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Abstract: The structure, ultrastructure and osmoregulatory function of the branchial
chamber were investigated in Palaemon elegans (Rathke, 1837) by light
microscope, electron microscope and immunohistochemistry methods, respectively.
Each chamber possesses a branchiostegite, 3 epipodites and 8 phyllobranchiate gills.
The lamellae are attached along the two outer surfaces of the triangular gill axis.
Ultrastructurally, numerous ionocytes are present along the innerside of the
branchiostegites and in the epipodites. A consistently high immunofluorescence of
Na', K"-ATPase was observed along the basolateral sides of these ionocytes. The
gill lamellae are formed by a single axial epithelium made of H-shaped cells with
thin lateral expansions and a basal lamina limiting hemolymph lacunae. A positive
but weak fluorescence of the Na’, K'-ATPase was found in lacunae sides of the
lamellae cells. These findings show that in P. elegans, the epipodites and the
branchiostegites organs appear as the main site of osmoregulation and the gill
lamellae are mainly devoted to respiration.
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Introduction

The gills of crustacean are multifunctional organs. They provide a selective
interface between external environment and internal milieu, serving in gas
exchange, osmoregulation, nitrogenous waste excretion, volume regulation, and
acid-base regulation (Taylor & Taylor, 1992; Pequeux, 1995). Osmoregulation is
one of the most important adaptive mechanisms permitting the successful
establishment of a species in a given habitat (Charmantier, 1998).

In marine, estuarine and freshwater crustaceans, inward pumping of sodium
ions out of the cell into the haemolymph is driven by the activity of Na*, K'-
ATPase, as a key enzyme in ion transport. High levels of presence and activity of
this enzyme are evident in osmoregulatery structures located in different organs of
crustaceans. Among these organs are the pleurites (Felder ef al., 1986; Bouaricha
et al., 1994), the branchiostegites (Talbot ef al., 1972; Haond et al., 1998; Lignot et
al., 2005; Khodabandeh et al., 2006), and the epipodites (Kikuchi & Matsumata
1993; Haond et al., 1998; Lignot et al., 2005; Khodabandeh et al., 2006), all
located in the branchial chamber and a few other organs such as the antennal
glands situated outside these cavities (Khodabandeh ef al., 2005a,b and c).

Palaemon elegans is a decapod crustacean of a widespread distribution along
the Mediterranean, Baltic Sea, Atlantic coast of Europe, North Sea, Blake Sea
(Campbell, 1994) and the Caspian Sea. Inhabiting the littoral zone, it is usually
found on stones and rocks. At present it widely occurs and breeds in the coastal
zone of the Caspian Sea. Palaemon elegans is tolerant to a broad range of salinity
from 5 to 45 PSU (Ramirez de Isla Hermandez & Taylor, 1985).

Although a large amount of data exists on the pattern of osmo-and/or
ionoregulation in different species of decapods (review in Mantel & Farmer, 1983;
Pequeux 1995), the ultrastructure of the branchial chamber cells and ion regulating
mechanism of the Palaemonid shrimps are poorly documented. The available data
are limited to the gills in Palaemonetes varians (Allen, 1892) and Paleamon
adspersus (Martinez et al., 2005). We investigated the ultrastructure of the
branchial chamber cells and the presence of ionocytes and Na*, K*-ATPase in P.
elegans of the Caspian Sea through light and electron microscopes and
immunocytochemistry.
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Materials and Methods

Adults of P. elegans were caught in the Noor coast of the Caspian Sea
(Mazandaran, Iran) in the spring of 2005. For histological studies, the
cephalothorax from freshly killed individuals (by cutting the cerebroid ganglia)
was longitudinally cut into two halves and fixed for 24 hours in Bouin’s fixative.
The specimens were then fully dehydrated in a graded ethanol series and embedded
in paraffin. Sections (5um) were cut on a microtome, collected on albumine-
glycerine slides and stained with Haematoxylin, Eosin and Methyl green (Martoja
& Martoja-Pierson, 1967; Khodabandeh et al., 2005a).

Immunolocalization of the Na', K'-ATPase was performed through
immunofluorescence light microscopy using a mouse monoclonal antibody IgGas
raised against the a-subunit of the chicken Na', K'-ATPase (Takeyasu ef al., 1988)
obtained from the Development Studies Hybridoma Bank, developed under the
auspices of the NICHD and maintained by the University of lowa (USA). The
monoclonal antibody as recognizes all three isoforms of the o subunit of the Na',
K"-ATPase in invertebrates, where they are present. This antibody is able to cross-
react with the a subunit of invertebrate Na', K-ATPase (Kone ef al., 1991).
Following 24 hrs. in Bouin’s fixator and embedment in paraffin, sections of 3um
were cut on a microtome and collected on poly-L-lysine-coated slides. Sections
were preincubated for 10 min in 0.0lmM Tween 20, 150mM NaCl in 10mM
phosphate buffer, pH 7.3, and then treated with 50mM NHA4CI in phosphate-
buffered saline (PBS), pH 7.3, for 5 min. The sections were washed in PBS and
incubated for 10 min with a blocking solution (BS) containing 1% bovine serum
albumin (BSA) and 0.1% gelatin in PBS. The primary antibody diluted in PBS to
20ug.ml” was placed on the sections and incubated for 2 hrs. at room temperature
in a moist chamber. The sections were then incubated for 1 h in the secondary
antibody (fluorescein isothiocyanate conjugated, FITC) under dark conditions. The
slides were rinsed in BS, and were mounted in a medium for fluorescent
microscopy to retard photobleaching. Negative control sections were incubated in
BSA-PBS without primary antibody (Ziegler, 1997, Khodabandeh ef al., 2005b,c).
The sections were examined with a fluorescent microscope (Leitz Diaplan coupled

to a Ploemopak 1-Lambda lamp) with the appropriate filter set (filters of 450nm to



74 S. Khodabandeh and A. Golzari

490nm). The fluorescent images were subjected to analysis for the quantification of
fluorescence intensity using Optimas version 6.51 image analysis software (Media
Cybernetics, Silver Spring, MD, USA).

For transmission electron microscopy (TEM), the branchial chamber of
samples were fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer for
24 hrs. at room temperature, pH=7.4. They were then rinsed in sodium cacodylate
buffer, and post-fixed for 1 h in a mixture (V/V) of 2% osmium tetra oxide and
0.45 M sodium cacodylate buffer at room temperature. Samples were washed in
distilled water and dehydrated in a graded ethanol series and propylene oxide, then
embedded in Spurr’s resin. Semithin and ultrathin sections were cut on a Reichert
OMUS3 ultramicrotome. The first sections were stained with toluidine blue.
Ultrathin sections were contrasted with 2% uranyl acetate in 70° alcohol and lead
citrate, and they were observed on a JEOL 1200 EX2 transmission electron
microscope at 70kV (Khodabandeh et al., 2005a,c).

Results

The general organization of the branchial chamber of P. elegans is illustrated in
Figures 1B and 1C. Each branchial chamber possesses a branchiostegites, 3
epipodites and 8 phyllobranchiate gills (5 pleurobranchs, 2 arthrobranch and 1
podobranch). The branchiostegite comprises two irregular thick epithelia
maintained by pillar cells which cross a voluminous central hemolymph lacuna
(Fig. 2A). The outer epithelium is made up of high prismatic irregular cells under a
thick cuticle which forms part of the lateral carapace of the cephalothorax (Fig.
2A). The epithelium lining the inner side of the branchiostegite is covered by a thin
cuticle (Fig. 2B). In both epithelia, the nuclei are big and irregularly shaped. The
outer epithelium contains mainly clear vesicules of various sizes, though no
specific differentiation is seen. The cells of the inner epithelium contain numerous
round or oval mitochondria orientated perpendicular to the surface of the
epithelium (Fig. 2B and 2E). They are closely associated with dense and deep basal
membrane infoldings which almost reach the apical side of the cells (Fig. 2B). The
inner epithelium of the branchiostegite showed a very strong Na‘, K'-ATPase
fluorescence particularly at the baso-lateral side of the cells (Fig. 2C and 2D). The
enzyme specific labelling was absent from the central zone of the pillar structures










































