003519711   ---------------------------------------------------------------------------MTSEDYFSWRTETENHF-QALATTQQLKGLLQDYIQSLGFDYFAFFIQHR 
     YP_206883   ---------------------------------------------------------------------------MNIKNINANE--KIIDKIKTCNNNKDINQCLSEIAKIIHCEYYLFAIIYP 
  YP_001143989   ------------------------------------------------------------------------------MYMFNDAIWEHIDRFTKAKKTSEIQQQLERFSHQMGFDYFRLLIIFP 
  YP_003267496   -------------------------------------------------------------MSSKRD--------------EFDCVERIFNLPSDVDANEHAQSILQDTLATYGFDFF------- 
  YP_003450678   ------------------------------------------------------MPPSVVSVSDHTDPGCTLMGQEPPTAWEGGMRQGKFRILSRSGRLPRQDSVLYCRFMDYFDDFKRSKDKSH 
  YP_002910942   ---------------------------------------------------------------------------------MTGGETSKASPSIRLGEDPSLAVLIEHLPAEIDCPFAY------ 
  YP_001022984   ------------------------------------------------------------------------------------MLLGSFQSVLEARNRDEFRGEVVRFAKRLGFETVS------ 
  YP_001898047   ---------------------------------------------------------------------------------MVSPLYTFEGLLTAGSHAEIAAFMERHAGNLGYGRFFYSPLLVA 
     YP_528967   --------------------------------------------------------------------------------MEQLDYAELCSALCEATDEETLKELCLKFCELVGFEFYIFGIISS 
     YP_659944   -------------------------------------------------------------------------------MMQVEEFYELLESVDESSSIDALKETCERFCQLIDIPFYLLGVIGQ 
     YP_106048   -------------------------------------------------------------------------------MFEGLSIGSFNEILNATCKKSLFEQTAYHVRQLGFKNFAYRHQISG 
     YP_106160   ---------------------------------------------------------------------------------------MLSAALPESRDVRTLVETFRQAALQIGYQHHAIVELS- 
  YP_001777917   MAVIWRQATTLAFCTAHRSASSETRATAIAMHCTTSNSNDARTATAPCSSARSSCERAPVDRVCQRGAGDTPTVPQSLTSSLAGRWAPLATAFLNTVDLSSLLKLFGDVSASLGFPRFAISRVSR 
     YP_972129   -----------------------------------------------------------------------------------MILRDFIQRANQALTQTELLACFEQAVLLLGYQHFSLCYVQL 
  YP_004012994   --------------------------------------------------------------------------------MDRFAIERFIEDANAAKSSKEVSALFGKALAVFGYDRYCYSLIT- 
     NP_768520   -----------------------------------------------------------------------MPLASSRRESRGPDLFSFIECAIQTRSIAALFDLLVNFASNEGFDKVAYGALSC 
     YP_567541   -------------------------------------------------------------------------MSADEGNQWGRRALEFVDAADR-LDGPSLIRQFETHIASGGFSAYIMAGLP- 
     YP_484040   -------------------------------------------------------------------------MLAGESHLWGRRALEFVDAADR-LDAPSLVRQFESHIASAGFSAYIMAALP- 
  YP_002966880   -----------------------------------------------------------------------------MYDDCAARALDFVEGLDDCHDHDQVAHSVERILAEFGFEHFVITGLP- 
     YP_781245   ------------------------------------------------------------------------MLTGDLTGDYGKDALTFVEELSTLTTISAAIDFIEKGFCAYGFETIIVTGIP- 
  YP_002495629   --------------------------------------------------------------------------MSGMEDFFLRETFALIDALDEVRDPFEAQTRIFEHIQHVGFTSFTITRLP- 
  YP_001776815   -------------------------------------------------------------------------MAG--ALSIRQTAFDIVHRLRRASTDVDVYSELRRSGAIFGYDVFLIAGLPR 
  YP_001641953   --------------------------------------------------------------------MSR---------KSLDLTLEILKSLDRAHSREDILRAIMPRLNALGIEYVISAMIPL 
  YP_002497059   --------------------------------------------------------------------MSS---------KSLDLSRELLQSIHRTATPENVRDQLLKKLAGVGVEHVLLATLRI 
  YP_001240084   -------------------------------------------------------------------------------------------------------------MEQYGFPCFAYLSFAP 
     NP_106660   ---------------------------------------------------------------------------------MQLVFETLLEQLSLSVDEVDFHNALASAAGAFDIPAFAYLSLVS 
  YP_003259225   ---------------------------------------------------------------------------------------MSVFCSDNEIINNTIKTYLSRKLKQYGDLKYAYMIMNK 
  YP_003017024   ---------------------------------------------------------------------------------------MSVFCSDNEIINNTIKSYLGRKLKQYGDLKYAYMIMNK 
  YP_003331714   ---------------------------------------------------------------------------------------MSISFSNVDFINSTIQNYLNRKLKSYGDLKYAYLIMNK 
  YP_003885142   ---------------------------------------------------------------------------------------MSISFSNVDFINSTIQSYLNRKLKSYGDPKYAYLIMNK 
  YP_003002472   ---------------------------------------------------------------------------------------MSISFSNVDFINSTIQNFIDRKLKSYGDLKYAYLIMNK 
  YP_002985768   ---------------------------------------------------------------------------------------MVVSLPEVDFIRAAIQNHLARNLQCYSGLKYAYLIMNK 
  YP_001005891   ---------------------------------------------------------------------------------------MIIDYFDNESINEDIKNYIQRRIKAYGDLRYSYLVMNK 
  YP_003019697   ---------------------------------------------------------------------------------------MSPLFTDSEIISRVIKKHFNKNLDRYDGIKFSFMVLNK 
  YP_003261727   ---------------------------------------------------------------------------------------MSQLFYNNETISRIIKSQFDMALSHYGDIKYAYMVLNK 
  YP_002934275   ------------------------------------------------------------------------------------------MFADNESLTREIKQFIDRSLVAYGHIQFAYLLLNK 
     NP_670674   ---------------------------------------------------------------------------------------MHSVFNRSNEVIETLRDYIDRKLTIYDSPKYTYMVINK 
  YP_003520251   ---------------------------------------------------------------------------------------MFSFFLENQTITDTLQTYIQRKLSSFGSPEYAYTVVSK 
  YP_001906896   -------------------------------------------------------------------------------------------MEPEDNINDIISKQLEAALSDLGEFIWAYVVLSK 
  YP_003941575   -----------------------------------------------------------------------------------------MLKEYEENVDVIIKNQLETTLNTLGDLSWAYVVLSK 
  YP_003729882   ---------------------------------------------------------------------------------------MKDTYYNDQKINSLIKDELDAFFEDYQGVIYAYAIMNK 
  YP_002924396   ------------------------------------------------------------------------------------------MFFKNELINKKVKEYLEENMLKNHKNKFGYLVIHK 
  YP_001832058   -------------------------------------------------------------------MCAAKNGSALLKPTTLRSPASWAANASTENVAITQLLDLEANLSERTLEEFAVFIQKY 
  YP_001669935   ----------------------------------------------------------------------------------------------------------------------------- 
  YP_001748729   ----------------------------------------------------------------------------------------------------------------------------- 
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               126 130       140       150       160       170       180       190       200       210       220       230       240       250 
                 |   |         |         |         |         |         |         |         |         |         |         |         |         | 
          LasR   ------------LFGLLP--KDSQDYENAFIVGNYPAAWREHYDRAGYARVDPTVSHCTQSVLPIFWEPSIYQTR----KQHEFFEEASAAGL-VYGLTMPLHGARGELGALSLSVEAENRAEAN 
  YP_001747665   L---------------------AAQAPKLYLYSNYPLAWIERYQRDEFYKQDPAAALSHTSTEPVLWTDELYSEAP------DFREQACKHGL-RHGWTQSLHDLRHNETQVSVARPFGKIDIHE 
  YP_001991323   P------------------GTSAKEQIANVVLHQWPDVWSRRYFSKGYIFTDPAIRRVTSSMVPFSWTELW-DH--DSPAGHRILGEAAEFGL-KEGFTVPMVTLDGHSAGLSIAGAMTELPPHL 
     YP_569310   P------------------GTSAKEQIANVVLHQWPDVWSRRYFSKGYIFTDPAIRRVTSSMVPFSWTELW-DH--DSPAGHRILGEAAEFGL-KEGFTVPMVTLDGHSAGLSIAGAITELPPHL 
  YP_002232821   L---------------------PLARPDMQIVGNHPREWEHRYVKFGYVTIDPIIKRVASQPRPVVWNAFDEPGDT------AFWHDAACFGM-RYGWSHGGYDRAGNLGVLTLVRDTTPLDADE 
     YP_624828   L---------------------PLARPDLQIVGNHPREWEHRYVKFGYVTIDPIIKRVASQPRPVVWNAFDEPGDT------AFWHDAACFGM-RYGWSHGGYDRAGNLGVLTLVRDTTPLDADE 
  YP_002158591   H---------------------SMVKSDISILDNYPKKWRQYYDDANLIKYDPIVDYSNSNHSPINWNIFENNAVNKKSP--NVIKEAKTSGL-ITGFSFPIHTANNGFGMLSFAHSEKD-NYID 
  YP_002265247   K---------------------TMIKSDIKILDNYPLYWRNYYDEANLIKDDPIVDYSFSHHSPINWSIFEKQKKMSNQI--NVIEEAKISGL-YSGFSFPIHTKDGGFGMISFASSQKE-KYID 
     YP_855658   S---------------------TIQRPDVIIFNGCPQAWVDTYTSSGFFAIDPIVKCAMTKSTPILWADVVNDEERCDEQGREMMQLANEYGI-CDGITLPWHGANGHVGLLSFITSTPRTQQQW 
     YP_776923   ------------CYQEYR--MSGGTLKNCRTLSNYPEAWLSLYRDRAYLTIDPIAQHALSSLMPLIWGDRIFATT----EQREFRDEGRIYGL-NDGVSFPAHSRHGDVACVSFVRQARALDDGD 
  YP_002955225   ------------TSGLAKLSSDGAVESYELANINYPVEWLQTYKEKNFSGIDVIVKRNFTSFTPQYWDHTYKAHK----PAREFITLASDFNL-IHGYTYGARPFGFCKQASLFSFSG----NFK 
  YP_002537872   ------------VFGIAQIGTNGLIQTYDVMNISYPEEWLITYKRKNFCQVDPIAKENFSNFELQFWEDTYKKWN----PPKEFISAARDFNL-YNGIACGVRNL-KSTEGSLFSVAG----KLE 
  YP_002871035   ------------LLSLGP---STTHDPFNRIMTTYPSDWLKRYKDENFIQVDPIIRHCRHHFAPLFWGRARLKARG---CTNRFWKEREGYGL-LRGVSIPLRFN-EMAGSLNVAQCVSDTDELA 
     NP_106527   A-----------------QKVLKPAQADSAIMLNYPNEWKERYFKMGYDKIDPIIKKSRKGVGAIRWSEVY-KDASTTDNERRVLDEAATFGL-KSGVTVPLHGPAGSFTIMSFAQPWDREFQ-N 
  YP_001242900   --------------------APGQSLQHTILANGWPSEWFDLYAREQFHRYDPIPRHCLSTLNPFAWSEAP-YDRNDEPGAHEVMTRARDFRL-NEGFCVPIHYDDA-VGAVSLAGERPNLAPDA 
  YP_001203095   --------------------APGQSLQQTILANGWPREWFEMYAREQFHRCDPIPRHCVSTLNPFAWSEVP-YDREDDPGAHEVMMRARDFRL-NEGFCVPIHYDDA-VGAVSIAGEHPNLAPDA 
  YP_001927660   K------------------RLPARTQKNFVILENTSDEWNRLYFSKGYMYFDPIVQATLSSTTGFRWSETD-PAGLQDPKARQVMNEAVEFGL-GDGFTVPLATLEEERGGLTFAGRQLDISPGQ 
  YP_002547516   PV-----------------LNATNETRHTFGINNYPEEWVERYASERYVYCDPIVGISLSRKTPFRWSDAIDSDKLTEEE-RCVIEDAAKRGI-VNGLTVPLMSRHGELAIMTVIPDEKFQDSLP 
  YP_003558208   HSIN-----------------IERVVSSGFGFEAKSAEWGNIYQKNKFQYIDPIVSCSKSIRSSFNWTSVPSMMSLSE-SQLNFLEQAEEMGL-KEGASIGSFSSRHIYKELNITSVSGRSLNSE 
     YP_777789   W---------------------PLSRRKVLVFSNFPEPWQRRYHDARYIDVDPLLRRGRQSYAPVIWSDAVFEGTP------QLWEEAQAHGL-RYGYSLAAVSNCGVSGMMSMARSHTPLTVRE 
  YP_003749681   L---------------------PLSEPKIILLNNYPQAWRERYLEAGYLHVDPSVAHACRSQAPVIWSDPLFQYTP------ALWDEAQAQGL-RVGWAQSSLDSLGVGGMLSLSRSCEPLTARE 
  YP_001715477   L---------------------SIAEPKTIMLNNYPEAWQKRYVERQYVKIDPTVQHCMVSLQPLVWSSQSAKTQAEK----DFWEEARSYGL-NVGWAQSSRDFIGTRGMLTLARSNDQLSEKE 
  YP_001083200   L---------------------SIAEPKTIMLNNYPEAWQKRYVERQYVKIDPTVQHCMVSLQPLVWSSQSAKTQAEK----DFWEEARSYGL-NVGWAQSSRDFIGTRGMLTLARSNDQLSEKE 
  YP_003734010   L---------------------SIAEPKTIMLNNYPEAWQKRYVKQQYVRVDPTVQHCMLSLQPLVWSSQSANTQSQK----DFWEEARSYGL-NVGWAQSSRDFIGTRGMLTLARSTDQLLEKE 
  YP_002911505   W---------------------PVSRPKIYLLSNYPEAWKQRYMEAGYIDIDPTMKHMRRFQTPVVWTDAFFSRTP------ELWRDAQAHGL-RHGWSQSTFDSCGVSGMLTLARSTGPVTPAE 
  YP_003978623   L---------------------PFTNPQFVMISDYPIAWQERYAQARYLEIDPTVKHCSRSSIPIVWSDRVFAETP------ELWDEAQAVGL-CVGWSQSNLDAYGTGGMLTLARQKEQLSDAE 
  YP_002947664   V---------------------PFTRPKTLMFSTYDERWSRRYISAGYLQVDPTVAHGVHSGTPVIWSNEVFRDAP------QMWDEARSFGL-RVGWAQSVFEPDARVGMLSLARSSEPLTAAE 
  YP_003750859   L---------------------PVSKPAVAIFDTYPAGWMQHYQASGFLEIDPTVRAGASSSDLIIWPVSIRDEAM------RLWSDARDFGL-NIGVARSSWTARGAFGLLTLARHADPLTAAE 
     NP_521406   L---------------------PVSKPAVAIFDTYPAGWMEHYQASGFLEIDPTVRTGASSSDLIIWPVSIRDEAA------RLWSDARDFGL-NIGVARSSWTAHGAFGLLTLARRADPLTAAE 
  YP_003744152   L---------------------PVSKPAVAIFDTYPAGWMQHYQANGFLDIDPTVRAGASSSDLIVWPVSIRDDAA------RLWSDARDAGL-NIGVARSSWTAHGAFGLLTLARHADPLTAAE 
  YP_001117674   L---------------------PVSKPAVAIFDTYPDGWMAHYQARNYIEIDSTVREGALSTNMIVWPDVDRIDPC------PLWEDARDFGL-AVGVAQSSWAARGAFGLLSISRHADRLTPAE 
     YP_623508   L---------------------PVSKPAVAIFNTYPDGWMAHYQAQNYIEIDSTVRDGALSTNMIVWPDVDRIDPC------PLWQDARDFGL-SVGVAQSSWAARGAFGLLSIARHADRLTPAE 
  YP_001583946   L---------------------PVSKPAVAIFDTYPDGWMAHYQAQNYIEIDSTVRDGALSTNMIVWPDVDKIEPC------PLWRDARDFGL-SVGVAQSSWAARGAFGLLSIARHADRLTPAE 
     YP_105961   L---------------------PISKPVVAIFDTYPNGWMERYQEMNYLEVDPTVREGALSSNMIVWPEASASDAT------TLWSDARDHGL-AVGVAQSSWASRGVFGLLTIARHTDRLTSAE 
  YP_002909041   Q---------------------PGSQPLVEIFDTYPPGWMAHYQARNYIEIDPTVRDGAASPNMIIWPDADAAEQP------SLWRDARDFGM-SVGVAQSSWAARGVFGLLTIARRSDRLTPAE 
  YP_002907673   L---------------------PVGGESVKVFDNYPNGWMEHYRHMGYIDVDPTVEKAMTCSQTICWPGFDESKQS------AFWQDARDHGL-KVGIAQPSWSARGAFGLLSLARGEGEIDGHE 
  YP_003910271   ------------LIAMLP--RPTMRLEDAYIRSTYAPAWRRTYDEQGLVHIDPTVAHCATRSTPLVWSPEIFTTA----PQQSMYEEARAHGL-RAGVTLPIHGPNQEAGMMCFVNDASPTDTFW 
  YP_001888024   ------------LIAMLP--RPTIRLEDAYVRSTYSPTWRRTYDEQGLVHIDPTVAHCATRATPLIWSPDIFKTA----PQLSMYEEARAHGL-RSGITLPIHGPNQEAGMMCFVNDNNPNDEFW 
  YP_003608086   ------------LVAMLP--RPTMRLEDAYLRSTYAPAWRQTYDEQGMVHIDPTVAHCLSRSAPLIWTPEIFATP----AQQSLYEEARSYGL-GAGVTLPIHGPNQEAGMMCFVNDDKPADGFR 
  YP_001860599   ------------LVGILP--RPGMRLEDAFIRSTYSPTWRQFYNEQGFAHIDPTVAHCMTKSSPLIWSPDLFDTY----PAQTMYEEARAHGL-RAGVSLPIHGPRQESGLICFVNDHNPSDDFW 
  YP_003847232   ------------RLAILPDPRAPIEAEHAFQQSNYSADWLNKYTAEKLHHVDPTFSHCISKSTPLIWSPKIFSAQ----KQKEMYEEACGYGV-KSGVTLPIHGAKGELGIVCFVSDTKPDKRFH 
  YP_001167907   ---------------YATTSPM---TGAVQGYANYPDSWKMHYMRRNLHRVDPTIHKSALSIAPVDWARFERDERFR-----AVFFAAEDFGITPQGLTVPVRGPYGDRGLLSVTRRC-PRSDWD 
  YP_001043640   ---------------YATTSPM---TGAVQGYANYPDSWKMHYMRRNLHRVDPTIHKSALSIAPVDWSRFERDERFR-----AVFFAAEDFGITPQGLTVPVRGPYGDRGLLSVTRNC-ARPEWE 
  YP_001758389   P------------------GLPKRRHAGFVLASTMPEGWARRYVTQGYALHDPTVRRLCTTATPFDWNAVL-P---DTPTAGRVMNEAGEFGI-RAGITVPFVTLDGEPGGISVSGERIEIDPAE 
     YP_486928   P------------------RTSVKQQIANVVLHRWPLRWSERYFSRGYLFEDPTIRRVSTSSEPFVWSELQ-VG--PDARANEIMREAGEFGL-GCGFTVPMITLDGQSAGLSIAGDRAELPPSH 
  YP_001603072   ----------------------GAPVNAETALVTYPDAWLKHYHERKYLDIDPTIVNAGRSYVPYRWEALQD---ISVKQ-RQMFLDIAETGI-KGGITMSLHTPDRAAFVTSFAFTKAVSEDRD 
  YP_003262848   L---------------------NITNQKVVMMNNYSQNWKRRYTDENYISIDPVVKHGNKSLMPVVWSSN--KITENK----NFWEDAYSHNL-KYGWSQASADQVGRRGLLTLTRGHEPISELE 
  YP_002911546   L---------------------PLSNPPSLTVSNYPARWQERYQGLRLAEIDPVARAANASDRPVVWSSQGNDSDQ------AFWQEASSFGL-MHGWSSATRGAEGTLGVLSLARGGDAIDEVE 
  YP_001815695   I---------------------PITRPAIMGWSNYPEAWRTHYTQRDYQHADPVLHYGQACTRPMPWPGP-LPGYD------AFWRDAAAFGL-CYGWSQTTRDHRGAMGTVSLVRGGPPIAPDE 
  YP_001115608   I---------------------PITRPASMEWNNFPQAWRAHYAQKRYQHADPVLHYGQACTRPMPWPGP-LAGHD------AFWRDAADFGL-RHGWSQTLRDHRGAMGTFSLVRGGPPISPEE 
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  YP_002874841   V---------------------SENQTNPIEFTNYPKEWTTVYNQARYFDVDPVVKHCKRCVLPVVWEGTLFKDAP------SLWSLAQTLNV-NVAWTQAVHDFQGVFSMLTLSRGTDDVSPVE 
  YP_001437405   V---------------------PFTRPKLTLHTTYPEAWLEHYQAENYYVIDPVLKPANYLVGPLSWNDALFAGAAE-----ELWNAARDHGL-VKGVTQCVIAPNRAQGFLSVSGTSPRGHSMA 
  YP_003941366   V---------------------PFTRPKIALQTTYPRAWIAQYQAENYFTIDPVLKPENYRHGYLPWTDRLFQ-DAQ-----EFWDAARDHGL-RKGVTQCLILPNRALGFLSVSREGIQKDPLA 
  YP_003530769   V---------------------PFTRPKTFLYSNYPQDWLDHYWREGFYQLDPVLEMCSSPGKIWLWDDKTIS-AGL-----CVFEHARNYGI-FHGLSCSVMASNRSVGILSMSTANSQKLIKL 
  YP_002649216   V---------------------PFTRPKTFLYSNYPEDWLEHYFREDFYQLDPVLKMCGSPGKIWLWDDEAIS-SGV-----RVFENARNYGI-FHGLSCSVMASNRSVGIFSMSTANSLKTIEL 
  YP_001908006   V---------------------PFTRPKTFLYSNYPQNWLEHYWREDFYQLDPVLKICSVPGKVWLWDDEDLS-SGQ-----RVFDDARIHGI-YHGISCSVMASNRSVGILSMSTANALKNIVL 
  YP_003519711   V---------------------PFTRPRVYLHDTYPKLWIKRYKEQNYYAIDPVLQLCLRSGKGVEWTPELFS-SAK-----EMWQDACNFGL-LSGFSCSAMASNRAVGILSIGSKRPFITGSR 
     YP_206883   H---------------------SIIKPDVSIIDNYPEKWRKYYDDAGLLEYDPVVDYSKSHHSPINWNVFEKKTIKKESP--NVIKEAQESGL-ITGFSFPIHTASNGFGMLSFAHSDKD-IYTD 
  YP_001143989   I---------------------SMQKSHVALFNNCPTSWFEAYSERHYLTQDPVVFLGLKQTQPIFWNKLDCDSPWLPSASREVMNLAADFGV-RNGVSFPLHTPQGEHGILSFISKEKSNSDLM 
  YP_003267496   -----------CFAIYGAPRGAIAIDNYHLLLNAYPNAWADRYYEKHYWYSDPVLAHCGRSPTPIDWTTVQNQPAQP-ASAEQVMREAHEHDL-CSGVTVTVRDVSGRLGILSLATRDVYSAELR 
  YP_003450678   FLSRIIDSVGPFNVTYFGTQCTSSPDRHVNLLTTYSEKWRMRYFDRRYENIDPVLSAARRATMPVDWDQLPKTDSG----VEDFIADALCYGIRLQGVTFSLRDMHQRLAIVSLQSNDDPAVWRV 
  YP_002910942   ---------------VMIDKNS---LELGCFLSSYPIRLQQEYRRRALHRVDPVVLHAIQSVAPFSWAEAFRQQRVPD---PSEFDALRREFGLHDGYVFTVHDPYQYVGMLSFFNRG-GRPEFR 
  YP_001022984   ---------------AITVVDHPVGDTEFVAIDNAPDAYKDAIEDPKAGQLDPVMQHCKRQSVPIIWDQSTYVSAGQ-----GSMWEAQARFGFRTGICLALHMPEGRHFVIGVDRDQ-ALPKDR 
  YP_001898047   GDARHFFK-------DDHNVVAAEMLYTKNIFSTYPASWIRRYQEAGHVAADPVVKLITTSNLPIHWDA-----DDLQAARSPVFDEAREHGL-ATGITIPINGFDHTRALFSVTSDQAPERSQR 
     YP_528967   --------------------ASSLSSPTISTISNYPDEWFKNYFEEGMQRHDPVVRYCMQNTSAIRWRQLMDLEHYVDAIGEKIMIRASESGL-CDGLSIPIKAPSGEIAIFSLASNR-EEGLNQ 
     YP_659944   --------------------TSSYS-PTIRVISNYPEKWLEFYFKESEQQNDPVVKYIFEKQSPIRWDKLVEYQDFSSTKGLLVFEKAAAYGL-YNGLSIPIRSTSENIAVFSVAIDE-RSDANR 
     YP_106048   --------------------AASSR----CMLDGFPAEWRLRYDAADYLSIDPVVQHCRCRTVPLIWHD----DLYTTSRAKLMRDEAKSYGL-VYGLSCPVHDRSGAISMLSMATDDPFEHDAS 
     YP_106160   -------------------GASHPAS-IDVVSLHYPSEWVEHYTRNDYFAIDPVHRAAFRYSTPFSWNDVA-TA---NLRERHLLMEAEDAGL-DNGISIPLHQPLGRVLLVSLSG-TAPTHDAD 
  YP_001777917   RH----------------AGNGRAMS-VETLCARYPDHWVAHYAQRDYGPVDPVHRMAFARATPYRWADIR-GL---NRIEQRVLGEARDAGL-TSGVSIPLREANGDILLVNLAS-PSPEIKTE 
     YP_972129   RQ----------------DGSGTSQPPIGVLSHNYPSRWVSHYIARNYYLEDPVRRHAPQAMSPYRWKDVS-AQ---GDREAHIMDEATDAGL-ADGLGLPIHEPGGRIFLATVASHQQLTLGND 
  YP_004012994   ------------------DHPSLGLNAGHGLVCNYPDDWMEHYRLNQYEKKDPVPQYGISASRPFTWASVV-AQRKWHPDQMKVMHEAEEARL-CDGIAVPVCGVNGELAGFGIASSHGGVSPDR 
     NP_768520   S-----------------NERRLPEYLPPPPTINFPSDWCQRYAEQEYQAIDPVVRRTAMLPRPFLWDELT-SRYELQPRELRVLREAKEAGL-KHGMSVPLFGSQGRSAFVSFASPFDDADP-Q 
     YP_567541   --------------------SPGAGLADLTLANGWPRGWFELYVRENYIAVDPVPRHGATTVQPFEWSEAP-YDRKQNRAAHKVMTHATEFGL-VRGYCIPLHYDEG-GAVISMAGDQPDLDPVA 
     YP_484040   --------------------APGAGLAELTLANGWPRGWFELYVGRNYMAVDPVPRHGAATVQPFEWSDAP-YDRKRDRAAHQVMTDAAEFGL-VRGYCIPLHYDDG-GAMISMAGEAPDLDPTA 
  YP_002966880   --------------------NPNDRLDQVLLIRRLPAGWFEHYARHNYMYLDPVFRNCRATTSPFDWGEAP-YDPETEPGAIEVMQRATDFGM-ARGFSVPIHGPEGCEACFSMSGRNPDLTGRT 
     YP_781245   --------------------NHKQSFSQMVMAKRWPDEWFKLYTQNNYHRDDPVVRHLRKSFNPFEWSDAP-YSRRNEPRAAAVMDRAADFRM-SRGFIVPVHGLAGYEAAVSLGGDHIDLNPRS 
  YP_002495629   --------------------RPSDRLGPNMLFNMWPKDWLTHYDRVGHYRFDPVVRQCYRTTEPFAWSEVP-FDADQPDRARRVMDEAAAFGL-GFGFCIPVHDALGFQGGVSLAGERIDLSPKI 
  YP_001776815   --------------------APHENLYDCSLISGWPPEWGRRYQERRHMHVDPVIRHIRGTTDPFLWQEA--VDAQVTPEGMVVMEEARAFSL-NEGFCVPFHQIDGTEAGVSFGGEQVRLSQDE 
  YP_001641953   K------------------RLPARTQKNYLILENTSDEWNRLYFSKGYMYTDPVVQATLSSTTGFRWSEIE-PAGVLDPRSRQVMNEAGEFGL-GDGFTVPLATLEEERGGLTFAGPQLDISPGQ 
  YP_002497059   C------------------DAVPCDRRPTVFIGTYPDEWARRYYARNYILHDPVVRGVAERASGFAWTDPD-LIASDDREARRVLDEAGEFGL-HEGFTLPLLTLEGDTAGVSFVGERLDLSPAV 
  YP_001240084   R----------------------GDEDDALAITTYPSAWVEQYRANRYDRIDPVIARSVATTLPFAWSTDQ--FDALNNRQKWFLEEASEFEI-RHGVTIPIHDRQGKVATLTLAACEARSAFEA 
     NP_106660   -----------------------DRVTKPRLISNYHSGWTSHYLRHQYERIDPVIEWARCSECPFQWGPGL-GHAGISTRQQQLFDEAAEFGI-CCGLTIPLVDRRGGVAAMTFAADRLDPTFLR 
  YP_003259225   K-----------------------NPSQVVIISNYPQEWVNTYKENNYQHIDPVILTAINKVSPFSWEDNIVINSKL--KFSKIFNLSKEYDI-VNGYTFVLHDNNNNLAALSIMFEENALTDME 
  YP_003017024   K-----------------------NPSQVVIISNYPQEWVNTYKENNYQHIDPVILTAINKVSPFSWEDNIVINSKL--KFSKIFNLSKEYDI-VNGYTFVLHDNNNNLAALSIMFEEHSPTDIE 
  YP_003331714   K-----------------------KPTDVVIISNYPSEWVEIYRNNNYQHIDPVILTAINRISPFSWDDDLVISSKL--KFSRIFNLSKEYDI-VNGYTFVLHDPANNLATLSFMFEENRSGELE 
  YP_003885142   K-----------------------KPTDVVIISNYPTEWVDIYRNNNYQHIDPVILTAINKISPFSWDDDLVISSKL--KFSRIFNLSKDYDI-VNGYTFVLHDPGNNLAALSFMIEEHRSEELE 
  YP_003002472   K-----------------------KPTDVVIISNYPPEWVDIYRSNNYQHIDPVILTAINKISPFSWDDDLVISSKL--KFSRIFNLSKEYDI-VNGYTFVLHDPGNNLATLSFMVEEHRSSELE 
  YP_002985768   R-----------------------FPTDMVIISNYPSEWVNTYKKRNYNSIDPVILTAVNKVSPFSWNDNMVRNSRL--KLPQLFEHARQYDI-CNGYTFVLHDQNNHMATLSLAADN-----IE 
  YP_001005891   K-----------------------TPLHPTIISNYPLDWVKKYKKNSYHLIDPVILTAKDKVAPFAWDDNSVINKKS--TDSAVFKLAREYNI-VNGYTFVLHDNSNNMATLNISNGSDDSISFD 
  YP_003019697   K-----------------------NPSQMIIISSYPDEWVNLYKENKYQHIDPVVLASFNKISPFSWEKSLVINTRL--QLAKIFDLSKKYNI-INGYTFVLHDHGDNLAMLSIIVDSSYPDNVE 
  YP_003261727   K-----------------------KPTEILIISNHHDEWREIYQANNYQHIDPVVIAALNKITPFPWDEDLLVSTQL--KMSKIFNLSREHNI-TNGYTFVLHDHSNNLVMLSIMIDESNVSNID 
  YP_002934275   K-----------------------NPSDIIIISNYPDEWVTLYKEHHYQHIDPVVISALRRVSPFLWDEKITVNSQL--NLSKIFNLSKKYQV-SRGYTFVLHDADNQLAMLSLMVDDRGLAEIE 
     NP_670674   K-----------------------NPGDIFIVTSYPNEWAELYTNNNYQNIDPVVLIAFRRFSPFSWDENITVLSEL--KLSKIFTLSKKYNI-VNGFTFVLHDTMNNLAMLSLIMDDSALNGVE 
  YP_003520251   K-----------------------NPSNVLIISSYPDEWVRLYRANNFQLTDPVILTAFKRTSPFAWDENITLMSDL--RFTKIFSLSKQYNI-VNGFTYVLHDHMNNLALLSVIIKGNDQAALE 
  YP_001906896   K-----------------------DMSCIFGVTNYPGEWVKQYREKGLQYTDPVVITSLNRLTPFAWDENLLAGSGF--RFSKLFDRAREFGV-TNGYTFVLHDYNNNLVTLSFTFTPECRAEAT 
  YP_003941575   K-----------------------DMSCIFGVTNYPDEWVTQYKEKGLQYTDPVVITALNRLTPFSWNEKLLVRSDF--NFEKLFIQASQFGI-INGYTFVLHDNQNNLVTLSFIIPAAKGAEIM 
  YP_003729882   K-----------------------DPSQMQIINNNP-AWFDVYLERKYQFIDPVIIRGLRCVEDYFWENEVILSEGY--NLTRIFNESFQYNI-YRGQTFPLHDYLNNLVVLSV-IGK---KEFD 
  YP_002924396   K-----------------------DFHHICIISNCP-EWFDIYLEFNHQLIDPVVIKALSRVEDFEWDENILISSKL--ALPKVLDQAKTYDI-SRGHTFVLHDYKQNLAILSI-FDDRPLKTND 
  YP_001832058   YELKN--------IFYICPSLPGRTITDPYILGTYSQEWIEHYRERNYVNLDPVINVGARSLLPIDWAKLPRSSPK----IQKFFGEATDFGVGRQGLTIPVRGPTNGLWALFCMTTDDTQAEWQ 
  YP_001669935   ----------------------------------------------------------------------------------------------------------------------------- 
  YP_001748729   ----------------------------------------------------------------------------------------------------------------------------- 
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          LasR   RFMESVLPTLWMLKDYALQSGAGLA--------FEHP-VSKPVVLTSREKEVLQWCAIGKTSWEISVICNCSEANVNFHMGNIRRKFGVTSRRVAAIMAVNLGLITL------------------- 
  YP_001747665   L--YDKAGQVQWLCHTLHDTICEHH--------LAKLSS--PLKMSDRELEVLKWSAAGKTAADVACILSLSQSTVNFHIRSVITKTNASNKAGAVAIAMMRGLIDQ------------------- 
  YP_001991323   RGPVQMMAIYSFARAAHLRERP-----------------PAPVTLTIREADVLHWIAEGKTDWEIARILQVSEHLVDKVARQIKSKFQVVNRVQAVVQAMRAGVIH-------------------- 
     YP_569310   RGPVQMMAIYSFARAAHLRERP-----------------PAPVTLTIREADVLHWIAEGKTDWEIARILQVSEHLVDKVARQIKSKFQVVNRVQAVVQAMRAGVIH-------------------- 
  YP_002232821   I--SRLRAPCASLSHAAHAYLMPRL--------ADPIAPVGTG-LTLREREVLAWTADGKTAYEIGMIFGIAERTVKFHLQNAVVKLDAMNKTHAATKAAMLGLLP-------------------- 
     YP_624828   I--SRLRAPCASLAHAAHAYLMPRL--------ADPIAPVGTG-LTLREREVLAWTADGKTAYEIGMIFGIAERTVKFHLQNAVVKLDAMNKTHAATKAAMLGLLP-------------------- 
  YP_002158591   S--LFLHACMNIPLIVPSLVDNYRK--------INIANNKSNNDLTKREKECLAWACEGKSSWDISKILGCSERTVTFHLTNAQMKLNTTNRCQSISKAILTGAIDCPYFKN-------------- 
  YP_002265247   N--LFLNACMSVPLILPELLDSNQR--------ITKEDQQVHTKLTKREKECLIWSCEGKSRWEISKILGCSERTVTFHLANSQLKLGANNRCQSISKAILTRAMNPLY----------------- 
     YP_855658   L--SAVPFISWLSMHIFEAVARVCL--------AG---LSPHDALSLRELEVCRWAAEGKQVSDIAQILGITPRTVTFHLNNVVSKLGASSKSQAISWALKQGMVRLNVEMALVANVDEKQ----- 
     YP_776923   MPCDVPS-WGALVANLMLDACRRLE--------AVQSDAPCLS---TRELEILKWVAEGKSTWDISRIVSLTEHGVLHHIRSIMKKFDVPTRRQAVLMASRFGLL--------------------- 
  YP_002955225   KYDPTVIAILQTIVPHLHLASSRII--------ESRLIQHNRKLLSGREREVLSWLKHGKSSWDISTILQISECTVNYHIYNIIKKLDVQNRPQAVAVATHLGILDPD------------------ 
  YP_002537872   N-HPREKFIIENLTPHLHTAFTTYL--------SKTKAPVN-FELSKREIEVLNWVKKGKSSWDISVILAISVRTVKFHVENIMVKLNAVSRTHAVAIALSAGVIDID------------------ 
  YP_002871035   DDLNGPLGMLFMLIPFLLEGSQKHL--------KTVG--EPPSSLTLRESEVLKWTGVGKTTWEMSCILGCSERTINFHIANASRKLGSFSRRQAVGVALAQGLISL------------------- 
     NP_106527   RTVTYLQLAALHFHVRVTKGTS------------SNA-LKQVQDLSLREKECILWIARGKSSWEIGKILGISGNTVNFHLKNAMRKLDTASRTVAAIKATSLGIVEV------------------- 
  YP_001242900   RGALHLISIFTH-SRLRALARATSG--------G------QSRRLSRIEAEVLSWAARGKTAWETARILGVSERNVRWHLEEAQRKLETKNKTATVATALVNGEITI------------------- 
  YP_001203095   RGALHLISIFTH-SRLRALARATAG--------N------PGRRLSRIEAEVLSWAARGKTAWETARILGVSERNVRWHLEEAQRKLATKNKTATVATALVNGEISI------------------- 
  YP_001927660   RGMLTLIASYVVGQTLLIDNGPSE---------------RRMG-LTPRERESLQWVAEGKTDWEIGELMGISRHGVDFHLRSARVKLGCVSRTQAVAEGFRRGLIV-------------------- 
  YP_002547516   EAHLIHIISQFFHSCALPVVMEEHL--------IGSY-RRRRSFLSAREKETVIWVSKGKSSWEIAKILGISEKSVEFYMESVKRKLEAVNRTQAVVKAIMLGLIQTDRFQSGDGRKATMAMPSRA 
  YP_003558208   Q-----LATLELINTVSAQAMTRLT--------------NPVEELTKREREILAWSSEGKSSWEIGMICSITERTVKFHLKNIYKKLNVQNRAQAIVCAIRQGLI--------------------- 
     YP_777789   L--QQQELKMRWLVNAAHLAITRAV--------LPKLSPEGDIELTDREVEVLKWVADGKTAAEISMIMLISVYTVNFHVKNAVTKLNTSNATAAVARAAMLGLLI-------------------- 
  YP_003749681   L--ADNTRRMQWLTHMAHLALSRLL--------RADLAGDSDDSLTGREVEVMKWTADGKSAQDIADILAISKNTVDFHVKNAVKKLQAVNKTAAVVRAAMLGYLF-------------------- 
  YP_001715477   Q--KAQYTNMYWLTQTVHSSIAKIV--------NDVEFAKFNLYLTNREKEALRWTAEGKTSAEIAQILGVTERTVNFHLSNSMQKLNVNNKISAAIRAVMLGLL--------------------- 
  YP_001083200   Q--KAQYTNMYWLTQTVHSSIAKIV--------NDVEFAKFNLYLTNREKEALRWTAEGKTSAEIAQILGVTERTVNFHLSNSMQKLNVNNKISAAIRAVMLGLL--------------------- 
  YP_003734010   Q--KAQYTNMFWLSQTVHSSIAKIV--------NETEFAQFNLYLTNREKEVLRWTAEGKTSAEIAQILGVTERTVNFHLCNSMQKLNVNNKISAAIRAVMLGIL--------------------- 
  YP_002911505   L--ERNEFRMRWLVSTTHLAMTRVL--------MPKLMPDTERGLTDREVEVLKWAADGKTSGEISTILRISVDTVNFHVKNAVAKLKTVNKTSAVVRAAMLGLLS-------------------- 
  YP_003978623   L--LSKELRMRWLVTAAHLAFSKVL--------LPRFKLAPNVPLTRRETEILKWAADGKTSSDVSEILAIAESTVRFHTKNAISKLGARNRTAAVARAALLGLLS-------------------- 
  YP_002947664   M--RAKDLLFQGLVNKAHRAFCRLL--------GGPLAG--IEPLTKRQVEVLRWTGDGKTSDEIAAILCISKPTVDFHLRNAMARLGASTKSSAAAFASRLGLLN-------------------- 
  YP_003750859   L--DRLSATTNWLANLAHTLMSPFL--------MPKLVPESNAVLTAREREVLCWTGEGKTAYEIGQILRISERTVNFHVNNVLLKLAATNKVQAVVKAIVIGLI--------------------- 
     NP_521406   L--EQLSATTNWLANLAHALMSPFL--------MPKLVPESSAALTAREREVLCWTGEGKTAYEIGQILRISERTVNFHVNNVLLKLAATNKVQAVVKAIAIGLI--------------------- 
  YP_003744152   L--GQLSIATHWLANLAHTLMSPFL--------VPQLVPESNAVLTAREREVLCWTGEGKTAYEIGQILRISERTVNFHVNNVLLKLAATNKVQAVVKAIATGLI--------------------- 
  YP_001117674   I--NMLTLQTNWLANLSHSLMSRFM--------LPKLSPAAGVTLTAREREVLCWTAEGKTACEIGQILSISERTVNFHVNNILEKLAATNKVQAVVKAIAAGLIDTP------------------ 
     YP_623508   I--NMLTLQTNWLANLSHSLMSRFM--------VPKLSPAAGVTLTAREREVLCWTAEGKTACEIGQILSISERTVNFHVNNILEKLGATNKVQAVVKAISAGLIETP------------------ 
  YP_001583946   I--NMLTLQTNWLANLSHSLMSRFM--------VPKLSPEARVALTAREREVLCWTAEGKTACEIGQILCISERTVNFHVNNILEKLGATNKVQAVVKAISAGLIDTP------------------ 
     YP_105961   I--NHLTLQANWLANMSHSLMSRFL--------VPKLAPESGVALTHREREVLCWTGEGKTACEIGQILSISERTVNFHVNNILDKLGATNKVQAVVKAIAMGLIDAP------------------ 
  YP_002909041   I--NSLTLQANWLANLSHSLMGRFL--------VPKLSPAASISLTKREREVLSWTSEGRTASEIGEQLNISERTVTFHINNILAKLGAANKVQAVVKAIGMGLIQAP------------------ 
  YP_002907673   L--KRLSLQLSWITNAVHSAMTAHV--------FDSLGLGAAISLTERERQVLRWTVEGLNAFDISEKLNISVSTVNWHIGKVLAKFGATNKVQAAARAVALNLL--------------------- 
  YP_003910271   RHIDVVLPNLVLLRDLVIDTSQRHL--------HTHAQSLLPK-LTPRERECLQWTARGKSTWEISHILNCSEAVVNFHMKNIRTKLGVNSRRAAAVIATQLGLIDPG------------------ 
  YP_001888024   RHINVALPNLVLLRDLVIDTSQRHL--------NTHAQTLLPK-LTPRERECLKWTARGKSTWEISHILNCSEAVVNFHMKNIRTKFGVNSRRAAAVIAAQLGLIDPG------------------ 
  YP_003608086   RHVNAALPNLVLLRDLVIDTSKQHL--------DSHAQSLMPK-LTPRERECLKWTARGKSTWEISHILSCSEAVVNFHMKNIRAKFGVNSRRAAAVIAAQLGLIDPG------------------ 
  YP_001860599   RHLDVVLPNLVLLRDLVIDTSQPHL--------NTHTQALVPK-LTPREQECLKWTARGKSTWEISHILNCSEAVVNFHLKNIRTKFGVNSRRAAAVIATQLGLIDPG------------------ 
  YP_003847232   RDANHHLPELACFRDFILESSLQFM--------KPSRQVENPISVTHRELECLKWSASGKSSWEIGHILNCTEATVNFHFSNIRRKFSTTSRQQAIVKAISLGLIHPN------------------ 
  YP_001167907   KLKRAAIGDLQVAAVHLHDAVMRSD--------VISR-ALRQPRLSTREIEVLQWVAAGKSQMDIGDILGISHRTVEVHLRSAREKLGTLSTVQAVGRAIGLGLVYPR------------------ 
  YP_001043640   KHKRAVIGELQVAAVHLHDAVMRSD--------VISR-ALRQPRLSTREIEVLQWAAAGKSQTDIGDILGISHRTVEVHLRSAREKLGTLSTVQAVGRAIGLGLVYPR------------------ 
  YP_001758389   RVAVNLVATYAVGQLLLMNSRPAA---------------PAPARLSPREREALQWAAEGKTDVEIGMVMGITAAGVDYHLRSARAKLDTVNRAHTVAQALRSGLIT-------------------- 
     YP_486928   RGMVQLVAMYAFLRSLKLGEKP-----------------TPAITLTKREADVLHWIAEGKTDWEISKILRVSEHLVDKMARQIRTKLGAVNRIQAVALAMRSGIIR-------------------- 
  YP_001603072   LVALGFINSQYYET--LSKLSEAEL--------PG-----PVPTFSRREKECLLWVSRGKTTWDISVILGISENTINAYLKNVILKLGCSGRIQAVLRAIDLNLISP------------------- 
  YP_003262848   L--KELQYRLTWLTQISHHCMSEII--------TTKKMPETMITLTMREKDVLRWTAAGKTSGETSTIMNITERTVNFHIANSMQKLNCINKTSATVRAAMLGLLD-------------------- 
  YP_002911546   R--DRNEFIVHWLANVAHAALAPFL--------P--AAGEPEANLTSRETDVLKWTADGKTAYEISRILSISESTVNFHVKNIMSKLGTSNKIQAVAKAALTGML--------------------- 
  YP_001815695   L--RRTEPEMIWFCQFVHATMSNLI--------VSDVMPSGAMRLSLREKQVLHWTAEGKTAAEVAVILQLSERNVGFHIQNAIDKLDAANKTHATVKAAMLGLIPVRC----------------- 
  YP_001115608   L--RRTEPEMIWLCQFVHATMSNLI--------VSDVMPSGAMRLSLREKEVLHWTAEGKTAAEVAAILQLTERNVGFHIQNAMDKLDATNKTHATVKAAMLGLIPVRD----------------- 
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  YP_002874841   L--YEKAGHVLWLCHAMHAVVAQKY--------AGKPSALPPSKLTPRETEILKWSAMGKTASDIATILCLSERTVGFHISSTFKKLGVNNKIAAVLCASKAGLF--------------------- 
  YP_001437405   D--DELALRLQHLVEQSLVTMMRLE--------DPAATVL-EMKLSKREKEILQWTAEGKTSAEIAIILSISENTVNFHQKNMQKKFNAPNKTQIACYAAAIGLI--------------------- 
  YP_003941366   E--DETQMRLQMLAEFSTTALLRLD--------DSAILTP-EMKFSKRELEILKWTAEGKTSAEISIILSISENTVNFHQKNMQKKFNAPNKTQIACYAVATGLI--------------------- 
  YP_003530769   T--TETELKIQYVLELSMAALININ--------DISMATT-KLDFSERELEILKWTAEGKTSAEISLILSISQNTVNFHQKKMQKRFNAPNKTQIASYAAAIGLI--------------------- 
  YP_002649216   T--PVMELKIQYISELSMASLIKIN--------DISMATT-KLDLSQRELEILKWTAEGKTSAEISLILSISENTVNFHQKKMQKRFNAPNKTQIASYAAAIGLI--------------------- 
  YP_001908006   T--PEIELKIQYISELTMAALIDIN--------DISMATT-KLDLSERELEVLKWTAEGKTSAEISLILSISQNTVNFHQKKMQKRFNAPNKTQIASYAAAIGLI--------------------- 
  YP_003519711   R--VELEVKLHFLAEQSLSLLERLN--------DEALMVQ-GNDFSQRELEILRWTAEGKTSQEISLILSISEHTVNFYQKNMKKRFNVSNKTQIACYAAAIGLI--------------------- 
     YP_206883   S--LFLHASTNVPLMLPSLVDNYQK--------INTTRKKSDSILTKREKECLAWASEGKSTWDISKILGCSERTVTFHLTNTQMKLNTTNRCQSISKAILTGAINCPYLKN-------------- 
  YP_001143989   F--ENVPLLSFCASYIFNSALQLIK--------SRPDLMKHLTELSDREKECLFWASEGKTSWEIATILGISERTVNFHLNQVTNKTDSKNRNQAIAKSISSGIIVPSLDDVTITNLRLS------ 
  YP_003267496   DRIRHAIPIAQFVLSHLVEKLEAHF--------HVRLEDLQRYKLSERERECLRWVAAGKTSWEIGHILGIAERTAIFHLNNAMKKLGAVNRSHAVARALQHGVIAL------------------- 
  YP_003450678   RRPRIIPDFIHFSLALHSAMVSSEP--------DD--AEEVPCKLSPREREVLDWASRGKTSWETGMVLGLSEKTVNFYLRNACQKMNAATKVQAAAQAVREGLI--------------------- 
  YP_002910942   AEIERVKGAMQLALVLFHSRINAKP--------PDSR-HRVES-LTLRERTVLKWAAMGKSYSEIADICGIRERTVKYHMANVVQKLDVSTAKQAVIVASRLGLAALSEG---------------- 
  YP_001022984   GEVTRLVADLQLFAVHAQDTAMRVL--------VPERLQLERPKLTPRELDSLRWTMDGKTAWEVGSIMGISERTAVLHINNAMHKLACTNKHQAVLKALRLGLLR-------------------- 
  YP_001898047   HTDAISGLAVLTALHLHEAVRRLDA--------SMSN-AP-IPSLTSREKECLQWAAAGKTSWEIARILSVSERTVIFHIGNATKKLGATNRRQAVARAISLRLIAP------------------- 
     YP_528967   RINACLPFAQSFGTQVFECYSALML--------KLAQ-NK-QTHLTAREKESLFWACEGKTTWEISKILDVSERTVIFHLSSATSKLGAVNRQHAVAKAILSGLIKPTL----------------- 
     YP_659944   VLDNAQMFCHTFATHLFERYVLLEI--------SASD-ETDRRELTKRELECLFWACEGKTAWEISQIINVSERTVLFHLGNSNTKLGAINRQHAVALAIKKGIIKPNI----------------- 
     YP_106048   DILRLLSLSQLLASFVHAAMHELLD--------CRLR-RQGSCDLTARERESLQWAGRGKTAWEISKILGISERTVVFHLSNAARKIGANNRAQAVVIASARGLI--------------------- 
     YP_106160   AKWRNAYLLGMQFNLQFQSMRTCR------------P-IPPSVHLTDREQMCLTWVARGKSSWVIANMLDISKYTVDFHIENAMEKLNTRSRTFAAVKATRQGLIFP------------------- 
  YP_001777917   VHMRLASLIGALFHQELHRLMKPH------------R-PEPALELSPRQQECLAWVARGKSSWAIAAIVGISPHTVDYHIAEAMKILGINSRTAAAVHAVTTGLIQV------------------- 
     YP_972129   ACVRTYALVTAFHALYTMRFATEQT-----------Q-IPTAVKLTSREAECLTWVAYGKSSWEIGRIMRISEHTVNFHLKNAMAKFDTASRVTAAVRAANLGLISIP------------------ 
  YP_004012994   TLLHKVQALAIQFHLAFTELEKIET--------PLTE-NLAEVYLTEREKEIMSWAAEGKSDSVIAEILGVSHSTVRFHMNNVFKKLNANERTLATVKAIRHGLILPSFIG--------------- 
     NP_768520   DRMAHLTTLASAFHNAVAQITPPL----------DES-CETDIPLTPRETECLYWVAEGKSAWVIGQLVNVTDNTVNFHMKNVIRKLGAANRTNAVAKATRRGII--------------------- 
     YP_567541   KGAMQLIGVYAH-NRIRSLHRPKP----------------QRRLLTSRECEILLWAAHGKTAWEISIILHIAERTVKFHLIEASKKLNAVNRTAAVAKALAFGLIKL------------------- 
     YP_484040   KGAMQLIGVYAH-NRLRSLNRPKP----------------QRRLLTSRECEILSWAAQGKTAWEISMILRIAERTVKFHLIEASRKLNAVNRTAAVAKALSLGLIRL------------------- 
  YP_002966880   KPAVHMIAMYAF-ERARQVGRRPAK--------P------PSNPLTQREQEVLTWAALGKSSRDTAEIMQITERTALAHAVNATHKLGAANRTQAVVRAMQSKFIRV------------------- 
     YP_781245   KPALHLMAMYAF-DRIRSLVS-PAN--------D------APPRLTHRECETLNWTAQGKSAWEIGEILQIAQRTAEEHLATAARKLGAVNKTHAVAIAIRQKLIAP------------------- 
  YP_002495629   RRGLHMLGLYAWGAATRTTEDRRRS--------E------PGRLLSARERDVLSWAAMGRTREEIATILGVSHETVATHLKSARIKIGARNTTQTVVEALRKREITL------------------- 
  YP_001776815   RAALHLVAIYAM-STAKAIARRRGL--------SEDD-GTPPSPLTGREAECLKWSSTGKSAWEIGVILSISTRTVEHHLGSAVRKLNSVTRTQAVAEALRRHIID-------------------- 
  YP_001641953   RGMLTLLASYVVGQTLLIDNGPSE---------------RRMG-LTPRERESLQWVAEGKTDWEIGELMGISRHGVDFHLRSARVKLGCVSRTQAVAEGFRRGLII-------------------- 
  YP_002497059   RGMLTLVGTYALGQVLLLANGQAE---------------ALSEPLSPRERESLQWAADGKSDWEIGEAMGISEHGAIRHLRAVRRKLGTTSRAHAVALGLRLGIIS-------------------- 
  YP_001240084   QISKYRHELHLIAIYLYARLRDVTP--------TP-A-SPLRPCLTQRERICLQWAARGKSALDTAEIINVSRRTVVFHTQNAKRKLGVATVQQAVAKGLAYDIIGM------------------- 
     NP_106660   VAEQYEQALEIMAMCFHIGVRRKLA--------RG-L-AVDGVSLTPREYECLEWTAKGKSAWEIGCILGIKERTAAFHLDNAKKKLGVRTKNQAVTLLASSRSSIL------------------- 
  YP_003259225   NIVEKNKDKLQMLLIVIHEKITTLY-KEIT-QTPQSKKQSDKEIFSQRENEILYWASMGKTYPEIALILDIKISTVKFHIGNVVKKLGVLNAKHAIRLGVELQLIKP-EPL--------------- 
  YP_003017024   SIVEENKDKLQMLLITVHEKITTLY-KEMT-QSTQSRKQGDKEIFSQRENEILYWASMGKTYPEIALILDIKISTVKFHIGNVVKKLGVLNAKHAIRLGVELQLIKP-EPS--------------- 
  YP_003331714   EIVQNNKEKLQMLLISAHEKLTSLY-REMS-KNRNNSKSQEPNLFSQRENEILYWASMGKTYQEIALILGITTSTVKFHIGNVVKKLGVLNAKHAIRLGVEMNLIKPVEPVKARS----------- 
  YP_003885142   EIIQNNKDKLQMLLISAHEKLTSLY-REMS-RNRNNSKSQEADLFSQRENEILHWASMGKTYQEIALILGITTSTVKFHIGNVVKKLGVLNAKHAIRLGVEMNLIKPVGPAKARS----------- 
  YP_003002472   EIIQNNRDKLQMLLISAHEKLTSLH-REMS-RNRHNSKPQEADIFSQRENEILYWASMGKTYQEIALILGITTSTVKFHIGNVVKKLGVLNAKHAIRLGVEMNLIKPVEPVKARS----------- 
  YP_002985768   NMIHGNQEKLQMLLIATHEKTLSLY-RELA-ESRQHR--SNDMLFSERENDILYWASMGKTYQEIALILGIKTSTVKFHIGNVVRKLGVTNAKHAIRMGIEMNLIRRV------------------ 
  YP_001005891   ESIEINKEKIQMLLILTHEKMLGLY-QSNSDKNENRNPKIERDIFSPRENEILYWASVGKTYAEISIILGIKRSTVKFHIGNVVRKLGVLNAKHAIRLGIELKLIKPI------------------ 
  YP_003019697   KFIEEKKDTFQMLLIDAYEKIISLC-REMIESKK--QLNNKE-MFSQRENEILYWASMGKTYLEVAIILGIKTSTVKFHIGNVVKKLGVLNAKHAIRLGVELQLIKPVQ----------------- 
  YP_003261727   DVIESNKDKLQMTLMTIHAETISLY-REMIRNKEDERSNDKD-IFSQRENEILYWASMGKTYQEIALILDIKTGTVKFHIGNVVKKLGVLNAKHAIRLGIELQLIRPVQS---------------- 
  YP_002934275   ----RNRGVLQMLLIDAHERFINGQ-RQITAQRHCSNKEPIENIFSTRENEILYWASMGKTYQEIALILGIKTGTVKFHIGNVVKKLGVLNAKHAIRLGVELQLIKPIEG---------------- 
     NP_670674   SRVLNDRDRLQMLLIETHEKMLTLSQRNMNIQERQGKGMPGKAILSPRENEVLYWASMGKTYQEIAIITNITPRTVKYHIGNVVKKLGVINAKQAIGLGVELEIIKPILA---------------- 
  YP_003520251   QRLASEQGTMQMLLIDFNEQMYRLAGAEAERAPTVNQNAD-KTIFSSRENEVLYWASMGKTYSEIAAITGISVSTVKFHIKNVVVKLGVSNARQAIRLGVELDLIRPAASAAR------------- 
  YP_001906896   ETFIKNKGEISLLLASVHETYLTLT--SLSEKNASRSRSENASRFTERENEILYWASVGKTYPETAMILGIKTCTVKFHMSNIVKKLGVANARHAIRLGMELQLIKPVS----------------- 
  YP_003941575   ELLIQHKGDISLLLASVHETYLTLT--SLSEKDT-----DKHSQFTPRENEILHWTSLGKTYQETGMILGIKVRTVKFHMSNIVKKMGVANARHAVRLGVELQLIKPVE----------------- 
  YP_003729882   FDIDKHRAKFMSFLIHLHQKTLNLY-------SQHQQ--KKNAFLSPRERQILKWVSDGKTYAEIAIILSIAERTVKFHMGNVMKKLGVNNARHAIKLGAELRLLEN------------------- 
  YP_002924396   FFID--REKMYLLLVKTHQKLLSLY-------EKFEIPTKKNIGLSKRENEILHWASIGKTYQEISKIIGIKECSIKFHMKNITNKLGAINSRHAIKLAYELKLLKQISYAF-------------- 
  YP_001832058   ARHYELIRDMVHVAHFIQQRAFEMH---------HQDEGIDINTITKREIEALSWSAEGKTLEDISVLMRISQETVKAHLDSARYKLGALNRIHAVAKAIRAGLIR-------------------- 
  YP_001669935   -----------------MTDNARYS---------QQPPADAPVRLTPRERQVLLWCAYGKSSWEIGRILDCKESTVNFHVSNILRKFDVPTRVVAVIKAIRYGLLAEQ------------------ 
  YP_001748729   -----------------MKANTQQI---------EDSQADTPIRLTPREQQVLLWCAYGKSSWEIGQILQCQESTVNFHVGNILRKFDVSTRVAAVIKAIRYGMLAEQ------------------ 
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Accession Number-to-Species Key for Table S4. 
 

Accession Number Species & Strain Accession Number Species & Strain 
YP_001747665 Pseudomonas putida W619 YP_001437405 Cronobacter sakazakii ATCC BAA-894 
YP_001991323 Rhodopseudomonas palustris TIE-1 YP_003941366 Enterobacter lignolyticus SCF1 
YP_569310 Rhodopseudomonas palustris BisB5 YP_003530769 Erwinia amylovora CFBP1430 
YP_002232821 Burkholderia cenocepacia J2315 YP_002649216 Erwinia pyrifoliae Ep1/96 
YP_624828 Burkholderia cenocepacia AU 1054 YP_001908006 Erwinia tasmaniensis Et1/99 
YP_002158591 Vibrio fischeri MJ11 YP_003519711 Pantoea ananatis LMG 20103 
YP_002265247 Aliivibrio salmonicida LFI1238 YP_206883 Vibrio fischeri ES114 
YP_855658 Aeromonas hydrophila subsp. hydrophila ATCC 7966 YP_001143989 Aeromonas salmonicida subsp. salmonicida A449 
YP_776923 Burkholderia ambifaria AMMD YP_003267496 Haliangium ochraceum DSM 14365 
YP_002955225 Desulfovibrio magneticus RS-1 YP_003450678 Azospirillum sp. B510 
YP_002537872 Geobacter daltonii FRC-32 YP_002910942 Burkholderia glumae BGR1 
YP_002871035 Pseudomonas fluorescens SBW25 YP_001022984 Methylibium petroleiphilum PM1 
NP_106527 Mesorhizobium loti MAFF303099 YP_001898047 Ralstonia pickettii 12J 
YP_001242900 Bradyrhizobium sp. BTAi1 YP_528967 Saccharophagus degradans 2-40 
YP_001203095 Bradyrhizobium sp. ORS278 YP_659944 Pseudoalteromonas atlantica T6c 
YP_001927660 Methylobacterium populi BJ001 YP_106048 Burkholderia mallei ATCC 23344 
YP_002547516 Agrobacterium vitis S4 YP_106160 Burkholderia mallei ATCC 23344 
YP_003558208 Shewanella violacea DSS12 YP_001777917 Burkholderia cenocepacia MC0-3 
YP_777789 Burkholderia ambifaria AMMD YP_972129 Acidovorax citrulli AAC00-1 
YP_003749681 Ralstonia solanacearum PSI07 YP_004012994 Rhodomicrobium vannielii ATCC 17100 
YP_001715477 Acinetobacter baumannii AYE NP_768520 Bradyrhizobium diazoefficiens USDA 110 
YP_001083200 Acinetobacter baumannii ATCC 17978 YP_567541 Rhodopseudomonas palustris BisB5 
YP_003734010 Acinetobacter oleivorans DR1 YP_484040 Rhodopseudomonas palustris HaA2 
YP_002911505 Burkholderia glumae BGR1 YP_002966880 Methylobacterium extorquens AM1 
YP_003978623 Achromobacter xylosoxidans A8 YP_781245 Rhodopseudomonas palustris BisA53 
YP_002947664 Variovorax paradoxus S110 YP_002495629 Methylobacterium nodulans ORS 2060 
YP_003750859 Ralstonia solanacearum PSI07 YP_001776815 Methylobacterium radiotolerans JCM 2831 
NP_521406 Ralstonia solanacearum GMI1000 YP_001641953 Methylobacterium extorquens PA1 
YP_003744152 Ralstonia solanacearum CFBP2957 YP_002497059 Methylobacterium nodulans ORS 2060 
YP_001117674 Burkholderia vietnamiensis G4 YP_001240084 Bradyrhizobium sp. BTAi1 
YP_623508 Burkholderia cenocepacia AU 1054 NP_106660 Mesorhizobium loti MAFF303099 
YP_001583946 Burkholderia multivorans ATCC 17616 YP_003259225 Pectobacterium wasabiae WPP163 
YP_105961 Burkholderia mallei ATCC 23344 YP_003017024 Pectobacterium carotovorum subsp. carotovorum PC1 
YP_002909041 Burkholderia glumae BGR1 YP_003331714 Dickeya dadantii Ech586 
YP_002907673 Burkholderia glumae BGR1 YP_003885142 Dickeya dadantii 3937 
YP_003910271 Burkholderia sp. CCGE1003 YP_003002472 Dickeya zeae Ech1591 
YP_001888024 Burkholderia phytofirmans PsJN YP_002985768 Dickeya dadantii Ech703 
YP_003608086 Burkholderia sp. CCGE1002 YP_001005891 Yersinia enterocolitica subsp. enterocolitica 8081 
YP_001860599 Burkholderia phymatum STM815 YP_003019697 Pectobacterium carotovorum subsp. carotovorum PC1 
YP_003847232 Gallionella capsiferriformans ES-2 YP_003261727 Pectobacterium wasabiae WPP163 
YP_001167907 Rhodobacter sphaeroides ATCC 17025 YP_002934275 Edwardsiella ictaluri 93-146 
YP_001043640 Rhodobacter sphaeroides ATCC 17029 NP_670674 Yersinia pestis KIM10+ 
YP_001758389 Methylobacterium radiotolerans JCM 2831 YP_003520251 Pantoea ananatis LMG 20103 
YP_486928 Rhodopseudomonas palustris HaA2 YP_001906896 Erwinia tasmaniensis Et1/99 
YP_001603072 Gluconacetobacter diazotrophicus PA1 5 YP_003941575 Enterobacter lignolyticus SCF1 
YP_003262848 Halothiobacillus neapolitanus c2 YP_003729882 Pantoea vagans C9-1 
YP_002911546 Burkholderia glumae BGR1 YP_002924396 Candidatus Hamiltonella defensa 5AT (Acyrthosiphon pisum) 
YP_001815695 Burkholderia ambifaria MC40-6 YP_001832058 Beijerinckia indica subsp. indica ATCC 9039 
YP_001115608 Burkholderia vietnamiensis G4 YP_001669935 Pseudomonas putida GB-1 
YP_002874841 Pseudomonas fluorescens SBW25 YP_001748729 Pseudomonas putida W619 
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Table S5. Conservation among 100 LasR homologs at mutated sites in this study.!

 
Y56 W60 R61 D73 T75 W88 Y93F T115 S129 

residue Freq % Freq % 
Fre

q % Freq % Freq % Freq % Freq % Freq % Freq % 

A 1 1.0 0 0.0 4 4.0 0 0.0 3 3.0 0 0.0 5 6.8 16 16.2 0 0.0 

C 3 3.0 0 0.0 1 1.0 0 0.0 0 0.0 0 0.0 1 1.4 7 7.1 5 5.1 

D 0 0.0 0 0.0 0 0.0 99 100.0 0 0.0 0 0.0 3 4.1 0 0.0 0 0.0 

E 0 0.0 0 0.0 2 2.0 0 0.0 0 0.0 0 0.0 4 5.5 0 0.0 0 0.0 

F 4 4.0 0 0.0 10 
10.

1 0 0.0 0 0.0 0 0.0 15 
20.

5 0 0.0 1 1.0 

G 0 0.0 0 0.0 2 2.0 0 0.0 0 0.0 0 0.0 0 0.0 1 1.0 2 2.0 

H 3 3.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

I 0 0.0 0 0.0 5 5.1 0 0.0 15 15.2 0 0.0 3 4.0 1 1.0 0 0.0 

K 1 1.0 0 0.0 6 6.1 0 0.0 0 0.0 0 0.0 6 8.0 0 0.0 0 0.0 

L 1 1.0 1 1.0 12 
12.

1 0 0.0 1 1.0 0 0.0 8 
11.

0 0 0.0 2 2.0 

M 1 1.0 0 0.0 10 
10.

1 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

N 1 1.0 0 0.0 2 2.0 0 0.0 0 0.0 0 0.0 4 5.5 0 0.0 4 4.0 

P 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

Q 0 0.0 0 0.0 7 7.1 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

R 0 0.0 0 0.0 14 
14.

1 0 0.0 0 0.0 0 0.0 9 
12.

3 0 0.0 0 0.0 

S 0 0.0 0 0.0 4 4.0 0 0.0 1 1.0 0 0.0 1 1.4 28 28.3 65 65.7 

T 2 2.0 0 0.0 2 2.0 0 0.0 26 26.3 0 0.0 3 4.1 45 45.5 20 20.2 

V 0 0.0 0 0.0 18 
18.

2 0 0.0 53 53.5 0 0.0 8 
11.

0 1 1.0 0 0.0 

W 10 
10.

1 97 
98.

0 0 0.0 0 0.0 0 0.0 99 100.0 0 0.0 0 0.0 0 0.0 

Y 72 
72.

7 1 1.0 0 0.0 0 0.0 0 0.0 0 0.0 3 4.1 0 0.0 0 0.0 

Gap 0 – 0 – 0 – 0 – 0 – 0 – 26 – 0 – 0 – 
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Figure S1. Dose-response curves for mutant LasRs with OdDHL. OdDHL dose-response 
curves used to calculate EC50 values for OdDHL in each LasR mutant: (A) Y56F, (B) W60F, (C) 
R61M, (D) T75V, (E) Y93F, (F) T115V, and (G) S129A. For each plot, the three red curves 
compose a biological triplicate of data for OdDHL in the mutant, and the black curve is a 
representative replicate for OdDHL in wild-type LasR for comparison. The geometric mean of 
each EC50 value is displayed on each plot and in Table 1 in the main text. 
 
! !
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Figure S2. Dose-response curves for mutant LasRs with ligand 1. Ligand 1 dose-response 
curves used to calculate EC50 values for 1 in each LasR mutant: (A) Y56F, (B) W60F, (C) 
R61M, (D) T75V, (E) Y93F, (F) T115V, and (G) S129A. Panel (H) shows the dose-response 
curve for 1 in wild-type LasR. For each plot, the three curves compose a biological triplicate of 
data for 1. The geometric mean of each EC50 value is displayed on each plot and in Table 2 in 
the main text. 
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