The effect of salinity on osmoregulation and development of the
juvenile fat snook, Centropomus parallelus (POEY)

Sterzelecki, FC.“*, Rodrigues, E. Fanta, E.“ and Ribeiro, CAO."

“Setor de Ciéncias Biologicas, Departamento de Biologia Celular, Universidade Federal do Parand,
Centro Politécnico, CEP 81531-990, Curitiba, PR, Brazil
bDepartamento de Bioquimica, Universidade de Taubaté, CEP 12030-180, Taubaté, SP, Brazil
*e-mail: sterzelecki@gmail.com
Received: February 3,2012 — Accepted: September 3, 2012 — Distributed: August 31, 2013
(With 2 figures)

Abstract

Eurihaline fish support waters with different salt concentration. However, numerous studies have shown that salinity
can affect fish development. Thus, the effect of salinity change from 20 to 5 and 35 on survival, weight, length, gill
chloride cell ultrastructure and gill Na*, K" ATPase activity was evaluated in Centropomus parallelus following
short-term (6, 24 and 96 hours) and long-term exposure (30 and 60 days). Salinity did not affect C. parallelus survival,
final weight and length. The quantity of chloride cells increased visibly at salinities of 5 and 35, with the cells exhibit-
ing the typical features of uptake and secretory cells, respectively. Na“, K* ATPase activity in the gill of the C.
parallelus was significantly greater at a salinity of 5 than at a salinity of 20 or 35 after 96 hours, but not after 30 or
60 days. These results indicate that salinity change from high to low salt water induces gill chloride cell and Na*, K*
ATPase activity adaptations after short-term exposure. However, after long-term exposure at salinity 5, gill Na*, K*
ATPase activity is no more necessary at high levels. The increase in salinity to 35 does not induce significant change in
gills. Juveniles of C. parallelus may thus be capable of acclimating to salinities of 5 to 35 for 60 days without signifi-
cant effects on development.
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O efeito da salinidade sobre a osmoregulacio e o desenvolvimento do juvenil
de robalo-peva, Centropomus parallelus (POEY)

Resumo

Peixes eurihalinos suportam aguas com diferentes concentragdes de sal. Contudo, muitos estudos tém mostrado que a
salinidade pode afetar o desenvolvimento do peixe. Portanto, o efeito da mudanca de salinidade de 20 para 5 e 35 na
taxa de sobrevivéncia, peso, comprimento, morfologia das células de cloreto branquiais e atividade da Na", K" ATPase
foram avaliadas no Centropomus parallelus apés curto (6, 24 ¢ 96 horas) e longo tempo de exposicdo (30 e 60 dias). A
salinidade ndo afetou a sobrevivéncia, o peso e comprimento final do robalo-peva. A quantidade de células de cloreto
aumentou visivelmente nas salinidades 5 e 35, exibindo morfologias tipicas de células que absorvem e secretam sal,
respectivamente. A atividade da Na', K" ATPase nas branquias do C. parallelus foi significativamente maior na
salinidade 5 do que nas salinidades 20 ou 35 apds 96 horas, mas ndo apds 30 e 60 dias. Esses resultados indicam que a
mudanga de alta para baixa salinidade provoca adaptagdes nas células de cloreto e na atividade da Na“, K* ATPase
branquial em curto prazo. Contudo, ap6s longa exposigdo na salinidade 5, a alta atividade da Na“, K* ATPase branquial
ndo ¢ mais necessaria. O aumento de salinidade para 35 ndo induz mudangas significativas nas branquias. Portanto,
juvenis de C. parallelus possuem a capacidade de aclimatag@o nas salinidades de 5 a 35 sem efeitos significativos no
desenvolvimento apos 60 dias.

Palavras-chave: Centropomus parallelus, célula de cloreto, osmoregulagio, Na', K" ATPase.

satisfactory growth rate and suitability for human con-

1. Introduction

The fat snook, Centropomus parallelus, is important
for commercial and recreational fisheries as well as for
aquaculture. This fish has been considered to be a good
candidate for cultivation due to its resistance to diseases,
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sumption. Although technology for the mass production
of juvenile C. parallelus is currently available, Cerqueira
and Tsuzuki (2009) appointed that further research is
needed to reach the cost-effective growth-out technol-

ogy.
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The fat snook is a species of the genus Centropomus
that lives in and around estuarine waters located in south-
castern Florida to the southern coast of Brazil (Rivas,
1986). Although juveniles of C. parallelus are naturally
found in a wide salinity environment, it has been shown
that salinity does affect fish development (Boeuf and
Payan, 2001). In previous experiments, salinity specifi-
cally affected C. parallelus food intake, growth (Rocha et
al., 2005) and digestive enzyme activity (Tsuzuki et al.,
2007b). Nevertheless, the relationship between the os-
moregulatory system and development at different salini-
ties has yet to be explored in C. parallelus. Several
studies have associated the rapid growth of some species
with a reduction in osmoregulatory costs (Boeuf and
Payan, 2001; Sampaio and Bianchini, 2002; Laiz-Car-
rion et al., 2005).

The environmental salinity different from the inter-
nal osmotic concentration of teleost fish provokes loss or
gain of salt and water. To maintain the ionic concentra-
tion of body fluids, the osmoregulatory organs work to-
gether (McCormick, 2001). The gills are probably the
organs that consume the most energy during osmo-
regulation (Sangiao-Alvarellos et al., 2003). More spe-
cifically, the gill Na', K* ATPase, located mainly in
chloride cells, requires energy input and plays an impor-
tant role in osmoregulation in both hyperosmotic
(Jobling, 1995; Evans et al., 2005) and hyposmotic (Ev-
ans, 2008; Parks et al., 2008) environments. The activity
of this ATPase spends at least half of the energy con-
sumed during Na'/H" exchange in ionocytes (Kirschner,
2004). For this reason, Na“, K* ATPase is considered to
be a good biomarker of osmoregulation in teleosts. Un-
derstanding the activity of this pump at different salt con-
centrations may help to clarify the appropriate salinity for
farm juvenile fat snooks. The goal of the present study
was to assess the relationship between Na', K ATPase
activity, chloride cell ultrastructure, survival, final
weight and length in C. parallelus following acclimation
to different salinities.

2. Materials and Methods

2.1. Experimental design

The experiment was conducted in February (experi-
ment I) and repeated under the same conditions in May,
2007 (experiment II). A total of 328 juvenile of C.
parallelus were obtained from the Marine Fish Culture
Laboratory (LAPMAR) at the Universidade Federal de
Santa Catarina, Brazil. Both trial fish derived from the
same broodstock, but from a different spawning time.
They were studied 65 days after hatching, weighing
0.14 £ 0.05 g and 0.13 £ 0.04 g (mean + SD) in experi-
ment [ and experiment 11, respectively. They were trans-
ported to the Universidade Federal do Parand and sepa-
rated into three 100-L glass aquariums filled with water
at a salinity of 20, at a stocking density of 0.6 fish/L. Fil-
tered dechlorinated tap water and CORELIFE® artificial
salt were used to reach the desired salinity, which was

610

confirmed using a refractometer (+ 1). Over an acclima-
tion period of nine days, low levels of total-ammonia-
nitrogen (TAN), nitrite and nitrate (0.3 to 0.6 mg/L,
0.1 mg/L and 5-10 mg/L, respectively) were maintained
using a recirculation system with biological and mechan-
ical filters. Dissolved oxygen was maintained between
4-5 mg/L and pH at 8-8.2. The snooks were kept at
26 + 2 °C, under natural photoperiod and fed once a day
to satiation with adult of frozen Artemia. After feeding,
all waste at the bottom of the tank was siphoned.

Following the acclimation period, the salinity was
progressively increased and decreased in two aquariums
to 35 and 5, respectively. The third group was cultivated
at a salinity of 20, although the same volume of water was
exchanged as in the other groups to maintain consistency.
Additional chemical properties of the water were main-
tained at levels similar to those achieved during the accli-
mation period by monitoring with Sera® Kit and
changing weekly 20% of water.

2.2. Fish measurements and sample collection

From experiment I, 54 to 58 fish in each aquarium
started the trial. After acute (6, 24 and 96 hours) and
chronic period (30 and 60 days) of salinity change, 3 to
10 fish were sampled. From the experiment II, 51 to 57
fish in each aquarium started the trial and 2 to 10 fish
were sampled at the same time point as before. For both
experiments, sampled fish were anesthetised with benzo-
caine (50 mg/L), weighed, measured and sacrificed to
evaluate Na*, K" ATPase activity and gill chloride cells.
After 96(10) hours, 30 (t30) and 60 (t60) days all the fish
were measured and weighed to biometric comparison
(see Table I). The sampling variation occurred due to the
sacrifice to biochemical analysis, mortality and cannibal-
ism.

2.3. Na*, K" ATPase activity

The branchial arches from sacrificed fish, with the
exception of the second arch, were frozen immediately in
liquid nitrogen and stored at -80 °C until the biochemical
assays were performed. A method obtained from
McCormick (1993) was used to evaluate Na", K" ATPase
activity. The gills were homogenised in 100 uL of SEI
bufter (pH 7.5; 250 mM sucrose; 10 mM Na,EDTA and
50 mM imidazole) and 50 puL of SEID (0.1 g sodium
deoxycholic acid in 33.3 mL of SEI). Following ho-
mogenisation, the gills were centrifuged at 5,000 g for
2 min. The insoluble material was separated, and 10 pL.
of supernatant in duplicate was added into microplate
wells to 200 pL of the reaction mixture containing
50 mM imidazole (pH 7.5), 189 mM NaCl, 10.5 mM
MgCl,, 2.86 U/mL LDH, 3.57 U/mL PK, 2 mM PEP,
150 uM NADH and 0.5 mM ATP. In addition, other two
wells of microplate were filled with the same mixture
plus 0.5 mM ouabain. NADH oxidation levels at 28 °C
were used to quantify Na', K ATPase activity by mea-
suring absorbance at 340 nm using a microplate reader
and then subtracting the total activity without ouabain

Braz. J. Biol., 2013, vol. 73, no. 3, p. 609-615



Salinity effects on fat snook osmoregulation

from the total activity with ouabain. A Bradford (1976)
assay was also used to evaluate the total protein concen-
tration. Na“, K" ATPase activity was expressed as micro-
moles of ADP per milligramme of protein per hour.

2.4. Ultrastructure

The second gill arch was sectioned and fixed in a so-
lution of 2.5% glutaraldehyde, 2% paraformaldehyde
and 0.2 M cacodylate (pH 7.2) for 24 hours, and post-
fixed in 1% osmium tetroxide and 0.1 M cacodylate
buffer for 2 hours. Samples were contrasted in 2% uranyl,
dehydrated in graded acetone and embedded in
PolyEmbed 812. Ultra-thin sections were contrasted in
5% uranyl acetate and lead citrate. Electron micrographs
were then captured using the JEOL TEM 1200 EXII
transmission electron microscope.

2.5. Statistical analysis

Because the body measurement data did not meet
the requirements of variance analysis (ANOVA), a
Kruskal-Wallis non-parametric test was used instead.
Two-way ANOVA was used to test for salinity and time
effects on Na', K" ATPase activity. Significant differ-
ences were compared using a Bonferroni post-test (p <
0.05). Survival was compared after 30 and 60 days of
salinity challenge. We pooled the data for each salinity
because no significant differences were found between
experimental aquariums at any salinity or at different
sampling times.

3. Results

All of the experimental groups of C. parallelus ini-
tially had similar weights and after 60 days, mean
weights were significantly higher. However, there was
no difference between salinity treatments. Survival was
also not significantly affected by salinity (see Table 1).

Chloride cells can be easily recognised by their large
numbers of mitochondria, which may be visualised by

electron microscopy (see Figure 1). After 24 hours at a
salinity of 5, the number and size of the ionocytes in-
creased visibly in the interlamellar area (see Figure 1A).
The apical membrane surface increased and at times pro-
jected into the external medium. After 96 hours, some
chloride cells were observed with a convex apical mem-
brane in the secondary lamella (see Figure 1B). During
the whole experiment, fish exposed to a salinity of 20 ex-
hibited few gill chloride cells in the interlamellar region
(see Figure 1C). The apical membrane in this salinity
invaginated to form a crypt with an opening smaller than
that of a membrane exposed to a hyposmotic environ-
ment (see Figure 1D). The quantity of chloride cells in-
creased slightly after a 96-hour exposure to a salinity of
35, while after 60 days, the number was even higher (see
Figure 2E). The apical membrane showed a deep crypt
associated with accessory cells (see Figure 1F).

Ninety-six hours after a change in the surrounding
environment’s salinity, the Na*, K" ATPase activity in
the gill of the C. parallelus was significantly greater at a
salinity of 5 (15.39 + 8.62 umol ADP.mg protein™.h™)
than at salinities of 20 (3.22 £ 1.28 pmol ADP.mg pro-
tein.h™") and 35 (4.743 + 1.91 pmol ADP.mg pro-
tein™".h™"). However, after 30 or 60 days, there was no dif-
ference in ATPase activity between treatments (see Fig-
ure 2).

4. Discussion

C. parallelus survival was not affected 30 and 60 days
after salinity challenge. This finding indicates excellent
resistance to a wide range of salt concentrations. Previ-
ous studies have also demonstrated no difference in the
survival rates of C. parallelus reared in environments of
different salinities (Tsuzuki et al., 2007b). Nevertheless,
an abrupt salinity change should be avoided due to the
high mortality rate observed when small juveniles are di-
rectly transferred from seawater to freshwater (Tsuzuki
etal., 2007a).

Table 1 - Average weight, length, standard and length (£ S.D.) of juveniles of Centropomus parallelus pooled from both ex-

periments.
Salinity Period n Weight (g) Total length (cm) Standard length (¢cm) Survival rate (%)
5 t(0) 50 0.12 +0.04 248 +0.27 1.92£0.27
t(30) 25 0.23 +0.06 3.01+0.26 2.33+0.17 69.10.58
1(60) 10 0.61+0.23 4.11+0.67 3.26 +0.56 85.7+2.01
20 t(0) 59 0.13 +0.04 2.51+0.30 1.960.25
t(30) 42 0.19 +0.07 2.85+0.33 2.19+0.28 74.5+0.30
t(60) 18 0.45+0.23 3.53+£0.56 2.77 +0.48 80.1+0.45
35 t(0) 47 0.15 +£0.05 2.66 +0.29 2.07+0.28
t(30) 31 0.27 +£0.12 3.10 +£0.40 2.40+0.31 74.1 £1.88
t(60) 16 0.52+0.21 3.86 +0.52 3.02 +0.44 84.5+0.01

Initial (t0), 30 (t30) and 60(t60) days started trial. There were no significant differences (p > 0.01).
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Figure 1 - Transmission electron microphotograph of C. parallelus gill epithelium at salinities of 5 (A-B), 20 (C-D) and 35
(E-F). (A) After 24 hours, an increased number of chloride cells (CC) was observed between the secondary lamellae. Note the
broad apical region (1). Nucleus (n). Microridges (mr). (B) After 96 hours, a large number of CC was found in the secondary
lamella with a wavy-convex apical membrane. (C) After 60 days, the number of chloride cells was not expressive. Primary
lamellae (pl). Secondary lamellae (sl). (D) Chloride cells were scarce, with the few that were present exhibiting shallow apical
crypt (T) and located in the interlamellar region. (E) After 60 days, the number of chloride cells increased between the second-
ary lamellae. (F) Detail of the deep apical crypt with projections (1) and an adjacent accessory cell (ac) after 24 hours. Mito-

chondria (m).

The effect of salinity on the growth of several species
of fish has previously been tested. Although salinity level
usually influences growth, it occasionally does not have
an effect (Boeuf and Payan, 2001). For example,
Dicentrarchus labrax (Rubio et al., 2005), Trinectes
maculatus  fasciatus  (Peterson-Curtis, 1997) and
Lutjanus griseus (Wuenschel et al., 2004) have shown no

612

difference in growth after salinity challenge. In the pres-
ent study, we have not verified the specific growth rate of
the C. parallelus, because of the low number of repli-
cates. Nevertheless, the weight and length was compared
and showed no statistic difference after 60 days of expo-
sure to altered salinity. Similarly, Tsuzuki et al. (2007b)
observed no significant differences in C. parallelus
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Figure 2 - Na', K" ATPase activity in Centropomus
parallelus after 60 days at salinities of 5, 20 and 35 (mean +
S.E.M., n = 4-6). (*) indicates a significant difference be-
tween treatment groups (p < 0.05).

growth after 50 days at a salinity of 5, 15 or 35 and the fi-
nal mean weight was similar from the individuals of the
present study, between 0.84 to 0.91 g. Other experiments
with juveniles of C. parallelus also observed this weight
range (Corréa and Cerqueira, 2007; Ferraz et al., 2011) at
this stage. These results indicate that juvenile C.
parallelus are capable of acclimating to a wide range of
salinity without significant effects on growth.
Depending on the salinity of the surrounding envi-
ronment, gill chloride cells can assume different mor-
phologies in teleosts. Chloride cells with a deep apical
crypt are usually associated with hyperosmotic medium,
while those with a broad apical region and microvilli are
associated with hyposmotic waters (Sakamoto and
McCormick, 2006). Evidence suggests that there is a cor-
relation between chloride cell subtype and osmo-
regulatory function, such that the hyperosmotic subtype
is involved in salt secretion and the hyposmotic subtype
is involved in salt uptake (Hwang and Lee, 2007). In the
current study, C. parallelus gill chloride cells responded
to salinity as expected, assuming the morphology ob-
served in the majority of other teleosts. It was possible to
observe the hyposmotic subtype in C. parallelus gills af-
ter 24 hours at a salinity of 5 (Fig. 2B). The hyposmotic
subtype has a larger apical membrane to enable increased
ion absorption in low-salinity waters (Fernandes and
Perna-Martins, 2002). After 96 hours at a salinity of 5, C.
parallelus chloride cells were found in the secondary
lamella. This result is consistent with what is observed
when many teleost species are transferred to freshwater
(Perry, 1998). In contrast, hyperosmotic medium at a sa-
linity of 20 or 35 did not promote this hyposmotic cell
subtype in the secondary lamella of C. parallelus gills.
These results suggest that the chloride cell, with a broad
opening in the secondary lamella of C. parallelus, is in-
volved in salt uptake. Consistent with this concept, at a
salinity of 20, the juvenile C. parallelus exhibited charac-
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teristic hyperosmotic chloride cells, which are
responsible for salt extrusion. Increasing the salinity to
35 provoked a noticeable proliferation of these chloride
cells in the interlamellar space after 60 days. Increasing
the salt concentration augments the number of gill chlo-
ride cells in other species as well, such as the Japanese eel
(Wong et al., 1999), killifish (Lima and Kiiltz, 2004) and
sturgeon (Martinez-Alvares et al., 2005). Thus, the salin-
ity change to hypotonic and hypertonic waters provoke
morphological adaptations on gill chloride cells of C.
parallelus as does in many eurihaline species.. Carmona
et al. (2004) suggested that these modifications involve
an increase in cellular activity.

The gill Na*, K" ATPase plays a large role in teleost
osmoregulation and has been shown to be involved in
both seawater (McCormick et al., 1989; Sardella and
Brauner, 2008) and freshwater (Sampaio and Bianchini,
2002; Laiz-Carrion et al., 2005; Nebel et al., 2005) toler-
ance in many species. In addition, this enzyme accounts
for the most energy expenditure within the cell (Marshall
and Bryson, 1998). In the present study, C. parallelus ata
salinity of 5 showed an augmentation at 96 hours, fol-
lowed by a return to initial levels after 30 days. This os-
cillation indicates that high ATPase activity is only
required for the initial acclimatisation to low salinity.
McCormick and Bradshaw (2006) pointed out that some
alterations in teleost gill membrane permeability and ion
transport can occur after long periods in hyposmotic en-
vironments and that this adaptation is mediated by the
hormone prolactin. It is possible that the gill ion perme-
ability of C. parallelus is also altered after long-term ex-
posure to low salinity, enabling reduction of Na', K*
ATPase activity. Salinity 20 and 35 induced no signifi-
cant changes on Na', K" ATPase activity, although the
augment in salinity to 35 has increased the number of
chloride cells after 60 days. As evidenced by Foskett et
al. (1983), seawater adaptation provokes increases in the
size and/or number of chloride cells, which is related to
an increased activity in gill Na', K" ATPase in most, but
not all species. For instance, at the end of the 84-day ex-
perimental period, Umbrina cirrosa showed no differ-
ence on Na', K" ATPase activity at low and high salinity
water, although the number of chloride cell had increased
(Mylonas et al., 2009). The enhanced number of gill
chloride cell suggests that a reduction in branchial water
permeability decreases water loss and permit a low activ-
ity of Na', K" ATPase.

In summary, a salinity of 5 provoked a significant
change in Na“, K" ATPase activity after 96 hours, which
coincided with morphological modifications in the gill
chloride cells. Seawater acclimation induced only chlo-
ride cell proliferation. These results indicate that C.
parallelus gill activity for the purpose of osmoregulation
may have been higher at a salinity of 5 than at other sa-
linities during short-term acclimation, but not after
long-term exposure. Thus, juvenile C. parallelus are ca-
pable of acclimatising and farming at salinities of 5 and
35 without significant effects on weight and length after
60 days. However, additional studies investigating the ef-
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fects of salinity on the osmoregulatory and non-osmo-
regulatory organs of C. parallelus over longer periods are
necessary to better understand the direct and indirect in-
fluences of salinity on the growth phase.
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