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Abstract — The liver cDNA encoding heme oxygenase-1 (HO-1} waquenced from European sea bBsseftrarchus
labrax) (accession number no. EF139130). The HO-1 cDNA %260 bp in nucleotide length and the open reafiarge
encoded 277 amino acid residues. The deduced amcidosequence of the European sea bass had 75%0&hddentity
with the amino acid sequences of tetraodontiforifiestraodon nigroviridisand Takifugu rubripey and human HO-1
proteins, respectively. A short hydrophobic transtbeane domain at the C-terminal region was found, faur histidine
residues were highly conserved, including humaf® tiet is essential for HO catalytic activity. RT-PCRntRNA from
eight different European sea bass tissues revéadgdin a homeostatis state, the heme oxygenasaslabundant in the
spleen and liver but not in the brain.

Key words: Heme oxygenase-1 cDNA, European sea laisentrarchus labraxcloning, tissue expression.

homeostasis. HO-1 gene expressi®megulated
INTRODUCTION by various stress stimuli such as UV-light (12),
trace metals (3,4) oxidative stresses (10),
pesticides (23,29), lipopolysaccharide (31), heat
Heme oxygenase (HO), a microsomal enzymghock (2), hypoxia (8) and hyperoxia (14).
catalyzes the rate-limiting enzymatic step oRecent studies have focused on the expression of
heme degradation. HO cleaves heme to forMO-1 in several disease states (27) including
three biologically active products: biliverdin, antransplant rejection, xenograft survival, acute
effective anti-oxidant and antiviral complex (5)renal injury (1), myocardial
which is further converted to bilirubin by ischemia/reperfusion, atheroscleroSince HO-
bilirubin reductase; carbon monoxide (COX is ubiquitously distributed in mammalian
which is a newly identified signaling moleculetissues and plays a role in modulating tissue
(11); free iron (F&) which regulates certain generesponses to injury in pathophysiological states,
expression, such as ferritin, transferrin and N@e have focused on this isoform in marine fish to
synthase (19). To date, three isoforms of HQ@nderstand its gene expression and tissue
have been identified: HO-1 (19), HO-2 (17) andistribution after pollutant exposures. The model
HO-3 (21). These isozymes are the products €igh marine used for our study is the marine
different genes, and HO-1 and HO-2 share a lowleost fish Dicentrarchus labraxThe European
amino acid similarity (43%) (19). The induciblesea bass is a non-model organism but is an
isoform of HO, HO-1, is a 32 kDa heat shockmportant species in aquaculture. Moreover,
protein (HSP-32) which not only plays ancoastal areas, which are the most frequently used
important role in heme degradation, but also actsr aquaculture activities, are likely to be
as a protective system maintaining cellular contaminated by a complex mixture of pollutants
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including urban, industrial

wastewaters.

and agricultural

MATERIALS AND METHODS

Dicentrarchus labrax L.

Juvenile European sea bass were reared at
marine fish farm near Toulon, France. European txess
(10-12 months), with average masses of 80-100 ge we
maintained under laboratory conditions (34 %. ssfini
ambient temperature of 22°C and natural photopgfundl
month.

RNA isolation

Samples of liver, spleen, gill, intestine, kidnégart,
muscle and brain were collected from juveniles sstidn
an ice bath and euthanized by cervical dislocafiossues
were immediately submerged in RN#er® (Ambion,
Applied Biosystems, France) and stored at
further analysis. Tissues (50-100 mg) were crushed ml
of EXTRACT-ALL (Eurobio, France). When the
homogenization is performed add 200 ul chlorofohant

TableHArimers used in RT-PCR
expmies analysis obicentrarchu

vortex for 15 s. and leave at room temperature3fenin.
Then the sample is centrifuged at 120009 for 15 atid°C.
Following the centrifugation, the aqueous phase
transfered to a new tube and 500 pl of isopropeanatided
and lead for 10 min. at room temperature. After a
centrifugation (12000g, 10 min., 4°C), supernatast i

removed and the RNA pellet is washed in 70% ethanol.

is

"Dergechollowing centrifugation (75009, 5 min., 4°C), sup&ant

is removed and RNA pellet is air dried for 10 mirheT
RNA pellet is redissolved in 50 pl of distilled wat&he
concentration and quality of the RNA samples were
assessed by spectrophotometry and by 1.5% (w/vpsga
gel electrophoresis. Any DNA contamination was reetb
by digestion with 2U/ul DNase |, RNase-free (Ambict)
37°C for 30 min.

Primers
The oligonucleotides used as reverse transcriptase
polymerase chain reaction (RT-PCR) primers are ligted

-80°C unthable 1. The non-specific primers were designed oggion

of HO-1 cDNAs from Gillichthys mirabilis (GenBank
accession no. AF266203). Specific primers were theted
to our new sea bass sequence.

, 3'and 5' RACE analysis fpuesecing and
s labraXHO-1 in liver.

Primer Sequence cDNA position
from liver sea bass
RT-PCR
Tail 5'CCA CGC GTC GAC TAG 3'
PolydTTVtail 5 CCACGCGTCGACTAGTACTITTTIT TTT TTTTIT *
TITTTVT3
HO1dirtail 5'CCA CGC GTC GAC TAG TAC yTs ATG mdG ArC TTy *
CAr ArG GG 3'
HO1dir 5'yTs ATG mdG ArC TTy CAr ArG GG 3' 216> 237
HO1lrev 5'CCd GAs AGG TCw CCs Ahy TAy CG 3' 525 547
5'"and 3' RACE
HO1RT-2 5'(P)-GCT TAT ACT GTT GCA GGG TGACTT 3' *
HO1A1-2 5 CAT GAC TCTCCTTTG TCACC 3 176- 195
HO1A2-2 5'GAT CCC TGT CAG TAATCT GC 3 134 156
HO1S1-2 5' CAG GGC AGA AAA CAC AGA GC 3 19% 216
HO1S2-2 5' GAT GCT GAG CTT CCA GAG GG 3' 218 237
tail2 5'CCA CGC GTC GAC TAG TAC AGC CAATGA 3 *
PolydTTVtail2 5' CCA CGC GTC GAC TAG TAC AGC CAA TGA TTT *
TTITTTTTTTTTITTITTTIV 3
S1DIHO-v2 5 ACC CATTTACTT CCC GG 3 344> 360
HO1DI_S658 5'CAG CTG TAT CGC AGC CGG ATG AAC AGC 3 654 — 680
HO1DI_S736 5 ' GCCTTT GAG TTT AAT ATT CAG GTC TTT GAG 3' 732 — 762

Sequencing of Dicentrarchus labrax liue©-1 cDNA
(GenBank accession no. EF139130)
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Characterization ddicentrarchus labraxHO-1 liver cDNA

The European sea bass HO-1 cDNA was sequencedamplification and the reverse primer (tail2) was
three fragments by RT and PCR amplification of théimgp complementary to the anchor sequence. The ampiifica
region and by rapid amplification of cDNA ends (RACE conditions of these two PCR reactions were simi2amin
analysis. The partial HO1 sequencebadentrarchus labrax at 94°C , 30 cycles of 45 s at 94°C (DNA denaturdtidh s
was performed with three RT-PCR reactions using norat 55°C (annealing), 2 min at 72°C (extension). The
specific primers (polydTTVtail, HOZ1dirtail, HO1dir, extension phase of the last cycle was prolonge& byin.
HO1rev) designed from a conserved regionGifichthys  As the result of this 3' RACE (step 1), a single freamt (908
mirabilis HO-1 mRNA (GenBank accession no. AF266203)bp) was obtained and sequenced.

The cDNA was synthesized by incubating 1ug of lidal Because the amplification product was scarce, theA DN
RNA in 20 pl reaction volume: 5X first-strand buff@00 3'end sequence was not obtained and a second 3' RACE
U/ul Superscript 1l Reverse Transcriptase (Invitrgged  amplification was performed with a new pair of dfiec
mM of dNTPs, 100 mM of DTT, 40 U/ul RNase Inhibitor primers: (polydTTVtail2 & HO1DI_S658) to PCR3 reaxti
(Eurobio) and 50 pM of polydTTVtail at 42°C for 40m and (tail2 & HO1DI_S736) to PCR4 reaction. The atinga
then at 70°C for 15 min. The first PCR was performsithg temperature of amplification procedure was then ifienti

one pl of the first-strand mixture in a 50 pl tot@lume 63.1°C (PCR3) or 55°C (PCR4) for 45 s. As the result of
combining 10X PCR buffer, 50 mM of Mgg&£1l5 mM of  this 3' RACE (step I1), a 575 bp fragment was obtdiaed
dNTPs, 5 U/ul of Tag DNA Polymerase (Invitrogendan sequenced.

the set of non specific primers (10 uM) polydTTVtand Tissue-specific expression of HO-1 gene

HOZ1dirtail. Ten pl of DNA obtained was diluted t0G pl Total RNA (1 pg) was isolated from liver, spleen,
with water and 1 pl was further amplified by a see®CR gills, intestine, kidney, heart, muscle and braifjuvenile
using the set of non-specific primers (10 uM) HQlatid European sea bass as described above. The PCR
HO1rev. The amplification procedure of these two PCRmplification conditions were similar: 2 min at°@4, 30
consisted of 2 min at 94°C followed by 30 cycle94tC cycles of 45 s at 94°C (DNA denaturation), 45 s 3t

for 15 s (DNA denaturation), 71°C (first PCR) or 50°C(annealing), 2 min at 72°C (extension). The extengioase
(second PCR) (annealing) for 45 s, 72°C for 45 s (ekb®m) of the last cycle was prolonged by 5 min. The PCR was
and the extension phase of the last cycle waspgelbby 5 performed using specific primers (10 uM) for HOskrgse:
min. The amplified fragment (270 pb) was sequeniogd HO1Dir201 5'-CCC TGA ATT TCT AGT TGC CCA TGC-
Genome Express, France. 3" antisense: HO1Rev201 5'-TCC GTC AGC TCC ACG
For the 5' RACE, 1 pg of total RNA of sea bass livasw CTG TTC ATC-3", resulting in a 201 bp PCR product
reverse transcribed to cDNA with 5 U/ul AMV Reversecorresponding to the amplification between posgie94
Transcriptase XL (Takara, 5' full RACE Core Set) aff 2 and +694 of the HO-1 mRNA sequence.

UM of 5' end-phosphorylated RT primer (HO1RT-2) thoe

subsequent ligation, following the manufacturer's

instructions. Ten pl of tailed cDNA were dilutedtivil00 RESULTS AND DISCUSSION

pl of water. One pl of diluted tailed cDNA was then

amplified by a first PCR using 10 pM of the internalSequencing of European sea bass HO-1 cDNA
specific primers (HO1A1-2, HO1S1-2). Ten pl of fiRCR A partial sequence of the cDNA of

DNA products were diluted to 1000 pl with water ahgl . s
was re-amplified with the same enzyme but with M @f Dicentrarchus labrax HO-1 ~was initially

the external specific primers (HO1A2-2, HO1S2-2he3e Obtained by RT-PCR based on a region of
two PCR reactions were performed in 50 pl of totdire ~ Gillichthys mirabilis HO-1 mRNA (GenBank

combining 5 U/l Hot Master Tag DNA Polymeraseaccession no. AF266203). The complete cDNA

(Eppendorf), 10X Hotmaster Taq Buffer, 5 mM of dNTPs ; ' .
and following the amplification procedure : 2 min%&°C, sequence was then obtained by 5’ and 3' RACE.

30 cycles of 45 s at 94°C (DNA denaturation), 45ts & 1250 bp CDNA was sequenced (Fig. 1) with a
55.8°C (first PCR) or 64.9°C (second PCR) (annealing), 2'-untranslated region (UTR) of 101 bp and a 3'-

min at 72°C (extension) and a final extension pentmt at UTR of 318 bp, including the polyadenylation

72°C for 5 min. The amplified fragment (488 bp) wassigna| (AATAAA), typical of eucaryotic

sequenced by Genome Express, France. . ..
For the 3' RACE, two steps (4 PCR reactions) werEnRNAS’ at nucleotide positions 1211-1216.

necessary to obtain the 3' end DNA sequence obasa 1he Open _Reading Frame (ORF_) was 834 bp,
HO-1. 2.53 ug of total liver RNA were reverse traitsed ~ corresponding to a deduced protein of 277 amino
to cDNA in a 20 pl final volume combining 10X RNA PCR gcid  residues. Several conserved functional

buffer, 25 mM of MgC}, 10 mM of dNTPs, 5 U/ul AMV . . _
Reverse Transcriptase XL (Takara, 3'-full RACE Corg,Se domains present in cloned HO-1 were also

40 Ulul RNase inhibitor and 10 uM of an oligo (gr) identified in the sea bass HO-1. The deduced
containing an anchor sequence (polydTTVtail2). ®E HO-1 sequence had three potential N-linked

reaction was performed at 30°C for 10 min followsda glycosylation sites (Asn-Xaa-Ser/Thr) at*N
cycle at 50°C for 30 min. The enzyme denaturatibase N233 5nd N*° HO-1. an integral membrane

was performed at 95°C for 5 min. A reaction without tei f th th dool . ticul
enzyme was included as negative control. For tise FICR, protein o € Smaoo endoplasmic reticuium

20 pl of RT reaction were amplified in a final volarof (15), was anchored to the sER membrane via
100 pl. The reaction mix included 10X Hot Masteq ta hydrophobic residues at the carboxyl terminus.
Buffer, 5 mM of dNTPs, 5 U/ul Hot Master Taq DNA Thjs portion of protein is not necessary for HO

Polymerase (Eppendorf) and a pair of 10 uM primer : . :
(polydTTVtail2, HO1S1-2). For the second PCR, the&rjltalytlc activity (Maines, 1997).

forward primer (S1DIHO-v2) was designed from the
nucleotide sequence (488 bp) obtained with the SCRA
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(A)

1250 bp
i} -
ATG TAG
¥ b4
5 Heme oxygenase-1 AAAAA Y
HOIA2-2 HOIAI-2 HOIS-2 HOIE2-2
5'RACE (488 bp)
HOISI-2 STINHG-v2 l _,ur.v.lwn‘l.‘:\:f
step [: 3' RACE (908 bp) i

HOIN_S658  HOIDI_S736

step [I: 3' RACE (575 bp)

(B)

1 ggagcacaaactgtgroaggacatccagaggaaaaacagtgaatotttgtgaatatagace
61 aaaccaccacatctacagaacttcatcctaactgggaaacaatggagacagaaaagagga

M E T E K R T 7

121 ctcagacaacagcagagcagattactgacagggatctgtcagaacaaatcaaaaaggtga

g TT A E QI D RDILEE QI EKEEKNT 27
181 caaaggagagtcatgtcagggoagaaaacacagagoctgatgotgagottcoccagaggggac

K E &5 E VvV R A ENTEILMTLSE F Q R G @ 47
241 aagtcaccctgaéacagtataagctcctcctgtcctcgctgtatqagat accaggttt

vy 7T L g g ¥ R L L L 58 8B L ¥ .E I e 67
301 [tggaggaagagotggacaggaactccaaccaccotggogttgoacocatttacttdoogg

E E E L. D R N E N H P & VvV A P I ¥ F|IF A a7
36l ctgaactggeocrcaggeotggaggeocattgagaaagacctggaatacttotatggecaggact

E L A R L E A I B KD L E ¥ F ¥ G 0 D W 107
421 ggagagagaggattgttgtecoctgoagetactaaaagatactgocacagactcagacaaa

R E R I V V P A A T K R ¥ C HE L R O I 127
481 ttggocgcagaaaaccctgaattifotagtigoccatgottacaccocggtacoctgggtjgace

& A E N P E P L V A H A Y T R ¥ L. G |D L 147
541 tgtctgqagqtcaagtcctgggtcggatcgccgaaaagtccatqgggctgaagagcagtg

58 6 6 ¢ VL G BRI A Q K B8 MG UL K 8 5 D 167
601 atggtctgtocattotttgocttocococtggtgtgtoccagoccocaacctgttocaaacageotgt

B L 5 P P A P PG VY S5 85 PFNRELE OE DL 187
661 atcgrcageoocggatgaacagegtggagetgacggaggaggagaggaacggogtgotggagg

R 8 R M N 8 V E L T E E E R N G V L E E 207
721 aggctgtcagagcocctttgagtttaatattecaggtectttgatgatttacagaagatgotga

A VR A F EF NI Q VF D DL Qg KEMIL N 227
781 atgtcactgaaatacagaattgttcaacactotoccaaaccagtigaagatgocccagatoe

¥V T E I @ N ¢ 8 T L S K P V EMEF Q I P 247
841 ccggaaacatgaccasaactaccectjctgottoggatggtoctaggactttttgiggoto

& N M T KE T T P L R M vV L G L F V A T 267

A T ¥V 8§ M o I ¥ A [F
961 tgtatttgetgttaaggtgttaaggtetttgettttgtactgtaagattattaaaagget
1021 tttaacgatttgtaaattacaaaataatgtgtaaaatatttgtaatttaactgagaacca
1081 catttataatatatattcaggaaagctgagggtattgatttttgaatatcacgatgttct
1141 aagactgtcatccagtgtgegttaaaatgtigraatatgtgogetgttaatattgtaaata
1201 ttacctttttaataaaatgttttgttgaaataaaaaaaaaaaaaaaaaaa

a01 tggccacagtcagtatgggaatctatgctrtttagagaaaacacacagcgagaaatactc

Figure 1. (A) Schematic diagram showing strategy for isalgtiull length mRNA HO-1 irDicentrarchus labraxThe initial
fragment, highlighted in grey, was obtained fromegion of Gillichthys mirabilisHO-1 mRNA (GenBank accession no.
AF266203). (B) Nucleotide and deduced amino acidiseges oDicentrarchus labraxHeme oxygenase-1. Numbers on the
left side mark the nucleotide residue positionsmidars on the right side mark the positions of angicid residues (mature
protein). The start (ATG) and stop (TAG) codons gudlyadenylation signal (AATAAA) are in bold. Tharee boxes
indicate the putative HO-2 binding region, the Hi@nature and the potential transmembrane domaspertively. The
three putative N-linked glycosylation (Asn-Xaa-Séw) sites are underlined. Histidine residues ardadld and double-
underlined. The present sequence has been sém® @enBank and given the accession number EF139130.
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Characterization ddicentrarchus labraxHO-1 liver cDNA

: T | Human 58 YVALEEEIERNKESPVFAPVYF 79
(Ryie-Doolittle) l\"-‘ European sea bass 64 YQVLEEELDRNSNHPGVAPIYF 85
19 W dekkok. sk . ok dok- ook

Figure 3. Putative binding region of sea bass HO-1 to HO-2

ol i ' | Sequence comparison of HO-1 protein
"3' U‘ | The amino acid sequence deduced from the

{11 B | LV
VU R
[ \I“‘i\ I|‘ |‘ |
u&ll i ‘ilw‘v“\l ‘

| IW'\‘ | ORF of the European sea bass HO-1 cDNA was
PRl compared with the known amino acid sequences
' of HO-1 from 11 other species (Fig. 4).
The number of amino acid residues (mature
[l ‘ %w ‘| ‘ protein) is within a narrow range (272-296) for
L. : . ] all species except platypus (701). Alignment of
’ = T amino acid sequences also indicated that the
BRI European sea bass HO-1 shares a 75% identity
(85-86%  similarity) with  tetraodontiform
Figure 2. Hydrophobicity profile of the HO-1 amino acid (Tetraodon nigroviridis, Takifugu rubripes)yhe
sequence in European sea bass. The hydrophobiatyep identity was lower (64%) with the HO-1 protein
was calculated according to Kyte and Doolittle @P#ith reported in cypriniform Danio rerio). The
a window size of 19. Hydrophobic regions achieve fmino acid identities of the European sea bass
positive value and a window size of 19-21 yieldglat in . ;
which transmembrane domains stand out sharply, wiégquence with those of human, African clawed
values of a least 1.6 at their centerfrog (Xenopus laev)s rat (Rattus norvegicys
(http://darwin.cis.fiu.edu:8000/HydropathyPlots/). mouse Klus musculds pig (Sus scrofy chicken
(Gallus gallug and platypus @rnithorhynchus
] ] anatinug were 50, 49, 48, 48, 48, 49, 47 and
A hydropathy profile (Fig. 2) revealed oneygos respectively (Table 2).
hydrophobic region at the C-terminus (254-27§, conserved sequence of 23 amino acid residues
amino acid positions). The presence of this shqftig. 5) was found in the European sea bass
hydrophobic transmembrane domain was al§@mino acid positions at 132-153). This sequence
reported inRattus norvegicugShibahara et al., ywas first defined in the rat HO-1 as the heme
1985) and human (Xia et al., 2004). A BLASThinding pocket (Maines and Gibbs, 2005) and is
research indicated that the deduced amino aGidy known as the "heme oxygenase signature”.
sequence of the cDNA shared a 75% identityhe highest identity (100%) was found when the
(86% similarity) with Takifugu rubripes gyropean sea bass region was compared with
(GenBank accession no. O73688), 75% identiygions from perciform (long-jawed mudsucker),

(GenBank accession no. CAF95107) and 64%ouse) and chicken.

[ ‘ A ! i I‘
el | ”‘ ﬂ|$W

Hydropathy

|
N
M

/ | ‘.‘L }i [| I |I‘l‘ ‘:

identity (77% similarity) with Danio rerio 132 153
: H E b PEFLVAHAYTRYLGDLSGGQVL 22
(GenBank accession no. CAQ14965) suggesting ;5P =52 > vl e B Eoisacave -
that this sequence encodé&xs labrax Heme Pufferfish PEYLIAHAYTRYLGDLSGGOVL 22
B . Long jawed Mudsucker PELLVAHAYTRYLGDLSGGOVL 22
Oxygenase-1. This result was confirmed by the zebrafish PELLVAHAYTRYLGDLSGGQUL 22
presence of a Leu-Val-Ala-His-Ala-Tyr-Thr-Thr- et e e o
_ _ _ P H Rat PELLVAHAYTRYLGDLSGGQVL 22
Arg-Tyr-Leu-Gly S_equ_ence . Iabra>_< which . Pig PELLVAHAYTRYMGDLSGGOVL 22
forms a heme blndlng pocket. This domain African clawed frog PELLVSHAYTRYLGDLSGGQVL 22
. . . . . Chicken PELLVAHAYTRYLGDLSGGQVL 22
sequence is found in diverse species ranging euatypus PE LLMAHAYTRYLGDLSGGOIL 22
from bacteria to man. Outside the "HO signature” T rsmm =
conserved among all species, a box of 23 amino HO signature

acids could represent the Sp?CiﬁC binding I‘egiolE]gure 5. Alignment of the Heme binding pocket of heme
of HO-1 compared to H@- This HO-1 sequence oxygenase-1 in twelve species: European sea bass
may function to regulate HO activity, in certain(Dicentrarchus labrax) fugu (Takifugu rubripes)

tissues where multiple HO isoforms co-exist sucpyfferfish (Tetraodon nigroviridis) long-jawed mudsucker
illichthys mirabilis) zebrafish Danio rerio) human

as in the lungs and b,,ra?m .(Wen e,t aln" 2003). Tligomo sapiens)pig (Sus scrofa)rat Rattus norvegicus)
European sea bass "binding region” shows 55¥use gius musculus)chicken Gallus gallus) platypus

of identity (86% of similarity) with the human (Ornithorhynchus anatinug)African clawed frog Xenopus
binding region (Fig. 3) laevis).
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HOMO e oo MERPQ----PD 7
Sus_scrofa = = 000 ceecemmmmmmcc sttt e e s s n s s MEHS5Q----PN 7
Rattus =  =eceecesccmscceccccscassascssessessas s MERPQ----LD 7
L T = e e MERPQ----PD 7
Ornitherhynchus // RLRGRPFLLSHSASVRFSPRGSGRGRDSASPELRSSRCRVLDASAQPHAMDAPR----5P 416
L B = e e e METSQ----PH 7
XENOPUS s e e oo MDPST----50Q 7
Takifugu e e e e e e oo MEADK---KTT 8
Tetraodon === 2 =cccccccsamcscssccssasmssscsssssnmassmsesommmanas MEADK---KRT 8
Dicentrarchus = = =  ---cccmccmc e dacee e cccemcacceamaaa- METEKRT-QTT 1@
GilTicRthys = = st s e i s e METDKKLLSSS 11
Danio 00 e e e e e e e MDSTK----SK 7
> .
v
Homo ---SMPODLSEALKEATKEVHTQAENAEFMRNFQKGQVTRDGFKLVMASLYHIYWVALEEE 64
Sus_scrofa ---SMPQDLSEALKEATKEVHVQAENAEFMKNFQKGEVTREGFKLVMASLYHIYDALEEE 64
Rattus - --SMSOQDLSEALKEATKEVHIRAENSEFMRNFOKGOVSREGFKLVMASLYHIYTALEEE 64
Mus - - -SMPQDLSEALKEATKEVHIQAENAEFMKNFOQKGQVSREGFKLVMASLYHIYTALEEE 64
Ornithorhynchus ---0QSSOQDLSEALKEATKEVHTQAENVEFLKNFOKGQVSRNGFKLVMSSLYHIYRALEEE 473
Gallus NAESMSQDLSELLKEATKEVHEQAENTPFMKNFOKGOVSLHEFKLVTASLYFIYSALEEE 67
Xenopus QHSSTODDLSEALKETTKEVHVQAENTEFMRNFOKGOQVSLEEFKLVMSSLYFIYDALEEE 67
Takifugu AQTESNRDLSEQIKKVTKDVHVRAESTELMLSFOQRGOVTLQQYKLLLCSLYEIYLALEEE 68
Tetraodon TQTASDRDLSEQIKKVTKDVHVRAESTDLMLSFORGQVTLQQYKLLLCSLYEIYRALEEE 68
Dicentrarchus AEQITDRDLSEQIKKVTKESHVRAENTELMLSFOQRGOVTLOQYKLLLSSLYEIYQVLEEE 70©
Gillichthys AELITERDLSEQIKTTTRDSHVRAENTELMLSFORGQVILPQYKLLLCSLHEIYNALEEE 71
Danio AAENTGSDLSEQIKAVTKBSHVRAENTQLMLSYOKGDITQTQYKLLLCSLYEIYRALEEE 67
L :‘ .*: E -*K T 7 :: v)ﬁ* Bink * ok _!(‘-‘(Jk
L ] v ® v

Homo IERNKESPVFAPVYFPEELHRKAALEQDLAPWYGPRWQEVIPYTPAMOQRYVKRLHEVGRT 124
Sus_scrofa IEHNKENPVYTPLYFPEELHRRAALEQDMAFWYGPRWQEAIPYTQATKRYVRRLQQVGRF 124
Rattus TERNKONPVYAPLY FPEELHRRAAL EQDMAFWYGPHWQEAIPYTPATQHYVKRLHEVGGT 124
Mus IERNKQNPVYAPLYFPEELHRRAALEQDMAFWYGPHWQEIIPCTPATQHYVKRLHEVGRT 124
Ornitherhynchus IERHKAHPAYAPILYFPEELHRLSALQEDMEYWYGPRWREEIPFPEATRRYVARLHHLGRE 533
Gallus IERNKDNPVYAPVYFPMELHRKAALEKDLEYFYGSNWRAEIPCPEATQKYVERLHVVGKK 127
Xenopus INRNKDNPVFSPVYFPLELHRKNALEEDLEYFYGPQWRKKIICPHSIKNYVDRLHHVGOK 127
Takifugu MDRNCDHPSVAPIYFPAELARLATIEKDLEFFFGPDWREKIVVPAATERYCHRIRQIGQE 128
Tetraodon MDRNCDHPSVAPILYFPAELARLASIEKDLEFFFGGDWREKIVVPAATKRYCHRIKQIGRE 128
Dicentrarchus LDRNSNHPGVAPIYFPAELARLEATEKDLEYFYGQDWRERIVVPAATKRYCHRLRQIGAE 138
Gillichthys MDKNCEHPSVAPIYFPSELARLESIEKDLAHFYGPEWREKMEVPAATKRYSHRLRQIGKD 131
Danio LDRNADHPAVQPIYFPQELARLEALGQDLEHFFGPQWRKRITVPAATHRYAQRLREIGKS 127

- oo * E o S * .. - . = * *

-I--- Hemeblnqu pnckeli R o
Homo ELEELVAHAYTRYLGJLSGGQViKKIADKALDLPSSGEGLAFFTFPNIASATKFKGLYRS 184
Sus_scrofa EPELLVAHAYTRYMGDLSGGQVLKKIAQKALDLPSSGEGLAFFTFPNVANATKFKQLYRS 184
Rat tus HPELLVAHAY TRYLGDLSGGQVLKKIAQKAMALPSSGEGLAFFTFPSIDNPTKFKQLYRA 184
Mus HPELLVAHAYTRYLGDLSGGOVLKKIAQKAMALPSSGEGLAFFTFPNIDSPTKFKQLYRA 184
Ornithorhynchus EPELLMAHAYTRYLGDLSGGOQILKKIAQKALRLPDGGEGLAFFSFPSVANATKFKQLYRA 593
Gallus HPELLVAHAYTRYLGDLSGGQVLKKIAQKALQLPSTGEGLAFFTFDGVSNATKFKQLYRS 187
Xenopus EPELLVSHAYTRYLGDLSGGQVLKKIAQKALQLPASGEGLAFFTFDNV TNATKFKQLYRS 187
Takifugu NPEYLIAHAYTRYLGDLSGGQVLGRIAQKSMKLGGS -EGLSFFAFPGVSSPNLFKRLYRS 187
Tetraodon NPEYLIAHAYTRYLGPLSGGQVLGRIAQKSLKLSSS -DGLRFFTFPGVSSPNLFKQLYRS 187
Dicentrarchus NPEFLVAHAYTRYLGDLSGGQVLGRIAQKSMGLKSS -DGLSFFAFPGVSSPNLFKQLYRS 189
Gillichthys SPELLVAHAYTRYLGDLSGGQVLGPTAR-- - - - - - - oo oo oo o IDGP-- - oo - - 163
Danio SPELLVAHAYTRYLGDLSGGQVLGKITQKSLGLTGN KGILFFSFPGVTSANRFKQLYRS 186

dk PR oK Rk R . & *oaw s =

;H(}m'ure

Homo RMNSLEMTPAVRQRVIEEAKTAFLLNIQLFEELQELLTHDTK -DQSPSRAPGLROQRASNK 243
Sus scrofa RMNTLEMTPEVKQRVLEEAKTAFLLNIQLFEEVQELLTQDTK-DQRPSQASDIRKRAGSR 243
Rattus RMNTLEMTPEVKHRVTEEAKTAFLLNIELFEELQALLTEEHK-DQSPSQTEFLRQRPASL 243
Mus RMNTLEMTPEVKHRVTEEAKTAFLLNIELFEELQVMLTEEHK-DQSPSOMASLRQRPASL 243
Ornitherhynchus RMNSIEMSPETKRRVLAEARASFLFNIQVFEELQELESQNAENDTLKQOKTELRARSNDK 653
Gallus RMNALEMDHATKKRVLEEAKKAFLLNIQVFEALOQKLVSKSQENGHAVQPKAELRTRSVNK 247
Xenopus RMNSIETNTDTKKRILEEAKTAFLLNIKVFEELQTLSLASSQIGNTRTDATELRSR-GPK 246
Takifugu RMNSVELTEEQRSAVLQEALGAFEFNIQVFEDLOKMLNVTENEPGVGTPRSRPATTLQVG 247
Tetraodon RMNSVELTEEQRSEVLEEAVRAFEFNIQVFEDLOKMMTASDDEPOQMWTGHSKPATTLQLG 247
Dicentrarchus RMNSVELTEEERNGVLEEAVRAFEFNIQVFDDLOKMLNVTEIQN-- CSTLSKPVKMPQIP 247
Gillichthys = = =sscecmmcdcccaccccceeccaceemeece e ceeeeeeeccecmecsamammemenon
Danio RMNSIEFTEQKRQEALDEAVRAFEFNIDVFDDLOKMLSITEEAS-- - SDKGNEAASQSLS 243
Homo VQDSAPVY - - -ETPRGKPPLNTRS - QAPLLRWVLTLSFLVATVAVGLYAM 288
Sus_scrofa VQDSTPV- - -TTPRGKPQLSVLS-QVPLIRWVLTLSFLVATVAMGLYAM 288
Rattus VQDTTSA- - -ETPRGKSQISTSSSQTPLLRWVYLTLSFLLATVAVGIYAM 289
Mus VOQDTAPA- - -ETPRGKPQISTSSSQTPLLOWVLTLSFLLATVAVGIYAM 289

Ornithorhynchus
Gallus

VQETSSASGKENEESRRQAHVLS -PVPFLRWILTFSFLVATVAVGFYAM 701
SHENSPAAGKESERTSRMQADMLTTSPLVRWLLALGFIATTVAVGLFAM 296

Xenopus TENGRPA-- - --- KTENNGSSEEQPTTLLRWVLVAGCALITL-MGLYIF 288
Takifugu GOSMIQTN- <= m s s st = hn PLFRMVLGLCLALATVSIGLYAL 277
Tetraodon GTALQTN-----------ccmmm oo PLFRLVLGLLVAVATVSVGLYAL 277
Dicentrarchus GNMTKTT---=-=-=--=-===--=--=-- PLLRMVLGLFVALATVSMGIYAF 277
Gillichthys = = = =seccccccm s tee e mmoaan

Danio ~KTFSSS---mmmmccmmmemm e o PALQFALGVGITLATVGMGVYAF 272

Figure 4. Amino acid sequence alignment (ClustalW2. http://wehi.ac.uk/) fronDicentrarchus labraxheme oxygenase-
1(GenBank accession no. ABL74501) ahdkifugu rubripes(GenBank accession no. O73688&gtraodon nigroviridis
(GenBank accession no. CAF9510@)lichthys mirabilis (GenBank accession no. AAG1332Banio rerio (GenBank
accession no. CAQ1496Fomo sapiengGenBank accession no. P09603)s scrofgGenBank accession no. P32394),
Rattus norvegicugGenBank accession no. PO676&)s musculu§GenBank accession no. NP_034573gallus gallus
(GenBank accession no. NP_9906 @jnithorhynchus anatinugGenBank accession no. XP_0015202%&nopus laevis
(GenBank accession no. AAH60435 ). Asterisk indea@erfect match among all aligned sequencesjdicates strongly
similar and () indicates weakly conserved. Histidine residues @5, 84, 119 and 132) conserved in mammals adieated
by the symbol [(/) and the histidine residues in European sea biissawdifferent position are indicated bw)(
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Table 2. Percent level of identity and similarity of HO-Xopeins from the GenBank database. Levels of ideratitd
similarity of the HO-1 proteins were calculated ngsithe NCBI Blastp (http://blast.ncbi.nim.nih.goviihe following
GenBank database entries were usB@tentrarchus labraxheme oxygenase-1 (GenBank accession no. ABL74501),
Takifugu rubripes(GenBank accession no. O73688)etraodon nigroviridis (GenBank accession no. CAF95107),
Gillichthys mirabilis(GenBank accession no. AAG1332Bgnio rerio (GenBank accession no. CAQ14963pmo sapiens
(GenBank accession no. P09603)s scrofg GenBank accession no. P3239attus norvegicugGenBank accession no.
P06762), Mus musculus(GenBank accession no. NP_03457@gllus gallus (GenBank accession no. NP_990675),
Ornithorhynchus anatinugGenBank accession no. XP_0015202X&nopus laevi§GenBank accession no. AAH60435 ).

Hivl European | Fugu | Pufferfish  Long-jawed  Zebrafish  Human | Mouse Fat Pig Platyps  African  Chicken
s bass Mudswcker clawed
Frog
Ewropean sea 6 85 6 T &7 o 67 &7 65 &7 o
besa
Fugu 75 a3 87 T6 63 69 66 67 67 &7 66
Pufterfish T5 #4 6 T 65 i 67 (3 65 o (i3
Long-jawed T4 T4 T3 #4 T3 T4 T4 75 T6 TR 73 "ﬁ
Mudsucker ﬂjf
Zebrafish 4 68 39 70 6 I 6 66 64 63 64 g
Human 50 47 50 34 46 a1 iy a2 B 74 75 “
Mouse 48 48 47 53 45 2 95 e 4 T2 75
Rat 48 47 47 34 43 B0 oz} #6 T6 T0 75
Pig 48 47 50 54 45 2 TR T7 B2 74 T6
Platypus 46 45 45 52 46 63 62 63 65 T2 T7
African clawed 49 49 48 55 48 6l 58 57 &0 57 75
Frog
Chicken 47 47 A8 56 44 63 62 62 6l 63 o
IDENTITY

Histidine residues at positions 25, 84, 119 anoutgroup to root the tree. HO-1 is evolutionary
132 in human sequence are conserved in mnserved in the primary amino acid sequence.
mouse, chicken (32), platypus, African clawedror human, rat and mouse, the extent of HO-1
frog and pig. Two of these his residues thisd identity is greater than 80%, as for perciformes
his'% differ in their position in European seaand tetraodontiformes.

bass: hi¥ and hi$?? respectively. These four

histidine residues are important for hemé&issue-specific expression of HO-1 mRNA
binding. The hi® residue, conserved in all To investigate the tissue-specific distribution of
species, is essential for HO-1 catalytic activitynRNA expression of HO-1 in European sea bass,

(9,13). we performed RT-PCR using total RNA from
eight tissues of juvenile sea bass: liver, spleen,
Phylogenetic tree of HO-1 gill, intestine, kidney, heart, abdominal skeletal

Phylogenetic analysis was performed tonuscle and brain (Fig. 7). The partial cDNA of
characterize the evolutionary relationshilRPL17 was used as an internal control (data not
between European sea bass and variogBown). In the homeostasis state, HO-1 mRNA
organisms. The deduced amino acid sequenceveds expressed in all tissues. Predominant
sea bass HO-1 was aligned with eleven knowexpression was observed in spleen (18,33), which
HO-1 proteins cloned to date using thés a key organ to engulf and digest senescent
ClustalW2 program and phylogenetic tree wasrythrocytes and maintain the HO-ih an
performed using the Neighbor-Joining methothduced state. Its basal transcript level is
with Phylowin (Fig. 6). The topology of the treemoderately abundant in liver (16), but increases
presented in this paper updates the evolutionargpidly after an organism exposure to various
relationships of the eleven known hemegents (24). The transcript level in the brain is
oxygenase-1 proteins. The consensus tree shatwe lowest among the seven tissues, what is in
two main branches, one of them clusters allgreement with the data of HO-1 distribution
teleosts and the other branch includes tetrapod28). In the brain, HO-2 is constitutively
Drosophila melanogasterwas used as anexpressed and is the predominant isoform
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(21,25). Moreover HO-2 is relatively stable In conclusion, we have cloned and
throughout all ages, whereas HO-1 was observetaracterized the c¢DNA encoding heme
to be progressively down-regulated in an agexygenase-1 in liver European sea bass

related manner (6,7).

0.910

0.672

0.096 - s

Takifugu

Tetraodon

Dicentrarchus

(GenBank accession no. EF139130). In this
paper we have also demonstrated the expression
of this isoform in several tissues in a homeostasis
state. However, its expression and regulation
patterns, and roles of HO-1 in detoxification
mechanisms  require  further  study in
Dicentrarchus labrax Current research is
ongoing to quantify HO-1 gene expression in
various tissues of European sea bass exposed to
heavy metal concentrations. This study is aimed

0.236 0.176_ cienmys At determining whether the gene expression of
o166 HO-1 can be use as a possible early biomarker of
—  Danio exposure in ecotoxicological studies.
Xenopus
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