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Cytochrome P450 (P450) is involved in various biological pathways that are essential for the
maintenance of life. Heterologous expression in Escherichia coli has become a powerful tool for
obtaining large amounts of P450 for detailed enzymatic characterization and structural analyses.
Although many P450 species have been expressed in E. coli during the last decade, overall the
expression of P450 has been poorly investigated in a systematic manner. Therefore, some forms of
P450 are still difficult to express at a useful level, and consequently remain unavailable for further
study without improvement in their expression. In this review, we analyze previous reports to
obtain a better understanding of the heterologous expression of P450 in E. coli, and propose empirical
rules and troubleshooting procedures that may provide a better chance for successful expression of
P450 species that have proved difficult to express.
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Table 1. Amino-terminal sequences of CYP2C family members expressed in E. coli.
. . . Expression

Amino-terminal sequence Vector E. coli (amol/l) Ref.

2Cl rabbit MDPVVVLGLCLSCLLLLSLWKQSYGGGKLPPGP
MALLLAVFLGLSCLLLLS. .. pCW XL1Blue 200 (1)

2C2 rabbit MDLVVVLGLCLSCLLLLSLWKQSHGGGKLPPGP
MALLLAVFLGLSCLLLLS. .. pCW XL1Blue 300 (1)

2C3 rabbit MDLLIILGICLSCVVLLSLWKKTHGKGKLPPGP
MALLLAVFLGLSCLLLLS. .. pCW XL1Blue 500 (1)
MALLLAVFLGLSCLLLLS. .. pCW JM109 400 (3)
MAKKTSSKGKLPPGP. . . pCW XL1Blue 800—1200 (2)

2C4 rabbit MDPVAGLVLGLCCLLLLSLWKQNSGRGKLPPGP
MALLLAVFLGLSCLLLLS. .. pCW XL1Blue 300 (1)

2C5 rabbit MDPVVVLVLGLCCLLLLSIWKQNSGRGKLPPGP
MALLLAVFLGLSCLLLLS. .. pCW XL1Blue 500 (1)

2C16 rabbit MDPVVVLVLGLCCLLLLSHWKQNSGRGKLPPGP
MALLLAVFLGLSCLLLLS. .. pCW XL1Blue 350 (1)

2C8 human MEPFVVLVLCLSFMLLFSLWRQSCRRRKLPPGP
MALLLAVFLGLSCLLLLS. .. pCW +XL1Blue 1500 (1)
(2E1-N’) MARQVHSSWNLPPGP... pCW DH5a 1600 (4)

2C9 human MDSLVVLVLCLSCLLLLSLWRQSSGRGKLPPGP
MALLLAVFILGLSCLLLLS. .. pCwW XL1Blue 500 (1)
MARQSSGRGKLPPGP. . . pCW DH5x 1200 (4)
(2C10) MALLLAVFLCLSCLLLLS. .. pCW DH5a nd (5)
(2C10) MARQSSGRGKLPPGP. .. pCW DH5a 1020 (5)

2C11 rat MDPVLVLVLTLSSLLLLSLWRQSFGRGKLPPGP
MARQSFGRGKLPPGP. .. pCW DH5QF’ 500—1500 (6)

2C18 human MVPAVALVLCLSCLFLLSLWRQSSGRGRLPSGP
MALLLAVFLGLSCLLLLS. . . pCW XL1Blue 450 (1)

2C19 human MDPFVVLVLCLSCLLLLSIWRQSSGRGKLPPGP
MALLLAVFLGLSCLLLLS. .. pCW XL1Blue 500 (1)
MALLLAVFILCLS. .. pCW DH5a 800 (4)

The amino-terminal sequences of wild-type and modified CYP2C family members are compared. Foreign amino acid sequences
are underlined: for instance, the sequence MALLLAVTF is derived from bovine CYP17, and MARQVHSSWN used for CYP2C8
is from the basic region in CYP2E1. The expression levels of P450 shown (nmol// culture medium) are the values provided in the

cited references.

nd, Not detectable.
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2C6 rat MDLVMLLVLTLTCLILLSIW-RQSSGRGKL-PPGPIPLP
2C7 rat MDLVTFLVLTLSSLILLSLW-RQSSRRRKL -PPGPTPLP
2C11 rat MDPVLVLVLTLSSLLLLSLW-RQSFGRGKL-PPGPTPLP
2C12 rat MDPFVVLVLSLSFLLLLYLW-RPSPGRGKL-PPGPTPLP
2C13 rat MDPVVVLLLSLFFLLFLSLW-RPSSGRGKL-PPGPTPLP
2C22 rat MALFIFLGIWLSCLVFLFLW-NQHHVRRKL-PPGPTPLP
2C23 rat MELLGFTTLALVVSVTCLSLLSVW-TKLRTRGRL-PPGPHPPS
2C24 rat MDPVLVLVLTLSCLLLLSLW-RQSSGRGKL-PPGPTPLP
2C8 human MEPFVVLVLCLSFMLLFSLW-RQSCRRRKL-PPGPTPLP
2C9  human MDSLVVLVLCLSCLLLLSLW-RQOSSGRGKL-PPGPTPLP
2C18 human MVPAVALVLCLSCLFLLSLW-RQSSGRGRL-PSGPTPLP
2C19 human MDPFVVLVLCLSCLLLLSIW-RQSSGRGKL-PPGPTPLP

l A-Region | B-Region | P-Region |

Fig. 1. Amino-terminal alignment of CYP2C family members. Based on the alignment of the amino-terminal sequences of
CYP2C family members, the membrane anchor region (A-Region), basic region (B-Region), and proline conserved
region (P-Region) are proposed. Hyphens are inserted between the regions.
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Table 2.  Amino-terminal sequences of CYP2 family members expressed in E. coli.

Amino-terminal sequence Vector E. coli Expression Ref.
(nmol/l)
2A6 human MLASGMLLVALLVCLTVMVLMSVWQQRKSKGKLPPGPTP
(2E1-N") MARQVHSSWNLPPG. . . pCW DH50a 900 (4)
2E1 rabbit MAVLGITVALLGWMAILLFISVWKQIHSSWNLPPGPFPL
MAALGVTV. . . pPKK233-2 DH50MCR *500-700 (7)
2E1 human MFALGVTVALLVWAAFLLLVSMWRQVHSSWNLPPGPFPL
MAALGVTVA. ... pCW DH5a nd (8)
MARQVHSS. .. pCW DH5a 40 (8)
MARQVHSS. .. pCW DH5a 1300 (4)
2B1 rat MEPSILLLLALLVGFLLLLVRGHPKSRGNFPPGP
MAPSILLLLA... PKK233-2 Topp3 300500 (9)
MALLLAVLLA. . . pKK233-2  Topp3 50 (10)
2B11 dog MELSVLLLLALLTGLLLLMARGHPKAYGHLPPGP
MALLLAVLIA. .. pKK233-2 Topp3 100 (10)
2B5 rabbit MEFSLLLLLAFLAGLLLLLLRGHPKAHGRLPPGP
MALLLAVLLA. .. PKK233-2 Topp3 10 (10)
2F3 goat MDSISTAILLLILALICLLLTTSSKGKGRLPPGP
MALLLAVFLLLI... pCW DH5a 25-50 (11)
2D6 human MGLEALVPLAVIVAIFLLLVDLMHRRQRWAARYPPGP
(N’ -His) MRGSHHHHHHGSRORW. . . pDS9 JM109 15 (12)
MARRQRWAARYPPGP... pCW DH5a nd (13)
(2E1-N") MARQVHSSWNLPPGP... pCW DH5a. 100 (13)
(2E1-N") MARQVHSSWNLPPGP... pCW DH5a 600 (4)

The amino-terminal sequences and expression levels of CYP2 family members are shown as described in Table 1.
*The value of the expression level was estimated by the authors based on the data in the cited reference.
nd, Not detectable.
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2A1 rat
2A2 rat
2A3 rat
2A6 human
277 human

2B1 rat
2B2 rat
2B3 rat
2Bl2 rat
2B1l5 rat
2B16P rat
2B6 human
2D1 rat
2D2 rat
2D4 rat
2D5 rat
2D6 human
2E1 rat

2E1 human
2F1 human
2F2 mouse
2G1 rat

2H1 chicken
201 rabbit
2K1 trout
2M1 trout
201 X.laev,

MLDTGLLLVVILASLSVMLLVSL-WQQKIRGRL-PPGPTPLPFIG
MLDTGLLLVVILASLSVMFLVSL-WQQKIRERL-PPGPTPLPFIG
MLASGLLLVASVAFLSVLVLMSVW-KQRKLSGKL-PPGPTPLPFIG
MLASGMLLVALLVCLTVMVLMSVW-QQRKSKGKL-PPGPTPLPFIG
MLASGLLLVALLACLTVMVLMSVW-QQRKSKGKL-PPGPTPLPFIG
MEPSILLLLALLVGFLLLLV-RGHPKSRGNF-PPGPRPLPLLG
MEPSILLLLALLVGFLLLLV-RGHPKSRGNF-PPGPRPLPLLG
MDTSVLLLLAVLLSFLLFLV-RGHAKVHGHL-PPGPRPLPLLG
MEFGVLLLLTLTVGFLLFLVS-QSQPKTRGHL-PPGPRPLPFLG
MELGVLLLLTFTVGFLLLLAS-QNRPKTHGHL-PPGPRPLPFLG
MEPSVLLLLAVLLSFLLLLV-RGHAKIHGRL-PPGPCPVPLLG
MELSVLLFLALLTGLLLLLV-QRHPNTHDRL-PPGPRPLPLLG
6-GTGLWSMAIFTVIFILLVDLMH-RRHRWTSRY-PPGPVPWPVLG
6-GDDLWAVVIFTAIFLLLVDLVH-RHKFWTAHY-PPGPVPLPGLG
6-GSELWPIAIFTIIFLLLVDLMH-RRQRWTSRY-PPGPVPWPVLG
6-GTGLWPMAIFTVIFILLVDLMH~RHQRWTSRY-PPGPVPWPVLG
MGLEALVPLAVIVAIFLLLVDLMH-RRQRWAARY-PPGPLPLPGLG
MAVLGITIALLVWVATLLVISIW-KQIYNSWNL-PPGPFPLPILG
MFALGVTVALLVWAAFLLLVSMW-RQVHSSWNL-PPGPFPLPIIG
MDSISTAILLLLLALVCLLLT-LSSRDKGKL-PPGPRPLSILG
MDGVSTAILLLLLAVISLSLT-FSSRGKGQL-PPGPKPLPILG
MALGGAFSIFMTLCLSCLLILIAW-KRTSRGGKL-PPGPTPIPFLG
MDFLGLPTILLLVCISCLLIAAW-RSTSQRGKE-PPGPTPIPIIG
13-AGLHPKTLLLGAVAFLFFAYF-LKTRRPKNY-PPGPWRLPFLG
12-STVTLLGTVLFLLVLYLRSSG-SSSEEQGKE-PPGPRPLPLLG
6-ILQTNFVSITIIGFVVIILLWMN-RGKQSNSRL-PPGPAPIPLLG
MDTSWLWTLLLSLLISCILIYSTW-NKMYRKRNL-PPGPTPIPLFG

[ A-Region

| B-Region | P-Region |

Fig. 2. Amino-terminal alignment of CYP2 family members. CYP2 members are aligned based on conserved prolines and
the proline conserved region (P-Region). The proposed basic regions (B-Region) and membrane anchor regions (A-
Region) are indicated by the insertion of hyphens. Because of variations in the length of the anchor region, instead of the
complete sequences, 2D1, 2D2, 2D4, and 2D5 are shown from Gly at 6, 2]1 from Ala at 13, 2K1 from Ser at 12, and 2M1
from Tle at 6. Although the P-Region is well conserved in each family, for instance, CYP2A1 does not have a basic amino
acid as the first amino acid of the B-region, in some cases the B-Regions are proposed based on the alignment with other
family members (e.g. 2A3 in the 2A family), with the result that the first amino acid of the B-Region of some family

members is not a basic amino acid.
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Table 3. Amino-terminal sequences of other non-steroidogenic CYP family members expressed in E. coli.

Amino-terminal sequence Vector E. colt Expression Ref.
(nmol/l)

1A1 human MLFPISMSATEFLLASVIFCLVFWVIRASRPQVPKGL

MAFPISMSAT. .. pCW DH5a 30 (14)
MASRPQV. .. pPCW DH50 20 (14)
MAFPISMSAT. .. pCW DH50. 300 (4)
1A2 human MALSQSVPFSATELLLASAIFCLVFWVLKGLRPRVPK
MALLLAVFFSATEL. .. pCW DHSx nd (15)
MALLLAVFLFCLV. .. pCW DH5q 250 (15)
MALLLAVFLFCLV... pCW DH5a 500 (4)
MALLLAVELFCLV. .. pCW DH50, 700 (16)
3A4 human MALIPDLAMETWLLLAVSLVLLYLYGTHSHGLFKKLG
MALLLAVFLVLLY... pCW DH5¢. 100 (17)
MALLLAVFLVLLY. .. pCW DH5Q 200 (18)
MALLLAVFLVLLY. .. pCW DH5¢ 400 (4)
3A5 human MDLIPNLAVETWLLLAVSLVLLYLYGTRTHGLFKRLG
MALLLAVFLVLLYLYGTHSHGLFKKL. pCW DH5a 300 (19)
MALLLAVFLVLLYLY... pCW DH5a. 200 (18)
3A6 rabbit MDLIFSLETWVLLAASLVLLYLYGTSTHGLFKKMGIP
MALLLAVFLVLLYGT. .. pKK233-2 Topp3 40-90 (20)
3A7 human MDLIPNLAVETWLLLAVSLILLYLYGTRTHGLFKKLG
MALLLVAFLVLLYL. .. pCW DHSa 50 (18)
3A12 dog MDLIPSFSTETWLLLAISLVLLYLYGTYTHGIFRKLG
MALLLAVELVLLY... pPKK233-2 Topp3 20—60 (20)
4A1 rat MSVSALSSTRFTGSISGFLQVASVLGLLLLLVKAVQF
(OR-FUSION) MALLLAVFLGLLLL. .. pCW DH50 NA (21)
4A4 rabbit MSVSALSPTRLPGSLSGLLQVAALLGLLLLLLKAAQL
MAVSALS. .. pCW JM109 1020 (22)
4F4 rat MPQLDLSWLGLRLETSLPWLLLLLIGASWLLVRVLTQ
MALLLAVESWL. .. pCW DH5a 40 (23)
4F5 rat MPWLTVSGLDLGSVVTSTWHLLLLGAASWILARILAW
MALLLAVFASW. .. pCW DH5a. 40 (23)
6A1 M. dom. MDFGSFLLYALGVLASLALYFVRWN
MAFGSFLL. .. pPSE380 (trc) NA 300 (24)
79 S. bic. MATMEVEAAAATVLAAPLLSSSAILKLLLFVVTLSYL
MALLLAVFAAATV. .. pSP19gl0L JM109 nd (25)
MALLLAVFATILK. .. very low (25)
MALLLAVFLS. .. 200-500 (25)
2E1 human ompA-CYP2E1l fusion pCW JM109 200 (26)
2A6 human ompA-CYP2A6 fusion pCW JM109 200 (26)
3A4 human ompA-CYP3A4 fusion pCW JM109 500 (26)
2A4 mouse Pepti-native 2A4 fusion pCW DH5a NA (27)

The amino-terminal sequences and expression levels of other family members are shown as described in Table 1. 4A1 was
expressed as a fusion protein with NADPH-dependent P450 reductase (OR-FUSION). 2E1, 2A6, and 3A4 were also expressed
as fusion proteins with the leader sequence of E. ¢colf outer membrane protein A (ompA), and 2A4 was as a fusion protein with an
artificial amino-terminal sequence, peptitergent (Pepti), as mentioned in the text. The expression of a plant P450, CYP79 from
S. bicolor, and an insect P450, CYP6A1 from M. domestica (house fly), are included in this table.

nd, Not detectable.

NA, Not available.
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1Al rat MPSVYGFPAFTSATELLLAVTTFCLGFWVV-RVTRTWVPKGLKS - PPGPWGLPFIGHV
1Al human MLFPISMSATEFLLASVIFCLVFWVI-RASRPQVPKGLKN- PPGPWGWPLIGHM
1A2 rat MAFSQYISLAPELLLATAIFCLVFWVL-RGTRTQVPKGLKS - PPGPWGLPFIGHM
1A2 human MALSQSVPFSATELLLASAIFCLVFWVL-KGLRPRVPKGLKS- PPEPWGWPLLGHV
1Bl rat 9-SPQQLSSLSTQQTILLLLVSVLATIVHLGQ-WLLRQWRRKPWSS - PPGPFPWPLIGNA
1Bl human 9-DPWPLNPLSIQQTTLLLLLSVLATVHVGQ-RLLRQRRRQLRSA-PPGPFAWPLIGNA
3A1 rat MDLLSALTLETWVLLAVVLVLLYGFGT-RTHGLFKKQGI - PGPKPLPFFGTVL
3A2 rat MDLLSALTLETWVLLAVILVLLYRLGT-HRHGIFKKQGI - PGPKPLPFLGTVL
3A9 rat MDLIPNFSMETWLLLVISLVLLYLYGT-HSHGIFKKLGI-PGPKPLPFLGTIL
3A18 rat MEIIPNLSIETWVLLATSLMLFYIYGT-YSHGLFKKLGI-PGPKPVPLFGTIF
3A3 human MALIPDLAMETWLLLAVSLVLLYLYGT-HSHGLFKKLGI - PGPTPLPFLGNIL
324 Thuman MALTIPDLAMETWLLLAVSLVLLYLYGT-HSHGLFKKLGI-PGPTPLPFLGNIL
3A5 human MDLIPNLAVETWLLLAVSLVLLYLYGT-RTHGLFKRLGI-~PGPTPLPLLGNVL
327 human MDLIPNLAVETWLLLAVSLILLYLYGT-RTHGLFKKLGI-PGPTPLPFLGNAL

{ A-Region

[ B-Region | P-Region |

Fig. 3.

Amino-terminal alignment of CYP! and CYP3 members. The proposed A-Region, B-Region, and P-Region of

CYP! and CYP3 members are indicated based on the alignment as described in Fig. 2.

Ihav P Y 7HEIP450 & LT, CYP11AL (P450scc),
CYP11B1 (P450 11B), CYP11B2 (P450 aldo), CYP27A
(27-hydroxylase of C27 steroids and vitamin D), CYP27B
(1a-hydroxylase of 25-hydroxyvitamin Ds) 25 Z #1 ¥ TICF
BIhTwb. Zhbitav F) 78O P40, &
METRNTE S 7wV — 28D X5 IeBUK BB
F, bRV F) T AOBRCKHEL Y S FARTF
FECLF1 (Mitochondrial transport signal, M-Signal), 3 X O
T OGNS 7 e ) VIR E T (B-Region) &, 7
v ) VEHIR (P-Region) T TE LB ENTED
(Fig. 5). WFHD P450 & ¥ 7 F A7 F FHGIHT S h
D EDERPDOT I/ Bu Ala(GCT) &L, 73 /K
Vi DIZBRELS % AT V) » ¥ & L7 mature type & LTH
B Ehic. CYPL1AL & CYP27A /X T R X H 300-400

nmol/! culture & IR WRENAEETH - 72,293 L
7» L, CYP11B1 ¥ L O CYP11B2 XRED H&w AW
THEVFEEE (10-50 nmol/l) LHE BT IR\
37wV~ AR P450 & LCiX, CYP7A1 (cholesterol
7a-hydroxylase), CYP17 ¥ X ¥ CYP51 (lanosterol 14a-
demethylase) 232 11 ¥ CRRKBE CREIh W5, &
o Fi, B P450 L AR 7 3 7 KEELs %%
2B ENTES (Fig. 6). Table4 KmRdT X 51K,
CYP7A1 Ci¥, v b, t b3ER A-Region DI (C
B) X v FEEIh. vy CYPITIE, 737 K
DEFE (A¥) L, A-Region DHIR (CEK) OWHH
BAabh, BEOFIERVMEELZ->Tw5. ¢
FD CYP17137 3 7 K¥i% Barnes Wt » MCEX# 2
5 (BEE) - &T, BRECEP LS. CYP5S1IXA

4A1 rat MSVSALSSTRFTGSISGFLQVASVLGLLLLLV-KAVQFYLOROWLLKAFQQF -~ PSPPFHWFFGHKQ
4A2 rat MGFSVFSPTRSLDGVSGFFQGAFLLSLFLVLF-KAVQFYLRROWLLKALEKF ~ PSTPSHWLWGHNL
4A3 rat MGFSVFTPTRSLDGVSGFFQGAFLLSLFLVLF -KAVQFYLRROQWLLKALEKF ~PSTPSHWLWGHDL
4A8 rat MSGSALSFTIFPGSILGFLQIATVLTVLLLLL-KTAQFYLHRRWLLRATQQF~-PSPPSHWFFGHKI
4A11 human MSVSVLSPSRLLGDVSGILQAASLLILLLLLI~-KAVQLYLHRQWLLKALQQF-PCPPSHWLFGHIQ
4B1 human MSGTATMVPSFLSLSFSSLGLWASGLILVLGFL~KLIHLLLRRRTLAKAMDKE-PGPPTHWLFGHAL
4Bl rat MVLNFLSPSLSRLGLWASVVILMVIVL-KLFSLLLRROKLARAMDSF - PGPPTHWLFGHAL
4D1 Dros. MFLVIGAILASALFVGLLLYHL-KFKRLIDLISYM~-PGPPVLPLVGHGH
4F1 rat MSQLSLSWLGLGPEVAFPWQTLLLFGASWILAQILTQIY-AAYRNFRRLRGF ~ PQP PKRNWLMGHV
4F2 human  MSQLSLSWLGLWPVAASPWLLLLLVGASWLLAHVLAWTY-AFYDNCRRLRCEF-PQPPRRNWEWGHQ
4F3 human  MPQLSLSSLGLWPMAASPWLLLLLVGASWLLA-RILAWTYTFYDNCCRLRCEF-PQPPKRNWFLGHL
4F4 rat MPQLDLSWLGLRLETSLPWLLLLLIGASWLLV~RVLTQTYIFYRTYQHLCDF-PQPPKWNWEFLGHL
4F5 rat MPWLTVSGLDLGSVVTSTWHLLLLGAASWILA~RILAWTYSFCENCSRLRCF - PQS PKRNWF LGHL
4F6 rat MLQLSLSRLGMGSLTASPWHLLLLGGASWILA-RILAWIYTFYDNCCRLRCF-PQPPKPSWFWGHL
5A1 human MEALGFLKLEVNGPMVTVALSVALLALL-KWYSTSAFSRLFKLGLRH-PKPSPFIGNLTFF
5A1 rat MEVLGLLKFEVSGTVVTVTLSVVLLALL~KWYSTSAFSRLRKLGIRH-PEPSPFVGNLMEFF

] A-Region | B-Region | P-Region |

Fig. 4. Amino-terminal alignment of CYP4 and CYP5 members. The proposed A-Region, B-Region, and P-Region of
CYP4 and CYP5 members are indicated as described in Fig. 2. Proline residues in the P-Region are surprisingly con-
served within a CYP family.
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Table 4. Amino-terminal sequences for the expression of steroidogenic P450 in E. coli.

Amino-terminal sequence

Vector E. coli Expression Ref

(nmol/l)

27A human . .KAATPA-ALPSDKATGAPGAGPGVRRRQRSLEEI
MALPSDKA.... pTrc99A JM105 NA (28)
JM109 400 (29)

11A1 bovine . . TGEGAG-ISTKTPRPYSEIPSPGDNGWLNLYHFW
MASTKTPRP. .. pTrc99Aa JM109 50 (30)
250 (31)

11B1 rat . .HRTRAL~-GTTAKVAPKTLKPFEATIPQYSRNKWLK
MATTATLAPKT. .. pTrc99a JM109 20 (32)

11B2 rat . .HRTRAL-GTTATLAPKTLKPFEAIPQYSRNKWLK
MATTATLAPKT. .. pTrc99a JM109 40 (32)

17 bovine MWLLLAVFLLTLAYLFWPKTKHSGAKYPRSLPSLPLV
MALLLAVF. .. pCW JM109 300400 (33)
MAKTKHS. .. pPCW XL1Blue 600 (34)

17 human MWELVALLLLTLAYLFWPKRRCPGAKYPKSLLSLPLV
MALLLAVFLLTL. .. pCW DH5a 400 (35)

7A1 rat MMTISLIWGIAVLVSCCIWFIVGIRRRKAGEPPLENG
MARRRKAGE. . . pJL MV1304 60 (36)

7A1 human MMTTSLIWGIATAACCCLWLILGIRRRQTGEPPLENG
MARRRQTGE. . . pJL Topp3 50 (36)

21 human MLLLGLLLLPLLAGARLLWNWWKLRSLHLPPLAPGFL
MALLGLL. .. pCwW JM109 nd (37)

51 human MLLLGLLQAGGSVLGQAMEKVTGGNLLSMLLIACAFT
MALLGLL. .. pCW Topp3 200 (38)

The amino-terminal sequences and expression levels of steroidogenic P450 members are shown as described in Table 1. In the
wild-type sequences of mitochondrial P450 (27A, 11A1, 11B1, and 11B2), the cleavage sites (or putative cleavage sites) of the

mitochondrial transport signals are indicated by hyphens.
nd, Not detectable.
NA, Not available.

e X h BB Iz, CYP21 (P450c21) IR A IR X D&
BrRAADN, BREEYRET A LIXTELn, 2
R P NIHERTER B ERERBTH-.D T h
FTCOERE2LT B L, CYP2, CYP51, CYP19
(P450arom) 7 & %, B-Region DRI MetAla % {1513
5 (CH) L CRAEBMELRDAREIIE - E X
bhb.

1.5 2007 I /KigzRAOWALRE 3ok, #
ST RIEDT 37 KUmbLs & OG5 v~ 7 BEER
THZ X, EHTL P450 DB KT LB,
ompA D) — X —FLFIHEA LIcHAE &, peptitergent
EORE S v A7 BETHREZINT WS (Table 3).
ompA X KIEEOEEAME L v <7 BED—D2TH b,
DY) —X—EFIEOfG s v A7 BELTCRET S
ek, BFREBROBOMELY L, @Maxr vy
BEEESCRETH L TR BB T BN
5. —FT, peptitergent & DREEE X v 7B F 1z,

HFREABEBEZHCL, ZOBAKIE, TXRTORER v
S BRMRREC R EEES E LTREL, ZoB0R
B, BEMN 2 BBCTH LB THLDOTH
5. MWE LS LOBRIIER I, HEHERE
VAR THEMEETARIE P450 & v 2 2 B H BT
L. L LG 2 v A7 BE LTRB LB, BR
B, L7 3 Ko Oitslh 7 v T 7 — AR
I VREFERBETHIDNENH D, LTFLLEF &
Wi, — BT, ThETCHERE IS D P50
X, FOILEF VKRB AF O VRS 4~6 BE
AL, Ni-NTA» 5 A CHEVPES L5 L5k LT
LFERD Vv, BERERILC, BENRD LR T\
W L L, Ao e Ao vEREEY T I KM
L7cHa, BV -V PBEIKL 7> T (Table
2,2D6). 7 3/ KIGOEFINEROBE L RD T\ B
LEZBE, B Lo A7y vER, KBERE
BOTHROR T 3 7 KRS TR\ L RE L
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11A1 bovine . . .WGHHRVGTGEGAG-ISTKTPRPYSEI-PSPGDNGWLNLY
11A1 sheep . . .WGHHRVGTGEGAG-ISTRTPRPYSEI-PSPGDNGWINLY
11A1 human .. .LGRLRVPTGEGAG-ISTRSPRPFNEI~PSPGDNGWLNLY
11A1 rat . . .OGPGLATGNGAG~ISSTNSPRSFNEI -PSPGDNGWINLY
11A1 trout . . .NSSMPVVRQALSP-DNSSTVONF SEI ~PGLWRNGLANLY
11B1 rat .. .WQCLHRTRAL~GTTAKVAPKTLK-PFEAIPQYSRNK
11B2 rat . . .WQCLHRTRAL-GTTATLAPKTLK-PFEAIPQYSRNK
11B3 rat . . .WOQCLHRTRAL~GSTATQAPKTLK~PFEAIPQYSRNK
11B1 bovine . . .WLSLHEARLL-GTRGAAAPKAVL-PFEAMPRCPGNK
11B1 human .. .WLSLQRAQAL-GTRAARVPRTVL-PFEAMPRRPGNR
11B2 human . . .WLCLQRARAL-GTRAARAPRTVL-PFEAMPQHPGNR
11B2 bullfrog .. .RLSTAPLIHE-AREDGSLASQTL-PYEAIPTTGRSA
27A rabbit . . .GARAKAAIPT-ALPADEAAQAPGAGPGDRRRRRSLEEL-PRLGQLRFFYQA
27A rat . . .GARAKAATPA-ALRDHESTEGPGTGQ . DRPRLRSLAEL-PGPGTLRFLFQL
27A human . . .GARAKAATPA-ALPSDKATGAPGAGPGVRRRQRSLEEI ~PRLGQLRFFFQL
24 rat . . .LGQPPRSVTSKASAS-RAPKEVPLCPLMTDGETRNVTSL-PGPTNWPLLGSL
24 human . . . PROPPRLVTSTAYTS-PQPREVPVCPLTAGGETONAAAL ~-PGPTSWPLLASL

M-Signal | B-Region | P-Region

Fig. 5. Mitochondrial CYP family members involved in steroid metabolisms. The putative mitochondrial transport signals
(M-Signal), B-Region, and P-Region are divided by hyphens. Because the mitochondrial signal is cleaved off after trans-
portation into mitochondria to form the mature P450, the complete sequences of signal peptides are not shown.

Twa. ty MCBEEHBRZ . 2) BEOCRBRT HMLENL
CRBDT I REDT 3 7 BRI A R T 5 BEEE, A-Region HIERL, 7 3 /7 K¥mik MAK...
&, P450 OKBGE CORBLL, 7 2/ RusDEFH— ¥ 7213 MAR... £ T %. EFED A-Region ® B-Region

OOEREFBERTHS LE2 bR, DTRT—EDRE  #RETHLDIE, 73/ RiefLcRwrE3hs
BRAGZIRRT A ENTES. 1) EESCRET L P450 2METIREINRTB 7T r ) IR WEE L7 5.
WL, 737 REOBF A LT, BUKEE By Thi, EAMCIE A-Region 135 > T 7 Th I\,
1283 BEF LT Leu ODfLE & Barnes 7 £ » D Leu B-Region (3B L B b 2%, o P450 D 0 L EH#
HEbELLOSRT I BEFILEIER L C, Barnes ¥ WARETHS, T LT, ThHOBERERCERPE

17 rat MWELVGLLLLILAYFFWV-KSKTPGAKL~-PRSLPSLPLVGS
17 bovine MWLLLAVFLLTLAYLFWP-KTKHSGAKY-PRSLPSLPLVGS
17 porcine MWVLLVFFLLTLTYLFWP-KTKGSGAKY ~-PRSLPVLPVVGS
17 human MWELVALLLLTLAYLFWP-KRRCPGAKY-PKSLLSLPLVGS
21 bovine MVLAGLLLLLTLLAGAHLLWG-RWKLRNLHL-PPLVPGFLHLLQ
21 sheep MVLAGLLLLLLTLLAGAHLLWG-RWKLRNLHL-PPLVPGFLHLLQ
21 porcine MVLVWLLLLTTLKAGARLLWG-QWKLRNLHL-PPLVPGFLHLLQ
21 human MLLLGLLLLPLLAGARLLWN-WWKLRSLHL~PPLAPGFLHLLQ
21 mouse MLLPGLLLLLLLLAGTRWLWG-QWKLRKLHL-PRLAPGFLHFLQ
51 S. cerev. 12~LEYVNIGLSHFLALPLAQRISLIITIIPFIYNIVWQ-LLYSLRKDR-PPLVEFYWIPWVG
51 rat 10~-GGSVLGQOAMEQVTGGNLLSTLLIACAFTLSLVYLF-RLAVGHMVQ-LPAGAKSPPYIY
51 human 16-GGSVLGQAMEKVTGGNLLSMLLIACAFTLSLVYLI -RLAAGHLVQ-LPAGVKSPPYIF
51 S. pombe MAFSLVSILLSIALAWYVGYIIN-QLTSRNSKR-PPIVFHWIPEFVG
19 human MVLEMLNPIHYNITSIVPEAMPAATMSVLLLTGLFLLL-WNYEGTSSI-PGPGYCMGIGPL
19 bovine MLLEVLNPRHYNVTSMVSEVVPIASIAILLLTGFLLLV-WNYEDTSSI-PGPSYFLGIGPL
19 rat MFLEMLNPMHYNVTIMVPETVPVSAMPLLLIMGLLLLI-RNCESSSSI-PGPGYCLGIGPL
19 chicken MIPETLNPLNYFTSLVPDLMPVATVPIIILICFLFLI-WNHEETSSI-PGPGYCMGIGPL
19 trout 23 -DLLYVSESRNATATRSEGISIATGSLLLLLCLLLAA-WRHTDNNSV-PGPFEFCLGVGPL
A-Region 1 B-Region | P-Region

Fig. 6. Microsomal CYP family members involved in steroid metabolisms. The putative A-Region, B-Region, and P-
Region are proposed as described in Fig. 2.
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hzhwekE2bNRA. TDX5, 5FCOREE
BOERENEr BT AR TEZDLI LR

D, BBOCRLZRTWERREAD 7 3 7 FHEFOES
WHARERIE A R T2 LN TE . PO DFEH O L~
Wy BECIEEENIRIBEETIET I 7 KmoBFhc
FELTCBZ ERIFFCRERECC EThY, KBE
TOBFREBBC O OVWTRBT 20 LELBRS
s, ZOFMISEBOMRIISEORETH .

7533, 2E1 @ B-Region OELFIL, 2A6,2C8, 2D6 75 &
CHOULhERBEAB WS, Likh-T, oI
CYP2 7 5 3V —OFBRIBEO7 3 7 KmoBF & L
Tz HATREMED R <, BB\ X Barnes # £y b DX
S5, LORCEBETORBRADT 3 7 Kinfsl & LT
FIRTE50hd Lhit\wv. hbDSx T+ eBER LT,
RAN7 2 —%ERT AL LY, KEHDI 7w
7 — LB P450 ORBIDFRETH D L E L B.

2. ZOMOER

KBE D mRNA OBEIIL, VA Y — AfEESTA
SERRBAAA TH B Met = F v (ATG) ¥ CORRMEL B
BRI N ADERH L. FORD, KBHEBORE
N7 2 =) RV — AEEHALY b—E DR 2 FoF
= VR BETAHIDIC, Ndel &5\ % Neol ZFIH LT
BATH L OREH IR B DN, BRI
THHD, I b2 P Y 7HOD P OHFHEIT
pTrc99A, 3 7 v ' — A Hl P450 12 pCWori+ 23 B %) C
H5H. EFEEBEw, b2 FY)7HOY > P450sce %
pPCW I AZRATHREINT, 7r v —2sfoy
> P450c17 % pTrc AR A TH P450 DFREBIT RS
e 572 pKK322 b FH I T B0, CoX7 & —
HERTLEEIE, VR Y — AREAEA b EIREEA
2 VY ETORBCERETHINENRDS. pET <7 & —
VM D P450 DRBUCITELTH B0, BIEHHERD
P450 DRBITITA NN X 5 THS.

KBBE# L, < hF Cic JM109, DH5«, MV1304,
Topp3 s EOEEHH VO T VWA, F—FEIRE LT
X, JM109 7> DHSa ROBES S » & % Fbh Tk
D, FlBEAOERNLL, HOBE, WHEbIHE
Bov-" A £zIDHHS D0, MEEEAHT % P450
LLChOBEDRBRBLBS - LN TES.

BRI E LTI, @ Terrific Broth (TB) 23 WS h
THEY, Thie~2DFHMAETH % j-levulinic acid
(ALA) Z ImM Nz T~ A RZHEFC. 72 1mM O
IPTG %Nz % & ek b cDNA D4 FET 5.

BERAE, My —ERiiT s i 37°C T
—REEE L7, 100~500f5IcFR L, 37°C T bhic
BEFETH. ODgy 28 0.5-0.6 I L -k & ¢, IPTG,
SALATg Eh iz, FRRCIRE &30 T T ChgE
A, COBOEBL, BRKO=T vy vEE
2B EOCIRE 5 GBHEDHONERNE 2 FHTH
D, MEOHERENRALLDLLI X TV VI a2 A
R LB ORETHLENRDH. —HT, Lok
BECIERTRIBCHI X TR L5855 9,
BEHEFORECHE L CREERORMED 5. T
ek, EHERE SFHRIRE SR, BE7 IR =
DR, REIREC L W RIL D, BEROBB LR
BT 5B ER S LETH 5.

FEHOREL, 1 v INr—2 4 VET 4 — OB L
Lz AHTH30°C LT ET 5. BRECEEC X WV EE
BIEHOBEN R BT, ¥9728°C TRLTHLDMN
HBCTHAHS. FRRHEEERE L P TRECT -
THELHZEND Y, P40 LR I WEBE T,
LI 2°CTOREY E T LTAHS. Rk
BRI TORB v v ofmRER, BOLFEALTVS
KB, BEAHLOCERTHEER L ORERS X
HETHILI EEZEZLRS.

REDOE — 2713, %< D P450 OBEIL IPTG
mUzctk, 4B CTHS. LivL, Hicidi~24ks
FRCEREO C— 7 hB Y, 43RBTl &T 57 —
AdH5H. LIenioT, BHCRAARLHEIT12, 24,
48, NRRI CORBRBORRKEML LB C L NEE L
V.

KT, EEDHIX 7 v 5 A7 2 =3 — /1 (chloramphe-
nicol) 7¢ &' D & v 7 FRIAER & LB iAW EY
T A& (1 pg/ml culture) BEBRICINZ 5 =2 & C, KB
HOA M VAIBERIGHFEL, TORKE, P450 1R
b, RHiREs v 7 BOKBE COXEE LY 2~8
BRETEHZEZHELL.DDLS AL VARG
BERICFHA LIRS FORBL, HrLuE: ek
SLHDTH Y, Sk, FEMABBOTE L IAHIER
DRI,

THECTRNTEL IS5, P450 % KIGE CRET
AL, 7 3 BEFIR BT, A-Region, B-Re-
gion, P-Region LML T 5 ENEETHAH. RIT
REAR7 2 —-DF A VEARNCIE L TELS. 73/
RIGICBUKME R A 5, B-Region b &3 57,

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

92 S|
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—B - B R BT F18E

IHIIFROBEED I DIT AN R F YRIFIC L AF oV
2 7HAMTHENE S EBRTS. ZhbORELHE]
DOFHEOBENIEFICEECH ), BEREICHEERY T
BZEEY, ZEAETRTD PAS0 ITEEREE X R
FL-F 2 ABHECR W TEANR VSV TREHATES
DTEDHDF . FECEEDLI, 20X 5 IcifF
L, flld P450 LixnTe b 7 3 7 KEOBFIN R Y,
ZBHPABRETH - CYP4A 7 » ¥ U —, CYP19
(P450arom) 7¢ & DFEBUC R LT 5 GRFER).

—Be, FAERFFVS-PTF VAT 2T —X
(GST) @& & v 2 7E, H%\ILHTRD ompA, peptiter-
gent @& &2 v A Z7BORD LK, T3 RKRLE 7
BAMLUCEE 2 v 278 E LTRERTHHEREL D
BIRD Y, B VSLOEREB/L D ENH D
ThhH. ik, EBROPHBODFIEEEZ EHES &,
7 37 REEDOI0BERHBO 7 3 2 BES 2 VA7 EHD
EHEO VANV RER I EE R R LB EEZ DR
B, DT ENDLTHE, PASO SN O—BE T & v
7 BH KBECERT 2By, 737 KinoBFILIE
BREELLDTHDLEE2LRD. Lich->T, fillf
EEYET S5 v 7B RIGE CHRAT 5L, £
T DO & v A2 BEOT I ) RO % E L, K
WOTREN RIS - EVNEBERBETCHAH. D L5
IR e 7 3 2 BEFIOKREIC X b, BERCHE R
GSTh EDR 7% T 3 7 KN LEE 2 v 7 &
LCHEBRTAH LI, ThECHRETHTox v
7ENEREET AR CRBE CRETEL L5/
DTRIDLECD. ¥/ a7vve7 bOERBICIY

HFEMNRMOEY Y 2 — F LERBEFHE S Rob
S>TRY, ThHDR YV AZEOEBERYTETS S
2T, KBECORBISHET I TEELRTRICLS
THADH. THICHEG, KBECOBRERERO X
HBOME L SBROBELRETCHAHLELDNRS.

= #

KBE X FIH LB s v 7 BORBIIE S x s
DECHRIN TR Y, SABYO4 ORI LIS
% { @ cytochrome P450 (P450) \EERTESE X H T 5H & v
A7BELTTTRARBEATREIAI TS, Liv L,
BEECHHHIRBEORE e, HHVCIIREEN VL
TLORBECEZLVWP0EH D, TihbDP450ILT
eV BEROABI L b oDV TRERINT
Wh. T TARTR, chE CoRROMTHEL,
FoxORBR PR T, BREELHET S P50 2 RIGH

WTHRBTHEOE L THEH L, h¥ CRREISRE
Th -7 P450 BB T 5 1 d D% IR T 5.
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