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Abstract: Glycoconjugates involved in many functions are produced by many cell types. This 

study aimed to investigate the glycoconjugate expression in the Oscar fish (Astronotus 

ocellatus) gills using five horseradish peroxidase-conjugated lectins. This study revealed that 

gill epithelial cells react with Canavalia ensiformis agglutinin (Con A) and Arachis hypogaea 

agglutinin (PNA). Strong reaction to Con A was seen in the epithelial cells of the gill primary 

lamellae. Epithelial cells of primary and secondary lamellae and eosinophilic granular cells had 

varying intensity of PNA binding. Ulex europaeus agglutinin-I(UEA-I) positive eosinophilic 

granular cells were observed in the connective tissue of primary lamellae. Epithelial cells of the 

gill primary filament had Con A reaction in varying intensities. Superficial epithelial cells 

reacted with PNA in various degrees. Epithelial cells of the secondary lamellae had Con A and 

PNA positive reaction. These results indicate that glycoconjugate distribution may show 

interspecific variations, suggesting that the high heterogeneity of naturally occurring 

glycoconjugates in the epithelial cells of Oscar fish gills might be attributed to the various 

functional roles of glycoconjugates. 
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Oskar Balığının (Astronotus ocellatus) Solungaçlarında Glikokonjugatların 

Dağılımı  
 

Özet: Pek çok fonksiyona katılan glikokonjugatlar, birçok hücre tipi tarafından üretilir. Bu 

çalıĢmada Oscar balığı (Astronotus ocellatus) solungaçlarındaki glikokonjugat varlığının beĢ 

horseradish peroksidaz ile konjuge lektin kullanarak araĢtırılması amaçlandı. Bu çalıĢma, 

solungaç epitel hücrelerinin Canavalia ensiformis agglutinin (Con A) ve Arachis hypogaea 

agglutinin (PNA) ile reaksiyona girdiğini ortaya çıkardı. Solungaç primer lamellerinin epitel 

hücrelerinde Con A’ya karĢı güçlü reaksiyon görüldü. Primer ve sekonder lamel epitel hücreleri 

ve eozinofilik granüler hücreler, değiĢen yoğunlukta PNA bağlanmasına sahipti. Primer 

lamellerin bağ dokusunda Ulex europaeus agglutinin-I (UEA-I) pozitif eozinofilik granüler 

hücreler gözlendi. Solungaç primer filamentinin epitel hücreleri, çeĢitli yoğunluklarda Con A 

reaksiyonuna sahipti. Yüzeysel epitel hücreleri PNA’ya karĢı çeĢitli derecelerde reaksiyon 

göstermekteydi. Sekonder lamellerin epitel hücreleri Con A ve PNA pozitif reaksiyona sahipti. 

Bu sonuçlar, glikokonjugat dağılımının türler arası varyasyonlar gösterebileceğine iĢaret 

etmektedir, bu da Oscar balık solungaçlarının epitelyal mukoza hücrelerinde doğal olarak oluĢan 

glikokonjugatların yüksek heterojenitesinin, glikokonjugatların çeĢitli fonksiyonel rollerine 

dayandırılabileceğini düĢündürmektedir. 
 

Anahtar kelimeler: Lektin, Oskar balığı, Glikokonjugat, Astronotus ocellatus 
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1. Introduction 

Fish are much more adversely influenced than terrestrial animals by the environmental 

changes. This results mainly from the use of water rather than air as the respiratory gas 

exchange medium. The composition of water differs to a much larger extent than that of 

air, thanks to many natural or contamination-related factors [1]. Fish are exposed 

directly to water and the environment through their gills, the main respiratory organs in 

which the exchange of gases essentially occurs [2,3]. Therefore, mucus secreted chiefly 

by superficial epithelial cells present in the gills composes an initial line of defence 

against changes in nature and chemical composition of the surrounding water [4,5]. 

 
Mucous cells of the gill epithelium produce a mucous secretion that plays important 

roles in many vital cellular processes [6]. The key building blocks of mucus are mucins 

whose components are glycoproteins known to possess many functions, including 

antimicrobial, respiration, mechanical, ion regulation, osmoregulation and antiviral 

[7,8]. Roughly half of the dry weight of mucins present in mucus can be composed of 

carbohydrate chains capable of covalently binding to many different proteins to form 

glycoproteins and glycoconjugates [9]. On the other hand, lectins are carbohydrate 

binding proteins and are implicated in biological activities through the process of 

glycoconjugation [10]. In this regard, the existence of glycoconjugates and 

glycoproteins can be identified by different histochemical techniques, including lectin 

histochemistry, a versatile tool that is commonly being used in the detection of 

modifications in mucosubstances [10]. Lectin histochemistry approach has advantages 

over other histochemical approaches to identifying modifications that occur on cellular 

surfaces. For example, this approach is useful in especially detecting alterations in 

cellular glycosylation associated with transformation of normal cells to malignant, and 

changes associated with cancer progression [11]. 

 

The histochemistry and lectin-based histochemistry of the different types of gill 

epithelial cells in the fish and of their glycoconjugates have been studied by some 

researchers [12-15]. Oscar fish, Astronotus ocellatus (Cuvier, 1829), is a cichlid species 

with omnivorous feeding habits. It is a freshwater fish species found in habitats with 

warm water temperatures. Since it is an ornamental fish, it is transported alive. 

Therefore, it may be mediated the transmission of many pathogenic diseases [16-17]. 

Fish gills are organs being exposed to various noxious factors, including chemicals and 

pathogens. So, they may be a model for exploring abnormal changes caused by many 

adverse factors. Since no study regarding lectin-based histochemistry of 

glycoconjugates in gills of Oscar fish exists, the objective of this study was to examine 

the distribution of the glycoconjugates in the Oscar fish gills using five horseradish 

peroxidase-conjugated lectins. 

 

2. Material and Method 

2.1 The study protocol 

The approval for this study was obtained from Animal Experiments Local Ethics 

Committee of Süleyman Demirel University (approval number #03.04.2012-04). Use of 

the animals was performed in accordance with the guidelines of the International 

Association for the Study of Pain. 
 

2.2 Tissue processing  
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The gill specimens harvested from six Oscar fish, Astronotus ocellatus, were used for 

the lectin histochemical study. The fish were purchased from the ornamental fisher in 

Isparta, Turkey. After anesthetizing with 25-30 ppm / l quinaldine sulphate for 1-4 

minutes, the fish were killed by decapitation. The gills were rapidly excised and fixed 

by immersion in 10% of formalin for 24 h at room temperature for light microscope 

studies. After fixation, tissues were passed through series of ascending ethanol, 

followed by clearing in xylene and embedding in paraffin. Paraffin sections cut at 5-

µm-thickness were placed onto the slides that had been pre-coated [18].  

 

2.3 Lectin histochemistry (LHC) 

Horseradish Peroxidase (HRP)-conjugated lectins were employed to explore specific 

sugar moieties of glycoconjugates. As described in previous study [18], the slides were 

dewaxed in xylene and rehydrated in descending grades of ethanol, followed by 

washing in distilled water. The slides were pre-incubated with 0.3% H2O2 (v/v) in 

absolute methanol at room temperature for 10 minutes so as to eliminate endogenous 

peroxidase activity. After washing in distilled water and 0.01 M PBS (Phosphate 

Buffered Saline) (pH 7.2) with 1% BSA (Bovine Serum Albumin), the slides were 

exposed to HRP-conjugated lectins at room temperature for 30 minutes and rinsed with 

PBS. The HRP-conjugated lectins employed in this study, their carbohydrate binding 

specificities and optimal concentrations were given in Table 1. Staining was then 

visualized with the incubation of DAB (3,3-diaminobenzidine tetrahydrochloride) at 

room temperature for 10 minutes. Positive staining was considered as brown or dark-

brown in colour. The slides were rinsed in distilled water, passed through ascending 

alcohol series, followed by clearing in xylene, and permanently coverslipping with 

entellan. They were analysed under light microscope (Olympus, CX 41) and 

photographed with the help of a digital camera (DP26, Olympus, Tokyo, Japan) affixed 

to the microscope. 

 

2.4 Negative control 

The slide had been incubated for 30 minutes at room temperature without using the 

lectins. Then, the same procedure was pursued. 

 

2.5 Semi-quantitative assessment 

Intensity of staining was graded as negative – 0, weak – 1, moderate – 2 and strong – 3, 

as described in previous study [18].  
 

Table 1. Lectins, their carbohydrate binding specificities and used optimal concentrations 

Lectins  Origin  Carbohydrate specificity
a, b

 Optimal Concentration 

(µg/ml) UEA-I  Ulex europaeus αL-Fuc 25 µg/ml [18] 

Con A  Canavalia ensiformis αMan>αGlc>αGlcNAc 50 µg/ml [18] 

PNA  Arachis hypogaea Galß1,3GalNAc>α and βGal 20 µg/ml [19] 

MAA-I  Maackia amurensis Galβ4GlcNAc 50 µg/ml [19] 

BSA-I-B4  Bandeiraea simplicifolia αGal>αGalNAc 25 µg/ml [19] 
a
Carbohydrate specificities of lectins [20]. 

b
Abbreviations: Glc, glucose; GlcNAc, N-acetylglucosamine; 

Gal, galactose; Fuc, fucose; GalNAc, N-acetylgalactosamine; Man, mannose.  

 

3. Results 

The lectin histochemistry revealed that the epithelial cells present in the gills of the 

Oscar fish, Astronotus ocellatus, react with the lectins Canavalia ensiformis agglutinin 

(Con A) and Arachis hypogaea agglutinin (PNA), except for Ulex europaeus agglutinin-
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I (UEA-I), Maackia amurensis agglutinin-I (MAA-I) and Bandeiraea simplicifolia 

agglutinin (BSA-I-B4), in various degrees. UEA-I reacted with granular cells considered 

to be eosinophilic possibly (Figures 1-6). Table 2 summarizes the lectin labelling 

patterns in the gill epithelial cells of Oscar fish, Astronotus ocellatus.  

Con A positivity was detected in varying intensities from moderate to strong in the 

mucosal epithelium of gill primary filament. A strong reaction to Con A was 

determined in the epithelial cells at the end parts of the gill primary lamellae (Figure 1). 

Con A reaction varying from weak to strong was seen in the epithelial cells of the 

secondary lamellae (Figure 2). Cells localized in the superficial and deep regions of 

primary filament epithelium, secondary filament epithelial cells (Figure 3) and granular 

cells considered to be eosinophilic possibly present in the connective tissue of primary 

lamellae reacted with PNA in various degrees ranging from moderate to strong. In 

addition, strong PNA reaction was detected in the deep epithelial layer cells of the 

secondary lamellae (Figure 4). UEA-I positive glycoconjugate was not detected in 

epithelial cells of primary and secondary filaments. Moreover, UEA-I positive granular 

cells considered to be eosinophilic possibly were observed in the connective tissue of 

primary lamellae, and these positive reactions were from weak (Figure 5) to strong 

(Figure 6). 

 

Table 2. Lectin-binding patterns in the gill structures of Oscar fish 

 UEA-I Con A PNA MAA-I BSA-I-B4 

Primary lamellae 

Superficial epithelial 

cells 

0 2-3 2-3 0 0 

Epithelial cells in 

deeper layers 

0 2-3 2-3 0 0 

Secondary lamellae 

Epithelial cells 0 1-3 2-3 0 0 

Intensity of staining: 0, negative; 1, weak; 2, moderate; 3, strong 
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Figure 1. Strong reaction to Con A in epithelial cells (arrows) at the end parts of primary lamellae. Scale 

bar: 50μm. 

 

  
 

Figure 2. Strong reaction to Con A in epithelial cells (arrows) of secondary lamellae. Scale bar: 50 μm. 

 

 

  
 

Figure 3. Strong reaction to PNA in epithelial cells (arrows) of secondary lamellae. Scale bar: 50 μm. 
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Figure 4. Strong reaction to PNA in deep epithelial layer cells (arrows) of secondary lamellae. Scale bar: 

50 μm. 

 

 

  
 

Figure 5. Weak reaction to UEA-I in granular cell (arrow) considered to be eosinophilic possibly in the 

connective tissue of primary lamellae. Scale bar: 50μm. 
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Figure 6. Strong reaction to UEA-I in granular cells (arrows) considered to be eosinophilic possibly in 

the connective tissue of primary lamellae. Scale bar: 50μm. 

 

4. Conclusion and Comment 

The present study investigates the heterogeneity of glycoconjugates found in the gill 

epithelial cell of the Oscar fish, Astronotus ocellatus using lectin histochemistry. We 

found that Con A and PNA positive glycoconjugates were predominant in the epithelial 

cells of gill primary and secondary lamellae. In addition, our results revealed that 

granular cells considered to be eosinophilic possibly in the gills contain UEA-I positive 

glycoconjugates. However, staining with MAA-I and BSA-I-B4 lectins were not 

observed in these cells. The absence of reaction to MAA-I and BSA-I-B4 indicates that 

these cells did not produce the residues of galactose-β1,4-acetylglucosamine and α-D-

galactose or N-acetyl-α-D-galactosamine.  

 

It has been demonstrated that PNA, Con A and UEA-I did not bind to any cell types or 

structures in the gill of tilapia, Oreochromis mossambicus [21], which is inconsistent 

with our results. A study on Odontesthes bonariensis showed [22] that gill filaments 

and secondary lamellae have the same distribution pattern as lectins of the epithelial 

cells, and that the lectins PNA, Con A and UEA-I give a moderate, weak and negative 

reaction, respectively. These findings agree with our results to a certain degree. It has 

been reported that PNA showed a strong reaction with epithelial cells in the gill of the 

trout Salmo trutta [23, 24]. Besides, another study [25] showed that PNA is bound to all 

the surface epithelial cells of the primary lamellae, as well as to a few cells in the deeper 

layers of the primary lamellae epithelium. They also reported that most of the epithelial 

cells in the primary lamellae did not bind to PNA but the epithelial cells of the 

secondary lamellae were homogeneously labelled with PNA. These findings are 

inconsistent with the results of our study. This may be due to interspecific differences. 

The same researchers [24] found that Con A strongly labelled superficial epithelial cells 

and a few cells deeper in the primary lamellae, and some cells of the secondary lamellae 

were labelled with Con A. In fact, this finding is almost in accordance with our results. 

Another study showed no reaction to ConA in the gill epithelium in the abyssal teleost 

fish Coelorhynchus coelorhynchus [26], which is inconsistent with our findings.  
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A study on Micropogonias furnieri indicated that epithelial cells of both primary 

lamellae and secondary lamellae in Micropogonias furnieri are not labelled with UEA-I 

[14], which is in line with our findings. In addition, the reaction to UEA-I and PNA was 

detected in epithelial cells of gill filament in Paralichthys olivaceus that is a temperate 

marine species [27]. A recent study has revealed that UEA-I staining was present in the 

gill epithelial cells of rainbow trout [28]. The results in [26] is consistent with our 

results of PNA. However, the results of UEA-I reported by [27] and [28] is not in 

parallel with our findings of UEA-I. These discrepancies can be attributed to an 

interspecific difference.  

 

Con A showed no staining or weak staining with the epithelial cells of the primary and 

secondary lamellae of Cynoscion guatucupa [16]. The present results partly agree with 

those of Cynoscion guatucupa, with our findings of more prominent reactions in the 

epithelial cells of both primary lamellae and secondary lamellae. In many fish species, 

the surface epithelial cells of the gills have mannose, generally found in N-linked 

glycoproteins [25]. Moreover, Con A-binding protein secreted by a serous cell was 

found in the carp skin [29]. A serum cell type which occurs intermittently in the fish 

epidermis [30] might be expected to be present in the gill as well. This cell type is 

increased during a chronic parasitic infestation, suggesting that it provides protection 

against bacterial infections [31]. Furthermore, it is most likely that UEA-I positive 

granular cells considered to be eosinophilic possibly in the gill filament in this study 

participate in inflammatory processes.   

 

In conclusion, fishes have the cells producing glycoconjugates on the gill primary and 

secondary lamella although the distribution of these cells may show interspecific 

variations. The high heterogeneity of naturally occurring glycoconjugates in the 

epithelial cells of Oscar fish gills could be attributed to the various functional roles of 

glycoconjugates. This study would contribute to understanding the physiological and 

functional significance of the glycoconjugates in the gills of the fishes, which are used 

for ornamental purposes.  
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