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Cytochrome P4501 (CYP1) family enzymes are most active in hydroxylating a variety of environmental
contaminants including Polyaromatic Hydrocarbons (PAH), planar polychlorinated biphenyls and
arylamines. CYP1B which belongs to the cytochrome P450 superfamily of genes, is involved in the
oxidation of endogenous and exogenous compounds, and could potentially be a useful biomarker in
fish for exposure to arylhydrocarbon receptors (AhR) ligands. In this study, a new complementary DNA
(cDNA) of the CYP1B subfamily encoding 1B1 was isolated from Nile tilapia (Oreochromis niloticus)
liver after intracoelomic injection with benzo (a) pyrene (BaP). The full-length cDNA was 2107 base pair
(bp) long and contained a 5' noncoding region of 29 bp, an open reading frame of 1527 bp coding for
508 amino acids and a stop codon, and a 3' noncoding region of 551 bp, respectively. The deduced
amino acid sequence of Nile tilapia CYP1B1 shows similarities of 79.7, 70.3, 65.7, 65.4, 65.0, and 63.7%
with Plaice CYP1B1, Japanese eel CYP1B1, zebra fish CYP1B1, common carp CYP1B1, common carp
CYP1B2 and Channel catfish CYP1B1, respectively. The phylogenetic tree based on the amino acid
sequences clearly shows tilapia CYP1B1 and Plaice CYP1B1 to be more closely related to each other
than to the other CYP1B subfamilies. Furthermore, real-time PCR was used for measuring BaP
induction of CYP1B1 mRNA in different organs of tilapia (O. niloticus), using B-actin gene as internal
control, and the results revealed that there was a large increase in CYP1B1 mRNA in liver (22.8),
intestine (2.0) and muscles (1.3).
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INTRODUCTION
CYP enzymes constitute a unique superfamily of heme- system. This system is involved in the oxidative metabo-
containing proteins that are bound to the membrane of lism of a wide variety of xenobiotics such as drugs, carci-

the endoplasmic reticulum and play a crucial role as an nogens, and environmental disrupters, as well as endo-
oxidation-reduction compound of the monooxygenase genous substrates such as steroids and fatty acids (Nebert
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and Gonzalez, 1987; Nelson et al., 1996). Most chemical
carcinogens in the environment are chemically inert in
them and require metabolic activation by CYP enzymes
to exhibit carcinogenicity in experimental ani-mals and

humans (Conney, 1982; Guengerich and Shimada, 1991).

Previously, CYP1A enzymes were thought to be the only
enzymes responsible for the metabolic activation of most
carcinogenic PAHSs to reactive electrophiles in mice, rats
and rabbits (Conney, 1982).

However, recently CYP1B genes have been isolated
from mammals and, in common with the CYP1A family,
they are transcriptionally activated by PAH, and their
protein products metabolise PAH (Savas et al., 1994,
Zhang et al., 1998). Indeed, metabolism and carcino-
genesis studies have recently shown CYP1B1 to be a
critical and necessary enzyme in the activation of several
xenobiotics, most notably the PAH 7, 12-dimethyl- ben-
zanthracene (DMBA) (Shimada et al., 1996; Buters et al.,
1999), they reported that CYP1BL1 is located exclusively
at extra hepatic sites and mediates the carcinogenesis of
DMBA.

Shimada et al. (1996, 2002) also reported that CYP1B1
participates with CYP1Al and CYP1A2 in the activation
of 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin, benzo (a) pyrene
and related carcinogens causing initiation of cancers in
human and mice.

Phylogenetic analysis of CYP1 family sequences indi-
cated that mammalian CYP1A and CYP1B lines diverged
before the evolutionary emergence of mammals, sugges-
ting the possible existence of CYP1B in fishes (Nelson et
al., 1996). In a preliminary report, Godard et al. (2000)
described the occurrence of CYP1B-like sequences in
the fish species scup and plaice. Subsequently, the full-
length plaice sequence was obtained and classified as a
CYP1B1 (Leaver and George, 2000).

For carp (Cyprinus carpio), two CYP1B sequences
have been submitted to GeneBank namely CYP1B1 and
CYP1B2 (El-Kady et al., 2004a, 2004b). BaP, a member
of the PAH family, is rapidly metabolized often into
unstable byproducts such as epoxides, which have

mutagenic and cytotoxic effects (Miller and Ramos, 2001).

Thus, it elicit toxic effects at least in part by activating the
AhR (Denison and Nagy, 2003), and AhR activation has
been shown to affect the transcription of CYP isozymes
1A and 1B1 (Nebert et al., 2000). Therefore, in this study,
the fish Oreochromis niloticus was used as a model orga-
nism to investigate the central hypothesis that CYP1B is
involved in the molecular mechanisms of BaP-mediated
toxicity.

Successful completion of this aim will provide a greater
molecular understanding of this important P450 gene and
its role in the mechanisms of action of PAHs. This
research will further define the utility of O. niloticus fish as
a model organism for studying PAH-associated toxicities.
To achieve such a purpose, cDNA of the CYP1B1 gene
was isolated from the liver of O. niloticus fish after intra-
coelomic injection with BaP and sequenced. Phylogenetic
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analysis was performed to assess the relation-ship of this
newly identified CYP1B1 gene with other CYP1B family
members, and the expression pattern of CYP1B1 mRNA
was determined in liver, intestine and muscle of tilapia
using real -time PCR.

MATERIALS AND METHODS
Treatment of fish

Nile tilapia with a mean weight of 500 g were obtained from a local
fish farm and were treated with a single intracoelomic injection of
BaP (100 mg/ kg body weight) suspended in corn oil. Simulta-
neously, with the treated fish, control fish of similar mean weight
was intracoelomicly injected with an equivalent volume of the vehi-
cle (corn oil). The treated and control fish were killed 24 h after the
injection and samples of liver, intestine and muscles were collected,
immediately frozen in liquid nitrogen and stored at -80°C.

RNA isolation

Total RNA was isolated from 2 g of each of the samples of frozen
liver, intestine and muscles according to the Standard Acid
Guanidinium Thiocyante Phenol Choloroform (AGPC) extraction
method (Chomczynski and Sacchi, 1978). Total RNA concentration
and purity were determined spectrophotometrically as described by
Sambrook and Russel (2001), and Azeo/Azso ratio were between 1.7
and 1.9. Poly (A)" RNA was purified using an Oligotex-dt30 <super>
mRNA purification kit (Takara, Japan).

Reverse transcriptase-assisted polymerase chain reaction

Reverse transcription of mMRNA was performed with Superscript Il
reverse transcriptase (Gibco BRL,USA) to generate 5'-RACE-
Ready and 3- RACE-Ready first strand cDNA using a SMART™
RACE cDNA amplification kit ( Clontech, USA) according to the
manufacture’s protocol.

Oligonucleotide primers and PCR amplification of tilapia
CYP1B1 cDNA fragment

Degenerate primers (Genenet.co.jp) were designed based on the
conserved regions of four fishes CYP1B sequences retrievable
from GenBank (Table 1). The sense primer (5- GGR AGC ATM
GTG GAY GT -3'; where Risfor Aor G; Mfor AorCand YisforT
or C) and the antisense primer (5'- GTG SGG RAT GGT KAS
RGG -3'; where S is for G or C; R is for A or G, and K for G or T).
PCR reactions contained cDNA (2.5 pl), 200 uM each of dNTPs,
100 pM each of degenerate primers, 0.25 pl Taq Polymerase Mix,
and 10x reaction buffer in a final volume of 50 pl. The cycling con-
ditions were as follows: Initial denaturation step at 94°C for 150 s
followed by 35 cycles of 94°C for 30 s, 58°C for 30 s, 72°C for 1 min
and ended by a final extension step at 72°C for 5 min. PCR pro-
ducts were analyzed on 1% agarose gels. The DNA band of expec-
ted size was excised with a scalpel, purified using GFX PCR DNA
and a gel band purification kit (GE Health Care, UK), the PCR pro-
ducts obtained were cloned into PT7BlueT- vector (Novagen, USA).
Purified plasmids were directly sequenced by dye terminator cycle
sequencing using an ABI PRISM dye terminator cycle3130 x| DNA
sequencer.
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Table 1. CYP1B genes used in designing of degenerate primers.

Accession number

Gene Specie
CYP1B1 common carp
CYP1B2 common carp
CYP1B1 Japanese eel
CYP1B1 channel catfish

AB048942
AY437775
AY518340
DQO088663

Table 2. Oligonucleotide primers used in PCR amplification of Tilapia CYP1B1 cDNA fragments.

Primer Nucleotide Sequence Nucleotide location
F1 5'- GGACGTTATGCCCTGGCTGCAGTA -3' 662-685
F2 5'- ACTTCCCCAACCCCATCAAAACCA -3 685-708
R1 5'- CGGTGTAGCCCATGATGGATGTG-3' 1139-1161
R2 5'- TCCTGCTGGAGACGCACCTGTATC-3' 974-997
Table 3. Real-Time PCR primers of Oreochromis niloticus CYP1B1 and B-actin genes.
Gene Primer description  Sequence (5'-3') Location Product size
CYP1B1 F 5- TTACGTCATGGCCTTCATCTAC -3 1058- 1079 122 bp
R 5'- ATGACTGTGTTCTTTGGTACGG -3' 1159-1180
B-actin F 5'-GGGTCAGAAAGACAGCTACGTT-3' 42-63 143 bp
R 5-CTCAGCTCGTTGTAGAAGGTGT-3' 164-185

3'and 5' RACE PCRs for full length cDNA

Four gene-specific primers (GSP) were designed based on the
sequence obtained from PCR with degenerate primers. The primer
pairs GSP-F1 and GSP-R1 (Genenet.co.jp) in combination with the
universal primer mix included in a RACE PCR kit were used for the
initial 5'- and 3'-RACE, respectively (Table 2). Initial 5'- and 3'-
RACE PCR reactions were diluted by 50-fold using tricine EDTA
buffer and a 5 pl aliquot of diluted PCR reactions was used in each
of 50 pl nested-PCR reactions using primers GSP-F2 and GSP-R2
in combination with the nested universal primer mix included in a
RACE PCR kit for 5'- and 3'-RACE, respectively. The initial RACE
PCR reactions contained the same components as in the degene-
rate primer PCR except that the final concentration of each primer
was 20 uM. PCR conditions were 5 cycles of denaturation for 30 s
at 94°C and annealing for 3 min at 72°C; 5 cycles of denaturation at
94°C for 30 s, annealing at 70°C for 30 s, and extension for 3 min at
72°C and finally 35 cycles of denaturation at 94°C for 30 s, annea-
ling at 68°C for 30 s and extension at 72°C for 3 min. Nested-PCR
reactions contained the same components as in the initial PCR
except that diluted initial PCR products (5 pl) were used instead of
the Race cDNA as the template and the nested universal primer (10
UM) was used instead of the universal primer mix.

The cycle conditions for the nested-PCR were as follows: 35
cycles of 94°C for 30 s, 68°C for 30 s and 72°C for 3 min. PCR pro-
ducts were purified, cloned and sequenced as previously described.
Sequence has been deposited in the GenBank/NCBI data bank
with an accession number HQ829968.

Phylogenetic analysis

DNA sequences with the following GenBank accession numbers
were retrieved from the database and used in the phylogenetic

analysis: AB048942 (common carp CYP1B1), AY437775 (common
carp CYP1B2), AY518340 (Japanese eel CYP1B1), DQ088663
(channelcatfishCYP1B1), AJ249074 (Plaice CYP1B1)and AY727864
(zebra fish CYP1B1). In order to determine homology among CYP1B
family cDNAs or deduced amino acid sequences from various
species, sequence alignment was performed by the CLUSTAL W
method using Laser gene Megalign program (Ver 5.52,2003,
DNASTAR Inc).

CYP1B1 expression in different organs of Orochromis niloticus
using real -time PCR

Reverse transcription

Reverse transcription of the RNA samples isolated from liver, intes-
tine and muscles was performed using Primescript™ RT reagent kit
(Takara, Japan) according to the manufacturer’s instructions. Reac-
tions were incubated for 15 min at 37°C then 5 s at 85°C to inacti-
vate the reverse transcriptase. RT products were stored at 4°C for
further PCRs.

Primer design for real- time PCR reaction

Primers for O. niloticus CYP1B1cDNA and B-actin cDNA (accession
no. EU887951), as an internal standard (Table 3) were designed
using Laser gene primer select program (Ver5.52, 2003, DNASTAR
Inc), with melting temperatures (Tn) ranging from 58 to 60°C, and
amplicon lengths of 50 to 150 bp. Optimal programmed primer
annealing temperatures were designed closely so that the optimal
annealing temperatures were close enough to run all reactions
under the same thermal parameters.
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Table 4. Percent identities of deduced amino acid sequences of fish CYP1B gene subfamilies.

Plaice J.eel Zebrafish Common Common Ch.catfish

CYP1B1 CYP1B1 CYP1B1 carp CYP1B1 carp CYP1B2 CYP1B1
O. niloticus CYP1B1 79.7 70.3 65.7 65.4 65.0 63.7
Plaice CYP1B1 67.2 63.2 63.1 63.0 62.2
J.eel CYP1B1 64.0 64.5 64.6 62.1
Zebrafish CYP1B1 84.6 85.0 67.1
Common carp CYP1B1 92.3 67.6
Common carp CYP1B2 68.0

Real-time PCR conditions and analysis

Each PCR reaction consisted of 10 pl of SYBR® Premix Ex Tag™ Il
(2X), 10 puM of each primer, 2 pl of cDNA template and double
distilled water to a final volume of 20 pl. Reactions were then
analyzed on an ABI 7300 Real-Time PCR System under the
following conditions: 35 cycles of 94°C for 30 s, 58°C for 30 s and
72°C for 3 min. All standard dilutions, no template controls and
induced samples were run in triplicates. The fluorescence signals
were measured at the end of each extension step. The threshold
cycle (Cy) was determined for each sample using the exponential
growth phase and the baseline signal from the fluorescence versus
cycle number plots. To ensure that a single product was amplified,
melt curve analysis was performed on the PCR products at the end
of each PCR run. The amount of CYP1B1 mRNA, normalized to -
actin mRNA, was given by the formula 2-AACT; where CT is the
threshold cycle indicating the fractional cycle number at which the
amount of amplified CYP1B1 reached threshold. The ACT value is
determined by subtracting the average B-actin CT value from the
average CYP1B1 CT value. Then, the calculation of AACT involves
subtraction of the ACT value of the calibrator (in our case the
calibrator was average ACT value of control fish response in the
BaP studies) from ACT value of each sample. Accordingly, CYP1B1
mRNA levels were reported as fold change in abundance relative to
the average calibrator response.

Statistical analysis

The statistical differences between the groups were determined,
and the data expressed as mean + standard deviation. Excel
(Microsoft, NY) were used to analyze the data, and Student’s t test
was used for the comparisons. A P-value <0.05 was considered
significant. At least three determinations were carried out for each
data point.

RESULTS AND DISCUSSION
Nucleotide sequence analysis of CYP1B cDNA

An important recent finding in fish is that they have
CYP1B and now CYP1C genes, CYP1B was first cloned
in plaice (Pleuronectes platessa) (Leaver and George,
2000), then cloned in carp (El-Kady et al., 2004a, 2004b),
channel catfish (Ictalurus punctatus) (Kristine et al., 2006)
and zebrafish (Hou-Chu Yin, 2008). In both plaice and

channel catfish, only a single isoform of CYP1B has been
identified, whereas both CYP1B1 and CYP1B2 genes
have been cloned in carp (Cyprinus carpio). In this study,
a new cDNA of the CYP1B subfamily encoding CYP1B1
was isolated from Nile tilapia. The nucleotide sequence
(Figure 1) contained a 5' noncoding region of 29 bp, an
open reading frame of 1527 bp coding for 508 amino
acids and a stop codon, and a 3' noncoding region of 551
bp. The predicted molecular weight was 57.67 KDa. The
sequence had one polyadenylation signal (AAGAAA) and
a poly A tail of 30 nucleotides. This sequence was aligned
with the previously mentioned sequences by CLUSTAL
W (Thompson et al., 1994) using Lasergene Megalign
program, version 5.52, 2003 (DNASTAR Inc).

Comparison of amino acid sequences

Table 4 shows the percent identities of deduced amino
acid sequences of O. niloticus CYP1B1 with the other fish
CYP1B genes. The highest identity was 79.7% with
plaice CYP1B1, followed by 70.3% with Japanese eel
CYP1B1, 65.7% with zebra fish CYP1B1, 65.4% with
common carp CYP1B1, then ended by 65% with common
carp CYP1B2 and 63.7% with channel catfish CYP1B1.
These results suggested that the obtained amplification
product corresponds to tilapia CYP1B1 as it has more
than 55% amino acid identity with other fishes CYP1Bs.

Phylogenetic analysis

The phylogenetic tree based on the amino acid sequen-
ces were used to assess the relationship of CYP1B1 of O.
niloticus with those of other fish species.

Figure 2 clearly shows tilapia CYP1B1 and plaice
CYP1B1 are more closely related to each other than to
the other CYP1B subfamilies. As sequences from other
species accrue, it is clear that many teleost fish possess
a complement of three CYP1 subfamilies, CYP1A,
CYP1B and CYP1C, and that the CYP1Bs and CYP1Cs
together constitute a sister clade to the CYP1As (Godard
et al., 2005).
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ATCARCGCAGAGTACECGGEGTGACATGE -Z39

ATGACTCTGCTGET GTCCC TGO ACCT GTT TCGET GG CTE TG TCGEC MECGETCCCATTC CT GOC CECCC GECCCCC TCGOC TEGCC G TCATC GEG AL CEC M CECAECTT GET ALOGE. 120
M T L LV L HELVFRWIUILCEROOQRZ EHSEEC?P P PLDLLWPEPVIOGNDLZL?POJQQLGHNDL 40

CCGCACTIGTATTTTRCECECT TGET GAA LA LAT ACCEC AL CET CT TCC AG ATC AL GCT CECCAGT CeEAC CETEE TECTECT GAACCEEE CE TCAAT CAARC MECCECTEETCALECAG 240
P HL ¥ FTRLUYVEKIE EKZTYOEGEGHNVVVVFQII EKILSG?SE:UBRTITUWVY VL NGOG IUEUJQLLTVESZ®J 20

GECTCOGACTICTCOEECAGAC CGEACTT CACCT CCTTC CAGTACA TCT CC AT GEGEAGACCATEGCE TT TE CCALC TCC AC GEACT GET CEAMA CT CTACCECAARE TEECCCLETCC . 360
& 5 D F S5 RPUDUFTOS FQUTYIS NGESHOLZTFOGNSTTUDWWETYTYZRETYHARJQS 120
ACARGTOCGEATGTTTICCACAGGGRARCCCCCARA CT ARG AR GACGT TTGAR RATCRACET GO TCAGT GRGGECA RAG A CTE T GO TET TTCTGAGGARRR CGARGEAGEACRARTRAC 480
T VR M F 5 TG NUP QT K KT FEDNUHV VLS EGIEKETLTLUZ RTLTEFTULUZBRIETETETDIEKTY 160
TTTCAGCOCCTGACCTACC IO TG T GTICCACTG OO ART AT AR T G GCGCEET T TECTT TR GEA RGAGETACT CCT AT GAR GA TEA GEAGT TTCAGCRAGET GG TEEECAGERACGACCRAG 600
F g P L TTY LV V 5TUA2DNTIMKMSEHSRTYOCTFOGEDRTYS Y EDETETFQQQVV G R NTDAQ Z00
TTCACCARGACT GT ASGEGCAGGGAGCAT METGGACGTT AT GCCCT GGC TECAGTACTT CCCCA M CCCAT CARAA CCATC TT TGARA MCT TTAAGARGCTCARMCCTEGAGTITAGTGCA  T20
F TXKTVVG&6GLWLGEG S I VD VHMPWIL QY FPNUPTIIEKTTITFEWNTFIEIEKTLDHNTILETFSDL 240
TTCGTTCGAGAT AR AST TGTGGAGCACAGAR AL CAATCGATTC AL GCACCATC AGAGATATGACT GAT GCCT TTATAGTGEC GCT GEACCAR ATACGAGATAMGATEGEACTTCCTGRAG B840
F vVRD KEVYEHREKETTITDSSETTIBRDMTTIDLZTFTIUVAE2ILDOJQTIUZ RDEMTGTLT?PE 280
AR ACACT AT GTGTCCTICCACAG TCEGECA TG TAT TTGGAGC ARG TC ARG AC ACACT GTC GACTECC CTG CAGT GEATC ATCCT CAT TCTOG TC ARG TATCCACACATAC AGETGOGTCTIC 560
KD YWV s TV EDVEF &GELSE QD TULETLAWLQWIILITLYVYETT? EP?PETIOGQTUVZERIEIL 320
CAGCLGGAGETGEACAR METEE TEEACCEEAGCCET CTCCCTEC TATCEAC GAC CAGCAGC AGC TECCT TACE TCATEGCC TT CAT CT AMOGAG CTGAT GOGCT TCACAAGT TTCGTCCCT 1080
¢ 2 EVDEKEVVIDRSERVYV?PZLIETDOQOQQQTILUPYVHHRTFTIZYETV YVYMMRTEFTSETFTVTE 360
CTCACCATCCCCCACTCCACCACCACACACACATCCATC AT GEECT RCACCETACC AAA GAACA CAGTC AT CT TCATC LAC CAGTCET CTCTCAAT CATGACCCARGCARTTEGTCCCAL 1200
L T I P H 5 TTTDT S TIMOGTYTV P KEKNTVIVFIMNUG WSV NHDZPSNW S O 400

CCRGATATCTTTGRCOCRGRECGCTTOCT GERCOCAGRECGE GCTGRATRRAGRCTT GROCGECARCGT GCTOCTCTIC TCOCT GEECRARGOGECEETGCATOREOGAGERECTEICC 1320
CCRGATATCTTTGRCCCRGRGCGCTTCCT GEACC AGAGC GEAAT G TEART RAR GR CTT GACCE L ARC GT GC TOCTC TIC TCOCT GG ECRA ARG CRECEGTGCATORGOGAGERECTEICC 1320

P DI FDOD PERY FLDOGQQOS GGGMLNIETLDLTOGDNUVILUILVF S5 LGEURUBERTCTITUGEETLS 440

GATGGRECTGTTCCT G TTACR G TCT CATRG CECRC CAGTGCRRCR TC AR GO CGR OO COG CA GT G OO G TEARR CTG GG CTACR RCT AT GET CT GRC TC TEA RGO CT CROGE C 1440

EMELVF L LT ALTIAARHESGQCHNTITH AZATDUP-ARVPEPV ETLTSGTYWHNTEYTGLTTULEHE?PHBATF 480

TCIGTAGOCETIGTCTGT GOGCGAT GRTAT GA RET TECTEEA RET RGATR OC AGT CRGOC CTCAT CAGRC TC RC AR R CR R AR GA R TR R TTRGATTC AR BCTATATGECACTRRR RGRCRT 1560

5 VAV § VRDDMEKETLLEVDT S PS5 5D 5 QTEKE * s05

GUAGRGEL AR M TRGR R TT TRGCT TTT GT TTGRAG G T GRGCACC ATATT TRA TR TCT GERRA TC TCRGECC GCTITTTGCTITITGATCCCATATRCACCATTTRARLATAT 120
TTCATGET IO RGO AGECTGA TT TAR CR GO TT TR TT RO GRCTT AT TCT AR TCR G GOC RG AR R GR AR CRGCC TIGETATC CRRAT CR BB G AR GRC GT RCA TCT TG TRGROGCT l2oo
TCICACCTGEAT CARTCTCACATC TR RCTTCARR AR CAC TC TCACRA TR CAGCC AGCAR TT AGECRCEC TCCT TTGAT TCATCRGATT. GEACT GCAGCRCATCGOCRGCTE CE 1320

GEACTTTCARRGCR RGO CACAC TECCATT A TEAGT TOC AR TT T AT GRA R A GCR G ARG TT AR GO TET CECT TATTI TITTARTT GT TTITITGC TG TICTITIT IGCTGTCAGT TARA 2040

AGRARLCCRALARLLERL AL LRRLLELRRL R RLA L BE 2078

Figure 1. Nucleotide sequence (2107 bp) of cytochrome CYP1B1 cDNA and its deduced amino acids (509) residues.
Consensus sequence for polyadenylation signal (AAGAAA) is in bold. The stop codon, TAA, is marked with an asterisk.

Characteristic structural features of Oreochromis tein with those of common carp CYP1B1 (accession no.

niloticus CYP1B1 protein AB048942), common carp CYP1B2 (accession no.
AY437775), Plaice CYP1B1 (accession no. AJ249074),
Substrate recognition sites (SRSs) Japanese eel CYP1B1 (accession no. AY518340),

channel catfish CYP1B1 (accession no. DQO088663),
Sequence alignment of tilapia (O. niloticus) CYP1B1 pro- zebra fish CYP1B1 (accession no. AY727864) indicated
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Figure 2. Phylogenetic tree of fish CYP1B1 cDNAs using the amino acid sequences of fishes.

that O. niloticus protein contain six separate substrate
recognition sites (SRSs) (Figure 3). Location and amino
acids sequences of the substrate recognition sites (SRSs)
according to Gotoh (1992) are indicated as follows (Table
5).

Highest structural conserved regions: Deduced amino
acid sequence of O. niloticus CYP1B1 possesses all
major functional domains characteristics of previously
discovered CYP1B1 molecules including (Figure 3):

1) A putative heme-binding cysteine at position 484 in the
typical signature sequence of 477- FSLGKRRCIG-486,
this sequence is highly conserved among teleost CYP1B1s,
but an F477Y change (at position 477) exists in channel
catfish CYP1B1. Also, L479M (at position 479) changed
to Min channel catfish CYP1B1 and common carp CYP1B2
but changed to V (L479V) in common carp CYP1B1.

2) Threonine residue present in the I-helix at positions
348 in a signature sequence 344-ASQDT-348, this
conserved threonine is proposed to play a crucial role in
the binding of oxygen.

3) The proline rich region which is postulated to be crucial
for the correct conformation of microsomal CYPs is found
in the region downstream of the amino-terminal signal
anchor sequences in a signature sequence 70-
PPGPLAWP-77.

4) Arginine residue which is integral to enzymatic function
in a signature sequence of 448-WSQPDIFDPERF-459.

5) The absolutely conserved Glu-X-X-Arg motif in helix K,
this region is probably needed to stabilize the core
structure.

CYP1B1 mRNA level in different tissues of BaP
treated fish

PAHSs are belonging to persistent organic pollutants (POPSs),
which have become the focus of concern because of their
ever-growing level in the environment and wildlife. PAHs
mainly result from incomplete combustion of organic

materials and present in the air, soil and water (Gelboin,
1980; Chu et al., 2003; Chen et al., 2004). BaP, the most
potent carcinogen in the PAH family, is the unique
recognized carcinogen (a group 1 carcinogen) by the
International Agency for Research on Cancer (IARC,
1983; Straif et al., 2005). BaP can be metabolically
activated by CYP enzymes and epoxide hydrolase to
form DNA adducts, thus exerting its mutagenic and
carcinogenic effects. In the meantime, the metabolic
enzymes are also involved in the degradation and final
elimination of BaP. Therefore, the equilibrium and
modulation of the metabolic enzyme level are of great
significance to determine the damaging effects of BaP
under different micro environments (Nahrgang et al.,
2009; Vondracek et al., 2009; Shi et al., 2010). Therefore,
in this study, expression patterns of CYP1B1 mRNA were
determined in liver, intestine and muscle of tilapia after
intracoelomic injection of BaP using real -time PCR.
Results revealed that there was a large increase in
CYP1B1 mRNA in liver (22.8), intestine (2.0) and
muscles (1.3) (Tables 6, 7 and Figure 4). The liver was
chosen for its prominent role in xenobiotic and
endogenous substrate (for example, steroid) metabolism
by CYPs. Also, the induction of CYP1B1 in liver and
intestine provided a defensive mechanism against the
pollutants entering from the external environment.
Concerning with CYP1B1 expression levels in other fish
species, El-kady et al. (2004a) stated that carp exposed
to 3- methylcholanthrene had CYP1B1 messenger RNA
(mRNA) expression in liver, intestine and gill.

Kristine et al. (2006) study the induction of CYP1B
MRNA expression in BaP-exposed catfish (20 mg/kg intra
peritonealy after 4 days) and found that BaP exposure
significantly induced CYP1B message in blood (10.7 fold),
gonad (17.4 fold) and liver (13 fold) of laboratory catfish.
Also, Wolinska et al. (2011) evaluated lethal and sub-
lethal effects of BaP on mRNA expression of CYP1B1 in
zebrafish (Danio rerio) larvae exposed for 48 h to a BaP
concentration of 0.50 pmolsl, transcript quantification
performed on the pools of zebra fish larvae revealed signi-
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Figure 3. Sequence alignment of Tilapia CYP1B1 protein with those of other
fishes CYP1B1 and CYP1B2. The sequences were aligned using Clustal W.
The amino acid sequences in the red boxes indicate the positions
corresponding to the Substrate Recognition Sequences (SRSs) in CYP1B.
The amino acid sequences in the blue dashed boxes indicate proline rich
region, K region, conserved threonine residue, Arginine residue and a putative
heme-binding region respectively.
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Table 5. Location and amino acid sequences of the six SRSs in oreochromis

niloticus CYP1B1protein.

Location . .
Amino acid sequence
from To
SRS -1 134 156 GRPDFTSFQYISNGESMAFGNST
SRS-2 243 251 VGRNDQFT
SRS-3 286 301 FSAFVRDKVVEHRKTI
SRS-4 333 351 YVSSTVGDVFGASQDTLST
SRS-5 406 419 TSFVPLTIPHSTTT
SRS-6 517 524 LGYNYGLT

Table 6. Real time PCR results for Tilapia CYP1B1 and B-actin gene.

Tilapia CYP1B1

B- actin gene

Sample name

Mean C; Std Dev C; t-value Pr Mean C; Std Dev C; t-value Pr
L. cont 30.2° 0.88 8.77 <0.005 18.80a 0.17 1.34 >.0.025
L. ind 25.92° 0.4 19.03a 0.23
I. cont 28.78% 0.81 3.1 >0.025 17.54°% 0.1 5.52 < 0.005
| .ind 27.33% 0.07 17.06° 0.11
M. cont 21.332 0.12 10.21 17.91° 0.15 4.23
M. ind 23.48° 0.34 <0.005 19.64° 0.69 <0.025
Table 7. Amount of CYP1B1 mRNA, normalized to $-actin mRNA.
Sample name Tilapia CYP1B1 average C; B-actin gene average C;  AC; AAC; 2 Aact
L. cont 30.20 18.80 1140 -451 228
L.ind 25.92 19.03 6.89
I. cont 28.78 17.54 11.24 -0.97 2.0
l.ind 27.33 17.06 10.27
M. cont 21.33 17.91 3.42 0.42 1.3
M. ind 23.48 19.64 3.84

Where: L.cont: Liver control, L.ind: Liver induced, I.cont: Intestine control, l.ind: Intestine induced, M.cont: Muscle

control M. ind: Muscle induced.

25 4

B-actin mMRNA

Liver

Figure 4. Tilapia CYP1B1 mRNA normalized to -actin mRNA.

Intestine

Amount of tilapia CYP1B1 mRNA normalized to

mCYP1B

.

Muscle

6689
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ficant mRNA accumulation [ER = 26.11 (p<0.001)]. The
expression of CYP1B1 gene is regulated by AhR, which
forms an active transcription factor heterodimer with the
AhR nuclear translocator (ARNT) after ligand-binding
such as BaP, and consequently induces the expression
of the CYP1B1. Then, BaP is metabolized to form biolo-
gically active 7,8-dihydroxy-9,10-epoxy-7,8,9,10-tetrahy-
drobenzo (a) pyrene (BPDE) which can form several
kinds of adducts with DNA (Nahrgang et al., 2009;
Vondracek et al., 2009). These adduct may subsequently
lead to replication errors or mutations if not repaired in
time.

REFERENCES

Buters JTM, Sakai S, Richter T, Pineau T, Alexander DL, Savas U,
Doehmer J, Ward JM, Jefcoate CR, Gonzalez FJ (1999). Cytochrome
P450 CYP1B1 determines susceptibility to 7, 12-dimethylbenz[a]-
anthracene-induced lymphomas. Proc. Natl. Acad. Sci. 96:1977-
1982.

Chen B, Xuan X, Zhu L, Wang J, Gao Y, Yang K, Shen X, and Lou B
(2004). Distributions of polycyclic aromatic hydrocarbons in surface
waters, sediments and soils of Hangzhou City, China. Water Res.
38:3558-3568.

Chomczynski P, Sacchi N (1978). Single-step method of RNA isolation
by acid guanidinium thiocyanate-phenol-chloroform extraction. Anal.
Biol. Chem. 162:156-159.

Chu S, Covaci A, Schepens P (2003). Levels and chiral signatures of
persistent organochlorine pollutants in human tissues from Belgium,
Environ. Res. 93:167-176.

Conney AH (1982). Induction of microsomal enzymes by foreign chemi-
cals and carcinogenesis by polycyclic aromatic hydrocarbons: G.H.A.
Clowes memorial lecture. Cancer Res. 4:4875-917.

Denison MS, Nagy SR (2003). Activation of the aryl hydrocarbon recep-
tor by structurally diverse exogenous and endogenous chemicals,
Ann. Rev. Pharmacol. Toxicol. 43: 309-334.

El-Kady MAH, Mitsuo R, Kaminshi Y, Itakura T (2004a). cDNA cloning,
sequence analysis and expression of 3-methylcholanthrene- indu-
cible Cytochrome P450 1B1 in carp (Cyprinus carpio). Environ. Sci.
11 (4): 231-240.

El-Kady MAH, Mitsuo R, Kaminshi Y, Itakura T (2004b). Isolation of
cDNA of novel Cytochrome P450 1B gene, CYP 1B2, from carp
(Cyprinus carpio) and its induced expression in gills. Environ. Sci.
11(6):345-354.

Gelboin HV (1980). Benzo(a)pyrene metabolism, activation and carcino-
genesis: role and regulation of mixed-function oxidases and related
enzymes. Physiol. Rev. 60: 1107-1166.

Godard CAJ, Leaver MJ, Said MR, Dickerson RL, George S, Stegeman
JJ (2000). Identification of cytochrome P450 1B-like sequences in
two teleost fish species (scup, Stenotomus chrysops and plaice,
Pleuronectes platessa) and in a Cetacean (striped dolphin, Stenella
coeruleoalba). Mar. Environ. Res. 50:7-10.

Godard CA, Goldsone JV, Said MR, Dickerson RL, Woodin BR,
Stegeman JJ (2005). The new vertebrate CYP1C family: Cloning of
new subfamily members and phylogenetic analysis. Biochem.
Biophys. Res. Commun. 331:1016-1024.

Gotoh O (1992). Substrate recognition sites in cytochrome P450 family
2 (CYP2) proteins inferred from comparative analyses of amino acid
and coding nucleotide sequences. J. Biol .Chem. 267:83-90.

Guengerich FP, Shimada T (1991). Oxidation of toxic and carcinogenic
chemicals by human cytochrome P-450 enzymes. Chem. Res.
Toxicol. 4 (4):391-407.

Hou-Chu Yin, Hua-Pin Tseng,Hsin-Yu Chung, Chin-Yi Ko, Wen-Shyong
Tzou, Donald R Buhler, Chin-Hwa Hu (2008). Influence of TCDD on
Zebrafish CYP1B1 Transcription during Development. Toxicol. Sci.
103(1):158-168.

IARC (1983). in: IARC (Ed.), Monographs on the Evaluation of Carcino-
genic Risk of Chemicals to Man: Polycyclic Aromatic Hydrocarbons,
IARC, Lyon: pp. 211-224.

Kristine L Willett , Shobana Ganesan, Monali Patel, Christine Metzger ,
Sylvie Quiniou , Geoff Waldbieser, Brian Scheffler (2006). In vivo and
in vitro CYP1B mRNA expression in channel catfish. Marine Environ.
Res. 62: S332-S336.

Leaver MJ, George Sg (2000). A cytochrome p450 1B gene from a fish,
Pleuronectes platessa. Gene. 256: 83-91.

Miller KP, Ramos KS (2001). Impact of cellular metabolism on the
biological effects of benzo(a)pyrene and related hydrocarbons. Drug
Metabolism Rev. 33:1-35.

Nahrgang J, Camus L, Gonzalez P, Goksgyr A, Christiansen JS, Hop H
(2009). PAH biomarker responses in polar cod (Boreogadus saida)
exposed to benzo(a)pyren. Aquat. Toxicol. 94: 309-319.

Nebert DW, Gonzalez FJ (1987). P450 genes: structure, evolution, and
regulation. Ann. Rev. Biochem. 56: 945-93.

Nebert DW, Roe AL, Dieter MZ, Solis WA, Yang Y, Dalton TP (2000).
Role of the aromatic hydrocarbon receptor and (Ah) gene battery in
the oxidative stress response, cell cycle control, and apoptosis.
Biochemical Pharmacology 59:65-85.

Nelson DR , Koymans L , Kamataki T, Stegeman JJ , Feyereisen R,
Waxman DJ , Waterman MR, Gotoh O, Coon MJ, Estabrook RW,
Gunsalus IC, Nebert DW (1996). P450 superfamily: update on new
sequences, gene mapping, accession numbers and nomenclature.
Pharmacogenetics. 6:1-42.

Sambrook J, Russel DV (2001). Molecular cloning: a laboratory manual,
3rd ed edition, cold spring harbor laboratory. N.Y. 1:7.13-7.17.

Savas U, Bhattacharyya KK, Christou M, Alexander DL, Jefcoate CR
(1994). Mouse cytochrome P-450EF, representative of a new 1B
subfamily of cytochrome P450s - cloning, sequence determination
and tissue expression. J. Biol. Chem. 269: 14905-14911.

Shi Z, Dragin N, Miller ML, Stringer KF, Johansson E, Chen J, Uno S,
Gonzalez FJ, Rubio A, Nebert DW ( 2010) . Oral benzo[a]pyrene-
induced cancer: two distinct types in different target organs depend
on the mouse Cypl genotype, Int. J. Cancer. 15.127(10):2334-50.

Shimada T, Hayes CL, Yamazaki H, Amin S, Hecht SS, and
Guengerich FP (1996). Activation of chemically diverse procarcino-
gens by human Cytochrome P450 1B1. Cancer Res. 56: 2979-2984.

Shimada T, Inoue K, Suzuki Y, Kawai T, Azuma E, Nakajima T, Shindo
M, Kurose K, Sugie A, Yamagishi Y, Fujii-Kuriyama Y, Hashimoto M
(2002). Arylhydrocarbon receptor-dependent induction of liver and
lung cytochromes P450 1A1, 1A2, and 1B1 by polycyclic aromatic
hydrocarbons and polychlorinated biphenyls in genetically engi-
neered C57BL/6J mice. Carcinogenesis. 23. Issue 7:1199-1207.

Straif K, Baan R, Grosse Y, Secretan B, El Ghissassi F, Cogliano V
(2005). Carcinogenicity of polycyclic aromatic hydrocarbons. Lancet
Oncaol. 6 :931-932

Thompson JD, Higgins DG, Gibson TJ (1994). CLUSTAL W: improving
the sensitivity of progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties and weight
matrix choice. Nucleic acids Res. 22(22): 4673-80.

Vondracek J, Krcmar P, Prochazkova J, Trilecova L, Gavelova M,
Skélova L, Szotékovéa B, Buncek M, Radilova H, Kozubik A, Machala
M (2009). The role of aryl hydrocarbon receptor in regulation of
enzymes involved in metabolic activa-tionof polycyclic aromatichydro-
carbons inamodel of rat liver progenitor cells. Chem. Biol. Interact.
180: 226-237.

Wolinska L, Brzuzan P, Woény M, Géra M, tuczynski M, Podlasz P,
Kolwicz, S, Piasecka A (2011). Preliminary study on adverse effects
of phenanthrene and its methyland phenyl derivatives in larval
zebrafish, Danio rerio. Environ. Biotechnol. 7 (1):26-33.

Zhang Y, Savas U, Alexander DL, Jefcoate CR (1998). Characterization
of the mouse CYP1B1 gene - Identification of an enhancer region
that directs aryl hydrocarbon receptor-mediated constitutive and
induced expression. J. Biol. Chem. 273:5174-5183.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nebert%20DW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gonzalez%20FJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thompson%20JD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Higgins%20DG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gibson%20TJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/7984417

