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ABSTRACT      The present study was aimed to know the Phosphorylase activity in Marine prawn P.monodon acclimated to low 
salinity levels (30, 20, 10, freshwater). The active and total phosphorylase activity levels show trends of increased in  

gills and decreased in muscle with decreasing salinity of acclimation medium in  P. monodon. The active to total phosphorylase ratios show 
increased from 63.5%  to  74.3% in gill and decreased  from70.4 % to 60.5 %  in muscle in lower salinities. The two tissues appear to utilize 
glycogen in higher quantities at lower salinities. Similarly carbohydrate, glycogen and hemolymph glucose levels decreased with decreasing 
salinities. 

1. INTRODUCTION 
Penaeid shrimp PLs,  in particular Penaeus  monodon, have the 
capacity to grow at low salinities (Davis et al., 2002) as occurs 
in estuaries, where they are subject to rapid changes in salinity 
and require a rapid activation of osmoregulatory mechanisms 
to survive. Salinity stress brings about  metabolic alteration in 
the tissues of euryhaline animals. Glucose plays a central role 
in providing energy for metabolism. It is primarily stored in 
animal tissue as a glycogen (Roach et al., 1998). Glycogen is the 
principal energy source in both vertebrates and invertebrate, 
especially during environmental  fluctuations (Karlsson 1979; 
Oliera et al., 2004 and Bacca  et al., 2005). The degradation of 
glycogen  are mainly initiated by phosphorylase. Phosphorylase  
enzyme that maintains energy support for  various tissues. The 
first step in the induction of reserve glycogen into the intracel-
lular metabolic mill is phosphorolysis of  this substrate cata-
lyzed by phosphorylases. Gills are directly exposed to the outer 
aquatic environment, they have multiple functions including 
gas exchange, acid- base balance and ionic/ osmotic regulation 
(Evans et al., 2005). In terms of the mechanism of  ionic/ os-
motic regulation, mitochondria – rich (MR) cells in gill epithe-
lia are the main sites responsible for active ion transport func-
tions. Which are conducted by the operations of various ion 
transporters and enzymes. These operations are highly energy 
consumptive processes (Hirose et al., 2003;  Evans et al., 2005). 
Several studies have addressed the major role that carbohy-
drate plays in energy metabolism for osmoregulation. Energy 
may be mainly supplied by the oxidation of glucose and lac-
tate obtained from the circulation as a result of carbohydrate 
metabolism (Perry and Walsh 1989 and Morgon  et al., 1997). 
These results imply that phosphorylase in shrimp gills may be 
involved in energy metabolism during acclimation to salinity 
changes.

In the present study the levels of active and total phosphorylase 
activity of shrimp gill and muscle tissue during low salinity accli-
matization. P.monodon was selected for study due to its ability to 
adapt to fluctuations in salinity. 

2.  Material and Methods
2.1 Experimental animals and design: Tiger shrimp (P. 
monodon) were obtained from a commercial farm in Muttem-
bakam village near Nellore(district), Andhra Pradesh (state) 
and were transferred to the laboratory in aerated  plastic con-
tainers and maintained in laboratory holding tanks for a week 
in continuously aerated and filtered marine water (30 ppt) with 
a 12hr light-dark cycle. During this period the prawns were 
fed add libitum with commercial pelleted feed and then accli-
mated to the desired salinity by changing 5 ppt per day. After 
the shrimp 12g were separately acclimated from  30% to three 
salinity levels, i.e., 20, 10 and 5 ppt, the animals were randomly 
stocked into 6 tubes a density of 10 shrimp per tube with four 
replicates. During the periods of acclimation and 7days experi-
ment All shrimp used in this study were individually examined 

for molt stage and only those at intermolt were used for bio-
chemical analyses to minimize internal variations. Once a day 
changing at least 25% of the ambient medium and tap water 
was aerated before being added to the tube to adjust salinity. 
Water quality parameters including pH, salinity, temperature, 
dissolved oxygen and ammonia were monitored throughout the 
experimental period.

2.2 Sample collection:  Animals were sacrificed by remov-
ing their carapace from their abdomen with a forcipes and the 
hepatopancreas, gills and muscle tissues were dissected out 
quickly. Tissues were washed in ice-cold normal saline (0.67%, 
w/v), blotted, flash frozen in liquid nitrogen and stored at -80°C.

2.3  Hemolymph collection:  Hemolymph  was collected 
through the arthrodial   membrane at  the  base of a walking leg 
using 1ml hypodermic syringe fitted with a 25-gauge needle and 
prerinsed with EDTA buffer (anti coagulant is per the method of 
Lee et al., 1999).

2.4 Tissue phosphorylase activity: Phosphorylase Activity 
in the  Muscle and Gill was estimated by colorimetric deter-
mination of  inorganic phosphate  released  from  glucose -1- 
phosphate (G-1-P) following  the  method  of  Cori et al., 1955. 
Tissue homogenate (5% w/ v) was prepared in an aqueous me-
dium containing 0.1M sodium fluoride and 0.037M ethylenedi-
amine tetra acetic acid (EDTA) pH6.8 and centrifuged at 3,000 
rpm for 10 min. The supernatant, diluted to four times (1:3) 
with cysteine hydrochloride (0.3M) sodium glycerophosphate 
(0.07 M) buffer (pH 6.8), is used as an enzyme source. Initially 
0.4 ml of enzyme was incubated with 2.0mg of glycogen for 20 
min at 35°C. The reaction was then nitiated by the addition of 
0.2 ml of 0.016 M G-1-P to one tube (phosphorylase a) and a 
mixtureof 0.2 ml G-1-P and 0.004 M adenosine-5-monophos-
phate to an other tube (phosphorylase ab). The activity of total 
phosphorylase (ab) and active phosphorylase (a) was measured 
after incubating the reaction mixture for 15 and 30 min, re-
spectively. Total Carbohydrate and Glycogen was estimated by 
the method of Carrol et al., 1956. Glucose was determined by 
the method of Marks (1959).

3. RESULTS:
Phosphorylase activity levels of control and experimental are 
shown below.  The gill shows the lowest levels of total phos-
phorylases (ab) as compared to the muscle. However, the ratio 
of active to total phosphorylase is highest  in the gill in fresh 
water medium. The muscle show increasesin levels of active and 
total phosphorylase and  decreased (60.5%)a/ab ratios through 
decreasing salinities of adaptation.  ontrariety the gill shows 
a increase (74.3%)  a/ab ratios in lower salinities. although the 
level of a and ab individually tend towards increases in lower 
salinities. Similarly  total carbohydrate, concentration decreases 
from 20.5 ± 0.11 to  2.9 ± 0.11 in gill and  muscle in hypo osmotic 
stress. Similarly total glycogen levels decreases from 56.4 ± 0.10   
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to 25.6 ± 0.11  in gill and  muscle in low salinity stress. Hemo-
lymph glucose levels were decreasing with decreasing salinity 
from 0.7  to 0.1 in  0ppt.

Statistical analysis
Results are presented as mean ±  standard error of mean (SEM). 
Difference between the control  and treatment means were com-
pared by t-test, whereas difference among the control and Vari-
ous treatment mean were analysed  by one way analysis of vari-
ance  (ANOVA), followed by Duncan’s new multiple range test. 
Differences were considered statistically significant when P 0.05.

4.  DISCUSSION   
Phosphorylase  activity in  the muscle shows the highest lev-
els of both active (a) and total phosphorylases (ab) as com-
pared to the gill. However the ratio of total phosphorylase is 
highest in the gill of fresh water medium. The muscle shows 
increase in levels of active and total phosphorylase and de-
creased a/ab ratio through decreasing salinities of adaptation 
(Table-2). Contrarily the gill shows an increase in a/ab ratio 
in lower salinities although the levels of a and ab  individu-
ally tend towards decrease in lower sanities. In the muscle 
the incidence of  maximal level of a/ab ratio occurs in sea 
water. Since this ratio is more reliable determinant of the rate 
of phosphorolysis of glycogen, it follows that in sea water gly-
cogen degradation occurs to the maximal extent in the above 
tissues. (Table-1) The gill exhibits a reversed trend as already 
mentioned above. In sea water the level of a/ab ratio happen 
to be the lowest in  the  gill. Evidently in this medium this 
tissue does not resort to phosphorolysis of glycogen in its en-
ergetics. In the lower salinity media the gill has been found to 
exhibit higher levels of a/ab ratio. It is possible that in these 
salinities the metabolism of tissue is geared towards utiliza-
tion of  glycogenolytic products. In the gill the mechanisms 
involved in the active uptake of  ions are reportedly located. 
These active transport mechanisms are energized by ATPas-
es and the glycogen pool in the tissue is probably involved 
in ATP generation in these salinities. In higher salinities the 
pressure on the active on uptake mechanism is probably re-
duced. It has been shown earlier that in higher salinities the 
heamolymph of this animal  becomes isosmotic with me-
dium. Obviously the pressure on the ion uptake mechanisms 
situated in gill is eased in higher salinities. This may have 
been causal for depression of  phosphorolyse  of  glycogen 
in these salinities. Carbohydrates are the immediate source 
of energy in the cells. They play a major role in the cellular 
metabolism by serving as fuel and providing energy to the 
cells. Fluctuations in salinity  reflect fluctuations in energy 
demands of the animal, changes in carbohydrate metabo-
lism that would meet the changing energy demands may be 
expected to stress (Lacerda and Sawaya, 1986; Santos and 
Nay, 1987). When  crustaceans placed in a medium of lower 
osmotic pressure, energy-consuming processes are required 
to maintain the internal osmotic pressure constant. Glucose 
delivers fast energy in the form of ATP via the process of gly-
colysis and oxidative phosphorylation and is the  major  cir-
culating carbohydrate in crustaceans (Morris, 1999). Although 
lipid and protein utilisation is variable in crustaceans, gen-
erally, carbohydrate is used before lipid and protein as they 
preferred fuel for metabolic processes (Garret and Grisham, 
1995; Morris, 1999). 

Glucose is the major component of sugars in circulating 
haemolymph (Hohnke and Scheer 1970). It is central meta-
bolic importance in virtually all organisms from microbes to 
man. Glucose concentrations, can be used as general stress 
indicators in shrimp. Generally, glucose in haemolymph in-
crease in stressed  shrimps to meet the energy demands to 
ward off stress. The glucose level of stressed animals might 
be due to the transport of glucose from hepatopancreas and 

muscle to hemolymph. Though an increase in glucose was 
observed only at 30 ppt (Figure-1), which is indicative of a 
rapid and selective consumption of the simple sugar at 0 
ppt. Active consumption of glucose as an energy source for 
osmoregulation might have brought down the glucose levels 
in  shrimps under salinity stress. Lamela et al. (2005) has ob-
served a reduction in haemolymph glucose of  L. schmitti ex-
posed to lower salinities. The reduction in the glucose level 
due to stress and the resultant energy crisis. Racotta and 
Palacois (1998) reported that the glucose and lactate levels in 
the haemolymph were strongly affected by stress induced by 
manipulation in penaeid shrimp. Hall and van Ham (1998) re-
ported that blood glucose served as a simple and reliable in-
dex for biological stress for shrimp. Telford (1968) and Lynch 
and Webb (1973) also reported that stress affected qualitative 
and quantitative nature of circulating carbohydrates. 

In summary, our results show that the Phosphorylase activ-
ity  under hyperregulating conditions suggests the participation 
of these enzyme in response to biochemical levels at varying 
environmental salinity. These activities in gills and muscle of P. 
monodon are involved in physiological processes of osmoregu-
lation. We focus on establishing the exact biochemical role of 
these enzyme in gill and muscle euryhaline prawns responses to 
varying environmental conditions.

Conclusion:
The main goal of the present review is to discuss the  bio-
chemical  response of the estuarine  P.monodon to environ-
mental saline stress. The biomoleculs involved in production 
of energy at low salinity levels for osmoregulation. Our result 
represents to produce healthy Post- larvae under low salinity 
conditions.
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Table-1  Effect of salinity on Total Carbohydrate, Glyco-
gen concentration and phosphorylase activity in gill of  
P.monodon acclimated to different salinity levels. Data are 
expressed as mean ±  SD of  6 observations; P>0.05. 

Table-2  Effect of salinity on total carbohydrate, glyco-
gen concentration and phosphorylase activity in mus-
cle  of  P.monodon. Data are expressed  as mean ±  SD of  6               
observations; P>0.05. 
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Figure -1   The influence of  salinity  on the hemolymph glu-
cose levels of  P.monodon at different salinity levels.Data are 
expressed  as mean ±  SD of  6 observations; P.<0.05.
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