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Molecular Cloning and Characterization of a Novel Metallothionein
Isoform Expressed in Tiger Shark (Scyliorhinus torazame)

Jae Koo Noh, Yoon Kwon Nam and Dong Soo Kim'
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A complementary DNA encoding metallothionein (MT), a heavy metal-responsive protein was cloned -
from a cartilaginous shark species, Scyliorhinus torazame. An expressed sequence tag (EST) from the shark
liver, which showed high similarity with a MT gene, was isolated and its full-length sequence (390 bp) was
determined. The putative shark MT cDNA sequence contained an open reading frame consisting 68 amino
acids and 182 bp of 3-untranslated region including the poly (A+) signal. The deduced amino acid sequence
was 41-54% identical to those of other animals including mammals and fish species. Tiger shark MT cDNA
showed high conservation in the Cys regions, however, peculiarly contained not only additional five amino
acids just prior to the conserved beta-domain but also a Ser residue at C terminal, which has not been seen

in other MT sequences.
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AN TGACACGAAGCCC X OTGOTCY AAMCACCT 60 Humen ¥T 1A S0P CKCHECKLNS- CI0L8-(OS00F BEKGHC0A
M S DTEPCVCLDGSCSECERNTEC 20 Noves Y | M- RACTCTROCACKMONE KK -OCI0CPVICIKCADRIVCXGA -~ ADKCTOCA
120 Husen WY 18 MR- CACTTURRCACARBNCHECRG T8~ -ONNE-OGRCCP SEKCROCA
CCAGCAAAGCTGGACGCTGCCAGAMMAGTTGCT
GCAGGTGCTCCGACTRCCGATGTCCCA Bovine NT 1A en 0 o
R CSDCRCPTSEKAGRTCGQEKSCC 40 Mouse WT 11 - a0 NCACS00C ] CHEA———BOKCBCCA
GCTCTTGCTGTCCTIG ACGAACTGTGCCAATGHC AAAG 1B0O Howen T itA WP MICKEXECKE TS~ (HKS-CCaCeP -SOKCS0CA
S CCPAGCT NGCANGC CUVCTEG GTERA 6 Rovins N7 1A MO CIPTIRRD GRIS-CBCCPVOCAKCAGIVOKRA —~——GOKCI0CA
240 Homen AT i¥ HPRECYCUION I CHOANNCTTONEKT —-~CRKS-OCP KOS
CTCTGACAMATGTAGCTGCTGTTCCTGAACAACCGGCACCTCAGACACAATATCTGAAA
¢ e < ki Nouse T 1¥ APIECTORINEC I CRONGHCTTGHCKT -~ CLPOOPPACACARIC (KB ——— SONCECTP
§ DXxcsccs ¢ 68 Homn U7 (13 AP TCRCRBONC TGADRCKCENCNG TS—~-GRR-CLACOPAECENCAKDOVOKGRE MEAEAEKCS00A
PATTGCCCATATGTACTG TATTCCACACAC TICAGTGTCTATATOC 300 Bovine ¥t 111 ~NOPETOPCITSRRC TCIIPCKOEAC TOAS——~CNKS-COBCCRAECEXCAKICVCKGRE GAEAERXCA000
TTGTGTTTACATAAAGARATGAAA AATTATTGAATTTACTGTTATTIGTS 360 Rouse BF 111 SR o EERMAENEXS000
Pigeon #T ~PDCTCAMRGHCARSON DRNCHOHS ———OMK-CCBO0PASCINCAKBCVOKEP -~ BBEKO0CH
TCATGTATTGAATAAMATTTCATAATTACC 3%0 Chicken 8T -
Frog NT ~HOPODCHCETRANCOCTTCHCINONG TS ——ONKD: SHNCICON
Fig. 1. Nucleotide sequence of tiger shark metallothionein e ':'“” Bealisiion an-ocr TCOTHO0
c¢DNA with derived amino acid sequence. Predicted 68 Sabrom T A -WP—CEOMTGRONEAN s
Parch W7 B0 G YNGR TC TN 8- CEPOCPHACPHCATBCVERIK -~

amino acid sequence is shown with a single letter code
below the corresponding codons. Numbering of the
nucleotide and amino acid sequences is given at the right.
The polyadenylation signal sequence is underlined.
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Fig. 2. Comparison of tiger shark MT amino acid sequence
to vertebrate MTs. Asterisks are shown conserved amino
acid of known MTs,

Table 1. The characteristics and comparison of tiger shark MT with vertebrate MTs

Family
subfamily

Known characteristics

Family 1 : Vertebrate MTs

Sequence pattern : K-x(1,2)-C-C-x-C-C-P-x(2)-C

located at the begining of the third exon
60-68 aa, 20 Cys (19 Cys totally conserved)

m1: mammalian MT-1
m2: mammalian MT-2
m3: mammalian MT-3

m4 : mammalian MT-4
m : mammalian MT
a:avian MT

al: avian MT-1
a2: avian MT-2
b : batracian MT
ba : anura MT
“t:teleost MT

Tiger shark MT

two structural domains, composed of 3 exons, 2 introns
61-62 aa, 20 conserved Cys, A at C-term

61aa, 20 conserved Cys, A at C-term

66-68 aa (insert of 4-6 aa near the C-term)

20consetved Cys, Q at C-term

62 aa 20 conserved Cys, P at C-term

60-61 aa, 20 conserved Cys

63 aa (Q insert after pos 3, P insert after pos 52),

20 conserved Cys, H at C-term

62 aa (H at pos 49), N at C-term

60 aa, MDCAC at N-term, additional aa before pos 53
60-61 aa, 20 Cys, 19 Cys conserved with all vertebrate
MTs (Cys 55 instead of Cys 57), gap at pos 4,
QatC-term

68 aa (insert of 5 aa end of second exon),

19 conserved Cys (not allow Cys substitution at pos
55 and 57, but 5 aa insertion before Cys 29)

no gap at pos 4, S at C-term
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Fig. 3. Phylogenetic tree of vertebrate MT amino acids
inferred using a Neighbor-joining program. Lines are pro-
portional to the estimated branch lengths.
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