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SUMMARY 

The epicuticle of marine decapod crustaceans is composed of three sublayers : the inner 
epicuticle, the cuticulin layer,. and the surface coat which was previously described as an exter­
nal layer rich in tannophilic proteins. Positive staining by ruthenium red and alcian blue 
suggests the presence in this layer of polyanionic sites and acid mucopolysaccharides. The sur­
face coat might be viewed as a hydrophilic glycoproteinaceous layer reducing the surface ten­
sion between the hydrophobie cuticulin layer and the aqueous environment. 
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INTRODUCTION 

The epicuticle is defined as a thin , multilayered, outer covering of the arthropod 
cuticle. Its complex structure and chemical composition vary considerably with the 
ecologica l conditions and the physiology of the in tegument. The presence of surface 
waxes reducing water Joss is one of the most important adaptative features of 
terrestrial arthropods (insects, arachuids). In marine decapod crustaceans, the 
epicuticle is composed of three sublayers : the inner epicuticle, the cuticulin layer, 
and the outermost surface coat (KÜMMEL et al., 1970 ; COMPÈRE, 1988, 1995). The 
inner epicuticle and the cuticulin layer are common structures of the arthropod 
cuticle whjle the surface coat was only described in crustaceans (C OMPÈRE\ 1995). 
In Carcinus maenas (op. cit .), the surface coat is deposited during la te premoult 
after the cuticulin layer, the inner epicuticle, and a great part of the pigmented 
layer. After the moult, it appears as a relatively thick (0.1 ~J,m) , electron-dense, fuzzy 
coa t overlying the cuticulin layer. The recent demonstra tion that this coatis mainly 
proteinaceous (showing a strong tannophjJic reaction , COMPÈRE and GoFFINET, 



96 PH. COMPÈRE AND G. GOFFINET 

1992) and hydrophilic raises the question : might this surface coat contain acid 
mucopolysaccharides and electrostatic surface charges? The hypothesis that it is 
negatively charged is supported by the fact that, in the gill cuticle of fresh water 
acclimatised crabs Eriocheir sinensis (MILNE-EDWARDS, 1854) intoxicated with 
HgCI 2, it accumulates Hg2 + ions (BARRADAS and PÉQUEUX, 1995). 

The purpose of this study is to detect polyanionic sites and acid 
mucopolysaccharides at the ultrastructural leve! in the epicuticular surface coat of 
the Atlantic shore crab Carcinus maenas, using cytochemical methods based on 
staining with ruthenium red and alcian blue. 

MA TE RIAL AND METHODS 

Cuticular samples excised from branchiostegites and gills of the crab Carcinus 
maenas were fixed by immersion for 2 h at 20° C in 2.5 % glutaraldehyde, 50 mM 
MgCI 2, 0.05 M Na-acetate buffer (pH 7.4 or 5.8) containing either 0.1 % ruthenium 
red (LUFr, 1971) or 1 % alcian blue 8GX (SCOTT and DORLING, 1965 ; SCOTT, 
1970 ; LEWIS and KNIGHT, 1977). Control experiments were carried out in the 
presence of 1 M MgCI2 according to Scott's (1970) critical electrolyte p1ethod. 
Branchiostegite samples were decalcified under the same conditions (pH, buffers, 
MgCI 2 and stain concentrations) for 24 h at 4° C in a solution containing 0.1 M 
EGT A and 1.25 % glutaraldehyde, then fixed aga in for 90 min in 2.5 % 
glutaraldehyde solutions as detailed above. To enhance staining, we post-fixed a li 
the samples for 1 h at 4° C in 1 % Os0 4 , using the same buffer, pH and MgCI 2 con­
centration. Ruthenium-red- and Alcian-blue-treated samples were washed in buffer 
and Os0 4-fixed , respectively, with or without the stain. Ali samples were then pro­
cessed classically without further sta ining and examined in a transmission electron 
microscope (JEOL 100-SX) at 80 kV accelerating voltage. 

RESULTS 

The ruthenium red and alcian blue staining methods give quite simi lar 
qualitative results, staining being only slightly more intense with ruthenium red. In 
the samples fixed at pH 7.4 (Figs 1, 2, 5 and 6), the surface coat appears very elec­
tron-dense, but Jess so than the outer leaflets of the cuticulin layer (COMPÈRE, 1988 , 
1995). The chitin-protein fibres of the pigmented layer are also contrasted white the 
inner epicuticle remains electron-lucent. In a li layers but the cuticulin layer, positive 

Figs l-8. Branchiostegite epicuticle of the cra b C. maenas - 1-4. Treated with alcian blue -
5-8. Treated with ruthenium red - 1, 2, 6. at pH 7.4 and 50 mM MgCl2 - 3, 5, 7 at pH 5.8 
and 50 mM MgC12 - 4, 8. at pH 7.4 and l M MgC1 2 . c, cuticuJin layer ; ie, inner epicuticle ; 
Pg, pigmented layer ; s, surface coat; ie, inner epicuticle ; Pg, pigmented layer ; s, surface 
coat. Sca le bars in l , 5 : l jlm ; in 2-4, 6-8 : lOO nm. 
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staining appears slightly less intense in the samples fixed at pH 5.8 (Figs 3 and 7) 
and completely absent in control samples treated in the p;-esence of 1 M MgCI 2 

(Figs 4 and 8). 

DISCUSSION 

Our results point to the presence of polyanionic sites and acid 
mucopolysaccharides in the epicuticular surface coat of the branchiostegite and gill 
cuticle of the shore crab C. maenas. The slightly higher contrast in samples treated 
at pH 7.4 than in ones treated at pH 5.8 is presumably attributable to weakly 
negative sites, i.e. the carboxyl groups of proteins, wbich are not stained at pH 5.8 
in the presence of a low concentration (50 mM) of MgCI 2 (ScOTT and DORLING, 
1965; LEWIS and KNIGHT, 1977). At pH 5.8, the appearance of contrast strongly 
suggests the presence of negatively charged acid mucopo1ysaccharides. Further­
more, the absence of contrast in control samples treated in the presence of a high 
concentration of electrolyte (1 M MgC1 2) confirms the electrostatic nature and the 
specificity of the reaction (op. cil .). The persistence of the high electron-density of 
the cuticulin layer leaflets in these controls is probably due to a nonspeci_fic reac­
tion. 

In combination with the previous demonstration of tannophilic proteins (CoM­
PÈRE, 1990a; COMPÈRE and GoFFINET, 1992), the presence of polyanionic sites and 
acid mucopolysaccharides suggests that the epicuticular surface coat of the crab C. 
maenas forms a hydrophilic, glycoproteinaceous, external coat. This composition 
explains the affinity of this sublayer for Hg2 + ions in E. sinensis gills after intoxica­
tion by HgC1 2 (BARRADAS and PÉQUEUX, 1995). Accumulation of Hg2 +, moreover, 
is greater in fresh-water-acclimatised animais than in seawater-acclimatised ones, 
being inverse1y proportional to the electrolyte concentration. 

The presence of this hydrophilic external sublayer is probably a general feature 
of the epicuticle of aquatic arthropods, since a surface coat or corresponding layers 
have been reported by severa! authors or can be structuraUy identified on published 
micrographies in many crustaceans (decapods : KüMMEL et al., 1970; FOSTER and 
HOWSE, 1978; GREEN and N EFF, 1972, COMPÈRE, 1990a, 1995; COMPÈRE and GOF­
FINET, 1992 ; copepods GHARAGOZLOU-VAN GINNEKEN and BOULIGAND, 1973, 1975 ; 
cladoceran branchiopods: HALCROW, 1976) and different pycnogonid species (CoM­
PÈRE et al., 1993, FAHRENBACH, 1994). In the terrestrlal oniscoid isopods, the surface 
coat is also present but appears much thinner than in marine decapods (CoMPÈRE, 
1990b). On the other hand, POQUET et al. (1994) have shown that in a parasitic 
copepod in musse! gi lls, the externa l coat of the epicuticle («el », according to the 
terminology of GHARAGOZLOU-VAN GINNEKEN and BOULIGAND, 1973, 1975) gives 
a positive reaction with phosphotungstic acid (PTA) at pH 0.3, indica ting the 
presence of glycoproteins (RAMBOURG, 1971). No homology can be proposed, 
however, between this external coat and the epicuticular surface coat of decapods. 
Apart from the observation of the surface coat deposition in the sclerites of C. 
maenas (COMPÈRE, 1988, 1995) and Oniscus asellus (L., 1758) (COMPÈRE, 1990b) 
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during late premoult, there is no information in the litterature on the 
morphogenesis of these external epicuticular layers. 

Concerning the role of these outermost Iayers, many different highly specialised 
functions have been proposed but ali are hypothetical. In sorne pycnogonids, the 
filamentous coat is believed to act as a protective layer against nematocysts 
(FAHRENBACH, 1994). POQUET et al. (1994) suggest that the glycoproteinaceous coat 
of parasitic copepods plays a role in the attachment of bacteria or protects the 
copepod against host reactions. According to ARNAUD et al. (1988), sublayer «el » 
plays a key role in the agglutination of food particles in the labral glands of 
calanoid copepods, but the presence of similar or at !east analogous external 
epicuticle sublayers in a variety of aquatic arthropods suggests, rather, that these 
layers have a common basic function. In ali cases, the surface coat directly overlies 
the cuticulin layer, which is known to be hydrophobie and membrane-like structure 
(NEVILLE, 1975 ; FILSHIE, 1982 ; WIGGLESWORTH, 1985). Similarly, C. maenas (COM­
PÈRE and GOFFINET, 1992), the cuticulin layer appears to form the main per­
meability barrier of the cuticle. The surface coa t might thus be viewed as a 
hydrophilic layer protecting the cuticulin layer and/or reducing the surface tension 
between the hydrophobie cuticulin layer and the aqueous environment. In this 
respect, the surface coat would resemble the cell coa t or the polar heads of plasma 
membrane phospholipids. 
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