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A ¢DNA clone for the olive flounder (Paralichthys olivaceus) transferrin receptor (fTfR)
was isolated from a leukocytes ¢cDNA library. The fTfR gene consisted of 2,319 bp encoding
773 amino acid residues. The amino acid sequence alignment of the fTfR showed that their
size and hydrophobic profile are similar. In addition, the Tyr-Thr-Arg-Phe (YTRF) motif
that is the recognition signal for high-efficiency endocytosis, is conserved very well. This
motif is important for functional properties of TfR. The deduced amino acid sequence had
42.4-42.9% identities with the previously reported TfRs of vertebrates. The fTfR was expressed
in the blood, kidney, spleen, and liver of healthy olive flounder by the Northern blot hybridization.
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Transferr n receptor (TfR) is homodimer membrane
protein that plays a major role in cellular iron uptake
through binding and internalizing a carrier protein
tranferrin. This protein has been characterized from
a number of species including human and chicken
(Gerhardt €t al., 1991; McClelland et al., 1984). In
fish, TfR was not reported although transferrin (Tf)
gene was reported from some species (Hirono et al.,
1995; Kim et al., 1997; Lee et al., 1998). The aim
of the present study is to clone and sequence the
transferrin receptor cDNA of olive flounder and to
detect its expresston within fish tissues.

The cDNA library was constructed from the olive
flounder leukocytes by A ZAPI phage vectors
system (Stratagene, USA). This library was screened
using a parial cDNA fragment of a TfR homologue
previously identified by an EST analysis (Nam et
al., 2000) as a probe. It was isolated 5 positive plaques
containing full-length TfR ¢DNA, and sequenced
using ThemoSequenase (Amersham Pharmacia,
USA) with M13. Each determined sequence was
compared vith all sequences available in the DDBJ/
EMBL/GenBank using the BLAST ver. 2.0. Total
RNA of the peripheral blood, brain, kidney, spleen,
liver, muscle, and intestine were isolated by Trizol
(GibcoBRL, USA), and Northern blot hybridization
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was done with the cloned cDNA fragment that had
been labeled with [ @-32P} dCTP using a random
primer labeling kit (Takara, Japan).

The olive flounder transferrin receptor (fTfR)
cDNA consisted of 3,158 bp encoding 773 amino
acid residues (Fig. 1). This gene was organized into
a small N-terminal cytoplasmic domain, a single trans-
membrane region, and a large C-terminal extracellular
domain. The fTfR indicated a conservation of the
YTRF (Tyr-Thr-Arg-Phe) motif structured for high-
efficiency endocytosis, which is one of the important
characteristics of the TfR (Collawn et al., 1993).
Gironé et al. (1991) examined the effect of point
mutations within the TfR cytoplasmic tail internaliza-
tion domain (YTRF) on the rate of endocytosis and
showed that most of these point mutations caused
an inhibition of receptor internalization. The trans-
membrane region was composed of 21 amino acids
between 78 and 99 of amino acid residues, which
contained 17 hydrophobic amino acids. No other part
of the sequence appeared to cross the membrane,
and it can could support that the receptor crossed
the lipid bilayer only once. Mammalian TfR include
the three N-linked glycosylation that is the most
important modification for the correct folding and
transport of the protein to the cell surface (Hoe and
Hunt, 1992). Although fTfR do not have the
glycosylation of the last N-linked site in hTfR (Asn
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GAGCTCCGCCGCGTGTCACAGTTCAGCCGGTGAGAAGAGAAGCA

ATGGACCAGGCAAGGACAAAGATATCCAAACTTCTTAATGTGGAGCCACACTCCTACACACGCTTCAACCTGACGCAGAACATGGAAGGT

D Q AR TI KIS K LILNUVETPHS SV Y TRENILTU GQNMTEG
GACACCAGCCAGGTGGAGATGAAGTTGTCTTCTGACATGGATGAGGAAGTTGGGGT AR ATOOAGTIGGAGACCATCTCAATCACAACTCC
D T S Q vV EME KT LSS SDMUDETEUVUJGSEG NG V. G D H LN H.N_S
CCCCACAAACCCTACATGACTCAAAGGTTTAGACGCTCACCTAAGAACCTCTGCTTCATGGCAGCCGCAACCCTTCTCATCTTCATCATC
P H K P Y M T O R F R R S P KN L CTFMAAATTL LI F I 1
GGGTACTTGATTGGCTACCTGGTCCATCGAAAAAAGGACTTTCCCAGCCCTCCAGTTCCCTCAGTCCGTAATCAAGTGAGAGATTCTCCT
G Y LI G Y L V HZRT KT KTDTETPSPTPUVZPSV RN OQVTI RIDS P
GTAGCCTACGAGACAGGTGCTGCCCCCCTCATGGACTGGGATGATGTCAAAAGCCTCCTGGCTCAAAAACTCAGTGCATCCAAATTTGAA
VA Y ETGAAZPTLMDWDTDUV K STLTILG AQ QT KTLZSASZKF E
GGAGCCTTTAGTGAATATTCCAGTAACAGCCACCGTGCTGGTTCTGCTGGTGATGAATTGCTTCGGAACAAGGTGCTCAATAAGTTTACA
G A F S E Y S SNSHTU RAGT SAGTDTETLTLT RNIEKVTILNTIEKF T
GAATACAGGATGGACCCCTGGTCTGATGTGCACTTTGTTAAGGTCCAGGACCCCCCAGCTTCTGGCTTCAACAAATTTGTTTTCAAGGAA
E YR M DU P W S DV HFVI KUV QDTFPZPASGTFNTE KT FUV F K E
GGGCCAGAGGAGCATCCAGAGGGGTTCCTGTCCTACAGTGCCACTGGAAACGCAAAGGGTACTGTTGTGTATGCACACTACGGACAGGAA
G PEEMHNHPEGT FLSYSATGNA AT KTGTUVV Y AUHVYGOE
AATGACTTGATGAGGCTGAAGGACAGTAACGTTAACCTGAGTGGCAAAGTTCTGCTGGTCAGAGCTGGTCATATCAGTTATGCTGAGAAG
N DL MU RTULTEKTDTS SNV G K VL L V RAGTHTIS Y A E K
GT AGCCAATGCTGCAAAAATGAGTGCCTCTGCTGTG'[‘TMTCTACGCAGACCCCACTGATTACAGTAT TGGAGACAAGACTCAGCTCTTT
VAN A A KMSASAVY L I1Y ADTPTTU DY SIGUDTIKTOQTLF
GGACATGTCCACATGGGTTCTGGGGATCCCTACACCCCTGGCTTCCCCTCCTTCAACCACACCCAGTTCCCCCCTGTCGAGTCTTCAGGC
G HV HMG S GDUP Y T PGTFU&PSTFNUHTT G QTET PTPVESSG
CTACCAAAAATCTTGGCTCAGACCATCAACCTAGCCATGGCTACGAGAATTCTAAGGCAGCTGGGGGGTCAGGCTACACCGGTACAATGG
L P K I1LAQTTINULAMATT RTILZI RTZ QLGS GU QA ATTZ PUVOQ W
GGATGCTACCACAAACTAGGAAATGAGAGCGATGTCATTACTATAGAGGTCAACAACGTTCTTGCTGAGAAAAACATAAGTAACGTCTTT
G C Y HK L GXN_ESDV1ITTIEJV VNN NUGVILATETKTKTIS SNV E
GGCGTTATCAAAGGCTTCGTGGATGCAGA TCGGTATCTGGTCATTGGTGCACAGAGGGATGCATGGGGTCCAGGTTTTGCTGCATCAACC
G VIKGFUVDADT RYULVIGAT QT RTUDI ATWTGT PGTFEFAATST
GTTGGCACCAGCGTCCTTGTTGAGCTGGCTCGTGCAATCTCAGACATGGTGAAGAATGATGGATTCAAGCCAAGGAGGAGCATTGTGTTT
V G TS VL V ELATZ R ATIZSUDMVYIEKNUDTGT FTZ KT PTZ RT RIS V F
GCTAGCTGGAGTGCAGGAGAATATGGGAGTGTTGGCGCCACCCAGTGGTTGGAGGGTTACATGGCCACTCTGAACATGAAAGCTTTCTCC
A'S WS A GE VYOGSV GATTEUWTLTETSGT YMA ATTLHNMTEKATF S
TTCATCAACCTGGATGGGATTGTAACAGGTCGCAGTGGATTTAAAGTAGCAGCCAGCCCCTTGATGCACAGCCTGATTGAGAGGATGCTG
F 1 NLDGTIV TG GTZ RSGT FTZ KV AASPILMUHTSTILTITET RM.L
ACAGAGGTGGATGGCCCAAACAACGATGGCTCTCTCTTTTCTCAGTTTGCAAAAGGCAACTGGGACACAAATATTTTGGAGCCTCTGAAG
T EV D GUPNNUDTGSLFSOQTFATZEKTGNWUDTNTITLTEUZPTLK
ATGGATAATGCTGCATATCCCTTCCTTGCCTTTTCTGGCATTCCCTCGCTCTCATTTAGATTTGCCTCTGGTAGCGAAGTCGACCAGTAT
M D N A A Y PFLATFSGTIZPSILST FEFZRTE FIASTGSTSZEUVTDOQ Y
TTTGGCACAATGCTGGACACCCAGGAAAAATTGAACCTCGCCACCACCAACCAAGTCCCTCAGCTGGCAGAAGTAGCAGCCCGATTCGC A
F G T M LDT QTET KTLNTILATTNZ G QU VTZPOQTLATEUVAATRF A
GGTCACATAGCGCTGAGGCTGGTCCATGATCATCTGTTGCAGATGGACCTGTTGAAGTACAGCAGGAGCATACTTTTTCAGGTGTCGCAG
G H1 A LRULV HDUHTILTLGQMUDTILTLTEKTYSTRISILFOQUVS SO0
ATCAAAGTGAAAGTCGGAAATATTCAGAGGATGAAGCCCCAGGTGTTGCCCAAGTCCCTGACTGTAAAGTGGTTGATCACGGCCTCAGGE
I K V X VG N1 Q R M K P Q V L P K SLTU VI KWTLTITAS G
TCCTTTAACCGTGCCACGCAGAAACTGGCAAAAGACATCGACAACAGTGACCTGAATAACATTGAGAAGTGCCGCATCCTCAATGACCGT
S F N R ATQ KL AIKUDTIDNTSTUDTILNN NI IET KT CT RTITLNDR
ATAATGACGGTGGAAAGGAACTTCCTGTCGCCCTACGTGTCTCCCACAAACAGTCCTTTCCGCCACATCATCCTGGGCTCTGGTGCACAC
I M T V E R N F L S P Y V SPTNTSUZPTFTZ RTUHTITITLTGS ST G A H
ACTCTCGCAGCTCTGTCCAACCATCTCGATATCCTCAGGACCGACAGCCCAGAGGGGGACGCCGACTTGTTTCGCCACCAGTTTGCCCTG
T L A AL SNU HLU DI ITLT RTDS®PETGUDATDTLTETZ RTUHIOGOQTF A L
GCAACCTGGACCATCCAGGGCTGTGCCATCTCACTAGCAGGGGACATCTGGGCCTTAGAGAAAGAGATCIAAAAAATTAATCCTCCCTTG
AT W T 1 Q G C A1 S8 1L AGTUDTIW ATLTETKE 1 *
TTCATGGTTTGGACCTCTTCACAACTAGCATCGTGAAAACCAGTAGGCTGTTACAATTCACCGACAGCCAGTTACAGCTTTTTGAATGAG
TATTCTTAGGAATTGATAAAAGCGAAGCAGTTGCTAAATGCATACCATTTCAGTCATCACCTCTGTTACGTAATTTTCAACATTITCAGTG
ATAATCTGCTTCGTCTCCCTTTTAATTTCCCATTAAGCCATACGAAATTATACAGCAGCCTTCCGCCTTAATATTTAAGTTCAGTAGGTC
CATTTTTTTCCCCACACTGCGGAGAGAGATTTTTTACTTCAACATGTGGTACTTGAATACCACAATCGTCAATACGTTGGTGCTAATAAC
GGCTTCCTTTTTAAATTCCCACATTATGTGGCAGTACTACTTACATCGOTGCATGTAGATGTAGTGACAGCGATTCATTTTCAGCACAGT
ATTGGGTCATAATCACATGAATGACTGTGATAACCAGCTTTAGAGGTTCATGCAACATAAAAGTTCAGTACAATACAATAAGCTAATGAG
TTTACATTGCTCTTTGGAACCTGAGCTGGGTTGTTGGTAGCTATAATTTCATACTGTGCTGAAATCTGAGGTCAAAATTGATTTACAGTA
ACACTGCAGAACAAACCTAGAATATTTGGGAGAATCCACTTTGGTTGCTGCCAGTTTCCAACAATCAAGCTGCATTAATCTTAAGTCCTC
ATTCATATGTTCCACCTCCTGACGTGAGAGCAAATCTGCCTTTTTAAAAAAAAAAAAAAAAAAAAAA-poly(A)
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Fig. 1. Nucleotide sequences of the olive flounder, Paralichthys olivaceus transferrin receptor gene cDNA
and its deduced amino acid residues. The putative transmembrane domain is singly overlined and potential
N-linked glycosylation sites are underlined twice. Cys codons are marked with bold-face letter, and the
internalization recognition signal is marked with a bold-face letters and underlined twice. The start codon
ATG, stop codon TAA, and polyadenylation signal AATAA are a single underlined.

727) that is the most critical to the structure of the
hTfR (Yang et al., 1993), the other two glycosylation
sites are conserved in the fTfR. Four cysteine residues
were distributed throughout the fTfR sequence. The
fTfR did not conserve the Cys 89 and Cys 98 of
the hTfR formed intermolecular disulfide bonds.
However, mutant receptors in which these cysteine
residues were altered to serine were transported

normally to the cell surface and were functionally
active (Jing and Trowbridge, 1987).

The fTfR shows 42.4-42.9% identities with other
TiRs (Table 1). This percentage is very low but similar
to the homology of ¢TfR with other mammalian TfR
(50.6-52.3).

Northern blot hybridization analysis showed that
the olive flounder TfR was expressed in the blood,
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Table 1. Comparison of amino acid sequences from different species (%)*
Olive flounder Chicken Chinese hamster Mouse
Chicken 429
Chinese hamster 42.5 52.3
Mouse 42 .4 50.6 83.3
Human 42.5 51.7 78.5 76.8

*Percentage of identical amino acids was calculated using GENETYX-MAC program. References for
the predicted amino acid sequences are as follows: cTfR (Gerhardt et al.,
1985), and hT{R (McClelland et al.,

al.,, 1993). mTfR (Grego et al.,

1991), ¢hTfR (Collawn et
1984).

Fig. 2. Northern blot hybridization of the olive flounder, Paralichthys olivaceus transferrin receptor. Total
RNA (20 rg) extracted from the blood (lane 1), kidney (lane 2), spleen (lane 3), intestine (lane 4), liver
(lane 5), peritoneal cavity fluid (lane 6), skin mucus (lane 7), muscle (lane 8), brain (lane 9), and testis
(lane 10) was electrophoresed in a 1% agarose gel, and transferred to a nylon membrane and hybridized
with [ ’P] labeled olive flounder transferrin receptor cDNA. Ribosomal RNA (28S and 18S) as a control
for equivalent loading and RNA integrity are shown at the bottom.

kidney, splzen, and liver, but not in the testis, brain,
muscle, mucus, peritoneal cavity fluid, and intestine
(Fig. 2). Although all cell types have these trans-
membrane glycoproteins, most of them are revealed
that the cells could express iron-uptake regulation
during rap d proliferating such as stimulated T-cell
and embryonic tissues (Hirata et al., 1986). Also,
the TfR was highly expressed in maturing erythroid
cells, trophoblasts, hepatocytes, Kupffer cell, and
tissue macrophages (lacopetta and Morgan, 1983;
Testa and Morgan, 1993; Young and Hisen, 1981).
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