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ABSTRACT
Aim: To examine the mole crab's immune reaction and determine the hemagglutinin value of Emerita asiatica. 	Comment by Windows User: Is it the crab immune system that is reacting or that of microbial cells challenged with the crab serum?
Methodolgy: For the purpose of serum separation and microbe agglutinating activity, hemagglutination and cross adsorption experiments have been conducted in this study. All of the investigated bacterial species responded with the agglutinin that was extracted from infected microorganisms. The mole crab's defensive system against bacterial infection is shown by bacterial inhibition and bacterial agglutination. Using human erythrocytes (RBC), a variety of bacteria, and yeast as indicator cells, a naturally occurring hemagglutinin (HA) with action against bacteria and yeast cells was discovered in the serum of mole crabs. When tested with Buffalo RBC, tripsinized yeast, and Bacillus subtilis, the serum produced the highest HA titer. The trypsinised yeast has a higher titer value for agglutination compared to the native yeast. It was discovered that the hemagglutinating activity was strong between temperatures of 20 and 50 ̊C. 	Comment by Windows User: Use past tense form	Comment by Windows User: This section is methodology, but the author has delved into result. 
Results: Based on its physicochemical study, HA is thermally stable, pH-stable (between 7 and 9), and activity-dependent on the presence of Ca2+. The HA titers of serum samples tested against buffalo RBC were reduced after extensive dialysis in a divalent cation-free buffer. Serum calcium levels in mole crabs ranged from 0.9 to 1.9 mg/ml. Serum of Emerita asiatica with erythrocytes had the highest HA activity. Researchers found that serum HA was highly selective for non-reducing terminal glucose with 1-2 glucosidic linkages when they conducted HA-inhibition experiments using carbs. That being said, out of all the agglutinins found in crustaceans, this one seems to be one of a kind. 	Comment by Windows User: Does the journal guide to authors support comparing your findings with those of other researchers in the abstract. Kindly confirm otherwise no need for this.	Comment by Windows User: Check the spelling
Conclusion: Emerita asiatica serum hemagglutinating activity was unaffected by biochemical factors such as water, protein, and calcium content. We also looked at whether or not agglutinin was present in different kinds of tissues.	Comment by Windows User: Include the finding of this particular expedition
Keywords: Agglutinin, Emerita asiatica, Hemagglutination, Immunology.

1. Introduction	Comment by Windows User: The introduction is incoherent and unappealing, the references are outdated as the latest reference is 2010, 15 years ago. 

1.1 Background
The intertidal zone of the Chennai coast is home to a large population of Emerita asiatica, often known as mole crabs. Eli poochi is the common name for this ingredient, and it's utilised by fisherwomen to make a wide range of delicious meals. Because of its ecological significance, this genus has been the subject of more and more scientific investigations. It is a bioindicator of environmental quality and health and a model species for assessing community ecological health. The antibacterial and possible vasoconstrictor phenylephrine found in mole crabs makes them a useful food for lowering blood pressure. The two most common proteins found in crustacean hemolymph are the clottable protein (20 percent) and the respiratory protein hemocyanin (60-95% of the total). "Serum is ubiquitous throughout the body, thus it seems to reason that its composition would fluctuate in reaction to environmental, physiological, or pathological changes. Specifically, the compounds generated by cells or tissues may be detected in the serum under these conditions. Total protein is one of these serum components that crustaceans use to gauge their health. The overall protein level of crustaceans varies according to a number of variables, including sex (Adiyodi, 1968; Djangmah, 1970) nutritional state (Ponce-Palafox, Martinez-Palacios, & Ross, 1997), moult phases (Barondes, 1988), and, most importantly, toxic illnesses. Several earlier studies on the consequences of various illnesses have focused on the total protein concentration in different crustacean haemolymph subsets (Du, Li, Xu, & Kil, 2006). The number of monomers, which may vary from 2 to 6, and in exceptional cases up to 17, in distinct non-decapod crustaceans seems to be species-specific (S. Jayaraj, Thiagarajan, Arumugam, & Vincent, 2010). Dodecameric hemocyanin is thought to be the result of the aggregation of two hexameric units of hemocyanin, but hexameric hemocyanin is also present in the serum of a small number of decapod crustaceans (Granja, Aranguren, Vidal, Aragón, & Salazar, 2003). In addition to its well-known role as an oxygen transporter, hemocyanin serves an outstanding purpose as an osmolyte (Alpuche et al., 2005). The hemocyanins of crustaceans bind heavy metals like iron, according to many in vitro investigations (Yoganandhan, Thirupathi, & Hameed, 2003). The study's species, the Emerita asiatica (mole crab), is very adaptable. People living on this sandy beach owe a significant deal of their economic success to these creatures. A variety of Emerita species colonise various beaches because of their larvae dispersal and great fertility (around four thousand eggs) (Coombe, Ey, & Jenkin, 1984). It serves as a host for helminth parasites and prepares the way for benthic production. Surveying the presence of agglutinins in the serum of the mole crab Emerita asiatica is the basis of the current investigation (Fragkiadakis & Stratakis, 1997). These intertidal sandy beaches are home to a variety of macrofauna, and the subsequent changes in hydrography may have a major impact on their distribution, abundance, and biology. It is likely that an organism's biology and defined strategy determine its survival potential among the macrofauna (Guan, 2003). Determining the HA titer value and evaluating the presence of agglutinins in Emerita asiatica were the objectives of this investigation. While several studies have shown that certain crustacean species have humoral agglutinins, it is still unclear what these agglutinins do immunologically and only a small number of species have had the carbohydrate specificity of their serum agglutinins clarified (Jayasree, 2001; Lillie, 1954; Nalini, Mullainadhan, & Arumugam, 1994; Smith & Chisholm, 1992; Vasta, Warr, & Marchalonis, 1983). Naturally present in the serum of the sea crab S. serrata, this study details the carbohydrate specificity, physico-chemical features, and RBC and bacterial binding capabilities of an agglutinin.	Comment by Windows User: If found already, no need using the word “possible”. 	Comment by Windows User: Be consistent in your choice of “percent” and “%”. The two have appeared in the same sentence.	Comment by Windows User: Refer to the instruction to authors and confirm this reference style is correct	Comment by Windows User: Since there is a published study as you referenced here which had the same aim as yours, how is this research then different from the referenced one? 	Comment by Windows User: Write this name in full since it has not been mentioned befor.

1.2 Literature Review	Comment by Windows User: Confirm from the instruction to authors to ensure, Literature Review should be contained in an article of this kind. 

But I seriously doubt it should be here.
The immunological characterization of the serum of Emerita asiatica—a species of mole crab found predominantly in intertidal zones—has become a growing area of research due to its relevance in invertebrate innate immunity and its potential applications in aquaculture and biotechnology.

One of the key findings in the immunological study of E. asiatica is the presence of natural hemagglutinins in the serum, which are involved in the agglutination of erythrocytes. These hemagglutinins show significant variation in activity corresponding to different moulting stages, with peak activity observed during the intermoult phase. The agglutinins are reported to be calcium- and magnesium-dependent and exhibit carbohydrate-binding specificity, suggesting lectin-like behavior. Additionally, their stability across a broad pH range (6.0–8.0) and temperatures (20°C–50°C) makes them robust candidates for further immunological applications (Pillai & Munusami, 2017).

The hemocytes of E. asiatica have demonstrated essential roles in cellular immunity. These cells maintain viability under laboratory conditions and show rapid attachment and protoplasmic extension, indicating a capacity for phagocytic and encapsulation responses. The variation in hemocyte activity is often linked to the presence of opsonic molecules in the serum, which also fluctuate with the moulting cycle. This suggests that E. asiatica has a dynamic immune system capable of responding to environmental and physiological changes (Impellitteri, Curpăn, Plăvan, Ciobica, & Faggio, 2022).

In addition to its agglutination capabilities, the hemolymph of E. asiatica possesses antimicrobial properties. Hemocyanin, a respiratory protein present in the serum, has been implicated in immune defense, functioning as an antimicrobial agent in addition to its oxygen-transport role. Studies have shown that heat-treated hemolymph exhibits inhibitory effects on bacterial growth, suggesting its potential use in bioactive compound development for aquaculture (Mantelatto, Paixão, Robles, Teles, & Balbino, 2023).

Recent investigations have also focused on the glycoprotein composition of E. asiatica, particularly in embryonated eggs. Lipovitellin, a high molecular weight glycoprotein, has been isolated and characterized, showing involvement in both reproductive physiology and immune function. The dual role of such molecules indicates a complex interplay between immunity and reproduction, warranting further exploration in the context of crustacean biology (Devaraj, Kumar, Thanislass, & Niranjali, 1995).

Despite these findings, there remain significant gaps in understanding the molecular mechanisms regulating immune responses in E. asiatica. Most existing studies are limited to functional assays and basic protein characterizations. Advanced molecular techniques such as transcriptomic or proteomic profiling are needed to uncover the full range of immune-related genes and their regulatory networks.


2. Materials and Methods

2.1 Experimental animal: Collection and Maintenance
A total of ten Emerita asiatica mole crabs, weighing an average of twenty-two grammes, were rounded up in the coastal area around Chennai. Before being used, these mole crabs were brought to the lab in plastic buckets equipped with battery-operated aerators and allowed to acclimatise in salt water with constant aeration. The mole crab was given ad labium and its water was changed daily. Before being employed for further research, the animals were kept in the lab to acclimatise for three days.	Comment by Windows User: Is crab an animal?

Which animal are you referring here?

2.2 Serum collection 
(Ravindranath, 1975) made a little adjustment to the method he used to obtain serum. The first step was to place each animal in a glass of salt water and let it sit at room temperature for one minute. A 1 ml syringe and a 22 gauge needle were used to extract serum from the first and second periopods of the animal after it was drained off to remove any excess water. Centrifuging the clotted serum allowed for the collection of serum, which was then kept at -20°C and given a date. 	Comment by Windows User: Serum is acomponent of the blood that is neither a blood cell nor a clotting factor. In this research that you used crab, what was the source of the serum? 	Comment by Windows User: Centrifuging the clotted serum allowed for the collection of the serum? Something is not right here.

The serum you centrifuged, how did you get it?

2.3 Preparation of RBC Suspension
Blood samples from humans and other mammals were collected via venous or cardiac puncture and transferred into sterile Alsever's solution containing 10 μg/ml streptomycin. The red blood cells (RBCs) were then washed once with TBS-II and three times with 0.9% saline through centrifugation at 400 × g for 5 minutes at room temperature. Unless specified otherwise, the resulting RBC pellet was resuspended in TBS-II to prepare a 1.5% (v/v) suspension.	Comment by Windows User: Did you use these two sources for the blood? If not, stick to the exact one used.
2.4 Hemagglutination assay
For the hemagglutination assay, blood was collected from a range of animals including rats, rabbits, dogs, cows, buffalo, horses, donkeys, pigs, sheep, and goats, with equine blood drawn from the neck. Erythrocytes were directly collected in a modified Alsever's medium. The suspended erythrocytes were washed three times with ten volumes of Tris-buffered saline (TBS) and then resuspended in TBS to a final concentration of 5%. Hemagglutination assays involving mole crab serum lectin were performed using Falcon microtiter plates.(Mercy & Ravindranath, 1993) provided the procedure that was followed for the adsorption testing.	Comment by Windows User: Equine refers to horses. While you were silent on where blood was drawn from other animals you were specific for equines. Is there any reason for that?	Comment by Windows User: When you begin a sentence with a citation, it is written like this: 
Mercy & Ravindranath, (1993) or you cross check with the guideline to authors.

By the way, this is Hemagglutination assay but you said that (Mercy & Ravindranath, 1993) provided the procedure that was followed for the adsorption testing. 

Cross check and reference accordingly.
2.5 Cross Adsorption Assay
The adsorption tests were conducted according to the protocols laid forth by Mercy and (Mercy & Ravindranath, 1993) and (Hall & Rowlands Jr, 1974a). The serum samples, which were 300 μl each, were combined with equivalent volumes of cleaned RBCs from either humans, buffalo, horses, or rats. The mixture was incubated at room temperature for one hour with occasional shaking. Following incubation, the suspension was centrifuged under the same conditions, the supernatant was collected, and the adsorption process was repeated. All four kinds of red blood cell (RBC) HA activity tests were performed on the serum that had been adsorbed three times.	Comment by Windows User: Wrong citation. 


2.6 Preparation of Bacterial Suspension
The bacterium stock culture was injected into TBS-I and left to incubate for 6 hours. Next, the broth cultures were spun in a centrifuge for 10 minutes at 5,000 xg. After collecting the pellet, it was centrifuged three times with TBS-I to wash it. Prior to usage, the concentration was fine-tuned in TBS-I to 1x108 cells ml-1. Serum samples were serially diluted in TBS-I two times. Next, a bacterial suspension of 25 µl was treated with 25 µl of each serum dilution. The combination undergoes incubation at a temperature of 20 ± 2 °C for a duration of 1 hour. The next step was to use a 40x microscope to document the presence of bacterial aggregates. The amount of agglutination that has occurred after incubation was determined by taking the reciprocal of the last dilution that showed indications of agglutination. Equal parts bacterial suspension and TBS-I made up the negative controls.  	Comment by Windows User: How was the bacterium culture sourced?	Comment by Windows User: The agglutination assay protocol has not been documented and you are reporting  how it was determined. Shouldn’t this come under agglutination assay?

2.7 Bacterial agglutination assays	Comment by Windows User: If you did not develop this protocol, please reference it.
Same as other protocols 
The cells from the stock culture, which were kept at 4°C in nutrient agar, were transferred to nutrient broth that included bacteria in order to prepare the active cultures. The experiment was conducted using the agar disc diffusion technique. The bacteria were heat-killed to a concentration of 5% in an autoclave, and then utilised as bacterial agglutination titers in 96-well plates.
2.8 Preparation of Yeast Suspension
A 100 mg sample of commercial-grade baker's yeast (Saccharomyces cerevisiae) was purchased from the local market and suspended in 10 ml of 0.9% saline. The suspension underwent centrifugation at 400 × g for 5 minutes at room temperature and was thoroughly washed with saline. The yeast was then resuspended in the original medium. To heat-inactivate the cells, the yeast suspension was autoclaved for 15 minutes at 15 psi. After cooling to room temperature, the inactivated yeast cells were rinsed with 0.9% saline and subsequently resuspended in 0.5% TBS-I (v/v).

2.9 Trypsinization of yeast cells 
To achieve a final concentration of 0.5%, 5 μl of washed yeast cells were suspended in 1 ml of TBS-I containing 0.5% trypsin. The mixture was incubated at 37°C for one hour with occasional gentle shaking. Following incubation, the yeast cells were centrifuged at 400 × g for 5 minutes at room temperature to remove any residual trypsin. The pellet was then resuspended in TBS-I to a final concentration of 0.5% (v/v).
2.10 Yeast agglutination assays
Approximately 100 milligrams of baker’s yeast were heat-inactivated using an autoclave. Following inactivation, the yeast cells were washed with 0.9% saline and resuspended in 0.5% TBS-I. To trypsinize the cells, trypsin was added to 1 ml of TBS-II, and the yeast suspension was incubated at room temperature for one hour. After incubation, the cells were centrifuged at 400 × g for 5 minutes at room temperature, then resuspended in TBS-I to achieve a final concentration of 0.5%.
Saccharomyces cerevisiae cells were cultured in 100 ml of bacterial growth medium supplemented with 2% Difco peptone and incubated at 37°C for 16 hours with continuous shaking. The cells were then harvested by centrifugation at 1500 × g for 10 minutes using phosphate-buffered saline (PBS, pH 7.4) prepared in distilled water.For the agglutination assay, the yeast cells were heat-killed using a Bunsen burner. Agglutination titres were determined using V-bottom microtiter plates. A total of 25 µl of blood sample was serially diluted with an equal volume of TBS-I in each well. After dilution, 25 µl of the yeast cell suspension was added to each well, and the plates were incubated at 26°C for 45 minutes. The agglutination was then observed under a microscope at 40X magnification, and the titre was recorded as the reciprocal of the highest dilution showing visible agglutination.

2.11 Antibacterial activity
The sterilisation procedure required the undisturbed dissolution of about 3.8g of Muller-Hinton agar medium in 100ml of distilled water. The medium was left to solidify in a sterile petri dish for one hour. The inoculum was dispersed on this solidified agar medium using a moistened brush that contained bacteria. After adding 20, 40, 50, and 60 µl of the sample and 20 µl (20 µg) of streptomycin, the positive control, the wells were incubated at 37°C for 24 hours. In order to determine the size of the microorganisms, scientists evaluated the inhibitory zone diameter.

2.12 Antifungal activity
The sterilisation method required the undisturbed suspension of about 4.4g of Potato Dextrose agar medium in 100ml of distilled water. The medium was left to solidify in a sterile petri dish for one hour. This hardened agar media was inoculated with yeast using a moistened swab. The wells were incubated at 37°C for 24 hours after each of the following volumes of sample, negative control (DMSO), and positive control (ketocanzole 1 mg/ml-20 µl) were added: 20, 40, 60, and 800 µl. To find out how big the microbes became, scientists measured the diameter of the inhibitory zone.

2.13 pH and temperature 
The hemagglutination (HA) assay involved pre-incubating the serum at specific pH levels (ranging from 5 to 10) or temperatures (between 10°C and 50°C) for one hour before adding the erythrocyte suspension. This approach was used to evaluate the pH and temperature sensitivity of the agglutinin. To assess the stability of serum HA activity across a broader pH spectrum, 300 μl serum samples were dialyzed against various buffers with pH values ranging from 3 to 12. The buffers used included 0.2 M acetate buffer (pH 3–6), 0.2 M Tris-HCl buffer (pH 7–9), and 0.1 M glycine-NaOH buffer (pH 10–12), as per the protocols of Lillie (1954) and Pearse (1968). After dialysis, all samples were re-equilibrated in TBS-I, and HA titers were determined using rabbit erythrocytes.To investigate thermal stability, a separate set of 300 μl serum samples was exposed to temperatures ranging from 10°C to 100°C for 30 minutes. Following heat treatment, the samples were centrifuged, and their HA activity was assessed using rabbit red blood cells.
2.14 Divalent Cation
The HA experiments were conducted in TBS (pH 8) depending on whether Ca2+, Mg2+, and Mn2+ ions were present or not. Prior to adding the erythrocyte suspension, the serum was pre-incubated for 1 hour at a particular concentration of cations. In order to test for cation dependence, 300 µl of serum samples were dialysed extensively at 20 °C against divalent cation-free TBS-II (50 mM tris-HCl, 135 mM NaCl, 300 mOsm) or in TBS-III containing 50 mM EDTA (50 mM tris-HCl, 72 mM NaCl, 40 mM CaCl2, 300 mOsm)

2.15 EDTA, EGTA and Dose dependent effect of calcium ions
In order to determine the impact of EDTA, the serum was first incubated with EDTA and EGTA at different concentrations (0-50 mM) for one hour prior to the addition of the erythrocyte suspension. The serum, which had a molecular weight exclusion limit less than 10,000 Da, was diluted in a series of 25 µl volumes against TBS-I and then centrifuged for 5 minutes. The hemagglutinating activity of the serum which was produced in the presence of TBS-II containing 10, 20, 30, 50, or 100 mM of CaCl2 was determined using buffalo red blood cells. Dialysis in TBS-II was used to re-equilibrate the samples that had been dialysed against TBS-III. Afterwards, the dialysates were all spun in a centrifuge at 400 x g for 10 minutes at 20 °C. Using rabbit RBCs, the hemagglutinating activity of the supernatant was examined. 

2.16 Levels of total Calcium
Flame photometer was used to determine the levels of total and free calcium in the serum.

2.17 Hemagglutination inhibition (HA) assay
A 25 µl serial dilution of TBS with 25 µl of inhibitors (glycoproteins, mono-, di, and oligosaccharides) of known concentrations was performed. I next incubated 25 µl of serum at room temperature for one hour after diluting it to a concentration below the agglutination threshold in TBS (with a HA titer of 4). After mixing and incubating a solution containing about 25 µ1 of a 1.5% erythrocyte suspension, the hemagglutination inhibition titers were recorded.

3. Results and Discussion

3.1 Hemagglutination assay
E. asiatica, a serum sample from a mole crab, clumped together all eleven kinds of red blood cell (RBC) tested from mammals. Serum from all animals tested showed strong HA activity against buffalo RBC (HA titer 128) and showed no discrimination against human blood cell types, according to Table 1. No matter what kind of erythrocytes were examined, serum from crabs often showed reduced hemagglutination titers.
 
[image: ]

3.2 Cross adsorption assay
Table 2 shows that the hemagglutination test lost agglutinin after the fourth cycle of adsorption, but the cross-adsorption assay found a single agglutinin in the serum.

[image: ]

3.3 Bacterial agglutination assays 
The agglutinin that was extracted from the infected germs was able to bind to every kind of bacteria that were examined. Although there was a wide range of titers seen in the reactions between the six bacterial species and the agglutinin extracted from agglutinated microorganisms (Table 3). Agglutinin from agglutinated Bacillus subtilis had a maximum titer of 16, whereas Streptococcus pyrogens had a titer of 1. At an 8-fold titer, the isolated agglutinins agglutinated Pseudomonas aeruginosa and Salmonella paratyphii (Figure 2). Figure 3 shows that the isolated agglutinins had almost little agglutinating action against E. coli and Staphylococcus auraeus, two of the other examined microorganisms.
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Streptococcus pyrogens
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Figure 1. High Agglutination against Bacteria
Bacillus subtilis
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Pseudomonas aeruginosa
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Figure 2. Moderate Agglutination against Bacteria.
Salmonella paratyphi




[image: ]

Escherichia coli
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Staphylococcus auraeus



Figure 3. Least Agglutination against Bacteria







 3.4 Yeast agglutination assay

Titer value for agglutination of trypsinized yeast was 128 and native yeast was 64 (Table 4).
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3.5 Analysis of Bacterial zone of inhibition
Figure 4 and Table 5 show the inhibition against Staphylococcus auraeus and Escherichia coli in 20µl in a 6 mm zone". In Figure 5, the suppression of Salmonella paratyphi and Pseudomonas aeruginosa in 40µl in a 7 mm zone is shown. The 60µl sample of Bacillus subtilis and Streptococcus pyrogens at a 10 mm zone of inhibition is shown in Figure 6. As a control, a maximum of 26 mm of Streptomycin (20 µg) is used.
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Escherichia coli
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Staphylococcus auraeus

Figure 4.  Inhibition against Bacteria
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Salmonella paratyphi
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Pseudomonas aeruginosa


Figure 5. Bacterial inhibition of S. paratyphi and P. aeruginosa
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Bacillus subtilis
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Streptococcus pyrogens

Figure 6. Bacterial inhibition zone of Bacillus subtilis and Streptococcus pyrogens

(ZONE A: 20µl of sample, ZONE B: 40 µl of sample, ZONE C: 60 µl of sample, ZONE D: 80 µl of sample,       ZONE E: 20 µg of Streptomycin)


3.6 Analysis of fungal zone of inhibition
The inhibition against Candida albicans and Aspergillus niger in 20µl in a 6 mm zone is shown in Table 6 and Figure 7. Figure 8 displays the suppression of Rhizopus sp and Mucor sp in 40µl at a 7 mm zone, as well as the inhibition of Aspergillus fumigatus and Aspergillus flavus in 40l at a 9 mm zone. For the control, a maximum of 26 mm of ketocanzole (20 µl) is used.
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Candida albicans
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Aspergillus niger

Figure 7. Inhibition against Fungi Candida albicans and Aspergillus niger
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Mucor sp
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Rhizopus sp


Figure 8. Fungal inhibition of Mucor sp. and Rhizopus sp




(ZONE 1: 20µl of sample, ZONE 2: 40 µl of sample, ZONE 3: 60 µl of sample, ZONE 4: 80 µl of sample, ZONE 5: 20 µL of ketocanzole)
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Aspergillus flavu
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Aspergillus fumigatus




3.7 pH and temperature
Figure 9 demonstrates that the HA activity of crab serum was consistently high throughout the temperature range of 20 to 30°C and pH range of 7 to 8.
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Figure 9. pH And Thermal Stability of Serum Sample of Emerita asiatica


3.8 Divalent Cation  
Table 7 shows that 128 of the dialysates tested against buffalo RBC had their HA titers reduced after extensive dialysis against a divalent cation-free buffer. The test solution was supplemented with 10 mM of Ca2+, Mg2+, or Sr2+ (as chloride salts) and the titers rose to 128 for each salt, with Ca2+ showing a significant improvement in the serum agglutinating activity on both crabs. The HA activity of both serum samples was preserved when dialysed against a solution containing 10 mM CaCl2. Both serum samples showed comparable results when dialysed against the divalent cation chelator.
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3.9 EDTA, EGTA and dose dependant effect of calcium ions 
A substantial decrease in HA activity (HA titer-32) was seen in the serum sample when 50 mM EDTA was used, although the same serum showed HA activity against buffalo RBC when 10 mM EGTA and a specific calcium chelator were used. Serum from crabs had a HA activity value of 64 titer when tested in TBS with 10 mM CaCl2. Increasing the CaCl2 concentration to 100 mM resulted in an even higher HA activity value of 512 titer (Figure 10). Experiments using crab serum demonstrated a similar trend, with a HA titer of 128 at 10 mM CaCl2 and a rise in HA activity with higher CaCl2 concentrations, peaking at 1024 with 100 mM CaCl2 in the test medium.
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Figure 10. Dose dependent effect of calcium on the HA activity of serum of Emerita asiatica




3.10  Levels of total calcium 
[image: ]Figure 11 shows that the total calcium levels in E. asiatica serum were regulated, ranging from 1.3 to 1.9 mg ml-1. Blood calcium levels in crabs were found to vary between an initial estimate of 1.3 mg ml-1 to a maximum of 1.9 mg ml-1. eventually, serum total calcium levels started to decline and eventually reached 1.4 mg/ml or below. Statistical analysis using the one-way ANOVA test revealed a significant outcome (p<0.05) for the data. In a similar vein, E. asiatica serum had free calcium levels between 0.9 and 1.7 mg/ml, making up around 80 to 89% of the total calcium. Serum free calcium levels in crabs ranged from 0.9 mg/ml at the beginning of the experiment to 1.7 mg/ml at the end. A lower amount of serum free calcium was detected later on.

Figure 11. Concentration of total and free calcium in the serum of Emerita asiatica
3.11 Hemagglutination-inhibition
Multiple HA-inhibition experiments were conducted against buffalo RBCs utilising a panel of carbohydrates and a glycoprotein to investigate the qualitative nature of agglutinins in crab serum. The inhibitory efficacy on the HA activity of crab serum is exclusively shown by the N-acetylated analogues of the three hexosamines, out of all the simple sugars that were studied (Table 8). 
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	Comment by Windows User: Revise this discussion in line with the different results presented. Make the discussion coherent and logical. The discussion so far seem not to be addressing the findings of this result. Most of the references are outdated. Eg 1968, 1978, etc
3.12 Discussion
In recent years, the exotic Emerita asiatica, a species native to the Pacific Ocean, has supplanted the black tiger prawn for commercial production in India, thanks to its severe bacterial susceptibility. While living in the Pacific, this mole crab encountered bacteria in a quite different manner in Indian waters. Hence, the mole crab's ability to accurately identify bacterial diseases is crucial (India). Blood proteins in crustaceans are mostly hemocyanins, making up around 90–95% of the total(Balaji, Mullainadhan, & Arumugam, 1989; Bretting & Kabat, 1976; Bruyninckx, Gutteridge, & Mason, 1978). It seems that these findings have aroused interest in studying the structural and functional variations of hemocyanin in different crab groups. Based on the results of this investigation, the mole crab's defence mechanism against bacterial inhibition is bacterial agglutination. We have already looked at the protein makeup of mole crab serum. The slow-moving proximal bands were the only exception among the two protein bands that tested positive for BCS(Cassels, Marchalonis, & Vasta, 1986). These results suggest that the two BCS-positive bands in the serum of Emerita asiatica are copper-containing proteins, namely hemocyanin, phenol oxidase, and prophenoloxidase. Hemocyanin from mole crabs showed three separate bands of protein.(Cornick & Stewart, 1968; Voll & Voit, 1990) discovered that various genes express different components of hemocyanin, which may differ in structure, in the arthropod Eurypelma californicum. Measuring blood protein concentration at different infection time periods was one of the first stages. Prior studies found that bacterially infected P. monodon had a serum protein concentration that was 11% to 13% higher than uninfected fish. Factors contributing to this increase include a surge in viral proteins and proteins released by infected host tissues (Citarasu, Sivaram, Immanuel, Rout, & Murugan, 2006; Devi, Basil-Rose, & Pallaty, 2013; Meiyalagan & Arumugam, 2015). However, research by (Zhao et al., 2017) indicated that WSSV infection causes a gradual decrease in serum protein concentration, culminating in a 50% total serum protein depletion, in Fenneropenaeus chinensis and Marsupenaeus japonicus. Examining these three factors is crucial for understanding why there are inconsistent results in the research. One possible explanation is that there is less hemocyanin in the blood, which affects serum osmolality. Finding the physiochemical characteristics of haemagglutinins and bacterial agglutinins in serum (Lynch & Webb, 1973) and identifying and characterising antibacterial proteins in serum (Ravindranath, 1975) were the goals of the present investigation. A hemagglutinin value of 4 indicates strong agglutination, a value of 32 indicates moderate agglutination, a value of 64 indicates low agglutination, a value of 128 indicates very low agglutination, and a value of 128 occurs in the yeast hemagglutination control. Additional investigation into bacterial infections may provide light on hemocyanin components and their role in non-specific immunity. Agglutinins are present in serum from all anomuran animals. However, the agglutination experiment showed that different species and kinds of vertebrate erythrocytes had different HA titers. Incubation with Emerita asiatica serum resulted in a strong agglutination reaction in horse erythrocytes expressing 4-O-acetyl NeuAc. The intriguing part is that it resembles the o-acetyl sialic acid lectins found in crab serum, including Cancer antennarius (Amirante & Basso, 1984), Liocarcinus depurator (Guary & Negrel, 1980), and Paratelphusa jacquemontii (Vidal, Granja, Aranguren, Brock, & Salazar, 2001), which have been shown to specifically agglutinate horse erythrocytes. The identification of self and non-self cells in immunological and defensive processes is the most significant physiological function ascribed to agglutinins. Before the agglutinin could be purified and molecularly characterised, it had to be chosen as a model anomuran crab. This was done to support and clarify the protective function of agglutinins in these crabs. We conclude that agglutinins bind specifically to erythrocytes and exhibit a wide variety of erythrocyte specificities, reflecting the roles thought to play these molecules in recognition. Clearly, agglutinin has a unique recognition function in disease progression. The immunological function of agglutinins in anomuran crabs was therefore investigated using the agglutinin isolated from the serum of Emerita asiatica. Among the examined kinds of red blood cells, the serum of the marine mud crab S. serrata had the greatest reactivity with rabbit RBC, suggesting that it has naturally occurring agglutinating activity. According to our findings, the red blood cell types that are agglutinated by S. serrata serum likely have a similar surface receptor, although the number of HA binding sites varies quantitatively. According to (Equidius, 1987) and (Vargas-Albores, Guzmán, & Ochoa, 1993), the tested Vibrio species are the most common opportunistic pathogens of aquatic crustaceans. The serum agglutinated both Gramme + and Gramme- types of bacteria. The plasma agglutinated trypsinised yeast cells the most effectively (S. S. Jayaraj, Thiagarajan, Arumugam, & Mullainadhan, 2008). The humoral agglutinins may play a role in the host defence response, as S. serrata serum may agglutinate bacteria, especially those that might be harmful. Serum agglutinin was sensitive to changes in temperature and acidity. The stability of its pH was similar to what was seen in a previous study(Nalini et al., 1994) and the proteinaceous nature of agglutinin has been extensively shown(Acton, Bennett, Evans, & Schrohenloher, 1969; McKay & Jenkin, 1969; Miller, Ballback, Pauley, & Krassner, 1972). Dialysis against cation-free TBS and testing without cations resulted in the serum losing the majority of its HA activity. The addition of Ca2+ was the only factor that restored full activity to this sample, whereas dialysis against TBS containing Ca2+ had no effect on the serum HA titer. These results proved that Ca2+ is essential for the HA activity of S. serrata serum agglutinin. Additionally, the activity was susceptible to EDTA treatment; a substantial decrease in the HA activity was seen when serum was dialysed against TBS containing EDTA. It seems that the HA of S. serrata is irreversibly sensitive to EDTA, unlike other crustacean agglutinins(Hall & Rowlands Jr, 1974b; Kamiya, Muramoto, & Goto, 1987; Ravindranath, Higa, Cooper, & Paulson, 1985), since none of the cations tested could restore the HA activity, although Ca2+ somewhat rescued the activity in these samples. The specificity of crustacean serum agglutinins for glucose(Kamiya et al., 1987; Umetsu, Yamashita, & Suzuki, 1991) , GalNAc(Amirante & Basso, 1984; Vargas-Albores et al., 1993), or sialic acids like NeuAc(Cassels et al., 1986; Hall & Rowlands Jr, 1974b; Ratanapo & Chulavatnatol, 1990; Vasta & Cohen, 1984; Vasta et al., 1983) According to previous research(Amirante & Basso, 1984; Mercy & Ravindranath, 1993; Vargas-Albores et al., 1993), this study used a hemagglutination-inhibition test that included various carbohydrates, including various unrelated monosaccharides and their derivatives, in addition to serum. No inhibition of S. serrata serum HA activity was seen by the tested amino sugar. However, mannose, L-sorbose, D-fucose, and L-fucose were the simple hexoses that hindered it. Prior research has shown that fucose(Amirante & Basso, 1984) and glucose(Umetsu et al., 1991) are examples of simple hexoses that decrease agglutinating action, lending credence to our current discovery. Based on these findings, it is evident that agglutinin interactions require a position on hexosamines with a free hydroxyl group or an amino group substituted for it, rather than a position with an acetyl group at C-2.	Comment by Windows User: Is this an opportunity or a threat to the crab “its bacterial susceptibility”? This means that the crab is highly sueptible to bacteria.	Comment by Windows User: This sentence does not add up well. “Against bacterial inhibition”, bacterial inhibition of what exactly?	Comment by Windows User: This is the first time et al was used in this manuscript. Confirm whether this is the accepatable citation format when more than two authors wrote a paper or the former version you have been using. Then be consistent.

4. Conclusion
The study is about the the Immunological Characterization of the Serum of the Mole Crab Emerita asiatica. Likewise, the study examined the mole crab's immune reaction and determined the hemagglutinin value of the Emerita asiatica. Also, the study conducted the hemagglutination and the cross adsorption experiments for the serum separation and the microbe agglutinating activity. The mole crab's defensive system against the bacterial infection has been exposed by the bacterial inhibition and the bacterial agglutination. By utilizing the human erythrocytes (RBC), the variety of bacteria, and the yeast as the indicator cells, the naturally occurring hemagglutinin (HA) with action against the bacteria and yeast cells was discovered in the serum of the mole crabs. The study also analysed the Bacterial zone of the inhibition and the fungal zone of the inhibition. Also, the study provided the better results and the valuable insights about the Immunological Characterization of the Serum of Mole Crab Emerita asiatica.
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Table 2: Cross adsorption test on Emerita asiatica serum for Hemagglutinat

types examined

Serum
Human A Human B Human O | Ox Buffalo
adsorbed
None 64 64 64 128 128
Human A 0 0 2 0 16
Human B 0 0 2 0 16
Human O 0 0 0 2 B
Ox 0 0 0 0 4
Buffalo 0 0 0 s 0
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Table 3: Bacterial Agglutination of Serum Samples

Cultures Agglutination (Titer)
Bacillus subtilis 16

Streptococcus pyrogens 16

Salmonella paratyphi B

Pseudomonas aeruginosa B

Escherichia coli 4

Staphylococcus auraeus 4
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Table 4: Yeast Agglutination of Serum Sample

S.No Yeast Titer
1 Trypsinized 128
2 Native 64
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Table 5: Bacterial Inhibition of Serum Samples

Zone of inhibition (in mm)

‘Hemolymph serum 200 40 |60 80l Streptomycin (20 ng)
Microorganisms

E.coll s 9 0
Staphylococcus auraeus 8 9 17
Salmonella paratyphi 7 7 26
Pseudomonas aeruginosa 7 7 15

‘Bacillus subtilis 10 2 15
Streptococcus pyrogens 10 2 2
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‘Table 6: Fungal Inhibition of Serum Samples

Zone of inhibition (in mm)

Hemolymph serum 201 o 60l 80pl | Ketocanzole (20 pg)
Microorganisms

Candida albicans G 7 8 9 15
Aspergillus niger 6 7 g 9 7

Mucor sp 7 g 9 26

Rhizopus sp 7 8 9 17
Aspergillus flavus 9 10 2 19
Aspergillus fumigatus 9 10 2 23
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Table 7. Divalent cation dependency and EDTA sensitivity of the hemagglutinating activ

the serum of Emerita asiatica.

Serum samples Divalent cations tested | Hemagglutination titer
Serum CaCly 28
CaCly 128
Divalent cation MgCl; 28
SiClz 64
CaCly 64
TBS + 10 mM Caf MgCu 64
SiClz 64
CaCl; 3
TBS + 50 mM EDTA MgCa 32
SiCls 3
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Figure 11: Concentration of total and free calcium in the serum of Emerita asiatica
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Table 8: Inhibition of hemagglutinating activity of Emerita asiatica by simple sugars,

polysaccharides and a glycoprotein

Smo | Substances Maximum Minimum_inhibitory
concentration tested | concentration
N-acetyl aminosugars (Mim)
1 N-acetylglucosamine (GIcNAc) 200 25
2 acetylgalactosamine (GalNAc) | 200 25
3 N-acetylmannosamine (ManNAc) | 200 625
Polysaccharides (mg/ml )
4 Mannan 1 0.25
H Laminarin 1 025
3 Lipopolysaccharide (LPS) 1 025
7 Colominic acid 10 25
Sialic acid (mM)
s N-acetylneuraminic acid 20 10
Glycoproteins (mg/ml )
9 Bovine submaxillary mucin 10 0.039
10 Fetuin 10 0.156
h Porcine thyroglobulin 10 0.156
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Table 1: Hemagglutination activity against various mammal

n erythrocyte (RBC) types

RBC TYPES TESTED TITER
Buffalo 128
Ox 6
Human O 64
Human B 64
Human A 6
Horse 3
Rat 3
Mice 4
Sheep 4
Rabbit 4
Goat 4





