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Abstract:  
 
Improvement in the osmoregulation capacity via nutritional supplies is vitally important in shrimp 
aquaculture. The effects of dietary protein levels on the osmoregulation capacity of the Pacific white 
shrimp (L. vannamei) were investigated. This involved an examination of growth performance, 
glutamate dehydrogenase (GDH) and Na+-K+ ATPase mRNA expression,, and GDH activity in 
muscles and gills. Three experimental diets were formulated, containing 25%, 40%, and 50% dietary 
protein, and fed to the shrimp at a salinity of 25. After 20 days, no significant difference was observed 
in weight gain, though GDH and Na+-K+ ATPase gene expression and GDH activity increased with 
higher dietary protein levels. Subsequently, shrimp fed diets with 25% and 50% dietary protein were 
transferred into tanks with salinities of 38 and 5, respectively, and sampled at weeks 1 and 2. Shrimp 
fed with 40% protein at 25 in salinity (optimal conditions) were used as a control. Regardless of the 
salinities, shrimp fed with 50% dietary protein had significantly higher growth performance than other 
diets; no significant differences were found in comparison with the control. Shrimp fed with 25% 
dietary protein and maintained at salinities of 38 and 5 had significantly lower weight gain values after 
2 weeks. Ambient salinity change also stimulated the hepatosomatic index, which increased in the first 
week and then recovered to a relatively normal level, as in the control, after 2 weeks. These findings 
indicate that in white shrimp, the specific protein nutrient and energy demands related to ambient 
salinity change are associated with protein metabolism. Increased dietary protein level could improve 
the osmoregulation capacity of L. vannamei with more energy resources allocated to GDH activity and 
expression.  
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1. Introduction 

 

Among all the environmental factors, salinity could be the most important factor to 

influence the physiological status of the aquatic animals since ambient salinity change 

would directly relates to their osmoregulation capacity (Fry, 1971; Kinne, 1971). 

However, for many cultured aquatic species, it is cultured often at different salinities. 

Though many literatures had reported the physiological response to different salinities, 

different aquatic animals had different physiological status at deferent salinities 

(Tsuzuki et al., 2007; Tantulo and Fotedar, 2006; Li et al., 2007). 

When ambient salinity changes, the main challenge for aquatic animals is to regulate 

their osmo pressure, and in the process, they need to regulate the cell volume and 

maintain the stability of cellular macrolecules such as enzymes (Hochachka and 

Somero, 2002). Na+-K+ ATPase has been believed to be of central importance in ion 

regulation and cellular water balance for aquatic vertebrates and invertebrates by 

pumping Na+ ions into the hemolymph, and its activity is directly related to their 

osmoregulation capacity (Towle, 1981; 1984). Many free amino acids called 

compatible osmolytes also had crucial important roles in this process (Hare et al., 

1998; Kempf and Bremer, 1998; Hochachka and somero, 2002), including proline, 

alanine, glutamic acid, glycine and taurine (Lockwood, 1956; Somero, 1983). 

Glutamate dehydrogenase (GDH) involves into the production of glutamate from 

α-ketoglutarate since it catalyses the reversible oxidative deamination of glutamate to 

α-ketoglutarate (Plaitakis and Zaganas, 2001). Because alanine is produced by 

transamination of pyruvate with glutamate, and proline is synthesized from glutamate 

via a pyroline-5-carboxylate intermediate (Willet and Burton, 2003), GDH would play 

important roles in osmoregulation by regulate the synthesis of both proline and 

alanine.  

The pacific white shrimp, Litopenaeus vannamei, is a tropical species that has been 

widely cultured in extensive, intensive, and semi-intensive systems (Frías-Espericueta 

et al., 1999), and it has become an attractive cultivar for inland saline water farming in 

many parts of the world including the United States (McGraw et al., 2002), Thailand 

(Saoud et al., 2003) and China (Cheng et al.,2006) in these year. Although L. 

vannamei is euryhaline and able to tolerate a wide range of salinity from 1 to 50 ‰ 

(Pante, 1990), a salinity change does alter its growth performance and physiological 

responses which directly relates to its osmoregulation capacity. Regarding the 

important role of Na+-K+ ATPase in osmoregulation of aquatic animals, its study in 

L.vannamei was only focused on the activities measurement (Pan et al., 2007; Hurtado 

et al., 2007). And for GDH, only some biochemistry characteristics and the activities 

were determined in some crustacean species (Roustiau et al., 1985; Rosas et al., 

2001). Till now, information about GDH and Na+-K+ ATPase gene expression in 

L.vannamei is still limited. 

Although attempts have been made through dietary manipulation of macro-nutrients to 

improve the growth performance and physiological condition of L. vannamei at low 

salinity, little success was achieved. Hurtado et al. (2007) reported that the increase of 
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highly unsaturated fatty acids in the diet did not change the ion regulation at low 

salinity. Roy et al. (2006) also found that the inclusion of cholesterol and lecithin in the 

diet did not improve the growth performance of L.vannamei at low salinity. In contrast, 

Cuzon et al. (2004) reported that high protein diet improved the growth of L. vannamei 

at low salinity because the dietary amino acids could serve as osmotic regulators to 

reduce the energy loss from muscle and promote growth. Therefore, the role of dietary 

protein levels and associated mechanisms on osmoregulation in L. vannamei warrants 

further investigation. 

In this study, we determined the GDH and Na+-K+ ATPase gene expression together 

with the GDH activity in both gill and muscle of L.vannamei fed diets with different 

dietary protein levels, and evaluated the growth responds of these shrimp to ambient 

salinity challenge.  

 

2. Materials and methods 

2.1 Experimental diets 

Three isocaloric diets with three dietary protein levels were formulated, which were 

20%, 40% and 50% respectively. All the experimental diets were prepared by 

thoroughly mixing dry ingredients with oil and then adding water until a stiff dough 

resulted. The dough was then passed though a meat-mincer equipped with a 2 mm 

die, and the resulting spaghetti-like strands were air dried at 60°C. After drying, the 

material was broken up into regular pieces sieved to a convenient pellet size and 

stored at -20°C. 

 

2.2 Experimental design 

Juvenile white shrimps (body weight 3.43±0.32g) obtained from the Multidisciplinary 

unite of research and education in SISAL of Facultad de Ciencias, Universidad 

Nacional Autónoma de México, were held in five fiberglass tanks (12.5 m2) with a 

density of 12 shrimps per m2 at a salinity of 25 ‰ ,and adapted to the experiment diets 

for 1 week prior to start the experiment. After 20 days, 10 shrimps were sampled in 

each tank, and then at once, the ambient salinity in tanks with shrimp fed diets with 

both 20% and 50% were changed to 38 ‰ and 5‰ respectively. And 10 shrimps were 

sampled randomly in each tank at 1week and 2 week after the salinity change. All 

samples were firstly frozen rapidly in liquid nitrogen, and then transferred to -80 � 

refrigerator for further analysis. Water quality parameters were monitored throughout 

the feeding trial, and the growth performance was also recorded and evaluated. The 

indexes for the assessment of growth performance were calculated as follows: 

Weight gain (%) =100× (Wt − W0)/W0, where, W0 is the initial weight and Wt is the 

final weight 

Survival (%) =100× (final shrimp number)/ (initial shrimp number) 

Hepatosomatic index (HSI,%) =100×(liver weight/body weight) 
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2.3 GDH activity assay 

Enzyme assays were performed individually on crude homogenates of each tissue 

following the method proposed by King et al. (1985) and Regnault (1993). Conditions 

of these assays were 850μl 80 mM imidazole buffer, pH 8.0, and 10μl 1M NaCl. We 

used 40 μl enzyme extract and 50μl 20 mM NAD (final volume=1 ml). Enzyme activity 

was determined from the slope of NAD reduction to NADH recorded at 340 nm (

=6.22×10−3) at room temperature using a GESYS spectrophotometer. Supernatant 

protein was estimated by the Bradford method using bovine albumin as a standard 

(Bradford, 1976; Stoscheck, 1990). Results were expressed as mIU (μmol NADH 

formed min−1 mg−1 protein). 

 

2.4 Total RNA extraction and reverse transcription 

Total RNA extractions from gill were carried out according to the TRIZOL protocols 

(Invitrogen). RNA was quantified at 260 and 280 nm using UV-240 spectrophotometer 

(SHIMAZU Corporation, Kyoto, Japan). Before reverse transcription, RNA was treated 

with DNAase (PROMEGA) at 37� for 15 minutes and washed two times. Samples of 

polyadenylated RNA were reverse-transcribed from 1μg of total RNA denatured at 

70� for 5 min. Reactions were carried out in a total volume of 25μl and the volumes of 

the reaction components were as follows: 1μl dNTP(25mM), 0.5μl Oligo dT,5μl Tp 

MMLV, 2.5ul DTT, 0.325μl RNAsine, and 0.675 μl MMLV. The protocol to realize 

reverse transcription was at 25 � for 10 minutes, 42 � for 50 minutes, and 94 � for 5 

minutes.  

 

2.5 Quantitative real time PCR (qPCR) analysis 

mRNA expression of the target genes were measured by qPCR. The specific primers 

for all test genes were designed based on published L. vannamei and P. monodon 

cDNAs (Table 2). All primers were produced by EURO GENTEC Ltd. The qPCR was 

carried out in the iCycler iQ real-time PCR system (Bio-Rad Laboratories, Richmond, 

CA) using SYBR Green. The amplifications were performed in a 96-well plate in a 15 μl 

reaction volume containing 7.5 μl of SYBR Green Master Mix (Bio-Rad), 0.5 μl (each) 

gene-specific forward and reverse primers, 1.5 ul nuclease-free water, and 5 μl of 

cDNA. The thermal profile for SYBR Green PCR was 95 °C for 3 min followed by 40 

cycles of 95 °C for 30 s and 60 °C for 1 min. After PCR amplification, melt-curve 

analysis was conducted using the iCycler iQ Optical System Software (Bio-Rad) to 

confirm that there was one amplified product. The amplified fragments by qPCR were 

controlled both by sequencing and electrophoresis on 1.2 % agarose gels with TAE 

buffer in 1X TAE buffer (Tris–acetic acid–EDTA) with one drop of ethidium bromide. 

 

2.6 Data analysis 

Each numerical measurement was expressed as mean±standard error, and data of 

weight gain and HSI at each sample time was subjected respectively to one-way 

analysis of variance (ANOVA, SPSS for Windows, version 14.0) to determine 
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significant differences among all treatments. The level of significant difference was set 

at P < 0.05. 

 

3. Results 

 

All shrimp survived in this study. The mRNA transcripts to β- actin ratio of both Na+-K+ 

ATPase and GDH of L.vannamei fed diets with three dietary protein levels are 

presented in table 3. Shrimp fed diet with 20% dietary protein had the lowest value. 

Though no significant difference was observed in these treatments, there was a 

tendency of increasing both in Na+-K+ ATPase and GDH mRNA transcripts toβ- actin 

ratio of L.vannamei when dietary protein increased. GDH activities in both gill and 

muscle of L.vannamei were similar to the results of mRNA transcripts of Na+-K+ 

ATPase and GDH with the lowest values observed in shrimp fed diet with 20% dietary 

protein (Table 3). 

Figure 1 presents the weight gain of the shrimp fed the three experimental diets after 

20 days at 25 ppt, and its change after ambient salinity changes for 1 and 2 weeks. No 

significant differences were observed in the weight gains of shrimp after food 

acclimation of 20 days among the treatments at 25 ppt. After ambient salinity change 

one week, significantly higher weight gains were observed in shrimp fed diet with 50% 

dietary protein at 5 ppt and with 40% dietary protein at 25 ppt. And after two weeks, 

shrimp fed diet with 50% dietary protein both at 38 and 5 ppt and fed diet with 40% 

protein at 25ppt were significantly higher than those fed diet with 20% dietary protein 

both at 38 and 5 ppt. 

Figure 2 shows the heptosomatic index (HSI) of L.vannamei food acclimation of 20 

days and its change after the ambient salinity change. No significant difference was 

observed in HSI of L.vannamei fed diets with different dietary protein levels after 20 

days. When ambient salinity changed, shrimp HSI tented to increase significantly in 

the first week, and significantly higher values were observed in L.vannamei fed diet 

with 20% dietary protein at 5 ppt and diet with 50% dietary protein at 38 ppt. While after 

two weeks, the alerted higher HSI values began to recover to a normal level controlled 

as the treatment of shrimp fed diet with 40% dietary protein at 25 ppt, and relatively 

higher HSI value was only observed in shrimp fed diet with 20% protein level at 5 ppt. 

 

4. Discussion 

 

In this study, though no significant difference was observed in both GDH mRNA level 

and activity of L.vannamei fed diets with different dietary protein levels, an increasing 

tendency appeared to be induced in L.vannamei by higher dietary protein. As a control, 

similar changes in Na+-K+ ATPase mRNA level was also found in this study. Since 

Na+-K+ ATPase had been proved to be a key enzyme for osmoregulation by pumping 

Na+ ions into the hemolymph (Towle, 1984), and higher activity usually indicate higher 

osmoregulation capacity, this finding together with that in GDH would indicate that 

GDH might be a practical parameter reflecting the osmoregulation capacity by 
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regulating the alanine and proline synthesis (Plaitakis and Zaganas, 2001), which is in 

consistent with the finding of Arena et al. (submitted) demonstrating that GDH activity 

increased with low salinity adaptation, and meanwhile was amplified by dietary higher 

protein in L.vannamei. While in T.californicus, willet and Burton (2003) demonstrated 

GDH transcription and enzyme activity did not appear to function in the regulation of 

alanine and proline accumulation during hyperosmotic stress, and their previous work 

suggested that the regulation of proline accumulation was not mediated by GDH 

enzyme activity (Burton, 1986,1991). The conflicts of these findings between 

L.vannamei and T.califonicus might be explained by the species difference, but since 

there is a lack of definitive evidence demonstrating the general correlation between 

GDH and osmoregulation capacity, especially in macro crustacean species, whether 

the increasing GDH expression and activity in L.vannamei could reflect higher free 

amino acids metabolism in attempt of shrimp to obtain higher proline and analine to 

meet the osmoregulation demands still need further study. 

The dietary protein requirement of L.vannamei for optimal growth has been obtained 

by many researchers which ranged from 30-36% (Colvin and Brand, 1977; Smith et al., 

1985; Kureshy and Davis, 2002), but no significant higher weight gain was observed in 

L.vannamei fed diet with 40% dietary protein due to the food acclimation time was only 

20 days which was not enough long for determine the difference. However, after 

ambient salinity changed, shrimp fed diets with higher protein showed significant 

higher growth performance compared with that fed diet with 20% dietary protein 

indicating that increasing dietary protein level in the diet of L.vannamei would be a 

practical nutrient modulation method to increase the production of L.vannamei at 

extreme high and low salinity aquaculture, and this finding together with the results of 

GDH and Na+-K+ ATPase confirmed the important function of dietary protein or amino 

acids in osmoregulation of L.vannamei (Cuzon et al., 2004). However, the dietary 

protein requirement of L.vannamei at low salinity less than 5 ppt wasvery limited and 

contravertial. Huang et al.(2004) found that at 2 ppt the dietary protein requirement of 

L.vannamei was 26.70%, while Liu et al (2005) concluded that at 1-3 ppt the optimal 

dietary protein was around 40% which was collaborated by the results in the present 

study in certain degree, but the optimal dietary protein requiement of L.vannamei 

should be further studied. 

In this study, ambient salinity change alerted the HSI which increased after ambient 

salinity change in the first week, and then recovered to a relatively normal level after 

two weeks. A similar increase in digestive gland weight was also reported in 

M.japonicus after a salinity change (Cuzon et al., 2004). The digestive gland index in 

shrimp could reflect the nutrition accumulation and utilization status since the 

hepatopancreas is the major digestive gland and also a sensitive indicator for 

metabolism and nutritional status in various shrimp species (Al-Mohanna and Nott, 

1989; Bautista et al., 1994; Rosas et al., 1995). Therefore, this change indicate that 

shrimp was stimulated by the acute ambient salinity stress to accelerate the nutrient 

metabolism to meet the special nutrient and energy demand, such as hemocyanin 

(Rosas et al., 2001), and the finding of Li et al. (2008) could collaborate this which 

found an escalation of digestive enzyme activities, especially the trypsin activity of 
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L.vannamei occurred at extreme salinities providing direct evidence showing the 

possibility of deriving extra food energy to compensate the energy loss for 

osmoregulation when salinity sways from the physiological optimum. 

Overall, acute ambient salinity change could lead to metabolism acceleration, and 

increase dietary protein level could provide the shrimp with extra energy or amino 

acids to improve osmoregulation capacity and to obtain the maximum growth. 

Glutamate dehydrogenase might be of important function in osmoregulation of 

L.vannamei, but further study should be conducted to confirm the underlying 

mechanism. 
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Tables 

 

Table 1. Experimental diet compositions (g/kg) 

 

Diets 
Ingredients 

CP20  CP40 CP50 

Fish meal 100 300 500 
Soybean meal 50 95 140 
Squid meal 80 90 100 
Fish soluble protein concentrate 50 70 80 
Wheat starch 610 340 70 
Cod liver oil 40 40 40 
Soybean lecithin 10 10 10 
Vitamin Stay Ca 10 10 10 
Vitamin and mineral premixb 30 30 30 
CMC 20 20 20 
Proximate nutritional components 

Crude protein % 24 39 52 

Crude lipid % 9.6 9.4 9.8 

Crude carbohydrate % 49 28 6 

Digestible energyc  16.3 16.5 16.5 
a Ascorbyl phosphate (Stay-C-35% DSM S.A de C.V.). 
b Vitamin and mineral premix provided by DSM, S.A. de C.V. 
c Digestible energy estimated using the following coefficients: 15 kJ for carbohydrates, 

35 kJ for lipids and 23 kJ for protein according to Cuzon and Guillaume, (1997). 
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Table 2. Primers for quantitative real time PCR of GDH and Na+-K+ ATPase of 

L.vannamei. 

 

Target gene Gene Bank # Forward/ Reverse sequence 
(5’ 3’) 

Product (bp) 

AGCAAGGCCATCAACGATCT Na+-K+ ATPase  DQ399796 

GCCCACTGCACAATCACAAT 

122bp 

CTTTCCAGGATCGCATTTCT GDH B EU496492 

AAGCAGCAGTACGGAGATCAA 

141bp 

CGCGACCTCACAGACTACCT β-actin  AF300705 

GTGGTCATCTCCTGCTCGAA 

140bp 

 

 

Table 3. Na+-K+ ATPase and GDH gene expression and GDH activity in both Gill and 

muscle of L.vannamei fed diets with different dietary protein levels after 20 days. 

 

Dietary protein levels Index 

20% 40% 50% 

ANOVA 

P value 

Na+-K+ ATPase 0.31±0.04 0.34±0.02 0.33±0.03 0.235 

GDH 0.16±0.02 0.20±0.05 0.22±0.04 0.587 

Gill GDH activity 2.30±0.31 3.00±0.20 2.48±0.50 0.249 

Muscle GDH activity 14.30±1.92 16.69±0.49 18.43±2.37 0.151 
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Figure 1. Weight gain of L.vannamei fed the three experimental diets after 20 days at 

25 ppt, and its change after ambient salinity changes for 1 and 2 weeks. Bars sharing 

different letters in each sampling time are significantly different (P < 0.05). 
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Figure 2. HSI of L.vannamei fed the three experimental diets after 20 days at 25 ppt, 

and its change after ambient salinity changes for 1 and 2 weeks. Bars sharing different 

letters in each sampling time are significantly different (P < 0.05). 
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