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ABSTRACT 

Objective: To study the physico-chemical characteristics as well as the binding specificity of 

the agglutinin in the extract of the midgut gland from the rusty millipede, Trigoniulus 

corallinus. 

Methods: The presence of agglutinin was investigated by hemagglutination assay using 

mammalian erythrocytes.   After selecting the tissue (midgut gland) and the erythrocyte 

(rabbit) based on high HA titre, the correlation between biochemical parameters of midgut 

gland agglutinin such as protein, calcium and water content and HA titre was assessed. The 

influence of physico-chemical parameters such as pH, temperature, divalent cations (Ca2+, 

Mg2+, Mn2+) and chelators (di- and tetrasodium EDTA and trisodium citrate) on 

hemagglutinability was tested. The sugar specificity was assessed by hemagglutination 

inhibition assay with different sugars and glycoproteins. 

Results: Physico-chemical analysis of the midgut gland agglutinin exhibited that the activity 

was optimum at pH 6.5, temperature 35oC and in the presence of calcium ions. The agglutinin 

activity was sensitive to di and tetra sodium EDTA and trisodium citrate. Hemagglutinability 

was inhibited by sugars: α-lactose, D-galactosamine, dextrose, GluNAc, D-galactoseand 

glycoprotein: lactoferrin. A single agglutinin was found when agglutitinability vanished after 

cross adsorption. 

Conclusion: Existence of Ca2+ dependent agglutinin in the midgut gland of the millipede, 

T. corallines may help its defensive system. 
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INTRODUCTION 

The invertebrate immune system is in charge of identifying and eliminating infections 
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because certain microbial surface chemicals that are recognised as non-self are what allow this 

to happen. An innate immune system, which includes viruses, bacteria, fungi, and eukaryotic 

parasites, has the ability to react quickly and often in an efficient manner. The primary type of 

resistance against pathogenic bacteria when they enter the host is given by the innate immune 

system, an ancient kind of resistance in evolutionary terms [1]. Innate immune systems, which 

are essential for all invertebrates offer the first-line of resistance against pathogens and 

comprise mainly humoral and cellular immune responses [2]. Invertebrate defence systems 

only rely on the innate immune system, which is triggered when lectins identify pathogen-

associated molecular sequences [3]. 

Agglutinins/lectins are mono/polyvalenthaptens, sugar attractive proteins or 

glycoproteinsfound in a variety of invertebrates, vary in molecular mass, structure, function 

and capable of agglutinating erythrocytes, bacteria, virus and fungi and are involved 

inadhesive, defensive, immune-modulatory and regulatory functions[4]. These special proteins 

have been used in a variety of biological disciplines, and as more lectins are isolated and their 

functions in nature are clarified, they continue to play a significant role in agricultural and 

medicinal research [5]. 

MATERIALS AND METHODS 

Millipede collection and maintenance 

The healthy millipedes were collected from swampy areas and coconut groves of Nagercoil, 

Marthandam, Thickanamcode, Nattalam, Elavuvilai, Arumanai, Panachamoodu and Parasala 

of Tamil Nadu and Kerala, the two southern states of India, during rainy season. They were 

given raw potatoes, cucumber, cabbage, and papaya while being placed in huge cement tanks 

filled with damp bricks, plantain tree trunks, or dry decomposing leaves. By moulting, 

copulating, and depositing eggs, millipedes easily acclimated to the laboratory environment. 

Hemolymph collection and preparation of tissue extract 

Hemolymph was collected by puncturing the arthrodial membrane in between the column 

and the adjacent segments. The oozing hemolymph was collected in 15 ml polypropylene 

tubes and preserved in a refrigerator on ice (-20°C). The tissue extract was prepared by 

grinding 100 mg of tissue in 1ml of cold saline (0.7%) using a mortar and pestle. The extracts 

were centrifuged at 4000 g for 10 minutes at 4oC and the supernatant was assessed for 

hemagglutination activity. 
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Preparation of erythrocyte suspension 

Different mammals' blood was immediately taken and placed in a modified Alseivier's 

medium (pH 6.1). Erythrocytes were suspended in physiological saline, washed three times with 

TBS (pH 7.5), and then resuspended in TBS as a 1.5% suspension. 

Hemagglutination assay 

Hemagglutinating activity was assayed as described by Ravindranath and Paulson [6]. 

Hemolymph/tissue extract (25 µl) were serially diluted with TBS (25 µl, pH 6.5) in microtitre 

wells and mixed with 1.5% erythrocyte (25 µl) suspension. The microtitre plates underwent an 

hour of incubation at 30°C. Based on the appearance of the RBCs on the well, agglutination 

activity was identified: positive findings show a diffuse reddish net to a number of wells, 

whereas negative results show a dark red pellet or button at the bottom of the well. 

Physico-chemical characterization 

Based on their availability and high HA titre, the midgut gland of the millipede T. corallinus 

was chosen for physico-chemical characterization. To evaluate the effect of pH on 

agglutinability, 25 µl of the extract of the midgut gland was serially diluted with 25 µl of TBS 

at varying pH (5 to 11) and incubated for 1 hour prior to the addition of rabbit erythrocytes. 

To assay the thermal stability of the agglutinin, 25 µl of the extract of midgut gland 

incubated for one hour at specific temperatures (0 to 95°C) and rabbit erythrocytes were added 

after being serially diluted with 25 l of TBS (pH 6.5). The titre of hemagglutination was 

found. 

To assess the influence of divalent cations on hemagglutinability of the midgut gland 

agglutinin, 25 µl of extract of the midgut gland was serially diluted with 25 µl of TBS (pH 

6.5) of varying concentration (0 to 100 mM) of cations (Ca2+, Mg2+, Mn2+) and was incubated 

at room temperature (30±2oC) for 1 hour, prior to the addition of rabbit erythrocytes. HA titre 

was assessed. 

To study the effect of chelators on hemagglutinability of the agglutinin, prior to adding 

rabbit erythrocytes, the midgut gland extract was incubated at room temperature (30±2°C) for 

1 hour. The midgut gland extract was serially diluted with 25 µl of TBS (pH 6.5) and different 

concentrations (0 to 100 mM) of chelators (EDTA and trisodium citrate).  The HA titre was 

established. 
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Hemagglutination inhibition assay 

Hemagglutination inhibition (HAI) of the midgut gland agglutinin was performed to test the 

ability of different glycoproteins and sugars to reduce agglutination of rabbit erythrocytes. In 

this study, 25 µl of known concentration of inhibitor (sugar/glycoprotein) was serially diluted 

with 25 µl of TBS (pH 6.5) in microtitre plate. Then, 25 µl of the midgut gland extract diluted 

to subagglutination concentration in TBS (to provide HA of one well) was applied to each 

well, and incubated for 60 minutes. 1.5% rabbit erythrocyte suspension was added, stirred, and 

then incubated after the incubation period. The maximum dilution of the inhibitor that 

completely inhibited agglutination after one hour was found to be the reciprocal of the 

hemagglutination inhibition titre. 

Cross adsorption assay 

The cross-adsorption assay was carried out by mixing and incubating equal volumes each of 

washed and packed rabbit, rat, pig and human A erythrocytes and extract of midgut gland. The 

extract and erythrocyte combination was incubated at 10°C for 18 hours, gently shaking 

occasionally. After centrifugation, the supernatant underwent a hemagglutination assay against 

a subset of erythrocytes. For the second, third, and subsequent times until it exhibited no HA 

activity with the tested erythrocytes, the supernatant that displayed hemagglutination activity 

was readsorbed in equal amounts of their respective cleaned and packed erythrocytes [7]. 

Sialic acid specificity 

Sialidase treated erythrocytes were prepared by preparing a reaction mixture (total 1.0 ml) 

containing 10 % washed rabbit erythrocytes in PBS-BSA (pH 7.0) and 140 milliunits of 

neuraminidase of Clostridium perfringens (Sigma: Type X) and was incubated at 37oC for 4 

hours. Cells that had been treated with neuraminidase were pelleted by low-speed 

centrifugation after being washed three times with PBS-BSA. Using midgut gland agglutinin, 

HA tests were run against these desialylated rabbit erythrocytes. 

Estimation of water, protein and calcium 

Known quantity of midgut gland was dried in a desiccator. The difference between the wet 

weight and dry weight is taken as the amount of water present in the midgut gland [8]. The 

protein concentration is estimated by Folin-Ciocalteau method [9]. Midgut gland calcium was 

measured following the procedure of Webster [10]. 
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Effect of denaturing agents on the lectin 

Midgut gland extract and chloroform were combined in a 1:3 ratio and incubated for around 

five minutes to determine the chloroform's impact on agglutinability. The precipitate was 

eliminated, and the supernatant was dialyzed for 24 hours at 4°C against distilled water before 

being tested with rabbit erythrocytes. 

To assess the consequence of denaturing agents such as HCl and NaOH on agglutinability, 

0.1 ml aliquot of the midgut gland extract was mixed with 0.1 ml of HCl (0.1 N) and NaOH 

(0.01 N) and was permitted to react for two hours at room temperature (30±2oC) and tested for 

HA activity. 

Results and Discussion 

HA activity of the millipede, Trigoniulus corallinus 

In T. corallinus very frail agglutination was observed in the hemolymph (HA titer = 2-4), 

foregut (HA titer = 4-8) and hindgut (HA titer = 4-8). The midgut gland agglutinin agglutinated 

rabbit (HA titer = 8192), rat and pig (HA titer = 1024) erythrocytes with tremendous affinity. 

In addition, the midgut gland agglutinin also agglutinated human A (HA titer = 16) 

erythrocytes (Table 1). The variation in HA titre between different types of erythrocytes may 

be due to the quantitative difference in the sharing and expression of general/similar sugar 

residues on the erythrocyte membranes. The midgut gland agglutinins bind specifically to the 

sialyl residues (NeuAc/NeuGc) in the glycocalyx region [11], which project from red cell 

membrane causing RBCs to clump. The midgut gland agglutinin's erythrocyte specificity 

suggests that the sugars that make up these erythrocytes' glycocalyx, which act as ligand 

receptors in eukaryotic cells, as discovered by Hakomori [12], are specifically recognised. 

Table 1: Natural hemagglutinins in the tissues of the rusty millipede, T. corallinus 

Erythrocytes 

(n=25) 

                                                 HA titer 

Hemolymph Foregut Midgut Midgut gland Hindgut 

Human A 0 0 16 32 0 

Human B 0 0 0 0 0 

Human O 0 0 0 0 0 

Buffalo 0 0 0 0 0 

Donkey 0 0 0 0 0 

Horse 0 0 0 0 0 

Rabbit 4 8 2048 8192 8 

Rat 2 4 1024 2048 4 

Mice 0 0 0 0 0 
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Pig 0 8 1024 2048 8 

Guinea pig 0 0 0 0 0 

Goat 0 0 0 0 0 

Cow 0 0 0 0 0 

Dog 0 0 0 0 0 

Squirrel 0 0 0 0 0 

Effect of biochemical parameters, size and sex on HA titre 

The hemagglutinability of the midgut gland extract with rabbit erythrocytes was 

independent of the size and sex (Table 2) of the millipede, T. corallinus. Probably it may be 

due to the reason that they are living in the same environmental conditions and may be 

evolving very slowly maintaining their original characteristics as reported in Blaberus cranifer 

[13] and Halys dentata [14]. Biochemical factors like protein, calcium and water (Table 3) 

content of the midgut gland had no influence on HA titre of the midgut gland extract of T. 

corallinus. It may be due to the presence of minute quantities of agglutinins with significant 

function in the midgut gland which could not be altered with change in the quantity of water, 

calcium and other proteins found in the midgut gland extract. 

Table 2: Influence of size and sex on hemagglutination titer of the extracts of the midgut    

               gland of the rusty millipede, T. corallinus   

Characteristics analyzed 

 

Size  

HA Titre Male Female 

Weight (g) 2.36±0.21 2.41±0.19 8192 

Length (cm) 4.8±0.87 5.1±0.64 8192 

Width (cm) 0.6±0.02 0.6±0.59 8192 

 

Table 3: Correlation between HA titer and biochemical characteristics of the extract of  

              the midgut gland of the rusty millipede, T. corallinus 

Characteristics analyzed  Midgut gland 

Water (%) 32.6±0.3 

Calcium (mM) 08.1±0.7 

Protein (mg/ml) 27.2±0.2 

HA Titre 8192 

 

Cross adsorption test 

The findings shown in Table 4 demonstrate that after the first and second adsorptions, each 

of the four types of RBC entirely adsorbed its own hemagglutinating activity as well as the 

activity for the other type of RBC. Probably, the lectin may share a common surface receptor 
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but with quantitative difference in its lectin binding sites. According to Noguchi [15], activity 

directed toward one kind of erythrocyte can be adsorbted by that type of erythrocyte, leaving 

residual agglutinating activity directed toward another type of erythrocyte. 

 

 

Table 4: Hemagglutination titre of the midgut gland extract of the rusty millipede, T.  

                corallinus after the adsorption with different erythrocytes 

 

pH and thermal stability 

The pH and temperature dependent agglutinability has been reported earlier for several 

agglutinins [16, 17]. Optimum agglutinability was noticed at temperature 35oC and pH 6.5 

(Figure 1) indicating the influence of pH and temperature on midgut gland agglutinin. The 

agglutination activity was stabilized by may be the hydrogen bond/non-covalent and covalent 

interactions with optimum pH and temperature in the presence of divalent cations. The 

extreme (low/high) level of pH and temperature affect/alter the agglutinability may possibly 

break/cleave the interactions or change the structural transition of agglutinin, resulting in the 

denaturation of the associated domains/configuration of the protein with either partial or 

complete loss of primary or secondary structure/charge-charge repulsions and its biological 

activity. 

 

Erythrocytes 

adsorbed  

HA Titre 

Rabbit Rat Human A Pig 

None 8192 2048 32 2048 

Rabbit 0 0 0 0 

Rat 8(0) 0 0 0 

Human A 0 0 0 0 

Pig 16(0) 0 0 0 
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Figure 1: Impact of pH and temperature on HA titre of the midgut gland agglutinin of the   

                rusty millipede, T. corallinus 
 

Effect of cations and chelators 

In proteins, metal ions can operate as cofactors to enable biological function, control 

activity, and/or maintain structural stability [18, 19, 20]. Table 5 demonstrate that the 

inhibitory effect of disodium EDTA was due to chelating of the free Ca2+, since simultaneous 

addition of Ca2+ ions (0.1 to 10 mM) completely restored its HA titer, indicating that midgut 

gland agglutinin is a Ca2+-dependent protein. Ca2+ may participate in non-covalent/covalent 

interactions between an agglutinin and sugar moieties. Repeated sequences in the extracellular 

domain serve as locations for Ca2+ binding and cell-cell adhesion. The disruption of cell-cell 

adhesion that occurs when Ca2+ is removed from the media demonstrates the need of Ca2+ for 

agglutinin and erythrocyte contacts. It is deduced from the literature of Engelmann et al. [21], 

Ca2+ has to be present in the medium to permit the immune response and a chelating agent 

highly specific for Ca2+, inhibits the immune response. The lack of enough calcium ions on the 

cell surface of tumour cells may be associated with their propensity to metastasize. 

Table 5: Effect of cations/chelators on the hemagglutination titre of the midgut   

                  gland agglutinin of the rusty millipede, T. corallinus 
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Binding specificity of midgut gland agglutinin 

Lectins often express relatively strict configurational and structural requirements in the 

interacting parts and detect D-pyranose sugars on cell surfaces. In the sugar-binding assay, we 

found that agglutinin can specifically bind lactoferrin and α-lactose (Table 6) and it was a 

Ca2+-dependent protein, which is similar to Arthrosphaeradisticta midgut gland agglutinin 

[22]. The specificity of lectin binding was confirmed bysub agglutination concentration of 

agglutinin was pre-incubated (1 hour at 32oC) with specific inhibitory carbohydrates/ 

glycoproteins before the addition of erythrocytes. The molar concentration of all inhibitory 

sugars ranged from 0.097 to 50mM while glycoproteins ranged from 0.61 to 1250 µg/ml, 

depending upon the success of lectin inhibition. The lectins may interact with glycoproteins or 

carbohydrates in solution or attached to cell membranes, and when their binding sites come 

into contact with cells, numerous reversible connections are created. Lactose consists of 

galactose bonded to glucose by a β-1,4-glycosidic linkage. Lactoferrin contain fucose linked α 

1-3 to the N- acetylglucosaminyl residues adjacent to the galactose [23, 24]. Using 

neuraminidase to enzymatically eliminate terminal sialic acid residues, the specificity of 

binding for lectins that recognise sialic acid was validated. Since additional sugar residues can 

also be hidden by terminal sialic acid residues [25], neuraminidase treatment was utilised to 

confirm the existence of hidden carbohydrates [26]. Functional aminoacids create polar 

interactions with sialic acid directly, which is the end result of the enzyme process, and its 

aliphatic component does the same with the glycerol fragment of the Neu5Ac residue [27]. It 

is suggested that the agglutinin is sialic acid specific since competitive interference with free 

sugars and the enzymatic elimination of certain carbs should significantly reduce or abolish 

lectin binding [28]. 

0.01 4096 4096 4096 4096 4096 4096 

0.1 8192 4096 4096 8192 2048 4096 

1 8192 1024 4096 8192 2048 4096 

5 8192 1024 1024 8192 2048 2048 

10 8192 1024 1024 64 1024 2048 

20 1024 64 512 32 512 2048 

30 64 64 512 32 512 1024 

40 64 32 512 16 256 512 

50 64 0 512 8 128 512 

100 64 0 256 8 16 32 
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Table 6: Hemagglutination inhibition titre of the midgut gland agglutinin of the rusty    

                     millipede, T. corallinus by various sugars and glycoproteins 

Inhibitors 

(n=5) 

HAI Titre Minimum concentration 

required (mM) / (µg/ml) 

Relative inhibitory 

potency (%) 

 

 

Sugars 

α-Lactose 1024 0.097 100 

D-galactosamine 512 0.195 50 

Dextrose   256 0.39 25 

GlcNAc 64 1.56 6.25 

D-galactose 16 6.25 1.56 

L-fucose 4 25 0.39 

ManNAc 2 50 0.19 

D-fucose 2 50 0.19 

Glu. 3 phosphate 2 50 0.19 

 

 

Glycoprotiens 

Lactoferrin 8192 0.6103 100 

BSM 8 625 0.097 

Fetuin 8 625 0.097 

Apotransferrin 8 625 0.097 

Thyroglobulin 8 625 0.097 

PSM 4 1250 0.05 

Transferrin 0 0 0 

 

Table 7: Effect of enzyme treatment of rabbit erythrocytes on HA titre of the midgut gland     

               agglutinin of the rusty millipede, T. corallinus 

Enzymes used (mg/ml) 

(N = 5) 

HA Titre 

None 8192 

Trypsin 2048 

Neutral Protease 4096 

Neuraminidase 8 

 

Exposure of agglutinin on denaturing agents 

Chloroform completely destroyed the agglutinability of the midgut gland agglutinin whereas 

HCl and NaOH greatly a bridged the HA titre (Table 8). The agglutinin's susceptibility to 

denaturing chemicals like HCl and NaOH, which denature protein when the agglutinin 

exposed on it, as well as chloroform, which precipitates protein [29], provided further 

evidence of its proteinaceous nature. These agents' ability to denaturize proteins reveals their 

globular form, which is primarily stabilised by hydrophobic interactions. This may be because, 

the denaturing agents are supposed to allow the water molecules to disrupt/dislocate the 

hydrophobic interactions in the interior of agglutinin that support its native conformations 
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[30]. When the native conformation is troubled, automatically it leads to reduction in 

customary function. 

Table 8: Effect of denaturing agents on the hemagglutinating activity of midgut gland     

                agglutinin of the rusty millipede, T. corallinus                             

Denaturing agents  HA Titre 

None 8192 

Chloroform 0 

HCl (0.1 N) 8 

NaOH (0.01 N) 8 

 

CONCLUSION 

The midgut gland extract of the millipede T. corallinus was shown to have a calcium-

dependent agglutinin, according to the current study. In the presence of Ca2+ ions at 35°C and 

pH 6.5, the agglutinin identified rabbit erythrocytes with remarkable avidity. Lactoferrin and 

α-lactose particularly reduced the agglutinability with significant affinity. The 

hemagglutinability was independent of the size and sex of the millipede, T. corallinus. In 

addition, biochemical parameters like protein, calcium and water content of the midgut gland 

had no influence on the HA titre of the midgut gland agglutinin of the rusty millipede, T. 

corallinus. The physico-chemical properties required for affinity chromatography to 

successfully purify the agglutinin are provided by this work. 
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