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Isolation of the pituitary gonadotrophic a-subunit hormone
of the giant amazonian fish: pirarucu (Arapaima gigas)
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Abstract The cDNAs of the a-subunit of the pitu-
itary gonadotrophic hormones (GTHux) of fish of the
order Osteoglossiformes or the superorder Osteogloss-
omorpha have never been sequenced. For a better
understanding the phylogenetic diversity and evolu-
tion of PGHu in fish and for future biotechnological
synthesis of the gonadotrophic hormones (ag-FSH and
ag-LH), of Arapaima gigas, one of the largest
freshwater fishes of the world, its GTHx ¢cDNA was
synthesized by reverse transcriptase and the polymer-
ase chain reaction starting from total pituitary RNA.
The ag-GTHo-subunit was found to be encoded by
348 bp, corresponding to a protein of 115 amino acids,
with a putative signal peptide of 24 amino acids and a
mature peptide of 91 amino acids. Ten cysteine
residues, responsible for forming 5 disulfide linkages,
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2 putative N-linked glycosylation sites and 3 proline
residues, were found to be conserved on the basis of
the known sequences of vertebrate gonadotrophic
hormones. Phylogenetic analysis, based on the amino
acid sequences of 38 GTHa-subunits, revealed the
highest identity of A. gigas with members of the
Acipenseriformes, Anguilliformes, Siluriformes and
Cypriniformes (87.1-89.5 %) and the lowest with
Gadiformes and Cyprinodontiformes (55.0 %). The
obtained phylogenetic tree agrees with previous
analysis of teleostei, since A. gigas, of the order of
Osteoglossiformes, appears as the sister group of
Clupeocephala, while Elopomorpha forms the most
basal group of all other teleosts.

Keywords Arapaima gigas - Follicle-stimulating
hormone - Luteinizing hormone - Reproduction

Introduction

The two pituitary gonadotrophic hormones (GTHs),
that is, follicle-stimulating hormone (FSH) and lutein-
izing hormone (LH), play important roles in the
gonadal development and are the most likely candi-
dates to elicit gonadal differentiation, being involved
in regulating essential reproductive processes such as
gametogenesis and follicular growth in vertebrates,
including fish (Gen et al. 2000; Villeneuve et al. 2007,
Ohta et al. 2008; Cao et al. 2009; Huang et al. 2009;
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Schulz et al. 2010; Senthilkumaran 2011). These
hormones can be employed as artificial spawning
inductors to improve breeding and establish repro-
duction centers. This is particularly useful for endan-
gered and overexploited species of fish used for human
consumption, like Arapaima gigas (Zohar and Mylo-
nas 2001; Yaron et al. 2009; Garcia et al. 2009; Chu-
Koo et al. 2009; Mylonas et al. 2010; Castello et al.
2011). For these reasons, the production of recombi-
nant FSH and LH by biotechnology is highly desirable
(Kobayashi et al. 2003; Yu et al. 2010). For verte-
brates, these hormones are non-covalently bound
heterodimeric glycoproteins composed of a common
o-subunit, essential for signal transduction, protein-
folding and heterodimer stabilization, and a hormone-
specific f-subunit that is involved in determining the
metabolic clearance rate being responsible for elicit-
ing a particular biological response (Pierce and
Parsons 1981; Bousfield et al. 2007; Carvalho et al.
2009). The o-subunit amino acid sequence is highly
conserved, with fishes of the same order showing
90-100 % identity among them and 55-70 % identity
when compared to other teleosts (Gen et al. 1993;
Kobayashi et al. 1997; Han and Yu 2002; Cerda et al.
2008). Since the first teleost GTHo-subunit sequenc-
ing (Chang et al. 1988; Suzuki et al. 1988; Kitahara
et al. 1988), the GTHx cDNA of more than forty
species of Actinopterygii has now been characterized,
with the data either reported in the literature or
deposited in the Genbank. However, none of these
teleosts represent the superorder Osteoglossomorpha
or the order Osteoglossiformes to which A. gigas
belongs.

Arapaima gigas (pirarucu) is a giant Osteoglossidae
native to the Amazon River basin that can reach 2 m in
length and weigh up to 100 kg and is present in
Ecuador, Colombia, Peru, Bolivia and Brasil. This
species is in danger of disappearing due to exploitation
by the fishing industry and increasing human presence.
It is largely used for food and extractivism purposes,
and commercial breeding is still incipient due to
insufficient technological knowledge. Despite its
importance, information about the current population
is either lacking or missing (Stone 2007), and the
physiology and reproduction of A. gigas have been the
object of relatively few scientific investigations (Junk
and Piedade 2004; Faria 2008; Silva and Faria 2011).

In order to better understand the phylogenetic
diversity and evolution of the GTHa-subunit in fish, to
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better situate the Osteoglossiformes within the teleosts
and to provide the amino acid sequence for future
synthesis of ag-FSH and ag-LH useful for fertility
studies and related applications, we synthesized its
GTHua-subunit cDNA starting from pituitary material.
Its complete amino acid sequence was thus determined
and used for phylogenetic analysis by comparison with
34 known sequences from other teleosts, using 3
Acipenseriformes as the outgroup.

Materials and methods
Animals

Sexually mature A. gigas, total length 150-200 cm,
were obtained in fishing stations in districts of Santa-
rém, Pard, Brazil. Pituitaries glands were removed
immediately following decapitation, frozen in liquid
nitrogen, stored at Embrapa Amazonia Oriental (Belém,
Pard, Brazil) and transported to IPEN-CNEN/Sao
Paulo for the experiments (Sample collection license:
16623-1\2008, Brazilian Institute of Environment
(IBAMA) and Board of Genetic Heritage Management
(CGEN), license: 02001.005724/2008-21). Seven fish
were employed and each region of the gene was
repeatedly analyzed using at least three different
hypophyses per region.

Total RNA extraction

Total RNA was extracted from individual pituitaries
glands (70-180 mg) of A. gigas using the Purelink®
Micro-to-Midi total RNA purification kit (Invitrogen,
Carlsbad, CA, USA) and kept at the temperature of
—70 °C.

Design of primers and reverse-transcribed
polymerase chain reaction (RT-PCR)

All oligonucleotides used as primers were designed
using Bio Edit® softwares (Hall 1999). Initially, 13
primers (sense and antisense) were designed based on
the conserved regions of 17 fish GTHa sequences
deposited in the GenBank (Table 1), and these were
used for different RT-PCR test reactions. One micro-
gram of pituitary total RNA was reverse-transcribed to
cDNA using a one-step kit (Invitrogen®). The reaction
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Table 1 Fish species used in sequence analysis of glycoprotein a-subunits

Order Taxa name Abbreviation Accession No. References
Synbranchiformes  Monopterus albus Albus swamp eel AF502395 Han and Yu (2002)
Ophisternon bengalense Bengalense swamp eel  AF502394 Han and Yu (2002)
Perciformes Sebastes schelegelii Rockfish AY609078 Kim et al. (2005)
Thunnus obesus Tuna P37204 Okada et al. (1994)
Pseudolabrus sieboldi - BAF81899 Ohta et al. (2008)
Dicentrarchus labrax European seabass AAK49431 Mateos et al. (unpublished)
Epinephelus coioides Orange-spotted grouper AAN18038 Zhou and Gui (unpublished)
Acanthopagrus latus Yellowfin porgy M94038 Tsai,H and Chen (unpublished)
Acanthopagrus schlegelii Black porgy ABQY6863 An et al. (unpublished)
Pagrus major Red seabream AB028211 Gen et al. (2000)
Sparus aurata Gilthead seabream AF300425 Meiri et al. (unpublished)
Morone saxatilis Striped bass L35071 Hassin et al. (1995)
Oreochromis mossambicus Tilapia AF303087 Gur et al. (unpublished)
Tetraodontiformes  Takifugu rubripes Fugu rubripes DAAO06175 Wong and Van Eenennaam (2004)
Pleuronectiformes Hippoglossus hippoglossus Atlantic halibut AJ417770 Weltzien et al. (unpublished)
Solea senegalensis Senegalese sole ABWS81405 Cerda et al. (2008)
Paralichthys olivaceus Bastard halibut AF268692 Lee and Kim (unpublished)
Cyprinodontiformes  Fundulus heteroclitus Killifish U12923 Lin et al. (unpublished)
Gadiformes G. morhua Cod fish DQ402372 Mittelholzer et al. (2009)
Salmoniformes Oncorhynchus tshawytscha ~ Chinook salmon S77059 Suzuki et al. (1995)
Oncorhynchus masou Masu salmon S69273 Gen et al. (1993)
Oncorhynchus keta Chum salmon M27652 Kitahara et al. (1988)
Oncorhynchus mykiss Rainbow trout AB050834 Morita et al. (unpublished)
Cypriniformes Ctenopharyngodon idella Grass carp X61050 Chang et al. (unpublished)
Hypophthalmichthys molitrix ~ Silver carp P37037 Chang et al. (1990)
Cyprinus carpio Common carp M37379 Chang et al. (1988)
Carassius auratus Goldfish D86551 Kobayashi et al. (1997)
Rutilus rutilus Roach minnow ABR67465 Trubiroha et al. (2009)
Siluriformes Clarias gariepinus African catfish X97760 Rebers et al. (1997)
Ictalurus punctatus Channel catfish AF112190 Liu et al. (1997)
Anguilliformes Anguilla anguilla European eel X61038 Querat et al. (1990)
Muraenesox cinereus Pike eel P12836 Liu et al. (1989)
Anguilla japonica Japanese eel BAD14301 Nagae et al. (1996)
Anguilla marmorata Giant mottled eel ACKS87151 Huang et al. (2009)
Acipenseriformes Acipenser baerii Siberian sturgeon AJ310342 Querat (unpublished)
Acipenser gueldenstaedtii Russian sturgeon AY519658 Hurvitz et al. (2005)
Acipenser sinesis Chinese sturgeon EU656137 Cao et al. (2009)

was performed at 37 °C for 30 min, using the
moloney-monkey-leukemia-virus (MMLV) reverse
transcriptase, then heating at 94 °C for 2 min to
inactivate it. PCRs were performed in a thermocycler
(Applied Biosystems®, Foster City, CA,USA) with
10 mM of sense and antisense primers and 2.5 U of
Taq DNA polymerase (Life Technologies, Carlsbad,

CA, USA) followed by 35 cycles: denaturation at
94 °C for 15 s, annealing at 45 °C for 30 s and
extension at 68 °C for 1 min. Final elongation was at
68 °C for 5 min before holding at 4 °C. Based on these
tests, the two primers (primers #1 and #2; Table 2;
Fig. 1) that provided the best reaction and a single
band on 1.2 % agarose gel, corresponding to a putative
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Table 2 Primers used in cloning A. gigas GTHua

Sequence

Number  Direction Name
Primer 1  Sense agGTHal
Primer 2 Antisense agGTHo2

Primer 3  Antisense Adapter primer

Primer 4 Sense or Antisense  Universal amplification

primer
Primer 5 Antisense agGTHo3

Primer 6  Sense

5" CAT GGG CTG CTG CTT CTC 3’
5" CTC TTT GGT ATG TCT GAC G 3

5" GGC CAC GCG TCG ACT AGT ACT TTT TTT TTT
TTT TTT T ¥

5" CUA CUA CUA CUA GGC CAC GCG TCG ACT AGT AC 3’

5" TTT GCT GTT CTG CCT TA 3
Abridged anchor primer 5’ GGC CAC GCG TCG ACT AGT ACG GGI IGG GII GGG 1IG 3’

Primer 7  Antisense agGTHa4 5" CTT GTG ATA GTA GCA GGT GTT G 3’
Primer 8 Antisense agGTHoS 5" CGT TGC CTC GGA TGT TAT GTT C 3’
5-UTR 3'-UTR Poly(A
~UTR | sp GTHa g
3'RACE i P3 (AP)
P1 s ~==P4 (UAP)
5'RACE iP5
L g P7
P6 (AAP)
- ~t— P8
P4 (UAP)

Fig. 1 Sequencing strategy and primer positions for the A.
gigas GTHa cDNA identification. The primers correspond to
oligonucleotides listed in Table 2. 5-UTR, 5'-untranslated

partial sequence of GTH-o cDNA, were thus ready to
be used for the following reactions.

Rapid amplification of cDNA ends (RACE)

Partial sequences of A. gigas GTH-a cDNAs were
obtained using 3’ and 5'-RACE System kits (Invitro-
gen®) according to manufacturer’s instructions.
3’-RACE was carried out using 0.5-1.0 pg of
mRNA to synthesize the first-strand cDNA and
10 pmol of Adapter Primer (#3) and 200 U Superscript
IT reverse transcriptase (Invitrogen®), followed by
PCR carried out using primers #1 and #4 (Universal
Amplification Primer) in a reaction at 94 °C for 3 min
and 35 cycles: 94 °C for 30 s, 55 °C for 30 s and 72 °C
for 60 s, according to kit instructions. PCR products
were then sequenced at the Human Genome Research
Center (University of Sdo Paulo, Brazil) and analyzed
by comparison with the literature data using the Bio
Edit® software. Gene-specific primers (#5, #7 and #8)
were then designed on the basis of the partial sequence
obtained with the 3’-RACE and used together with the
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region; 3’-UTR, 3'-untranslated region; SP, signal peptide
sequence; poly (A), poly (A+) tail

primers supplied by the two kits (#3, #4 and #6) to
obtain and repeatedly confirm the full sequence of
GTH-« cDNA.

For 5-RACE, 0.8-1.5 pug of total RNA were
reverse-transcribed with 200 U of Superscript II
reverse transcriptase (Invitrogen®) using primer #5,
according to kit instructions. Single-strand cDNA was
column-purified, and tailed oligo-dC was added using
terminal deoxynucleotidyl transferase. PCR was then
performed using the Abridged Anchor Primer (#6) and
gene-specific primer #7 in a reaction at 94 °C for
2 min and 35 cycles: 94 °C for 60 s, 55 °C for 60 s
and 72 °C for 2 min, followed by a final extension at
72 °C for 5-7 min, according to kit instructions.
Nested PCR was then carried out on the primary PCR
products using the Universal Amplification Primer
(#4) and gene-specific primer #8 under the same
conditions described above. PCR products were
sequenced and analyzed in comparison with the
literature data.

The complete amino acid sequence of ag-GTHu
was determined and a putative signal peptide
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Fig. 2 Nucleotide and 1 TGAACAGCTCACTACAAAAGTACAGAAACCTCCCGTCACTACGTATTTGCAGGCACCATG 60
deduced amino acid
sequence of the cDNA 61 ASCT¢CA$AG2AA2ACIGA$CAITTG:ATgTG\'/I'TCEGGACATIACLI'GGACCATCTI'_I'AC:TAITT 120
f’)’;?duilg the.GtTIr{t“ Sgpumt 121  GTAGACTCTAATTTCAATGTGGGTIGTGAAGAGTGCAAACTTAAGGAGAACAAGTACTTC 180
1. gigas. [dstart coding VD S N F vV G E EOXK LK E N K Y F
region, &first amino acid of 181  TCAAGGCTGGGAGCACCCATCTTTCAGTGCATGGGCTGTTGCTTCTCCAGAGCATACCCT 240
the mature peptide, Grrjor SR LGAUPI FQ@© ™ ©cFs RAYFP
toglycosylation sites; 241  ACACCTCTGAGGTCCAAGAAAACAATGCTGGTTCCCAAGAACATAACATCCGAGGCAACG 300
Ocysteine residues; T PLRS KU KTMULV P KNI T]JsE AT
armaaxpolyadenylation 301 TécT@TGTGGCTAAAGAAGTCAAACGGCTGATCACACTGAACAACGTGAGACTGGAAAAC 360
signal; IEEEEREpOlY VAKEVKRTLITILNNVR L E[N
(A™) tail 361 CACACGGACTGTCACTGCAACACCTGCTACTATCACAAGTCATAAGGCAGAACAGCAAAA 420
H 1|o@H@ON T Y Y H K s .
421  CTTTATTTAACCTGATTTGAAGGTAGATTAAAAAATGACATTGTTGGATTTAATTGTCAT 480
481  TGTTTTTCATTTCATAGACGTAACATGCTGAAGACTCATTAGACTATACAAGGAAAACTG 540
541 TGTGATGTGGTAATCTTTTGTGTTAGAAAAAAGTTCTGAATAGCTCATCATATTTCTTAA 600
601  TTTTTTGTTCATTTACATAAAACAGTACTCACAAAGCAATTAAAGCGGGAATCATTAGAG 660
661  GCAATCTTCNNNNNNAAAATTGTATTGCATTTTGTCAGTACCAACACAAGCTTTCATTTA 720
721  CTTATTAAAAGAGCCACATAAAACATG YNV YN YV Yy 767

identified using the “Signal peptide 4.1 software”
(Petersen et al. 2011). The alignment of the mature
peptide sequences was made using Clustal W (Thom-
son et al. 1994).

Phylogenetic analysis

For the phylogenetic analysis, the amino acid
sequence of the GTH-«-subunit mature peptide of A.
gigas obtained in this study was compared with that of
37 other homologous sequences retrieved from the
GenBank/EMBL or from published papers. The
phylogenetic tree and related analyses were conducted
using the computer program MEGA 5 (Tamura et al.
2011) based on the Neighbor-Joining method, rooted
with 3 Acipenseriformes species as the outgroup, with
a bootstrap robustness derived from 1,000 replicates.
Evolutionary molecular distances were corrected
using the Poisson method (Kimura and Ohta 1979).
Branches corresponding to partitions reproduced in
less than 50 % of the bootstrap replicates automati-
cally collapsed. All positions containing gaps and
missing data were eliminated.

Results

The sequences obtained via 3’ and 5’-RACE by using
material from 7 different pituitary glands were com-
pared and aligned. A short overlapping enabled their
proper joining into a single nucleotide sequence
spanning the entire cDNA. The A. gigas GTH-«
cDNA sequence was 767 bp in total length and had an
open reading frame of 348 bp beginning with the first

ATG codon at position 58 bp (57 bp 5'-UTR) and with
the stop codon at position 403 bp and a 342 bp 3'-
UTR. A polyadenylation signal (ATTAAA) was
recognized 18 bp upstream from a poly (A™) tail of
20 bp. The coding region translates into a peptide of
115 amino acids, while the cleavage site for the
putative signal peptide was calculated to be between
amino acid 24 and 25. This provides a mature peptide
of 91 and a signal peptide of 24 amino acids. The
proposed mature peptide of ag-GTH-o thus contains
10 conserved cysteines and 3 conserved prolines.
Putative N-linked glycosylation sites were identified
at amino acid positions 51-53 (NIT) and 77-79 (NHT)
of the mature peptide (Fig. 2). Figure 3 shows the
alignment of the amino acid sequences of ag-GTH-u-
subunit with other 34 teleosts and 3 Acipenseriformes,
while Table 3 presents the percentage identities of
GTHu peptides for 12 fish orders. The phylogenetic
tree was carried out using 35 GTHa-subunit peptide
sequences from teleosts, with 3 Acipenseriformes
species, forming the outgroup (Fig. 4).

Discussion

The full-length cDNA that encodes A. gigas GTHu-
subunit was synthesized and analyzed for the first time.
When compared with the corresponding GTHa peptide
sequences of fish that have already been reported, its
sequence was found to have high amino acid identity
with that of other teleosts (Anguilliformes and Ostar-
iophysi) and even with Chondrostei (Acipenserifor-
mes), with identity values varying from 87.1 t0 89.5 %.
This is similar to that found in monophyletic groups

@ Springer
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Table 3 Percentage identity of GTHo peptides among fish orders
1 2 3 4 5 6 7 8 9 10 11 12

1 Osteoglossiformes (1)* 100 87.1 881 895 881 757 674 55.0 550 700 63.6 62.8
2 Acipenseriformes (3)* 100 88.1 848 841 746 662 55.0 550 67.7 645 65.3
3 Anguilliformes (4)* 982 837 831 735 640 51.6 570 647 605 62.2
4 Cypriniformes (5)* 993 979 798 719 60.3 628 705 63.7 67.2
5 Siluriformes (2)* 9.5 790 717 60.3 61.6 700 63.6 67.7
6 Salmoniformes (4)* 87.4  63.0 58.9 564 622 611 65.3
7 Perciformes (11)* 93.3 81.6 584 944 836 88.2
8 Cyprinodontiformes (1)* 100 523 821  76.8 81.1
9 Gadiformes (1)* 100 577  54.0 57.7
10 Synbranchiformes (2)* 947  86.0 88.1
11 Pleuronectiformes (3)* 82.4 80.3
12 Tetraodontiformes (1)* 100

* The number in parenthesis represents species numbers of each order

such as Salmoniformes, Pleuronectiformes and
Acanthopterygii (see Table 3). Salmoniformes and
Pleuronectiformes present, although the lowest identity
within orders, which could be related to the existence of
two divergent forms of GTHa, as can be clearly seen in
Fig. 3, in the variable regions of the salmoniform
Oncorhynchus. Acanthomorpha, represented by
Acanthopterygii and Gadiformes, present low identity
not only with A. gigas but also with the other orders
presented, with the lowest values for Gadiformes and
Cyprinodontiformes. The identity level between A.
gigas and Acanthomorpha, varying from 55 to 70 %,
was similar to that found between A. gigas and
terrestrial vertebrates: 66.1 % in comparison with rats
(Rattus norvegicus), 67.8 % with mice (Mus musculus)
and 60.0 % with humans (Homo sapiens). The phylo-
genetic relationships thus help for the interpretation of
the amino acid variation found for GTHa in fishes,
indicating that a relatively well-conserved subunit
present in the basal orders of Teleostei and Acipens-
eriformes, gradually evolved to the GTHu that are
present in Acanthopterygii and Gadiformes (Para-
canthopterygii). Analysis of A. gigas GTHo in relation
to that of 34 other species of Teleosts confirmed four
conserved regions in their mature peptide. In particular,
10 cysteine residues responsible for forming 5 disulfide
linkages, two N-linked glycosylation sites and 3
proline residues, possibly related to the backbone
directions of the protein structure, appeared as pre-
served functional structures in A. gigas GTHao.

As is known, the sugar chains present at N-glyco-
sylation sites regulate the process of subunit assembly
and stimulate post-receptor binding functions
upstream from G-protein activation and second mes-
senger stimulation (Roch et al. 2009). The 12 orders
and 38 species investigated here, including A. gigas
(Osteoglossiformes), had in general NIT and NHT
sequences providing two glycosylation sites in their
GTH o-subunit. The exception was Muraenesox
sinereus (Anguilliformes), which had D instead of N
at amino acid position 56, thus losing the first
glycosylation site, while Gadus morhua (Gadiformes)
had Q instead of H at amino acid position 86, which
still maintains the glycosylation site (Fig. 3). The
putative cleavage site for the signal peptide of GTHa
of A. gigas appears between amino acid 24 (S) and 25
(N). Of the 38 species reported in Fig. 3, 33 presented
tyrosine (Y), 4 presented other amino acids (D,F,G,H)
and only one (A. gigas) presented asparagine (N) as a
putative first amino acid of the mature o peptide. The
cleavage site position agrees with the majority of
reported putative signal peptides, varying from 18 to
28 amino acids in Teleosts. The A. gigas GTHa
polyadenylation signal ATTAAA is a non-consensus
signal in comparison with the very highly conserved
AATAAA present in all vertebrates, typically located
15-25 nucleotides upstream from the poly (A) addition
site, but it agrees with signals from the Russian
sturgeon, striped bass, coho salmon and tilapia (Hassin
etal. 1995; Dickey and Swanson 2000; Gur et al. 2001;
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Fig. 4 Consensus Sparus aurata
phylogenetic tree of GTHo Acanthopagrus schlegelii .
. . 64 Perciformes
peptide subunits from 12 Acanthopagrus latus
fish orders and 38 species on Thunnus obesus
the basis of their amino acid ) Z A
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identities. The tree was
. P . -
constructed with the agrus major Perciformes
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Clupeocephala Protacanthopterygii 89 Oncorhynchus masou Salmoniformes
68 74 Oncorhynchus mykiss
99 |: Oncorhynchus tshawytscha |
Ictalurus punctatus ] Siluriformes
Ostariophysi C auratus 7] Cypriniformes
79 T
Clarias gariepinus ] Siluriformes
57 56 Ctenopharyngodon idella
50 Cyprinus carpio Cypriniformes
Teleostei Hypophthalmichthys molitrix
Rutilus rutilus N
Osteoglossomorpha . 3 .
Arapaima gigas 1 Osteoglossiformes
Muraenesox cinereus
El h:
opomorpha Anguilla anguilla -
98 Anguilliformes
s Anguilla japonica
Anguilla marmorata N
Acipenser baerii ]
% Acipenser gueldenstaedtii Acipenseriformes
Acipenser sinensis

Hurvitz et al. 2005). The sequence ATTAAA has been
demonstrated, in fact, to be the mildest mutation,
corresponding to the most common natural variant,
still providing a RNA that is 70-80 % as efficiently
polyadenylated and cleaved as AATAAA-containing
RNA (Sheets et al. 1990).

Few studies have reported phylogenetic hypotheses
for the Osteoglossomorpha based on molecular data.
O’Neill et al. (1998) suggested their non-monophyly
with basis on a derived teleost form of GnRH.
Employing sequences from mitochondrial cytochrome
b and ND2 genes, Kumazawa and Nishida (2000)
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suggested that Heterotidinae (Heterotis niloticus and
A. gigas) form a sister group of the Osteoglossidae. Al-
Mahrouki et al. (2001) isolated and sequenced
preproinsulin cDNA in four members of the Osteo-
glossomorpha, showing them to be monophyletic and
suggesting that they were not the most basal living
teleosts. On the basis of 5 molecular markers, Lavoué
and Sullivan (2004) strongly confirmed the Osteo-
glossomorpha group to be monophyletic. Mu et al.
(2010) used the complete mitochondrial cytochrome b
gene sequences to clarify the genetic structure and
evolutionary relationship within four specific genera
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of the Osteoglossidae family. On the other hand, Han
and Yu (2002), in a study of the phylogenetic diversity
and evolution of GTHu in fish, obtained the cDNA of
swamps eels (Synbranchiformes) and compared it
with that of 31 other GTH «-subunit mature peptide
sequences from 9 fish orders, none of which, however,
represented the superorder Osteoglossomorpha.

The present study established a phylogenetic
hypothesis by comparing the same conserved peptide
(GTHa) derived from A. gigas with that of 34 other
teleosts. It represents 12 orders and 38 species of fish,
including the 3 Acipenseriformes that were chosen as
outgroup because they are the nearest relatives to the
teleosts for which the GTHua sequences are known
(Fig. 4). Unlike other studies that recently analyzed
Osteoglossomorpha topology but excluded other tel-
eosts or used them as the outgroup (Lavoué and
Sullivan 2004; Mu et al. 2010), the present study
considered a large fraction of teleosts, that is, 35
species. The resulting phylogenetic tree placed Os-
teoglossomorpha as the sister group of Clupeocephala,
while Elopomorpha (Anguilliformes) appears as the
most basal group of all other teleosts analyzed,
confirming previous studies (Arratia 1991; Li and
Wilson 1999; Hilton 2003). This diverges from
traditional phylogenesis, which placed Osteoglosso-
morpha as the most basal branch of the living Teleosts
(Patterson and Rosen 1977). This phylogenetic anal-
ysis thus contributes to the attempts to identify the
extant sister group of all other living teleosts (Arratia
2001), although more taxonomic samples of Osteo-
glossomorpha should be investigated.

In conclusion, A. gigas GTHa cDNA was identified
and sequenced in this study and its putative mature
peptide sequence compared to those of other teleosts,
providing additional data that confirmed the phyloge-
netic position of A. gigas. The characterization of A.
gigas GTHo is the first step necessary for the
biotechnological production of ag-FSH and ag-LH,
extremely vital hormones for use in fertility studies
and preservation of this important, potentially endan-
gered species.
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