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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
MGTLTSSVRESSEFVEKMKKTGRNIIVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVEFCMATYGEGDPTDNAQDEYDWLOQETDVDLSGVKFAVEGLGNKTYEHEFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSHHHHHH

CYP3A4
MALYGTHSHGLFKKLGIPGPTPLPFLGNILSYHKGFCMFDMECHKKYGKVWGEFYDGQQP
VLAITDPDMIKTVLVKECYSVETNRRPFGPVGEFMKSAISIAEDEEWKRLRSLLSPTETSG
KLKEMVPITAQYGDVLVRNLRREAETGKPVTLKDVEFGAYSMDVITSTSEFGVNIDSLNNPQ
DPEFVENTKKLLREFDFLDPFFLSITVFPFLIPILEVLNICVFPREVTNFLRKSVKRMKESR
LEDTOKHRVDFLOLMIDSONSKETESHKALSDLELVAQSIIFIFAGYETTSSVLSFIMYE
LATHPDVQOKLOQEEIDAVLPNKAPPTYDTVLOMEYLDMVVNETLRLFPIAMRLERVCKKD
VEINGMFIPKGVVVMIPSYALHRDPKYWTEPEKFLPERFSKKNKDNIDPYIYTPFGSGPR
NCIGMRFALMNMKLALIRVLONFSFKPCKETQIPLKLSLGGLLOPEKPVVLKVESRDGTV
SGAHHHH

FMND/CYP3A4
MGTLTSSVRESSEVEKMKKTGRNIIVEFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVEFCMATYGEGDPTDNAQDEFYDWLQETDVDLSGVKFAVEFGLGNKTYEHFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSTDGTSMALYGTHSHGLFKKLGIPGP
TPLPFLGNILSYHKGFCMEDMECHKKYGKVWGEYDGQOPVLAITDPDMIKTVLVKECYSVETNRRPEFGPV
GFMKSAISIAEDEEWKRLRSLLSPTFTSGKLKEMVPIIAQYGDVLVRNLRREAETGKPVTLKDVEGAYSM
DVITSTSFGVNIDSLNNPODPFVENTKKLLRFDFLDPFFLSITVEFPFLIPILEVLNICVFPREVTNFLRK
SVKRMKESRLEDTQKHRVDFLOLMIDSONSKETESHKALSDLELVAQSIIFIFAGYETTSSVLSEFIMYEL
ATHPDVQOKLOEEIDAVLPNKAPPTYDTVLOMEYLDMVVNETLRLFPIAMRLERVCKKDVEINGMEIPKG
VVVMIPSYALHRDPKYWTEPEKFLPERFSKKNKDNIDPYIYTPEFGSGPRNCIGMRFALMNMKLALTIRVLQ
NESFKPCKETQIPLKLSLGGLLOPEKPVVLKVESRDGTVSGAHHHHHH

CYP2D6
MAKKTSSKGKLPPGPLPLPGLGNLLHVDEFONTPYCEFDQLRRRFGDVESLOLAWTPVVVLN

GLAAVREALVTHGEDTADRPPVPITQILGFGPRSQGVFLARYGPAWREQRRESVSTLRNL
GLGKKSLEQWVTEEAACLCAAFANHSGRPFRPNGLLDKAVSNVIASLTCGRRFEYDDPREFE
LRLLDLAQEGLKEESGFLREVLNAVPVLLHTIPALAGKVLRFOKAFLTQLDELLTEHRMTW
DPAQPPRDLTEAFLAEMEKAKGNPESSENDENLRIVVADLEFSAGMVTTSTTLAWGLLLMT
LHPDVQRRVQOETDDVIGQVRRPEMGDQAHMPYTTAVIHEVORFGDIVPLGVTHMTSRDI
EVOGFRIPKGTTLITNLSSVLKDEAVWEKPFRFHPEHFLDAQGHFVKPEAFLPEFSAGRRA
CLGEPLARMELFLFFTSLLOHFSFSVPTGOQPRPSHHGVFAFLVSPSPYELCAVPRHHHH

FMND/CYP2D6

MGTLTSSVRESSEVEKMKKTGRNIIVEFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVEFCMATYGEGDPTDNAQDEFYDWLQETDVDLSGVKFAVEFGLGNKTYEHFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSTDGTSAKKTSSKGKLPPGPLPLPGL



GNLLHVDFONTPYCEFDQLRRRFGDVFSLOQLAWTPVVVLNGLAAVREALVTHGEDTADRPPVPITQILGFEG
PRSQGVFLARYGPAWREQRREFSVSTLRNLGLGKKSLEQWVTEEAACLCAAFANHSGRPFRPNGLLDKAVS
NVIASLTCGRRFEYDDPRFLRLLDLAQEGLKEESGFLREVLNAVPVLLHTIPALAGKVLRFOQKAFLTQLDE
LLTEHRMTWDPAQPPRDLTEAFLAEMEKAKGNPESSFNDENLRIVVADLFSAGMVTTSTTLAWGLLLMTL
HPDVQRRVQQOEIDDVIGOQVRRPEMGDQAHMPYTTAVIHEVOQRFGDIVPLGVTHMTSRDIEVQGFRIPKGT
TLITNLSSVLKDEAVWEKPFRFHPEHFLDAQGHFVKPEAFLPFSAGRRACLGEPLARMELFLEFFTSLLQH
FSEFSVPTGQPRPSHHGVFAFLVSPSPYELCAVPRHHHHHH

CYP2A6
MAKKTSSKGKLPPGPTPLPFIGNYLOQLNTEQMYNSTLMKISERYGPVFTIHLGPRRVVVLCGHDA

VREALVDQAEEFSGRGEQATEFDWVEFKGYGVVESNGERAKQLRRESTATLRDEFGVGKRGIEERIQ
EEAGFLIDALRGTGGANIDPTFFLSRTVSNVISSIVEGDREDYKDKEFLSLLRMMLGIFQEFTST
STGOLYEMEFSSVMKHLPGPQOOAFQLLOGLEDFIAKKVEHNQRTLDPNSPRDFIDSEFLIRMQOEE
EKNPNTEFYLKNLVMTTLNLFIGGTETVSTTLRYGFLLLMKHPEVEAKVHEE IDRVIGKNRQPK
FEDRAKMPYMEAVIHEIQRFGDVIPMSLARRVKKDTKFRDFFLPKGTEVYPMLGSVLRDPSFEFES
NPODENPOHFLNEKGQFKKSDAFVPESIGKRNCFGEGLARMELFLEFFTTVMONFRLKSSQSPKD
IDVSPKHVGFATIPRNYTMSFLPRHHHH

FMND/CYP2A6
MGTLTSSVRESSFVEKMKKTGRNIIVEFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVFCMATYGEGDPTDNAQDFYDWLQETDVDLSGVKFAVEGLGNKTYEHFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSTDGTSMAKKTSSKGKLPPGPTPLP
FIGNYLOLNTEQMYNSLMKISERYGPVFTIHLGPRRVVVLCGHDAVREALVDQAEEFSGRGEQA
TEFDWVEFKGYGVVESNGERAKQLRREFSTATLRDFGVGKRGIEERIQEEAGFLIDALRGTGGANID
PTFFLSRTVSNVISSIVEFGDRFDYKDKEFLSLLRMMLGIFQFTSTSTGQLYEMEFSSVMKHLPGP
QOQAFQLLOGLEDFIAKKVEHNQRTLDPNSPRDFIDSFLIRMOEEEKNPNTEFYLKNLVMTTLN
LFIGGTETVSTTLRYGFLLLMKHPEVEAKVHEETIDRVIGKNROQPKFEDRAKMPYMEAVIHETQR
FGDVIPMSLARRVKKDTKFRDFFLPKGTEVYPMLGSVLRDPSFEFSNPODEFNPOHFLNEKGQEFKK
SDAFVPFSIGKRNCEFGEGLARMELFLEFFTTVMONFRLKSSQSPKDIDVSPKHVGFATIPRNYTM
SFLPRHHHHHHHHHH

CYP17A1
MAKKTGAKYPKSLLSLPLVGSLPFLPRHGHMHNNEFFKLOKKYGPIYSVRMGTKTTVIVGHHQLA

KEVLIKKGKDEFSGRPOMATLDIASNNRKGIAFADSGAHWQLHRRLAMATFALFKDGDOKLEKTIT
COEISTLCDMLATHNGOSIDISFPVEVAVTNVISLICENTSYKNGDPELNVIQONYNEGITIDNLS
KDSLVDLVPWLKIFPNKTLEKLKSHVKIRNDLLNKILENYKEKFRSDSITNMLDTLMQAKMNSD
NGNAGPDODSELLSDNHILTTIGDIFGAGVETTTSVVKWTLAFLLHNPOQVKKKLYEETDONVGE
SRTPTISDRNRLLLLEATIREVLRLRPVAPMLIPHKANVDSSIGEFAVDKGTEVIINLWALHHN
EKEWHOPDOFMPERFLNPAGTQLISPSVSYLPFGAGPRSCIGEILARQELFLIMAWLLOREFDLE
VPDDGQLPSLEGIPKVVFLIDSFKVKIKVROQAWREAQAEGSTHHHH

FMND/CYP17A1
MGTLTSSVRESSEVEKMKKTGRNIIVEFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVEFCMATYGEGDPTDNAQDEFYDWLQETDVDLSGVKFAVEFGLGNKTYEHFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSTDGTSMAKKTGAKYPKSLLSLPLV
GSLPFLPRHGHMHENNFFKLOKKYGPIYSVRMGTKTTVIVGHHQLAKEVLIKKGKDFSGRPOMAT
LDIASNNRKGIAFADSGAHWQLHRRLAMATFALFKDGDOQKLEKITICQETISTLCDMLATHNGQOST
DISFPVEVAVTNVISLICENTSYKNGDPELNVIONYNEGIIDNLSKDSLVDLVPWLKIFPNKTL



EKLKSHVKIRNDLLNKILENYKEKFRSDSITNMLDTLMOQAKMNSDNGNAGPDODSELLSDNHIL
TTIGDIFGAGVETTTSVVKWTLAFLLENPQVKKKLYEETDONVGEFSRTPTISDRNRLLLLEATI
REVLRLRPVAPMLTPHKANVDSSIGEFAVDKGTEVIINLWALHHNEKEWHQPDOQFMPERFLNPA
GTQLISPSVSYLPFGAGPRSCIGEILARQELFLTIMAWLLORFDLEVPDDGQLPSLEGIPKVVEL
IDSFKVKIKVRQAWREAQAEGSTHHHH

CYP21A1
MAKKTSSKGKLPPLAPGFLHLLOPDLPIYLLGLTOQKFGPIYRLHLGLODVVVLNSKRTIEEAMV
KKWADFAGRPEPLTYKLVSKNYPDLSLGDYSLLWKAHKKLTRSALLLGIRDSMEPVVEQLTQEF
CERMRAQPGTPVAIEEEFSLLTCSIICYLTFGDKIKDDNLMPAYYKCIQEVLKTWSHWSIQIVD
VIPFLRFFPNPGLRRLKOQATEKRDHIVEMOQLROHKESLVAGOWRDMMDYMLOGVAQPSMEEGSG
QLLEGHVHMAAVDLLIGGTETTANTLSWAVVFLLHHPETQORLOEELDHELGPGASSSRVPYKD
RARLPLLNATTIAEVLRLRPVVPLALPHRTTRPSSISGYDIPEGTVIIPNLOQGAHLDETVWERPH
EFWPDRFLEPGKNSRALAFGCGARVCLGEPLARLELFVVLTRLLOAFTLLPSGDALPSLQPLPH
CSVILKMOPFQVRLOPRGMGAHSPGONQHHHHHH

FMND/CYP21A2
MGTLTSSVRESSEFVEKMKKTGRNIIVEFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDLADLSSLP
EIDNALVVEFCMATYGEGDPTDNAQDEFYDWLQETDVDLSGVKFAVEFGLGNKTYEHFNAMGKYVDKRLEQLG
AQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHFGVEATGEESSTDGTSAKKTSSKGKLPPLAPGEFLHL
LOPDLPIYLLGLTQKFGPIYRLHLGLODVVVLNSKRTIEEAMVKKWADFAGRPEPLTYKLVSKNYPDLSL
GDYSLLWKAHKKLTRSALLLGIRDSMEPVVEQLTQEFCERMRAQPGTPVAIEEEFSLLTCSIICYLTEGD
KIKDDNLMPAYYKCIQEVLKTWSHWSIQIVDVIPFLRFFPNPGLRRLKQATIEKRDHIVEMQLRQHKESLV
AGQOWRDMMDYMLQGVAQPSMEEGSGQLLEGHVHMAAVDLLIGGTETTANTLSWAVVFLLHHPEIQQRLQE
ELDHELGPGASSSRVPYKDRARLPLLNATIAEVLRLRPVVPLALPHRTTRPSSISGYDIPEGTVIIPNLQ
GAHLDETVWERPHEFWPDRFLEPGKNSRALAFGCGARVCLGEPLARLELFVVLTRLLOAFTLLPSGDALP
SLOPLPHCSVILKMQPFQVRLOPRGMGAHSPGONQHHHHHH



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.
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TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHEFGVEAT
TYEHFNAMGKYVDKRLEQLGAQRIFELGLGDDDGNLEEDFITWREQFWPAVCEHEFGVEAT

GEESSTDGTSAKKTSSKGKLPPGPLPLPGLGNLLHVDFONTPYCEFDQLRRRFGDVESLQL
————————— MAKKTSSKGKLPPGPLPLPGLGNLLHVDFONTPYCFDQLRRREGDVESLOL

AWTPVVVLNGLAAVREALVTHGEDTADRPPVPITQILGEFGPRSQGVEFLARYGPAWREQRR
AWTPVVVLNGLAAVREALVTHGEDTADRPPVPITQILGEFGPRSQGVEFLARYGPAWREQRR
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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 CYP2AG6 from Figure 1 are presented again here to facilitate
comparisons between enzymes.
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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 uM-1.5
mM) and clotrimazole (0.9-67 nM). For CYP2D6 and FMND/CYP2D6 the ligands and their concentrations
are thioridazine (1-450 pM) and prinomastat (0.2-84 pM). For CYP2A6 and FMND/CYP2AG6 the ligands
and their concentrations are coumarin (0.5-699 uM) and pilocarpine (0.5-439 uM).
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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 uM), pregnenolone (20 nM-5 uM), 17a-hydroxyprogesterone (20 nM-23 uM),
17 a-hydroxypregnenolone (20 nM-5 uM), and ketoconazole (20 nM-2.6 pM). For CYP21A2 the ligands
and their concentration ranges are progesterone (50 nM-33 uM), 17 a-hydroxyprogesterone (100 nM-30
uM), and ketoconazole (20 nM-20uM).
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