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Article
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Chinese Mitten Crab (Eriocheir sinensis)
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Abstract: In order to explore the effects of glutamate on the growth performance, antioxidant
capacity and protein metabolism of juvenile Chinese mitten crab. 0%, 1% and 2% glutamate were
supplemented to low protein (30%) and normal protein (35%) diets respectively. There were 5
parallel tanks in each treatment, and the feeding duration was 8 weeks. The results showed that
dietary glutamate did not significantly affect the weight gain of Chinese mitten crab. Diets
supplemented with 2% glutamate significantly decreased the crude protein of crabs. The T-AOC of
crabs fed the 30% protein diets was significantly lower than crabs fed the 35% protein diets. At 30%
protein level, the superoxide dismutase (SOD) activity significantly increased with the increase of
glutamate content. Dietary glutamate significantly down-regulated the relative expressions of
mTOR, PI3K, S6K1 and 4EBP at 35% protein level. In conclusion, dietary glutamate cannot
significantly increase the growth of Chinese mitten crab, but it can improve the antioxidant capacity
in Chinese mitten crab under low protein condition.

Keywords: Glutamate; protein level; growth performance; antioxidant capacity; Chinese mitten
crab

Key Contribution: 1. Dietary glutamate cannot significantly increase the growth of Chinese mitten
crab. 2. Dietary glutamate can improve the antioxidant capacity in Chinese mitten crab under low
protein condition.

1. Introduction

Glutamate is a functional amino acid which plays an important physiological role in the growth
of animal [1-3]. Glutamate is the main source of energy for the animals due to it is an intermediate in
the metabolism of amino acids [4,5]. Therefore, dietary supplementation with glutamate can improve
the growth performance of animals. It has been reported that dietary 1.5 % glutamate effectively
improved the weight gain of Atlantic salmon [6]. Some similar studies were widely reported in
Tilapia and Salmon or the other fish species [7,8]. In addition, glutamate can promote protein
synthesis, thereby improving the efficiency of protein utilization in animals [9,10]. It has been
reported that dietary glutamate improved the protein retention in godhead bream [11]. Glutamate
occupies a central position in the metabolism of amino acids, although it is a nonessential amino acid
[12,13]. Diets supplemented with an appropriate amount of non-essential amino acids can save the
catabolism of some essential amino acids and improve feed utilization [14]. When there is insufficient
protein in the diet or amino acid imbalance, alanine, glutamate, glutamine and aspartate in the gut
of mice are preferentially used as energy substrates [15,16]. For example, juvenile herring
preferentially use glutamate as an energy substrate, thereby saving the consumption of essential
amino acids for protein synthesis [4]. Therefore, diets supplementation with glutamate can improve
the growth performance and save dietary protein in fishes and mammals.

Besides, glutamate is the metabolic precursor of glutathione which is the biologically active
molecule [3]. So, it plays an important role in the antioxidant capacity [17]. Some studies have
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reported that dietary glutamate can provide materials for glutathione synthesis [18,19]. In addition,
glutamine-derived glutamate can be converted to glutamate-y-semialdehyde under the catalysis of
dihydropyrrole-5-carboxylic acid synthase, which spontaneously generates dihydropyrrole-5-
carboxylic acid and degrades to proline [20]. Proline has been reported to eliminate free radicals,
which can improve the antioxidant capacity of animals [21]. Moreover, glutamate can increase the
activities of several antioxidant enzymes in animals [22]. A study reported that dietary glutamate
reduced the activity of plasma alanine aminotransferase (ALT) and up-regulated the expression of
antioxidation-related genes in Atlantic salmon (Salmo salar L.), indicating that glutamate has a
positive effect on the antioxidant capacity and liver health of Atlantic salmon [6]. Similarly, glutamate
increased the activities of SOD, GPX, and GST in muscle of Cyprinus carpio var. Jian, thereby reducing
muscle lipid peroxidation and improving muscle quality [23]. However, most studies have focused
on mammals or fishes, and it has not been reported in crustaceans.

In recent years, with the rapid development of aquaculture, feed protein resources such as fish
meal and soybean meal have become increasingly scarce and their prices have been rising [24,25].
How to reduce the amount of feed protein and improve protein utilization is an important direction
to maintain the sustainable development of aquaculture. Dietary protein deficiency can result in a
large amount of essential amino acids being used for the synthesis of non-essential amino acids, and
thereby reducing the utilization efficiency of amino acids [26,27]. Therefore, this study aimed to
investigate the effects of glutamate on growth performance and antioxidant capacity of juvenile
Chinese mitten crab Eriocheir sinensis fed with low protein diets or normal protein diets.

2. Materials and Methods

2.1. Experimental Diets

Six experimental diets were formulated by gradient supplementation 0%, 1% and 2% glutamate
were supplemented to low protein (30%) and normal protein (35%) diets respectively. The
formulation and proximate composition of the experimental diets are shown in Table 1.

The ingredients were finely ground and sieved through a 60-mesh strainer. The ingredients were
weighed according to the formula and mixed using an electric mixer. The oil and distilled water were
subsequently added to make a dough. Finally, the dough was pelleted using a screw-press pelletizer.
The pellets were air-dried to the moisture content was < 10%. After drying, diets were stored at -20
°C.

Table 1. Formulation and proximate composition of the experimental diets (dry matter, %).

Experimental diets
Ingredients 30% Protein30% Protein30% Protein35% Protein35% Protein35% Protein
0% Glu 1% Glu 2% Glu 0% Glu 1% Glu 2% Glu

Ingredients

Fish meal 21 21 21 245 245 24.5
Gelatin 3 3 3 3.5 3.5 3.5
Casein 12 12 12 14 14 14
Corn starch 26 26 26 26 26 26
Fish oil 2.5 2.5 2.5 2.5 2.5 2.5
Soybean oil 2.5 2.5 2.5 2.5 2.5 2.5

Arginine 2 2 2 2 2 2
Methionine 0.5 0.5 0.5 0.5 0.5 0.5
Lysine 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin premix 2 15 15 15 15 15 15
Mineral premix® 1.5 1.5 1.5 1.5 1.5 1.5

Soybean lecithin 2 2 2 2 2 2
Cholesterol 0.5 0.5 0.5 0.5 0.5 0.5

Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
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Betaine 2 2 2 2 2 2
Butylated 0.1 0.1 0.1 0.1 0.1 0.1
hydroxytoluene
Sodium carboxymethyl 5 5 5 5 » ”
cellulose
Glutamate 0 1 2 0 1 2
Cellulose 19.9 18.9 17.9 13.9 12.9 11.9
Proximate analysis (%)
Moisture 6.36 6.69 6.32 6.31 6.50 6.70
Crude protein 30.52 30.75 31.52 35.58 36.58 37.62
Crude lipid 8.68 8.59 8.63 9.56 9.47 9.62
Ash 4.81 4.92 5.00 5.53 5.61 5.29

2 Vitamin premix (per 100 g premix): Ca pantothenate, 0.3 g; para-aminobenzoic acid, 0.1 g; cholecalciferol, 0.0075
g; riboflavin, 0.0625 g; menadione, 0.05 g; ascorbic acid, 0.5 g; biotin, 0.005 g; retinol acetate, 0.043 g; folic acid,
0.025 g; pyridoxine hydrochloride, 0.225 g; thiamin hydrochloride, 0.15 g; niacin, 0.3 g; a-tocopherol acetate, 0.5
g; The remaining part will be used oa-cellulose to 100 g. ® Mineral premix (per 100 g premix): KI, 0.023 g;
CuCl22H:0, 0.015 g; Ca(H2POs)2, 26.5 g; MnSO+ 6H20, 0.143 g; AICls-6H20, 0.024 g; KH2POs, 21.5 g; NaH2POs,,
10.0 g; CoCl26H20, 0.14 g; KCl, 2.8 g; ZnSO+-7H20, 0.476 g; Calcium lactate, 16.50 g; CaCOs, 10.5 g; MgSO4-7H20,
10.0 g; Fe-citrate, 1 g; The remaining part will be used a-cellulose to 100 g.

2.2. Feeding Trial, Sampling and Growth Evaluation

Juvenile crabs were obtained from a farm in Huzhou. Crabs were acclimatized to the
experimental conditions in 300 L tanks (100 x 80 x 60 cm) before the feeding trial. A total of 600 female
crabs (0.4 = 0.01 g, mean + SE) were weighed and put into 30 tanks (100 x 80 x 60 cm) and each tank
containing 20 crabs. Each experimental diet was randomly allotted to 5 tanks. Three plastic nets were
placed in each tank as shelters to reduce attacking behavior. Diets with a daily ration of 4% body
weight were hand-fed to crabs three times at 6:00, 18:00. Feces were removed in the morning (09:00),
and the water of 30% tank volume was exchanged daily. Dead crabs were immediately removed from
the tank, weighed and recorded. Feed intake of each tank was recorded throughout the trial period.
During the experimental period, the experimental water temperature in the tanks varied from 25 °C
to 27 °C, the dissolved oxygen concentration was >7 mg/L, the ammonia nitrogen was < 0.05 mg/L.

After 56 d feeding trial, crabs were euthanized, five crabs were sampled randomly from each
tank for proximate nutrient composition. Following, six crabs were sampled randomly and the
hepatopancreases were frozen in liquid nitrogen and kept at ultra-low temperature freezer for
enzyme activity, gene expression and nutrient composition analyses.

Weight gain, specific growth rate and hepatopancreas index were calculated using the formulas
as below:

Weight gain (WG, %) = (final crab weight - initial crab weight) x 100/initial crab weight
Specific growth rate (SGR, %) =100 x (LN final weight - LN initial weight) / days

Hepatopancreas index (%) = hepatopancreas weight of crab/whole crab weight x 100

2.3. Chemical Composition Analysis

Chemical compositions of the experimental diets and crabs were measured according to the
standard procedures for proximate composition analysis [28]. Four duplicate samples were measured
in each treatment. Moisture was determined after oven dry at 105 °C. Crude protein was quantified
using the Kjeltec™ 8200 (Foss, Hoganas, Sweden). Crude lipid was extracted using a 1000 mL Soxhlet
extraction tube (Fujian minbo toughened glass Co. Ltd., Fujian, China). Ash was analyzed using a
muffle furnace (PCD-E3000 Serials, Peaks, Japan) at 550 °C for 6 h.
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2.4. Analysis of Biochemical Parameters in the Hepatopancreas

The biochemical parameters in the hepatopancreas were measured using commercial assay kits
(Nanjing Jiancheng Bioengineering Institute, Nanjing, China) in accordance with the instructions of
the manufacturer. The source and information of each kit used in this study were as follows: total
antioxidant capacity (T-AOC; Cat. No. A015-2), superoxide dismutase (SOD; Cat. No. A001-1),
glutathione peroxidase (GPX; Cat. No. A005-1-2), glutathione S-transferase (GST; Cat. No. A004-1-1),
pyruvate (Pyruvate; Cat. No. A081-1-1), glutaminase (GLS; Cat. No.A124-1-1), glutamine synthetase
(GS; Cat. No. A047-1-1), glutamate dehydrogenase (GDH; Cat. No. A125-1-1).

2.5. Analysis of Gene Expression

Total RNA was extracted from the hepatopancreas using the RNAiso Plus (CAT # 9109, Takara,
Japan). The total RNA concentration and quality were estimated using the Nano Drop 2000
spectrophotometer (Thermo, USA). If the ratio of A260/A280 was between 1.8 to 2.0, the sample was
used for reverse transcription using a PrimeScript™ RT master mix reagent kit (Perfect Real Time,
Takara, Japan). The specific primers for the genes of E. sinensis were designed based on the
transcriptome sequencing results and NCBI data base using NCBI Primer BLAST (Table 2). The RT-
PCR amplification reactions were performed in a volume of 10 uL containing 5 pL 2xSYBR Premix
Ex TaqTM, 0.25 pL of 10 mM forward primer, 0.25 uL of 10 mM reverse primer and 4.5 pL of diluted
cDNA, using CFX96 Real-Time PCR system (Bio-rad, Richmond, CA). PCR conditions were as
follows: 94 °C for 3 min, and following 40 cycles at 94 °C for 15 s and 60 °C for 50 s, and 72 °C for 20
s. Samples were run in quintuplicate and normalized with the control gene B-actin and
glyceraldehyde-phosphate dehydrogenase (GAPDH). The gene expression levels were calculated by
geometric averaging of multiple internal control genes [29].

Table 2. Sequences of primers.

Primers name Sequences (5'-3") Product size References
WIORR  ATCTCGGGGATGTCCTGIGA  159%P MTo20347.1
PKR  ACACTATGCTIGOTCAGGGC  MIPP 147204
AMPDR  COGAACAGGTICTCGAGGAA 160 143459 g
AKTR  CACITGOGGTITGAAAGGCG  MPP Kv709138.1
SKIR  TOCCACACCAATGAACCCTT ~ ISHPP  XMOS08SS088.
(MBPR  ACCCGICAGCTICITAAGCC  19PP  XMOS08S6S47
GLDHR _ CGAAGCATCTTGOCACCAAC _ UISPP  XML0SOS326061

2.6. Statistical Analysis

Statistical analysis was performed using the SPSS 26.0 for Windows (SPSS, Michigan Avenue,
Chicago, IL, USA). All data were subject to normality test and homogeneity of variance by using
Shapiro-Wilk and Levene's equal variance tests, respectively. Data were analyzed by two-way
analysis of variance (ANOVA) to determine if there was any interaction between dietary protein level
and glutamate level. At the same protein condition, one-way analysis of variance (ANOVA) was used
to analyze the significant differences among crabs fed the diets with different glutamate level after
normality test and homogeneity of variance. When the means of each treatment were significantly
different, Duncan’s multiple range test was used to compare means among these treatments. At the
same glutamate level, independent-samples T test was used to determine significant differences
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between crabs cultivated at different protein levels. Significance was set at P < 0.05. The data were
represented as the mean + standard error of mean (S.E.).

3. Results

3.1. Growth Performance

At 30% protein level, diets supplemented with 1% and 2% Glutamate slightly increased the
weight gain (WG) and Specific growth rate (SGR) of crabs (P > 0.05). However, at the 35% protein
level, the WG and SGR of crabs significantly decreased with the increasing dietary glutamate, and
the WG and SGR of crabs fed the 2% glutamate diet was significantly lower than the control crabs (P
< 0.05). At 30% protein level, the hepatopancreas index (HSI) of crabs fed the 1% glutamate was
significantly higher than the crabs fed the diets containing 0% and 2% glutamate (P < 0.05). At the
35% protein level, dietary glutamate did not significantly affect the HSI of crabs (P > 0.05). There were
no significant interactions between dietary protein level and glutamate levels based on the WG, SGR
and HSI (P > 0.05).

Table 3. Effects of glutamate on the growth performance of juvenile Chinese mitten crab.

Parameters
Diets Weight gain (%) Specific growth rate (% day?) Hepatopancreas index (%)
30% Protein-0% Glu  283.59+76.72 2.29+0.37 8.62+2.72b
30% Protein-1% Glu  327.91+73.45 2.48+0.32 12.4+0.952
30% Protein-2% Glu ~ 328.53+67.74 2.49+0.29 8.46+1.63>
35% Protein-0% Glu ~ 375.2+59.484 2.68+0.224 8.98+1.6
35% Protein-1% Glu ~ 315.42+66.244P 2.44+0.2748 8.28+1.34
35% Protein-2% Glu  265.83+106.388 2.17+0.55% 9.83+0.75
Two-way ANOVA (P value)

Protein NS NS NS

Glu NS NS NS

Protein x Glu NS NS NS

The different lowercase letters in the table indicate that there are significant differences among
crabs fed with different glutamate diets at 30% protein (P <0.05). Different capital letters indicate that
there are significant differences among crabs fed with different glutamate diets at 35% protein (P <
0.05), the same below.

3.2. Nutrient Composition of Crabs

As showed in the Table 4, dietary glutamate did not significantly affect the moisture, ash, and
crude lipid of crabs fed with the diets under both 30% and 35% protein levels (P > 0.05). There was a
significant main effect of dietary glutamate on crude protein content (P < 0.05). At 30% protein level,
the crude protein content of crabs fed the 2% glutamate diets was significantly higher than crabs fed
the diets containing 0% and 1% glutamate (P < 0.05). At 35% protein level, the crude protein content
of crabs fed the 0% glutamate diets was significantly higher than crabs fed the diets containing 2%
glutamate (P <0.05).

Table 4. Effect of glutamate on the whole-body composition of juvenile Chinese mitten crab.

Parameters
Diets Moisture (%) Ash (%) Crude protein (%)  Crude lipid (%)
30% Protein-0% Glu 66.18+2.16 11.88+0.21 14.19+0.137 6.12+0.23
30% Protein-1% Glu 66.54+3.15 12.01+0.42 14.14+0.337 5.89+0.16
30% Protein-2% Glu 66.28+1.11 11.96+0.25 13.34+0.24° 5.95+0.32

35% Protein-0% Glu 66.82+3.74 12+0.33 13.94+0.262 6.1+0.48
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35% Protein-1% Glu 66.13+1.65 12.08+0.49 13.76+0.1128 6.03+0.23
35% Protein-2% Glu 66.19+3.69 11.96+0.47 13.26+0.438 5.81+0.67
Two-way ANOVA (P value)
Protein NS NS NS <0.05
Glu NS NS <0.01 NS
Protein x Glu NS NS NS NS

3.3. The Actiities of Enzymes Related to Antioxidant Capacity in the Hepatopancreas

Dietary glutamate did not significantly affect the total antioxidant capacity (T-AOC) of crabs fed
with the diets under both 30% and 35% protein levels (P > 0.05). However, the crude protein content
of diets has a significant main effect on the T-AOC (P < 0.05). The T-AOC of crabs fed the 30% protein
diets was significantly lower than crabs fed the 35% protein diets (P < 0.05). At 30% protein level, the
superoxide dismutase (SOD) activity significantly increased with the increase of glutamate content
(P <0.05). But At 30% protein level, dietary glutamate did not significantly affect the SOD of crabs (P
> (0.05). Under the 2% glutamate condition, the SOD activity in the hepatopancreas of crabs fed the
30% protein was significantly higher than crabs fed the 35% protein (P < 0.05). At 30% protein level,
the glutathione peroxidase (GPX) and glutathione S-transferase (GST) of crabs fed the 1% glutamate
diets were significantly lower than crabs fed the 0% and 2% glutamate diets (P <0.05). At 35% protein
level, dietary glutamate did not significantly affect the activities of GPX and GST (P > 0.05).

Two-way ANOVA | Two-way ANOVA
Protein effect | Glu effect | Protein*Glu Protein effect | Glu effect | Protein*Glu
P=0.000 P=0.068  P=0.293 P=0.159 P=0.000 | P=0.004
*

=

100 2.5
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e M 1%Glu
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Figure 1. Effects of glutamate on the antioxidant capacity in the hepatopancreas of juvenile Chinese
mitten crab. The asterisk (*) indicates that there are significant differences among different protein
level groups with the same amount of glutamate (* means P < 0.05, ** means P < 0.01, *** means P <
0.001), the same below.
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3.4. The Amino Acid Metabolism in the Hepatopancreas

Dietary glutamate did not significantly affect the pyruvate, glutamine synthetase and glutamate
dehydrogenase of crabs fed with the diets under both 30% and 35% protein levels (P >0.05). However,
the crude protein content of diets has a significant main effect on the pyruvate (P < 0.05). At 30%
protein level, the activity of glutaminase was significantly higher in crabs fed the 1% glutamate diets
(P <0.05). At 35% protein level, dietary glutamate did not affect the activity of glutaminase (P > 0.05).

A Two-way ANOVA B Two-way ANOVA
Protein effect | Glu effect | Protein*Glu Protein effect | Glu effect | Protein*Glu
P=0.019 P=0.566 | P-0.256 P=0.004 P=0.494 | P-0.027
TB' *
- = 49 | o
s 154 * & M 0% Glu
g E 5 M 1% Gl
)
E 1.0 £ M 2% Glu
: £+
Z 2
27 g 11
= =
> £
1;_ y E od
A 30% protein 35% protein 30% protein 35% protein
Two-way ANOVA Two-way ANOVA

Protein effect | Glu effect | Protein*Glu
P=0.125 P=0.678 | P=0.167

Protein effect | Glu effect | Protein*Glu
P=0.177 P=0.108 P=0.865

.1) O

0=

30% protein 35% protein

30% protein 35% protein

Glutamine synthetase (umol mgprot
Glutamate dehydrogenase (U mgprot'l) c el

Figure 2. Effects of glutamate on the amino acid metabolism in the hepatopancreas of juvenile Chinese

mitten crab.

3.5. The Protein Metabolism in the Hepatopancreas

At 30% protein level, dietary glutamate did not affect the relative expressions of mTOR, S6K1
and 4EBP (P > 0.05). However, at 35% protein level, dietary glutamate significantly down-regulated
the relative expressions of mTOR, PI3K, S6K1 and 4EBP (P < 0.05). At 30% protein level, dietary
glutamate significantly down-regulated the relative expressions of PI3K (P < 0.05). The crude protein
content of diets has a significant main effect on the relative expressions of 4EBP (P <0.05). The relative
expressions of 4EBP of crabs fed the 30% protein diets was significantly lower than crabs fed the 35%
protein diets (P < 0.05).
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Figure 3. Effects of glutamate on the protein metabolism related genes in the hepatopancreas of
juvenile Chinese mitten crab. mTOR: Mammalian target of rapamycin; PI3K: Phosphatidylinositide 3-
kinases; S6K1: Ribosomal protein S6 kinase 1; 4EBP: e IF4E-binding protein.

4. Discussion

Glutamate plays an important physiological role in the growth of animal [1-3]. Some previous
studies reported that dietary glutamate can improve the weight gain of fishes [6-8]. However, in the
present study, dietary glutamate did not significantly affect the weight gain and specific growth rate.
Moreover, dietary glutamate significantly decreased the growth of Chinese mitten crab. This result
was different from grass carp [30], golden head snapper [11] and Atlantic salmon [6]. The differences
may be caused by species specificity. Some previous studies reported that glutamate can significantly
increase the hepatosomic index of aquatic animals [7]. Similar results were also found in the present
study, where 1% glutamate supplemented to the diet with 30% protein level significantly increased
the hepatopancreas index of juvenile Chinese mitten crab. Growth is closely related to the
accumulation of nutrients in animals. A study reported that dietary glutamate increased the crude
lipid content in the gold head snapper (Sparus aurata) [11]. Besides, it has been reported that dietary
glutamate can improve protein content and lipid content of grass carp (Ctenopharyngodon idella) [30].
In the present study, dietary glutamate did not significantly affect the moisture, ash, and crude lipid
of crabs fed with the diets under both 30% and 35% protein levels. Even worse, 2% glutamate
significantly decreased the crude protein of Chinese mitten crab. The differences may be caused by
species specificity. Unfortunately, glutamate has been poorly studied in crustaceans. Therefore, the
expression of genes involved in protein synthesis in the hepatopancreas of the crab was further
investigated in the present study. The results indicated that dietary glutamate significantly down-
regulated the relative expressions of mTOR, PI3K, S6K1 and 4EBP of crabs fed the diets containing
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35% protein, which indicated that dietary glutamate inhibits the protein synthesis by inhibiting
mTOR pathway in Chinese mitten crab. These results were consistent with those of body composition.
In summary, dietary glutamate decreased the growth and protein content of Chinese mitten crab by
regulating the mTOR pathway.

Previous studies have demonstrated that low protein diet can lead to oxidative stress in Chinese
mitten crabs [31]. In the present study, The T-AOC of crabs fed the 30% protein diets was significantly
lower than crabs fed the 35% protein diets, which is consistent with those of other studies. GSH-PX
and GSH-ST are required by the endogenous antioxidant defense system to scavengers oxygen free
radicals and maintain cellular Redox balance [32]. In the present study, dietary glutamate did not
significantly affect the GSH-PX and GSH-ST, which indicated that glutamate did not improved the
GSH enzyme system. However, SOD activity significantly increased with the increase of glutamate
content. This result indicated that dietary glutamate can improve the activity of SOD, thereby
increasing the antioxidant capacity in Chinese mitten crab under low protein condition.

5. Conclusions

Dietary glutamate cannot significantly increase the growth of Chinese mitten crab, but it can
decrease the growth and protein content of Chinese mitten crab by regulating the mTOR pathway.
However, dietary glutamate can improve the activity of SOD, thereby increasing the antioxidant
capacity in Chinese mitten crab under low protein condition.
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