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Immunoreactive human growth hormone like peptides in
tropical Penaeids and the effect of dietary hGH on Penaeus
v a n n a m e i larval development
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Abstract

Human growth hormone like peptides were present in Penueus indicus as two molecular forms: one
with a molecular weight about 25 kDa which is similar to that of the vertebrate growth hormonc and
a smaller form of 2 kDa. Quantitative variations of hGH-like peptides in different larval stages of
thrce spccics of Penaeids (Penaeus vunnumei, P. stylirostris, P. indicus) suggest a possible involvement
of hGH-like peptides in the development. Human growth hormone (hGH) supplementation in thc
diet of Penueus vannamei larvae seems to have a positive effect on the sizc and on the quality of the
animals estimated by their resistance to salinity stress.
Keywords : Pcnacids (P. vannamei, P. stylirostri,~,P. indicus), growth, growth hormone.
Peptides immunoréuctifs uppurentés à l'hormone de croissance humaine chez les Pénéides tropicaux et
effet d'un apport alimentaire d'hCH sur le développement larvaire de Penacus vannamei.

Résumé

Deux types de peptides apparentés à l'hormone de croissance humaine ont été mis en évidence chez
Penaeus indicus :le premier a une masse moléculaire d'environ 25 kDa qui est comparable à celle de
l'hormone de croissance de vertébré et le second est caractérisé par une masse moléculaire plus petite
de l'ordre de 2 kDa. Les variations quantitatives des peptides apparentés à l'hormone de croissancc
de vertébré à différents stades larvaires de trois espèces de Pénéides (P. vannamei, P. stylirostri.~,
P. indicus) suggèrent une possible implication de I'hormone de croissance apparentée dans le développement. L'addition d'hormone de croissance humaine dans le régime alimentaire de larves de Penaeus
vannamei semble avoir un effet positif sur la taille et sur la qualité des animaux. Cette dernière est
estimée au moyen d'un test de résistance à des chocs de salinité.

Mots-clés : Pénéides (P. vannumei, P. stylirostris, P. indicus), croissance, hormone de croissancc.

INTRODUCTION
T h e improvement of immunological techniques has
allowed the detection of numerous peptides related
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t o vertebrate molecules, mainly in the nervous system
and the gut of many invertebrate a n d protochordate
species (Fritsch etal., 1982; Thorndyke and
Dockra~, 1986) as well as unicellular Organisms
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(Le Roith et al., 1980, 1981, 1982; Berelowitz
et al., 1982).
A molecule related to insulin has been identified in
intestinal tissue of molluscs (Plisetskaya et al., 1978)
and insects (Duve and. Thorpe, 1979; Moreau
et al., 1981). Somatostatin-like peptide has been
detected in nervous tissue of protochordates (Falkmer
et al., 1977) and a few mollusc species (Schot
et al., 1981; Grimm-Jqhgensen, 1983u, h; Assaka
et al., 1987).
In crustaceans, as in other invertebrates, many peptides related to vertebrate hormones have been
detected (GastrinICCK: Scalise et ul., 1984; Favre1
et al., 1987. Insulin: Sanders, 1983 a, h, c. Calcitonin:
Arlot-Bonnemains et al., 1986; Fouchereau-Péron
et al., 1987. Neurophysin and vasopressin: Van Herp
and Bellon-Humbert, 1982).
But the existence of such molecules does not
address their biological function(s). The preservation
of biological function depends on the conservation of
the active site of the peptide and of its receptors.
Although this preservation is necessary, it is not a
good enough criterion. A similar molecule, even if its
homology with the vertebrate molecule is significant,
may have a different function (or no function) in the
invertebrate and such a peptide may have different
activities in different animals: (1) the function may be
conserved
conserved
(Joose, 1984), (2) partly
(Sanders, 1983~;Neushul, 1985; Duve et al., 1979;
Tager et al., 1976; Arpagaus, 1987), (3) or different
(Feurle et al., 1983; Grimm-J4rgensen, 1983).
Morse (1984) has shown that the injection of vertebrate growth hormone in to young abalones increased
their growth. Kawauchi (1986) confirmed these
results using salmon growth hormone. Recently,
Charmantier et al. (1989) showed that the injection
of human growth hormone increased the growth of
Homurus americanus larvae. If vertebrate hormones
can increase the development of invertebrates, it is
conceivable that endogenous molecules may exist. A
homologous growth hormone might be more effective
than a hormone from humans. On the basis that a
common biological function may be related to a similar structure, we searched for an immunologically
related substance in decapod crustaceans using antibody directed against human growth hormone (hGH).
We have shown that human growth hormone-like
peptides are present in the prawn Paluemon serratus
in different tissues such as hepatopancreas, stomach
and haemolymph (Toullec and Van Wormhoudt,
1987). The existence of hGH-like peptides leads to
investigation of the function of the molecule. A first
approach to understand the possible role of the immunoreactive peptide(s) (without isolation) in growth is
to correlate the variations of this (these) molecule(s)
with developmental parameters. Such an approach
has been used in Puluemon serratus during the intermolt cycle which is necessarily involved in growth of
arthropods (Toullec and Van Wormhoudt, 1987).

In the present work, our first purpose was to measure and characterize CH-like molecules during
another stage of development in crustaceans, the larval development and, in a second experiment, to
determine if hGH was effective in crustaceans. These
experimentions were in animals with economic value,
the penaeid shrimps.

MATERIAI, AND METHODS

Experiments have been made on three species of
Penaeid larvae (P. vunnamei, P. indicus and
P. stylirostris) from the IFREMER station in Tahiti
(Aquacop, 1983).
Extruction
hGH-like peptides were extracted from freeze-dried
larvae with 0.1 M ammonium acetate, pH 5.5 in the
proportion of 1 g d.w./100 ml. The extracts were
stored for 16 h at C C , then centrifuged at 9 000 g for
4 min.
Moleculur sieving
An extract of Mysis 1 of P. indicus was separated
using a gel permeation chromatography with a G50
S F Sephadex column (Pharmacia) (0.6 x 140 cm)
which was previously equilibrated with ammonium
acetate buffer. The column was calibrated with albumin (67 kDa), RNase (13 kDa), insulin (5.7 kDa),
glucagon (3 550 Da), bacitracin (1 41 1 Da) and
RPCH (Red Pigment Concentrating Hormone)
(1 000 Da).
Radioimmunoussay ( R I A )
Assays were made using commercial kits (CIS,
ORIS Industrie, ref. SB-HGH). The antiserum was
directed to hGH but the specificity against the other
GHs was unknown. Animals used to study the variations of hGH-like peptides during larval stages had
a diet without hormonal supplementation. The cross
reactivity is 0.1% with human prolactin and 0.01 %
against LH and TSH.
Proteins assay
Protein measurement was estimated using the
Lowry et al. (1951) method on shrimp extracts.
Diets
Pure recombinant hGH was a gift from Sanofi,
Ltd.
hGH supplementation was realized on P. vunnamei
using alginate as ligand at low temperature (0.1 mgIl
of hGH was added to Précal mixture). The constituents of Précal are powders of fishes, molluscs and
crustaceans with 50% of proteins, 11% of lipids and
a humidity of 5%. hGH was added as complement
Aquat. Living Rewur.
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of the algae and the artemia (Artemia salina) with
micropellets during rearing. Experiments were performed in triplicate with a density of 150 nauplii per
tank.
The diets were:

+
+
+

Dilutions

zn

in

1

1

Diet 1 : algae artemia
Diet 2 : algae artemia Précal
Diet 3 : algae artemia Précal + hGH

+
+

Algae proportion was constitued of:

- Isochrysis (Zoea, to Zoea,)
- Chaetoceros (Zoea, to Mysis,)
- Tetraselmis (Zoea, to Mysis,)
The artemias were distributed as (artemiilstageltank):
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Figure 1. - Increasing dilution effect of hGH and extracts of
different larval stages of P. indicus on the binding of ('"1) hGH
to the antibody.

The "Précal" mixture was expressed in g/stage/tank:
Nauplii

Zoea

Mysis

Postlarvae

Estimation of the Penaeus hGH-like molecular weight
This estimation was obtained with molecular sieving of larval extract of P. indicus (M,) and radioimmunoassay of the fractions. The sample exhibited two

Biometry

10 animals per stage and per tank were measured.
The length of the larvae was the distance between the
rostral base to the telson extremity.
Larval quality

Post larvae resistance was tested with five different
salinities (35, 25, 20, 15, IOo/,) during two hours
(100 animals/salinity/diet). The temperature was
28.5"C.

The size and the survival were analysed using variance data. The resistance to the salinity shock was
analysed using x2 test.
Elution volume (ml)

RESULTS
Immunological characterization

hGH-like peptides were found in the larvae of
Penaeus indicus at different stages. A good parallelism
between the dilution sample curves and the hGH
standard curve was observed (fig. 1).
Vol. 4, no 2 - 1991

Figure 2. - Molecular sieving on G50 S F Sephadex column of
immunoreactive hGH peptides extracted from P. indicus Mysis 1
larvae. Column was calibrated with: 1. RPCH (1000 Da);
2. bacitracin (1 41 1 Da); 3. glucagon (3 550); 4. insulin (5 700 Da);
5. RNase (13000 Da).

peaks (fig. 2). The first elution, volume about 20 ml,
corresponded to a molecular weight about
25000 daltons. The smaller one characterized a
smaller peptide about 2 000 daltons.
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Assays were realized on 7 successive larval stages,
from Zoea, (Z,) to post-larvae (PL), of thc thrce spccies. Figure 3 shows fluctuations of the quantities of
hGH-like peptides during the larval development. The
values increased during the first stages and reach a
maximum around the Mysis stages. Then, a break is
observed with significant decrcasc of hGH-like level.
The results expressed in pg peptide per pg total protein for P. styliro.stri,~and P. vunnamei are shown in
,figure 4. The profiles were similar.
Survival
The survival rates estimated by the ratio
P,/Z, x 100 did not Vary significantly around 50%
with the different diets.
Size
The values of table 1 studied using variance data
show that the effect of human growth hormone on
the size was significant (p < 0.05). The mean study
showed an increase of 6.6% in comparison with the
diet 1 and 4.5% with the diet 2 in the whole stages.
Yet, the real effect starts at the stage M,. Then, the
increase was 13% at stage P, for diet 3 and 3% for
diet 2 in comparison with diet 1 as control.
a Resistance to salinity variation of Penaeus vannamei larvae
The post-larvae which weré fed with diet 3 seemed
more resistant (p < 0.05 at 25'/,,, 20"/,,, 15"/,,; no
test was donc for the salinities 25"/,, and 10°/,,) than
the others to the hypo-osmotic shock (table 2).

CONCLUSION
These results showed that hGH-like immunoreactivity was found in Penaeids. The molecular sieving
of an extract of Penueu.~indicus larvae on column of
Sephadex showcd two peaks of immunoreactivity with
molecular weights of about 25 kDa and 2 kDa
(fig. 2). Such a distribution raiscs the problem of the
origin and the biological activity of these two forms.
Thus, 2 kDa could be the result of the 25 kDa degradation or another molecule with common cpitopes
with hGH. However, the molecular weight estimated
by gel filtration is very close to that of vertebrate G H
(- 22 kDa). The dilution curves permitted a better
identification of the immunoreactive molecule and an
estimation of the non-specific interactions with the
antiserum. The good parallelism between the hGH
curve and the dilution curvcs (fig. 1) gives some argument for the existence of a simiiarity of structure, at
least at the antigenic site. These results are comparable with those obtained with other invertebrates
(Patton and Kuo, 1977; Veenstra et al., 1985; Verhaert et al., 1986 with insects). I t seems that in

abalone (Moriyama et ul. (1989)) two immunoreactive molecules with a molecular weight around
22 kDa and 30 kDa were found using antibody
against salmon C H . Al1 these results suggest the
occurrence oC:noleculesimmunologically and structurally relatcd to GH of vertebrates in animals even so
phylogeneticaily distant.
Then, the question was: is the function conserved?
Two different ways were explored: the variations in
the immunoreactive peptides with physiological parameters involved in development and the in ciuo effcct
of dietary vcrtebrate G H on Pcnacids.
The role of hGH-like materiel in growth was
already s~iggcstedin Puluemon serratus (Toullcc and
Van Wormhoudt, 1987) where significant variations
of hGH-like peptides were measured during the intermolt cycle. It scems that they are also involved in
larval dcvelopment of Penaeus indicu.~,P. sty1iro.stri.s
and P. rannamei as the quantitative variations showed
M g . 3).
Thc amounts of hGH-like peptides increased with
the stages to a break point at the M, stages or postlarval stages. The low values observed in the first
stages confirm the observations realized on P. sprrutu.r
where no immunoreactivity was obtained during the
ovogcncsis and embryogenesis, but appeared with the
first larval stages (Toullec, 1989). The break could bc
explained by a mistake in the counting of the larvae
but the immunoreactivity related to the protein quantity gave the samc profile for P. vunnumei and
P. sty1iro.rtri.r (,fi.
4). The decrease of the amounts
of protein in the last stages could be explaincd by a
metabolic weakness, but it would bc surprising that
the three groups were unproductivc. It is interesting
to note that a similar decrease of digestive enzyme
activities was measured in Penaeid shrimps (Van
Wormhoudt, 1982). The parallelism of thesc variations is not explained at the moment. A RIA realized
on the in viuo experiinent animals confirmed the variations of hGH-like amounts observed. Thus, this
charactcristic could correspond to a metabolic reality.
The decrease of the quantities of hGH-like peptides
could be natural and integrated in a natural cyclic
phenomenon. We observcd actually a small increase
of the hGH-like peptide level in the post-larvae of
P. indicus. The assays realized on adults confirm the
maintenance of such molecules after larval development. If these first results do not permit any definitive
conclusions about the hGH-like nature and its role
on the dcvclopment and on the growth, the observed
variations are a necessary condition to expect such
an biological activity. Then, new cxperiments are
needed to confirm the nature and the role of the
molecule on development and growth.
In Hulioti.~(gastropod) the protein homologous to
salmon G H was purified and stimulated growth by
injection at physiological concentration (Kawauchi,
pers. corn.). The purposc of the expcriment was to
show a possible dietary effect of a vertebrate G H (the
Aquat. Living Resour.
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Table 1. - hGH effect on the size of larvae and post-larvae of P. vunnamri. Selection of samples of size measured from the basc of the
rostrum to the extremity of thc tclson (SE: standard error).

Larval stages : Sizes in mm

Diet 1
Zoea 2

Zoea 3

Mysis 2

Mysis 3

2.16
2.36
2.19
2.29
2.01
2.08
2.08
2.01
2.29
2.19
2.16

3.54
3.51
3.68
3.09
2.99
3.05
3.54
3.51
2.99
3.16
3.31

3.58
3.58
4.28
3.54
4.45
3.86
4.41
4.3 1
4.03
4.13
4.02

Post-larvae

5

1
1.36
1.32
1.28
1.28
1.36
1.32
'1.21
1.46
1.32
1.36
Mean 1.32

+

f

SE

0.05

+

4.46
4.7 1
4.84
4.92
4.56
4.50
4.64
4.32
4.84
5.20
4.70

4.87
5.70
4.45
4.72
4.31
5.56
3.82
4.80
4.17
4.80
4.72

+

+

+

5.16
4.56
4.60
4.68
4.50
5.20
4.7 1
4.92
4.8 1
5.12
4.83

4.87
3.89
4.66
5.42
4.38
4.66
5.14
5.28
5.42
4.87
4.86

0.15

3.79
3.68
4.38
4.10
4.45
3.82
4.10
4.17
438
4.4 1
4.13
f
0.27

2.08
2.12
1.98
2.12
2.05
2.12
2.08
2.05
2.16
2.16
2.09

3.16
3.05
3.33
3.44
3.16
3.68
3.47
3.54
3.05
3.51
3.34

3.86
4.62
4.80
4.45
4.48
4.62
4.69
4.56
4.80
4.62
4.55

4.68
4.92
5.05
5.23
5.02
4.64
4.88
5.20
4.99
5.16
5.16

f

f

f

f

0.04

0.20

0.25

0.19

f

0.11

0.25

2.01
1.94
2.05
2.08
2.05
2.01
2.08
2.12
2.12
2.08
2.06

3.40
3.58
3.54
3.16
3.40
3.51
3.40
3.23
3.68
3.51
3.44

0.33

0.24

0.55

Diet 2
1.32
1.28
1.36
1.28
1.49
1.25
1.36
1.32
1.36
1.39
Mean 1.34

f

f

SE

0.06

+

0.04

+

+

0.24

+

0.46

Diet 3
1.25
1.36
1.18
1.25
1.28
1.25
1.25
1.28
1.32
1.28
Mean 1.27
f
f
SE
0.04
Table 2. - Resistance tests to salinity shocks
in percentage of sumival.

"(1),

5.36
5.98
5.28
5.56
5.63
5.21
4.93
5.56
4.72
5.08
5.33

+

0.35

to estimate the quality of post-larvae fed with different diets. The values are expressed
Salinity

Diet 1
Dict 2
Diet 3

3501,
100-100
100-1O0
100-1O0

25°/,,
85.4-83.0
80.3-83.6
100-1O0

hGH-like peptide being not purified) on the development of Penaeid shrimps. This technique for administration should be more practical in shrimp rearing.
Vol. 4, no 2 - 1991

2001,
38.5-4.20
43.4-54.2
58.8-66.3

15°/o,

1oO1,

3.2-2.5
4.1-7.5
10-19.1

0-0
0-0
0-0

Similar experiments have been realized with fishes
like Thunnus thynnus. When purified specific GH was
added to the diet, growth rates three times higher
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Figure 3. - Quantitative variations of hGH-like with larval stages in thrcc Pcnaeid species: P. indicu.7, P. siylirosiris and P. vnnnamei.
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Figure 4. - Quantitative variations of hGII-like related to protein quantities with larval stages in two
Penaeid species: P. .styliroslri.s and P. vunnumei.

were observed (Fishing Society Taiyo Gyogyo in collaboration with Kitasato University; Nikkei Sangyo
Shinbun, April 14th 1987).
Our results obtained with P. vannamei showed the
existence of a positive effect on the size of the larvae.
It is necessary to be cautious about the results because
of the measuring technique. The measurement of the
animals from the rostral base to telson extremity
does not directly measure the abdomen length. The
measure of the cephalothoracic length would be more
reliable. However, the measures per stage seem homogeneous and the standard deviation is the smallest in
the diet 3. That gives some assurance that these results
are exploitable. They would confinn the work realized
by Charmantier et al. (1989) on lobster larvae. In
latter work, the hGH was injected into the animals
but the addition of hGH to the diet seemed more
suitable for the rearing. These results also suggest,
like in fishes, that a mechanism should exist for the
uptake of intact protein molecules (Moriyama
et al., 1990). This hypothesis has to be tested.

The resistance test to salinity shocks gives some
information about the quality of the different larvae.
In Ecuador, the post-larvae from the natural medium
for a few minutes. This
stand up to a salinity of (Y/,'
resistance may be related to the quality of the larvae
and the metabolic health. The fact that the animals
fed with the hGH diet were more resistant may be
considered as a positive result which is fully supporting those obtained before.
The existence of hGH-like peptides with a similar
molecular weight and structure (at least the antigenic
structure) together with the positive effect of the vertebrate hormone on crustaceans (Homarus, Charmantier et al., 1989 and Penaeus) give some encouraging
information on the way of a relative conservation of
the structure and the function of the GH. To remove
al1 incertitudes and confinn the activity of hGHlike peptides on growth, it is necessary to purify the
immunoreactive peptide to obtain its sequence and
determine its role in vivo or in vitro. The use of such
a specific molecule could notably improve the growth
of shrimps and then the productivity of shrimp farms.
Aquat. Living Resour.
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