
International Journal of Zoology and Animal Biology
ISSN: 2639-216XMEDWIN PUBLISHERS

Committed to Create Value for Researchers

Serum Phenoloxidase Activity in the Hemolymph of Giant Freshwater Prawn Macrobrachium rosenbergii (De 
Man, 1879)

Int J Zoo Animal Biol

Serum Phenoloxidase Activity in the Hemolymph of Giant 
Freshwater Prawn Macrobrachium rosenbergii (De Man, 1879)

Shanthi R1* and Sivakumar MR2     
1Laboratory of Nutrition and Crustacean Biology, Department of Zoology, University of Madras, 
India
2Laboratory of Pathobiology, Department of Zoology, University of Madras, India
   
*Corresponding author: Rangasamy Shanthi, Laboratory of Nutrition and Crustacean Biology, 
Department of Zoology, University of Madras, Guindy Campus, Chennai-600 025, Tamilnadu, 
India, Email: crusshanthi@gmail.com

Research Article    
Volume 5 Issue 6

Received Date: November 07, 2022

Published Date: November 23, 2022 

DOI: 10.23880/izab-16000419

Abstract 

Melanization is one of the major immune responses in arthropods, particularly crustaceans. The prophenoloxidase (proPO) 
catalyzes the oxidation of mono or di or polyphenols, a reaction that is the key initial step of melanin formation. We attempted 
to study the immune response in M. rosenbergii by melanization reaction as produced by serum phenoloxidase (PO) activity. 
The substrate affinity of the PO enzyme was determined using different phenolic substrates and it was found that the mono, 
di and poly phenols were oxidized hence the enzyme was characterized as catecholoxidase and l-3,4-dihydroxyphenylalanine 
(L–DOPA) showed the highest substrate affinity to the enzyme. The biochemical parameters that determined optimum enzyme 
activity were found such as 1 mM L–DOPA concentration showing at the absorbance of 470 nm, 10 mM Tris–HCl buffer pH 7.5 
(brown colour formation), temperature 40 °C and 10 min incubation. Kinetic characteristics of serum from the prawn were 
also determined. Determination of optimal conditions of PO activity in the serum has also been attempted. We also identified 
the serum having a potent PO activity was inhibited by phenylthiourea (PTU) and activation of such as trypsin, sodium dodecyl 
sulphate (SDS) and laminarin in the freshwater prawn M. rosenbergii.
                
Keywords: Macrobrachium Rosenbergii; Serum; L–DOPA; Phenoloxidase; Phenylthiourea; Innate Immunity

Abbreviations: PO: Phenoloxidase; proPO: ProPhenol 
Oxidase; L-DOPA: l-3,4-Dihydroxyphenylalanine; PTU: 
Phenylthiourea; SDS: Sodium Dodecyl Sulphate; LPSs: Lipo 
Poly Saccharides; PRR: Pattern Recognition Receptors; β–
GBPs: β–Glucan Binding Proteins.

Introduction

The Macrobrachium rosenbergii commonly known as 
giant freshwater prawn is one of the most commercially 

important species of the palaemonidae family. The 
popularity of increased economic value is accountable to its 
large size, water quality tolerance, handling stress tolerance, 
adaptability to the feed and importantly to its increased 
immune response leading to high disease resistance such as 
against the white spot syndrome virus [1]. The invertebrate 
immune response mechanism is very simple and can be 
considered a precursor to vertebrate immunity. Vertebrate 
immunity is more complex in understanding due to the 
participation of cellular components and humoral factors 
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which results in memory and antigen–specificity [2-6], which 
is absent in the case of invertebrate immunity. However, from 
recent studies, it has been identified that some cellular and 
cell-free hemolymph factors show specificity for non–self or 
damaged cells in invertebrates [7]. Henceforth, among the two 
types of immunity, innate or natural immunity and acquired 
immunity, invertebrates exhibit innate immunity which is 
further classified into humoral and cellular immunity.

Crustaceans possess an open circulatory system, where 
nutrients, oxygen, hormones and cells are present in the 
hemolymph. The circulatory cells which are the hemocytes 
function analogous to vertebrate leukocytes since they play 
a role in non–self recognition and elimination [8,9] and 
coagulation [10,11]. During a pathogen attack, the physical 
barriers such as the exoskeleton detain the pathogenic 
microbial entry into the tissues [12]. When the physical 
barrier fails in its function microbial invasion into tissues 
occurs. Thus, the defense mechanism gets activated based 
on the characteristics of the pathogen recognized. After 
the recognition, different effector mechanisms such as 
prophenoloxidase (proPO) system, phagocytosis, and 
encapsulation occurs through proteolytic pathways resulting 
in the dismissal of invasive microbes out of the system [13].

The proPO system in crustaceans exhibits similarities 
mainly in function with the complement system where the 
chain of enzymatic reactions takes place [8]. The enzymatic 
system can be activated by lipopolysaccharides (LPSs) or 
peptidoglycans and β–glucans which are specific molecules 
in the cell walls of bacteria, and fungi respectively. These 
mechanisms are stimulated by the pattern recognition 
receptors (PRR) which are germ line encoded. They recognize 
these microbial surface determinants and activate distinct 
signaling cascades which regulate specific immune related 
proteins [14]. In the case of peptidoglycan and, β–glucans, 
the peptidoglycan recognition or binding proteins (PGBPs) 
and β–glucan recognition or binding proteins (β–GBPs) binds 
to form a complex which induces activation of proPO cascade 
[15]. At times, the β–GBPs recognized structure could be a 
laminarin [16]. In some crustaceans such as the horseshoe 
crab, these receptors or binding sites do not play a major role 
in the proPO activation system. This system activation leads 
to hemocyte degranulation [17] since the proPO defensive 
mechanism involves cellular populations such as semi-
granulocytes and hemocytes with big refractile granules. The 
proPO gets activated after its release to the haemocoel in the 
presence of calcium ions [18].

The mechanism process is the proPO in its active state 
is cleaved by proteolysis to its active form PO. However, PO 
is copper dependent, catalyses the synthesis of o–phenols 
(catechols) from mono–phenols, and oxidation of o-diphenols 

to o–quinones [19]. After which the non–enzymatic 
polymerization of o-phenols leads to the production of 
melanin which response to the entry of pathogen i.e., PO 
catalyses the reaction where tyrosine is converted into DOPA 
and DOPA to DOPA-quinone, the precursor of melanin [20]. 
Melanin is a brownish black pigment that has biological 
properties such as the inhibition of fungal and bacterial 
enzyme activity [21]. This induces amplification of the proPO 
system through cell degranulation where some regulatory 
proteins are present such as the α–macroglobulin. These 
adhesion proteins result in the stimulation of multicellular 
response as encapsulation, and phagocytosis which is 
evident from Carcinus maenas hyaline cells thus destroying 
the invasive foreign microbes [22,23].

It has also been evident that change in absorbance 
maxima, substrate concentration, ionic strength, pH, 
temperature and time interval [24-26], dissolved oxygen [27] 
causes fluctuation in immune responses, especially in proPO 
activation. Therefore, the study attempted to understand 
and unveil the difference in serum PO activity based on the 
biochemical, physiological and enzymatic condition and thus 
to determine its activity. 

Furthermore, to understand the substrate affinity of the 
serum 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 [25,26]. Moreover, to our knowledge, 
there is no information on the optimized conditions of the 
serum phenoloxidase enzyme activity. Hence, an attempt 
has been made to optimize the conditions for determining 
the PO activity of serum including the Km and Vmax value 
of M. rosenbergii. Hence, an attempt has been made to 
optimize conditions for determining serum PO activity and 
its functional activity and susceptibility to an inhibitor and 
various activators in freshwater prawn M. rosenbergii.

Materials and Methods

Source of Experimental Animals

Adult intermoult specimens of the giant freshwater 
prawn, M. rosenbergii weighing around 25–30 ± 1.53 g were 
collected from private hatcheries in and around Chennai, 
India. In the laboratory, the prawns were maintained in 
plastic troughs 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.
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Hemolymph Collection and Preparation of 
Serum

The hemolymph from fifty adult prawns per tank was 
pooled as a replicate to measure sample each animal 500 
µl without an anticoagulant solution was allowed to clot at 
–20 ˚C for 6 h. The coagulated sample was disturbed with a 
glass rod and centrifuged at 12, 000 rpm for 20 min, 4 ˚C. The 
supernatant (= serum) was collected and used for protein 
estimation and phenoloxidase activity to immediately freeze 
at –80˚C until assayed.

Determination of Protein Concentration

The protein content in the serum was determined 
according to Bradford [28] using bovine serum albumin as 
the standard. All chemicals used in the study were purchased 
from Sigma–Aldrich, St. Louis, MO, USA.

Oxidation of Phenolic Substrates by Serum

The oxidative activity of serum was tested by incubating 
100 µl serum with 1.9 ml of different phenolic substrate 
solutions (5 mM; tyramine, L–tyrosine, L–DOPA, DL–
DOPA, dopamine, catechol, hydroquinone and pyrogallol) 
for 20 min at 25°C. The color developed was measured 
spectrophotometrically at 300 - 600 nm against a reagent 
blank in which suitable substrates were substituted for 
serum.

Effect of Different Concentrations of L–DOPA by 
Serum 

To serum (100 µl) was mixed with 1.9 ml of L–DOPA 
at different concentrations (1.0 – 10.0 mM) and incubated 
for 20 min at 25°C. The color developed was measured 
spectrophotometrically at 470 nm against a reagent blank 
of L–DOPA.

Effect of Different Time Interval of L–DOPA by 
Serum

To serum (100 µl) was mixed with 1.9 ml of 1 mM 
L–DOPA and incubated for different time intervals for 
1 – 45 min at 25°C. The color developed was measured 
spectrophotometrically at 470 nm against a reagent blank 
of L–DOPA.

Effect of Ionic Strength on Oxidation of L-DOPA 
by Serum 

The effect of buffer ionic strength on oxidation of L-DOPA 
(1 mM) by serum was assessed by incubating 100 µl serum 
with 1.9 ml of L–DOPA prepared in Tris-HCl buffer (pH 7.5) 

with different ionic strength (5 – 100 mM) at 25°C. After 10 
min the optical density of each of these reaction mixtures 
was determined spectrophotometrically at 470 nm against a 
reagent blank of L–DOPA.

Effect of pH on Oxidation of L-DOPA by Serum 

The ability of serum to oxidize L–DOPA (1 mM) at 
different pH was tested by incubating 100 µl of serum with 
1.9 ml of substrate solutions prepared in 10 mM Tris–HCl 
buffer at different pH (5.0 – 9.0) for 10 min at 25°C. The color 
developed was measured spectrophotometrically at 470 nm 
against a reagent blank of L–DOPA.

Oxidation of L–DOPA by Serum Exposed to 
Different Temperature 

Serum samples (each 100 µl) were held at temperatures 
ranging from 4°C to 80°C for 10 min. The color developed 
was measured spectrophotometrically at 470 nm against a 
reagent blank of L–DOPA.

Kinetic Parameters, Km and Vmax of Serum 
Phenoloxidase Enzyme

To measure the kinetic parameters of the serum PO 
enzyme, different concentrations of L-DOPA (1 - 10 mM) 
were mixed with 100 µl of serum incubated for 10 min and 
absorbency read at 470 nm. The Michaelis-Menten constant 
was estimated by plotting substrate concentrations [S] and 
the 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.

Phenoloxidase Activity 

The phenoloxidase activity of serum with the phenolic 
substrate was tested by incubating 100 µl of serum made 
up to 2 ml of 1 mM L–DOPA (10 mM Tris–HCl, pH 7.5) 
for 10 min at 40°C. The colour developed was measured 
spectrophotometrically at 470 nm against a blank reagent 
of L–DOPA. 

Inhibition of Serum PO Activity

In this experiment, 100 μl of serum was separately mixed 
with 100 μl of 3 mM PTU. In control, PTU was substituted 
with Tris–HCl buffer (10 mM; pH 7.5) and incubated for 10 
min at 40°C. An aliquot of 200 μl of the reaction mixture 
from the control or experimental was incubated with made 
up to 2 ml of 1 mM L–DOPA for 10 min at 40°C. The optical 
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density of both the control and experiments was measured 
spectrophotometrically at 470 nm. 

Activation of Serum PO activity 

In this experiment, 100 μl of serum was separately 
mixed with 100 μl of trypsin (2.1 mg.ml–1), SDS (6 mg.ml–1) 
and laminarin (3 mg.ml–1). In control, these chemicals were 
substituted with Tris–HCl buffer (10 mM; pH 7.5), and pre-
incubated for 10 min at 40°C. An aliquot of 200 μl of the 
reaction mixture from control or experiments was incubated 
with made up to 2 ml of 1 mM L–DOPA for 10 min at 40°C. 
The optical density of both the control and experiments was 
measured spectrophotometrically at 470 nm. 

Statistical Analysis 

The serum PO activity 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 0.05, 0.01 

probabilities (*P < 0.05, **P < 0.01).

Results

Serum PO Activity with Various Substrates

The serum separated from the hemolymph of the 
freshwater prawn M. rosenbergii, was tested for PO activity 
with various phenolic substrates. Among the diphenolic 
substrate, the serum showed the highest activity with L–
DOPA (470 nm) when compared to DL–DOPA (490 nm), 
catechol (450 nm) and dopamine (460 nm) as shown in 
Figure 1. However, the monophenols including tyramine 
and L–tyrosine, or polyphenols such as pyrogallol and 
hydroquinone activated to show any oxidation by serum. 
In all the above experiments, the results were expressed 
in absorbance at 300 - 600 nm. Since the highest oxidative 
activity was obtained with L–DOPA, this substrate was 
used to detect PO activity in all subsequent experiments 
performed in this study.

Figure 1: Phenoloxidase activity in the serum of Macrobrachium rosenbergii on different phenolic substrates (5 mM) in Tris-
HCl buffer (Tris 10 mM, pH 7.5) incubated at 25°C for 20 min and absorbance at 300–600 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 of L–DOPA on PO Activity 

The serum PO activity was tested with different 
concentrations of L–DOPA (1.0 – 10.0 mM) and the PO activity 
was found to be higher with L–DOPA of 1 mM concentration 

than that of higher concentrations (5.0, 7.5 and 10.0 mM) as 
shown in the Figure 2. This result clearly suggested that the 
optimum concentration for testing PO activity in serum was 
1 mM of L–DOPA.
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Figure 2: Effect of different concentrations of L-DOPA in PO activity of the serum of M. rosenbergii.

Effect of Time Interval on PO Activity

The PO activity of serum was tested oxidation of L–DOPA 

at a different time interval (1 – 45 min) and the highest PO 
activity was found in 10 min when compared to other time 
intervals tested as shown in the Figure 3.

Figure 3: Effect of time interval on oxidation of L-DOPA in PO activity of the serum of M. rosenbergii.

Effect of Ionic Strength on PO Activity 

The PO activity of serum was tested with Tris–HCl buffer 

(pH 7.5) of different ionic strengths (5 – 100 mM) and highest 
PO activity was found with 10 mM Tris–HCl buffer when 
compared to other ionic strengths tested as shown Figure 4.

https://medwinpublishers.com/IZAB/


International Journal of Zoology and Animal Biology6

Shanthi R and Sivakumar MR. Serum Phenoloxidase Activity in the Hemolymph of Giant 
Freshwater Prawn Macrobrachium rosenbergii (De Man, 1879). Int J Zoo Animal Biol 2022, 
5(6): 000419.

Copyright©  Shanthi R and Sivakumar MR.

Figure 4: Effect of ionic strength on oxidation of L-DOPA in PO activity of the serum of M. rosenbergii.

Effect of pH on PO Activity

The PO activity of serum was tested for oxidation 
of L–DOPA at pH 5.0 to 9.0, pH above 7.5 (brown colour 

formation), and the observed PO activity decreased as shown 
in Figure 5. The pH of 7.5 increased the PO activity taking as 
the optimum pH for the study of serum PO activity.

Figure 5: Effect of pH on oxidation of L-DOPA in PO activity of the serum of M. rosenbergii.

Effect of Temperature on PO Activity

The serum samples in buffer solution (10 mM Tris–HCl, 
pH 7.5) incubated for 10 min at temperatures ranging from 

10 – 80 °C showed, stable and peak PO activity at 40 °C, which 
was taken as the optimum temperatures for PO activity. At 
temperature below or above 40 ˚C, a decline in PO activity 
was observed as shown in Figure 6. In summary, the optimal 
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conditions for measuring serum PO activity on 1 mM L-DOPA 
were 10 mM Tris-HCl, pH 7.5 at 40 °C for 10 min at 470 nm.

Figure 6: Effect of temperature on oxidation of L-DOPA in PO activity of the serum of M. rosenbergii.

Kinetic Behavior

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

to be 0.5 and the maximum velocity (Vmax) was 0.014 as shown 
in Figure 7A. Application of Km and Vmax yielded Lineweaver-
Burk plot with a line slope (3.7) which on extrapolation 
intercepted at -1.8 that was plotted as -1/Km and on Y-axis 1/
Vmax was derived at 2 on X-axis (Figure 7B).

Figure 7A: Kinetic properties of PO activity in serum of freshwater prawn M. rosenbergii at different substrate concentrations 
of L-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 serum of freshwater prawn M. 
rosenbergii with L-DOPA as substrate.

Inhibition and Activation of Serum PO Activity 

The treatment of serum with PTU (3 mM) decreased 
the oxidation of L–DOPA compared to the control and the 
reduction was found to be about 29% was statistically 

significant (p < 0.05; Figure 8). Similarly, the treatment 
of serum with trypsin, SDS and laminarin (fungal cell wall 
component) resulted in a significant (p < 0.05; p < 0.01) 
increase in PO activity of L–DOPA respectively, when 
compared to control (Figure 8). 

Asterisk indicates significant variation determined from the value obtained for a treatment to untreated control by one way 
ANOVA at *P < 0.05, **P < 0.01.
Data represents mean of triplicate repeats of five determinations (mean ± SD).
Figure 8: Inhibition and activation of serum phenoloxidase activity in the freshwater prawn M. rosenbergii.
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Discussion

The PO activity of serum in the freshwater prawn 
M. rosenbergii has been depicted in the present study. 
Phenoloxidase, the active form of prophenoloxidase is the 
key step in melanin formation and plays a major in immune 
responses in the hemolymph of arthropods [24-26, 29-
32]. Melanisation occurs during phenol oxidation which 
comprises two reactions in the melanin synthetic pathway 
which is the oxidation of tyrosine and DOPA to dopaquinone 
which produces brown pigment dopachrome through a non-
enzymatic reaction.

In the present study, the phenoloxidase activity of 
serum from M. rosenbergii has been studied. Initially, to 
characterize the substrate affinity of serum phenoloxidase 
activity, mono-phenols such as tyramine and L–tyrosine, 
diphenols as the L–DOPA, DL–DOPA, dopamine and catechol 
and polyphenols as the pyrogallol and hydroquinone was 
used. The result produced in Figure 1 indicates that the 
serum has the highest affinity towards L–DOPA among the 
other monophenols, diphenols and polyphenols. It has been 
shown that DOPA works best to synthesize dopachrome by 
oxidation of tyrosinase to produce melanin [33]. In general, 
the reactions are catalyzed by the enzyme occurrence which 
forms an enzyme substrate complex in which non-covalent 
bonding occurs between the active site of the enzyme and 
the substrate [34]. Similar to the produced result the use of 
L–DOPA as substrate was also reported in marine crab Scylla 
tranquebarica [35], shrimp in Penaeus californiensis [36], 
freshwater prawn M. rosenbergii [25,31] and many other 
crustaceans.

Every enzymatic reaction occurs in a particular 
biochemical condition. Therefore, biochemical studies were 
taken up to understand the optimum conditions for serum 
phenoloxidase activity. The reactions with L–DOPA at different 
concentrations (1 – 10 mM) as shown in Figure 2. The result 
obtained shows an increased value in the concentration of 
1 mM compared to other concentrations. This result shows 
the level of substrate binding with respect to substrate 
concentration. Our results compared to other crustaceans 
species as in kuruma shrimp Penaeus japonicus [37] and 
portunid crab Charybdis japonica [38] the reaction occurred 
at 3.4 mM, 2.5 mM in brown shrimp Penaeus californiensis 
[39] and 1.5 mM in Chinese white shrimp Penaeus chinensis 
[40] which is nearly similar to M. rosenbergii.

The time interval required for the substrate to bind to 
the enzyme for its complete activation is also very important. 
Therefore, the highest serum activity from M. rosenbergii in 
accordance with time interval was observed as in Figure 3. It 
was found that in time intervals of 10 minutes the PO activity 

showed the highest value. It was also observed that the time 
interval required for PO activation sometimes varied among 
the species itself. In the case of C. japonica, the incubation 
time interval required was 40 minutes [38] while 5 minutes 
was recorded in Penaeus monodon [41] and Penaeus paulensis 
[42].

Enzyme activity or activation always gets enhanced 
at particular physiological and chemical conditions such 
as differences in pH, different buffer concentrations, 
temperature and so on. Therefore, an ideal ionic interaction 
was estimated in serum by using different ionic strengths 
of Tris–HCl buffer (5 – 100 mM) as shown in Figure 4 and 
serum PO activity was studied. The favorable ionic strength 
of Tris–HCl was obtained at 10 mM. The ionic strength of the 
buffer varies among different decapod crustaceans such as 
50 mM Tris–HCl buffer concentration was ideal in Panulirus 
argus [43] while a similar accordance with M. rosenbergii 
was noted in spiny lobster Panulirus japonicus [33,44] with 
the highest activity in 10 mM concentration. To follow this, 
the optimum pH was also studied and pH 7.5 was shown as 
the ideal pH among varying ranges of (5.0 – 9.0) as shown in 
Figure 5. We can also infer that the pH value is also organism 
specific because a similar Penaeus setiferus showed a pH of 
7.5 while, a pH of 6.0 was also observed in Charybdis japonica 
phenoloxidase, while Botryllus schlosseri showed the range 
of pH 7.0 – 7.5 [45,46].

Among various parameters, temperature plays a major 
physiological role in enhancing an enzymatic reaction 
because the intactness of the binding site can be altered with 
temperature variations. In the case of serum PO activity, 
various temperatures were set ranging from 10-80°C and 
as per Figure 6 and the favorable temperature analysed 
was 40 °C. A resemblance with value was also observed in 
crab C. japonica [38], spiny lobster Panulirus argus [42], and 
Japanese prawn Penaeus chinensis [37].

The enzyme kinetics of the serum PO activity was 
determined using the Michaelis-Menten curve by plotting 
various concentrations of L-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 0.5 mM and this 
suggested a strong affinity between the enzyme and L-DOPA 
and the Vmax was calculated as 0.014. The Lineweaver-Burk 
plot showed a slope of 0.014 with a correlation coefficient 
of R2 = 0.999. 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 serum PO 
activity demonstrate a distinct PO activity among the other 
crustaceans [25,26,38,39].
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The oxidation of L-DOPA, by serum of freshwater prawn 
M. rosenbergii showed that serum possesses PO activity. In this 
connection, it is worthwhile to note that many investigators 
have reported the presence of phenoloxidase activity in 
the hemocyte lysate supernatant (HLS) of M. rosenbergii 
[26,27,38,41,47-54]. These investigators, apart from 
demonstrating PO activity in hemocytes or plasma, have also 
shown that this PO responds to several environmental factors 
(such as salinity, temperature, pH, hypoxia), physiological 
status such as moulting, optimum conditions of enzyme 
activity [25,26,31,38] and bacterial infectivity [54]. Thus, 
the hemocytic or plasma phenoloxidase clearly appears to 
respond to environmental, physiological, enzyme optimum 
conditions and pathological conditions of the freshwater 
prawn M. rosenbergii. In addition, most of these workers 
have also demonstrated that exogenous protease such as 
trypsin, detergent like SDS or certain non-self molecules 
(laminarin) activate the proenzymic state prophenoloxidase, 
thereby implicating its potential role in non-self recognition. 
On the other hand, the present study, which showed the 
presence of PO activity in the serum of freshwater prawn M. 
rosenbergii inhibition of PTU clearly showed that the serum 
indeed possesses a significant amount of PO activity.

Although, there are reports on the presence of PO activity 
in the serum of crabs [55], crayfish [56] and anomuran crabs 
[24] the major hemolymph component of crustaceans that 
possess PO activity remains unclear. A few investigators 
claim that the hemocytes appear to be the major repertoire of 
phenoloxidase [57] which accounts for nearly 90 and 85% of 
the hemolymph PO activity in shrimp Penaeus paulensis and 
lobster Panulirus interruptus respectively [42,58]. However, 
considering the presence of PO activity in the serum of 
PTU inhibited clearly indicates that the serum appears to 
be the hemolymph PO activity in the freshwater prawn M. 
rosenbergii.

A statistically significant increase in serum PO activity 
upon treatment with an exogenous protease such as trypsin 
a total of 38.43% increase with an anionic detergent SDS 
increase of 43.08%. However, indicate that serum possesses 
protease and anionic detergent activable proPO activity a 
common feature observed with hemocyte or plasma PO 
activity in M. rosenbergii [25-27,31,38,41,47,52]. Thus, these 
results together with the observations of earlier workers 
clearly indicate that the freshwater prawn M. rosenbergii 
possesses PO activity in hemocytes and plasma. The results 
reveal that the pretreatment of serum resulted in a significant 
increase in PO activity in the presence of laminarin (a polymer 
of β-1,3 glucan derived from fungal cell wall materials). It 
may be noted that while working on crayfish, Astacus astacus 
reported that the serum PO activity activated to respond to 
laminarin [56]. These observations show that the serum PO 
activity found in crayfish A. astacus and M. rosenbergii appear 

to same in responding to the non-self molecules. 

Conclusion

In the present study, we concluded that the above 
observation is the serum PO enzyme was studied under 
optimized conditions of catechol oxidase nature. However, 
the PO activity in serum is very distinct by showing the 
highest specific binding affinity to diphenol L–DOPA only 
and activation of trypsin, detergents like SDS and fungal 
cell wall component laminarin. These results clearly finding 
provides evidence that the serum of M. rosenbergii act as 
both cellular and humoral immune system enzymatically 
functions as phenoloxidase. Thus the serum of freshwater 
prawn M. rosenbergii possesses differential physiological 
or immunological functions, apart from their established 
respiratory function.
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