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Summary
In insects, for a long time, it was generally accepted that members of insect do not have sialic acids which are typical terminal 

glycans of cells surface glycolipids and glycoproteins, and thus especially important in cell interactions and signaling events. Here, it 
was reported the occurrence of sialic acid known the most common in all organisms (Neu5Ac and Neu5Gc) in hematopoietic organ 
of larvae of the silkworm, Bombyx mori. Histochemical and cytochemical analysis of hematopeietic organ sections with the FITC- and 
Gold-conjugated lectins (Limulus polyphemus, LPA) showed the presence of sialic acids in hematopoietic organ. The results provide 
further evidence for the existence of sialic acids in insects.
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İpekböceği, Bombyx mori L. (Lepidoptera: Bombycidae)’nin 
Hematopoietik Organında N-asetilneuraminik asit (Neu5Ac) ve 

N-glikolilneuraminik asit (Neu5Gc) Tip Sialik Asitlerinin Belirlenmesi

Özet
Hücre yüzey glikolipit ve glikoproteinlerin en uç kısımlarında yer alan ve özellikle hücre ilişkilerinde ve sinyal iletimi olaylarında 

önemli rolleri olan sialik asitler, uzun zamandır böceklerde olmadığı kabul edilirdi. Bu çalışmada, ipekböceği Bombyx mori larvalarının 
hematopoietik organında çoğu organizmada en çok bilinen Neu5Ac ve Neu5Gc tip sialik asitlerin bulunduğu tespit edilmiştir. FITC- 
ve altın bağlanmış lektinler (Limulus polyphemus, LPA) kullanılarak hematopoietik organ kesitlerinde histokimyasal ve sitokimyasal 
yöntemlerle sialik asitlerin varlığı gösterildi. Bu sonuçlar böceklerde sialik asit bulunduğuna dair ek bir kanıt oldu.
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Sialic acids are biosynthesized as a 9-carbon 
carboxylated monosaccharide and frequently found at the 
nonreducing terminal position of various glycoconjugates. 
Sialic acids, primarily N-acetylneuraminic acid (Neu5Ac) 
and N-glycolylneuraminic acid (Neu5Gc), are existed by 
almost all organisms 1-4. However, small amounts of sialic 
acid have been reported in a few insect species 5-14. Sialic 
acids are involved in numerous biological properties of 
glycoconjugates, some of which are modulated by sialic acid 
modifications 2,15. Sialic acid residues of glucoconjugates 

are cell type-specific and developmentally regulated 12. 
The specific sialylation pattern of glycoconjugates is due 
to regulated expression of specific sialyltransferases 16. 
Negatively charged sialic acids contribute to many 
properties of the cell surface and play an important 
role in a number of biological activities such as in signal 
transduction events in cell-cell and cell-matrix interactions. 
Biological roles of sialic acids are gradually being clarified 
as important regulators in many cellular and molecular 
interactions. Sialylated glycoconjugates exhibit remarkably 
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diverse structures, and their expression has been shown to 
change during embryonic differentiation, many kinds of 
cellular interaction ageing and pathologic transformations 9,17. 

Hematopoietic organ (HPO) in insects produces and 
contains premature and pre-differentiated hemocytes 
(insect blood cells) in order to survive in habitats that are 
highly infected with microorganisms 18. The cellular and 
humoral defense system is based on these hemocytes 
in HPO or hemocoel by phagocytosis, multicellular 
encapsulation and nodule formation 18-23. HPOs are 
generally located near the dorsal vessel in the thorax and 
the abdominal segments. In Lepidoptera species; HPOs 
of Bombyx mori 23-25, Manduca sexta 26-27 are attached to 
imaginal wing discs. However, İzzetoğlu and Karaçalı 28 
found a novel site for HPO that closely associated with 
dorsal vessel in larvae of Bombyx mori. HPO is composed 
of several lobes located very close to the dorsal vessel in 
the thorax and in the abdominal segments of the larvae. 
Anterior lobes were primarily composed of big secretory 
cells that probably responsible for the synthesis of defense 
molecules for humoral and cellular immune response. The 
posterior lobes of HPO include secretory cells and loose-
associated different hemocyte clusters 28. The immune system 
is able to distinguish between self and non-self 22,29 by 
changing in sialylation patterns of their cell surface 9. Since 
maturation of all hemocytes occur in HPO, these results 
indicate sialic acids as ideal points of investigation in the HPO. 

In this present work, it was reported the occurrence 
of sialic acids in HPO of Bombyx mori larvae by immuno-
histochemical staining (flourescent microscopy) and post-
embedding immunogold labeling (Electron microscopy) 
of larval HPO sections with sialic acid-specific lectin, which 
are known to be a valuable methods. 

MATERIAL and METHODS

Insects and Hematopoietic Organ

The larvae of silkworm, Bombyx mori were cultured on 
the leaves of the mulberry at 24±1oC, 70% relative humidity, 
and under a photoperiod of 12:12 (light and dark) 28,30. In 
this study, we used HPOs of the fifth or last instar larvae of 
silkworm. Dissected HPOs were immediately transferred 
to the mold containing the embedding medium for 
immunohistochemical investigations by fluorescent 
microscopy, or fixed in 4% paraformaldehyde in 0,1M PBS 
for postembedding immunogold labeling by electron 
microscopy.

Lectins

Lectins, due to their high specify toward recognizing 
carbohydrates of defined structures, have been used 
in cytochemical and histochemical studies to identify 
modifications in glycosylation 31. The lectin from Limulus 
polyphemus, LPA that selectively binds to Neu5Ac and 

Neu5Gc 32, were used for immunostaining of sialic acids. 
FITC-conjugated and Colloidal gold-conjugated lectins 
(LPA) were purchased from EY laboratories (San Mateo, CA). 

Lectin Immunohistochemistry and Postembedding 
Immunogold Labelling

Lectin staining of HPO sections (5 µm) in frozen 
microtome (Leica CM1850) were observed by fluorescent 
microscopy. Briefly, FITC-conjugated lectin was diluted in 
Tris buffered saline 0.05M TBS (0.05M Tris base, 0.15M NaCl, 
0.01M CaCl2, pH 8.0) to give final concentrations of 20 µl/
ml LPA. Samples on glass slides were washed with TBS. 
They were rinsed once blocking buffer (TBS containing 
0.5% bovine serum albumin (BSA), 0.1% Tween 20, 0.1% 
NaAzid, 0.1% Gelatin) for at least 30 min, followed by 
incubation with diluted FITC-LPA solution in TBS for 1 h 
at room temperature in humidity chamber. After samples 
were washing there times in TBS for 5 min each, slides 
were coverslipped with the glysine. Then, samples were 
immediately viewed with the appropriate fluorescence 
blue filters using a differential interference fluorescence 
microscope (Leica DM 4000B with DP71 video camera system). 

In order to determine sialic acids in HPO cells by 
colloidal gold-conjugated LPA, HPOs were fixed in freshly 
prepared 4% paraformaldehyde in PBS (pH 7.3) and 
dehydrated in ascending concentrations of ethanol. The 
resulting samples were embedded in Lowicryl HM20 
(-35oC, low temperature embedding medium - Polyscience 
Inc.). In semithin sections, HPO structures were identified, 
and ultra-thin sections were cut with a diamond knife on 
a Reichert OMU3 ultramicrotome. All immunostaining 
was performed on sections mounted on nickel grids. 
Gold labeled lectin was diluted in 0.05M TBS to give final 
concentrations of 20 µl/ml LPA. Ultrathin sections, which 
placed on formvar-coated nickel grids were rinsed with 
0.1 M Glycine for blocking of aldehyde groups.  After the 
sections were washing there times in TBS for 5 min each, 
incubated with diluted Gold labeled-LPA for 1 h at room 
temperature in humidity chamber. Lectin-labelled samples 
were double contrasted with saturated uranyl acetate 
and Reynold’s lead and examined in Jeol 100C electron 
microscope (TEM).

RESULTS 

In this study, it is reported that the occurrence of the 
sialic acids (Neu5Ac and Neu5Gc) were determined in HPO 
of Bombyx mori larvae using optical methods; Neu5Ac and 
Neu5Gc specific FITC-lectin (LPA, Limulus polyphemus) in 
the fluorescent microscopy and gold conjugated-lectin 
(LPA) in electron microscopy.  LPA recognizes both Neu5Ac 
and Neu5Gc 32. The distribution of fluorescent labeled lectin 
as indicated to sialic acids, interacted with all lobes of the 
total HPO (Fig. 1a,b). Electron microscopic immunogold 
labeling was detected the presence of sialic acids (Neu5Ac 
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and Neu5Gc) in cells of HPO. The gold particles are distinct 
and readily visualized. They are easily quantifiable and do 
not diffuse on the sections. There is little binding of gold to 
the nucleus heterochromatin area of secretory cells of HPO 
(Fig. 2a). Many gold particles were especially located over 
the secretion granules in secretory cells (Fig. 2b). 

DISCUSSION

There have been many reports concerning the analysis 
of specific sialic acids in related with their function in 
animals. Recently, however, some evidence for the presence 
of sialic acids in insects has started to appear. Roth et al.5  
were the first to detect sialic acid in insect, in embryonic 
nervous system of Drosophila melanogaster. Later, some 
other reports of sialic acid in insects were published. 
Presence of Neu7,9Ac25Gc type of sialic acid in prothoracic 
glands of Galleria mellonella has been determined 6. The 
occurrence of Neu5Ac was found in Malpighian tubules of 
Philaenus spumarius by GLC-MS and cytochemical analysis 8. 
Seven types of sialic acids-Neu5Ac, Neu5Gc, Neu4,5Ac2, 
Neu5,9Ac2, Neu2en5Ac, Neu9Ac5Gc, and Neu5,8,9Ac3 
were found in developing testis of G. mellonella by GC and 

GC-MS analysis 7. The expression level and distribution of 
Neu5Ac and its α2,6 linkage in the third and final larval, 
mature prepupa, and pupa stages of Galleria mellonella 
were found by SNA (Sambucus nigra agglutinin) lectin 
immunofluorescence and lectin blot analysis 33. Moreover, 
Neu5Ac, Neu5Gc, Neu5,7Ac2, Neu5,8Ac2, Neu5,9Ac2 types 
of sialic acids were determined in prothoracic gland cells 
of Galleria mellonella larvae by LC-ESI-MS/MS system 
(Karacali et al., 2011 in preparation). 

In Drosophila larvae, the first lobes of the hematopoietic 
organ contain numerous active secretory cells that 
synthesize extracellular matrix and defense molecules 34. 
The cells with similar secretory characteristics were 
observed in HPO of Bombyx mori larvae. At present, 
nothing is known about the glycoconjugates containing 
the Neu5Ac or Neu5Gc sugars detected in HPO of Bombyx 
mori. We therefore can only speculate that secretory cells 
in the anterior lobes of the HPO participate to synthesis 
of defense molecules possessing sialylated glycoprotein  
or glycolipid for humoral immune system.

In conclusion, the findings obtained by optic methods 
provide an evidence that sialic acid is present in the HPO of 
Bombyx mori. It has been commonly accepted that plants 
are not capable of synthesizing sialic acids. No evidence 
has previously been reported to suggest that they contain 
sialic acids 8,35-36. Silkworms were traditionally reared on 
mulberry leaves. The food of the silkworm larvae did not 

Fig 2. Immunohistochemical detection of sialic acid in total HPO using 
FITC-conjugated lectin, LPA (green), which selectively binds to Neu5Ac 
and Neu5Gc (a,b) Determination of sialic acid is indicated by the presence 
of green fluorescence

Şekil 2. Total HPO’ya Neu5Ac ve Neu5Gc’ye seçici olarak bağlanan FITC-
LPA lektinin (yeşil) immunohistokimyasal olarak gösterilmesi (a,b) yeşil 
ışımanın olması ile sialik asidin belirlenmesi

Fig 1. Ultra-thin sections from Lowicryl HM20-embedded HPO showing 
colloidal gold labeling LPA binding to cells of HPO. (a) Little binding of 
gold (in circles) is seen over the nucleus heterochromatin area (Nu) and 
cytoplasma secretory cells of HPO. (b) Many gold particles are especially 
located on the secretion granules (SG). Section stained with uranyl 
acetate and Reynold’s lead, Bar: 0.5 µm

Şekil 1. HPO hücrelerine bağlanan kolloidal altın işaretlenmiş LPA’nın 
Lowicryl HM20’ye gömülmüş HPO’da ince yapısında gösterilmesi. (a) 
nukleus heterokromatin bölgesine (Nu) ve HPO’nun sitoplazma salgı 
granüllerine (SG) bağlanan altınların (daire içinde) varlığının gösterilmesi. 
Uranil asetat ve Reynolds’ın kurşun sitrat boyalı kesit, Bar: 0.5 µm
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have sialic acid 37,38. Thus, the uptake of sialic acid by the 
silkworm larvae with its food can be excluded. These results 
support to the study of Kato et al.39. They found that strong 
evidence emerged for existence of sialic acid in silkworm 
larvae. According to the known functions of sialic acids 
in other systems, these molecules must have important 
roles during hemocyte differentiation, maturation and 
releasing from HPO to hemacoel. The results provide 
further evidence for the existence of sialic acids in insect 
tissues. Hence, Neu5Ac and Neu5Gc in silkworm larvae 
is very likely of endogenous origin. Further studies on 
the function of sialic acids in secretory granules of HPO 
secretory cells of B. mori are necessary to confirm. This may 
provide interesting new insights into the origin of sialic 
acid and function in insects.

AbbreviAtions: Neu5Ac, N-acetylneuraminic acid; Neu5Gc, 
N-glycolylneuraminic acid; Neu7,9Ac25Gc, 7,9-Di-O-acetyl-5-N- 
glycolyl-neuraminic acid; Neu4,5Ac2, 5-N-acetyl-4-O-acetyl-
neuraminic acid; Neu5,9Ac2, 5-N-acetyl-9-O-acetylneuraminic 
acid; Neu2en5Ac, 5-N-acetyl-2-deoxy-2,3-didehydro-neuraminic 
acid; Neu9Ac5Gc, 9-O-acetyl-5-N-glycolyl-neuraminic acid; 
Neu5,8,9Ac3, 5-N-acetyl-8,9-di-O-acetylneuraminic acid; 
Neu5,7Ac2, 5-N-acetyl-7-O-acetylneuraminic acid; Neu5,8Ac2, 
5-N-acetyl-8-O-acetylneuraminic acid.
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