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To our knowledge, members of the CYP4F subfamily
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A cDNA sequence coding for a cytochrome P450 of the
YP4F subfamily was isolated from total RNA of sea
ass kidney by rapid amplification of cDNA ends. The
ull length sequence coded for a protein of 526 amino
cids. The amino acid sequence shared 39% to 56% resi-
ue identities with the mammalian CYP4F sequences,
nd thus was named CYP4F7 (accession number
F123541). RNA blot analysis using CYP4F7 cDNA as a
robe indicated that the corresponding mRNA was only
etected in kidney. Expression in the kidney was consti-
utive, and no induction of this mRNA was detected in
his or other tissues, with any of the inducers tested,
ncluding peroxisome proliferators. © 1999 Academic Press

Key Words: CYP4 family; cytochrome P450; Dicen-
rarchus labrax; kidney; molecular cloning.

Members of the cytochrome P450 family CYP4 are
ound in a wide variety of organisms and tissues. The role
f mammalian CYP4 enzymes in v- and (v-1)-hy-
roxylation of fatty acids and prostaglandins is well es-
ablished (1-2). Most of them are expressed preferentially
n liver and kidney. Their expression is regulated both by
ndogenous substances, such as hormones (3, 4), and by
ome xenobiotics, the peroxisome proliferators in partic-
lar (5). The peroxisome proliferators include compounds
ith no obvious strutural similarity: hypolipidaemic
rugs (such as clofibrate), industrial plasticizers (such as
i-2-ethylhexylphthalate), herbicides (such as chlorophe-
oxyacetic acid), insecticides (such as dimethrin), anti-

ungal agents (such as bifonazole), wood preservatives
such as chlorophenolates), and several other industrial
hemicals (6).

1 Corresponding author. Fax: 33 493 67 89 55. E-mail: sabourau@
ntibes.inra.fr.
Abbreviations used: 2,4-D, 2,4-dichlorophenoxy acetic acid; CYP,

ytochrome P450; DEHP, di(2-ethylhexyl) phthalate; DIG, digoxige-
in; LTB4, leukotriene B4; RACE-PCR, rapid amplification of cDNA
nds-polymerase chain reaction.
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ave been identified only in rats and humans. Purifi-
ation or expression of CYP4F2 (7) and CYP4F3 (8) in
eterologous systems have demonstrated that LTB4
-hydroxylation was specifically catalysed by these en-
ymes. The metabolic role of the other CYP4F enzymes
s still unknown. LTB4, which is derived from arachi-
onic acid, acts as a mediator of inflammation through
he activation of polymorphonuclear leukocytes (9).
he catabolism of LTB4 and thus its inactivation leads
o stop the inflammation process. The v-hydroxylation
atalysed by CYP4F isoforms is the first step in the
egradation of LTB4, which is further catabolized by
-oxidation in peroxisomes (10). As LTB4 degradation
ccurs primarily in neutrophils or in liver, LTB4
-hydroxylases have been isolated from these tissues.
hus, CYP4F2 is highly expressed in human liver (11),
nd CYP4F3 in neutrophils (8).
Several P450 enzymes have been described in fish

12, 13). P450 from families CYP1, 2, 3, 11, 17, and 19
ere isolated. Most of them have been purified or

loned from the rainbow trout, Oncorhynchus mykiss
13). As CYP1A enzyme activities or mRNA concentra-
ions are used as a biomarker to estimate xenobiotic
xposure in aquatic environments, CYP1A isoforms
ave been cloned in numerous freshwater and marine
shes (7 various species). Cytochromes P450 from the
amily 4 were isolated from rainbow trout and sea bass
14, 15). Their physiological role is still unknown. The
elative tissue distribution and regulation of the
YP4T2 isoform cloned from the sea bass, Dicentrar-
hus labrax, present original features as compared to
ammals. This gene is predominantly expressed in

idney and small intestine, and is induced by DEHP
nd 2,4-D but not by clofibrate (15).
We report here the molecular cloning of an another
YP4 cDNA sequence from kidney of sea bass. Surpris-

ngly the deduced amino acid sequence shared from
9% to 56% identity with the mammalian CYP4F se-
uences, and thus this gene was named CYP4F7. We
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
All rights of reproduction in any form reserved.



have investigated the tissue localization of this gene
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nd its induction features by various xenobiotics, in-
luding peroxisome proliferators.

ATERIAL AND METHODS

Chemicals. Clofibrate, DEHP, 2,4-D, benzo[a]pyrene, prochloraz,
nd all other chemicals were purchased from Sigma-Aldrich Chimie
France). Restriction enzymes were from Roche Diagnostics (Germany).

Animals. Sexually immature sea bass (Dicentrarchus labrax,
00-200 g) were obtained from the fish farm “Cannes Aquaculture”
France) and placed in aquaria containing 120 l of artificial sea water
28‰ salinity) at 18°C. Fish were acclimated for at least 2 weeks to
educe possible stress-related responses. Each group of 5 fishes was
reated daily for 3 days by intraperitoneal injection of clofibrate (100
g/kg body weight/day), DEHP (1.5 g/kg body weight/day), 2,4-D (20
g/kg body weight/day), prochloraz (20 mg/kg body weight/day),

enzo[a]pyrene (10 mg/kg body weight/day), or NaCl 9‰ (control).

Poly (A)1 mRNA isolation. Total RNAs from DEHP-treated sea
ass kidney were extracted by the guanidine thiocyanate method as
escribed by Chomczynski and Sacchi (16). Poly (A)1 mRNAs were
solated by affinity chromatography on an oligo(dT)-cellulose column
s described in Sambrook et al. (17).

Molecular cloning of CYP4F7. Isolation of 59 and 39 ends of the
ene was performed using the Marathon cDNA Amplification Kit
Clontech, USA). A library of adaptor-ligated double stranded cDNA
as constructed from kidney poly (A)1 mRNAs according to the
anufacturer’s instructions. The 39-end fragment (857 bp) was ob-

ained by RACE-PCR using a primer (39-EGAD) designed from the
laurate box” of the CYP4T2 gene (15). The sequence of the primers
sed to clone the 39-end were “39-EGAD” (sense, 59-GGGCCATGA-
ACCACAGCCAGTGCG-39) and “AP1” (antisense, 59-GCCCTAT-
GTGAGTCGTATTAGGATGG-39). A CYP4F7 gene specific primer

59-NWEDL) was designed from the 39 cDNA fragment previously
loned to generate the 59 fragment. The sequence of the primers used
o clone the 59-end were “AP1” (sense, 59-CCATCCTAATACGACT-
ACTATAGGGC-39) and “59-NWEDL” (antisense, 59-GGGAAGG-
TAGACAGATCCTCCCAC-39). 39 and 59 RACE-PCR reactions were
erformed using the Advantage klenTaq Polymerase Mix (Clontech,
SA) on a ThermojeT thermal cycler (Eurogentec, Belgium) with the

ollowing program: 94°C for 1 min, 30 cycles of 94°C, 30 sec, and
8°C, 4 min, followed by a final 10 min extension at 68°C. Fragments
f expected size were purified on a agarose gel then subcloned by
nserting into the EcoRI site of the plasmid vector pCR 2.1 (Invitro-
en, The Netherlands). Plasmid DNA from the clones of interest was
urified using the QIAprep Spin Miniprep Kit (Qiagen Inc., USA)
efore sequencing.

DNA sequencing. cDNA sequencing was performed by Genome
xpress (Grenoble, France). cDNA sequencing was done by Dye
eoxy Terminator Cycle Sequencing (Applied Biosystems, Weiter-

tadt, Germany) according to the manufacturer’s instructions. The
eactions were performed on a GeneAmp 9600 thermal cycler (Perkin
lmer/Cetus), and were primed with universal primers (M13 reverse
rimer and M13 forward (220) primer). Sequences were analysed on
he Applied Biosystems DNA Sequencing System (model 373A).

DNA sequence analysis. The nucleotide sequence obtained was
ompared to the EMBL and GenBank databases using the BLAST
.0 program (18). This cDNA sequence was then aligned with the
uman CYP4F2 (U02388) and CYP4F3 (Q08477), and the rat
YP4F1 (M94548), CYP4F4 (U39206), CYP4F5 (U39207), and
YP4F6 (U39208) sequences using the CLUSTAL X program (ver-
ion 1.64b, 02/1998). The CYP4F7 sequence was also compared to all
ther full length CYP4 sequences available in GenBank. Sequences
ere retrieved using GenBank accession numbers from the D. Nel-
156
istance-matrix method using the Clustal X program.

Northern blot analysis. Total RNAs from sea bass tissues were
eparated by electrophoresis on a 1.2% denaturating agarose gel,
ransferred to nylon membranes (Roche Diagnostics), and UV cross-
inked. Digoxigenin (DIG)-labeled CYP4F7 probes (39-, 59-cDNA frag-

ents, or full length sequence) was prepared by PCR using the
pecific required primers, and the DIG DNA Labeling Mix (Roche
iagnostics). A cDNA encoding for the sea bass ribosomal protein rpl
7A (Sabourault, unpublished results; GenBank AF 074720) was
sed as an internal standard for normalizing the quantity of mRNA
n the gel (15). A DIG-labeled rpl 17 cDNA probe was prepared using
he same procedure. Prehybridization and hybridization (14-16 h at
0°C), washes (at 65°C), and chemiluminescent detection were per-
ormed according to the manufacturer’s instructions of the DIG sys-
em (20, 21).

The resulting films were scanned and analysed using the NIH
mage 1.62 software (available by anonymous FTP from zippy.nimh.
ih.gov). The integrated values were normalized with rpl 17 mRNA.
arious exposure times were needed to avoid saturation of the signal
ue to rpl 17 mRNA, and therefore aberrant results in densitometry.

ESULTS AND DISCUSSION

Several clones were obtained during isolation of the
YP4T2 cDNA by 39 RACE-PCR reactions (15). Among

hese clones was the CYP4T2 39-fragment, and a new
YP4 sequence, which has been named CYP4F7 (ac-
ession number AF123541) by Dr. D. Nelson (P450
ene Superfamily Nomenclature Committee). The se-
uence of this new cDNA revealed that the 39-primer
positions 1062-1086) covered a very homologous re-
ion between the 2 genes (15). The other part of the
YP4F7 sequence was obtained by RACE-PCR using a
9-gene specific primer (positions 1191-1215). The full
ength sequence (1917 bp) of this new CYP4 gene con-
ained an open reading frame (positions 82-1659) fol-
owed by a TGA termination codon (positions 1660-
663) and a 39-untranslated sequence of 255 bp (Fig. 1).
his open reading frame encoded a protein of 526
mino acids with an deduced molecular weight of
0,326.
This sequence was compared to other CYP4F se-

uences. The sea bass CYP4F7 predicted protein se-
uence shared 54% amino acid identity with the hu-
an CYP4F2. The alignment of all CYP4F amino acid

equences showed several domains that are conserved
mong human, rat, and sea bass sequences (Fig. 2).
he 5 regions of highest conservation are found at
ositions 150-162, 199-208, 319-334, 368-389, and 456-
73. The region [456-473] contains the residues sur-
ounding the heme-binding cysteine (position 467)
onserved in all P450s. The region [319-339] may cor-
espond to the “laurate box” initially described by
radfield et al. (22), which is found exclusively in CYP4
equences. There are however 3 differences in this
3-amino acid peptide. Residue 325 is Ala in all CYP4F
equences, but is Val in all other CYP4. Residue 326 is
sn in sea bass CYP4F7 but is Asp in all other CYP4,
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ncluding the CYP4F sequences. Residue 331, which is
lu in most CYP4 sequences (except for the Drosophila
YP4D1) is variable in the CYP4F sequences (Glu,

FIG. 1. Nucleotide and deduced amino acid sequences of the CYP
TGA) are underlined. The 13-amino acid peptide, which is character
esidue is shaded.
157
ly, or Ala for CYP4F7). This 13-amino acid peptide
as described to be closely related to the substrate

ecognition domain (22), despite the diversity of sub-

7 transcript. Putative translation start codon (ATG), and stop codon
ic of the CYP4 family, is boxed. The putative heme-binding cysteine
4F
ist
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trates (fatty acids, prostaglandins, leukotrienes) and
he catalytic variability among CYP4s. The CYP4F7
equence was compared to all other full CYP4 se-
uences available in GenBank to infer the phylogenetic
elationships between the mammalian, insect, and fish
YP4 genes. These CYP4 sequences were also com-
ared to representative mammalian and fish members
f gene families CYP1, 2, 11, and 17. A phylogenetic

FIG. 2. Alignment of the deduced amino acid sequences of sea
YP4F4, CYP4F5, and CYP4F6. Residues conserved in all sequence
158
ree was generated using the distance-matrix method
Fig. 3). All vertebrate CYP4 sequences clustered to-
ether but the CYP4Fs formed a group quite distinct
rom the others (CYP4As, CYP4Bs, and CYP4T2).
hese data may be correlated with the fact that
YP4Fs have specific metabolic functions, quite differ-
nt from those of the other CYP4s. Within the CYP4Fs
ubgroup, the fish sequence formed a separate branch.

ss CYP4F7 with human CYP4F2 and CYP4F3, and rat CYP4F1,
re shaded.
ba
s a
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Most of CYP4s are suspected to be involved primar-
ly in endogenous metabolic pathways. Mammalian
YP4F catalyse v-hydroxylation, and thus inactiva-

ion of the potent proinflammatory agent LTB4 (7, 8).
hey play an important role in regulating the biologi-
al activity of LTB4 and their concentration in the
rganism (10). Thus, these enzymes might serve as a
egative feedback mechanism involved in the modula-
ion of some inflammatory responses. To date, CYP4F
nzymes were isolated only in human and rat (8, 11,
3, 24). These enzymes are predominantly expressed in
iver (7, 11, 23, 24), and polymorphonuclear leukocytes
8, 11), but also in kidney (11, 24), and brain (24).

In order to investigate expression of this gene in sea
ass tissues, Northern blot analysis were performed
ith full length, 59-end, or 39end cDNAs of CYP4F7 as
igoxigenin-labeled probes. The same results were ob-

FIG. 3. Phylogenic tree of the full length CYP4 sequences inferred
etween genes are represented by the sum of their horizontal separat
n 100 positions.
159
ained with the various probes (not shown). As pre-
ented in Fig. 4, CYP4F7 transcripts are exclusively
resent in the kidney of untreated sea bass. The
YP4F7 cDNA hybridized to a unique band of 2.1 kb,
hich is the expected size for the CYP4F7 transcript.
hile the major site of expression for most CYPs in
ammals is the liver, it appears that the kidney is a

ey organ for the expression of various P450s in fish
13, 15). CYP1A and CYP2K4 isoforms are strongly
xpressed in trunk kidney of male rainbow trout, and
xpression of CYP3A27 increases with age in this tis-
ue (Sabourault, unpublished results, 13).
Sea bass were also treated with various xenobiotics,

uch as peroxisome proliferators, and some “classical
nducers” of other CYP families (benzo[a]pyrene, pro-
hloraz, ethanol). For each fish, RNAs were isolated
rom 7 organs and analysed. No CYP4F7 transcript

the distance-matrix method using the Clustal X program. Distances
. The scale bar indicates the distance corresponding to 10 differences
by
ion
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reated sea bass (data not shown). No induction of
YP4F7 was seen in kidney of xenobiotic-treated ani-
als. While the amounts of renal mRNAs in clofibrate-

nd 2,4-D-treated sea bass was slightly affected, a
reatment of fish by prochloraz or acetone resulted in a
0% decrease of the transcripts (Fig. 5). The lowest
mount of CYP4F7 mRNA was found after a treatment
y DEHP, benzo[a]pyrene, or ethanol (40% of the con-
rol). It is noteworthy that ethanol inhibits the LTB4
etabolism in rat hepatocytes (25), and that benzo-

a]pyrene induce an inflammatory response in mouse
kin (26). Thus it appeared that this isoform is not
nducible by xenobiotics, unlike the sea bass CYP4T2,
hich was strongly induced by DEHP or 2,4D (15).
CYPs belonging to 7 families (CYP1, CYP2, CYP3,
YP4, CYP11, CYP17, and CYP19) have been isolated

rom fish, especially from rainbow trout (13). Most of
hem (except for the CYP1A) are involved in endoge-
ous metabolism, such as fatty acids hydroxylation or
teroid biosynthesis. In view of the biological impor-
ance of CYP4F genes in mammals, it is not so surpris-
ng to find a member of this CYP4 subfamily in fish.
owever, the tissue-specific expression of CYP4F7 in
idney is quite unexpected as compared to mammals.
ittle is known about LTB4 generation and its biolog-

cal activities in fish. Their potential pro-inflammatory
bility has not been tested. Leukotrienes B4 are pro-
uced by the macrophages and by the thrombocytes
platelet equivalent cells) in rainbow trout (27, 28). The
resence of putative receptors for LTB4 on trout mac-
ophages was reported (29), suggesting a biological
echanism similar to that in mammals.
The tissue-specific and constitutive expression of the
YP4F7 gene in sea bass kidney, and the great homol-

FIG. 4. Blot analysis of total RNA from various sea bass tissues.
otal RNA (20 mg per lane) were separated on a 1.2% denaturing
garose gel, transferred to a nylon membrane, and hybridized with a
igoxigenin-labeled CYP4F7-specific probe (59end). As a loading con-
rol, the membrane was cohybridized with a rpl 17 probe, which is
onstitutively expressed.
160
gy with mammalian CYP4F isoforms suggest an im-
ortant physiological role that remains to be estab-
ished. Heterologous expression of the gene and the
creening of potential substrates will be required to
dentify the physiological substrates and roles of this
ew CYP4.
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hank Prof. René Feyereisen (University of Arizona, Tucson) for
eading this manuscript. We thank Dr. David R. Nelson (University
f Tennessee, Memphis) for naming this gene, and Dr. John J.
tegeman (Woods Hole Oceanographic Institute, Massachusetts) for
aluable discussions. We gratefully acknowledge M. Charvoz (Cannes
quaculture, Cannes, France) for the generous gift of sea bass.

EFERENCES

1. Nelson, D. R., Koymanis, L., Kamataki, T., Stegeman, J. J.,
Feyereisen, R., Waxman, D. J., Waterman, M. R., Gotoh, O.,
Coon, M. J., Estabrook, R. W., Gunsalus, I. C., and Nebert, D. W.
(1996) Pharmacogenetics 6, 1–42.

2. Kusunose, M. (1993) in Cytochrome P450, Second Edition
(Omura, T., Ishimura, Y., and Fujii-Kuriyama, Y., Eds.), pp.
127–141, Kodansha, VCH, Tokyo.

3. Sundseth, S. S., and Waxman, D. J. (1992) J. Biol. Chem. 267,
3915–3921.

4. Helvig, C., Dishman, E., and Capdevila, J. H. (1998) Biochemis-
try 37, 12546–12558.

5. Gibson, G. G. (1996) Ann. N. Y. Acad. Sci. 804, 328–340.
6. Masters, C. J. (1998) Biochem. Pharmacol. 56, 667–673.
7. Jin, R., Koop, D. R., Raucy, J. L., and Lasker, J. M. (1998) Arch.

Biochem. Biophys. 359, 89–98.
8. Kikuta, Y., Kusunose, E., Endo, K., Yamamoto, S., Sogawa, K.,

Fujii-Kuriyama, Y., and Kusunose, M. (1993) J. Biol. Chem. 268,
9376–9380.

9. Ford-Hutchinson, A. W., Gresser, M., and Young, R. N. (1994)
Annu. Rev. Biochem. 63, 383–417.

0. Jedlitschky, G., Huber, M., Volkl, A., Muller, M., Leier, I, Muller,
J., Lehmann, W. D., and Keppler, D. (1991) J. Biol. Chem. 266,
24763–24772.

FIG. 5. Blot analysis of total RNA from kidney of sea bass
reated with various xenobiotics, including some peroxisome polif-
rators. N, control; C, Clofibrate; D, DEHP; 2,4, 2,4-D; P, Prochloraz;
, Benzo[a]pyrene; E, Ethanol; A, Acetone.



11. Kikuta, Y., Kusunose, E., Kondo, T., Yamamoto, S., Kinoshita,

1

1

1

1

1

1

1

1

20. Boehringer Mannheim Gmbh (1993) The DIG System User’s

2

2

2

2

2

2

2

2

2

Vol. 258, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
H., and Kusunose, M. (1994) FEBS Lett. 348, 70–74.
2. Stegeman, J. J. (1995) in Molecular Aspects of Oxidative Drug

Metabolizing Enzymes: Their Significance in Environmental
Toxicology, Chemical Carcinogenesis and Heath (Arinç, E.,
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