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A cDNA sequence coding for a cytochrome P450 of the
CYP4F subfamily was isolated from total RNA of sea
bass kidney by rapid amplification of cDNA ends. The
full length sequence coded for a protein of 526 amino
acids. The amino acid sequence shared 39% to 56% resi-
due identities with the mammalian CYP4F sequences,
and thus was named CYP4F7 (accession number
AF123541). RNA blot analysis using CYP4F7 cDNA as a
probe indicated that the corresponding mRNA was only
detected in kKidney. Expression in the kidney was consti-
tutive, and no induction of this mRNA was detected in
this or other tissues, with any of the inducers tested,
including peroxisome proliferators. © 1999 Academic Press
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Members of the cytochrome P450 family CYP4 are
found in a wide variety of organisms and tissues. The role
of mammalian CYP4 enzymes in o- and (w-1)-hy-
droxylation of fatty acids and prostaglandins is well es-
tablished (1-2). Most of them are expressed preferentially
in liver and kidney. Their expression is regulated both by
endogenous substances, such as hormones (3, 4), and by
some xenobiotics, the peroxisome proliferators in partic-
ular (5). The peroxisome proliferators include compounds
with no obvious strutural similarity: hypolipidaemic
drugs (such as clofibrate), industrial plasticizers (such as
di-2-ethylhexylphthalate), herbicides (such as chlorophe-
noxyacetic acid), insecticides (such as dimethrin), anti-
fungal agents (such as bifonazole), wood preservatives
(such as chlorophenolates), and several other industrial
chemicals (6).

! Corresponding author. Fax: 33 493 67 89 55. E-mail: sabourau@
antibes.inra.fr.

Abbreviations used: 2,4-D, 2,4-dichlorophenoxy acetic acid; CYP,
cytochrome P450; DEHP, di(2-ethylhexyl) phthalate; DIG, digoxige-
nin; LTB4, leukotriene B4; RACE-PCR, rapid amplification of cDNA
ends-polymerase chain reaction.
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To our knowledge, members of the CYP4F subfamily
have been identified only in rats and humans. Purifi-
cation or expression of CYP4F2 (7) and CYP4F3 (8) in
heterologous systems have demonstrated that LTB4
w-hydroxylation was specifically catalysed by these en-
zymes. The metabolic role of the other CYP4F enzymes
is still unknown. LTB4, which is derived from arachi-
donic acid, acts as a mediator of inflammation through
the activation of polymorphonuclear leukocytes (9).
The catabolism of LTB4 and thus its inactivation leads
to stop the inflammation process. The w-hydroxylation
catalysed by CYP4F isoforms is the first step in the
degradation of LTB4, which is further catabolized by
B-oxidation in peroxisomes (10). As LTB4 degradation
occurs primarily in neutrophils or in liver, LTB4
w-hydroxylases have been isolated from these tissues.
Thus, CYP4F2 is highly expressed in human liver (11),
and CYP4F3 in neutrophils (8).

Several P450 enzymes have been described in fish
(12, 13). P450 from families CYP1, 2, 3, 11, 17, and 19
were isolated. Most of them have been purified or
cloned from the rainbow trout, Oncorhynchus mykiss
(13). As CYP1A enzyme activities or mRNA concentra-
tions are used as a biomarker to estimate xenobiotic
exposure in aquatic environments, CYP1A isoforms
have been cloned in numerous freshwater and marine
fishes (7 various species). Cytochromes P450 from the
family 4 were isolated from rainbow trout and sea bass
(14, 15). Their physiological role is still unknown. The
relative tissue distribution and regulation of the
CYPA4T2 isoform cloned from the sea bass, Dicentrar-
chus labrax, present original features as compared to
mammals. This gene is predominantly expressed in
kidney and small intestine, and is induced by DEHP
and 2,4-D but not by clofibrate (15).

We report here the molecular cloning of an another
CYP4 cDNA sequence from kidney of sea bass. Surpris-
ingly the deduced amino acid sequence shared from
39% to 56% identity with the mammalian CYP4F se-
guences, and thus this gene was named CYP4F7. We
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have investigated the tissue localization of this gene
and its induction features by various xenobiotics, in-
cluding peroxisome proliferators.

MATERIAL AND METHODS

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

Animals. Sexually immature sea bass (Dicentrarchus labrax,
100-200 g) were obtained from the fish farm “Cannes Aquaculture”
(France) and placed in aquaria containing 120 | of artificial sea water
(28%o salinity) at 18°C. Fish were acclimated for at least 2 weeks to
reduce possible stress-related responses. Each group of 5 fishes was
treated daily for 3 days by intraperitoneal injection of clofibrate (100
mg/kg body weight/day), DEHP (1.5 g/kg body weight/day), 2,4-D (20
mg/kg body weight/day), prochloraz (20 mg/kg body weight/day),
benzo[a]pyrene (10 mg/kg body weight/day), or NaCl 9%. (control).

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

Molecular cloning of CYP4F7. lsolation of 5’ and 3’ ends of the
gene was performed using the Marathon cDNA Amplification Kit
(Clontech, USA). A library of adaptor-ligated double stranded cDNA
was constructed from kidney poly (A)® mRNAs according to the
manufacturer’s instructions. The 3'-end fragment (857 bp) was ob-
tained by RACE-PCR using a primer (3’-EGAD) designed from the
“laurate box” of the CYP4T2 gene (15). The sequence of the primers
used to clone the 3’-end were “3’-EGAD” (sense, 5'-GGGCCATGA-
CACCACAGCCAGTGCG-3") and “AP1” (antisense, 5'-GCCCTAT-
AGTGAGTCGTATTAGGATGG-3"). A CYP4F7 gene specific primer
(5’"-NWEDL) was designed from the 3’ cDNA fragment previously
cloned to generate the 5’ fragment. The sequence of the primers used
to clone the 5’-end were “AP1” (sense, 5'-CCATCCTAATACGACT-
CACTATAGGGC-3') and “5'-NWEDL” (antisense, 5'-GGGAAGG-
TTAGACAGATCCTCCCAC-3'). 3" and 5" RACE-PCR reactions were
performed using the Advantage klenTaq Polymerase Mix (Clontech,
USA) on a ThermojeT thermal cycler (Eurogentec, Belgium) with the
following program: 94°C for 1 min, 30 cycles of 94°C, 30 sec, and
68°C, 4 min, followed by a final 10 min extension at 68°C. Fragments
of expected size were purified on a agarose gel then subcloned by
inserting into the EcoRlI site of the plasmid vector pCR 2.1 (Invitro-
gen, The Netherlands). Plasmid DNA from the clones of interest was
purified using the QlAprep Spin Miniprep Kit (Qiagen Inc., USA)
before sequencing.

DNA sequencing. cDNA sequencing was performed by Genome
Express (Grenoble, France). cDNA sequencing was done by Dye
Deoxy Terminator Cycle Sequencing (Applied Biosystems, Weiter-
stadt, Germany) according to the manufacturer’s instructions. The
reactions were performed on a GeneAmp 9600 thermal cycler (Perkin
Elmer/Cetus), and were primed with universal primers (M13 reverse
primer and M13 forward (—20) primer). Sequences were analysed on
the Applied Biosystems DNA Sequencing System (model 373A).

DNA sequence analysis. The nucleotide sequence obtained was
compared to the EMBL and GenBank databases using the BLAST
2.0 program (18). This cDNA sequence was then aligned with the
human CYP4F2 (U02388) and CYP4F3 (Q08477), and the rat
CYP4F1 (M94548), CYP4F4 (U39206), CYP4F5 (U39207), and
CYP4F6 (U39208) sequences using the CLUSTAL X program (ver-
sion 1.64b, 02/1998). The CYP4F7 sequence was also compared to all
other full length CYP4 sequences available in GenBank. Sequences
were retrieved using GenBank accession numbers from the D. Nel-
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son web site (19). A phylogenetic tree was constructed with the
distance-matrix method using the Clustal X program.

Northern blot analysis. Total RNAs from sea bass tissues were
separated by electrophoresis on a 1.2% denaturating agarose gel,
transferred to nylon membranes (Roche Diagnostics), and UV cross-
linked. Digoxigenin (DIG)-labeled CYP4F7 probes (3'-, 5’-cDNA frag-
ments, or full length sequence) was prepared by PCR using the
specific required primers, and the DIG DNA Labeling Mix (Roche
Diagnostics). A cDNA encoding for the sea bass ribosomal protein rpl
17A (Sabourault, unpublished results; GenBank AF 074720) was
used as an internal standard for normalizing the quantity of mMRNA
on the gel (15). A DIG-labeled rpl 17 cDNA probe was prepared using
the same procedure. Prehybridization and hybridization (14-16 h at
50°C), washes (at 65°C), and chemiluminescent detection were per-
formed according to the manufacturer’s instructions of the DIG sys-
tem (20, 21).

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

RESULTS AND DISCUSSION

Several clones were obtained during isolation of the
CYP4T2 cDNA by 3" RACE-PCR reactions (15). Among
these clones was the CYP4T2 3’-fragment, and a new
CYP4 sequence, which has been named CYP4F7 (ac-
cession number AF123541) by Dr. D. Nelson (P450
Gene Superfamily Nomenclature Committee). The se-
guence of this new cDNA revealed that the 3'-primer
(positions 1062-1086) covered a very homologous re-
gion between the 2 genes (15). The other part of the
CYPA4F7 sequence was obtained by RACE-PCR using a
5’-gene specific primer (positions 1191-1215). The full
length sequence (1917 bp) of this new CYP4 gene con-
tained an open reading frame (positions 82-1659) fol-
lowed by a TGA termination codon (positions 1660-
1663) and a 3'-untranslated sequence of 255 bp (Fig. 1).
This open reading frame encoded a protein of 526
amino acids with an deduced molecular weight of
60,326.

This sequence was compared to other CYP4F se-
guences. The sea bass CYP4F7 predicted protein se-
guence shared 54% amino acid identity with the hu-
man CYP4F2. The alignment of all CYP4F amino acid
sequences showed several domains that are conserved
among human, rat, and sea bass sequences (Fig. 2).
The 5 regions of highest conservation are found at
positions 150-162, 199-208, 319-334, 368-389, and 456-
473. The region [456-473] contains the residues sur-
rounding the heme-binding cysteine (position 467)
conserved in all P450s. The region [319-339] may cor-
respond to the “laurate box” initially described by
Bradfield et al. (22), which is found exclusively in CYP4
sequences. There are however 3 differences in this
13-amino acid peptide. Residue 325 is Alain all CYP4F
sequences, but is Val in all other CYP4. Residue 326 is
Asn in sea bass CYP4F7 but is Asp in all other CYP4,

156



Vol. 258, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

gee cgg gca ggt cag cag get aac cgt cga gea acc tgg acce tect gga 48
tte cca tta atc tca cte ttt tte tgt cte agg atg cct cte cte cag ggt gte 102

M P L L Q G v 7
ctc tct cac ate ctec age tgg aca gge cte tgt cag gte ctg ttt gtg gtec tgg 156
L S H I L S w T G L Cc Q v L F v v W 25
aca tta ctg gga gct gtg gtt gta gtg tgg acg geg aag ctg ctg gtg cga cac 210
T L L G A v \2 v v w T A K L L v R H 43
gtc tgg tac aca cac agg ctg tcc tge tte aac aaa cca cat gca aac tce tgg 264
v w Y T H R L S C F N K P H A N S w 61
ctt ttt ggc cac ctg ggce cag atg cag agc aca gaa gaa dggc ctc cag cat gtg 318
L F G H L G Q M Q S T E B G L Q H \'2 79
gat gag ttg gtg cag acg tac aag cac tet tge age tgg tte cte gge cct tte 372
D E L v Q T Y K H S C S w F L G P F 97

tac cac ctg gtc aga ctc tte cac c¢cg gac tac gtc aaa cct ctg cta atg geca 426
Y H L v R L F H P D Y v K P L L M A 115
cct gcc age att aca gta aaa gat gag ctc atc tat gge cat cta cgt cca tgg 480
P A s I T v K D E L I Y G H L R P w 133
ctt gga cag agt ctg ttg cta agec aac ggg gag gag tgg toce cgce aag aga cgg 534

G Q S L L L S N G E E w S R K R R 151
ctg ctg act cca get ttt cat ttt gat att ctyg agg aac tac gtt gcc ata ttt 588
L L T P A F H F D I L R N Y v A I F 169
aac acc tca act aac acc atg cat gac aag tgg cgc cac cat ttg gca gta gge 642
N T S T N T M H D K W R H H L A v G 187
acc act aat cta gag atg ttt gac cac atc act ctg atg aca ctg gac agt tta 696
T T N L E M F D H I T L M T L D S L 205
ctg aaa tgt gec ttt age tac aac age aac tge cag cag tee acce agt gag tat 750
L K C A F S Y N S N C Q Q S T S E Y 223
gtg tca gece ata gtg gag ctg agt gac ctg ata ata gat cgc cgc caa aag att 804
v S A I v E L S D L I I D R R Q K I 241
tta cac cac tgg gac tgg att tac tgg aaa act aag cag gygg aaa cga ttc aaa 858
L H H w D w I Y w K T K Q G K R F K 259
aag gcc tta age att gtg cac agg ttt acc aga gag gtg gtt cag aag cge cgt 912
K A L s I v H R F T R E v v Q K R R 277
gee ctg atc age caa cag agyg gag aca gaa acc aca gca cca cag aaa aag aaa 966
A L I s Q Q R E T E T T A P Q K K K 295
gac ttt gtg gac att ata ctg ctt tca agg gat gag gat gga caa ggc cta aca 1020
D F v D I I L L S R D E D G Q G L T 313
gat gag gag ata cag gect_ga cc aac acc ttc atg ttce gca t_cat gac aca 1074
D E E I Q A |E A N T F__M F A G H D TI 331
aca gcc agt geg atce tge tgg acg ctg tat aat tta gca cge cac gac caa tat 1128
] 2 s A I C w T L Y N L A R H D Q Y 349
cag gag aaa tgc agg cag gaa gtg atg gag ctg atg gaa gga cga gac aga cat 1182
Q E K C R Q E v M E L M E G R D R H 367
gaa ata gag tgg gag gat ctg tct aac ctt ccc ttc ace acce atg tge ate aga 1236
E I E W E D L s N L P F T T M (e I R 385
gag tct cte agg ctg cac tect cet gtg cag geot gta aca agg aag tac acc cag 1290
E S L R L H S P v Q A v T R K Y T Q 403
gac atg aca ctg cca ggg gat tgt aca gtg cca aag ggt gcc atc tgt ttg gte 1344
D M T L P G D Cc T v P K G A I C L v 421
agt att tat gga aca cac cac aac ccg act gtt tgg aca aac cca cat gag ttt 1398
s I Y G T H H N P T v W T N P H E F 439
cac cct ctg cgt ttt gac cct aca aac aaa gayg ggg ctg gct get cat geg tte 1452
H P L R F D P T N K E G L A A H A F 457
atc ccc ttt tee teca gge cce agg aac tgce att ggt cag aag tte gec ctg geca 1506
I P F S S G 4 R N & I G Q K F A L A 475
gag act tcg agt cgt ggt gge ttt gac tet get cag gtt teg tect gac cct ggg 1560
E T s s R G G F D S A Q v s s D P G 493
ggt gaa ccc cga agt tgg gce cag ctc tgg gga agt teg ccg tect gee cca get 1614
G E P R s w A Q L W G s s P s A P A 511
tgt cct geg tge aga ggyg gag gca tgt ggc tge agyg tgg age cte tga ccc cgyg 1668
o] P A C R G E A c G [of R W S L 526
aca agg atg aat gat cca cac aaa ggc aaa aaa atg att tat gecg tat tge att 1722
gtg ttt aaa tgc att tge ttt ctg cag agc aac ctg tat aac gat age ttt att 1776
att acc ctg aaa taa ctg acc taa cag aaa aaa aaa aaa aaa aaa aaa aaa agc 1830
ggc cgt taa att ctg ggc aaa cgt ggce age taa geg cgt ceg geg cgt geg geg 1884
gcg cgt geg ctg taa taa gtg gtg ctg gge tgg 1917

FIG. 1. Nucleotide and deduced amino acid sequences of the CYP4F7 transcript. Putative translation start codon (ATG), and stop codon
(TGA) are underlined. The 13-amino acid peptide, which is characteristic of the CYP4 family, is boxed. The putative heme-binding cysteine
residue is shaded

including the CYP4F sequences. Residue 331, which is Gly, or Ala for CYP4F7). This 13-amino acid peptide
Glu in most CYP4 sequences (except for the Drosophila was described to be closely related to the substrate
CYP4D1) is variable in the CYP4F sequences (Glu, recognition domain (22), despite the diversity of sub-
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CYP4F2Human ..MSQLSLEWLGLCDVAASPWLLLLLVGASWLLAHVLAWTYAFYDNCRR]
CYP4F3Human . .MPQLSLESLGLWPMAASPWLLLLLVGASWLLARILAWTYTFYDNCC

CYP4F4 Rat « .MPQLDLEWLGLRLETSLPWLLLLLIGASWLLVRVLTQTYIFYRTYQH
CYP4F1 Rat . .MSQOLSLEWLGLCGPEVAFPPWQTLLLFGASWILAQILTQIYAAYRNFRR
CYP4Fé6 Rat e .MLOLSLERLCGMGSLTASPWHLLLLGGASWILARILAWIYTFYDNCCR.
CYP4F5 Rat .« -MPWLTVZCGLDLGSVVTSTWHLLLLGAASWILARILAWTYSFCENCSR;

CYP4F7 Seabass MPLLQGVLEHILSWIGLCQVLFVVWTLLGAVVVVWTAKLLVRHVWY THR]

CYP4F2 Human
CYP4F3 Human
CYP4F4 Rat
CYP4F1 Rat
CYP4Fé6 Rat
CYP4F5 Rat
CYP4F7 Sea bass

CYP4F2 Human
CYP4F3 Human
CYP4F4 Rat
CYP4F1 Rat
CYP4F6 Rat
CYP4FS5 Rat
CYP4F7 Sea bass

CYP4F2 Human
CYP4F3 Human
CYP4F4 Rat
CYP4F1 Rat
CYP4F6 Rat
CYP4F5S Rat
CYP4F7 Sea bass

CYP4F2 Human
CYP4F3 Human
CYP4F4 Rat
CYP4F1 Rat
CYP4F6 Rat
CYP4F5 Rat
CYP4F7 Sea bass

BGVDDFLQAKAKS.
PSCVDDFLQAKAKS.

CYP4F2 Human
CYP4F3 Human
CYP4F4 Rat
CYP4F1 Rat
CYP4F6 Rat
CYP4FS Rat
CYP4F7 Sea bass

CYP4F2 Human
CYP4F3 Human
CYP4F4 Rat
CYP4F1 Rat
CYP4F6 Rat
CYP4FS Rat
CYP4F7 Sea bass

CYP4F2 Human
CYP4F3 Human
CYP4F4 Rat
CYP4F1 Rat
CYP4F6 Rat
CYP4F5 Rat
CYP4F7 Sea bass

VSPGSCTTHOS
GLSWVLYHEAK
GLSWILYNLAR

MAEMKVVLALTL
MKVVLGLTL
MEVALALTL

BMEKVALALTL
IKVALALTL
SMKVVVALTL
TSSRGGFDsS

FIG. 2. Alignment of the deduced amino acid sequences of sea bass CYP4F7 with human CYP4F2 and CYP4F3, and rat CYP4F1,
CYP4F4, CYP4F5, and CYP4F6. Residues conserved in all sequences are shaded.

strates (fatty acids, prostaglandins, leukotrienes) and
the catalytic variability among CYP4s. The CYP4F7
sequence was compared to all other full CYP4 se-
guences available in GenBank to infer the phylogenetic
relationships between the mammalian, insect, and fish
CYP4 genes. These CYP4 sequences were also com-
pared to representative mammalian and fish members
of gene families CYP1, 2, 11, and 17. A phylogenetic

tree was generated using the distance-matrix method
(Fig. 3). All vertebrate CYP4 sequences clustered to-
gether but the CYP4Fs formed a group quite distinct
from the others (CYP4As, CYP4Bs, and CYPA4T2).
These data may be correlated with the fact that
CYP4Fs have specific metabolic functions, quite differ-
ent from those of the other CYP4s. Within the CYP4Fs
subgroup, the fish sequence formed a separate branch.
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Rat CYP11A1

Trout CYP11A1

Fruit fly CYP4D2

Fruit fly CYP4E2

Fruit fly CYP4D1

Cockroach CYP4C1

Tobacco hornworm CYP4M2

Sea bass CYP4F7

Rat CYP4F5
rl: Rat CYPre

Rat CYP4F1
Rat CYP4F4
Human CYP4F3
Human CYP4F2

Sea bass CYP4T2
Human CYP4A11
Rabbit CYP4AS
Rat CYP4A1

——— Rat CYP4A2

|: Rabbit CYP4B1
Rat CYP4B1

Rat CYP17

1

Trout CYP17

_|

Rat CYP2E1

Trout CYP2K1

—]

Rat CYP1A1

Sea bass CYP1A1

FIG. 3. Phylogenic tree of the full length CYP4 sequences inferred by the distance-matrix method using the Clustal X program. Distances
between genes are represented by the sum of their horizontal separation. The scale bar indicates the distance corresponding to 10 differences

in 100 positions.

Most of CYP4s are suspected to be involved primar-
ily in endogenous metabolic pathways. Mammalian
CYP4F catalyse w-hydroxylation, and thus inactiva-
tion of the potent proinflammatory agent LTB4 (7, 8).
They play an important role in regulating the biologi-
cal activity of LTB4 and their concentration in the
organism (10). Thus, these enzymes might serve as a
negative feedback mechanism involved in the modula-
tion of some inflammatory responses. To date, CYP4F
enzymes were isolated only in human and rat (8, 11,
23, 24). These enzymes are predominantly expressed in
liver (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
bass tissues, Northern blot analysis were performed
with full length, 5’-end, or 3’end cDNAs of CYP4F7 as
digoxigenin-labeled probes. The same results were ob-

tained with the various probes (not shown). As pre-
sented in Fig. 4, CYP4F7 transcripts are exclusively
present in the kidney of untreated sea bass. The
CYP4F7 cDNA hybridized to a unique band of 2.1 kb,
which is the expected size for the CYP4F7 transcript.
While the major site of expression for most CYPs in
mammals is the liver, it appears that the kidney is a
key organ for the expression of various P450s in fish
(13, 15). CYP1A and CYP2K4 isoforms are strongly
expressed in trunk kidney of male rainbow trout, and
expression of CYP3A27 increases with age in this tis-
sue (Sabourault, unpublished results, 13).

Sea bass were also treated with various xenobiotics,
such as peroxisome proliferators, and some “classical
inducers” of other CYP families (benzo[a]pyrene, pro-
chloraz, ethanol). For each fish, RNAs were isolated
from 7 organs and analysed. No CYP4F7 transcript
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was detected in tissues other than kidney, even in
treated sea bass (data not shown). No induction of
CYPA4F7 was seen in kidney of xenobiotic-treated ani-
mals. While the amounts of renal mMRNAs in clofibrate-
and 2,4-D-treated sea bass was slightly affected, a
treatment of fish by prochloraz or acetone resulted in a
40% decrease of the transcripts (Fig. 5). The lowest
amount of CYP4F7 mRNA was found after a treatment
by DEHP, benzo[a]pyrene, or ethanol (40% of the con-
trol). It is noteworthy that ethanol inhibits the LTB4
metabolism in rat hepatocytes (25), and that benzo-
[a]pyrene induce an inflammatory response in mouse
skin (26). Thus it appeared that this isoform is not
inducible by xenobiotics, unlike the sea bass CYP4T2,
which was strongly induced by DEHP or 2,4D (15).

CYPs belonging to 7 families (CYP1, CYP2, CYP3,
CYP4, CYP11, CYP17, and CYP19) have been isolated
from fish, especially from rainbow trout (13). Most of
them (except for the CYP1A) are involved in endoge-
nous metabolism, such as fatty acids hydroxylation or
steroid biosynthesis. In view of the biological impor-
tance of CYP4F genes in mammals, it is not so surpris-
ing to find a member of this CYP4 subfamily in fish.
However, the tissue-specific expression of CYP4F7 in
kidney is quite unexpected as compared to mammals.
Little is known about LTB4 generation and its biolog-
ical activities in fish. Their potential pro-inflammatory
ability has not been tested. Leukotrienes B4 are pro-
duced by the macrophages and by the thrombocytes
(platelet equivalent cells) in rainbow trout (27, 28). The
presence of putative receptors for LTB4 on trout mac-
rophages was reported (29), suggesting a biological
mechanism similar to that in mammals.

The tissue-specific and constitutive expression of the
CYPA4F7 gene in sea bass kidney, and the great homol-
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CYP4F7:2.1Kb —p 185

44— rpl17: 0.6 Kb

Exp : 30 min

FIG. 4. Blot analysis of total RNA from various sea bass tissues.
Total RNA (20 ug per lane) were separated on a 1.2% denaturing
agarose gel, transferred to a nylon membrane, and hybridized with a
digoxigenin-labeled CYP4F7-specific probe (5'end). As a loading con-
trol, the membrane was cohybridized with a rpl 17 probe, which is
constitutively expressed.
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NCD24P BE A

CYP4F7: 2.1 Kb ——p :

44— rpl17: 0.6 Kb

Exp : 30 min

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

ogy with mammalian CYP4F isoforms suggest an im-
portant physiological role that remains to be estab-
lished. Heterologous expression of the gene and the
screening of potential substrates will be required to
identify the physiological substrates and roles of this
new CYP4.
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