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ABSTRACT

Leukotriene B, o-hydroxylation was reported in 1981 immediately after discovery of

leukotriene B4. After that, a large number of investigations about leukotriene B, o-hydroxylase

in neutrophils and liver have been presented. The primary structures of the enzymes were
clarified by cDNA cloning, and they were found to be novel P450s which belong to the CYP4F
subfamily. At present, seventeen members of this subfamily have been discovered by ¢cDNA

cloning and by genome projects. Most of them show leukotriene B, o-hydroxylase activity, and
catalyze hydroxylation of various substrates including lipoxygenase dependent arachidonate

metabolites, prostaglandins, and drugs. They also distribute a variety of tissues such as

leukocyte, liver, kidney, seminal vesicles, and brain. Now, CYP4F enzymes are thought to have

various functions.
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Table 1. Human CYP4 family. Tissue distribution of human CYP4 enzymes and substrates of purified or recombinant
enzymes are shown. Tissues are shown in order of expression levels. Substrates catalyzed with higher activity or lower Km
values are indicated in upper place. Blank means it has not been reported. The major products of fatty acids and eicosanoids are
o-hydroxy forms, and substrate with other product is indicated with bracket. Drugs are metabolized to deethylated,

demethylated, or hydroxylated products.

CYP4A1l CYP4B1 CYP4F2 CYP4F3 CYP4F8 CYP4F1I CYP4F12 CYP4F22
Organs Liver, kidney Lung, placenta Liver, kidney Neutrophil Seminal vesicles Liver, kidney,  Liver, kidney colon,
heart, skeletal ~ small intestine, heart
muscle
Substrates  Laurate, Laurate, 6-trans-LTB,, LTB,, Arachidonate (®-2), Arachidonate (o -2),
myristate, 2-aminofluorene lipoxin Ay, 20-OH-LTB,, PGH; (® -1 and o -2) ebastine, [.TB,
arachidonate 5-HETE, 8-HETE, 20-0x0-LTB,,
12-HETE, LTB,, lipoxin A4,
7-ethoxycoumarine,  lipoxin B,
p-nitroanisole 12-HETE
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Figure 1. Gene structure of human CYP4F. Solid boxes and numbers represent exons. The open box in intron HI of the
CYP4F2 gene indicates the sites homologous to exon III of the CYP4F3 gene. The open box in intron II of the CYP4F3
gene indicates the site homologous to exon III of the CYP4F2 gene. Translation Initiation and termination sites are shown

by arrows and vertical bars.
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cctecttgettgeagGTCAACCCCACAGAGGAGGGCATGAGAGTTCTGACTCAGCTGOTGGCCACCTACCCCCAGGGCTTYAAGGTCTGGATGGGACCCATCTCCCCCCTCCTCAGTTTGTGCCACCCCGACATCATCCGGTCTGTCATCAACGCCTCAGgtaccatctggaaca
ctgecttgettgeagGTCACCCCCACGGAGCAGGGCATGAGGGTCCTGACTCAGCTGGTGGCCACCTACCCCCAGGGCTTTAAGGT CTGGATGGGCCCCATCTTCCCCGTCATCCGTTT TTGCCACCCCAACATCATCCGGTCTGTCATCAACGCCTCAGgtaccacctggaata
VTPTEQGMRYLTQLVATYPQGFKVNNMGPIFPVYIRFOCHPNTITIRSVYINAS

CYP4F3 intron Il
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CYPA4F2 gene | |
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CYP4F2 Intron fll
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tgtgtttttctccagATTCACAGCTCAGAAGAAGGTCTCCTATACACACAAAGCCTGGCGTGCACCTTTGGGGATATGGGCTGCTGGTGGOTGGGGCCCTGGCAGGCAGTCATCCACATCTTTCTCCCCACGTGCATCAAGCCTGTGCTCTTTGCTCCAGgtagacattgcactg
gtgtcttotctccagATTCACAGCTCGGAGGAAGGTCTCCTATACACACAAAGCCTGGCATGCACCTTCGGTGATATGTGCTGCTGGTGEGTGGGGCCCTGGCACGCAATCGTCCGCATCTTCCACCCCACCTACATCAAGCCTGTGCTCTTTGCTCCAGgtagacactgeactg

I HS SEEGLLYTQSLACTFGDMCCWWYGPWHAIVRIFHPTYTIKPVLFAP

CYP4F3 Exon lil

Figure 2. Structure of exon III and exon Il1l-like region of human CYP4F genes. Nucleotide sequence of exon Il and
exon IlI-like region in introns of human CYP4F genes, its neighborhoods, and its deduced ‘amino acid sequence are shown.
The nucleotides and amino acids of the exon IlI-like sequence which are identical with those of exon 11l of the other gene are

represented by colored letters.
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Figure 3. Chromosomal localization of the CYP4
families. Locations and directions of the human CYP4
family genes found in the NCBI human genome
database are shown by arrow heads on ideograms.of
G-banding pattern of human chromosome 1 and 19. The
region containing CYP4 genes are magnified by fifty
times. The location of the CYP2J2 gene on chromosome
1 and the CYP2A and CYP2B gene cluster on
chromosome 19 are also shown. Genes other than P450
are not indicated.
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Sumimoto H X T DEEDIFEMEN ~BILIRER
CYP4A4 IZxH T DI L > THRESND I &,
EBITRRETT Py AL ESRICRES
N3 EERLEZB3), £o. Ty MTEO Z 0
B2/ RV EF—ARATFALaT MLy, 718
T4 7 L— b REDPASOFERTCRRBPEINT, &
HBIURRY Yo B TA KRB EAL L, MRS
REDBRIEDEORETHLEMES, b bOBESR
ERRICHEEBBIITAH TH L (RERT— ),
Chen & Hardwick |X. 2-T2F /LT I ) 7LV
DHT/EWCE>TELET v NFEBHBN L,
CYP4F1 &fd ST BRERINOFH P450 # R L
72(34), CYP4F1 ® mRNA i\ < 24 DT v HATIEE
MRLIEHR 727 » MFMAICRBE L TRBY, &6
BrAEFZ7y PRIV A SN, FBICBT S
CYP4F| OHBUTHERLE CIEE T, 70747
LV— MABIZE D bFCHS LE, FLT, Hix
I CYPAFl b¥EfzuAf =z by B,w KER(LEEET
HDHZ L EIRLIZ(35). BERNTRE S CYP4FI
R ERueAAa NI B EELDETHEE
SERVRX T F—ERBEDIZSHT D o KERL
EHEERLIEN, 0D VBRIV BIIRH
Lighote, Z0HH, a4 a bzl By 5
FOSO Km X 1340 M & &< Z OTEEE S BT
£ < vy (2.56 nmol/min/nmol P450) , CYP4F1 ifie L
5 btrans-1 A a2 h YL B, RUKRFI L Ay



5-HETE, 8-HETE @ o /KER{LIEVEZTEFIZAEE L 7
N, TOFTY 8-HETE IHRBROEBE TH -z
(Km=18.6 p M, Vmax=15.5 nmol/min/nmol P450), =
DX 57 CYPAFI OBERFHHEITE NHFRBO
CYP4F2 DMEH & X < —F L7228 . CYP4F1 1L CYP4F2
CESTTRE TP AR LT o KERETE
HER LT,

8. 3 TAMDCYP4F14

v ANFED X 7 v Y — LjEisy L, CYPAF 477
7 IV —OREMNEETCHD 6-trans-a 4 2 b)) .
B, iCX T 29\ o KEELTEMZH T 523, ZOENH
I~ A% 707 47— FTHABLTHLIZEALY
ZELLRWVE6), 2D EiE, = U ADHFIRIZ i &y
LALLM S CYPAF 777 2 Y —IZBT 5 P450
SFRENERLTVWDH I EERLTWVD, —FH, <
7 ADBETIL 6-trans-1n A 2 F Y= B ZxT B
EMEER T E RN,

< 7 ZAFFIBIZ L. CYP4FL & 95%D R % 7~ 4 %
#. CYPAFI4 DNEBRLTWA I ENHMHLTHA,
CYP4F14 |X, — R 72 0) Cle < BEETG M H CYP4FI
WO TELSELTWT, CYPAFI4 #RB I T ER
DIz y—LfiyE, a2 bz B, OMIC
6-trans-11 A4 1 h )Ty B, RYRFI L Ay TR
7% .Y A, S-HETE, 8-HETE, I[2-HETE,
15-HETE 72 &% < DEE O o KERLEE & il T X
5(36), £7m. URFL L By RT7 ) VBBIZK LT
EMEZ RE WAL CYPAFL R TH -T2, — 5.
CYP4F14 @ mRNA iXffFIECHRHE L T T, lKTH D
ToRB IR, BBICERAN LT, T
v h O CYPAF ¥ LI THRE L TRV (37). MK
BUFDHCYPAF DRBULT v MRV ATHEL TR
LNHHEETH D,

CYP4F14 O EIZiX, 2 >OERERBRNTE
EL. 28O Y 1 03 5(36), LHRAIOERE
MG E N OB SN mRNA O U — & —E 51T
CYP4F1 R° CYPAF2 O U — & —FlFI| & HHEIMEZE O &

Do HETIL, THRMOKERBRANOEREE IR
f: mRNA B EFRME W EBEEINTZEDOL D AT 2 6F
ZLEBLTWD, £, BMTHlGTOEE RN
NHERE I mRNA BRGNS, vURE 70”7
47 L —FCRE LGS, FIBRTIZTIXTHD
MRNA DOFEBRENRH 12 IETFTT2, ZDLH7% 2
REOEBERGERZFOBETIX. BHEEENDD
WITFEEIC #‘%EH’J&@;EE%W;E@{EP TR TR
TWAEINRH B, CYPAFI4 IZHOWTIEHZDO L H 7
fﬂ%bi%/)?)\o’(b\fﬁb\o
8. 4 v D CYPAF

5w h® CYP4F1 &~ AMD CYPAF14 13—#1E E
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MUZA—TIHEINDN, Ty MTIEEHIZ 3
FEFE D CYPAF 3 FRENTEHE L T 5, Kawashima b
1.7 v FOBIZRBELT S P450 5 FREDMEIT 247U,
3 FEFEOFHR CYPAF 4y 77 (CYP4F4, CYP4FS,
CYP4F6) % #E L72(37), —JFC. CYP4A 5D
Ty FORICE T ARBIIERCTERNM-T, Th
O 3 D CYPAF RO —REEIL, CYP4F1 &
71-80%DAHEMEZ R L, ¢ THEBLEB THLEE
WHRELTWD, £, Jar7 47— MEEIZ L
DZNLOHFREOMRICET 2 HEBAEEFELT 5,
KIGEICRBE S CYP4F4 BEHlTIn/ a )z
B, DMIZ 6-trans-ui A 2 b Y B,, TRRZ T T
VIOV A TRARET ST B TR LT w KB
EMHAERL, WU CYPAFS iTm A =2 b U = B, I
L TH w KERILIEME % 7R 97(38), — 75, COS #ija
TR I 7= CYPAF6 1T X775 2 2 10-KBR{LTEME
% 79°(39)
8. 5 OO IRMD CYPAF

<7 AD CYPAF15 & CYPAFI16 1%, —&kEEN T
v b @ CYP4F4 & CYP4F5 _%n%n 90%LL_E D18
FPEZRL, EBICHBTHRIBRLTWEN, £
O DOEEREMIZH S Mz TV, Cui B,
CYP4F15 & CYP4F16 OREFIZOWTHREFT L, kD X
5:-:32&&- L CU5(40), CYP4F15 @ mRNA (3fFlE®D
ENCHECHHE BB LTV, Bz b o
TIMZRD BN D, CYPAF16 O mRNA 13X, B0
g, B, M. WICEBLTRBY, ZOZo0H5F
IR DA OETLOLERAREDND, vV AREY
RRYVY o BTA /a7 47— FTRETD
L, B BRRICH T D CYP4FIS & CYP4FI6 D
mRNA VAR T 2@mER L, ZOX57%
HERIX PPARa 2B L TWRWVW U X TIEEBHEES
ZEMb, T AD CYPAF DFEBIL PPARa 23
HREBIZ L > THHEBINTWB Z EARans,

<17 A0 CYP4F13 B LT CYP4F18 2D\ Tid,
cDNA BGHES N TV AT T, FMIIFRHTH B,
8. 6 #¥®CYPAF

BENLIX, AXXTOFBH T CYP4F7T BR 2o
TV 5(41), Z D PA50 XL DM HLIED CYPAF Y77
7 I U — & 48-55%D —KEEEOHEBIME R T,
CYPAFT DEERFMME X T EARHTH D0, 203
BIXBRHERNTH D,

9. CYPAAHTI73I)—LDELE

BB~ a4 FO o KBEILERDIZE A
ElX CYP4A /X CYPAF 777 2V —(ZH¥E S
NaBN, ZOZo0V T 77 ) —2kBETHIEN
K OPDHEERPROND, —2HiE, EEICET



B5HL0DT, CYPAA Y 777 IV —DBERITIZ VY
o7 7% N OBV 2007 1 &
BT Do EliTo-1 KEBLKIGZMEE L,
g2 YT B,RHETE R EDT F7X FUVEED Y
RE¥ 7T —ERHEDPLEDICR L TG
FORERUN2), TR LT CYPAF 777 3
—FEVZELOREEFRPT L ENTE, TIF
KB rn ) RE o7 —PREEY,. Tux¥
TV VERELT D, EHIC, W OIDHF
BRIz bXr s pobar7=y—n, A3
TIIVRh EOEYONBIEELRT, Ll =
NHEOHRTEDERENERPICERZ LOONIR
HTHDH, —o0OMHERT. FEICETLIHOT,
CYPAA 7 7 7 2 U —DHTFHEDW L DONTLERS
AN FF Y — ABAOREICL VBV GEEE S
T ADIZ ﬂbmnCYMF#777\)—m > FFED
BHEIRATHY, PR bR AF T — L
BAOERLG T LARBEAHEINIBENICH D
Zobik, BENFHA T, CYPAA VT 77 3 U —DE
RITHFEOM . & DITAKRA 4 OmEICH DD
s, 7o & BRSO KBS, B TRIRZ SIS
BLTWAH(42,43), —F. CYPAF OV 7757 I Y —
STREEFTICHFBROBTRMICER L TS0, KBE
BRELBHFFERICEEMICRETIHD, /MMEIZD
ERTHLO, I HIIHOLIE, BRI ETHRE
THLDORHY , ZOBERIAITZETH D, FFT
MCHEADBER SN THEHFENEZ AL, B
O L OBEICEIER b TnD, ZD X5k
CYP4A & CYPAF D2 DH 777 I Y —DiEWVIT
o KBILEERDZEME D ER LTV D,

CYPAF 77 7 2 U —DAFRRE

CYPAF 77 7 I U —NEL ORERITHKIL,
BAx B EEZRET L LPHLMN
TDOZEIECYPAF Y T T 7 I ) — O TFEN LR,
AHEREZBS>TVWD I EERB LTS, B,
CYP4F 777 IV —D#ie: LTHL DL,
HHERCHIBTORA 2 Uy B2 L LT3
A 2 A4 FORFEWELE, BRICEENLD 0 F
FFilw-1e NReXxorraRE 755 0D OEDOAR
BRI 5 20-HETE D& TH 5(3,23,21),
INBIECYPAFH T 77 IV —OLERBEXTH S
N E i P AT AL AV :nﬁwfwM%%@mwm
BICBITHARBAEHHICHITERVL, EYWLE
TR VEEREREOBEELMN O, BEEZ
LR TWDEHEM. OrA/ a2 b= B, Eif TR
<fx 0 HETE VU R¥F v i ERBRLER LI
MoPOEREZRTOT, FREBEEREHELT D

10.

W28 > TE 2D,
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tw®%% OFi iz e R A FFO= A 2% ) A
AT HHEFE T, 20-HETE RF O OHED
7)>Huf£}: TIERIT 5O b Lty 7272 L, CYPAF
BT 77 IV —DBERICLDETITX FUBOTRY
BRI EEE STy, @WK 0o fiFsHE
RICBT A EDRPEELEZEZ DN, B2 Y TIRE
MRBOLTELREELZHSTHDHOME LA,
L ZAT, CYPAF %77 7 I ) —CIXBE R EM
BB IR TNV, LF ) A4 VBRI L D EE M
THCYPAR2 R CYPARI DFEFIN R ENTWDH 0T
T D, CYPAF ¥ 775 I —D4 T-REMIFHIC
EBRLTHWT IEEAEEBHLRNET H L CYPAF
SFEIIAFENMREREICES LT oMb L
v, WL A, CYPAF 777 2 ) —D
HEEMRIAT HI-OICiT, & o INE N EEICH
ENDBOMN, O OEEE M ED D SIS
ICEDORERZRTONEHLEMNMI LTV SLE
N b
90 FRHEEL LT TEkxler ) AT
mYxZ PORENERINL., BEFER~OT
EABRBULARNSHWEGIZR-TE, 2D
#% LD CYPAF 3 FFEDOTFIEDHA LN o T
ENLOWERABEREERPTARATES
T+ TThHDH, TNOHEMEHRT LD CYPAF ST 7 7
VBT AIRA N ) LABEROBETHD
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