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Abstract: The objective of the current study was to comprehend the immune response in freshwater crabs, 

Paratelphusa jacquemontii. The purpose of this study was to demonstrate serum phenoloxidase (PO) activity. 

Different phenolic substrates were used to test the PO enzymes substrate affinity, and DL-3,4-

dihydroxyphenylalanine (DL-DOPA) demonstrated the enzyme's highest substrate affinity. When the enzyme 

activity of serum with various DL-DOPA concentrations was evaluated, it showed that the enzyme activity was 

highest at 5 mM of DL-DOPA concentration. When the DL-DOPA enzyme activity was examined at various time 

intervals, it demonstrated stable activity at 10 min incubation duration. When the impact of various buffer ionic 

strengths on the oxidation of DL-DOPA by serum was evaluated, greater enzyme activity was found at a 

concentration of 50 mM Tris-HCl. Studying the impact of pH and temperature on the oxidation of DL-DOPA by 

serum, pH 7.5 and 25 °C were shown to have steady action. 10 mM phenylthiourea (PTU) inhibited the serum PO 

activity while trypsin, sodium dodecyl sulphate (SDS), and non-self molecule laminarin activated it. We also 

discovered the substances that in serum with strong PO activity inhibited or activated the enzyme in vitro, indicating 

for the first time an immunological function. 
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I.   INTRODUCTION 

Crabs constitute a significant portion of the freshwater ecosystem, where they are linked to different parts of the food webs 

in aquatic ecosystems. They are active predators and detritus feeders, occupying an intermediate position in both aquatic 

and terrestrial food webs (Maharajan et al., 2017). It is notable that crustaceans have been one of the most extensively 

studied groups of crustaceans, obviously due to their size, wide distribution in varying habitats, and potential as a source of 

food with good quality protein as well as their potential for intensive aquaculture (Denis et al., 2017a, b; Shanthi et al., 

2021). The crab immune system, like that of other invertebrates, lacks an adaptive immune system and relies solely on its 

innate immunity against invading pathogens. Innate immunity is an ancient protective mechanism that appeared early in the 

evolution of metazoans and is divided into humoral and cellular responses (Denis et al., 2017a, b). 

The invertebrate immune system has a simple and primitive defense system consisting of cellular and humoral components 

(Fredrick & Ravichandran, 2012; Denis et al., 2017a, b; Sivakumar et al., 2017; Tassanakajon et al., 2018; Huang & Ren, 

2020; Huang et al., 2020; Sivakumar et al., 2020; Shanthi et al., 2021; Shanthi & Sivakumar, 2022; Sivakumar & Shanthi, 
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2022; Sivakumar et al., 2022; Sivakumar & Shanthi, 2023). In crustaceans, the cellular immune components primarily 

include certain fixed cells such as branchial podocytes, nephrocytes, etc., and circulating blood cells, or hemocytes (Smith 

& Ratcliffe, 1980; Johnson, 1987; Martin et al., 1998; Denis et al., 2017a; Sivakumar et al., 2022). 

The humoral immune components include a variety of soluble substances detectable in the plasma or sera, such as 

agglutinins (Maheswari et al., 2002; Denis et al., 2015; Denis et al., 2017a; Mohanty et al., 2020; Sivakumar et al., 2020). 

In the prophenoloxidase (proPO) system, recognition of overseas material is thought to arise through popular molecules in 

the blood (hemolymph) of invertebrates. These set off activation of the prophenoloxidase activating system, and may also 

result in activation of different defense approaches (Söderhäll & Cerenius, 1998; Denis et al., 2017a; Sivakumar et al., 

2017; Sivakumar & Shanthi, 2022, 2023), β-1,3 glucan and bacterial LPS-binding proteins (Hoffmann et al., 1999; 

Destoumiéux et al., 2001; Lee & Söderhäll, 2002; Yu & Kanost,  2002), antibacterial proteins (Destoumiéux et al., 1997), 

antimicrobial peptides and melanization (Tassanakajon et al., 2018) hemolytic system (Mercy & Ravindranath, 1994; 

Milochau et al., 1997; Lange & Magnadóttir, 2003; Zhang et al., 2009; Yan et al., 2011b; Marggraf et al., 2018), antifungal 

proteins (Iijime et al., 1993), as well as an array of cytotoxic molecules (Söderhäll et al., 1986; Marggraf et al., 2018). 

The copper chelating agent, phenylthiourea (PTU) is used as a common PO inhibitor. It was discovered that oxygen 

consumption was reduced in the presence of PTU for various phenol oxidations catalyzed by PO. Later, a series of thiourea 

derivatives were studied, and PTU changes were found to be the most effective melanization inhibitors (Ryazanova et al., 

2012; Wright et al., 2012; Sivakumar et al., 2017; Sivakumar & Shanthi, 2022, 2023). This could be due to copper chelation 

via PTU, sodium diethyldithiocarbamate (DETC) and β-mercaptoethanol, as copper is essential for phenoloxidase 

activity. The specific inhibitors of PO activity tested were phenylthiourea, β-mercaptoethanol, DETC and tropolone (Wright 

et al., 2012; Denis et al., 2017a; Sivakumar et al., 2017; Sivakumar & Shanthi, 2022, 2023; Sivakumar et al., 2022). 

Interestingly, recent report on the melanization cascade, where phenoloxidase is the terminal enzyme, appears to play a key 

role in the recognition of and protection against microbial infections in invertebrates. Right here, we show that 

phenoloxidase activity and melanization are critical for the immune defense in the direction of an exceptionally pathogenic 

bacterium (Liu et al., 2007). Phenoloxidase activity was found inside the hemocyte lysate supernatant (HLS) and plasma 

after their incubation with trypsin (Perdomo-Morales et al., 2007; Denis et al., 2017a; Sivakumar et al., 2017; Sivakumar 

et al., 2022; Sivakumar & Shanthi, 2023). 

The PO activity includes the presence of low concentrations of the well-known detergent sodium dodecyl sulphate (SDS). 

The PO is observed in nearly all organisms, functioning as an initiator of melanin synthesis. Fatty acids, small antimicrobial 

peptides, phospholipids, alcohols, and detergents have all been identified as ability activators of PO activity in vivo (Baird 

et al., 2007). The phenoloxidase, a copper-containing enzyme, catalyzes the synthesis of melanin and is related to cellular 

immune responses such as phagocytosis, nodulation, and encapsulation. The processes of phagocytosis consist of lytic 

activity and exocytosis following degranulation (Denis et al., 2017a; Liu et al., 2020). 

The SDS, a synthetic activator, appears to mimic the natural activation of PO, but the mode of this activation is not 

recognized. It's been suggested that SDS induces a conformational transition in PO, which results in a gap in the entrance 

to the lively website (Marques et al., 1995). The enzymatic activity of phenoloxidase is assayed continuously in the presence 

of SDS (Sivakumar et al., 2017). Comparable assay situations elicit phenoloxidase activity in another type 3 copper proteins, 

specifically hemocyanin, which typically functions as an oxygen provider. The character of the conformational 

modifications brought about in kind three copper proteins by means of the denaturant SDS is unknown (Decker et al., 2001; 

Baird et al., 2007). 

Recent investigations have suggested that all known hemolymph phenoloxidases occur as precursors, proPO, and that these 

precursors are activated through a cascade of reactions triggered by minute amounts of microbial cell wall materials such 

as fungal cell wall components (β-1,3 glucan), peptidoglycans of the gram-positive bacteria cell wall (Yoshida & Ashida, 

1986; Sivakumar et al., 2017; Shanthi et al., 2021) and lipopolysaccharides (Ratcliffe et al., 1984; Ashida & Yamazaki, 

1990; Söderhäll, 1992; Sivakumar et al., 2017) and hence are claimed to be a part of the non-self-recognition system in 

invertebrates. Although all the steps of the cascade have not been elucidated, some vital features have emerged in 

arthropods, especially in crustaceans and insects (Ashida & Yamazaki, 1990; Söderhäll, 1992; Sivakumar et al., 2017). 

A few activators were used, such as laminarin, zymosan, lipopolysaccharide (LPS) and trypsin this represented the 

spontaneous PO activity. This allowed the demonstration of true phenoloxidase activity and the technique of PO activation 

to be characterized (Hellio et al., 2007). The β-1,3-glucans in laminarin also served to spark off proPO activity as a non-

self sugar molecule. Interestingly, the SDS triggered conformational changes and more advantageous PO activity than that 

of the proteolytic cleavage or via non-self stimulation (Denis et al., 2017a; Sivakumar et al., 2017). 
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Through in vitro activation of hemocyte, β-1,3-glucans such as laminarin or zymosan supernatant suppress hyphae-

conditioned medium and show a decrease in the production of the cell-associated enzyme and phenoloxidase. In vivo, the 

impact of destruxins on β-1,3-glucan-brought about haemocytic aggregation (nodule formation) is assessed in vitro, and 

their effects on β-1,3-glucan precipitated prophenoloxidase-activation in living haemocytes and haemocyte lysate, on 

protein release and on haemocyte locomotory behaviour are observed (Huxham et al., 1989; Denis et al., 2017a; Sivakumar 

et al., 2022). 

In the present study, inhibitors and activators of serum phenoloxidase activity have been analyzed and the effect of DL-

DOPA in conjunction with some primary parameters is examined. This has a look at and presents an evaluation of the 

conformational modifications in hemocyanins associated with the addition of SDS (Baird et al., 2007). Some activators, 

such as the protease trypsin and the detergent SDS and β-1,3 glucan in laminarin, aid in the activation of proPO activity in 

P. jacquemontii and Albunea symmysta (Denis et al., 2017a; Shanthi et al., 2021). The present study, for the first time, aims 

to optimize conditions for serum PO activity and determine the effects of inhibition and activation on the phenoloxidase 

activity of the freshwater crab P. jacquemontii. 

II.   MATERIALS AND METHODS 

Collection and maintenance of experimental crabs: 

Adult intermoult individuals of the freshwater crab Paratelphusa jacquemontii were collected from the Thiruvallur District, 

Tamil Nadu, India. The crabs were maintained in the laboratory in tanks (0.5 × 0.5 m) with water to just immerse the crabs 

and being a tropical place the temperature remained moderate (27–30°C) throughout the year. Crabs were acclimatized to 

laboratory conditions for two days before use. 

Hemolymph collection and preparation of serum:  

The exuded hemolymph from the excised dactyl of the intermoult crabs, of either sex, uninjured, weighing 50–55 g, was 

collected in a test tube kept on ice and centrifuged at 7000 ×g, 20 min at 4°C to obtain the serum as supernatant. The serum 

used for protein estimation was immediately frozen at –20°C until assayed. The protein content in serum was determined 

using bovine serum albumin as the standard following Bradford (1976). The serum was freshly prepared and used 

immediately for measuring PO activity. All chemicals during this and other assays were obtained from Sigma-Aldrich (St. 

Louis, MO, USA). 

Optimal conditions for serum PO activity: 

Oxidation of phenolic substrates by serum: 

We tested the oxidative activity of 0.1 ml serum by incubating with 0.9 ml of different phenolic substrate solutions (Tris-

HCl 10 mM, pH 7.5; 5 mM-tyrosine, tyramine, L-DOPA, DL-DOPA, dopamine, catechol, hydroquinone, and pyrogallol) 

for 10 min at 25°C. The colour developed was measured spectrophotometrically (UV-160A spectrophotometer, Shimadzu, 

Kyoto, Japan) at 300–700 nm against a reagent blank in which particular substrates were substituted for serum. 

Effect of different concentration of DL-DOPA by serum: 

The oxidative activity of serum to DL-DOPA was tested by incubating 0.1 ml of serum in 0.9 ml of DL-DOPA (Tris-HCl 

10 mM, pH 7.5) with different concentrations of DL-DOPA (1.0–10.0 mM) for 10 min at 25°C. The colour developed was 

measured spectrophotometrically at 480 nm against a reagent blank (DL-DOPA). 

Effect of different time interval of DL-DOPA by serum:  

We similarly measured color development way in all further tests using 0.1 ml of serum with 0.9 ml of 5 mM DL-DOPA 

(Tris-HCl 10 mM, pH 7.5) incubated for different time intervals for 1–60 min at 25°C. 

Effect of ionic strength on oxidation of DL-DOPA by serum: 

The effect of ionic strength of the buffer on oxidation of 5 mM DL-DOPA by serum was assessed by incubating 0.1 ml of 

serum with 0.9 ml of DL-DOPA prepared in Tris-HCl buffer (pH 7.5) with different ionic strength (5–100 mM) at 25°C. 

Effect of pH on oxidation of DL-DOPA by serum: 

The ability of oxidation of 5 mM DL-DOPA at different pH values was tested by incubating 0.1 ml of serum with 0.9 ml 

of substrate solution prepared in Tris-HCl buffer (50 mM) at pH 6.0–9.0 for 10 min at 25°C. 
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Effect of temperature on oxidation of DL-DOPA by serum : 

The effect of different temperatures was tested by incubating 0.1 ml of serum with 0.9 ml solutions of the substrate (5 mM 

DL-DOPA) prepared in 50 mM Tris-HCl (pH 7.5) buffer at temperatures of 10–80°C for 10 min. 

Effect of inhibition on serum PO activity: 

Phenylthiourea at various concentrations (1–12.5 mM) was prepared from which 0.1 ml was added to 0.1 ml of serum. PTU 

was substituted as a control with Tris-HCl buffer (50 mM, pH 7.5) and pre-incubated for 5 min at 25°C. The reaction 

mixtures from the control or experimental trials (0.2 ml) were incubated with 0.8 ml of DL-DOPA (5 mM) for 10 min at 

25°C. The optical density of the control and experimental trials were measured spectrophotometrically at 480 nm. 

Effect of activators on serum PO activity: 

For experiment, 0.1 ml of serum was separately mixed with 0.1 ml of trypsin or SDS (1–12.5 mg.ml-1), or laminarin (1–10 

mg.ml-1), and pre-incubated for 5 min at 25°C and then with 0.8 ml of substrate solution (5 Mm DL-DOPA) incubated for 

10 min at 25°C. The colour developed was measured spectrophotometrically at 480 nm against the blank DL-DOPA. 

Statistical analysis: 

The data were expressed as mean ± SD of triplicate experimental trials from five determinations. The variation between 

trials and control were evaluated by SPSS/18 software (version 20; SPSS, New York) by one-way analysis of variance 

(ANOVA) at 0.05, 0.01 and 0.001probabilities (*P < 0.05, **P < 0.01, ***P < 0.001). 

III.   RESULTS 

Serum PO activity with various substrates: 

The serum separated from the hemolymph of freshwater crab P. jacquemontii showed the highest activity with diphenols 

DL-DOPA (480 nm) when compared to L-DOPA (500 nm), catechol (460 nm), and dopamine (490 nm), and polyphenols 

such as hydroquinone (520 nm) and pyrogallol (530 nm). In contrast, the monophenols, including tyramine and L-tyrosine 

failed to show any oxidation by the serum. Because the highest oxidative activity was obtained with DL-DOPA, this 

substrate was used to detect PO activity in all subsequent experiment (Fig. 1). 

Effect of optimum substrate on DL-DOPA: 

Serum PO activity increased with 1.0–10 mM concentrations of DL-DOPA. Of the tested concentrations, 5 mM was taken 

as the optimal concentration and was used for further investigation (Fig. 2). 

Effect of optimum time interval: 

PO activity was also tested by DL-DOPA at various time intervals (1–60 min). The highest PO activity was found at 60 

min, but we are taken the 10 min, which was determined as the optimal incubation time (Fig. 3). 

Effect of optimum ionic strength: 

PO activity was also tested with Tris-HCl buffer (pH 7.5) of different ionic strengths (5–100 mM) and the highest activity 

was observed at 50 mM. This ionic strength was used as buffer concentration for further investigation (Fig. 4). 

Effect of optimum pH:  

Similarly, PO activity was tested with DL-DOPA of different pH values (6.0–9.0) of Tris-HCl buffer (50 mM). The highest 

PO activity was observed at pH 7.5, decreasing above and below a pH of 7.5 (Fig. 5). 

Effect of optimum temperature:  

Serum samples were incubated for 10 min at different temperatures ranging 10–80°C. Stable and peak PO activity was 

observed at 25°C, so this temperature was considered optimal (Fig. 6). In summary, the optimal conditions for measuring 

serum PO activity on DL-DOPA (5 mM) were 50 mM Tris-HCl, pH 7.5 at 25ºC for 10 min at 480 nm (Fig. 6). 

Effect of inhibition on serum phenoloxidase activity: 

The serum PO activity inhibition was tested with different concentrations of PTU and the PO activity was found to be 

highest inhibited with 10 and 12.5 mM concentration than that of other concentrations. These results clearly suggest that 

the optimum concentration chosen for inhibiting the PO activity is 10 mM of PTU (***p< 0.001; Fig. 7). 
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Effect of activators on serum phenoloxidase activity: 

The serum PO activity was tested with different concentrations of trypsin, SDS or laminarin and the PO activity was found 

to be higher with 7.5, 10 or 2.5 mg.ml-1 concentration than that of other concentrations. These results clearly suggest that 

the optimum concentration for activating PO activity is 7.5, 10 or 2.5 mg.ml-1 of trypsin, SDS or laminarin (*p< 0.05, **p< 

0.01, *p< 0.05; Fig. 8A-C). 

IV.   DISCUSSION 

In the present study, we chose to determine PO activity in the serum of P. jacquemontii to analyze the optimal conditions 

of various parameters such as substrate wavelength, specificity, concentrations, time intervals, ionic strength, pH and 

temperature for the enzyme activity. Substrate specificity for PO activity in the serum of P. Jacquemontii appeared for o-

diphenols such as DL-DOPA, L-DOPA, dopamine and Catechol. It was observed that the substrate specificity for serum 

PO activity was high with DL-DOPA when compared to other substrates that were used. Moreover, PO from crustaceans 

has higher activity with diphenols (Sabu et al., 2016; Shanthi et al., 2021). This result was similar to the earlier findings of 

diphenoloxidase activity in Panulirus argus and P. cygnus (Chen et al., 1991). 

The entire study of phenoloxidase activity was measured spectrophotometrically at 480 nm by recording the formation of 

dopachrome produced from DL-DOPA (Shanthi et al., 2021). The PO assays were regularly measured 

spectrophotometrically in the similar range of 400-500 nm absorbance, such as 475 nm in Panulirus argus (Ferrer et al., 

1989; Chen et al., 1991), P. cygnus (Chen et al., 1991), Callinectes sapidus (Tanner et al., 2006), Cancer magister (Green, 

2007), at 490 nm in Macrobrachium rosenbergii (Cheng et al., 2002), Scylla tranquebarica (Sabu et al., 2016) and P. 

jacquemontii (Denis et al., 2017a). 

Every enzymatic reaction occurs under a particular biochemical condition hence certain biochemical assays were made to 

understand the optimum conditions for serum PO activity. The study of serum PO activity with different concentrations of 

DL-DOPA resulted in high activity at 5 mM concentration, which is similar to other crustacean species such as Penaeus 

japonicus (Zhao et al., 1997) and A. symmysta (Shanthi et al., 2021). 

For better understanding, PO activity was tested with various concentrations of Tris-HCl buffer. The oxidation activity of 

serum PO was high at a 50 mM concentration. The results of the study were compared to the earlier findings of hemocyanin 

PO assays in M. rosenbergii (Sivakumar et al., 2017) and P. argus (Perdomo-Morales et al., 2007), where they used the 

same 50 mM Tris buffer concentration hence the entire study was carried out with this buffer concentration. 

In the present study, the oxidation of substrate was tested at various time intervals from 1 to 60 min at an absorbance of 480 

nm to assess the ability of the serum PO to generate dopachrome and the highest activity was observed at 10 min of 

incubation, which is similar to the PO oxidation of Penaeus vannamei (García-Carreño, 2008), M. rosenbergii (Cheng et 

al., 2002) and A. symmysta (Shanthi et al., 2021) but varies from other crustacean species Penaeus monodon (Sung et al., 

1998), Penaeus paulensis (Perazzolo & Barracco, 1997) having highest activity in 5 min of incubation and S. tranquebarica 

(Sabu et al., 2016) having higher oxidation in 20 min of incubation. 

The pH forms an important factor for the enzyme action and it has been reported that the optimum pH is 8.0 for 

endogenously activated PO using DL-DOPA as a substrate they also noted that the PO activity was unstable below pH 4.0 

and had a pH stability range of 6.0 –10.0 (Ferrer et al., 1989). In the present study, the oxidation activity of serum PO was 

stable at pH 7.5, which is similar to the proPO activity of white shrimp, Penaeus setiferus (Simpson et al., 1987), white leg 

shrimp, P. vannamei (García-Carreño et al., 2008) and anomuran crab, A. symmysta (Shanthi et al., 2021). It has also been 

reported that the activity of Callinectes sapidus PO against the o-diphenol substrate DL-DOPA increased with pH over the 

physiologically relevant range of pH 6.6–7.8 (Tanner et al., 2006). In addition, studies on Dungeness crab and Cancer 

magister revealed that pH levels lower than the optimum range suppressed PO activity (Green et al., 2007). In general, we 

observed that when the pH is either lowered below 6.0 or increased above 8.0, the serum PO activity gets reduced. 

The changes in environmental conditions in the animal’s natural habitat might cause differences in the optimal 

thermostability of the enzymes. In this study, we observed that the effect of temperature change affected serum PO activity. 

Most proPO enzymes are heat labile a short exposure of the enzyme to temperatures between 70–90°C causes a partial or 

total irreversible denaturation (Chen et al., 1991). The oxidation of serum PO activity of P. jacquemontii was highly stable 

at 25°C similar to the previous studies on serum PO activity of Callinectes sapidus (Tanner et al., 2006), S. tranquebarica 

(Sabu et al., 2016) and the anomuran crab, A. symmysta (Shanthi et al., 2021). 
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The gradual increase in temperature has been reported to decrease the serum PO activity because the serum gets denatured, 

like in shrimp (Litopenaeus vannamei) transferred to 32°C showed a significant decrease in PO activity (Cheng et al., 2005) 

and in brown shrimp (Penaeus californiensis) and crab (Carcinus aestuarii) exposure to increased temperature affected the 

prophenoloxidase system (Vargas-Albores et al., 1998; Matozzo et al., 2011). The enzyme activity decreased sharply at 

temperatures above 50ºC where approximately 95% loss in the enzyme activity was detected at 80ºC. In most of the 

crustaceans, this condition prevails, where a short exposure to high temperatures causes denaturation. The enzymes thermal 

stability is considered an important feature, making its use possible in numerous biotechnological processes that require a 

wide range of temperatures (Maalej et al., 2021). 

In most of the investigated crustacean species, the enzyme precursor proPO was observed to be enclosed almost solely in 

their blood cells. However, there have been a few reports on a few low levels of enzyme activity within the plasma. The 

utilization of serum to detect proPO for aquaculture appears to be an alternative source for obtaining the proPO activating 

system for quick and preliminary analyses. This could be of interest for the monitoring of the freshwater crab immune status 

in cultivations since serum samples are much more readily and easily obtained (Perazzolo & Barracco, 1997; Denis et al., 

2017a; Shanthi et al., 2021). 

In the present study, inhibitors and activators of serum phenoloxidase activity were analyzed using the freshwater crab P. 

jacquemontii. The inhibitor used was PTU, a well-known and widely used inhibition of phenoloxidase. However, the 

mechanism of its action is not quite clear. The PO activity was found to be 98% inhibited at a 10 mM concentration 

compared to other concentrations, thus the optimum concentration for inhibiting the PO activity is 10 mM of PTU. The 

interaction of PTU with the enzyme inhibits the melanization process, and the inhibition may be due to copper chelation by 

PTU (Denis et al., 2017a; Sivakumar et al., 2017; Shanthi et al., 2021; Sivakumar & Shanthi, 2022; Sivakumar et al., 2022; 

Sivakumar & Shanthi, 2023). 

The present study used the interesting activators trypsin, SDS, and laminarin. The proPO is converted to PO through 

proteolytic cleavage by trypsin (Cerenius & Söderhäll, 2004; Lee et al., 2004), and the phenoloxidase activity can be 

induced by SDS and laminarin. The activators, such as proteases like trypsin, detergents like SDS and β-1,3-glucan binding 

protein in laminarin, activated proPO activity in freshwater crab P. jacquemontii (Denis et al., 2017a), freshwater prawn M. 

rosenbergii (Sivakumar et al., 2017, 2022), and anomuran crab A. symmysta (Shanthi et al., 2021). Several components of 

the proPO activating system have been structurally determined in recent years, and a number of them have been attributed 

with new and important defence features. However, much remains to be learned about both the biochemical mechanism of 

activation of system constituent elements and their role in immune defence (Söderhäll & Cerenius, 1998). 

In the present study, we conclude that the immunological function of phenoloxidase observed in the serum of the freshwater 

crab P. jacquemontii appears to enhance resistance against various diseases through the investigation, inhibition and 

activation of PO activity. This clearly indicates the significance of both cellular and humoral immune components in 

boosting the immune response. This result provides confirmation that, for the first time, the serum of P. jacquemontii is an 

effective immune system with the ability to enzymatically function as a phenoloxidase, and the immune response 

mechanism of hemocyanin in the hemolymph of P. jacquemontii requires further elucidation. 
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Fig 1: Phenoloxidase activity in the serum of Paratelphusa jacquemontii on different phenolic substrates (5 mM) in 

Tris-HCl buffer (Tris 10 mM, pH 7.5) incubated at 25°C for 10 min and absorbance at 300–700 nm 

The PO activity in optical density obtained at absorbance maxima of respective substrates. Data represent mean of 

triplicate repeats of five determinations (mean ± SD) in the same way in all further experiments. 
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Fig 2: Effect of different concentrations of DL-DOPA in PO activity of the serum of P. jacquemontii 

 

Fig 3: Effect of different time interval on oxidation of DL-DOPA in PO activity of the serum of P. jacquemontii 

 

Fig 4: Effect of optimum ionic strength on oxidation of DL-DOPA in PO activity of the serum of P. jacquemontii 
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Fig 5: Effect of optimum pH on oxidation of DL-DOPA in PO activity of the serum of P. jacquemontii 

 

Fig 6: Effect of optimum temperature on oxidation of DL-DOPA in PO activity of the serum of P. jacquemontii 

 

Fig 7: Inhibition of phenoloxidase activity using PTU in serum of the freshwater crab P. jacquemontii. 

Asterisk indicates significant variation determined from the value obtained for a treatment to untreated control by 

one-way ANOVA significant at ***P < 0.001. 
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A          B 

 

C 

 

Fig 8: Activation of phenoloxidase activity using (A) trypsin, (B) SDS or (C) laminarin in serum of the freshwater 

crab P. jacquemontii 

Asterisk indicates significant variation determined from the value obtained for a treatment to untreated control by one-way 

ANOVA significant at *P < 0.05, **P < 0.01. NS - not significant. 
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