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Growth hormone (GH) polypeptide was purified from pituitary glands of the gilthead sea
bream (Sparus aurata) by a two-step procedure involving gel filtration on Sephadex G-100
and reverse-phase high-performance liquid chromatography (rpHPLC). At ecach stage of
purification, fractions were monitored by SDS-polyacrylamide gel electrophoresis (SDS-
PAGE;) and by immunoblotting using anti-bonito GH antiserum. The molecular weight of the
sea bream GH was estimated by SDS-PAGE to be 21 kDa when electropheresed in the
absence of B-mercaptoethanol {nonreduced conditions) and 22 kDa when electrophoresed
under reduced conditions (in the presence of 1% B-mercaptoethanol). Pituitary RNA was
used to direct cell-free translation. When specific immunoisoclation from *3S-labeled proteins
was conducted, using antisera against Sparus or tilapia GH, a larger prehormone was im-
munoprecipitated. The size of the pre-GH was estimated to be 27-28 kDa under reduced
conditions and 26-27 kDa under nonreduced conditions, in agreement with the calculated
molecular weight of Sparus pre-GH of 26,296 based on the deduced amino acid sequence of
Sparus GH cDNA. The specificity of the immunoprecipitation reaction was demonstrated
by the ability of recombinant tilapia GH to compete with the radioactively labeled transla-
tion product. No such competition was found after the addition of BSA. Our results dem-
onstrate that the sea bream GH is similar in its size to other purified fish GHs and provide
direct evidence for the synthesis of GH as a prepeptide, thus supporting the conclusions

presented earlier by GH ¢cDNA cloning.

Growth hormone (GH) is a single-chain
polypeptide of about 22 kDa which is pro-
duced in the somatotrophs of the anterior
part of the pituitary gland and is secreted
into the vascular system. The mature hor-
mone is processed from a precursor by re-
moval of a short signal peptide. GH is es-
sential for normal growth and development
of all vertebrates. Considerable information
exists regarding the structure of fish GH.
GH polypeptides have been purified and
characterized from many freshwater and
seawater fish species. Among them are the
eel (Yamaguchi et al., 1987), chum salmon
{Kawauchi and Morivama, 1988), bonito
(Noso et al., 1988), vellow tail (Kawazoe et
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al., [988), tuna (Kariva er al., 1989), blue
shark (Yamaguchi et al., 1989), Atlantic
cod (Rand-Weaver et al., 1989, 1991), tila-
pia (Yamaguchi er al., 1991), and catfish
(Watanabe et al., 1992). The GHs purified
from the different fish appear to have a mo-
lecular weight of 21-22 kDa, as estimated
from SDS-polyacrylamide gel electropho-
resis.

Cloning and sequence analysis of cDNAs
coding for fish pre-GHs suggested the pres-
ence of a putative signal peptide similar to
mammalian pre-GH ¢DNAs (Seeburg et
al., 1977; Martial et al., 1979; Miller et al.,
1980). The putative signal peptide differs in
its size among different fish GHs. Its length
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Copyright © 1994 by Academic Press, Inc.
All rights of repraduction in any ferm reserved.



322

ranges from 22 amino acids (a.a.) in the
cyprinids such as the common carp (Chao
et al., 1989; Koren er al., 1989), the grass
carp (Ho er al., 1989), and the bighead carp
(Chang et al., 1992}, the northern pike
(Schneider et al., 1992), the salmonids
[rainbow trout (Agellon et al., 1988; Rent-
ier-Delrue ¢¢ al., 1989a), chum salmon
(Sekine ez al., 1985), coho salmon (Nicoll et
al., 1987; Gonzalez-Villasenor er al., 1988),
and the Atlantic salmon (Lorens et al.,
1989)], to 19 a.a. in the eel (Saito ef al.,
1988) and 17 a.a. in the tilapia (Rentier-
Delrue et al., 1989b), red sea bream (Mo-
mota et al., 1988), yellow tail (Watahiki et
al., 1988), tuna (Sato et al., 1988), and our
own study of the gilthead sea bream
(Funkenstein et al., 1991). Interestingly,
the length of the putative signal peptide can
be correlated with the degree of homology
between the different fish GHs. Thus, the
gilthead sea bream GH is highly homolo-
gous with the red seca bream, tuna, vellow-
tail, and titapia GH, and all have a putative
signal peptide of 17 a.a. This group of GHs
has a much lower homology with the salmo-
nid GH, which exhibits a 22-a.a. signal pep-
tide. For comparison, the rat, human, and
bovine GH have a signal peptide of 26
amino acids (Seeburg ef al., 1977; Martial
et al., 1979; Miller et al., 1980),

Increased interest in the potential utiliza-
tion of GH in fish farming prompted us to
clone the GH ¢cDNA from the gilthead sea
bream (Sparus aurata), which is considered
to be an economically important fish spe-
cies for mariculture. We found that it codes
for a polypeptide of 204 amino acids, in-
cluding a putative signal peptide of 17
amino acids (Funkenstein et al., 1991). Re-
cently, we have expressed Sparus GH in
Escherichia coli (Cavarl et al., 1993). In or-
der to compare between the native GH and
the recombinant GH, we have purified
Sparus GH from the pituitary, and the re-
sults of the purification are presented in this
paper. In addition, we employed specific
immunoisolation techniques, using anti-
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Sparus GH antiserum, in order to isolate
newly synthesized GH from a cell-free
translation system programmed with pitu-
itary RNA. Comparison between the GH
purified from Sparus pituitaries and the GH
translated by pituitary RNA suggests that
GH is synthesized in a cell-free system as a
larger prehormone, compared to the native
hormone isolated from Sparus pituitaries.

EXPERIMENTAL PROCEDURES
Protein Purification

Five hundred pituitary glands were removed from 5.
aurata fish cultured in the National Center for Mari-
culture, Eilat, Israel, during their fast growing season,
frozen immediately on dry ice, and kept at —80° until
use. The glands were homogenized in a solution of 0.1
M ammonium bicarbonate, pH 7.5, containing 5 mM
EDTA and 1.5 mM phenylmethylsulfonyl fluoride
(PMSF) using a Polytron homogenizer. The homoge-
nate was centrifuged at 25,000g for 30 min. Superna-
tant was recovered and the pellet was rehomogenized
as above. The combined supernatant was subjected to
gel filtration on a Sephadex G-100 column (1.9 x 100
c¢m) equilibrated and eluted with 0.1 M bicarbonate
buffer, pH 8.2, at a flow rate of 12 ml/hr. Fractions of
3 ml were collected. Fractions were combined into six
groups as follows: (1) tubes 27-39, (2) tubes 4043, (3)
tubes 44-54, (4) tubes 55-72, (5) tubes 73-82, (6) tubes
83-101. After lyophilization, each fraction was ana-
Iyzed by sodium dodecy] sulfate-polyacrylamide get
electrophoresis (SDS-PAGE) and Western blot as de-
scribed below. A putative GH fraction was subjected
to a reverse-phase high-performance liquid chroma-
tography (rpHPL.C) on a TSK-gel ODS 120T column
(0.46 x 25 cm, particle size 5 pm), at a column tem-
perature of 40° and a flow rate of 1 ml/min. Elution was
performed with a linear gradient of 20-80% acetonitrile
containing ¢.1% TFA for 60 min. Proteins were mon-
itored by measuring the absorbance at 220 nm. Frac-
tions were analyzed by SDS-PAGE and Western blot
as described below.

Electrophoresis and Western Blot

Fractions from the Sephadex G-100 column and
from the rpHPLC were analyzed by SDS-PAGE
{12%). Proteins were stained with 0.2% Coomassie
blue R-250. The gilthcad sea bream GH was identified
by Western blot. Proteins were electrotransferred to
nitroceliulose membranes (Towbin er af., 1979) and
reacted with a 2000 dilution of specific antiserum
raised against bonito (Katsuonus pelamis) GH (Noso
et al., 1988), and then incubated with biotinylated goat
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anti-rabbit IgG (Vector Labs, Burlingame, CA). De-
tection was accomplished by the avidin-biotin reagent
(Vectastain ABC kit, Vector Labs) and 3,3-
diaminobenzidine in H,0,.

RNA Isolation and Cell-Free Translation

Total RNA was isolated from pituitaries of §. aurata
fish duoring their fast growing season by the rapid
method of Chomczynski and Sacchi (1987). RNA was
translated in a commercially available rabbit reticulo-
cyte lysate system (New England Nuclear) in a total
volume of 25 pl. Incubations were carried out at 37°
for 60 min. The incorporation of [**$]methionine into
TCA-precipitable protein was measured in order to as-
say for translational efficiency,

Immunoprecipitation and Electrophoresis

After the translation reaction was terminated, sam-
ples were dijuted with 1/5 vol of 50 mAf methionine in
phosphate-buffered saline, vortexed, and then diluted
again with an equal volume of 10% SDS. Samples were
next heated at 100° for 2 min and diluted 1:10 with
phosphate-buffered saline containing 1 mM EDTA,
0.5% NP-40, and 10 mM methionine. Immungisolation
of GH from translation products was carried out by a
maodification of the procedure described by Ivarie and
Jones (1979) using Sraphylococcus aureus cell mem-
branes (Pansorbin, Calbiochem). The diluted transla-
tion products were first incubated for 1 hr at room
temperature with 30 pl of washed Pansorbin (10% sus-
pension). After a 5-min centrifugation at 13,000g, the
supernatant was removeed and incubated with 2 ul non-
immune rabbit serum for 45 min, This was followed by
the addition of 30 pl of washed Panserbin, and ince-
bation was continued for an additional 30 min at room
temperature. After centrifugation, the supernatant was
incubated overnight a1 4° with specific antiserum
raised against S. aurata GH (Le Bail ez af., submitted
for publication), or with antiserum raised against re-
combinant tilapia GH. Thirty microliters of Pansorbin
was then added, and the samples were incubated at
room temperature for {0 min and then centrifuged as
above. At this point the pellet was recovered and sus-
pended in 200 pl of phosphate-buffered saline contain-
ing 0.1% SDS, 0.5% NP-40, 10 mM methionine, and 1
mM EDTA. This suspension was centrifuged through
i ml of 1.5 M sucrose. The pellet was recovered and
washed with the above saline solution by suspension
and centrifugation 34 times. The pellet was sus-
pended in 30 ul of Lacmmli electrophoresis sample
buffer (Laemmli, 1970) containing 1% B-mercaptoeth-
anol {or alternatively without B-mercaptoethano!) and
botled for 3 min to dissociate the immunoisolated pro-
tein from the immune 1gG and Pansorbin. Following
centrifugation, the supernatant was analyzed by SDS~
PAGE utilizing 3 to 15% gradient gels. The gels were
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dried and subjected to antoradiography. Alignment be-
tween the Coomassie-stained gel and the autoradio-
gram was done by including [**S]methionine dots on
the 3 MM paper on which the gel was dried.

Source of Hormones and Antisera

Recombinant tilapia growth hormone (rtGH) was
kindly provided by J. Smal (Eurogentec, Liege, Bel-
gium). Antiserum against Sparus GH was prepared by
P.-Y. LeBail (Rennes, France); antisera against bonito
GH was prepared in H. Kawauchi’s lab (Noso et al.,
1988) and antisera against recombinant Lilapia GH was
prepared by B. Levavi-Sivan and P. Melamed.

The specificity of the anti-tilapia GH (tGH) was de-
termined by examining the cross reaction of the radio-
immunoeassay for tiGH with recombinant tilapia pro-
lactin (tiPRL; Rentier-Delrue, Liege, Belgium) and re-
combinant common carp GH (cGH: Gertler, Rehovot,
Israel). In addition, the ability of the antiserum to bind
substances in pituitary extracts of the common carp
(Cyprinus carpio) and the gilthead sea bream (S. au-
rata) was compared to its affinity for the tilapia pitu-
itary extract (tiPE). The sensitivity of this assay was
0.52 ng/ml.

RESULTS
Isolation of Sparus aurata GH

Sparus aurata GH was isolated from pi-
tuitary glands of fast growing fish. Gel fil-
tration on Sephadex G-100 is shown in Fig.
1. Six fractions were poeled, as outlined in
the figure. SDS-PAGE of these fractions
revealed that fraction 4 contained a protein
which reacted positively in a Western blot
with anti-bonito GH (Figs. 2A,2B). Frac-
tion 4 was further purified by rpHPLC (Fig.
3). SDS-PAGE analysis of the fractions, il-
lustrated in Fig. 4A, revealed that fraction
16 contained a protein that reacted posi-
tively in a Western blot with anti-bonito
GH (Fig. 4B). The electrophoretic mobility
of the purified protein from fraction 16 was
compared to that of recombinant tilapia GH
(Fig. 5, lanes 2, 6 and lanes 3, 7, respec-
tively). The molecular weight of Sparus GH
was estimated to be 21 kDa under nonre-
duced conditions and 22 kDa in the pres-
ence of 1% B-mercaptoethanol (Fig. §,
lanes 2. 6).
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Fi1G. 1. Gel filtration of Sparus aurata pituitary ex-
tracts on Sephadex G-100. Elution with 0.1 M ammo-
nium bicarbonate buffer, pH 8.2: column size: 1.9 x
100 cm; fraction size: 3 mi/15 min. Fraction G4 was
subjected to rpHPLC chromatography.

Cell-Free Synthesis of Sparus GH

In a cell-free translation system pro-
grammed with pituitary total RNA, GH was
synthesized as a larger prehormone, com-
pared to the native hormone isolated from
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Fi1G. 3. Reversed-phase high-performance liquid
chromatography of G4 on a TSK-gel ODS-120T col-
umn with linear gradient of 20-809 acetonitrile in
0.1% trifluoroacetic acid at a flow rate of 1 ml/min.
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F16. 2. Analysis of fractions collected from Sephadex G-100 chromatography by SDS-PAGE (A)
and Western blot (B). S, standard molecular weight markers. The numbers designate pooled fractions

recovered from Sephadex G-100 column.
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FiG. 4. Analysis of fractions collected from rpHPLC chromatography by SDS-PAGE (A) and
Western blot (B). S, standard molecular weight markers. The numbers correspond to the fraction

numbers which are shown in Fig. 3.

Sparus pituitaries {compare Fig. 5, lanes 4,
8 to lanes 2, 6). The molecular weight of the
precursor form was estimated to be 27-28
kDa when electrophoresed in SDS-PAGE
under reduced conditions and 26-27 kDa
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Fi1G. 5. Electrophoretic comparison between newly
synthesized GH immunoisolated from a cell-free sys-
tem and native GH. Coomassie blue stain of molecular
weight standards (lanes 1, 3), purified Sparus GH
(lanes 2, 6), and recombinant tilapia GH (lanes 3, 7).
Lanes 4 and 8, autoradiogram of newly synthesized
GH immunoisolated from a cell-free translation sys-
tem programmed with RNA prepared from pituitary
glands using anti-Sparus GH. Lanes 1-4 were electro-
phoresed under nonreduced conditions. Lanes 5-8
were electrophorsed in the presence of 1% B-mercap-
toethanol.

under nonreduced conditions. To confirm
whether the precipitated protein from cell-
free transiation was indeed GH, immu-
noisolation was conducted in the presence
of excess recombinant tilapia GH or BSA
for control. While tilapia GH almost com-
pletely displaced the radiolabeled immu-
noisoclate from in vitro translation products
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FiG. 6. Specificity of immunoisolation reaction.
Coomassie blue stain of molecular weight standards
{lane 1), Sparus GH (lane 2), or recombinant tilapia
GH (lane 3). Lane 4, autoradiogram of newly synthe-
sized GH immunoisolated from a cell-free translation
system programmed with pituitary RNA using anti-
Sparus GH. Lanes 5 and 6, same as lane 4, except that
immunoisolation was conducted in the presence of ex-
cess tilapia GH or BSA, respectively.
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(Fig. 6, lane 5), BSA did not compete for
the radiolabeled protein (Fig. 6, lane 6).
Due to limitation in the amounts available
of purified Sparus GH, competition was not
performed using Sparus GH.

Since recombinant tilapia GH success-
fully competed with radiolabeled Sparus
GH in the immunoisolation reaction, the
ability of antiserum against tilapia GH to
immunoisolate Sparus GH was tested. Ini-
tially, the specificity of these antibodies
was characterized. The displacement curve
obtained with the pituitary extract of . au-
rata was parallel to that of the standard
curve of tiGH between 0.002 pit/ml and
0.02 pit/ml, while the pituitary extract of
the carp did not (Fig. 7). The ¢cGH was not
able to displace the tiGH from its binding to
the anti-tiGH, while the tiPRL had suc-
ceeded in displacing the tiGH only at a
pharmacologic concentration of 10 pg/ml
(Fig. 7). Similar results to those obtained
with anti-Sparus GH were found when anti-

0.001
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recombinant tilapia GH was used in the im-
munoprecipitation reaction (compare Fig.
8, lanes 3 and 6). A competition experiment
showed the ability of recombinant tilapia
GH to displace the radiolabeled immu-
noisolate, while BSA failed (compare Fig.
8, lanes 4 and 5, respectively). The upper
faint band detected in ail immunoisolations
is probably a nonspecific band which is
bound and comigrates with the large frag-
ment of IgG. The lower faint band seen in
Fig. 8 is probably the result of incomplete
reduction of the pre-GH.

DISCUSSION

In the present study, S. aurata GH was
purified from pituitaries of fast growing
fish. Its molecular weight in SDS-PAGE
gel electrophoresis under reduced condi-
tions was estimated to be 22 kDa, which is
in agreement with the molecular weight of
other fish GHs. In the absence of homolo-

pit/m]
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%B/Bo

Alal PNt ont
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F1G. 7. Crossreaction of substances in pituitary extracts of tilapia (tiPE; O), Sparus aurata (A),
and Cyprinus carpio (), and the recombinant piscine pitnitary hormones: carp growth hormone
{cGH; B) and tilapia prolactin (WPRL; #) in the radioimmunoassay for tilapia GH (LGH; @). Binding
is expressed as % of total binding; the lower x axis refers to the concentration (ng/ml) of the pituitary
hormones (closed symbols), and the top x axis refers to pituitary equivalents per milliliter (open

symbols).
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FiG. 8. Comparison between newly synthesized GH
immunoisolated from cell-free translation of pituitary
RNA using antiserum against Sparus GH or tilapia
GH. Coomassie blue stain of molecular weight stan-
dards (lane 1), recombinant tilapia GH (lane 2). Lanes
3 and 6, autoradiogram of newly synthesized GH im-
munoisolated from a cell-free translation system pro-
grammed with pituitary RNA using anti-tilapia GH
(lane 3) or anti-Sparus GH (lane 6). Lanes 4 and 5,
same as lane 3, except that immunoisolation was cor-
ducted in the presence of excess tilapia GH or BSA,
respectively.

gous antibodies at the time of purification,
the purification steps were monitored by
Western blot using anti-bonito GH which
was found to cross-react with Sparus GH.

The GH synthesized in a cell-free trans-
lation system was found to be a larger pre-
hormone. Its molecular weight was esti-
mated to be 27-28 kDa in SDS-PAGE, un-
der reduced conditions, and 26-27 kDa
under nonreduced conditions. Based on the
deduced amino acid sequence, the molecu-
lar weight of Sparus pre-GH was calculated
to be 26,296, It is well established that pep-
tide hormones, in analogy to other secreted
proteins, are synthesized in the rough en-
doplasmic reticulum as prehormones which
undergo cleavage of the signal peptide prior
to being secreted (Walter er al., 1984).
However, using a specific immunoisolation
technique, this is the first direct evidence
for the synthesis of fish GH as a prehor-
mone, The reticulocyte system used for
cell-free translation is not able to glycosy-
late the translation product. Thus, the
higher molecular weight of the product is
not due to sugars which might alter the ¢lec-
trophoretic mobility. The N-terminal por-
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tion (signal peptide) of the precursor is
thought to be involved in its attachment to
the endoplasmic reticulum membranes, a
process essential for hormone maturation
and secretion. Accordingly, rat and bovine
pre-GH were found to be 25 kDa (Seeburg
er al., 1977; Miller et ai., 1980) when trans-
lated in vitro and immunoprecipitated by
appropriate antisera, about 3 kDa larger
than the mature hormone. Similarly, human
pre-GH translated by mRNA isolated from
GH-producing tumors was found to be a
24-kDa precursor form (Martial et al.,
1979). Duck pituitary RNA directed the
synthesis of a protein of 25 kDa (Chen er
al., 1988).

The characterization of the anti-Sparus
GH used in this study was described else-
where (LeBail ef al., submitted for publica-
tion). It did not cross-react in an RIA with
mammalian or recombinant tilapia prolac-
tin. The specificity of the immunoprecipita-
tion reaction was demonstrated in the
present study by the ability of excess re-
combinant tilapia GH to compete with the
radioactively labeled translation product.
No such reaction was found when BSA was
added. In the absence of sufficient amounts
of Sparus GH, competition experiments
were performed using only tilapia GH. Ti-
lapia GH has a homology of 85% with sea
bream GH (Yamaguchi et al., 1991). It was
found (Le Bail, unpublished results) that
purified sea beam GH had a substantial
cross reactivity with tilapia GH in an RIA
using anti-tilapia GH. Similarly, we demon-
strate in this study that extracts of Sparus
pituitaries are able to displace tilapia GH in
RIA using a different preparation of anti-
tilapia GH. Taken together, these findings
support our present results regarding the
ability of recombinant tilapia GH to com-
pete efficiently with sea bream GH in the
immunoisolation reaction.

Characterization of anti-tilapia GH used
in this study revealed no cross-reactivity
with carp GH or recombinant tilapia pro-
lactin. As mentioned earlier, extracts from
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Sparus pituitaries displaced labeled tilapia
GH in a manner parallel to that of tilapia
GH itself (see Fig. 7). This antiserum effi-
ciently immunoprecipitated Sparus pre-GH
from translation products directed by
Sparus pituitary RNA, indicating substan-
tial cross reactivity between the anti-tilapia
GH and Sparus GH.

Recently, we have cloned the gilthead
sea bream (8. aurata) GH cDNA and
showed that it encodes for a polypeptide of
204 amino acids, including a putative signal
peptide of 17 amino acids (Funkenstein e?
al., 1991). Using this ¢<DNA as a radioac-
tive probe, we have shown previously that
Sparus larvae collected 6 days after hatch-
ing express high levels of GH mRNA
(Funkenstein et al., 1992). Using anttserum
against Sparus GH, purified in the course
of this study, we are currently studying the
presence of immunoreactive GH in extracts
of whole Sparus larvae. This question is of
particular importance since we have found
recently that IGF-I, which is believed to be
a mediator of GH action, is expressed very
early during larval development (Cohen et
al., unpublished results). The immunoisola-
tion reaction used in this study will be used
in future studies to test the ability of
poly(A *)RNA prepared from S. aurata lar-
vae to direct the synthesis of GH peptide.
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