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Abstract 

Amylase is the main digestive enzyme in crustaceans, and plays extremely important roles in 
metabolism, growth and development. Some studies have also shown that amylase may play a role in 
the immune defense system of aquatic organisms. In this study, a novel α-amylase gene (designated 
as EsAMY) was cloned and identified from Chinese mitten crab Eriocheir sinensis. The complete cDNA 
sequence of EsAMY contained a 5' untranslated region (UTR) of 39 bp, a 3' UTR of 70 bp with a polyA 
tail, and an open reading frame (ORF) of 1554 bp encoding a polypeptide of 517 amino acids with the 
predicted molecular weight of 56.9 kDa. The deduced amino acids sequence of EsAMY contained 
conserved cysteine site, active catalytic site, calcium binding site and chloride binding site, which was 
similar with previously identified α-amylase genes in other species. Quantitative real-time PCR (qPCR) 
analysis showed that EsAMY transcripts were detectable in all the tested tissues, with the highest 
mRNA expression levels in hemocytes. Both Aeromonas hydrophila and polybrominated diphenyl 
ether-47 (BDE-47) stimulation could significantly induce the mRNA expression of EsAMY gene in 
hemocytes, and its responses to A. hydrophila was more intense than those of BDE-47. These results 
indicate that EsAMY is a new member of the amylase family and may be involved in the immune 
response of Chinese mitten crab to both invasive microorganisms and external pollutant stimulation. 
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Introduction 

 
The nutrients required for the growth, 

development and reproduction of marine 
invertebrates are basically derived from the 
digestion of food or stored nutrients by digestive 
enzymes (Lemoine et al., 1997). Amylase is a 
general term for a class of digestive enzymes that 
hydrolyze glycosides in starch and glycogen. 
According to the different isomerism types of 
enzymatic hydrolysates, they are usually divided into 
three categories: α-amylase (EC 3.2.1.1), β-amylase 
(EC 3.2.1.2) and γ-amylase (EC 3.2.1.3) (Cupta et 
al., 2003). Among these categories, α-amylase is the 
most common type, and is an important 
carbohydrate hydrolase in the digestive gland of 
aquatic organisms (Huang et al., 2016). The strength 
of its secretory function directly affects the digestion 
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ability of organisms to food, thus affecting other 
physiological processes such as growth and 
reproduction (Deng et al., 2018). Therefore, 
α-amylase plays an important role in carbohydrate 
metabolism in the digestive system of marine 
invertebrates. At present, α-amylase gene has been 
identified from a variety of marine invertebrates. For 
example, the α-amylase activity of a variety of liver 
extracts were determined in crustaceans, which 
demonstrated that α-amylase activity is high in some 
shrimps and crabs (Vanwarmhoudt et al., 1995). 
Studies on fish have revealed that the level of 
α-amylase activity is related to intestinal filling and 
nutritional conditions of animals. The level of 
α-amylase in fish is higher when the fish is full, and 
the juvenile fish is higher than the adult fish (Garuso 
et al., 2008). Based on the study on correlation 
among α-amylase gene polymorphism, growth traits 
and digestive characteristics of Crassostrea gigas, it 
was also found that α-amylase gene had a 
significant effect on the feeding and absorption 
efficiency of oysters, which in turn affected the 
growth of oysters (Huvet et al., 2008). In addition, it 
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was found that the polymorphism of α-amylase gene 
was significantly correlated with the growth of 
oysters and considered that the molecular markers 
of amylase gene had potential application value in 
breeding (Purdence et al., 2006). 

In addition to its role in digesting starch 
components, α-amylase is also found to be involved 
in immunosuppression and responses to hormones 
(Slater et al., 1993). Some studies have shown that 
amylase can respond to the stimulation of external 
stress factors. For example, a study investigated the 
effect of environmental salinity on the expression of 
α-amylase in the hepatopancreas of Neohelice 
granulate, and showed that salinity acclimation had 
a significant effect on the expression of α-amylase 
and total amylase activity (Asaro et al., 2018). In 

addition, studies have shown that α-amylase is 
involved in the defense against pathogens by 
destroying the cell membrane structure of 
Porphyromonas gingivalis, which leads to cell death 
(Furukawa et al., 2013). 

Eriocheir sinensis is an important marine 
economic species with the advantages of fast growth, 
strong adaptability, delicious taste and high 
nutritional value. With the continuous expansion of 
intensive farming scale, a variety of diseases caused 
by bacteria, viruses and other microorganisms 
frequently appear in crabs, causing huge economic 
losses (Li et al., 2008). Since crabs only have innate 
immunity, the various diseases cannot be prevented 
or treated by vaccines (Wang et al., 2016). 
Therefore, understanding the innate immune 

defense mechanisms of crabs may help develop 
better disease control strategies in species breeding. 
The intestine is one of the significant organs in the 
digestive system, accumulated experimental studies 
have shown that local intestinal immunity is an 
important factor in maintaining the overall health of 
aquatic animals. For example, studies have revealed 
the relationship between the gastrointestinal tract 
microbiota and intestinal health by activating 
lymphocyte T and B cells in epithelial cells, 
indicating that intestinal immunity is one of the 
crucial ways to solve the problem of aquatic 
diseases (Dawood, 2021). It has also been reported 
that the intestinal immune genes of E. sinensis may 
be involved in the regulation of intestinal bacterial 
community, revealing that the intestinal bacterial 
community in E. sinensis was closely related to 
intestinal immunity (Gai et al., 2009). 

Therefore, this study takes amylase gene as the 
entry point to explore the function of intestinal genes 
in the innate immunity of Chinese mitten crab, in 
order to more effectively and deeply understand the 
important role of amylase genes in immune defense. 
The main purpose of this study is to: (1) obtain the 
full-length cDNA sequence of α-amylase gene 
(named as EsAMY) from Chinese mitten crab, and 
analyze its sequence characteristics, (2) investigate 
the tissue distribution of EsAMY mRNA transcripts 
and their temporal expression profiles after 
Aeromonas hydrophila or polybrominated diphenyl 
ether-47 (BDE-47) attacked, (3) predict the potential 
functions of EsAMY in the defense system of crab. 

 
 
 
 
 
 
Table 1 Primer sequences used in the experiments 

 

Primer Sequence (5’-3’) Brief information 

adaptor primer GGCCACGCGTCGACTAGTAC Anchor primer for RACE 

adaptor primer-oligo (dT) GGCCACGCGTCGACTAGTACT17VN cDNA synthesis for 3’-RACE 

adaptor primer-oligo (dG) GGCCACGCGTCGACTAGTACG10HN Anchor primer for 5’-RACE 

EsAMY-RACE-F1 CAACTCGGGATCCGGCGATATCGAGAA Gene specific primer for RACE 

EsAMY-RACE-F2 AGATTAAGGACTACTTGAACAAGCTGA Gene specific primer for RACE 

EsAMY-RACE-R1 GAGATCTGCACGCCAGCAAAGCCTCTA Gene specific primer for RACE 

EsAMY-RACE-R2 GTCCCACTGGGCATTGGCGGACCCCAA Gene specific primer for RACE 

EsAMY-CDS-F ATGATCCGAGTGGTCGATGCTGCG Gene specific primer for CDS 

EsAMY-CDS-R TTACAGCTTGGAGTTGGCGTGGAT Gene specific primer for CDS 

EsEF-1α-qRT-F CGAGGTGATGAGATTAAGGTGTG Internal control for real-time PCR 

EsEF-1α-qRT-R CAAAGGAAATTGTTAGCGAGTGAC Internal control for real-time PCR 

EsAMY-qRT-F GATAGTTACAACACCCTCAGCC Gene specific primer for real-time PCR 

EsAMY-qRT-R CCACCAGTCGTTCATGTCC Gene specific primer for real-time PCR 

M13-47 CGCCAGGGTTTTCCCAGTCACGAC Vector primer for sequencing 

RV-M GAGCGGATAACAATTTCACACAGG Vector primer for sequencing 
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Materials and methods 
 
Experimental crabs, stimulation assay, and samples 
collection 

Healthy adult Chinese mitten crabs were 
collected from an aquatic farm in Yancheng, China, 
with an average body weight of 50 ± 5 g. They were 
cultured in aerated seawater at 20-25 °C for two 
weeks before processing. To determine the tissue 
distribution of EsAMY mRNA transcripts, nine 
tissues were collected from five untreated Chinese 
mitten crabs to study the tissues-specific expression 
of EsAMY, including gill, gonad, heart, 
hematopoietic tissue, hemocytes, hepatopancreas, 
muscle, optic stalk and stomach. To determine the 
immune responses of EsAMY, approximately 450 
crabs were employed for the stimulation assay. The 
crabs were randomly divided into three groups: two 
experimental groups and a control group. The crabs 
of control group received no special treatment. The 
two experimental groups were immersed in A. 
hydrophila at a final concentration of 1.0×107 
CFU/mL or BDE-47 at a final concentration of 0.8 
mg/L. Samples were taken at 0 h, 3 h, 6 h, 12 h, 1 d, 
2 d, 3 d, 4 d and 5 d post stimulation, with 5 
replications at each time point and each replication 
was a mixture of 3 individuals. Hemolymph was 
collected from the last leg of each of the five groups 
of Chinese mitten crabs using a sterile syringe 
preloaded with equal volume of anticoagulant buffer 
(NaCl 510 mM, glucose 115 mM, citric acid 200 mM, 
trisodium citrate 30 mM and EDTA·2Na 10 mM, pH 
7.3), then centrifuged at 800 × g at 4 °C for 10 
minutes and immediately frozen in liquid nitrogen 
then stored at -80 °C until RNA isolation. 
 
Total RNA extraction and cDNA synthesis 

Total RNA was extracted from different tissues 
using RNAiso Plus (9108, Takara, Japan). RNA 
degradation and contamination were monitored on 
1.5% agarose gel. The quality and quantity of RNA 
was examined using NanoDrop 2000c (Thermo 
Fisher, USA). The first strand cDNA was 
synthesized using PrimeScript RT reagent Kit with 
gDNA Eraser (RR470A, Takara, Japan) with RNA 
samples and adaptor primer-oligo (dT) as template 
and prime. The reactions were performed at 37 °C 
for 15 min, heated to 85 °C for 5 s, and then a 
homopolymeric tail was added using Terminal 
Deoxynucleotidyl Transferase (2230A, Takara, 
Japan). 
 
Cloning and sequencing of EsAMY cDNA 

All of the E. sinensis EST sequences in NCBI 
database were annotated using BlastX, and an EST 
(GenBank Accession Number FG359429) 
homologous to previous identified amylase genes 
was selected for further gene cloning (Jiang et al., 
2009). The full-length cDNA of EsAMY was cloned 
by the rapid amplification of cDNA ends (RACE) 
technique using Premix Ex Taq Hot Start Version 
(RR030A, Takara, Japan). The 5'-terminal-region of 
EsAMY cDNA was determined by 5'-RACE, primer 
EsAMY-RACE-R1 were used for the first round of 
PCR, and EsAMY-RACE-R2 was used for the 
second round (Table 1). The 3'-terminal-region of 
EsAMY cDNA was determined by 3'-RACE, primer 

EsAMY-RACE-F1 were used for the first round of 
PCR, and EsAMY-RACE-F2 was used for the 
second round (Table 1). The coding sequence (CDS) 
of EsAMY was amplified and confirmed by two other 
gene-specific primers EsAMY-CDS-F/R (Table 1) 
using Premix Taq (LA Taq Version 2.0, RR900A, 
Takara, Japan). The PCR product was gel-purified, 
inserted into pMD-18T cloning vector (6011, Takara, 
Japan), and transformed into Escherichia coli strain 
DH5α (CB101, Tiangen, China). The positive 
recombinants were identified through anti-Amp 
selection and PCR screening and sequenced with 
M13-47 and RV-M primers. All the PCR amplification 
was performed in a TP600 PCR Thermal Cycler 
(Takara, Japan). 
 
Bioinformatics analysis of EsAMY 

The search for nucleotide and amino acid 
sequence homologs was conducted with Blast 
algorithm at National Center for Biotechnology 
Information (NCBI, www.ncbi.nlm.nih.gov). Multiple 
sequence alignment and phylogenetic analysis of 
EsAMY and other reported amylase genes were 
performed using ClustalW multiple alignment 
program (www.genome.jp/tools-bin/clustalw) and 
multiple alignment show program (SMS, 
www.bioinformatics.org/sms/multi_align.html). 
Protein motif features were predicted by the Simple 
Modular Architecture Research Tool (SMART, 
smart.embl-heidelberg.de). The presence and 
location of signal peptides were predicted using 
SignalP 4.1 
(services.healthtech.dtu.dk/services/SignalP-4.1). 
The calculated molecular mass and theoretical 
isoelectric point (pI) were predicted using the Expert 
Protien Analysis System (ExPASy, www.expasy.org) 
service. MEGA 11.0 software were used to compare 
the amino acid sequence and construct the unrooted 
Neighbor-Joining (NJ) phylogenetic tree. To obtain 
the confidence value of phylogenetic analysis, the 
Bootstrap test was repeated for 1000 times. 
 
Quantitative real-time PCR analysis of EsAMY 
mRNA expression  

Quantitative real-time PCR (qPCR) was used to 
detect the transcriptional level of EsAMY gene in 
different tissues of E. sinensis and its temporal 
expression profiles in hemocytes stimulated by A. 
hydrophila or BDE-47. The primers of qPCR were 

designed with PerlPrimer 1.1.21 software. The 
efficiency of each primer pair was analyzed with 
serial two-fold dilutions of cDNA (1, 1/2, 1/4, 1/8, 
1/16 and 1/32) to determine that all pairs of primers 
have similar efficiency (Gu et al., 2023), which were 
97.6% for EsEF-1α-qRT-F/R, and 98.3% for 
EsAMY-qRT-F/R, respectively. All qPCR reactions 
were performed with TB Green Premix Ex Taq (Tli 
RNaseH Plus) with ROX (RR420A, Takara, Japan) 
using about 100 ng cDNA as template and 0.2 μM of 
each primer (Table 1), in an ABI 7500 Real-Time 
PCR system (Thermo Fisher, USA). The relative 
mRNA expression level of EsAMY gene was 
normalized by elongation factor 1α (EF-1α), and 
obtained by comparative CT (2-ΔΔCt) method (Wang 
et al., 2011). All data were given in terms as mean ± 

S.D. (n = 5). The statistical analysis was performed 
by oneway analysis of variance (one-way ANOVA) 
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using SPSS Statistic 22.0 software. The p values 
less than 0.05 were considered statistically 
significant. Additionally, the mRNA expression 
profiles of EsAMY gene in hemocytes stimulated by 
Vibrio anguillarum strain M3, Micrococcus luteus 
strain 28001, or Pichia pastoris strain GS115 were 
also investigated with inventory samples we 
previously used for related experiments (Wang et al., 
2015b), in order to understand whether the EsAMY 
gene responses correlate with the type of pathogen 
or with the immune activation in general. 
 

Results 
 
Sequence characterization of EsAMY cDNA 

The cDNA sequence of EsAMY from E. sinensis 
was cloned and submitted to GenBank with the 
accession number KU301756 (Fig. 1A). The full 
length of EsAMY cDNA is 1663 bp, including a 39 
bp 5'-untranslated region (UTR), a 70 bp 3' UTR 
and a 1554 bp open reading frame (ORF). The 
deduced peptide sequence of EsAMY contains 517 
amino acids, with the calculated molecular weight of 
 

 
 

 
 
Fig. 1 Sequence features of EsAMY. A: Nucleotide and deduced amino acid sequence of EsAMY. The starting 

codon and the termination codon are respectively coarsened and underlined. Asterisk represents the end of 
protein translation. The single line part is the signal peptide. The gray shadow part is domain A, and the letter 
frame part is domain C. B: Multiple alignments of EsAMY with previous known amylase genes. The same amino 
acid residues were shaded in black, and the similar amino acids were shaded in grey. Gaps were indicated by 
dashes to improve the alignment. The sequences and their accession numbers are as follows: Eriocheir sinensis 
(ANG56301.1), Pinctada fucata (AGN55419.1), Procambarus clarkii (AKN79742.1), Saccostrea forskali 
(AHA11414.1), Meretrix meretrix (ALG64482.1), Crassostrea gigas (CAA69658.1), Drosophila ananassae 
(AAC35243.1), Bombyx mori (ACT64133.1). C: Neighbor-Joining (NJ) phylogenic tree of EsAMY constructed 

based on the protein sequences of amylase from different organisms. To derive confidence value for the 
phylogeny analysis, bootstrap trials were 1000 replicates. The black triangle indicated the amylase protein of E. 
sinensis. The numbers at the forks indicated the bootstrap value. Species and their protein accession numbers are 
as follows: Pseudopleuronectes americanus (AAF65827.1), Lates calcarifer (AAL84163.1), Salmo salar 
(ABD13895.1), Ctenopharyngodon Idella (ACX35465.1), Mus musculus (CAA24099.1), Homo sapiens 
(AAA52280.1), Sus scrofa (AAF02828.1), Eriocheir sinensis (ANG56301.1), Procambarus clarkii (AKN79742.1), 
Drosophila ananassae (AAC35243.1), Bombyx mori (ACT64133.1), Lithobius forficatus (ACA34374.1), Meretrix 
meretrix (ALG64482.1), Pinctada fucata (AGN55419.1), Saccostrea forskali (AHA11414.1), Crassostrea gigas 

(CAA69658.1) 
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Fig. 2 Expression profiles of EaAMY. A: Relative mRNA expression level of EsAMY in different tissues. The EF-1α 

gene was used as an internal control to calibrate the cDNA template for each sample. Each vertical bar represents 
the mean ± SD (n = 5), and bars with different characters were significantly different (p < 0.05). B: Relative mRNA 
expression level of EsAMY in hemocytes challenged with A. hydrophila. EF-1α gene was used as an internal 
control to calibrate the cDNA template for each sample. Each vertical bar represents the mean ± SD (n = 5), and 
bars with different characters were significantly different (p < 0.05). C: Relative mRNA expression level of EsAMY 
in hemocytes challenged with BDE-47 (b). EF-1α gene was used as an internal control to calibrate the cDNA 
template for each sample. Each vertical bar represents the mean ± SD (n = 5), and bars with different characters 
were significantly different (p < 0.05) 
 
 
 
 
 
 
56.9 kDa and the theoretical isoelectric point (pI) of 
4.68. Domain analysis showed that the N-terminal of 
EsAMY contained a signal peptide composed of 22 
amino acids. The deduced amino acid sequence of 
EsAMY contained a conserved A domain (from 
Gln32 to Arg419) and a C domain (from Asn428 to 
Lys516). 
 
Multiple alignment and phylogeny relationship of 
EsAMY 

By comparing the amino acid sequence 
homology of the α-amylase genes from Chinese 
mitten crab and other animals (Fig. 1B), it was found 
that EsAMY shared the highest similarity with 
α-amylase gene of Procambarus clarkii (73.7%), and 
the lowest with that of Meretrix meretrix (51.2%). In 
addition, a NJ phylogenetic tree based on the amino 
acid sequences of α-amylase from 16 different 
species was constructed to analyze the phylogenetic 
relationship of EsAMY. It was shown that EsAMY 
had the closest relationship with α-amylase in P. 
clarkii (Fig. 1C). 
 
The tissue distribution of EsAMY mRNA 

The tissue distribution of EsAMY mRNA in 9 
different tissues of E. sinensis were detected by 
qPCR with EF-1α as internal control. EsAMY mRNA 
can be detected in gill, gonad, heart, hematopoietic 
tissue, hemocytes, hepatopancreas, muscles, optic 
stalk, stomach and so on (Fig. 2A). The mRNA 
expression level of EsAMY in hemocytes was the 
highest, which was 279.2-fold of that in muscle, 
followed by hepatopancreas (81.8-fold). The mRNA 
expression levels of EsAMY in stomach, 
hematopoietic tissue and gill were higher, which 
were 55.5, 52.4 and 37.1-fold of that in muscle, while 
the mRNA expression levels in optic stalk, gonad 
and heart were relatively low, and the mRNA 
expression level in muscle was the lowest. 
 

The temporal mRNA expression profiles of EsAMY 
after challenge 

The mRNA expression level of EsAMY in 
hemocytes significantly increased after both kinds of 
stimulations (Figs. 2B, 2C). The mRNA expression 
level of EsAMY gene in hemocytes was significantly 
increased at 3 h after A. hydrophila stimulation 
(increased by 62.3-fold compared with the control 
group, p < 0.05), reached the peak at 1 d (210.6-fold, 
p < 0.05), and decreased to the original level after 3 
d. After BDE-47 stimulation, the mRNA expression 
level of EsAMY gene in hemocytes decreased first at 
3 h (0.12-fold, p < 0.05), then significantly increased 
at 12 h (4.0-fold, p<0.05), and reached the highest 
level at 1 d (12.7-fold, p<0.05), and decreased to the 
original level after 4 d. While in the control group, the 
expression of EsAMY mRNA did not change 
significantly throughout the experiment. Moreover, 
the mRNA expression profiles of EsAMY gene in 
hemocytes stimulated by V. anguillarum strain M3, 
M. luteus strain 28001, or P. pastoris strain GS115 
were also investigated with inventory samples we 
previously used for related experiments, and the 
mRNA expression profiles of EsAMY gene were 
similar with each other during the stimulation of 
Gram-negative bacteria, Gram-positive bacteria, or 
fungus (Fig. 3). 
 
Discussion 

 
Amylase is the main digestive enzyme in 

crustaceans, and plays extremely important roles in 
their metabolism, growth, and development (Peng et 
al., 2015). Previous studies on amylase have mostly 
concluded that the activity of amylase has a 
significant effect on the digestion and absorption 
efficiency of nutrients, which in turn affects the 
growth and development of the body (Darias et al., 
2006; Thongsaikliang et al., 2014). Moreover, recent 
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Fig. 3 Relative mRNA expression levels of EsAMY in hemocytes challenged with V. anguillarum, M. luteus, or P. 
pastoris. EF-1α gene was used as an internal control to calibrate the cDNA template for each sample. Each vertical 
bar represents the mean ± SD (n = 5), and bars with different characters were significantly different (p < 0.05) 
 
 
 
 
 
studies have shown that some amylases have been 
highlighted to show antibacterial properties against 
bacteria. For example, α-amylase has the ability to 
bind lipopolysaccharide, and functional assays show 
that α-amylase can interfere with bacterial adhesion 
and biofilm formation of Aggregatibacter 
actinomycetemcomitans in the oral cavity (Baik., 

2013). So, it can be inferred that amylase genes are 
likely to play a role in immune defense system of 
organism. 

The full-length cDNA sequence of EsAMY 
contained two typical amylase domains, domain A 
and domain C. The signal peptide prediction 
software showed that it contained a signal peptide 
with 20 amino acid residues, so it is speculated that 
it may be a secreted protein (Vonheijne, 1990). By 
comparing with the α-amylase proteins of other 
animals, the cysteine sites, active catalytic sites, 
calcium binding sites and chloride binding sites in 
the amino acids encoded by the gene are very 
conserved among species. By analyzing the 
homology of the amino acid sequence of EsAMY 
with other species, it was found that the sequence 
similarity of amylase between E. sinensis and P. 
clarkii was the highest, and the molecular 
phylogenetic analysis showed that it had the closest 
relationship with P. clarkii and the farthest 
relationship with mammals, which further confirming 
that EsAMY belongs to the amylase family. 

It has been previously reported that amylase is 
expressed in almost all the examined tissues in 
Hyriopsis cumingii (Ren et al., 2014) and Siganus 

canaliculatus (Xie et al., 2016), indicating that 
amylases may be involved in different biological 
processes. The study also showed that the 
hepatopancreas was the tissue with the highest 
mRNA expression level of amylase in Atlantic 
salmon Salmo salar (Froystad et al., 2006) and 
Haliotis discus discus (Nikapitiya et al., 2009). 

Consistent with these reports, EsAMY was 
expressed in each tested tissue. The widespread 
presence of EsAMY gene transcripts indicates that it 
may be involved in a variety of physiological 
responses of E. sinensis and plays an important role 

in its basic metabolism. The mRNA expression level 
of EsAMY in hemocytes was the highest, followed by 
hepatopancreas and stomach. In contrast to 
vertebrates, crustaceans have no independent 
immune organs. Hepatopancreas is the main organ 
of immunity and detoxification (Sun et al., 2022), and 
the hemocytes in invertebrate play an important role 
in various innate immune responses, especially in 
phagocytosis (Wang et al., 2015a). And the stomach 
is the main digestive organ of crustaceans (Huvet et 
al., 2012). These results suggest that it may also be 
an important regulatory factor in the innate immune 
response and digestive system of E. sinensis. 

Besides the functions in digestion, more and 
more evidence showed that amylase genes might 
have important immune functions in organisms. In 
previous reports, some amylases were emphasized 
to be involved in the defense against pathogens, 
such as pentaamine and α-amylase could destroy 
the cell membrane structure of P. gingivalis cells, 
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and lead to bacterial cell death (Craigen et al., 2011). 
It has been reported that α-amylase could inhibit 
pathogens, such as Staphylococcus aureus, Vibrio 
cholerae and Pseudomonas aeruginosa, to form 
biofilms and it can also be effective in degradation of 
mature biofilm by disrupting the exopolysaccharide, 
so it could be used as a biofilm inhibitor in clinical 
applications (Lequette et al., 2010). In order to 
further investigate the role of EsAMY in immune 
response, we used qPCR to detect the temporal 
expression profiles of EsAMY mRNA in hemocytes 
after stimulation with A. hydrophila or BDE-47. Many 
previous studies have shown that A. hydrophila is 
one of the most common pathogenic bacteria in 
Chinese mitten crab (Zhu et al, 2002). We found that 
the mRNA expression of EsAMY in hemocytes 
increased significantly at 3 h after A. hydrophila 
stimulation, reached the maximum at 1 d, and 
returned to the original level at 3 d. In addition, 
BDE-47 is also a common source of water pollutants 
in recent years (Gong et al., 2023; Jian et al., 2017). 
After adding the pollutant BDE-47 to the water for 
environmental stimulation, the mRNA expression 
level of EsAMY gene in hemocytes decreased first at 
3 h, then increased significantly at 12 h, and reached 
the highest level at 1 d, and returned to the original 
level at about 4 d. We found that the mRNA 
expression level of EsAMY in hemocytes increased 
after microbial and pollutant stimulation, further 
confirming the important role of EsAMY in bacterial 
infection and environmental stimulation. By 
comparing the mRNA expression of EsAMY in 
hemocytes, it was found that A. hydrophila and 
BDE-47 could significantly induce the expression of 
EsAMY gene in hemocytes, and its responses to A. 
hydrophila was more intense than those of BDE-47. 

This indicates that the amylase gene may be more 
inclined to respond to the invasion of foreign 
pathogens to organisms than changes in 
environmental conditions. It has been reported that 
the mRNA expression level of α-amylase B gene 
was significantly increased in the digestive gland of 
the pacific oyster Crassostrea gigas fed with 
Alexandrium tamarense, indicating that this toxic 

dinoflagellate seemed to affect the transcriptional 
expression of α-amylase B gene and prevent the 
synthesis of corresponding proteins, which means 
that α-amylase B gene may be involved in the 
digestive system of oyster and the immune response 
to foreign toxins (Rolland et al., 2012). The large 
amount of the mRNA expression of amylase genes 
in this experiment may be due to the increased 
demand for amylase in E. sinensis, which plays a 

protective role against external factors such as 
microbial invasion and environmental organic 
pollution, suggesting that EsAMY has an important 
immunomodulatory effect on E. sinensis. 

Additionally, it was reported that some immune 
related genes responded correlate with the type of 
pathogens, while the others responded correlate 
with the immune activation in general (Wang et al., 
2018; Yang et al., 2023; Zheng et al., 2023). In the 
present research, the mRNA expression profiles of 
EsAMY gene in hemocytes stimulated by V. 
anguillarum, M. luteus, or P. pastoris were also 

investigated with inventory samples we previously 
used for related experiments, and the mRNA 

expression profiles of EsAMY gene were like each 
other during different stimulation, indicating the 
EsAMY gene response with the immune activation in 
general. 

In summary, the full-length cDNAs of EsAMY 
were cloned and identified from E. sinensis in this 
study. Tissue expression analysis showed that the 
amylase gene was expressed in all tested tissues of 
Chinese mitten crab, and was highly expressed in 
hepatopancreas, hemocytes and stomach. After 
stimulation with A. hydrophila or BDE-47, the mRNA 

expression level of EsAMY gene significantly 
increased. Combined with previous studies, our 
study further confirmed that EsAMY is a typical 
member of the amylase family, and it is also an 
important regulatory factor in the innate immune 
responses of Chinese mitten crab. 
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