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Duck growth hormone (GH) was isolated and purified from duck pituitaries by salt precipitation and HPLC
on reverse-phase C,; columns. The duck GH was homogeneous as shown by SDS-polyacrylamide gel
electrophoresis with a molecular weight of 22 000. The cDNA was synthesized and cloned in Escherichia coli
using EcoRI linkers and pBR322 as vector. The positive clones were selected and sequenced. The full-length
duck GH cDNA contains 820 nucleotide pairs with an open reading frame coding for the precursor form
duck GH of 216 amino-acid residues. The partial amino-acid sequence from the protein completely agrees
with that derived from the cDNA, with Phe as the first residue in mature duck GH preceded by a 27-residue
hydrophobic signal peptide. The duck GH is almost completely homologous to the chicken GH, with only
three conservative substitutions (Ser for Thr, His for Tyr and Lys for Arg) and one deletion (Ala) in the
duck GH sequence. Comparison of amino-acid sequence of duck GH with that of various species reveals

56%, 73% and 40% homologies with GHs of human, rat and salmon, respectively.

Growth hormone (GH) of the vertebrate, a 22
kDa protein hormone synthesized in anterior
pituitary gland, is required for preadult growth
[1,2]. The GHs of many mammalian species have
been well studied at both protein and gene levels.
However, the avian GH has been only partially
characterized at the protein level [3,4]. Although
c¢DNA of chicken GH was cloned and char-
acterized recently [5], the primary structures of
other avian GHs remain unknown. In order to
determine the amino-acid sequence of the duck
GH and to provide the basis for further genomic
studies, we have purified and characterized duck
GH from pituitary glands and also synthesized,

Abbreviation: GH, growth hormone.
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cloned and sequenced its cDNA. The results are
described in this report.

Fresh pituitary glands were obtained from 3-
week-old mule ducks, a hybrid species between
Kaiya duck (Anas platyrhynchos variant domes-
tica) and muscovy drake ( Cairina moschata). Duck
GH was extracted with 50 mM ammonium bi-
carbonate/20 mM phenylmethanesulfonyl fluo-
ride and then directly purified by reverse-phase
HPLC using a C;3 column and 0.1% TFA in
water/0.1 M TFA in acetonitrile as solvent. The
purified duck GH was confirmed for immunoreac-
tivity and purity by Ouchterlony agar diffusion
[11] and SDS-polyacrylamide gel electrophoresis,
respectively. The amino-acid sequence was de-
termined in a pulse-liquid phase protein sequencer
(Applied Biosystems Inc. 477A).

The mRNA of the duck pituitary glands was
purified and cloned as described previously [6].
Briefly, total RNA was extracted from the fresh
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pituitary glands by guanidine and hot phenol.
Poly(A)" RNA was selected by passing through
the oligo-(dT)cellulose column twice. The
poly(A)*RNA was used in the rabbit reticulocyte
lysate in vitro translation system as well as in the
hybridization test using **P-labelled porcine GH
c¢DNA as probe. The biologically active mRNA
was used to construct a cDNA library using
pBR322 in E. coli HB101 as host. The double-
stranded cDNA was methylated with EcoRI
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Fig. 1. (A) HPLC profile of duck pituitary extracts through a
C,s column. (B) Rechromatography of duck GH from (A).
Solvents were: (A) 0.1% trifluoroacetic acid in water; (B) 0.1%
trifluoroacetic acid in acetonitrile. The hatched peaks in (A)
and (B) were found to contain duck GH by the Ouchterlony
agar diffusion technique [11] using monkey antiserum against
porcine GH. The duck GH could form a precipitin line with
this antiserum.
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Fig. 2. SDS-polyacrylamide gel electrophoresis of the im-
munoprecipitated in-vitro-translated duck GH. The duck pitui-
tary mRNA was translated in vitro in rabbit reticulocyte lysate
containing | **S)methionine, and the products were precipitated
with porcine GH antiserum. The immunoprecipitate was
analyzed by SDS-polyacrylamide gel electrophoresis. Lane 1:
control (without exogenous mRNA antiserum). Lane 2: control
(without exogenous mRNA, but precipitated with antiserum).
Lanes 3, 4: with duck mRNA, but without antiserum. Lanes 5,
6: with duck mRNA and precipitated with antiserum.
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Fig. 3. Orientation of duck GH-cDNA in pBR322 and the
sequencing strategy. B, BamHI; E, EcoRI; H, HindIIl; R,
Rsal. The wavy lines indicate the sequence from pBR322.



methylase before ligation with the EcoRI-treated
vector.

Positive clones were selected by hybridization
with 3 P-labelled porcine GH-cDNA. The nucleo-
tide sequence of the duck GH-cDNA was de-
termined by the method of Maxam and Gilbert
{71

Two cycles of HPLC on a C,; column (Fig. 1)
gave a duck GH preparation which could form a
precipitin line with a monkey antiserum against
porcine GH (data not shown). The N-terminal
amino-acid sequence was determined with an au-
tomatic protein sequencer as shown below (in
one-letter code):

10 20
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This sequence is identical to that of chicken GH
[5] except that the latter contains a Thr preceding
the first Phe residue.

The duck pituitary mRNA could direct the
synthesis of a protein of about 25 kDa (Fig. 2) in
the rabbit reticulocyte lysate in vitro translation
system. This protein must be the precursor form
of duck GH, as it could be recognized by the
monkey antiserum against porcine GH in the im-
munoprecipitation test. The molecular size of this
precursor duck GH is in agreement with that
derived from the cDNA sequence (Fig. 4). In
addition to the intense major band of 25 kDa (Fig.
2), a band of 43 kDa is also visible, which is most
likely due to non-specific binding with the anti-
serum, since this band is also present in the con-
trol (lane 2).
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Fig. 4. Nucleotide sequence of duck GH-cDNA and the derived amino-acid sequence of duck GH with a calculated molecular weight
of 24849 for the precursor form.
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The GH-encoding cDNA constitutes about 4%
of the total cDNA library, as calculated from the
Southern hybridization study (data not shown).
The high percentage would indicate that the GH-
encoding mRNA is one of the most abundant
species, and this is expected for the rapidly grow-
ing ducks. The majority of the GH-encoding
cDNAs contain around 800 nucleotide pairs and
therefore appear to be full-length. In fact, in the
nucleotide sequence of one of these clones (Fig. 4),
the sequence flanking the initiator ATG codon is
consistent with the consensus sequence (purineX-
XATGG) for eucaryotic initiation sites of trans-
lation [12]. Besides, this sequence encodes a typi-
cal GH precursor highly homologous to the GH of
chicken as well as other vertebrates (Fig. 5). There
seems little doubt that it is a full-length cDNA.

The duck GH-cDNA was sequenced as shown
in Figs. 3 and 4. The amino-acid sequence of the
duck GH derived from the nucleotide sequence of
its cDNA is also shown in Fig. 4. As is evident

from Fig. 5, both avian GHs differ at only four
positions, including three conservative substitu-
tions (Ser, His and Lys in duck GH vs. Thr, Tyr
and Arg in chicken GH, respectively) and one
deletion of Ala in the duck GH. Although the
cDNA of chicken GH has been cloned, its
nucleotide sequence was not reported [5]. The
homology between the GHs of duck and chicken
at the cDNA level cannot be evaluated at present.
The amino-terminal amino-acid sequence as de-
termined by the protein sequencer confirms the
first 20-amino-acid residues derived from the
nucleotide sequence. It also elucidates that the
mature duck GH starts with a unique amino acid,
Phe, after cleavage of the 27-residue signal peptide.
The signal sequence of duck GH is about the same
size as that of most mammalian GHs (Fig. 5), but
longer than the signal peptide of 22 residues of the
Salmon GH [10]. Comparison of the GHs from
several representative vertebrate species (Fig. 5)
reveals that duck GH shares 56%, 73% and 40%
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Fig. 5. Comparison of GHs from duck (present study), chicken [5], human (8], rat [9] and salmon [10). The numbering begins from the
first amino-acid residue in the mature hormone. Bars represent identical residues with duck GH. Blank spaces are introduced to
maximize homology.



sequence homology with the GHs of human, rat
and salmon, respectively. Similar homology is
found also when the coding region of duck GH
cDNA is compared with that of other representa-
tive vertebrate species, except salmon; the duck
GH shows 53%, 75% and 53% nucleotide-sequence
homology with that of human, rat and salmon,
respectively. It is interesting to note that duck GH
exhibits much higher sequence homology with that
of salmon at the cDNA level than at the protein
level (53% vs. 40%). The significance of this dif-
ference is not clear at present.
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