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Ps_GM33                 MGTQQQNLT-PAESTTASVSLQVCAVIDETADARSLVLDIPPT-----LRERF-RYKPGQ 53 

Psknac                  MGSAQTLIPMPPVEAGGAFRLRVAEVIEETADARSLVLEVPAE-----LAGRF-QYRAGQ 54 

Psres_NBRC106553        MGSVQS--PVVEPQQGGAFQLEVAEMIAETHDSHSLVLRVPAG-----LEERF-RYKAGQ 52 

Psbale                  ------------MNAPEYLTLTVAEVVHETADSCSFVFDVPPA-----LAGRF-SYRPGQ 42 

Ps_Chol1                ------------MNAPEYLTLTVAEVVHETADSCSFVFDVPAA-----LAGRF-SYRPGQ 42 

Pstae                   ------------MNQPAYISLRVAQIVTETADAKSLVFEVPEA-----LREQF-SYKSGQ 42 

Psvran                  --------------MNDFVALRVARVVEETADARSLIFDVPEH-----LAERF-RYQPGQ 40 

Ps_NBRC111124           --------------MNDYLALRVARVIEETADARSLVFDVPAS-----LAERF-HYKPGQ 40 

Ps_ES3-33               --------------MNNYLALRVARVIEETADARSLVFDVPEH-----LGERF-HYQPGQ 40 

Ps_GM55                 --------------MNNYLALRVARVIEETADARSLVFDVPEH-----LGERF-RYQPGQ 40 

Psput_CBB5              --------------MNNYLALRVARVIEETADARSLVFDVPEH-----LGERF-RYQPGQ 40 

Psjapo                  --------------MTDYLALRVARVIEETADARSLVFDVPEH-----LAERF-RYRPGQ 40 

DOC21_StdJ              --------------MNDYLALRVARVIEETVDARSLVFDVPEH-----LSERF-RYQPGQ 40 

Ctest_TK102             MSS------EAMTTASRYHPLRVRAVIDETHDTKSIVFEVPGE-----LAEQF-SYRPGQ 48 

Ctest_ATCC11996         MSS------EATTAASRYHPLRVRAVIDETHDTKSIVFEVPEA-----LAEQF-SYRPGQ 48 

Ctest_S44               MSS------EATTTASRYHPLRVRAVIDETHDTKSIVFEVPEA-----LAEQF-SYRPGQ 48 

Ctest_CNB-2             MSS------EATTTASRYHPLRVRAVIDETHDTKSIVFEVPEA-----LAEQF-SYRPGQ 48 

Ctest_TA441             MSS------EATTTASRYHPLRVRAVIDETHDTKSIVFEVPEA-----LAEQF-SYRPGQ 48 

Poglac                  --------------MSRYHALRVSAVVDETHDTKSLVFEVPPA-----LANAF-AYQPGQ 40 

Sipsy                   --------------MSRYHALRVRAVVDETHDTKSLVFEVPPA-----LADAF-AYQPGQ 40 

Ghir_DSM44140           --MSSEVGVVTRAANTHVQVLEVLEVIVETSSAVSIVLAVPDR-----LVSRF-RYQPGQ 52 

Tspau_DSM20162          --------MSLTPHSSRSQIVTVTDVIEETALAKSFVFDAEW------------DYRPGQ 40 

Tspse_JCM13375          --------MSLTPHSTRSQIVTVAEVIDETELAKSFVFDVEW------------DYRPGQ 40 

Tstyr_CCUG38499         --------MSLTPHSSRSQIVTVTEVIEETALAKSFVFDAEW------------DYRPGQ 40 

Tspul_CCUG35732         --------MSLTPHSSRSQIVTVTEVIDETALAKSFVFDAEW------------DYRPGQ 40 

Tsspo_DSM44990          --------MSLTPHSSRSQIVTVTEVIDETALAKSFVFDAEW------------DYRPGQ 40 

Pisim_VKM-Ac-2033D      -------------MDIESFVLDVVGVVEETADAKSISFAVPEG-----AEEKF-DYKPGQ 41 

Tscar_JCM15482          ---------------MSIHRLLVAKVVAETHDAHSIEFEVPDD-----LAAKF-TYKPGQ 39 

Ts_1534                 ---------------MSIHRLLVAKVVAETHDAHSIEFEVPAD-----KADLF-VYKPGQ 39 

Mkyor                   MTGDSAVTVPDEPLGSHVLELQVADVVAETDDARSLVFAVPDGV---EIPADRLRYAPGQ 57 

Mint_MOTT-02            MTEADLDQVPDEPLGDHVLELQIAEVIAETDDARSLVFAVPDDEGDPGIPPERLRYSPGQ 60 

Mpar_ATCCBAA-614        ----MVEANLDEPLGDHVLELQIAEVVAETDDARSLVFAVPDEPGDPGIPPERLRYAPGQ 56 

Mhae_DSM44634           ----MTETIPDEPLGNHVLELQIAEVVAETADARSLVFTAPEGPDDQVIPPDRLRYAPGQ 56 

Mafr_MAL010081          ----MTEAIGDEPLGDHVLELQIAEVVDETDEARSLVFAVPDGSDDPEIPPRRLRYAPGQ 56 

Mbov_AF2122/97          ----MTEAIGDEPLGDHVLELQIAEVVDETDEARSLVFAVPDGSDDPEIPPRRLRYAPGQ 56 

Mtub_H37Rv              ----MTEAIGDEPLGDHVLELQIAEVVDETDEARSLVFAVPDGSDDPEIPPRRLRYAPGQ 56 

Mory_112400015          ----MTEAIGDEPLGDHVLELQIAEVVDETDEARSLVFAVPDGSDDPEIPPRRLRYAPGQ 56 

Mmar_M                  ----MTDAIPDEPLGSHVLELQIAEVVAETDDARSLVFAVPDGSDDPRIPPERLRYAPGQ 56 

Mulc_Harvey             ----MTDAIPDEPLGSHVLELQIAEVVAETDDARSLVFAVPDGSDDPRIPPERLRYAPGQ 56 

Mneo_DSM44074           --------MTEEPLGSHVLELEIAAVIEETADARSLVFDVPG---GSDVPAEKLRYSPGQ 49 

Mneo_JC-12              --------MTEEPLGSHVLELEIAAVVEETADARSLVFDIPA---GSDMPAERLRYSPGQ 49 

Mphl_DSM43072           --------MTDEPLGSHVLELELADVIAETADARSLVFTVPA---GSDIPADRLRYSPGQ 49 

Mgoo_X7B                --------MTDEPLGSHVLELQVAEVVEETSDARSLVFTVPE---GAEISADRLRYSPGQ 49 

Msme_MC2-155            --------MTDEPLGSHVLELQVAEVVEETSDARSLVFTVPE---GAEIAADRLRYSPGQ 49 

Msme_NCTC8159           --------MTDEPLGSHVLELQVAEVVEETSDARSLVFTVPE---GAEIAADRLRYSPGQ 49 

Mmag_DSM44476           --------MTDEPLGSHVLELQVAAVIEETADARSLVFCVPD---GSELSPDKLRYSPGQ 49 
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Mwol_CDC01              --------MTDEPLGSHVLELQVAAVVQETPDARSLVFTVPE---GSTIPAERLRYSPGQ 49 

Mset_DSM45070           --------MTDEPLGSHVLELQVSAVIEETADARSLVFCVPDGPDGPSIPADRLRYSPGQ 52 

Mper_ACS819             --------MTDEPLGSHVLELQVSAVIEETADARSLVFSVPE---GSEIPADRLRYAPGQ 49 

Mcon_ACS2738            --------MTDEPLGSHVLELQVSAVIEETADARSLVFAVPE---GSTIPADRLSYSPGQ 49 

Mfor_E3377              --------MTDEPLGSHVLELQVSAVIEETADARSLVFAVPE---GSTIPADRLSYSPGQ 49 

Mvul_ACS3670            --------MTDEPLGSHVLELQVSAVIEETADARSLVFCVPDGPDGPSIPADRLRYAPGQ 52 

Mvul_ACS4093            --------MTDEPLGSHVLELQVSAVIEETADARSLVFSVPEG---SDIPADRLRYSPGQ 49 

Mbri_JCM15654           --MTDVESAPTQTTGVRTVVVTVSEVIDESHDARSLVLTVPDE-----HRDRF-AYRPGQ 52 

Mvac_95051              -----------MSSASRAVPLTVTAVIEECPDAKSLVLAVPDQ-----HRERF-GYRPGQ 43 

Galk_CGMCC6845          ----MTDVAEQVTTSSRAVRLEVAAVIEETADARSLVFTVPAD-----RRADF-AYTPGQ 50 

Rpyr_AK37               ----MTA--VETPVGSRSVVLTVGAVVQETADAVSLVFDVPEE-----RRAGF-AYKPGQ 48 

Rrhod_DSM43269          ----MTA--VQAPVTSRATVLTVSAVVQETADAVSLVFDVPDD-----RREDF-TYRPGQ 48 

Npauc                   ------MTSVEVPHGSRSVVLRVAAVVAETADACSLVFDVPDE-----LRERF-EYKPGQ 48 

Nfusc                   ------MTTVEVPHGSRSVVLRVAQVIAETTDASSLVFEVPEQ-----AREKF-AYRPGQ 48 

Nsien                   ------MTTVEVPHGSRSVVLRVAQVIAETADASSLVFEVPEQ-----AREKF-AYRPGQ 48 

Nser_N-2927             ------MTTVDVPHSSRSAVLRVSAVINETADSCSLVFDVPED-----LRERF-AYSPGQ 48 

Nsalm                   ------MTTVEVPHGSRSVVLRVAAVIAETADTHSVVFEVPAE-----LRERF-AYTPGQ 48 

Nfar_NCTC11134          ------MTTVEVPHGSRSAVLRVAAVIAETADSCSLVFDVPED-----LTEKF-AYRPGQ 48 

Nbras                   ------MTTVEVPHGSRSVVLRVAAVIAETPDTCSLIFEVPDE-----LAERF-RYHPGQ 48 

Ntene                   ------MTTVEVPHGSRSVVLRVAAVIAETTDTCSLVFDVPEE-----LTERF-RYQPGQ 48 

Rdefl                   ------MTTIDVPHSSRSAVLTVSGVIEETPDSRSLVFDVPAD-----MKSKF-QYKPGQ 48 

Requ_103S               ------MTTIDVPHSSRSAVLTVSGVIEETPDSRSLVFDVPAD-----MKSKF-QYKPGQ 48 

Rjost_RHA1              ------MTTVEVPHSSRSVVLTVSGVVEETPDSLSLVFDVPAD-----LADKF-AYKPGQ 48 

Ropac_PD630             ------MTTVEVPHSSRSVVLTVSGVVEETPDSRSLVFDVPAD-----LADKF-AYKPGQ 48 

Ropac_R7                ------MTTVEVPHSSRSVVLTVSGVVEETPDSLSLVFDVPAD-----LADKF-AYKPGQ 48 

Rwra_NBRC100605         ------MTTVEVPHSSRSVVLTVSGVVEETPDSLSLVFDVPAD-----LADKF-AYKPGQ 48 

Rrub_Chol-4]            ------MTTVEVPHGSRSAILTVSAVIEETPDSRSIVFDVPAE-----LQDKF-AYKPGQ 48 

Rgord                   ------MTTVEVPHGSRSVILTVSAVVQETADTRSIVFAVPDE-----LRDKF-AYKPGQ 48 

Rpyr_KG-16              ------MTTVEVPHGSRSVILTVSAVVEETADTRSIVFAVPDE-----LRDKF-AYRPGQ 48 

Rtri_BKS15-14           ------MTTVDVPHSSRSVVLTVSGVVEETADARSLVFAVPDE-----LRSRF-EYKPGQ 48 

Rery_SQ1                ------MTTVEVPHSSRSAVLTVSGVIEETSDARSLVFEIPAE-----LKDKF-DYKPGQ 48 

Rqing_BKS20-40          ------MTTVEVPHSSRSAVLTVSGVIEETSDARSLVFEIPAE-----LKDKF-DYKPGQ 48 

Gneo_NRRLB-59395        -------MTELTPHSARSAILTVSEVIDETADARSIVFDIPDV-----HADKFANYQPGQ 48 

Gpol_NBRC16320          --MTGSDTTELTPHGSRSVILTVAEVIDETHDARSIVFELPDT-----AKEAFTQYKSGQ 53 

Gsol_NBRC108243         -------MTELTPHSSRSVILTVAEIVDETSDARSVVFEVPET-----APDRFTDYRPGQ 48 

Gbro_DSM43247           -------MPDLTPHGSRSVILTVAEVIDETADAKSIVFDVPDT-----MAESFTSYKPGQ 48 

Gter_NBRC100016         -------MSDLTPHGSRSVILTVSEVIDETAEAKSIAFEVPEA-----SPKPFTDYKPGQ 48 

Gami_NBRC100051         -------MSDLTPHGSRSVILTVAEVIDETSDAKSIAFEVPET-----SSAAFTDYKPGQ 48 

Galk_NBRC16433          -------MPDLTPHGSRSVILTVAEVIDETSDAKSIAFEVPET-----SSAAFTDYKPGQ 48 

Grub_NBRC101908         -------MPDLTPHGSRSVILTVAEVIDETSDAKSIAFEVPET-----SSAAFTDYKPGQ 48 

Gpar_NBRC108238         -------MSDLTPHGSRSVILTVAEVIDETSDAKSFEFEVPEA-----SSAAFTDYKPGQ 48 

                                            : :  :: *   : *. :                 *  ** 

Ps_GM33                 FLSFRVPFA-GKLLTRCYSMASSPLTDALPKVTVKRVDGGRVSNWMNE-VQVGDWLEVLP 111 

Psknac                  FLGFRVTVD-GKRLTRCYSMSSTPGLDARPRVTIKRVAGGRVSNWMNDRVRPGDELEVLP 113 

Psres_NBRC106553        YLGFRVVLG-GKRLTRCYSMSSSPDCDALPKVTIKRVDGGRVSNWFNDQVRPGDRLEVLP 111 

Psbale                  FLTLRIPHG-DDWLPRCYSLSSCPLHDEPLRVTVKRVAGGRGSNWLCDRLSAGDSVQVLP 101 

Ps_Chol1                FLTLRIPHG-DDWLPRCYSLSSCPLHDEPLRVTVKRVADGRGSNWLCDRLSVGDSVQVLP 101 

Pstae                   FLTLRVPFE-SGWLPRCYSLSSTPLENEPLRVTIKQVRDGRASNWLCEQLREGDRLEVLA 101 

Psvran                  FLTLRIPYG-DDWLPRCYSLSSTPLLDEPLRVTVKRVRDGRASNWLCADLQEGQTLQVLP 99 

Ps_NBRC111124           FLTLRVPYD-GGWLPRCYSLSSTPLLDEPLRVTVKRVRDGRASNWLCEELQEGQTLQVLP 99 

Ps_ES3-33               FLTLRVPFE-DGWLPRCYSLSSTPLLDEPLRVTVKRVHEGRASNWLCSELQAGQTLEVLP 99 

Ps_GM55                 FLTLRVPFE-DGWLPRCYSLSSTPLLDEPLRVTVKRVHEGRASNWLCGELQAGQTVEVLP 99 

Psput_CBB5              FLTLRVPFE-GGWLPRCYSLSSTPLLDEPLRVTVKRVHEGRASNWLCGELQAGQTLEVLP 99 

Psjapo                  FLTLRVPFE-GSWLPRCYSLSSTPLLDEPLRVTVKRVRDGRASNWLCEDLQEGQQLEVLP 99 

DOC21_StdJ              FLTLRVPFE-GGWLPRCYSLSSTPLLDEPLRVTVKRVRDGRASNWLCGELQEGQTLDVLP 99 

Ctest_TK102             FLTLRLPIE-GRYVPRCYSMSSAPTLDDALRVTVKRVDKGRGSNWVCDRIRVGDSIELMP 107 

Ctest_ATCC11996         FLTLRLPIE-GRYVPRCYSMSSAPMLDDALRVTVKRVDKGRGSNWVCDRVQVGDSIELMP 107 

Ctest_S44               FLTLRLPIE-GRYVPRCYSMSSAPMLDDALRVTVKRVVKGRGSNWVCDRVQVGDSIELMP 107 

Ctest_CNB-2             FLTLRLPIE-GRYVPRCYSMSSAPMLDDALRVTVKRVDKGRGSNWVCDRVQVGDSIELMP 107 

Ctest_TA441             FLTLRLPIE-GRYVPRCYSMSSAPMLDDALRVTVKRVDKGRGSNWVCDRVQVGDSIELMP 107 

Poglac                  FLTLRLSID-GRHVPRCYSMSSAPGVDDAPRVTVKRVRDGRGSNWVCDHVKAGDVIELMP 99 

Sipsy                   FLTLRLAID-GHHVPRCYSMSSAPGVDDAPRVTVKRVKDGRGSNWVCDRVRAGDMVEVMP 99 

Ghir_DSM44140           FLTVQIPRG-DGHVARCYSLSSSPHLDEQLIITVKRIDGGYASNWLCDNVKRGDRLTVLS 111 

Tspau_DSM20162          FITVRVPSEQTGSVARSYSLYTSPFDTGQPGVTVKRTEGGYASNWLCDNLSPGSELEVLP 100 

Tspse_JCM13375          FVTVRVPSELTGSVARSYSLYTSPFDAGRPGVTVKRTVDGYASNWLCDNLTTGSELEVLP 100 

Tstyr_CCUG38499         FVTVRVPSERTGSVARSYSLYTSPFDDAKPGVTVKRTVDGYASNWLCDNIAVGDELEVLP 100 

Tspul_CCUG35732         FVTVRVPSERTGSVARSYSLYTSPFDAAKPGVTVKRTVDGYASNWLCDNITVGSELEVLP 100 

Tsspo_DSM44990          FVTVRVPSERTGSVARSYSLYTSPFDAAKPGVTVKRTVDGYASNWLCDNITVGSELEVLP 100 

Pisim_VKM-Ac-2033D      FLTVAVPSDQTGIAARCYSLSSSPHDGGPLTVTVKRTADGYASNWICDNLKVGDTLRALP 101 

Tscar_JCM15482          FLTLRVPSDQTGSVARCYSLCSAPHDGGPLRVAVKRTADGYASNWLCDNATPGMEVDVLV 99 

Ts_1534                 FLTLRVPSDETGSVARCYSLCSAPHDGGPLRVAVKRTADGYASNWLCDNATPGMEIDVLV 99 

Mkyor                   FLTLRIPSERTGSVARCYSLCSSPFTDDALTVTVKRDRDGYASNWICDHAHAGMRIHVLA 117 

Mint_MOTT-02            FLTLRVPSERTGSVARCYSLCSSPFTDDALAVTVKRTADGYASNWLCDNARAGMRIHVLA 120 
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Mpar_ATCCBAA-614        FLTLRVPSERTGSVARCYSLCSSPFTDDALTVTVKRTADGYASNWLCEHARTGMRIHVLA 116 

Mhae_DSM44634           FLTLRIPSERTGSVARCYSLCSSPFTDDALTVTVKRTADGYASNWLCDHAQAGMRIHVLA 116 

Mafr_MAL010081          FLTLRVPSERTGSVARCYSLCSSPYTDDALAVTVKRTADGYASNWLCDHAQVGMRIHVLA 116 

Mbov_AF2122/97          FLTLRVPSERTGSVARCYSLCSSPYTDDALAVTVKRTADGYASNWLCDHAQVGMRIHVLA 116 

Mtub_H37Rv              FLTLRVPSERTGSVARCYSLCSSPYTDDALAVTVKRTADGYASNWLCDHAQVGMRIHVLA 116 

Mory_112400015          FLTLRVPSERTGSVARCYSLCSSPYTDDALAVTVKRTADGYASNWLCDHAQVGMRIHVLA 116 

Mmar_M                  FLTLRVPSERTGSVARCYSLCSSPFTDDALTVTVKRTADGYASNWLCDNAHQGMRIHVLA 116 

Mulc_Harvey             FLTLRVPSERTGSVARCYSLCSSPFTDDALTVTVKRTADGYASNWLCDNAHQGMRIHVLA 116 

Mneo_DSM44074           FLTLRVPSERTGSVARCYSLSSSPARDEKLTVTVKRTADGYASNWLCDNAHPGMRMHVLA 109 

Mneo_JC-12              FLTLRVPSERTGSVARCYSLSSSPAHGEKLTVTVKRTADGYASNWLCDNAHRGMRMHVLA 109 

Mphl_DSM43072           FLTLRVPSDRTGSVARCYSLSSSPFTDDRLTVTVKRTADGYASNWLCDNAHAGMKMHVLA 109 

Mgoo_X7B                FLTLRVPSDRTGSVARCYSLSSSPTTDDRLTVTVKRTADGYASNWLCDNAHAGMRIHVLA 109 

Msme_MC2-155            FLTLRVPSDRTGSVARCYSLSSSPTTDDRLTVTVKRTADGYASNWLCDNAHAGMRIHVLA 109 

Msme_NCTC8159           FLTLRVPSDRTGSVARCYSLSSSPTTDDRLTVTVKRTADGYASNWLCDNAHAGMRIHVLA 109 

Mmag_DSM44476           FLTLRVPSDRTGSVARCYSLSSSPATDDQLTVTVKRTADGYASNWLCDNAHTGMRMHVLA 109 

Mwol_CDC01              FLTLRVPSDRTGSVARCYSLSSSPVTDDQLTVTVKRTADGYASNWLCDNAHAGMRMHVLA 109 

Mset_DSM45070           FLTLRVPSDRTGSVARCYSLSSSPVTDDQLTVTVKRTADGYASNWLCDNAHAGMRMHVLA 112 

Mper_ACS819             FLTLRVPSDRTGSVARCYSLSSSPVTDDQLTVTVKRTVDGYASNWLCDNAHAGMKMHVLA 109 

Mcon_ACS2738            FLTVRVPSDRTGSVARCYSLSSSPVTDDQLTVTVKRTADGYASNWLCDNAHAGMKMHVLA 109 

Mfor_E3377              FLTLRVPSDRTGSVARCYSLSSSPVTDDQLTVTVKRTADGYASNWLCDNAHAGMKMHVLA 109 

Mvul_ACS3670            FLTLRVPSDRTGSVARCYSLSSSPVTDDQLTVTVKRTADGYASNWLCDNAHAGMRMHVLA 112 

Mvul_ACS4093            FLTLRVPSDRTGSVARCYSLSSSPVTDDQLTVTVKRTADGYASNWLCDNAHAGMRMHVLA 109 

Mbri_JCM15654           FLTLRVPSNLTGAVARCYSLASSPHTDESPKVTIKRTEGGYGSNWLCDNISSGDTIEVLP 112 

Mvac_95051              FLTLRIPSERTGSVARCYSLASSPHTDDAPKVTVKRTDGGYGSNWLCDNISVGDIIESLP 103 

Galk_CGMCC6845          FLTLRIPSEETGSVARCYSLASSPFTDELLKVTVKRTRDGYASNWLCDHISAGDTLEVLP 110 

Rpyr_AK37               FLTLRIPSDRTGSVARCYSLASSPHTGEPLKVTVKRTADGYGSNWLCDNIAAGQTLEVLP 108 

Rrhod_DSM43269          FLTLRIPSDRTGSVARCYSLASSPFTGEPPKVTVKRTAGGYGSNWLCDNIVAGRSIEVLP 108 

Npauc                   FLTLRIPSELTGSVARCYSLASSPYTDDRPKVTVKRTAGGYGSNWLCDNARPGQEIEVLP 108 

Nfusc                   FLTLRIPSDRTGSVARCYSLASSPFTDDRPKVTVKRTSDGYGSNWLCDNIKPGDQLEVLP 108 

Nsien                   FLTLRIPSDRTGSVARCYSLASSPFTDDLPKVTVKRTSDGYGSNWLCDNIKPGDQLEVLP 108 

Nser_N-2927             FLTLRIPSDLTGSVARCYSLASSPHTDDKPKVTVKRTADGYASNWVCDNVKAGDTLEVLP 108 

Nsalm                   FLTLRIPSEQTGSVARCYSLASSPFTDDQPKVTVKRTEGGYGSNWLCDNLAVGDEVEVLP 108 

Nfar_NCTC11134          FLTLRIPSDLTGSVARCYSLASSPYTDDKPKVTVKRTEGGYGSNWVCDNVKPGDQLEVLP 108 

Nbras                   FLTLRIPSDLTGSVARCYSLASSPFTDDRPKVTVKRTAGGYGSNWVCDNVKAGDSLELLP 108 

Ntene                   FLTLRIPSELTGSVARCYSLASSPFTDDRPKVTVKRTAEGYGSNWLCDNLKAGDSLEVLP 108 

Rdefl                   FLTLRIPSDQTGSVARCYSLASSPFTDDAPKVTVKRTAEGYGSNWLCDNISVGDQIEVLP 108 

Requ_103S               FLTLRIPSDQTGSVARCYSLASSPFTDDAPKVTVKRTADGYGSNWLCDNLKVGDQLEVLP 108 

Rjost_RHA1              FLTLRIPSDRTGSVARCYSLASSPFTDDAPKVTVKRTAEGYGSNWLCDNVAVGDTIEVLP 108 

Ropac_PD630             FLTLRIPSDRTGSVARCYSLASSPFTDDAPKVTVKRTAEGYGSNWLCDNVAVGDTLEVLP 108 

Ropac_R7                FLTLRIPSDRTGSVARCYSLASSPFTDDAPKVTVKRTAEGYGSNWLCDNVAVGDTLEVLP 108 

Rwra_NBRC100605         FLTLRIPSDRTGSVARCYSLASSPFTDDAPKVTVKRTAEGYGSNWLCDNVAVGDTLEVLP 108 

Rrub_Chol-4]            FLTLRIPSEQTGSVARCYSLASSPYTDDAPKVTVKRTVDGYGSNWLCDRISAGDRIEVLP 108 

Rgord                   FLTLRIPSEQTGSVARCYSLASSPYTDDAPKVTVKRTSDGYGSNWLCDNIAAGQTLEVLP 108 

Rpyr_KG-16              FLTLRIPSDRTGSVARCYSLASSPFTDDAPKVTVKRTADGYGSNWLCDNIAAGQTLEVLP 108 

Rtri_BKS15-14           FLTLRIPSDRTGSVARCYSLASSPFGDGDPKVTVKRTVDGYGSNWLCDNVKVGDTIELLP 108 

Rery_SQ1                FLTLRIPSDQTGSVARCYSLASSPFTDDAPKVTVKRTVDGYGSNWLCDKLQVGDTIEVLP 108 

Rqing_BKS20-40          FLTLRIPSDQTGSVARCYSLASSPFTDDAPKVTVKRTVDGYGSNWLCDKLQVGDTIEVLP 108 

Gneo_NRRLB-59395        FLTLRIPSDQTGSVARCYSLSSAPGHDKLPKVTVKRTADGYGSNWICDNLEAGTEIEALP 108 

Gpol_NBRC16320          FLTLRIPSDQTGSVARCYSLASSPARDELPKVTVKRTVDGYGSNWVCDNLSAGSQIEVLP 113 

Gsol_NBRC108243         FLTLRIPSDQTGSVARCYSLASSPDTDDRPKVTVKRTADGYGSNWVCDNLAAGSTIEVLP 108 

Gbro_DSM43247           FLTLRIPSEQTGSVARCYSLASAPATDKQPKVTVKRTVDGYGSNWVCDNLTPGTQMEVLP 108 

Gter_NBRC100016         FLTLRIPSEQTGSVARCYSLASSPFTDPQPKVTVKRTADGYGSNWVCDNLSPGTQVEVLP 108 

Gami_NBRC100051         FLTLRIPSEQTGSVARCYSLASSPYTDARPKVTVKRTVDGYGSNWVCDNLSPGSQVEVLP 108 

Galk_NBRC16433          FLTLRIPSEQTGSVARCYSLASSPYTDARPKVTVKRTVDGYGSNWVCDNLAPGSQVEVLP 108 

Grub_NBRC101908         FLTLRIPSEQTGSVARCYSLASSPYTDARPKVTVKRTVDGYGSNWVCDNLAPGSQVEVLP 108 

Gpar_NBRC108238         FLTLRIPSDLTGSVARCYSLASSPFTDARPKVTVKRTVDGYGSNWVCDNLTPGSQIEVLP 108 

                        :: . :         *.**: : *       :::*:   *  ***.      *  :  :  

                                                                                   Flavin binding motif 
Ps_GM33                 PAGHFCLDPQADTEKPLVLFGGGSGITPVFSILKSVLHGSRRPIKLIYANRDEASVIFKD 171 

Psknac                  PAGHFHLGD---AKRDLLLFGGGSGITPVFSILRAALADGDCHIRLVYANRDADSVIFRE 170 

Psres_NBRC106553        PAGHFHLRP---GEHDLVLFGGGSGITPVFSILKSALKTSGRRIKLVYANRDEGSVIFRD 168 

Psbale                  PAGVFVPKT---LDTDLLLFAGGSGITPVLSILRAALAAGSGRIRLVYANRDENSVIFRD 158 

Ps_Chol1                PAGVFVPKT---LDTDLLLFAGGSGITPVLSILRAALKEGRGRIRLVYANRDENSVIFRD 158 

Pstae                   PAGVFVPRH---FDDDFVLFGGGSGVTPVLSILRSALIAGTGRILLIYANRDEASVIFAS 158 

Psvran                  PAGVFVPRT---LDGDLLLFGGGSGVTPVLSILRSALLAGQGRILLIYANRDENSVIFRD 156 

Ps_NBRC111124           PAGVFVPRD---LQGDLLLFGGGSGVTPVLSILRSALLAGQGRVLLIYANRDEQSVIFRD 156 

Ps_ES3-33               PAGVFVPRS---LDGDLLLFGGGSGVTPVLSILRSALLAGTGRVLLIYANRDESSVIFRD 156 

Ps_GM55                 PAGVFVPRS---LDGDLLLFGGGSGVTPVLSILRSALLAGTGRVLLIYANRDESSVIFKD 156 

Psput_CBB5              PAGVFVPRS---LDGDLLLFGGGSGVTPVLSILRSALLAGTGRVLLIYANRDESSVIFKD 156 

Psjapo                  PAGVFVPRS---LDDDLLLFGGGSGVTPVLSILRSALLAGNGRILLVYANRDERSVIFRD 156 

DOC21_StdJ              PAGVFVPRS---LDADLLLFGGGSGVTPVLSILRSALLAGQGRILLIYANRDEQSVIFRD 156 

Ctest_TK102             PSGLFSPRN---LSQNFLLLAGGSGITPVFSILRTVLKQHQGNVVLFYANRDERSVIFKK 164 

Ctest_ATCC11996         PSGLFSPRN---LSQNFLLLAGGSGITPVFSILRAVLKQHQGNVVLFYANRDERSVIFRK 164 
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Ctest_S44               PSGLFSPRN---LSQNFLLLAGGSGITPVFSILRTVLKQHQGNVVLFYANRDERSVIFKK 164 

Ctest_CNB-2             PSGLFSPRN---LSQNFLLLAGGSGITPVFSILRTVLKQHQGNVVLFYANRDERSVIFKK 164 

Ctest_TA441             PSGLFSPRN---LSQNFLLLAGGSGITPVFSILRTVLKQHQGNVVLFYANRDERSVIFKK 164 

Poglac                  PSGVFHPRT---LDGDFLLLAGGSGITPVFSILRSVLAKGHGRITLLYANRDEKSIIFKN 156 

Sipsy                   PSGVFYPRS---LAGDFLLLAGGSGITPVFAILRSVLARGEGRITLLYANRDEKSVIFKN 156 

Ghir_DSM44140           PSGKFIPRS---LHQDILLLGAGSGATPLLSIAKSALIGGSGAVYFYYANRTVSDTIFAA 168 

Tspau_DSM20162          PSGVFVPES---LDVPILLLAAGSGITPIMSILSAALTAGTQPITLLYANADPDSTIFRD 157 

Tspse_JCM13375          PSGVFVPES---LDVPLLLLAAGSGITPIMSILSAALTAGTQPITLLYANADPAATIFRA 157 

Tstyr_CCUG38499         PSGVFVPES---LDVPLLLLAAGSGITPIMSILSAALSAGTQPITLLYANADPEATIFRA 157 

Tspul_CCUG35732         PSGVFVPES---LDVPLLLLAAGSGITPIMSILAAALKAGTQPVTLLYANADPENTIFRA 157 

Tsspo_DSM44990          PSGVFVPES---LDVPLLLLAAGSGITPIMSILAAALKAGTQPVTLLYANADPENTIFRA 157 

Pisim_VKM-Ac-2033D      PSGIFTPAS---LDADLLLFAGGSGVTPVMSITRTALAHGSGRIVVFYANRDESSVIFAA 158 

Tscar_JCM15482          PAGIFTPKS---VDVDMLLFAGGSGVTPILSILRSVLETGTGSVALIYANRDAQSVIFAS 156 

Ts_1534                 PAGIFTPKS---LDTDMLLFAGGSGITPILSILRSALETGSGSVTLIYANRDAQSVIFAS 156 

Mkyor                   PSGNFVPKT---LDDDFLLIAGGSGITPIMSICKSALSEGSGQVVLFYANRDDRSVIFGD 174 

Mint_MOTT-02            PSGNFVPKT---LGDDFLLMAAGSGITPIMSICKSALADGGGQVTLVYANRDEDSVIFAE 177 

Mpar_ATCCBAA-614        PSGNFVPKT---LDDDFLLMAAGSGITPIMSIAKSALAEGGGQVTLLYANRDEKSVIFGD 173 

Mhae_DSM44634           PSGNFVPKT---LDSDFLLMAAGSGITPIMSICKSALAEGSGQVTLLYANRDDRSVIFGD 173 

Mafr_MAL010081          PSGNFVPTT---LDADFLLLAAGSGITPIMSICKSALAEGGGQVTLLYANRDDRSVIFGD 173 

Mbov_AF2122/97          PSGNFVPTT---LDADFLLLAAGSGITPIMSICKSALAEGGGQVTLLYANRDDRSVIFGD 173 

Mtub_H37Rv              PSGNFVPTT---LDADFLLLAAGSGITPIMSICKSALAEGGGQVTLLYANRDDRSVIFGD 173 

Mory_112400015          PSGNFVPTT---LDADFLLLAAGSGITPIMSICKSALAEGGGQVTLVYANRDDRSVIFGD 173 

Mmar_M                  PSGNFVPKT---LDDDFLLLAAGSGITPIMSICKSTLAEGSGQVTLLYANRDERSVIFAD 173 

Mulc_Harvey             PSGNFVPKT---LDDDFLLLAAGSGITPIMSICKSALAEGGGQVTLLYTNRDERSVIFAD 173 

Mneo_DSM44074           PSGTFVPKT---LDTDFLLLAAGSGITPMMAICKSALAEGTGKIVLVYANRDENSVIFAE 166 

Mneo_JC-12              PSGTFVPTT---LDTDFLLLAAGSGITPMMAICKSALAEGSGKVVLVYANRDENSVIFAD 166 

Mphl_DSM43072           PSGTFVPKT---LDTDFLLLAAGSGITPMMSICKSALSQGTGQVVLIYANRDENSVIFGA 166 

Mgoo_X7B                PSGTFVPKD---LDTDFLLLAAGSGITPMMAICKSALAEGTGNIVLVYANRDENSVIFAG 166 

Msme_MC2-155            PSGTFVPKD---LDTDFLLLAAGSGITPMMAICKSALAEGTGNVVLIYANRDENSVIFAG 166 

Msme_NCTC8159           PSGTFVPKD---LDTDFLLLAAGSGITPMMAICKSALAEGTGNVVLIYANRDENSVIFAG 166 

Mmag_DSM44476           PSGNFVPKD---LDADFLLLAAGSGITPMMAICKTALAEGNGKVTLIYANRDENSVIFGA 166 

Mwol_CDC01              PSGTFVPKN---LDADFLLLAAGSGITPMMAICKSALAEGSGNVVLIYANRDENSVIFAA 166 

Mset_DSM45070           PSGNFVPKD---LDTDFLLLAAGSGITPMMAICKSALAEGSGNVVLVYANRDENSVIFGA 169 

Mper_ACS819             PSGTFVPKN---LDTDFLLLAAGSGITPMMAICKSALAEGTGNVVLVYANRDENSVIFGA 166 

Mcon_ACS2738            PSGTFVPKD---LDTDFLLLAAGSGITPMMAICKSALAQGSGNVVLVYANRDENSVIFGA 166 

Mfor_E3377              PSGTFVPKD---LDTDFLLLAAGSGITPMMAICKSALAEGSGNVVLVYANRDENSVIFGA 166 

Mvul_ACS3670            PSGTFVPKD---LDTDFVLLAAGSGITPMMAICKSALAEGSGNVVLIYANRDENSVIFGA 169 

Mvul_ACS4093            PSGTFVPKD---LDTDFLLLAAGSGITPMMAICKSALAEGSGNVVLIYANRDENSVIFGA 166 

Mbri_JCM15654           PSGVFTPTS---LDGDFLLWAAGSGITPVMSILKSVLVAGTGRVILCYANRDEKSVIFEA 169 

Mvac_95051              PSGIFTPKE---LDGDFLLWAAGSGITPVMSILKSVLAAGTGRVVLCYANRDESSVIFAA 160 

Galk_CGMCC6845          PAGVFTAKD---FDDDLLLFAAGSGITPVMSILKSALSQGSRKVVLLYGNRDEKSVIFAA 167 

Rpyr_AK37               PAGVFTPVD---LTEKLALFAGGSGITPVLSILESALHSGNRNVVLVYGNRDEKSVIFAE 165 

Rrhod_DSM43269          PAGVFTPAD---LTEKLVLFAGGSGITPVMSILESALHSGNRDVVLIYGNRDEKSVIFAE 165 

Npauc                   PSGVFTPKD---LDEDLLLFAAGSGITPVMSILKSALARGSGRIVLVYANRDQDSVIFAT 165 

Nfusc                   PSGVFTPND---LDEDLLLCAAGSGITPVMSILKSALARGSGKIVLFYANRDADSVIFAS 165 

Nsien                   PSGVFTPKD---LDEDLLLCAAGSGITPVMSILKSALDRGSGKIVLFYANRDAESVIFAS 165 

Nser_N-2927             PSGVFTPKN---LDEDLLLFAAGSGVTPVMSILKSALSRGNGRIVVVYANRDHDSVIFAG 165 

Nsalm                   PSGVFTPKD---LDENLLLFGAGSGITPVMSILKSALSQGSGKVVLVYANRDANSVIFAD 165 

Nfar_NCTC11134          PSGVFTPRD---LDENLLLFGAGSGITPVMSILKSALARGTGKIVLVYANRDAETVIFAD 165 

Nbras                   PSGVFTPKD---LDADLLLFGAGSGITPVMSILKSALARGSGRIVLVYANRDHESVIFAD 165 

Ntene                   PSGVFTPKD---LDADLLLFGAGSGITPVMSILKSALARGNGRIVLVYANRDHESVIFAA 165 

Rdefl                   PAGVFTPKS---LDHNFLLFGGGSGITPVMSILKSALTQSDSKVVLLYGNRDVESVIFAA 165 

Requ_103S               PAGVFTPKS---LDHDFLLFGGGSGITPVMSILKSALTQGGGKVVLLYGNRDVESVIFAA 165 

Rjost_RHA1              PSGVFTPKS---LDHDFLLFAAGSGITPVISILKSALTEGSGKVVLFYANRDEKSVIFAE 165 

Ropac_PD630             PSGVFTPKS---LDHDFLLFAAGSGITPVISILKSALTEGSGKVVLFYANRDEKSVIFAE 165 

Ropac_R7                PSGVFTPKS---LDHDFLLFAAGSGITPVISILKSALTEGSGKVVLFYANRDEKSVIFAE 165 

Rwra_NBRC100605         PSGVFTPKS---LDHDFLLFAAGSGITPVISILKSALTEGSGKVVLFYANRDEKSVIFAE 165 

Rrub_Chol-4]            PSGVFTPKS---LDHDFLLFGAGSGITPVVSILKSALTQGSGKVVLVYANRDEASVIFAE 165 

Rgord                   PAGVFTPKS---LDHDFLLFGAGSGITPVISILKSALTQGSGKVVLVYANRDEKSVIFAE 165 

Rpyr_KG-16              PAGVFTPKS---LDHDFLLFGAGSGITPVISILKSALTQGGGKVVLVYANRDEKSVIFAE 165 

Rtri_BKS15-14           PSGVFTPKT---LDHDFLLWGAGSGITPVISILKSALSQGSGRVVLIYANRDEKSVIFRD 165 

Rery_SQ1                PSGVFTPKS---LDHDFLLFGAGSGITPVISILKSALTQGSGNVVLIYANRDEKSVIFGA 165 

Rqing_BKS20-40          PSGVFTPKS---LDHDFLLFGAGSGITPVISILKSALTQGSGNVVLIYANRDEKSVIFGA 165 

Gneo_NRRLB-59395        PSGVFTPDN---FHTPLLLIAAGSGVTPVMSILKHALLTGTGQITFFYANRGENDVIFGE 165 

Gpol_NBRC16320          PSGVFTPRS---VDEPLLLIAAGSGVTPVMSILKTALASGSGTIVFFYANRSAEDVIFAD 170 

Gsol_NBRC108243         PSGVFTPKD---YDTPLLLIAAGSGVTPVMSILKAALHRGSDPVIFFYANRSADDVIFAS 165 

Gbro_DSM43247           PSGVFTPKA---FDQPLLLIAAGSGVTPVMSILKTALATSDSQIVFFYANRSSDDVIFAA 165 

Gter_NBRC100016         PSGVFTPKS---YDIPLLLIAAGSGVTPVMSILKAALEKGDAPIVFFYANRDVADVIFAA 165 

Gami_NBRC100051         PSGVFTPKS---YDDPLLLIAAGSGVTPVMSILKAALKKSDAPIVFFYANRSEDDVIFAA 165 

Galk_NBRC16433          PSGVFTPKS---FDDPLLLIAAGSGVTPVMSILKAALKKSSAPIVFFYANRTESDVIFAA 165 

Grub_NBRC101908         PSGVFTPKS---YDDPLLLIAAGSGVTPVMSILKAALKKSSAPIVFFYANRTESDVIFAA 165 

Gpar_NBRC108238         PSGVFTPKS---YDDPLLLIAAGSGVTPVMSILKAALQKSSAPLVFFYANRTENDVIFAA 165 

                        *:* *           : * ..*** **:.:*   .*      : . * *      **   
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Ps_GM33                 ELCQLIKAHPDQLHVVHVLDSVQGFLTDHQVRHLLRGSA--GGDYFICGPGPFMDTVERT 229 

Psknac                  ALRELVREHGQRLQVIHVLDSLQGFLSAAEVRHLLRGWE--EAECFICGPGPFMDTVENT 228 

Psres_NBRC106553        ELRALAKAHVDQLDVVHVLDSVQGFLGEGEVRHLVRGHA--GAEFYICGPGPFMDTVERA 226 

Psbale                  LLRQLALHHPTRLQVIHWLDSVQGRPLPEQLATFAEGFA--QAEAFICGPGPFMDGAVAA 216 

Ps_Chol1                LLRQLALHHPTRLQVIHWLDSVQGRPLPEQLAAFAEGFA--QAEAFICGPGPFMDGAVAA 216 

Pstae                   ELKTLASAYPQRLQIIHWLDSVQGIPAVAQLAELARPFT--RAQAFICGPGPFMDAAVSA 216 

Psvran                  ELRFLANAHPERLQIVHWLDSVQGIPAAAQLAVLAQPFV--DAQAFICGPGPFMDTAVSA 214 

Ps_NBRC111124           ELRFLAAAHPQRLQVVHWLDSVQGVPAVAQLAELARPMV--DAQAFICGPGPFMDAAVQA 214 

Ps_ES3-33               ELRHLASAHPQRLQIVHWLDSVQGIPSVGQLAELARPFI--DAQAFICGPGPFMDAAVNA 214 

Ps_GM55                 ELRHLASAHPQRLQIVHWLDSVQGIPSVGQLAELARPFI--DAQAFICGPGPFMDAAVSA 214 

Psput_CBB5              ELKALASAHPQRLQIVHWLDSVQGIPGIGQLAELARPFI--DAQAFICGPGPFMDAAVSA 214 

Psjapo                  ELRQLASAHPQRLQVIHWLDAIQGVPSSVQLAELARPFV--DAQAFICGPGPFMDAAVAA 214 

DOC21_StdJ              ELRFLANAHPQRLQIVHWLDSIQGVPATQQLAELARPFV--DAQAFICGPAPFMDASVAA 214 

Ctest_TK102             DLQLLAAEYPDRLQVIHWLDSVQGAPSQKQLAAWATPWVADAGQAFICGPGPFMDAAQAA 224 

Ctest_ATCC11996         DLQQLAAEYPDRLQVIHWLDSVQGAPSQKQLAAWATPWVADAGQAFICGPGPFMDAAQAA 224 

Ctest_S44               DLQQLAAEYPDRLQVIHWLDSVQGAPSQKQLAAWGTPWVADAGQAFICGPGPFMDAAQAA 224 

Ctest_CNB-2             DLQQLAAEYPDRLQVIHWLDSVQGAPSQKQLAAWATPWVADAGQAFICGPGPFMDAAQAA 224 

Ctest_TA441             DLQQLAAEYPDRLQVIHWLDSVQGAPSQKQLAAWATPWVADAGQAFICGPGPFMDAAQTA 224 

Poglac                  ELKALAEAYPARFSVIHWLDSVQGVPSVAQLAELARH--HRSAQAFICGPGPYMDAAVAA 214 

Sipsy                   ELKALAEAHPSRLTVIHWLDSVQGVPSVAQLAELARH--HRAAQAFICGPGPYMDAAVAA 214 

Ghir_DSM44140           ELEDMMIEFPDRFTVEYRYDDTDGVPTVDDLAERLVPYR--KFDAYLCGPQGFMEVARGG 226 

Tspau_DSM20162          AIARLDAEH-ERLTVIWWMESERGIPDADMLAALLTPYH--SRPTYLCGREEFMAACKEA 214 

Tspse_JCM13375          EIARLEAEH-ERLTVVWWMESERGIPDADMLAALLTPYH--SRNTYLCGRDEFMAACKEA 214 

Tstyr_CCUG38499         EIARLEAEH-ERLTVIWWMESERGIPDADMLSALLTPYH--SRNTYLCGRDEFMAACKEA 214 

Tspul_CCUG35732         EIARLEAEH-ERLTVIWWMESERGSPDADMLAALLTPYH--SRATYLCGRDEFMAACKEA 214 

Tsspo_DSM44990          EIARLEAEH-ERLTVIWWMESERGIPDADMLAALLTPYH--SRATYLCGRDEFMAACKEA 214 

Pisim_VKM-Ac-2033D      ELTRLAAEHPDRLQVIHWLESVQGLPTEAQMKAFAAAYG--GYDSFVCGPAPFMKMVTTV 216 

Tscar_JCM15482          ALAELTRTYPERLVVVHWLESVQGLPSAANLAALAAPYA--SREVFVCGPGLFMDAVSEA 214 

Ts_1534                 ALAELSRRFPERLVVVHWLESLQGLPSVANLTALAAPYA--GREVFICGPGPFMDAVAEA 214 

Mkyor                   ALRELAAKYPDRLTVVHWLESLQGLPSATALAQLAGPYT--DRQAFICGPGPFMQAAREA 232 

Mint_MOTT-02            ALRELSAKYPDRLTVVHWLESLQGLPSVAALAKLAAPYT--DRPVYICGPGAFMESAKEA 235 

Mpar_ATCCBAA-614        ALRELSAKYPDRLTVVHWLESVQGMPSVAALAKLAAPYT--DRPVYICGPGPFMDAAREA 231 

Mhae_DSM44634           ALRELAVKYPDRLTVMHWLESLQGLPSAVALAKLAAPYA--DRPAFICGPGPYMQAARDA 231 

Mafr_MAL010081          ALRELAAKYPDRLTVLHWLESLQGLPSASALAKLVAPYT--DRPVFICGPGPFMQAARDA 231 

Mbov_AF2122/97          ALRELAAKYPDRLTVLHWLESLQGLPSASALAKLVAPYT--DRPVFICGPGPFMQAARDA 231 

Mtub_H37Rv              ALRELAAKYPDRLTVLHWLESLQGLPSASALAKLVAPYT--DRPVFICGPGPFMQAARDA 231 

Mory_112400015          ALRELAAKYPDRLTVLHWLESLQGLPSASALAKLVAPYT--DRPVFICGPGPFMQAARDA 231 

Mmar_M                  ALRELSAKYPDRLTVVHWLESLQGLPSATALAQLAAPFT--GRTAFICGPGPFMEAARVA 231 

Mulc_Harvey             ALRELSAKYPDRLTVVHWLESLQGLPSATALAQLAAPFT--GRTAFICGPGPFMEAARVA 231 

Mneo_DSM44074           TLRELTAAHPDRLTVIHWLETVQGLPNTDALATLVGPFA--AHEAFICGPGPFMSAAEAA 224 

Mneo_JC-12              ALRELAAAHPDRLTVIHWLETVQGLPNTDALATLVRPFA--AYEAFICGPGPFMSAAEAA 224 

Mphl_DSM43072           ALRELAAKYPDRLVVVHWLETVQGLPTASALAALAAPYT--GHEAFICGPGPFMAAAEEA 224 

Mgoo_X7B                ALRELAAKYSDRLTVVHWLESVQGLPTAAALTALARPFA--GREAFICGPGPFMTAAQEA 224 

Msme_MC2-155            ALRELAAKYPDRLTVVHWLETVQGLPTAAGLGALAKPFA--GREAFICGPGPFMTAAEDA 224 

Msme_NCTC8159           ALRELGAKYPDRLTVVHWLETVQGLPTAAGLGALAKPFA--GREAFICGPGPFMTAAEDA 224 

Mmag_DSM44476           TLRELAAKYSDRLTVVHWLETVQGLPSAAALAGLAAPYT--ARDAFICGPGPFMAAAQEA 224 

Mwol_CDC01              TLRDLAAKYPDRLTVIHWLETVQGLPSAAALAGLTAPFA--AHDAFICGPGPFMAAAEEA 224 

Mset_DSM45070           TLRELAAKYPDRFTVVHWLETVQGLPSPAALAGLVAPYA--AREAFICGPGPFMASAEEA 227 

Mper_ACS819             TLRELAAKYPDRFTVVHWLETVQGLPSPAALATLVAPYS--AREAFICGPGPFMAAAEQA 224 

Mcon_ACS2738            TLRELAAKYPDRFTVVHWLETVQGLPSPAALAGLVAPYA--SREAFICGPGPFMAAAEQA 224 

Mfor_E3377              TLRELAAKYPDRFTVVHWLETVQGLPSPAALAGLLAPYA--SREAFICGPGPFMAAAEQA 224 

Mvul_ACS3670            TLRELAAKYPDRFTVVHWLETVQGLPSPAALAGLVAPYA--SREAFICGPGPFMAAAEQA 227 

Mvul_ACS4093            TLRELAAKYPDRFTVVHWLETVQGLPSPAALAGLVAPYA--SREAFICGPGPFMAAAEQA 224 

Mbri_JCM15654           ELREFAARYAGRITVLHWLESIQGLPTHAQLSAFASMFS--GYESFICGPAPYMAVVREA 227 

Mvac_95051              ELRDLAARHAPRLTVLHWLESVQGLPTRTQLSSFAGLFA--GYRSFICGPAPFMAVVKDT 218 

Galk_CGMCC6845          ELRELAAAHGDRLTVIHLLESVQGLPTVPQLAALAAAYA--DHRVFLCGPGPFMDSVHAA 225 

Rpyr_AK37               RLRELAARHATALTVVHWLESVQGLPTPQQLATLVSTFA--DHRAYMCGPGPFMDTVREG 223 

Rrhod_DSM43269          KLRELAARHAGALTVVHWLESVQGLPSPQQLATLISPFA--DHRAYMCGPGPFMDTVREG 223 

Npauc                   ELHELTQKYSDRLTVIHWLETLQGLPTVSALTGLSRPYT--EYRAFMCGPRAFMDSVHEA 223 

Nfusc                   ELRELAEKNPQRLMVVHWLETLQGLPTVTALSELLRPYT--EYAAFMCGPKPFMDGVHDA 223 

Nsien                   ELRELAAKNPQRLVLVHWLETLQGLPTVTALSELLRPYT--EYAAFMCGPKPFMDGVHDA 223 

Nser_N-2927             ELRELADKHPQRLVVIHWLEHLQGLPTADALATLVSPYA--GYEAFMCGPKPFMDRVHDA 223 

Nsalm                   ELRDLVGKHPQRLTVIHWLEPLLGLPTADMMATLVSPYT--GYEAFMCGPKPFMDLVHDA 223 

Nfar_NCTC11134          ELRELAAKHPQRLTVIHWLEPLQGLPTADALASLTAPYA--SYEAFMCGPKPFMDLVHDA 223 

Nbras                   ELRDLADKHPQRLTVIHWLEHLQGLPTADALATLASPYQ--SFEAFMCGPKPFMDRVHDA 223 

Ntene                   ELRELADKHPQRLTVIHWLEYLQGLPTADALATLVAPYQ--AYEAFMCGPKPFMDRVHDA 223 

Rdefl                   ELRELAAKYADRLTIFHWIETVQGLPSATQLATLLAPYT--SYEAFMCGPGPFMDTIHEA 223 

Requ_103S               ELRELAAKYPDRLTIIHWIETVQGLPSVTQLATLVSPYT--SYEAFMCGPGPFMDTIHEA 223 

Rjost_RHA1              ELRTLASRYPSRLVSIHWLETVQGLPGVDQLASAVAPYL--GHEAFMCGPAPFMDTIHKA 223 

Ropac_PD630             ELRTLAGRYPSRLVSIHWLETVQGLPSVDQLASAVAPYL--GHEAFMCGPAPFMDAIHKA 223 

Ropac_R7                ELRTLAGRYPSRLVSIHWLETVQGLPGVDQLASAVAPYL--GHEAFMCGPAPFMDTIHKA 223 

Rwra_NBRC100605         ELRTLAGRYPSRLVSIHWLETVQGLPGVDQLASAVAPYL--GHEAFMCGPAPFMDTIHKA 223 

Rrub_Chol-4]            ELRALAEKYPTRLTVVHWLESVQGLPSAEQLATLAAPFS--SHEAFMCGPGPFMDAVHRA 223 

Rgord                   ELRALAEKYPTRLTVVHWLESVQGLPTADQLAALAVPYE--SYEAFMCGPGPFMDTVHQA 223 
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Rpyr_KG-16              ELRALAEKYPTRLTVVHWLESVQGLPTADQLAAIAMPYE--SYEAFMCGPGPFMDTVHQA 223 

Rtri_BKS15-14           ELRDLAAQYPTRLTVVHWLESLQGLPTPDQFATLAAPFT--SFESFMCGPGPFMDTVHKA 223 

Rery_SQ1                ELRELAAQHPGRLTVVHWIETVQGLPAVSQLATLAKPFV--AYEAFMCGPGPFMDAVHKA 223 

Rqing_BKS20-40          ELRELAAQHPGRLTVVHWIETVQGLPAVSQLATLAKPFV--AYEAFMCGPGPFMDAVHKA 223 

Gneo_NRRLB-59395        ELRELQGKYPARLTVLHWLESVQGLPSDRTLATLFGPMS-ATHTAYMCGPGPFMEAAHSG 224 

Gpol_NBRC16320          ELRELQTAHADRLVLIHWLETLQGLPRAQSLATIFGAFR--GHAAYMCGPGPFMDAVHQA 228 

Gsol_NBRC108243         ELRDLQQAHADRLTVIHWLENLQGLPTFQALATLFRPFT--AHAAYMCGPGPFMDAVHKA 223 

Gbro_DSM43247           ELRELHAAHADRLTLIHWLENLQGLPTARALATLFGPFA-AGHTAYMCGPGPFMDAVHKA 224 

Gter_NBRC100016         ELRDLLAAHPDRLTLVHWLESLHGLPSATALATAFAPYA-TSHVAYMCGPGPFMDAVHKG 224 

Gami_NBRC100051         ELRDLLHAHADRLTVVHWLETLQGLPTAAALTSVFAPYS-TTHTAYMCGPGPFMDAVHKA 224 

Galk_NBRC16433          ELRDLLHAHADRLTVVHWLESLQGLPTAAALASVFVPYS-TTHTAYMCGPGPFMDAVHKA 224 

Grub_NBRC101908         ELRDLLHAHADRLTVVHWLESLQGLPTAAALASVFAPYS-TTHTAYMCGPGPFMDAVHKA 224 

Gpar_NBRC108238         ELRDLLHAHADRLTVIHWLESLQGLPTADALASVFAPYS-STHVAYLCGPGPFMDAVHKA 224 

                         :  :       :      :   *      .              ::**   :*       

Ps_GM33                 LLALGEAAERIHVERFVSPPDPDELLAEETLA------------------R---AAAMDS 268 

Psknac                  LLDVGVEPARIHVERFVSPADPDELAAADEQA------------------R---SAAAEV 267 

Psres_NBRC106553        LLGLGEPRERIHVERFISPPDPDTQDLAP---------------------------AYGA 259 

Psbale                  LKAAGLPGQAVHVERFVSLPGEGEQPAESVVE------------------H------AGA 252 

Ps_Chol1                LKVAGLPGQAVHVERFVSLPGEGEQPTESVVE------------------H------AGA 252 

Pstae                   LHLIGMEHGRIHVERFVSLPEEGSVAAPAAVD-------------------------TDV 251 

Psvran                  LKSLGLPSERVHVERFVSLPGEREVPQVV-AS-------------------------EAA 248 

Ps_NBRC111124           LASLGMPSARVHVERFVSLPGEGELPQAS-HS-------------------------EAA 248 

Ps_ES3-33               LKDLGMPERRVHVERFVSLPGEGELPQVA-SI-------------------------EAA 248 

Ps_GM55                 LKGLGVPDRRVHVERFVSLPGEGELPLVA-SS-------------------------EAA 248 

Psput_CBB5              LKGLGMPDRRVHVERFVSLPGEGELALVS-SS-------------------------EAA 248 

Psjapo                  LKSLGMPNARVHVERFVSLPGEGEVLPQV-VS-------------------------EAA 248 

DOC21_StdJ              LKSLGMPSARVHVERFVSLPGEGEALPQV-SS-------------------------EAA 248 

Ctest_TK102             MIEAGMPADQVHVERFVSLPDEETLQQL---Q------------------EAATPVAAAV 263 

Ctest_ATCC11996         VIEAGMPAEQVHVERFVSLPDEEALQLM---Q------------------EATAPVEAAV 263 

Ctest_S44               MIEAGMPAEQVHVERFVSLPDEETLQLM---Q------------------EATAPVEAAV 263 

Ctest_CNB-2             MIEAGMPAEQVHVERFVSLPDEETLQLM---Q------------------EATAPVEAAV 263 

Ctest_TA441             MIEAGMPAEQVHVERFVSLPDEETLLLM---Q------------------EATAPVEAAV 263 

Poglac                  LQAIEMPSERIHVERFASLPDEETLAAANAVA------------------QAAPPLPGAV 256 

Sipsy                   LQAMEMPSERIHVERFASLPDEETLAAATAIA------------------QAAPPLPGAV 256 

Ghir_DSM44140           MTSAGMDSTHLHTEIYQSLSGDPFADIVIPEFDE------------------------GA 262 

Tspau_DSM20162          AKVIGTPREQVHQEIYASLTGDAFADIVPHEVEV------------------------TA 250 

Tspse_JCM13375          CKVIGTPREQVHQEIYASLTGDAFADIVPHEVAV------------------------TA 250 

Tstyr_CCUG38499         AKVIGTPREQVHQEIYASLTGDAFADIVPHEVEV------------------------TA 250 

Tspul_CCUG35732         AKVIGTPRELVHQEIYASLTGDAFADIVPHEVEV------------------------TA 250 

Tsspo_DSM44990          AKVIGTPRELVHQEIYASLTGDAFADIVPHEVEV------------------------TA 250 

Pisim_VKM-Ac-2033D      LKELEVPRSLRHQEKFVSLGGNPFGDLAELQEAEAEIALAESDDDGPG---ADVFADAPA 273 

Tscar_JCM15482          MTSLGKGRREVHIEKFRSLPRNPFEVEAAQEEAEEKAAIAEAEDLPEPTADTP---APAD 271 

Ts_1534                 MAALGRGRREIHIEKFRSLPRNPFEVEPAKEEAEEKAAVAEAEQDEERAGDAPPVEPVAD 274 

Mkyor                   LDALKVPAAQVHIEVFKSLESDPFAAVKIEDD-------------------------GDQ 267 

Mint_MOTT-02            LETLKVPAPQIHIEVFKSLESDPFAAVKIEDTPE-----------------------GDL 272 

Mpar_ATCCBAA-614        LESLKVPAAQIHIEVFKSLDSDPFAAVKIEDTAP-----------------------GDQ 268 

Mhae_DSM44634           LAMLKVPAQKVHIEVFKSLDSDPFAAVKIEDT-------------------------ADE 266 

Mafr_MAL010081          LAALKVPAQQVHIEVFKSLESDPFAAVKVDDS-------------------------GDE 266 

Mbov_AF2122/97          LAALKVPAQQVHIEVFKSLESDPFAAVKVDDS-------------------------GDE 266 

Mtub_H37Rv              LAALKVPAQQVHIEVFKSLESDPFAAVKVDDS-------------------------GDE 266 

Mory_112400015          LAALKVPAQQVHIEVFKSLESDPFAAVKVDDS-------------------------GDE 266 

Mmar_M                  LQTLDVPAGQVHIEVFKSLESDPFAAVTVEDS-------------------------AAE 266 

Mulc_Harvey             LQTLDVPAGQVHIEVFKSLESDPFAAVTVEDS-------------------------AAE 266 

Mneo_DSM44074           LKTVD--ARHIHIEVFKSLDSDPFAQVVIDVEED-----------------------DDR 259 

Mneo_JC-12              CKTVD--ARHIHIEVFKSLDSDPFAQVVIDVDED-----------------------DDR 259 

Mphl_DSM43072           LRSAGTPAEKVHIEVFKSLDSDPFAAVVIEEDD------------------------SAE 260 

Mgoo_X7B                LRAAGTPDDRVHIEVFKSLDSDPFAAVVIPEDDD-----------------------TDQ 261 

Msme_MC2-155            LRAAGTPDDHIHIEVFKSLESDPFAAVVIPEDDG-----------------------DDQ 261 

Msme_NCTC8159           LRAAGTPDDHIHIEVFKSLESDPFAAVVIPEDDGDD--------------------GDDQ 264 

Mmag_DSM44476           LREAGTPDERIHIEVFKSLESDPFAAVVIEE-DD-----------------------SDQ 260 

Mwol_CDC01              LRQAGTADERIHIEVFKSLESDPFAAVVIEEDED-----------------------SDQ 261 

Mset_DSM45070           LKKAGAADERIHIEVFKSLDSDPFAAVVIEEDDD-----------------------SDQ 264 

Mper_ACS819             LQQAGAADERIHIEVFKSLDSDPFAAVVIEEE-E-----------------------GDQ 260 

Mcon_ACS2738            LQQAGAADERIHIEVFKSLDSDPFAAVVIEED-D-----------------------SDQ 260 

Mfor_E3377              LQQAGAADERIHIEVFKSLDSDPFAAVVIEEE-E-----------------------GDQ 260 

Mvul_ACS3670            LQQAGAADERIHIEVFKSLDSDPFAAVVIEED-D-----------------------SDQ 263 

Mvul_ACS4093            LQQAGAADERIHIEVFKSLDSDPFAAVVIEED-D-----------------------SDQ 260 

Mbri_JCM15654           LTEAGVPRDRIHQEVFQSLTGDPFAEVTAETLVV-D----------------------DT 264 

Mvac_95051              LTEAGIPRDHIHLEIFQSLEGDPFTDVPVAT-VA-D----------------------DG 254 

Galk_CGMCC6845          TASAGFTRDRVHAEVFTSLSGDPFADVELPDVDA-D----------------------AG 262 

Rpyr_AK37               LLLAGVPKDRIHAEVFTSLSGDPFADVPAVEIDE-S----------------------DT 260 

Rrhod_DSM43269          LLLAGVPKDRIHAEVFTSLSGDPFADVPLVEIDE-S----------------------DA 260 

Npauc                   LGGLGVPRDRTHAEIFNSLAGDPFADQTPVEISEEE----------------------VA 261 

Nfusc                   LTQLGVPRNRTHAEIFNSLAGDPFADTAPAEISEED----------------------AA 261      

LTRLGVPRNRTHAEIFNSLAGDPFAETAPAEISEED----------------------AA 261 
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Nsien                   LTRLGVPRNRTHAEIFNSLAGDPFAETAPAEISEED----------------------AA 261 

Nser_N-2927             LGQIGMARNRTHAEVFNSLSGDPFADVAPTEITDEE----------------------AA 261 

Nsalm                   LASLEVPRNRTHAEVFNSLAGDPFAAHAPAEVSEAE----------------------AA 261 

Nfar_NCTC11134          LARLGVPRNRTHAEVFNSLAGDPFADQAPVEVSDEE----------------------AA 261 

Nbras                   LAQLGVPRSRTHAEVFNSLAGDPFADQAPVEVSDAE----------------------AA 261 

Ntene                   LAQLGVPRSRTHAEVFNSLAGDPFADQTPVEVSDEE----------------------AA 261 

Rdefl                   LAQAGMPRAQVHAEVFNSLSGDPFEDVELEEVTEEE----------------------AA 261 

Requ_103S               LAQAGMPRSQVHAEVFNSLSGDPFADVELEEVTAEE----------------------AA 261 

Rjost_RHA1              LADAGMPRSQVHAEVFNSLAGDPFRDADVVEVTEDE----------------------AA 261 

Ropac_PD630             LADAGMPRGQVHAEVFNSLAGDPFRDADVVEVTEDE----------------------AA 261 

Ropac_R7                LADAGMPRTQVHAEVFNSLAGDPFRDADVVEVTEDE----------------------AA 261 

Rwra_NBRC100605         LADAGMPRTQVHAEVFNSLAGDPFRDADVVEVTEDE----------------------AA 261 

Rrub_Chol-4]            LQIAGMPRTQVHAEVFNSLAGDPFADHTPLEVSDEE----------------------AA 261 

Rgord                   LNTVGMPRARVHAEVFNSLSGDPFADQAPVEISDEE----------------------AA 261 

Rpyr_KG-16              LNTVGMPRARVHAEVFNSLSGDPFADQTPVEVSDED----------------------AA 261 

Rtri_BKS15-14           LAEAGVPRNQVHAEVFNSLAGDPFQDVAPVEVTEEE----------------------AA 261 

Rery_SQ1                LAEAGMPRTQVHAEVFNSLAGDPFRDVEVAEVSDEE----------------------AA 261 

Rqing_BKS20-40          LAEAGMPRTQVHAEVFNSLAGDPFRDVEVAEVSDEE----------------------AA 261 

Gneo_NRRLB-59395        LIKGRFDSKRVHVEIYNSLSGDPFEDIALGEVSAEE----------------------AA 262 

Gpol_NBRC16320          LHTAGFAHHDVHAEVYNSLSGDPFADVVLDEVSAEE----------------------QA 266 

Gsol_NBRC108243         LADAGFPHHNVHTEVYNSLTGDPFADVEREEVSAED----------------------AA 261 

Gbro_DSM43247           LADAGFPHHNVHTEVYNSLSGDPFADVELEELSQDD----------------------QA 262 

Gter_NBRC100016         LADANFPHHNVHTEVYNSLSGDPFADVELDEVSEEE----------------------QA 262 

Gami_NBRC100051         LAQANFPHHNVHTEVYNSLSGDPFADVELEEVSEED----------------------QA 262 

Galk_NBRC16433          LSQANFPHHNVHTEVYNSLSGDPFADVELEEVSEED----------------------QA 262 

Grub_NBRC101908         LAQANFPHHNVHTEVYNSLSGDPFADVELEEVSEED----------------------QA 262 

Gpar_NBRC108238         LTQANFPHHNVHTEVYNSLSGDPFADVELDEVTEEE----------------------AA 262 

                                   * * : *                                           

Ps_GM33                 QCEALIVELDGQQHEI-ACKPGDTLLQSCKAAGLDVPSSCEEGFCGACMCVVKEGQTQLA 327 

Psknac                  TVESLRVHLDGAEHEV-PCSAGDTLLESFRKAGLAAPASCEEGFCGACMCKVEQGEVLLP 326 

Psres_NBRC106553        VAEQLLVELDGQLSEV-PVQPGETLLQSMRNAGLDAPYSCEEGFCGACMCKVEAGDVVLS 318 

Psbale                  LAARLTVELDGERHSL-DCQPGELLLAAMRREGLQPPHSCLVGACASCMCTLVEGEVELL 311 

Ps_Chol1                LAARLTVELDGERHSL-DCQPGELLLAAMRREGLQPPHSCLVGACASCMCTLVEGEVELL 311 

Pstae                   IGSQLSVRLDGEEFEV-PCAEGETLLNAMQRAGLKPPSSCLVGSCATCMCTVERGSVEML 310 

Psvran                  VAAQLAVRLDGEDHTL-ACDSGETLLAAMERAGLKPPSACRVGGCASCMCTLESGDIELL 307 

Ps_NBRC111124           MAAQLAVRLDGEDHQL-DCASGETLLDAMQRAGLEPPSACRVGGCASCMCTLESGAVELL 307 

Ps_ES3-33               VAAQLAVRLDGEDHHL-ACDTGETLLAAMERAGLKPPSACRVGGCASCMCTLVSGDVELL 307 

Ps_GM55                 VAAQLAVRLDGEDHQL-ACDSGETVLAAMERAGLNPPSACRVGGCASCMCTLESGEVELL 307 

Psput_CBB5              VAAQLAVRLDGEDHQL-ACDSGETVLAAMERAGLNPPSACRVGGCASCMCTLESGEVELL 307 

Psjapo                  MAAQLAVRLDGEDHSL-AVDSGETVLDAMYRAGLNPPSACRVGGCASCMCTLESGEVELL 307 

DOC21_StdJ              VAAQLAVRLDGEDYSL-ACDSGETVLDAMHRAGLNPPSACRVGGCASCMCTLESGEVELL 307 

Ctest_TK102             EQAVVQLRLDGEEYEF-SCSGTETILEAGLRAGINVPYSCQAGMCASCMCQVQDGSVHLR 322 

Ctest_ATCC11996         EQALVQLRLDGEEYEF-NCSGTETILEAGLRAGINVPYSCQAGMCASCMCQVQDGSVHLR 322 

Ctest_S44               DQALVQLRLDGEEYEF-NCTGTETILEAGLRAGINVPYSCQAGMCASCMCQVQDGSVHLR 322 

Ctest_CNB-2             DQALVQLRLDGEEYEF-NCSGTETILEAGLRAGINVPYSCQAGMCASCMCQVQDGSVHLR 322 

Ctest_TA441             DQALVQLRLDGEEYEF-NCSGTETILEAGLRAGINVPFSCQAGMCASCMCQVQDGSVHLR 322 

Poglac                  DEAIVEVLLNGETHTL-HCSGNETLLEAALKAGLNAPYSCQAGMCASCMCQIVEGSVHLR 315 

Sipsy                   ESAVVEVLLDGETHTL-HCSGTETLLEAALKAGLKAPYSCQAGMCASCMCQVVEGSVHLR 315 

Ghir_DSM44140           DSASVQVEVGGAAHEL-AWPREARLLDVLLSKGIDAPYSCREGACSACACTVVSGDVRML 321 

Tspau_DSM20162          DSPQVTVYNLGATFTV-AWPEGDSLVDVLINNGHDVPYSCQSGECATCLCKLTKGTVDMA 309 

Tspse_JCM13375          DSPQVTVYNLGATFTV-PWPEGESLVDVLINNGHDVPYSCQSGECATCLCKLTKGTVEMA 309 

Tstyr_CCUG38499         DSPQVTVHNLGATFTV-PWPAGESLVDVLINNGHDVPYSCQSGECATCLCKLTKGTVEMA 309 

Tspul_CCUG35732         DSPEVTVHNLGASFTV-SWPEGESLVDVLINNGHDVPYSCQSGECATCLCKLTKGTVEMA 309 

Tsspo_DSM44990          DSPEVTVHNLGASFTV-PWPEGESLVDVLINNGHDVPYSCQSGECATCLCKLTKGTVEMA 309 

Pisim_VKM-Ac-2033D      GPVKVEVELDGEEFTFDDWDPRTKLLDFLESKGVKAPYSCREGECSACAIRLLEGDVKML 333 

Tscar_JCM15482          DGGTVTVELDGTTTEL-AWPAEKKLLDVMLEAGLDAPYSCREGACSACACRLVEGKVELA 330 

Ts_1534                 DGGTVTVELDGATHEL-AWPAQKKLLDVMLEAGIDAPYSCREGACSACACRIVDGNVELA 333 

Mkyor                   PPATAVVQLDGETHTV-SWPRGAKLLDVLLDAGLDAPFSCREGHCGACACTLRKGKVTME 326 

Mint_MOTT-02            PPATAVVELDGETHTV-SWPRNAKLLDVLLAKGLDAPFSCREGHCGACACTLRSGKVNME 331 

Mpar_ATCCBAA-614        PPATAVVQLDGETHTV-SWPRNAKLLDVLLAKGLDAPFSCREGHCGACACTLKTGKVSME 327 

Mhae_DSM44634           PPATAVVQLDGQTHTV-SWPRQAKLLDVLLAKGLNAPFSCREGHCGACACTLRSGKVSME 325 

Mafr_MAL010081          APATAVVELDGQTHTV-SWPRTAKLLDVLLAAGLDAPFSCREGHCGACACTLRAGKVNMG 325 

Mbov_AF2122/97          APATAVVELDGQTHTV-SWPRTAKLLDVLLAAGLDAPFSCREGHCGACACTLRAGKVNMG 325 

Mtub_H37Rv              APATAVVELDGQTHTV-SWPRTAKLLDVLLAAGLDAPFSCREGHCGACACTLRAGKVNMG 325 

Mory_112400015          APATAVVELDGQTHTV-SWPRTAKLLDVLLAAGLDAPFSCREGHCGACACTLRAGKVNMG 325 

Mmar_M                  PPATAVVELDGQTHTV-SWPRSAKLLDVLLAAGLDAPFSCREGHCGACAATLRSGKVNME 325 

Mulc_Harvey             PPATAVVELDGQTHTV-SWPRSAKLLDVLLAAGLDAPFSCREGHCGACAATLRSGKVNME 325 

Mneo_DSM44074           GPAQAIVELDGTTHEI-EWPRKAKLLDVLLNKGLDAPFSCREGHCGACAVLMRKGDVEME 318 

Mneo_JC-12              GPAQAIVELDGTTHEI-EWPRKAKLLDVLLNKGLDAPFSCREGHCGACAVLMRKGDVEME 318 

Mphl_DSM43072           GPATAIVTLDGQTHEV-SWPRNATLLDVLLSKGLEAPFSCREGHCGACAVVKKSGEVEMT 319 

Mgoo_X7B                PPATAVVTLDGTTHEI-RWPRSAKLLDVLLDRGLDAPFSCREGHCGACAVLKKSGEVHME 320 

Msme_MC2-155            GPATAVVTLDGTTHEI-RWPRSAKLLDVLLDKGLDAPFSCREGHCGACAVLKKSGEVHME 320 

Msme_NCTC8159           GPATAVVTLDGTTHEI-RWPRSAKLLDVLLDKGLDAPFSCREGHCGACAVLKKSGEVHME 323 

 

http://www.canadianjbiotech.com/


 

s8 | P a g e                       Can J Biotech  http://www.canadianjbiotech.com                   April 2018| Volume 02| Issue 01 
 

 

Mmag_DSM44476           GPATAIVTLDGTTHEV-RWPRSAKLLDVLLDKGLDAPFSCREGHCGACAVLKKSGEVDME 319 

Mwol_CDC01              GPATAVVTLDGTTHEI-RWPRSAKLLDVLLDKGLDAPFSCREGHCGACAVLKKSGEVEME 320 

Mset_DSM45070           GPATAVVTLDGTTHEV-RWPRSATLLDVLLDKGLDAPFSCREGHCGACAVLKKSGDVEMK 323 

Mper_ACS819             EPATAVVTLDGTTHEV-RWPRSATLLDVLLDKGLDAPFSCREGHCGACAVLKKSGDVEMK 319 

Mcon_ACS2738            EPATAVVTLDGTTHEV-RWPRSATLLDVLLDKGLDAPFSCREGHCGACAVLKKSGDVEMK 319 

Mfor_E3377              EPATAVVTLDGTTHEV-RWPRSATLLDVLLDKGLDAPFSCREGHCGACAVLKKSGDVEMK 319 

Mvul_ACS3670            GPATAVVTLDGTTHEV-RWPRSATLLDVLLDKGLDAPFSCREGHCGACAVLKKSGDVEMK 322 

Mvul_ACS4093            GPATAVVTLDGTTHEV-RWPRSATLLDVLLDKGLDAPFSCREGHCGACAVLKKSGDVEMK 319 

Mbri_JCM15654           DAADAEIQLDGQVHTL-RWPRGRNLVETMLAAGIAVPYSCREGHCGSCAATTIEGEVEMG 323 

Mvac_95051              RAADAEVSIDGEVHRL-RWPVGGNLVDTMLAAGIEVPYSCREGNCGSCAATLVGGEVDLG 313 

Galk_CGMCC6845          DAASVTVNLDGQEHEF-PWPRTATLVDVLLSKGINVPFSCREGECGSCAATLTTGEVDMD 321 

Rpyr_AK37               DAASVTVQLDGEEHDL-VWPRSATLVDIMLSKGLDVPYSCREGECGSCACTVVEGDVDTP 319 

Rrhod_DSM43269          DATSATVQLDGEEHDL-VWPRSATLVDVMLSKGLDVPYSCREGECGSCACTVVEGDVDSL 319 

Npauc                   DAATVEVELDGEIHEL-RWPRKQTLVDIMLDKGIDVPYSCQEGECGSCACTVLEGKVEMD 320 

Nfusc                   DAATVEVELDGETHNL-SWPRKQTLVDIMLDKGIDVPYSCQEGECGSCACTVLEGKVEMA 320 

Nsien                   DAATVEVELDGETHNL-SWPRKQTLVDIMLDKGLDVPYSCQEGECGSCACTVLEGKVEME 320 

Nser_N-2927             DAASVEVELDGETHEL-TWPRSQTLVDIMLSKGIDVPYSCLEGECGSCACTVLEGEVEME 320 

Nsalm                   DAATVEVELDGEVHEM-SWPRKQTLVDIMLDKGLDVPYSCQEGECGSCACTVLEGKVEMA 320 

Nfar_NCTC11134          DAATVEVELDGEVHEL-SWPRKQTLVDIMLAKGIDVPYSCQEGECGSCACTVLEGEVAME 320 

Nbras                   DAATVEVELDGEVHEL-SWPRKQTLVDIMLAKGLDVPYSCQEGECGSCACTVLEGKVEMD 320 

Ntene                   GAATVEVELDGEVHEL-KWPRKQTLVDIMLAKGLDVPYSCQEGECGSCACTVLEGEVEMD 320 

Rdefl                   DAATVEIELDGETHSF-AWPRKQTLVDVMLSKGLDVPYSCQEGECGSCACTVREGEVAMD 320 

Requ_103S               DAATVEIELDGEKHNL-SWPRKQTLVDVMLSKGLDVPYSCQEGECGSCACTVLEGEVSME 320 

Rjost_RHA1              DAATVEVELDGAIHNL-SWPRKQTLVDIMLAKGIDVPYSCQEGECGSCACTVLEGKVEME 320 

Ropac_PD630             DAATVEVELDGEIHNL-SWPRKQTLVDIMLAKGIDVPYSCQEGECGSCACTVLEGKVEME 320 

Ropac_R7                DAATVEVELDGEIHNL-SWPRKQTLVDIMLAKGIDVPYSCQEGECGSCACTVLEGKVEME 320 

Rwra_NBRC100605         DAATVEVELDGEIHNL-SWPRKQTLVDIMLAKGIDVPYSCQEGECGSCACTVLEGKVEME 320 

Rrub_Chol-4]            DAATVEVELDGETHTI-PWPRSQTLVDIMLSKGLDVPYSCQEGECGSCACTVLDGKVEME 320 

Rgord                   DAATVEVELDGVVHEL-SWPRKQTLVDIMLAKGLDVPYSCQEGECGSCACTVLEGKVEME 320 

Rpyr_KG-16              DAATVEVELDGEVHEL-SWPRKQTLVDIMLAKGIDVPYSCQEGECGSCACTVLEGKVEME 320 

Rtri_BKS15-14           GAATVSVTLDGETHEL-SWPRKQTLVDIMLAKGLDVPYSCQEGECGSCACTVLEGKVEME 320 

Rery_SQ1                DAATVEVELDGETHTL-VWPRKQTLVDIMLAKGLDVPYSCKEGESGSCACTVTEGEVQMD 320 

Rqing_BKS20-40          DAATVEVELDGETHTL-VWPRKQTLVDIMLAKGLDVPYSCQEGECGSCACTVTEGEVQMD 320 

Gneo_NRRLB-59395        AAAEVEVELDGESHTL-SWPRSRTLVDIMLAAGLDAPYSCQEGECGSCACTLIEGTVDME 321 

Gpol_NBRC16320          DAATVEVELDGETHEL-TWPRKRTLIDIMLEAGLDAPYSCQEGECGSCACTLTDGTVEMD 325 

Gsol_NBRC108243         DAATVEVELDGETHTL-SWPRKRSLVDIMLDAGLDAPYSCQEGECGSCACTLTDGTVEMD 320 

Gbro_DSM43247           EAAAVDVELDGETHTL-SWPRKRTLIDIMLAAGLDAPYSCQEGECGSCACTLTEGTVEMD 321 

Gter_NBRC100016         GAATVEVELDGETHTL-TWPRSRTLVDIMLAAGLDAPYSCQEGECGSCACTLTEGSVDMD 321 

Gami_NBRC100051         SAATVEVELDGETHTL-SWPRKRTLVDIMLAAGLDAPYSCQEGECGSCACTLTEGTVDMD 321 

Galk_NBRC16433          SAATVEVELDGETHTL-TWPRKRTLIDVMLAAGLDAPYSCQEGECGSCACTLTEGTVDMD 321 

Grub_NBRC101908         SAATVEVELDGETHTL-TWPRKRTLIDVMLAAGLDAPYSCQEGECGSCACTLTEGSVDMD 321 

Gpar_NBRC108238         DAATVEVELDGETHKL-SWPRKRTLVDVMLAAGLDAPYSCQEGECGSCACTLTEGTVEME 321 

                              :   *    .        ::      *   * :*  * ..:*      *      

                                                                                                                                      Plant-type Iron-Sulfur cluster [Fe2S2Cys4] 
Ps_GM33                 RNDVLTPKELADGWTLACQSRPTGARVRLKFPD 360 

Psknac                  RNDVLSPAELAEGWTLACQGRPGSREVRVRFPD 359 

Psres_NBRC106553        RNDILSPAELAEGWTLACQGRPGSARLKLKFPG 351 

Psbale                  ANEALDAEELKEGWTLACQAIALTSNVHLRFPD 344 

Ps_Chol1                ANEALDADELKEGWTLACQAIALTPNVHLRFPD 344 

Pstae                   RNDALDQQELNDGWVLACQSVPNSEHLRVCFPE 343 

Psvran                  INDALDADELAEGWILACQAVPTSANLRIRFPE 340 

Ps_NBRC111124           HNDALDADELAEGWILACQAVPTSPVLRIRFPE 340 

Ps_ES3-33               HNDALDAGDLAEGWILACQAVPTSAQLRIRFPE 340 

Ps_GM55                 HNDALDAGDLAEGWILACQAVPTSAQLRIRFPD 340 

Psput_CBB5              HNDALDAGDLAEGWILACQAVPTSAQLRIRFPD 340 

Psjapo                  INDALDADELAEGWILACQAVPTSAHLRIRFPE 340 

DOC21_StdJ              HNDALDAGELAEGWILACQAVPTSAQLRIRFPE 340 

Ctest_TK102             HNEVLDAKDLSRNWTLACQSVPTSEKLRVKFPE 355 

Ctest_ATCC11996         HNEVLDAKDLSKKWTLACQSVPTSEKLRVKFPE 355 

Ctest_S44               HNEVLDAKDLSKKWTLACQSVPTSEKLRVKFPE 355 

Ctest_CNB-2             HNEVLDAKDLSKKWTLACQSVPTSEKLRVKFPE 355 

Ctest_TA441             HNEVLDAKDLSKKWTLACQSVPTSEKLRVKFPE 355 

Poglac                  HNDVLDKKDLAKAWTLACQAVPTSERLRIKFPE 348 

Sipsy                   HNDVLDKKDLAKAWTLACQAVPTSERLRIKFPE 348 

Ghir_DSM44140           ANDTLVDADLAAGLTLACQAVPVSDEIRVVFDQ 354 

Tspau_DSM20162          VTDGLDPDDAEDGYILGCQAKPTSPELEVEY-- 340 

Tspse_JCM13375          VTDGLDPDDAEDGYILGCQAKPTSPELEVEY-- 340 

Tstyr_CCUG38499         VTDGLDPDDAEDGYILGCQAKPTSPELEVEY-- 340 

Tspul_CCUG35732         VTDGLDPDDAEDGYILGCQAKPTSPELEVEY-- 340 

Tsspo_DSM44990          VTDGLDPDDAEDGYILGCQAKPTSPELEVEY-- 340 

Pisim_VKM-Ac-2033D      YNDVLDKDDLDDGIRLGCQSVPLTDTVKITYS- 365 

Tscar_JCM15482          HNEVLDQEDLDDGLILACQSMRRTQAVHITYE- 362 

Ts_1534                 HNEVLDPEDLEDGIILACQSMRRTQSVHITYE- 365 
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Mkyor                   VNDVLEQQDLDEGLILACQSHPETDSVEVTYDE 359 

Mint_MOTT-02            VNDVLEQQDLDEGLILACQSHPESDSVEVTYDE 364 

Mpar_ATCCBAA-614        VNDVLEQQDLDDGLILACQSHPESDSVEVTYDE 360 

Mhae_DSM44634           VNDVLEQQDLDDGLILACQSHPESESVEVTYDE 358 

Mafr_MAL010081          VNDVLEQQDLDEGLILACQSRPESDSVEVTYDE 358 

Mbov_AF2122/97          VNDVLEQQDLDEGLILACQSRPESDSVEVTYDE 358 

Mtub_H37Rv              VNDVLEQQDLDEGLILACQSRPESDSVEVTYDE 358 

Mory_112400015          VNDVLEQQDLDEGLILACQSRPESDSVEVTYDE 358 

Mmar_M                  VNDVLEQQDLDDGLILACQSHPESDSVEVTYDE 358 

Mulc_Harvey             VNDVLEQQDLDDGLILACQSHPESDSVEVTYDE 358 

Mneo_DSM44074           INDVLEPSDLDEGLILACQALPTSDSVEVTYDE 351 

Mneo_JC-12              INDVLEPSDLDEGLILACQALPTSDSVEVTYDE 351 

Mphl_DSM43072           INDVLEPSDLEEGLILGCQAKPVSDSVEVTYDE 352 

Mgoo_X7B                VNDVLEPSDLQEGLILGCQATPVSDSVEVTYDE 353 

Msme_MC2-155            INDVLEPSDLEEGLILGCQATPVSDSVEVTYDE 353 

Msme_NCTC8159           INDVLEPSDLEEGLILGCQATPVSDSVEVTYDE 356 

Mmag_DSM44476           VNDVLEPSDLEEGLILGCQATPVTDSVEVTYDE 352 

Mwol_CDC01              INDVLESSDLEEGLILGCQATPASDSVEVTYDE 353 

Mset_DSM45070           INDVLEPSDLDEGLILGCQARPVSDSVEVTYDE 356 

Mper_ACS819             INDVLEPSDLDEGLILGCQATPVSDSVEVTYDE 352 

Mcon_ACS2738            INDVLEPSDLEEGLILGCQATPVSDSVEVTYDE 352 

Mfor_E3377              INDVLEPSDLDEGLILGCQATPVSDSVEVTYDE 352 

Mvul_ACS3670            INDVLEPSDLEEGLILGCQATPVSDSVEVTYDE 355 

Mvul_ACS4093            INDVLEPSDLEEGLILGCQATPVSDSVEVTYDE 352 

Mbri_JCM15654           NAEILEDKDIADGLFLACQACPRSHKLKIEF-- 354 

Mvac_95051              EATILEADDIADGLFLACQARPLSDTVHVEF-- 344 

Galk_CGMCC6845          NSAVLDEEDIAGGIILACQARPRSETVSVEF-- 352 

Rpyr_AK37               PSAILDEEDIANGYVLACQAKPKSKHVRIDF-- 350 

Rrhod_DSM43269          PSAILDEEDIANGYVLACQARPKSDHVRIEF-- 350 

Npauc                   NAEILDPEDIENGYILGCQAHPVTDHLRIQF-- 351 

Nfusc                   NAEILDPEDIENGYILGCQARPVTDHLRIQF-- 351 

Nsien                   NAEILDPEDIENGYILGCQARPVTDHLRIQF-- 351 

Nser_N-2927             NAEILDPEDIANGYILGCQARPVTDHLKIQF-- 351 

Nsalm                   NSEILDPEDIENGYILGCQARPVTDRLRIQF-- 351 

Nfar_NCTC11134          NAEILDPEDIANGYILGCQARPVTDRLRIQF-- 351 

Nbras                   NAEILDPEDIENGYILGCQAHPVTDHLKIQF-- 351 

Ntene                   NAEILDPEDIENGYILGCQAHPVTDHLKIQF-- 351 

Rdefl                   HAGVLDQEDIDNGYILGCQAKPVSDHLKIEF-- 351 

Requ_103S               HAGVLDEEDIANGYILGCQAKPVTDHLKIEF-- 351 

Rjost_RHA1              NSEILDPEDIESGYILGCQARPVTDYLKIEF-- 351 

Ropac_PD630             NSEILDPEDIESGYILGCQARPVTDHLKIEF-- 351 

Ropac_R7                NSEILDPEDIESGYILGCQARPVTDHLKIEF-- 351 

Rwra_NBRC100605         NSEILDPEDIESGYILGCQARPVTDHLKIEF-- 351 

Rrub_Chol-4]            HCEILDPEDIEAGYVLGCQARPVTDTVKIVF-- 351 

Rgord                   NCDVLDPEDIEAGYILGCQARPVTDHLKIEF-- 351 

Rpyr_KG-16              NCDVLDPEDIEAGYILGCQARPVTDHLKIEF-- 351 

Rtri_BKS15-14           NSEILDPEDIAAGYILGCQAKPLTDRLEIEF-- 351 

Rery_SQ1                NSEILDAEDVANGYILGCKRSRSPIA------- 346 

Rqing_BKS20-40          NSEILDAEDVANGYILGCQAKPITDHLKIEF-- 351 

Gneo_NRRLB-59395        VTGALDPDDIADGYILGCQARPTADKLKIEF-- 352 

Gpol_NBRC16320          NAGALDPEDIADGYILGCQAHPTSDRLRIEF-- 356 

Gsol_NBRC108243         NTGALDPEDIADGYILGCQAHPTSDSLKIEF-- 351 

Gbro_DSM43247           NPGALDPEDIEDGYILGCQARPTSDSLKIEF-- 352 

Gter_NBRC100016         NAGALDPEDIEDGYILGCQAHPTSDTLKIEF-- 352 

Gami_NBRC100051         NAGALDPEDIEDGYILGCQALPTSDSLKIEF-- 352 

Galk_NBRC16433          NAGALDPEDIEDGYILGCQAHPTSDSLKIEF-- 352 

Grub_NBRC101908         NAGALDPEDIADGYILGCQAHPTSDSLKIEF-- 352 

Gpar_NBRC108238         NTGALDPEDIEDGYILGCQARPTSDSLKIEF-- 352 

                            *   :      *.*:               

                                               Plant-type Iron-Sulfur cluster [Fe2S2Cys4] 
 

Supplementary Fig. 1: Comparative alignment of different selected reductase subunits from the 3-ketosteroid 9α-hydroxylases present 
in actinobacteria, β-proteobacteria, and γ-proteobacteria: DOC21_StdJ (Pseudomonas putida DOC21), Ps_Chol1 (Pseudomonas sp. 

Chol1, WP_008568639), Ps_GM33 (Pseudomonas sp. GM33, WP_007976914), Ps_NBRC111124 (Pseudomonas sp. NBRC 111124, 

WP_060511844), Ps_ES3-33 (Pseudomonas sp. ES3-33, WP_045058525), Ps_GM55 (Pseudomonas sp. GM55, WP_008021057), 
Psput_CBB5 (P. putida CBB5, KKX63417), Psknac (P. knackmussii, WP_052355350), Psres_NBRC106553 (P. resinovorans NBRC 

106553, BAN50097), Psbale (P. balearica, WP_061338414), Pstae (P. taetrolens, WP_048380255), Psvran (P. vranovensis, 

WP_028944916), Psjapo (P. japonica, WP_042130308), Ctest_TK102 (Comamonas testosteroni TK102, AIJ45702), 
Ctest_ATCC11996 (C. testosteroni ATCC 11996, EHN64411), Ctest_S44 (C. testosteroni S44, EFI58782), Ctest_CNB-2 (C. 

testosteroni CNB-2, ACY32105), Ctest_TA441 (C. testosteroni TA441, BAC81694), Poglac (Polaromonas glacialis, WP_029527755), 

Sipsy (Simplicispira psychrophila, WP_027996465), Pisim_VKM-Ac-2033D (Pimelobacter simplex VKM -Ac-2033D, AIY19941), 
Ghir_DSM44140 (Gordonia hirsuta DSM 44140 = NBRC 16056, GAC58098), Tspau_DSM20162 (Tsukamurella paurometabola 

DSM 20162, ADG80030), Tspse_JCM13375 (T. pseudospumae JCM 13375, KXO96246), Tstyr_CCUG38499 (T. tyrosinosolvens 
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CCUG 38499, KXO95517), Tspul_CCUG35732 (T. pulmonis CCUG 35732, KXO89939), Tsspo_DSM44990 (T. pulmonis DSM 

44990, KXP11195), Tstyr_JCM15482 (T. tyrosinosolvens JCM 15482, KXP07614), Ts_1534 (Tsukamurella sp. 1534, 
WP_019201936), Mkyor (Mycobacterium kyorinense, WP_045384150), Mint_MOTT-02 (M. intracellulare MOTT-02, AFC46862), 

Mpar_ATCCBAA-614 (M. parascrofulaceum ATCC BAA-614, EFG77601), Mhae_DSM44634 (M. haemophilum DSM 44634, 

AKN15982), Mafr_MAL010081 (M. africanum MAL010081, KBG29755), Mbov_AF2122/97 (M. bovis AF2122/97, CDO44872), 
Mtub_H37Rv (M. tuberculosis H37Rv, CCP46394), Mory_112400015 (M. orygis 112400015, EMT34083), Mmar_M (M. marinum M, 

ACC43470), Mulc_Harvey (M. ulcerans str. Harvey, EUA86886), Mneo_DSM44074 (M. neoaurum DSM44074, CDQ47131), 

Mneo_JC-12 (M. neoaurum JC-12, AKH14758), Mphl_DSM43072 (M. phlei DSM 43072, KXW59844), Mgoo_X7B (M. goodii X7B, 
AKS32245), Msme_MC2-155 (M. smegmatis str. MC2 155, YP_890263), Msme_NCTC8159 (M. smegmatis NCTC 8159, CKI43624), 

Mmag_DSM44476 (M. mageritense DSM 44476, CDO22511), Mwol_CDC01 (M. wolinskyi CDC 01, KWX23349), Mset_DSM45070 

(M. setense DSM 45070, KHO17935), Mper_ACS819 (M. peregrinum ACS 819, OBF42413), Mcon_ACS2738 (M. conceptionense 
ACS 2738, OBB15633), Mfor_E3377 (M. fortuitum, OBB02630), Mvul_ACS3670 (M. vulneris ACS 3670, OCB13127), 

Mvul_ACS4093 (M. vulneris ACS 4093, OCB61730), Mbri_JCM15654 (M. brisbanense JCM15654, GAS89867), Mvac_95051 (M. 

vaccae 95051, ANI38868), Npauc (Nocardia paucivorans, WP_040792682), Nfusc (N. fusca, WP_063131162), Nsien (N. sienata, 
WP_063061495), Nser_N-2927 (N. seriolae N-2927, GAM51280), Nsalm (N. salmonicida, WP_062987070), Nfar_NCTC11134 (N. 

farcinica NCTC 11134, CRY82167), Nbras (N. brasiliensis, WP_029901615), Ntene (N. tenerifensis, WP_040739267), Rpyr_AK37 

(Rhodococcus pyridinivorans AK37, EHK84157), Rrhod_DSM43269 (R. rhodochrous DSM 43269, ADY18313), Rdefl (R. defluvii, 
WP_031937712), Requ_103S (R. equi 103S, CBH49621), Rjost_RHA1 (R. jostii RHA1, ABG97833), Ropac_PD630 (R. opacus 

PD630, AHK29919), Ropac_R7 (R. opacus R7, AII04986), Rwra_NBRC100605 (R. wratislaviensis NBRC 100605, GAF50895), 

Rrub_Chol-4 (R. ruber Chol-4, KXF85152), Rgord (R. gordoniae, WP_064062549), Rpyr_KG-16 (R. pyridinivorans KG-16, 
KSZ60670), Rtri_BKS15-14 (R. triatomae BKS 15-14, EME21180), Rery_SQ1 (R. erythropolis SQ1, AAL96830), Rqing_BKS20-40 

(R. qingshengii BKS 20-40, EME24363), Gneo_NRRLB-59395 (Gordonia neofelifaecis NRRL B-59395, EGD53582), 

Galk_CGMCC6845 (G. alkanivorans CGMCC 6845, ETA07329), Gpol_NBRC16320 (G. polyisoprenivorans NBRC 16320 = JCM 
10675, GAB21313), Gsol_NBRC108243 (G. soli NBRC 108243, GAC67771), Gbro_DSM43247 (G. bronchialis DSM 43247, 

ACY22961), Gter_NBRC100016 (G. terrae NBRC 100016, GAB43721), Gami_NBRC100051 (G. amicalis NBRC 100051 = JCM 

11271, GAC51694), Galk_NBRC16433 (G. alkanivorans NBRC 16433, GAA14199), Grub_NBRC101908 (G. rubripertincta NBRC 
101908, GAB87016), Gpar_NBRC108238 (G. paraffinivorans NBRC 108238, GAC83106). The conserved sequences of the flavin- 

and NADH-binding motifs and the plant-type iron-sulfur cluster are marked in yellow. 

The selection of the sequences used to perform the sequence comparison, and the phylogenetic analyses derived from that, was as 
follows: First, we searched the nucleotide database searching for annotated genomes (at this stage of the search, either draft or finished 

genomes) containing the terms “ketosteroid dehydrogenase”, “3-ketosteroid 9alpha-hydroxylase”, “KshA”, “TesA”, and related terms. 

We used this information to construct a subset of genomic sequences from putative steroid degraders and then searched them for 
potential orthologues of the reductase component of the 3-ketosteroid 9alpha-hydroxylase. This resulted in the selection of sequences 

fulfilling the following two criteria: (i) a high E-value between the sequences determined by a local BLAST search of the subset of 

sequences by applying a minimum identity filter of 30% and a maximum E-value filter of 10−30, and (ii) a relative maintenance of the 
synteny with respect to other genes putatively involved in steroid catabolism. After selecting the putative reductase genes, we checked 

the encoded proteins based on their multiple alignments discarding those with an amino acid sequence identity of 100% to avoid 

overweighting the homology distribution. Sequences with > 99% identity (but never 100%) were, however, included in the analysis. To 
confirm the validity of the criteria used to select these sequences, and to anticipate the possible sequences in the database, we used these 

selected sequences in a BLASTp search against the NCBI protein database. This allowed us to consider the quality and 

representativeness of the selected sequences. 
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Supplementary Fig. 2: Molecular phylogenetic analysis, using the maximum-likelihood method, of the reductase components from the 
3-ketosteroid 9α-hydroxylases present in the genome of actinobacteria, β-proteobacteria, and γ-proteobacteria. DOC21_StdJ 

(Pseudomonas putida DOC21), Ps_Chol1 (Pseudomonas sp. Chol1, WP_008568639), Ps_GM33 (Pseudomonas sp. GM33, 

WP_007976914), Ps_NBRC111124 (Pseudomonas sp. NBRC 111124, WP_060511844), Ps_ES3-33 (Pseudomonas sp. ES3-33, 
WP_045058525), Ps_GM55 (Pseudomonas sp. GM55, WP_008021057), Psput_CBB5 (P. putida CBB5, KKX63417), Psknac (P. 

knackmussii, WP_052355350), Psres_NBRC106553 (P. resinovorans NBRC 106553, BAN50097), Psbale (P. balearica, 

WP_061338414), Pstae (P. taetrolens, WP_048380255), Psvran (P. vranovensis, WP_028944916), Psjapo (P. japonica, 
WP_042130308), Ctest_TK102 (Comamonas testosteroni TK102, AIJ45702), Ctest_ATCC11996 (C. testosteroni ATCC 11996, 

EHN64411), Ctest_S44 (C. testosteroni S44, EFI58782), Ctest_CNB-2 (C. testosteroni CNB-2, ACY32105), Ctest_TA441 (C. 

testosteroni TA441, BAC81694), Poglac (Polaromonas glacialis, WP_029527755), Sipsy (Simplicispira psychrophila, 
WP_027996465), Tspau_DSM20162 (Tsukamurella paurometabola DSM 20162, ADG80030), Tspse_JCM13375 (T. pseudospumae 

JCM 13375, KXO96246), Tstyr_CCUG38499 (T. tyrosinosolvens CCUG 38499, KXO95517), Tspul_CCUG35732 (T. pulmonis 

CCUG 35732, KXO89939), Tsspo_DSM44990 (T. pulmonis DSM 44990, KXP11195), Mkyor (Mycobacterium kyorinense, 
WP_045384150), Mint_MOTT-02 (M. intracellulare MOTT-02, AFC46862), Mpar_ATCCBAA-614 (M. parascrofulaceum ATCC 

BAA-614, EFG77601), Mhae_DSM44634 (M. haemophilum DSM 44634, AKN15982), Mafr_MAL010081 (M. africanum 

MAL010081, KBG29755), Mbov_AF2122/97 (M. bovis AF2122/97, CDO44872), Mtub_H37Rv (M. tuberculosis H37Rv, CCP46394), 
Mory_112400015 (M. orygis 112400015, EMT34083), Mmar_M (M. marinum M, ACC43470), Mulc_Harvey (M. ulcerans str. 

Harvey, EUA86886), Mneo_DSM44074 (M. neoaurum DSM44074, CDQ47131), Mneo_JC-12 (M. neoaurum JC-12, AKH14758), 

Mphl_DSM43072 (M. phlei DSM 43072, KXW59844), Mgoo_X7B (M. goodii X7B, AKS32245), Msme_MC2-155 (M. smegmatis str. 

MC2 155, YP_890263), Msme_NCTC8159 (M. smegmatis NCTC 8159, CKI43624), Mmag_DSM44476 (M. mageritense DSM 

44476, CDO22511), Mwol_CDC01 (M. wolinskyi CDC 01, KWX23349), Mset_DSM45070 (M. setense DSM 45070, KHO17935), 

Mper_ACS819 (M. peregrinum ACS 819, OBF42413), Mcon_ACS2738 (M. conceptionense ACS 2738, OBB15633), Mfor_E3377 (M. 

fortuitum, OBB02630), Mvul_ACS3670 (M. vulneris ACS 3670, OCB13127), Mvul_ACS4093 (M. vulneris ACS 4093, OCB61730), 
Mbri_JCM15654 (M. brisbanense JCM15654, GAS89867), Mvac_95051 (M. vaccae 95051, ANI38868), Npauc (Nocardia 

paucivorans, WP_040792682), Nfusc (N. fusca, WP_063131162), Nsien (N. sienata, WP_063061495), Nser_N-2927 (N. seriolae N-

2927, GAM51280), Nsalm (N. salmonicida, WP_062987070), Nfar_NCTC11134 (N. farcinica NCTC 11134, CRY82167), Nbras 
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(N. brasiliensis, WP_029901615), Ntene (N. tenerifensis, WP_040739267), Rpyr_AK37 (Rhodococcus pyridinivorans AK37, 

EHK84157), Rrhod_DSM43269 (R. rhodochrous DSM 43269, ADY18313), Rdefl (R. defluvii, WP_031937712), Requ_103S (R. equi 

103S, CBH49621), Rjost_RHA1 (R. jostii RHA1, ABG97833), Ropac_PD630 (R. opacus PD630, AHK29919), Ropac_R7 (R. opacus 

R7, AII04986), Rwra_NBRC100605 (R. wratislaviensis NBRC 100605, GAF50895), Rrub_Chol-4 (R. ruber Chol-4, KXF85152), Rgord 

(R. gordoniae, WP_064062549), Rpyr_KG-16 (R. pyridinivorans KG-16, KSZ60670), Rtri_BKS15-14 (R. triatomae BKS 15-14, 

EME21180), Rery_SQ1 (R. erythropolis SQ1, AAL96830), Rqing_BKS20-40 (R. qingshengii BKS 20-40, EME24363), Gneo_NRRLB-

59395 (Gordonia neofelifaecis NRRL B-59395, EGD53582), Galk_CGMCC6845 (G. alkanivorans CGMCC 6845, ETA07329), 

Gpol_NBRC16320 (G. polyisoprenivorans NBRC 16320 = JCM 10675, GAB21313), Gsol_NBRC108243 (G. soli NBRC 108243, 

GAC67771), Gbro_DSM43247 (G. bronchialis DSM 43247, ACY22961), Gter_NBRC100016 (G. terrae NBRC 100016, GAB43721), 

Gami_NBRC100051 (G. amicalis NBRC 100051 = JCM 11271, GAC51694), Galk_NBRC16433 (G. alkanivorans NBRC 16433, 

GAA14199), Grub_NBRC101908 (G. rubripertincta NBRC 101908, GAB87016), Gpar_NBRC108238 (G. paraffinivorans NBRC 

108238, GAC83106). 

 

  

Supplementary Fig. 3: Logos showing the consensus sequences found in 3-keto-9α-hydroxylase reductase sequences corresponding to 

(A) the flavin-binding domain, (B) the NADH-binding domain, and (C) a plant-type iron-sulfur cluster [Fe2S2Cys4]. The logos were 

constructed using WebLogo3 and selected subsequences from the aligned 3-keto-9α-hydroxylase reductase sequences annotated in 

selected bacterial genomes belonging to Pseudomonas (γ-proteobacteria), β-proteobacteria, and different genera of Actinobacteria 

(Suppl. Fig. 1). Numbers in the logos correspond to the position of the residues in the StdJ sequence from P. putida DOC21. The color of 

the amino acid indicates its chemical properties (polar: G, S, T, Y, C, green; neutral: Q, N, purple; basic: K, R, H, blue; acidic: D, E, red; 

hydrophobic: A, V, L, I, P, W, F, M, black). 
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Name Sequence Use

NTesH-SacI 5’-GAAGTGGAGGAATTGAGCTCGGGTGTCG-3’ Amplification of the upstream 

fragment in stdHgene 

deletionNTesH-BamHI 5’-GGGCGAAGTAGTGGTTGTTGGGGATCCAG-3’

CTesH-BgllI 5’-CACCGTGGTCAAGATCTACGACTACGCCC-3’ Amplification of the 

downstream fragment in stdH

gene deletionCTesH-SmaI 5’-CGTACCCCGGGACCAGTTCGTTGCC-3’

ΔTesH-N 5’-CGAAGAACTGCAGCGTGATCCGGGC-3’
Verification of stdHdeletion

ΔTesH-C 5’-GTTGGCTGGCACGTTGGCGCAGG-3’

TesH-KpnI 5’-CTAGTCCGCATTGACGATGGTACCCACCC-3’ Amplification of stdH in the 

cloning and expression of the 

geneTesH C 5’-GAACTGCCGTCACCGTATCCTGCGCTCG-3’

9OHb-XhoI 5’- CATCGTGCTCGAGGATGTATTCGTCCC -3’ Amplification of the upstream 

fragment in stdJgene deletion 9OHB-N-EcoRI 5’-GATAGGAATTCATGGTTCAGTACTCAGTGCGACCTCG -3’

9OHB-C-EcoRI 5’-GCCGAATTCCCGCGTGCATGTC -3’ Amplification of the 

downstream fragment in stdJ

gene deletion9OHb-XbaI 5’-CACCGGTCTAGATGCCCAGCGCC -3’

Δ9OHb-N 5’-GGACTACCTGATCGAGCGCAACTGGG -3’
Verification of stdJdeletion

Δ9OHb-C 5’-GTGAGCTTTTCGATGGTTAGCGCCCC -3’

9OHb-ApaI 5’-CAACCCGGGCCCGTTCGTCTGAG -3’ Amplification of stdJin the 

cloning and expression of the 

gene9OHb-SacI 5’-CTCGGGGAGCTCGGCGTAGTCCAG-3’

Supplementary Table 1: Oligonucleotides used in this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Modifications in the oligonucleotide sequence in order to construct specific restriction targets for cloning of the amplicons are 

underlined. 
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