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Abstract 

The aim of the present study attempted to find the cellular immune response in Macrobrachium rosenbergii by melanization 
reaction produced by hemocytes lysate supernatant (HLS) phenoloxidase (PO) activity. The substrate affinity of the PO enzyme 
was determined using different phenolic substrates and it was found that the diphenols and polyphenol were oxidized. Hence, 
the enzyme was characterized as a catechol oxidase type of PO and 3,4-dihydroxy-DL-phenylalanine (DL-DOPA) showed the 
highest substrate affinity to the HLS. The optimal enzyme activity was observed at 5 mM DL-DOPA in 10 mM Tris-HCl buffer 
at a pH of 7.5 at 25°C for 20 min and absorbance at 490 nm. Kinetic characteristics of HLS from the prawn were determined. 
Determination of optimal conditions of PO activity in the HLS has also been attempted. These results depicted that in the 
presence of PO and peroxidase inhibitors, phenylthiourea (PTU) and tropolone respectively have a decreased HLS PO activity. 
The determination of PO activity was also highly activated by trypsin, sodium dodecyl sulphate (6 mg.ml-1) and laminarin (4 
mg.ml-1) enzyme expression. We also identified the chemicals causing in vitro inhibition or activation of the enzyme as an HLS 
of the freshwater prawn having a potent PO activity.   
            
Keywords: Macrobrachium rosenbergii; Hemocyte Lysate Supernatant; Phenoloxidase; Kinetics; Cellular Immune 
Mechanism 

Abbreviations: DL-DOPA: 3,4-Dihydroxy-DL-
Phenylalanine; PO: Phenoloxidase; proPO: Prophenoloxidase; 
HLS: Hemocyte Lysate Supernatant; PTU: Phenylthiourea; 
CO: Catecholoxidase; TBS: Tris Buffered Saline; H2O2: 
Hydrogen Peroxide; SDS: Sodium Dodecyl Sulphate.

Introduction

Aquaculture is economically and nutritionally important 
in many countries, especially in India and China and other 

Southwest and Southeast Asian countries and it is an 
increasingly important source of animal protein [1]. The 
giant freshwater prawn, Macrobrachium rosenbergii (De 
Man, 1879) is an important crustacean species cultured in 
India. In the last few years, M. rosenbergii was familiar as a 
species with great aquaculture value [2]. The M. rosenbergii 
has excellent cultivation characteristics such as fast growth, 
better survival rate, adaptation, strong resistance to 
stress, disease susceptibility, tolerance to a wide range of 
temperatures, high market demand and high international 
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export value [3,4]. However, the production of M. rosenbergii 
also known as scampi is curtailed by diseases caused 
by opportunistic pathogens in the rearing environment. 
Resistance to diseases is based on yhe strategic improvement 
of the immune system of the animal and requires intensive 
research on immune components and their function [5-7]. 
As for any invertebrate, the innate immune mechanism in 
prawns includes humoral [5-7] and cellular components [8-
13].

The cellular immune components of crustaceans 
primarily include particular fixed cells such as branchial 
podocytes, nephrocytes, and circulating blood cells [14-16] 
or hemocytes including phagocytosis, encapsulation, nodule 
formation, cytotoxicity and exocytosis [12,17-19] as well as 
hemocytes and hematopoietic cells [20].

The humoral immune components include a variety 
of soluble substances detectable in the plasma, serum, 
or hemocyanin such as agglutinins [6,21-24] and the 
prophenoloxidase (proPO) system [5,7], β-1,3-glucan and/
or bacterial lipopolysaccharide (LPS)-binding proteins 
[25-27], antimicrobial proteins [24,28], hemolytic system 
[29,30], antiproliferative [31], antitumor or anticancer [32], 
antimicrobial peptides [33] and antifungal proteins [26,34], 
as well as cytotoxic molecules [35]. The cellular and humoral 
immunity of crustaceans are closely related and mutually 
complementary [36].

In the humoral defense mechanism, the secretion 
of antimicrobial peptides is considered to be one of the 
important steps in defense against pathogenic infections 
[33]. The other important crustacean defense systems 
include enzymes and proteins in the prophenoloxidase 
(proPO) activation and blood coagulation systems. Earlier 
research indicated that the M. rosenbergii hemocytes are the 
main target cells of Spiroplasma eriocheiris and they are very 
important for systematic infection in the prawn body [37]. So 
hemocytes are typically used to study the immune responses 
of crustaceans [18,38,39].

Crustacean hemocytes play an important role in the 
host’s innate immune responses. They are involved in cellular 
immune responses, such as phagocytosis, encapsulation, and 
mediation of cell-cell communication and also in humoral 
immune responses, such as proteolytic cascades [40,41]. 
The general classification of hemocyte cells in crayfish, 
penaeid shrimps, prawns and crabs is based on the presence 
or absence of cytoplasmic granules [42-45]. Additionally, 
hemocytes are involved in phagocytosis of small microbes, 
nonself recognition [18,46], encapsulation of parasites [47], 
elimination of reactive oxygen intermediates [48], in vitro 
generation of superoxide anion [49] and agglutinin-mediated 
phagocytosis-associated generation of superoxide anion and 

nitric oxide [12,18].

Invertebrate animals lack an adaptive immune response 
and are therefore completely dependent on their innate 
immune systems for host defense. Melanization, which is a 
major innate defense system in invertebrates, is controlled 
by the enzyme phenoloxidase [5,7,50,51]. The active PO is 
a bifunctional enzyme that catalyzes the o-hydroxylation of 
monophenols to catechols and the oxidation of o-diphenols 
into o-quinones [52].

For a long period, it has been recognized that the 
prophenoloxidase (proPO) activating system has an 
important role as a non-self recognition system in 
invertebrates especially crustaceans [51], and participates in 
the innate immune response through melanization, cytotoxic 
reactions, cell adhesion encapsulation, and phagocytosis 
[18,19,53-56]. Phenoloxidase catalyses the hydroxylation 
of monophenols to o-diphenols (monophenoloxidase 
or cresolase activity) and the oxidation of o-diphenols 
to o-quinones (diphenoloxidase activity) leading to the 
synthesis of melanin [57,58]. In addition to its role in the 
immune response [5-7] and the formation of melanin is also 
involved in other important physiological processes such as 
wound healing and sclerotization [57].

Proteins with those enzymatic activities are ubiquitously 
distributed in bacteria, fungi, plants, and vertebrates, for 
example, tyrosinases and polyphenoloxidases (PPO) with 
both mono and diphenolase activities, and catecholoxidase 
(CO) with only diphenolase activity [59,60]. The first reaction 
involves monophenolase activity, which converts tyrosine 
to 3,4-dihydroxy-L-phenylalanine (L-DOPA) which is then 
oxidized to quinone by POs diphenolase activity [52,61]. The 
resulting quinones are converted to melanin by a series of 
intermediate steps involving enzymatic and non-enzymatic 
reactions [62,63]. In one of these enzymatic reactions, 
dopachrome is decarboxylated by dopachrome isomerase 
(also called dopachrome tautomerase or Dopachrome 
Conversion Factor) to form dihydroxy indole, which is then 
converted to melanin [64,65].

In crustaceans and insects, phenoloxidase usually 
exists as a non-active zymogen, prophenoloxidase (proPO), 
whose activation to the PO form is tightly regulated via 
an enzymatic cascade because the melanization reaction 
generates toxic compounds such as quinone species. This 
cascade is triggered by the presence of several microbial cell 
wall components such as β-1,3-glucan, lipopolysaccharides, 
and peptidoglycan [56]. There is a detectable or high amount 
of PO activity in crustaceans plasma [5,7,66,67] that could be 
derived from proPO released from hemocytes [68] or from 
hemocyanin [5] to melanization activity still remains unclear.
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According to the results of our previous research, the 
hemocyanin showed PO activity in freshwater prawns and 
appears to be enhanced with activators such as proteases, 
SDS, and LPS [5], agglutination activity with vertebrate red 
blood cells (RBC) [6] and optimal condition of plasma PO 
activity [7]. The present study attempted to characterize 
HLS PO activity in terms of absorbance maxima, substrate 
specificity, time interval, optimum ionic strength, pH and 
temperature in order to determine the biochemical and 
physiological conditions that support enzyme activity.

Furthermore, to understand the substrate affinity of the 
HLS PO enzyme activity the kinetics of the enzymes rate of 
reaction was determined in the Lineweaver-Burk plot. It is 
evident that the kinetics of the crustaceans phenoloxidases 
vary among the different components of the hemolymph 
as well as species [7,8,69-72]. Moreover, to our knowledge, 
there is no information on the optimized conditions of the 
HLS phenoloxidase enzyme. Hence, an attempt has been 
made to optimize the conditions for determining PO activity 
of HLS including Km and Vmax value of freshwater prawn M. 
rosenbergii. Based on the determination of activation the 
PO activity in trypsin, SDS and laminarin has also been 
attempted.

Materials and Methods

Source of Experimental Prawns

Adult intermoult of the giant freshwater prawn, M. 
rosenbergii weighing around 30-40 ± 2.26 g was collected 
from private hatcheries in and around Chennai, India. In the 
laboratory, the prawns were maintained in 500 L FRP tanks 
containing continuously aerated freshwater. The animals 
were fed with egg white ad libitum and were acclimatized 
to the laboratory conditions for at least 4 to 5 days prior to 
use. Fifty percent of water was renewed daily to remove the 
unfed and fecal materials. The uninjured, intermoult animals 
were used throughout this study.

Hemolymph Collection and Preparation of HLS

To 100 µl of hemolymph was collected by cardiac puncture 
using a 23G needle attached to a clean, sterile plastic syringe 
containing 1.9 ml of ice-cold iso-osmotic buffer (TBS: Tris-
50 mM, NaCl 210 mM, KCl 5 mM, MgCl2 2.5 mM; pH 7.5, 480 
mOsm), following [5]. Rapidly the syringe was gently rotated 
to enable thorough mixing of the hemolymph sample with iso-
osmotic buffer and immediately transferred to a pre-chilled 
polypropylene tube, centrifuged at (161 x g for 8 min at 4 °C). 
The hemocyte sediment was washed and resuspended in 2 ml 
of iso-osmotic buffer (TBS: pH 7.5, 480 mOsm), homogenized 
by ultrasonicator (4 pulses of 30 s, 4 °C). The resulting cell 
homogenate was centrifuged at 15000 x g for 20 min at 4 °C 

and the hemocyte lysate supernatant (HLS) was collected as a 
clear supernatant and stored at −80 °C.

Determination of Protein

The protein content in the HLS was determined 
according to Bradford MM [73] using bovine serum albumin 
as the standard. All chemicals during this and other assays 
were obtained from Sigma-Aldrich (St. Louis, MO, USA).

Oxidation of Phenolic Substrates by HLS

We tested the oxidative activity of 50 µl HLS (mg.ml-1) 
by incubating with 950 µl of different phenolic substrate 
solutions (Tris-HCl 10 mM, pH 7.5; 5 mM L-tyrosine, 
tyramine, L-DOPA, DL-DOPA, dopamine, catechol, 
hydroquinone, and pyrogallol) for 20 min at 25 °C. The colour 
developed was measured spectrophotometrically (UV-160A 
spectrophotometer, Shimadzu, Kyoto, Japan) at 300–800 nm 
against a reagent blank in which particular substrates were 
substituted for HLS.

Optimal Conditions for PO Measurement of HLS

The oxidative activity was tested by incubating 50 µl of 
HLS (mg.ml-1) in 950 µl of DL-DOPA (Tris-HCl 10 mM, pH 7.5) 
with different concentrations of DL-DOPA (1.0–10.0 mM) 
for 20 min at 25 °C. The colour developed was measured 
spectrophotometrically at 490 nm against a reagent blank 
(DL-DOPA). We similarly measured color development way 
in all further tests using 50 µl of HLS (mg.ml-1) with 950 µl 
of 5 mM DL-DOPA (Tris-HCl 10 mM, pH 7.5) incubated for 
different time intervals of 60–70 min at 25 °C. The effect of 
ionic strength of the buffer on oxidation of 5 mM DL-DOPA by 
HLS (mg.ml-1) was assessed by incubating 50 µl of HLS with 
950 µl of DL-DOPA prepared in Tris-HCl buffer (pH 7.5) with 
different ionic strength (5–100 mM) incubated for 20 min at 
25 °C. The ability of oxidation of 5 mM DL-DOPA at different 
pH values was tested by incubating 50 µl of HLS (mg.ml-1) 
with 950 µl of substrate solution prepared in Tris-HCl buffer 
(10 mM) at pH 6.0–9 incubated for 20 min at 25 °C. The effect 
of different temperatures was tested by incubating 50 µl of 
HLS (mg.ml-1) with 950 µl solutions of the substrate (5 mM 
DL-DOPA) prepared in 10 mM Tris-HCl (pH 7.5) buffer at 
temperatures of 10–80 °C incubated for 20 min.

Kinetic Parameters, Km and Vmax of HLS 
Phenoloxidase Enzyme

To measure the kinetic parameters of the 
HLS PO enzyme, different concentrations of  
DL-DOPA (1 - 10 mM) were mixed with 50 µl of HLS incubated 
for 20 min and absorbency read at 490 nm. Michaelis-Menten 
constant was estimated by plotting substrate concentrations 

https://medwinpublishers.com/IZAB/


International Journal of Zoology and Animal Biology4

Shanthi R, et al. Hemocytes Lysate Supernatant Derived Phenoloxidase Activity in the 
Hemolymph of Giant Freshwater Prawn Macrobrachium rosenbergii (De Man, 1879). Int J Zoo 
Animal Biol 2022, 5(5): 000403.

Copyright©  Shanthi R, et al.

[S] and rate of PO activity [V]. Lineweaver-Burk plot was 
plotted as reciprocal of substrate concentration [1/S] and 
rate of PO activity [1/V]. The resultant plot gave a line that 
intercepted X-axis to give the -1/Km value and intercepted Y 
axis to give the 1/Vmax. The slope Km/Vmax was determined and 
the resultant plot was rechecked from equation Y= mx + c.

Inhibition of PO Activity

In this experiment, 50 µl of HLS (mg.ml-1) with an equal 
volume of an inhibitors 3 mM phenylthiourea (PTU) or 16 
mM tropolone containing 16 mM H2O2 was pre-incubated for 
5 min at 25 °C. An aliquot of 100 μl of these reaction mixtures 
from control or experimental was incubated with 0.9 ml of 5 
mM DL-DOPA for 20 min at 25 °C. After incubation, the colour 
developed was measured spectrophotometrically at an 
absorbance of 490 nm against a reagent blank of substrate 
solution (DL-DOPA).

Activation of PO Activity

In this experiment, 50 μl of HLS (mg.ml-1) was separately 
mixed with 50 μl of trypsin (1-10 mg.ml-1), SDS (1-10 
mg.ml-1) and laminarin (1-10 mg.ml-1). In control, these 
chemicals were substituted with Tris-HCl buffer (10 mM; pH 
7.5), and pre-incubated for 5 min at 25 °C. An aliquot of 100 
μl of the reaction mixture from control or experimental was 

incubated with made up to 1 ml of 5 mM DL-DOPA for 20 min 
at 25 °C. The optical density of both control and experimental 
was measured spectrophotometrically at 490 nm against a 
blank reagent of DL-DOPA.

Statistical Analysis

The data were expressed as mean ± SD of triplicate 
experimental trials from five determinations. The variation 
between experimental trials and control were evaluated by 
SPSS/18 software (version 20; SPSS, New York) by one-way 
analysis of variance (ANOVA) at 0.01, 0.001 probabilities (**P 
< 0.01, ***P < 0.001).

Results

Effect of PO Activity with Various Substrates

The HLS separated from the hemolymph of freshwater 
prawn M. rosenbergii showed the highest activity with DL-
DOPA (490 nm) when compared to L-DOPA (490 nm), 
dopamine (450 nm), catechol (480 nm), and pyrogallol (510 
nm). In contrast, the monophenols, including tyramine and 
L-tyrosine and polyphenol hydroquinone failed to show any 
oxidation by the HLS. Because the highest oxidative activity 
was obtained with DL-DOPA, this substrate was used to 
detect PO activity in all subsequent trials (Figure 1).

Figure 1: Phenoloxidase (PO) activity of the HLS of freshwater prawn Macrobrachium rosenbergii on different phenolic 
substrates (5 mM) in Tris buffer (Tris 10 mM, pH 7.5) incubated at 25 °C for 20 min and absorbance at 300–800 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.

Effect on Optimal Conditions for PO Activity

The HLS phenoloxidase 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 tests (Figure 2). The PO activity was also tested 
by HLS at various time intervals (5–70 min). The highest PO 
activity was found at 60 min, which was determined as the 

https://medwinpublishers.com/IZAB/


International Journal of Zoology and Animal Biology5

Shanthi R, et al. Hemocytes Lysate Supernatant Derived Phenoloxidase Activity in the 
Hemolymph of Giant Freshwater Prawn Macrobrachium rosenbergii (De Man, 1879). Int J Zoo 
Animal Biol 2022, 5(5): 000403.

Copyright©  Shanthi R, et al.

optimal incubation time was taken for 20 min (Figure 3). 
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 10 mM. This ionic strength was used as 
buffer concentration for further tests (Figure 4). Similarly, 
PO activity was tested with DL-DOPA of different pH values 
(6.0–9.0) of Tris-HCl buffer (10 mM). The highest PO activity 
was observed at pH 7.5, decreasing above and below a pH of 

7.5 (Figure 5). The HLS samples were incubated for 20 min 
at different temperatures ranging from 4–80 °C. Stable and 
peak PO activity was observed at 25 °C, so this temperature 
was considered optimal (Figure 6). In summary, the optimal 
conditions for measuring HLS PO activity on DL-DOPA (5 
mM) were 10 mM Tris-HCl, pH 7.5 at 25 °C for 20 min at 490 
nm.

Figure 2: Effect of different concentrations of DL-DOPA in PO activity of the HLS of freshwater prawn M. rosenbergii

Figure 3: Effect of different time interval on oxidation of DL-DOPA in PO activity of the HLS of freshwater prawn M. rosenbergii.

Figure 4: Effect of different ionic strength on oxidation of DL-DOPA in PO activity of the HLS of freshwater prawn M. rosenbergii.
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Figure 5: Effect of different pH on oxidation of DL-DOPA in PO activity of the HLS of freshwater prawn M. rosenbergii.

Figure 6: Effect of temperature on oxidation of DL-DOPA in PO activity of the HLS of freshwater prawn M. rosenbergii.

Kinetic Behavior

The kinetic characteristics of HLS PO activity were 
determined from the rate of reactions as calculated from 
oxidation of DL-DOPA at different concentrations (1 – 10 mM) 
in 20 min. The Michaelis-Menten constant Km was calculated 

to be 1.1 and the maximum velocity (Vmax) as 0.45 as shown 
in Figure 7A. Application of Km and Vmax yielded Lineweaver-
Burk plot with a line slope (1.55) which on extrapolation 
intercepted at -0.4 that was plotted as -1/Km and on Y-axis 1/
Vmax was derived at 1.74 on X-axis (Figure 7B).

Figure 7A: Kinetic properties of PO activity in HLS of freshwater prawn M. rosenbergii at different substrate concentrations of 
DL-DOPA as shown in Michaelis–Menten curve.
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Figure 7B: The Km and Vmax values are calculated using Lineweaver Burk plot of PO activity in HLS of freshwater prawn M. 
rosenbergii with DL-DOPA as substrate.

Inhibition of HLS PO Activity

Pre-treatment of HLS with PTU (3 mM) decreased 
the oxidation of 5 mM DL-DOPA compared to control and 
the reduction was found to be about 85.62% statistically 
significant (p < 0.01). However, pre-treatment of HLS with 

tropolone, another strong inhibitor of PO activity, also showed 
a significant reduction in the oxidation of DL-DOPA when 
compared to control and the reduction in the phenoloxidase 
with HLS (77.24%) was statistically significant (p < 0.01) as 
shown in Figures 8 & 9.

Figure 8: Inhibition of PO activity in HLS of freshwater prawn M. rosenbergii and conformation of PO activity using inhibitors (PTU 
and tropolone). Asterisk indicates significant variation determined from the value obtained for a treatment to untreated control by 
one way ANOVA at **P < 0.01; ***P < 0.001. Data represents mean of triplicate repeats of five determinations (mean ± SD).

Figure 9: Effect of activators [(A) trypsin, (B) SDS, (C) laminarin] on activation of PO activity of the HLS of freshwater prawn 
M. rosenbergii.
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Effect of Activation on HLS PO Activity

The HLS was tested with trypsin, SDS and laminarin, 
and the PO activity was found to be higher with trypsin 
(6 mg.ml-1), SDS (6 mg.ml-1) and laminarin of 4 mg.ml-1 
concentration than that of other concentrations as shown 
in the Figure 9A-C. However, these results clearly suggested 
that the optimum concentration for activating PO activity is 6 
mg.ml-1 of trypsin and SDS, and laminarin for 4 mg.ml-1.

Discussion

The hemocyanin showed PO activity in the freshwater 
prawn M. rosenbergii and appears to be enhanced 
with activators such as proteases, detergent, and 
lipopolysaccharides [5]. Reports about the determination of 
plasma and hemocyanin PO and agglutination activity were 
predictable [6,7]. Considering the complexity of crustacean 
immune defenses, our study attempted to explain the 
variance in the immune function of PO activity in the HLS 
of M. rosenbergii. In most crustacean species active PO is 
a bifunctional enzyme that catalyzes o-hydroxylation of 
monophenols to diphenols and then oxidizes o-diphenols 
into o-quinone [5,7,59,62,72]. The substrate affinity of HLS 
PO activity was attempted with monophenols, di-phenols 
or polyphenols. The results clearly suggested that the HLS 
showed that highest substrate affinity with diphenols and 
among the diphenol, DL-DOPA exhibited the highest PO 
activity suggesting catechol oxidase activity. The earlier 
report showed PO activity in the HLS of freshwater prawn 
M. rosenbergii using L-DOPA [8]. Our results clearly revealed 
that the highest activity was shown by diphenolic substrate 
DL-DOPA and not by L-DOPA.

Biochemical studies were undertaken in order to describe 
the optimum condition of the HLS PO activity. The enzyme 
reaction was observed with different concentrations of DL-
DOPA. There was a steady increase in the enzyme activity 
from 5 mM concentration of DL-DOPA after which an increase 
in substrate concentration did not enhance the enzyme 
activity clearly proving substrate inhibition as the cause of 
the decline in enzyme activity. For better understanding, 
the PO activity was measured spectrophotometrically under 
different wavelengths (300-800 nm) due to the formation of 
brown pigment DL-DOPA at 20 min. The highest PO activity 
was found to be at a wavelength of 490 nm. The value 
shows a resemblance with shrimp Penaeus paulensis [74], 
freshwater prawn M. rosenbergii [8] and many other decapod 
crustaceans along with some variations observed such as in 
M. malcolmsonii [75] and mud crab Scylla olivacea [16].

Time is an important factor for PO enzyme activity 
that can either enhance or decline it. In the present study, 

the oxidation of the substrate (DL-DOPA) was tested at 
various time intervals from 5-60 minutes and the activity 
was observed to be high at 20 minutes of incubation. The 
hemocyte of M. rosenbergii showed optimum PO activity 
at one minute of L-DOPA [8], 40 minutes in crab Charybdis 
japonica [70], 30 minutes in shrimp P. paulensis and mud 
crab Scylla olivacea [16,74,75] and 20 minutes in spiny 
lobster Panulirus argus [68]. The differences in time interval 
optima in substrate variation clearly suggest a difference in 
PO characteristics.

Since PO is an enzyme and its activity depends on the 
steady state of the active sites which are necessary for 
substrate binding and subsequent activity. The optimum 
ionic interactions were studied by taking the HLS in 
different ionic strength of Tris-HCl buffer and PO activity 
was determined. The optimum ionic strengths of 10 mM 
Tris-HCl was found to show the highest PO activity and was 
used as a buffer for the study. To continue ionic interactions 
the optimum pH of the buffer required for HLS PO activity 
was also undertaken. The optimum pH was observed at pH 
7.5 (brown colour formation of dopachrome) which was 
the same as that of purified Charybdis japonica PO [70] 
against DL-DOPA, Penaeus chinensis [76] and anomuran crab 
Albunea symmysta [72], but different from that of brown 
shrimp Penaeus californiensis which showed optimum pH at 
8.0 [77], spiny lobster P. argus at pH 8.0 [68], mud crab Scylla 
olivacea at pH 8.0 [16] and Penaeus setiferus at pH 7.5 [78]. 
The differences in optimum pH may be correlated with the 
species specificity.

Like time, the temperature is also an important factor 
that can either enhance or decline enzyme activity. In the 
present study, the optimum temperature of HLS PO activity 
in M. rosenbergii was determined by incubating HLS at 
various temperatures ranging from 10-90 °C. The optimum 
temperature was found to be at 25 °C which lowered to 37 °C 
and then the enzyme activity declined to 90 °C. The precise 
temperature of 25 °C was found to be optimum for PO activity 
in DL-DOPA in the serum of anomuran crab A. symmysta 
[72]. The previous report differs from the present study that 
hemocytes of M. rosenbergii showed optimum PO activity 
in L-DOPA at 37 °C [8]. The shrimp powders from Penaeus 
duorarum and Penaeus setiferus showed an optimum 
temperature of 40 °C and 45 °C for PO activity in DL-DOPA 
[79] and polyphenoloxidase (PPO from the carapace powder 
of P. argus exhibited greater stability at 35 °C [69]. However, 
the spiny lobster P. argus correlated with the present 
study showing an optimum temperature of 25 °C [68]. The 
differences in temperature optima in HLS (hemocytes) 
substrate and species specific clearly suggest a difference in 
PO characteristics among different species of Crustacea can 
be attributed to existing physiological conditions.

https://medwinpublishers.com/IZAB/
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The enzyme kinetics of the HLS PO activity was 
determined using the Michaelis-Menten curve by plotting 
various concentrations of DL-DOPA (1-10 mM) and the rate 
of reaction was determined in 20 min (1/V). The initial rate 
of reaction increased up to a maximum reaction velocity 
after which it stabilized and then declined. The Km value 
determined for substrate enzyme affinity was 2.2 mM and 
this suggested a strong affinity between the enzyme and DL-
DOPA and the Vmax was calculated as 0.45. The Lineweaver-
Burk plot showed a slope of 0.45 with a correlation coefficient 
of R2 = 0.998. This indicated that the enzyme had active 
sites to maintain a steady increase in the rate of reaction. 
The kinetic and biochemical characteristics of the HLS and 
plasma PO activity demonstrate a distinct PO activity among 
the other crustaceans [70,72,77].

Comparative inhibition studies with the PTU and 
tropolone were made to confirm the PO activity in the HLS. The 
specific o-diphenoloxidase activity inhibitor, PTU inhibited 
the enzyme activity drastically in the HLS and also peroxidase 
enzyme inhibited tropolone confirm the phenoloxidase 
activity in HLS. The inhibition studies clearly revealed that 
the HLS showed PO activity. Phenylthiourea (PTU), known 
as a chelating reagent of copper [80], effectively inhibited 
the HLS PO activity suggesting that PO from M. rosenbergii 
prawn has copper in its active site. The previous report 
demonstrated inhibition of anomuran crab A. symmysta 
serum was high at a 7 mM concentration of PTU was added 
to the incubation mixture to completely inhibit the activity of 
the phenoloxidase [72]. The Allogamus auricollis hemolymph 
cell-free fraction increased in absorbance and stopped 
immediately when this specific inhibitor (PTU) was added 
5 min after the initiation of the assay [81]. Furthermore, the 
observed oxidation of DL-DOPA was not due to peroxidase 
since tropolone which inhibited PO activity in the HLS did 
not act as a substrate for peroxidase in the presence of H2O2 
[5,7,82,83].

Interestingly, our research focused on the effect of 
activators on protease like trypsin and detergent like SDS 
and fungal cell wall laminarin among which trypsin, SDS and 
laminarin showed enhancement of PO activity in the HLS 
of M. rosenbergii. Our results were in accordance with the 
earlier report using trypsin as an activator with the L-DOPA 
tested in HLS PO activity increased in prawn M. rosenbergii 
[8], but our results clearly demonstrated diphenolic 
substrate DL-DOPA only exhibited the highest PO activity in 
the HLS, not L-DOPA. However, our previous report about the 
plasma (non-cellular) of the freshwater prawn M. rosenbergii 
revealed that the highest PO activity was by L-DOPA [5,7]. 
However, for the shrimp P. paulensis, most of the PO activity 
(more than 90%) was found in the HLS [74].

Conclusion

The immunological function of phenoloxidase observed 
in HLS of M. rosenbergii appears to enhance resistance 
against various diseases, and investigation of PO activity in 
HLS protein revealed catechol oxidase type PO. In contrast 
to the previous reports about the conversion of tyrosine to 
L-DOPA in monophenolase activity, our study revealed a 
new mechanism in the conversion ratio that is higher than 
diphenol DL-DOPA. So, we conclude that initially tyrosine is 
transformed to DL-DOPA which is then oxidized to quinone 
by phenoloxidase diphenolase activity. Finally, the resulting 
quinones are converted to melanin by a series of reactions. 
These results clearly signify the diversity of PO activity in 
cellular immune response in various crustacean species. 
The finding provides evidence that the HLS of M. rosenbergii 
act as a potent immune system with the ability to cellular 
enzymatically functions as phenoloxidase.
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