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Supporting Figure 1. Sequences for FMN domain, P450 catalytic domains, and the corresponding 
FMND/CYP450 proteins. The human NADPH-cytochrome P450 FMN domain protein sequence (blue) 
was identical to a previously-reported, folded domain, containing FMN  (44).  The TDGTS linker (black, 
bold) is a synthetic database-informed sequence (54) successfully used to generate similar fusions of 
mitochondrial P450 fusion to its redox partner adrenodoxin (39).  The P450 sequences (red) are those of 
the catalytic domain used to determine structures.  The C-terminal His-tags (green) were added to facilitate 
purification using metal-affinity chromatography.  
 
FMN Domain 
MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNKTYEHFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSHHHHHH 
 
CYP3A4 
MALYGTHSHGLFKKLGIPGPTPLPFLGNILSYHKGFCMFDMECHKKYGKVWGFYDGQQP 
VLAITDPDMIKTVLVKECYSVFTNRRPFGPVGFMKSAISIAEDEEWKRLRSLLSPTFTSG 
KLKEMVPIIAQYGDVLVRNLRREAETGKPVTLKDVFGAYSMDVITSTSFGVNIDSLNNPQ 
DPFVENTKKLLRFDFLDPFFLSITVFPFLIPILEVLNICVFPREVTNFLRKSVKRMKESR 
LEDTQKHRVDFLQLMIDSQNSKETESHKALSDLELVAQSIIFIFAGYETTSSVLSFIMYE 
LATHPDVQQKLQEEIDAVLPNKAPPTYDTVLQMEYLDMVVNETLRLFPIAMRLERVCKKD 
VEINGMFIPKGVVVMIPSYALHRDPKYWTEPEKFLPERFSKKNKDNIDPYIYTPFGSGPR 
NCIGMRFALMNMKLALIRVLQNFSFKPCKETQIPLKLSLGGLLQPEKPVVLKVESRDGTV 
SGAHHHH 
 
FMND/CYP3A4 
MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNKTYEHFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSTDGTSMALYGTHSHGLFKKLGIPGP
TPLPFLGNILSYHKGFCMFDMECHKKYGKVWGFYDGQQPVLAITDPDMIKTVLVKECYSVFTNRRPFGPV
GFMKSAISIAEDEEWKRLRSLLSPTFTSGKLKEMVPIIAQYGDVLVRNLRREAETGKPVTLKDVFGAYSM
DVITSTSFGVNIDSLNNPQDPFVENTKKLLRFDFLDPFFLSITVFPFLIPILEVLNICVFPREVTNFLRK
SVKRMKESRLEDTQKHRVDFLQLMIDSQNSKETESHKALSDLELVAQSIIFIFAGYETTSSVLSFIMYEL
ATHPDVQQKLQEEIDAVLPNKAPPTYDTVLQMEYLDMVVNETLRLFPIAMRLERVCKKDVEINGMFIPKG
VVVMIPSYALHRDPKYWTEPEKFLPERFSKKNKDNIDPYIYTPFGSGPRNCIGMRFALMNMKLALIRVLQ
NFSFKPCKETQIPLKLSLGGLLQPEKPVVLKVESRDGTVSGAHHHHHH 
 
CYP2D6 
MAKKTSSKGKLPPGPLPLPGLGNLLHVDFQNTPYCFDQLRRRFGDVFSLQLAWTPVVVLN 
GLAAVREALVTHGEDTADRPPVPITQILGFGPRSQGVFLARYGPAWREQRRFSVSTLRNL 
GLGKKSLEQWVTEEAACLCAAFANHSGRPFRPNGLLDKAVSNVIASLTCGRRFEYDDPRF 
LRLLDLAQEGLKEESGFLREVLNAVPVLLHIPALAGKVLRFQKAFLTQLDELLTEHRMTW 
DPAQPPRDLTEAFLAEMEKAKGNPESSFNDENLRIVVADLFSAGMVTTSTTLAWGLLLMI 
LHPDVQRRVQQEIDDVIGQVRRPEMGDQAHMPYTTAVIHEVQRFGDIVPLGVTHMTSRDI 
EVQGFRIPKGTTLITNLSSVLKDEAVWEKPFRFHPEHFLDAQGHFVKPEAFLPFSAGRRA 
CLGEPLARMELFLFFTSLLQHFSFSVPTGQPRPSHHGVFAFLVSPSPYELCAVPRHHHH 
 
FMND/CYP2D6 
MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNKTYEHFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSTDGTSAKKTSSKGKLPPGPLPLPGL



GNLLHVDFQNTPYCFDQLRRRFGDVFSLQLAWTPVVVLNGLAAVREALVTHGEDTADRPPVPITQILGFG
PRSQGVFLARYGPAWREQRRFSVSTLRNLGLGKKSLEQWVTEEAACLCAAFANHSGRPFRPNGLLDKAVS
NVIASLTCGRRFEYDDPRFLRLLDLAQEGLKEESGFLREVLNAVPVLLHIPALAGKVLRFQKAFLTQLDE
LLTEHRMTWDPAQPPRDLTEAFLAEMEKAKGNPESSFNDENLRIVVADLFSAGMVTTSTTLAWGLLLMIL
HPDVQRRVQQEIDDVIGQVRRPEMGDQAHMPYTTAVIHEVQRFGDIVPLGVTHMTSRDIEVQGFRIPKGT
TLITNLSSVLKDEAVWEKPFRFHPEHFLDAQGHFVKPEAFLPFSAGRRACLGEPLARMELFLFFTSLLQH
FSFSVPTGQPRPSHHGVFAFLVSPSPYELCAVPRHHHHHH 
 
CYP2A6 
MAKKTSSKGKLPPGPTPLPFIGNYLQLNTEQMYNSLMKISERYGPVFTIHLGPRRVVVLCGHDA
VREALVDQAEEFSGRGEQATFDWVFKGYGVVFSNGERAKQLRRFSIATLRDFGVGKRGIEERIQ
EEAGFLIDALRGTGGANIDPTFFLSRTVSNVISSIVFGDRFDYKDKEFLSLLRMMLGIFQFTST
STGQLYEMFSSVMKHLPGPQQQAFQLLQGLEDFIAKKVEHNQRTLDPNSPRDFIDSFLIRMQEE
EKNPNTEFYLKNLVMTTLNLFIGGTETVSTTLRYGFLLLMKHPEVEAKVHEEIDRVIGKNRQPK
FEDRAKMPYMEAVIHEIQRFGDVIPMSLARRVKKDTKFRDFFLPKGTEVYPMLGSVLRDPSFFS
NPQDFNPQHFLNEKGQFKKSDAFVPFSIGKRNCFGEGLARMELFLFFTTVMQNFRLKSSQSPKD
IDVSPKHVGFATIPRNYTMSFLPRHHHH 
 
FMND/CYP2A6 
MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNKTYEHFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSTDGTSMAKKTSSKGKLPPGPTPLP
FIGNYLQLNTEQMYNSLMKISERYGPVFTIHLGPRRVVVLCGHDAVREALVDQAEEFSGRGEQA
TFDWVFKGYGVVFSNGERAKQLRRFSIATLRDFGVGKRGIEERIQEEAGFLIDALRGTGGANID
PTFFLSRTVSNVISSIVFGDRFDYKDKEFLSLLRMMLGIFQFTSTSTGQLYEMFSSVMKHLPGP
QQQAFQLLQGLEDFIAKKVEHNQRTLDPNSPRDFIDSFLIRMQEEEKNPNTEFYLKNLVMTTLN
LFIGGTETVSTTLRYGFLLLMKHPEVEAKVHEEIDRVIGKNRQPKFEDRAKMPYMEAVIHEIQR
FGDVIPMSLARRVKKDTKFRDFFLPKGTEVYPMLGSVLRDPSFFSNPQDFNPQHFLNEKGQFKK
SDAFVPFSIGKRNCFGEGLARMELFLFFTTVMQNFRLKSSQSPKDIDVSPKHVGFATIPRNYTM
SFLPRHHHHHHHHHH 
 
CYP17A1 
MAKKTGAKYPKSLLSLPLVGSLPFLPRHGHMHNNFFKLQKKYGPIYSVRMGTKTTVIVGHHQLA
KEVLIKKGKDFSGRPQMATLDIASNNRKGIAFADSGAHWQLHRRLAMATFALFKDGDQKLEKII
CQEISTLCDMLATHNGQSIDISFPVFVAVTNVISLICFNTSYKNGDPELNVIQNYNEGIIDNLS
KDSLVDLVPWLKIFPNKTLEKLKSHVKIRNDLLNKILENYKEKFRSDSITNMLDTLMQAKMNSD
NGNAGPDQDSELLSDNHILTTIGDIFGAGVETTTSVVKWTLAFLLHNPQVKKKLYEEIDQNVGF
SRTPTISDRNRLLLLEATIREVLRLRPVAPMLIPHKANVDSSIGEFAVDKGTEVIINLWALHHN
EKEWHQPDQFMPERFLNPAGTQLISPSVSYLPFGAGPRSCIGEILARQELFLIMAWLLQRFDLE
VPDDGQLPSLEGIPKVVFLIDSFKVKIKVRQAWREAQAEGSTHHHH 
 
FMND/CYP17A1 
MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNKTYEHFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSTDGTSMAKKTGAKYPKSLLSLPLV
GSLPFLPRHGHMHNNFFKLQKKYGPIYSVRMGTKTTVIVGHHQLAKEVLIKKGKDFSGRPQMAT
LDIASNNRKGIAFADSGAHWQLHRRLAMATFALFKDGDQKLEKIICQEISTLCDMLATHNGQSI
DISFPVFVAVTNVISLICFNTSYKNGDPELNVIQNYNEGIIDNLSKDSLVDLVPWLKIFPNKTL



EKLKSHVKIRNDLLNKILENYKEKFRSDSITNMLDTLMQAKMNSDNGNAGPDQDSELLSDNHIL
TTIGDIFGAGVETTTSVVKWTLAFLLHNPQVKKKLYEEIDQNVGFSRTPTISDRNRLLLLEATI
REVLRLRPVAPMLIPHKANVDSSIGEFAVDKGTEVIINLWALHHNEKEWHQPDQFMPERFLNPA
GTQLISPSVSYLPFGAGPRSCIGEILARQELFLIMAWLLQRFDLEVPDDGQLPSLEGIPKVVFL
IDSFKVKIKVRQAWREAQAEGSTHHHH 
 
CYP21A1 
MAKKTSSKGKLPPLAPGFLHLLQPDLPIYLLGLTQKFGPIYRLHLGLQDVVVLNSKRTIEEAMV
KKWADFAGRPEPLTYKLVSKNYPDLSLGDYSLLWKAHKKLTRSALLLGIRDSMEPVVEQLTQEF
CERMRAQPGTPVAIEEEFSLLTCSIICYLTFGDKIKDDNLMPAYYKCIQEVLKTWSHWSIQIVD
VIPFLRFFPNPGLRRLKQAIEKRDHIVEMQLRQHKESLVAGQWRDMMDYMLQGVAQPSMEEGSG
QLLEGHVHMAAVDLLIGGTETTANTLSWAVVFLLHHPEIQQRLQEELDHELGPGASSSRVPYKD
RARLPLLNATIAEVLRLRPVVPLALPHRTTRPSSISGYDIPEGTVIIPNLQGAHLDETVWERPH
EFWPDRFLEPGKNSRALAFGCGARVCLGEPLARLELFVVLTRLLQAFTLLPSGDALPSLQPLPH
CSVILKMQPFQVRLQPRGMGAHSPGQNQHHHHHH 
 
FMND/CYP21A2 
MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNKTYEHFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSTDGTSAKKTSSKGKLPPLAPGFLHL
LQPDLPIYLLGLTQKFGPIYRLHLGLQDVVVLNSKRTIEEAMVKKWADFAGRPEPLTYKLVSKNYPDLSL
GDYSLLWKAHKKLTRSALLLGIRDSMEPVVEQLTQEFCERMRAQPGTPVAIEEEFSLLTCSIICYLTFGD
KIKDDNLMPAYYKCIQEVLKTWSHWSIQIVDVIPFLRFFPNPGLRRLKQAIEKRDHIVEMQLRQHKESLV
AGQWRDMMDYMLQGVAQPSMEEGSGQLLEGHVHMAAVDLLIGGTETTANTLSWAVVFLLHHPEIQQRLQE
ELDHELGPGASSSRVPYKDRARLPLLNATIAEVLRLRPVVPLALPHRTTRPSSISGYDIPEGTVIIPNLQ
GAHLDETVWERPHEFWPDRFLEPGKNSRALAFGCGARVCLGEPLARLELFVVLTRLLQAFTLLPSGDALP
SLQPLPHCSVILKMQPFQVRLQPRGMGAHSPGQNQHHHHHH 
  



Supporting Figure 2.  Aligned sequences for the reductase FMN domain, the isolated P450 
enzymes, and the artificial fusion proteins thereof. The TDGTS linker (black, bold) is a synthetic 
database-informed sequence (54) successfully used to generate similar fusions of mitochondrial P450 
fusion to its redox partner adrenodoxin (39).  The P450 sequences (red) are those of the catalytic domain 
used to determine structures.  The C-terminal His-tags (green) were added to facilitate purification using 
metal-affinity chromatography. 
 
FMND            MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEE 
FMND/CYP3A4     MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEE 
CYP3A4          ------------------------------------------------------------ 
 
FMND            YDLADLSSLPEIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNK 
FMND/CYP3A4     YDLADLSSLPEIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNK 
CYP3A4          ------------------------------------------------------------ 
 
FMND            TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEAT 
FMND/CYP3A4     TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEAT 
CYP3A4          ------------------------------------------------------------ 
 
FMND            GEESS------------------------------------------------------- 
FMND/CYP3A4     GEESSTDGTSMALYGTHSHGLFKKLGIPGPTPLPFLGNILSYHKGFCMFDMECHKKYGKV 
CYP3A4          ----------MALYGTHSHGLFKKLGIPGPTPLPFLGNILSYHKGFCMFDMECHKKYGKV 
 
FMND            ------------------------------------------------------------ 
FMND/CYP3A4     WGFYDGQQPVLAITDPDMIKTVLVKECYSVFTNRRPFGPVGFMKSAISIAEDEEWKRLRS 
CYP3A4          WGFYDGQQPVLAITDPDMIKTVLVKECYSVFTNRRPFGPVGFMKSAISIAEDEEWKRLRS  
 
FMND            ------------------------------------------------------------ 
FMND/CYP3A4     LLSPTFTSGKLKEMVPIIAQYGDVLVRNLRREAETGKPVTLKDVFGAYSMDVITSTSFGV 
CYP3A4          LLSPTFTSGKLKEMVPIIAQYGDVLVRNLRREAETGKPVTLKDVFGAYSMDVITSTSFGV 
 
FMND            ------------------------------------------------------------ 
FMND/CYP3A4     NIDSLNNPQDPFVENTKKLLRFDFLDPFFLSITVFPFLIPILEVLNICVFPREVTNFLRK 
CYP3A4          NIDSLNNPQDPFVENTKKLLRFDFLDPFFLSITVFPFLIPILEVLNICVFPREVTNFLRK 
 
FMND            ------------------------------------------------------------ 
FMND/CYP3A4     SVKRMKESRLEDTQKHRVDFLQLMIDSQNSKETESHKALSDLELVAQSIIFIFAGYETTS 
CYP3A4          SVKRMKESRLEDTQKHRVDFLQLMIDSQNSKETESHKALSDLELVAQSIIFIFAGYETTS 
 
FMND            ------------------------------------------------------------ 
FMND/CYP3A4     SVLSFIMYELATHPDVQQKLQEEIDAVLPNKAPPTYDTVLQMEYLDMVVNETLRLFPIAM 
CYP3A4          SVLSFIMYELATHPDVQQKLQEEIDAVLPNKAPPTYDTVLQMEYLDMVVNETLRLFPIAM 
 
FMND            ------------------------------------------------------------ 
FMND/CYP3A4     RLERVCKKDVEINGMFIPKGVVVMIPSYALHRDPKYWTEPEKFLPERFSKKNKDNIDPYI 
CYP3A4          RLERVCKKDVEINGMFIPKGVVVMIPSYALHRDPKYWTEPEKFLPERFSKKNKDNIDPYI 
 
FMND            ------------------------------------------------------------ 
FMND/CYP3A4     YTPFGSGPRNCIGMRFALMNMKLALIRVLQNFSFKPCKETQIPLKLSLGGLLQPEKPVVL 
CYP3A4          YTPFGSGPRNCIGMRFALMNMKLALIRVLQNFSFKPCKETQIPLKLSLGGLLQPEKPVVL 
 
FMND            ------------HHHHHH 
FMND/CYP3A4     KVESRDGTVSGAHHHHHH 
CYP3A4          KVESRDGTVSGAHHHH-- 
	  



FMND             MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEE 
FMND/CYP2D6      MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEE 
CYP2D6           ------------------------------------------------------------ 
 
FMND             YDLADLSSLPEIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNK 
FMND/CYP2D6      YDLADLSSLPEIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNK 
CYP2D6           ------------------------------------------------------------ 
 
FMND             TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEAT 
FMND/CYP2D6      TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEAT 
CYP2D6           ------------------------------------------------------------ 
 
FMND             GEESS------------------------------------------------------ 
FMND/CYP2D6      GEESSTDGTSAKKTSSKGKLPPGPLPLPGLGNLLHVDFQNTPYCFDQLRRRFGDVFSLQL 
CYP2D6           ---------MAKKTSSKGKLPPGPLPLPGLGNLLHVDFQNTPYCFDQLRRRFGDVFSLQL 
 
FMND             ------------------------------------------------------------ 
FMND/CYP2D6      AWTPVVVLNGLAAVREALVTHGEDTADRPPVPITQILGFGPRSQGVFLARYGPAWREQRR 
CYP2D6           AWTPVVVLNGLAAVREALVTHGEDTADRPPVPITQILGFGPRSQGVFLARYGPAWREQRR 
 
FMND             ------------------------------------------------------------ 
FMND/CYP2D6      FSVSTLRNLGLGKKSLEQWVTEEAACLCAAFANHSGRPFRPNGLLDKAVSNVIASLTCGR 
CYP2D6           FSVSTLRNLGLGKKSLEQWVTEEAACLCAAFANHSGRPFRPNGLLDKAVSNVIASLTCGR 
 
FMND             ------------------------------------------------------------ 
FMND/CYP2D6      RFEYDDPRFLRLLDLAQEGLKEESGFLREVLNAVPVLLHIPALAGKVLRFQKAFLTQLDE 
CYP2D6           RFEYDDPRFLRLLDLAQEGLKEESGFLREVLNAVPVLLHIPALAGKVLRFQKAFLTQLDE 
 
FMND             ------------------------------------------------------------ 
FMND/CYP2D6      LLTEHRMTWDPAQPPRDLTEAFLAEMEKAKGNPESSFNDENLRIVVADLFSAGMVTTSTT 
CYP2D6           LLTEHRMTWDPAQPPRDLTEAFLAEMEKAKGNPESSFNDENLRIVVADLFSAGMVTTSTT 
 
FMND             ------------------------------------------------------------ 
FMND/CYP2D6      LAWGLLLMILHPDVQRRVQQEIDDVIGQVRRPEMGDQAHMPYTTAVIHEVQRFGDIVPLG 
CYP2D6           LAWGLLLMILHPDVQRRVQQEIDDVIGQVRRPEMGDQAHMPYTTAVIHEVQRFGDIVPLG 
 
FMND             ------------------------------------------------------------ 
FMND/CYP2D6      VTHMTSRDIEVQGFRIPKGTTLITNLSSVLKDEAVWEKPFRFHPEHFLDAQGHFVKPEAF 
CYP2D6           VTHMTSRDIEVQGFRIPKGTTLITNLSSVLKDEAVWEKPFRFHPEHFLDAQGHFVKPEAF 
 
FMND             ------------------------------------------------------------ 
FMND/CYP2D6      LPFSAGRRACLGEPLARMELFLFFTSLLQHFSFSVPTGQPRPSHHGVFAFLVSPSPYELC 
CYP2D6           LPFSAGRRACLGEPLARMELFLFFTSLLQHFSFSVPTGQPRPSHHGVFAFLVSPSPYELC 
 
FMND             ----HHHHHH 
FMND/CYP2D6      AVPRHHHHHH 
CYP2D6           AVPRHHHH-- 

 
  



FMND            MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEE 
FMND/CYP2A6     MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEE 
CYP2A6          ------------------------------------------------------------ 
 
FMND            YDLADLSSLPEIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNK 
FMND/CYP2A6     YDLADLSSLPEIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNK 
CYP2A6          ------------------------------------------------------------ 
 
FMND            TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEAT 
FMND/CYP2A6     TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEAT 
CYP2A6          ------------------------------------------------------------ 
 
FMND            GEESS------------------------------------------------------- 
FMND/CYP2A6     GEESSTDGTSMAKKTSSKGKLPPGPTPLPFIGNYLQLNTEQMYNSLMKISERYGPVFTIH 
CYP2A6          ----------MAKKTSSKGKLPPGPTPLPFIGNYLQLNTEQMYNSLMKISERYGPVFTIH 
 
FMND            ------------------------------------------------------------ 
FMND/CYP2A6     LGPRRVVVLCGHDAVREALVDQAEEFSGRGEQATFDWVFKGYGVVFSNGERAKQLRRFSI 
CYP2A6          LGPRRVVVLCGHDAVREALVDQAEEFSGRGEQATFDWVFKGYGVVFSNGERAKQLRRFSI 
 
FMND            ------------------------------------------------------------ 
FMND/CYP2A6     ATLRDFGVGKRGIEERIQEEAGFLIDALRGTGGANIDPTFFLSRTVSNVISSIVFGDRFD 
CYP2A6          ATLRDFGVGKRGIEERIQEEAGFLIDALRGTGGANIDPTFFLSRTVSNVISSIVFGDRFD 
 
FMND            ------------------------------------------------------------ 
FMND/CYP2A6     YKDKEFLSLLRMMLGIFQFTSTSTGQLYEMFSSVMKHLPGPQQQAFQLLQGLEDFIAKKV 
CYP2A6          YKDKEFLSLLRMMLGIFQFTSTSTGQLYEMFSSVMKHLPGPQQQAFQLLQGLEDFIAKKV 
 
FMND            ------------------------------------------------------------ 
FMND/CYP2A6     EHNQRTLDPNSPRDFIDSFLIRMQEEEKNPNTEFYLKNLVMTTLNLFIGGTETVSTTLRY 
CYP2A6          EHNQRTLDPNSPRDFIDSFLIRMQEEEKNPNTEFYLKNLVMTTLNLFIGGTETVSTTLRY 
 
FMND            ------------------------------------------------------------ 
FMND/CYP2A6     GFLLLMKHPEVEAKVHEEIDRVIGKNRQPKFEDRAKMPYMEAVIHEIQRFGDVIPMSLAR 
CYP2A6          GFLLLMKHPEVEAKVHEEIDRVIGKNRQPKFEDRAKMPYMEAVIHEIQRFGDVIPMSLAR 
 
FMND            ------------------------------------------------------------ 
FMND/CYP2A6     RVKKDTKFRDFFLPKGTEVYPMLGSVLRDPSFFSNPQDFNPQHFLNEKGQFKKSDAFVPF 
CYP2A6          RVKKDTKFRDFFLPKGTEVYPMLGSVLRDPSFFSNPQDFNPQHFLNEKGQFKKSDAFVPF 
 
FMND            ------------------------------------------------------------ 
FMND/CYP2A6     SIGKRNCFGEGLARMELFLFFTTVMQNFRLKSSQSPKDIDVSPKHVGFATIPRNYTMSFL 
CYP2A6          SIGKRNCFGEGLARMELFLFFTTVMQNFRLKSSQSPKDIDVSPKHVGFATIPRNYTMSFL 
 
FMND            --HHHHHH---- 
FMND/CYP2A6     PRHHHHHHHHHH 
CYP2A6          PRHHHH------ 

  



FMND             MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEE 
FMND/CYP17A1     MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEE 
CYP17A1          ------------------------------------------------------------ 
 
FMND             YDLADLSSLPEIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNK 
FMND/CYP17A1     YDLADLSSLPEIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNK 
CYP17A1          ------------------------------------------------------------ 
 
FMND             TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEAT 
FMND/CYP17A1     TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEAT 
CYP17A1          ------------------------------------------------------------ 
 
FMND             GEESS------------------------------------------------------- 
FMND/CYP17A1     GEESSTDGTSMAKKTGAKYPKSLLSLPLVGSLPFLPRHGHMHNNFFKLQKKYGPIYSVRM 
CYP17A1          ----------MAKKTGAKYPKSLLSLPLVGSLPFLPRHGHMHNNFFKLQKKYGPIYSVRM 
 
FMND             ------------------------------------------------------------ 
FMND/CYP17A1     GTKTTVIVGHHQLAKEVLIKKGKDFSGRPQMATLDIASNNRKGIAFADSGAHWQLHRRLA 
CYP17A1          GTKTTVIVGHHQLAKEVLIKKGKDFSGRPQMATLDIASNNRKGIAFADSGAHWQLHRRLA 
 
FMND             ------------------------------------------------------------ 
FMND/CYP17A1     MATFALFKDGDQKLEKIICQEISTLCDMLATHNGQSIDISFPVFVAVTNVISLICFNTSY 
CYP17A1          MATFALFKDGDQKLEKIICQEISTLCDMLATHNGQSIDISFPVFVAVTNVISLICFNTSY 
 
FMND             ------------------------------------------------------------ 
FMND/CYP17A1     KNGDPELNVIQNYNEGIIDNLSKDSLVDLVPWLKIFPNKTLEKLKSHVKIRNDLLNKILE 
CYP17A1          KNGDPELNVIQNYNEGIIDNLSKDSLVDLVPWLKIFPNKTLEKLKSHVKIRNDLLNKILE 
 
FMND             ------------------------------------------------------------ 
FMND/CYP17A1     NYKEKFRSDSITNMLDTLMQAKMNSDNGNAGPDQDSELLSDNHILTTIGDIFGAGVETTT 
CYP17A1          NYKEKFRSDSITNMLDTLMQAKMNSDNGNAGPDQDSELLSDNHILTTIGDIFGAGVETTT 
 
FMND             ------------------------------------------------------------ 
FMND/CYP17A1     SVVKWTLAFLLHNPQVKKKLYEEIDQNVGFSRTPTISDRNRLLLLEATIREVLRLRPVAP 
CYP17A1          SVVKWTLAFLLHNPQVKKKLYEEIDQNVGFSRTPTISDRNRLLLLEATIREVLRLRPVAP 
 
FMND             ------------------------------------------------------------ 
FMND/CYP17A1     MLIPHKANVDSSIGEFAVDKGTEVIINLWALHHNEKEWHQPDQFMPERFLNPAGTQLISP 
CYP17A1          MLIPHKANVDSSIGEFAVDKGTEVIINLWALHHNEKEWHQPDQFMPERFLNPAGTQLISP 
 
FMND             ------------------------------------------------------------ 
FMND/CYP17A1     SVSYLPFGAGPRSCIGEILARQELFLIMAWLLQRFDLEVPDDGQLPSLEGIPKVVFLIDS 
CYP17A1          SVSYLPFGAGPRSCIGEILARQELFLIMAWLLQRFDLEVPDDGQLPSLEGIPKVVFLIDS 
 
FMND             --------------------HHHHHH 
FMND/CYP17A1     FKVKIKVRQAWREAQAEGSTHHHH 
CYP17A1          FKVKIKVRQAWREAQAEGSTHHHH 

  



FMND             MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEE 
FMND/CYP21A2     MGTLTSSVRESSFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEE 
CYP21A2          ------------------------------------------------------------ 
 
FMND             YDLADLSSLPEIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNK 
FMND/CYP21A2     YDLADLSSLPEIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVFGLGNK 
CYP21A2          ------------------------------------------------------------ 
 
FMND             TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEAT 
FMND/CYP21A2     TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEAT 
CYP21A2          ------------------------------------------------------------ 
 
FMND             GEESS------------------------------------------------------- 
FMND/CYP21A2     GEESSTDGTSAKKTSSKGKLPPLAPGFLHLLQPDLPIYLLGLTQKFGPIYRLHLGLQDVV 
CYP21A2          ---------MAKKTSSKGKLPPLAPGFLHLLQPDLPIYLLGLTQKFGPIYRLHLGLQDVV 
 
FMND             ------------------------------------------------------------ 
FMND/CYP21A2     VLNSKRTIEEAMVKKWADFAGRPEPLTYKLVSKNYPDLSLGDYSLLWKAHKKLTRSALLL 
CYP21A2          VLNSKRTIEEAMVKKWADFAGRPEPLTYKLVSKNYPDLSLGDYSLLWKAHKKLTRSALLL 
 
FMND             ------------------------------------------------------------ 
FMND/CYP21A2     GIRDSMEPVVEQLTQEFCERMRAQPGTPVAIEEEFSLLTCSIICYLTFGDKIKDDNLMPA 
CYP21A2          GIRDSMEPVVEQLTQEFCERMRAQPGTPVAIEEEFSLLTCSIICYLTFGDKIKDDNLMPA 
 
FMND             ------------------------------------------------------------ 
FMND/CYP21A2     YYKCIQEVLKTWSHWSIQIVDVIPFLRFFPNPGLRRLKQAIEKRDHIVEMQLRQHKESLV 
CYP21A2          YYKCIQEVLKTWSHWSIQIVDVIPFLRFFPNPGLRRLKQAIEKRDHIVEMQLRQHKESLV 
 
FMND             ------------------------------------------------------------ 
FMND/CYP21A2     AGQWRDMMDYMLQGVAQPSMEEGSGQLLEGHVHMAAVDLLIGGTETTANTLSWAVVFLLH 
CYP21A2          AGQWRDMMDYMLQGVAQPSMEEGSGQLLEGHVHMAAVDLLIGGTETTANTLSWAVVFLLH 
 
FMND             ------------------------------------------------------------ 
FMND/CYP21A2     HPEIQQRLQEELDHELGPGASSSRVPYKDRARLPLLNATIAEVLRLRPVVPLALPHRTTR 
CYP21A2          HPEIQQRLQEELDHELGPGASSSRVPYKDRARLPLLNATIAEVLRLRPVVPLALPHRTTR 
 
FMND             ------------------------------------------------------------ 
FMND/CYP21A2     PSSISGYDIPEGTVIIPNLQGAHLDETVWERPHEFWPDRFLEPGKNSRALAFGCGARVCL 
CYP21A2          PSSISGYDIPEGTVIIPNLQGAHLDETVWERPHEFWPDRFLEPGKNSRALAFGCGARVCL 
 
FMND             ------------------------------------------------------------ 
FMND/CYP21A2     GEPLARLELFVVLTRLLQAFTLLPSGDALPSLQPLPHCSVILKMQPFQVRLQPRGMGAHS 
CYP21A2          GEPLARLELFVVLTRLLQAFTLLPSGDALPSLQPLPHCSVILKMQPFQVRLQPRGMGAHS 
 
FMND             -----HHHHHH 
FMND/CYP21A2     PGQNQHHHHHH 
CYP21A2          PGQNQHHHHHH 

 
  



Supporting Figure 3. Generation and characterization of FMND/P450 fusion enzymes compared to 
the corresponding isolated P450 enzyme.  Fusion enzymes consisted of the reductase FMN domain plus 
a 5-amino acid linker plus the catalytic P450 domain with a histidine tag, while the isolated P450 
enzymes had only a C-terminal histidine tag (top graphics).  These constructs yielded purified protein 
with a water-bound Soret peak in the absolute spectrum (main image) and a typical reduced-carbon 
monoxide difference spectrum (inset).  The purified protein runs on an SDS-PAGE gel at the expected 
molecular weight of 75-77 kDa for the fusions and 54-56 kDa for the isolated P450 enzymes (right).  
Panels for the FMND/CYP2A6 and CYP2A6 from Figure 1 are presented again here to facilitate 
comparisons between enzymes. 
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FMN Domain TDGTS P450 2D6 HisTag
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FMN Domain TDGTS P450 17A1 HisTag
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FMN Domain TDGTS P450 21A2 HisTag
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Supporting Figure 4. Spectral titrations for drug-metabolizing P450 enzymes CYP3A4, CYP2A6, 
and CYP2D6. Low ligand concentrations are shown in light grey and higher concentrations in darker grey.  
For CYP3A4 and FMND/CYP3A4 the ligands and their concentrations are hydrocortisone (10 µM-1.5 
mM) and clotrimazole (0.9-67 nM).  For CYP2D6 and FMND/CYP2D6 the ligands and their concentrations 
are thioridazine (1-450 µM) and prinomastat (0.2-84 µM). For CYP2A6 and FMND/CYP2A6 the ligands 
and their concentrations are coumarin (0.5-699 µM) and pilocarpine (0.5-439 µM). 
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Supporting Figure 5. Spectral titrations for steroidogenic CYP17A1 and CYP21A2 and their 
corresponding FMND/CYP450 fusion proteins. Low ligand concentrations are shown in light grey and 
higher concentrations in darker grey. For CYP17A1 the ligands and their concentration ranges are 
progesterone (20 nM-12.2 µM), pregnenolone (20 nM-5 µM), 17a-hydroxyprogesterone (20 nM-23 µM), 
17 a-hydroxypregnenolone (20 nM-5 µM), and ketoconazole (20 nM-2.6 µM).  For CYP21A2 the ligands 
and their concentration ranges are progesterone (50 nM-33 µM), 17 a-hydroxyprogesterone (100 nM-30 
µM), and ketoconazole (20 nM-20µM). 
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426 nm
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389 nm
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17α-Hydroxyprogesterone
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Ketoconazole
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O
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