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Abstract Rel/NF-xB transcription factors play critical
roles in induction and regulation of innate immune response
in organisms. In this study, the full length of a Relish
homolog cDNA from Exopalaemon carinicauda named
EcRelish was 2141 bp encoding a 660 amino-acid
polypeptide. EcRelish ¢cDNA contained a conserved Rel
homology domain and two nucleus localization signals.
Sequence analysis indicated that the deduced amino acid
sequence of the EcRelish showed high similarities to that of
other crustaceans. Real time RT-PCR analysis showed that
EcRelish mRNA expressed with different levels in tested
tissues, and the highest expression was observed in the
hemocytes. With longer infection time, the cumulative
mortality rates increased gradually followed by the prolif-
eration of Vibrio anguillarum and WSSV. The expression
profiles of EcRelish gene were analyzed after V. anguil-
larum, white spot syndrome virus (WSSV) challenge, and
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ammonia-N stress. The results showed that the expression
levels of EcRelish mRNA in the hemocytes were up-regu-
lated at 1-24 h after V. anguillarum challenge. Meanwhile,
the expression levels of EcRelish mRNA were up-regulated
at 3 h after WSSV challenge. The expression of EcRelish in
hemocytes was down-regulated significantly under ammo-
nia-N stress during the experimental time. The results indi-
cated that EcRelish might be involved in immune defense
against pathogens and ammonia-N stress in E. carinicauda.
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Introduction

The ridgetail white prawn Exopalaemon carinicauda, which
is distributed along the eastern coast of China, has con-
tributed to one-third of the gross outcome of the polyculture
ponds [1, 2]. Due to the merits of fast growth, high repro-
ductive ability, and good environmental adaptability and
trophic miscellaneous, the culture scale of E. carinicauda
has expanded in recent years [3]. However, with the devel-
opment of intensive culture and the deterioration of eco-
logical environment, some environmental stressors, highly
virulent bacteria, or virus caused frequent outbreaks of dis-
eases that resulted in huge economic losses [4—6]. Therefore,
deep understanding of the immune mechanism of the rid-
getail white prawn is necessary for healthy culture of
crustaceans.

As an invertebrate, the ridgetail white prawn relies on
the innate immunity to defense of the microbial invaders by
activating various immune genes [7]. Antimicrobial
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peptides (AMPs) are one of the major components of the
shrimp immune system [8]. In Drosophila melanogaster,
AMP genes are regulated by the Toll and Imd signal
pathways [9]. Toll and Imd pathways play different roles in
resisting different pathogens by controlling different kinds
of antimicrobial peptides [10, 11]. Previous studies have
demonstrated that the Toll pathway was activated by gram-
positive bacteria and fungi, while the Imd pathway
responded to gram-negative bacteria infection [12-15].
When the organism is invaded by some pathogens, it will
release one signal, which can be received by pattern-
recognition receptors. Then, the signal will be transferred
to activate the cell nuclear transcription factors (NF-kB) by
a series of cascade reactions [9]. NF-kB family genes
include Relish, Dorsal, and Dif. In the Imd pathway, Relish
are activated to induce the gene expression of antibacterial
peptides such as the anti-lipopolysaccharide factor (ALF)
[16, 17], while Dorsal and Dif are activated in the suc-
cessive signaling cascade of the Toll pathway for antifun-
gal and antibacterial responses inducing product
antimicrobial peptides such as penaeidins and crustin [8,
18-23].

The research of the immune signaling pathways and
their regulatory mechanisms were initially reported in the
fruit fly Drosophila [24]. Then some Relish genes were
cloned from the mosquito Aedes aegypti [25] and
Anopheles gambiae [26]. To date, some Rel/NF-kB family
genes have been cloned in some crustacean species,
including Penaeus monodon [27], Fenneropenaeus chi-
nensis [28], Litopenaeus vannamei [29], and Eriocheir
sinensis [30]. Normally, the full length Relish consists of a
Rel homology domain (RHD), a nucleus localization sig-
nal, an IkB-like domain containing six ankyrin (ANK)
repeats, and a death domain. The Relish is activated by
cleaving away its C-terminal half, ANK repeats, and a
death domain, with a caspase enzyme [23]. While the
C-terminal fragment remains in the cytoplasma waiting for
degradation, the N-terminal fragment containing the RHD
translocates into the nucleus to regulate the synthesis of
cognate antimicrobial proteins [63, 64]. The alternative
splicing produced two types of REL gene: a full-length
form (REL-F) includes the RHD, C-terminal ANK repeats
and death domains, while a shorter form (REL-S) lacks
ANK repeats or death domains [25, 46]. Two isoforms of
Relish, both short and full length, have been reported in A.
gambiae [26], F. chinensis [28, 46], and L. vannamei [29].
Neither REL-S nor REL-L has been reported in E.
carinicauda.

As an important environmental factor, toxic levels of
ammonia can not only affect growth, molting, oxygen
consumption, and ammonia excretion, but also affect the
immune response of shrimp [31]. In crustaceans, there are
lots of reports to support the hypothesis that
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ammonia nitrogen (ammonia-N) can decrease the value of
immune parameters such as total haemocyte count (THC),
prophenoloxidase (proPO), superoxide dismutase(SOD),
peroxidase (POD), and expression of genes implicated in
the defence system in L. vannamei [32], Marsupenaeus
japonicus [33], and Macrobrachium rosenbergii [34].
Furthermore, NF-kB activation appears to contribute to the
mechanism of ammonia-induced astrocyte swelling in
fulminant hepatic failure (FHF) [35] and activate inducible
nitric oxide synthase (iNOS) gene in Heteropneustes fos-
silis [36]. However, until recently, as a crucial element in
the biological response to stress, little was known about the
effect of ammonia on NF-«B in crustaceans. In this study, a
full-length cDNA of Relish gene was cloned from E.
carinicauda (named EcRelish) and the gene structure was
analyzed. The mortality and the proliferation of Vibrio
anguillarum and white spot syndrome virus (WSSV) were
recorded after infected with pathogens. In addition, the
expression patterns of EcRelish in various tissues and the
expression profiles of EcRelish in hemocytes after V.
anguillarum, WSSV challenge, and ammonia-N stress
were investigated. These results will be essential to better
understand the physiological function of Relish in the
shrimp immune response to gram-negative bacteria,
WSSV, and ammonia-N stress.

Materials and methods
Animals and rearing conditions

Healthy E. carinicauda with body length of 4.37 £ 1.05 cm
and body weight of 1.33 £ 0.76 g (n = 30) were collected
from a commercial farm in Qingdao, China. They were reared
in 200 I polyvinyl chloride polymer (PVC) tanks containing
aerated sand-filtered seawater (salinity of 30 ppt, pH 7.8-8.4)
at 22-25°C for 7 days before processing. There were
40 shrimps in each tank. During the acclimation period, two
thirds of the water in each tank was renewed twice daily and the
shrimps were fed daily with a ration of 10 % of the body mass.

RNA extraction and cDNA synthesis in hemocytes

Hemolymph was extracted from the hearts of four indi-
viduals using 1 ml syringes containing 0.4 ml of cold
anticoagulant (1.588 g sodium citrate, 3.92 g sodium
chloride, 4.56 g glucose, 0.66 g EDTA-2Na, 200 ml
ddH,0) [65] and placed into 1.5 ml plastic tubes. Then, the
hemocytes were collected after the hemolymph was cen-
trifuged at 4000 rpm (centrifuge instrument: Eppendorf/
5415R, Germany; rotor: F-45-24-11), at 4 °C for 10 min.
Total RNA was extracted from hemocytes using Trizol
Reagent according to the manufacturer’s protocol
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(Invitrogen, USA), and contaminating genomic DNA was
eliminated using RQ1 RNase-free DNase (Promega, USA)
following the manufacturer’s instructions. RNA quantity,
purity and integrity were verified spectrophotometrically
(ODy4¢/OD5g) and by electrophoresis on 1.5 % agarose
gels. The cDNA was synthesized from 2 pg of total RNA
by M-MLYV reverse transcriptase (Promega, USA) at 42 °C
for 60 min with oligo (dT) 18 primer following the pro-
tocol of the manufacturer.

PCR and cloning of EcRelish cDNA

Full-length EcRelish cDNA of E. carinicauda was obtained
by the procedures of reverse transcription polymerase chain
reaction (RT-PCR) and rapid amplification of the cDNA
ends (RACE) method. The degenerate primers pairs F1 and
R1 (Table 1) were designed based on the highly conserved
nucleotide sequence of Relish of F. chinensis (EU815055),
L. vannamei (EF432734), P. monodon (JQ728539), Car-
cinoscorpius rotundicauda (DQ345784), and E. sinensis
(GQ871279)  (http://www.ncbi.nlm.nih.gov/)  applying
DNAMAN v6.0.3.99 (Lynnon Biosoft) to multiple
sequence alignment. The PCR reaction conditions were:
5 min initial denaturation at 94 °C for one cycle, then 30
cycles of 94 °C for 30 s, 56 °C for 30 s, and 72 °C for
1 min, and 72 °C for 10 min. A partial EcRelish cDNA
fragment of 587 bp (the annealing sites of the degenerate
primers F1: 215-236 bp, R1: 781-801 bp) was obtained
from the pair of degenerate primers. Based on the partial
sequence data of EcRelish, its 3’ and 5’ ends were obtained
using a SMART™ RACE cDNA Amplification Kit

Table 1 Primer sequences used in this study

(Clontech, USA). The 3’ end RACE PCR reaction was
performed with cDNA template from hemolymph RNA
using the gene specific primer F2 and the anchor primer
UPM (Table 1). The PCR reaction conditions were 1 cycle
of 94 °C for 3 min, 5 cycles of 94 °C for 30 s, 72 °C for
3 min, 5 cycles of 94 °C for 30 s, 70 °C for 30 s, and 72 °C
for 3 min, 25 cycles of 94 °C for 30 s, 68 °C for 30 s and
72 °C for 3 min, and 1 cycle of 72 °C for 10 min. For 5’ end
RACE PCR, the gene specific primer R2 and the anchor
primer UPM (Table 1) were used, and the PCR reaction
systems and conditions were the same as those described
above.

The PCR amplified products were analyzed on 1.8 %
agarose gel and the target band was purified by a Sanprep
PCR purification kit (Sangon, China) and cloned into a
PMD18-T vector following the instructions provided by the
manufacturer (TaKaRa, Japan). Recombinant bacteria were
identified by blue/white screening and confirmed by PCR.
Plasmids containing the insert were purified by Wizard
Plus SV Minipreps DNA Purification System (Promega,
USA) and sequenced by Sunny Biotechnology Company
(Shanghai, China).

Sequence analysis

The EcRelish cDNA full sequence was spliced by
DNASTAR.Lasergene.v7.1 (USA). The nucleotide
sequence and deduced amino acid sequence of EcRelish
was compared to non-redundant nucleotide and protein
databases using the BLAST algorithm (http://www.ncbi.
nlm.nih.gov/BLASTY/). The nucleotide and deduced amino

Name Primer sequence (5'-3") Objective

F1 TTCCGCTACAAGAGTGAGATGG Intermediate fragment amplification
R1 AGCTCYCCWGTTGTRGCATTC

F2 CACATAGCCAAGCGAGACACACGAGAA For RACE

R2 AACAATCTCCGAGTCCACAGGAAGCGTAA

UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT

F3 GGTGACAGTAAAGGAGGGATGA For real time RT-PCR

R3 TGGTTGCTTGAGGATTTGGATA

18s-F TATACGCTAGTGGAGCTGGAA

18s-R GGGGAGGTAGTGACGAAAAAT

16s27F AGAGTTTGATCCTGGCTCAG For strain identification

16s1492R TACGGYTACCTTGTTACGACTT

WS-F1 CCAAGACATACTAGCGGATA For WSSV specific detection
WS-F2 CCAAGACATACTAGCGGATA

WE-F TGGTCCCGTCCTCATCTCAG For WSSV fragment amplification
WF-R GCTGCCTTGCCGGAAATTA

WE-probe AGCCATGAAGAATGCCGTCTATCACACA For absolute quantitative real-time PCR
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acid sequences of EcRelish cDNA were analyzed using the
conserved domain database search programs (http://www.
ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) and SMART
4.0 (http://smart.embl-heidelberg.de/). A multiple sequence
alignment of Relish amino acid sequences was performed
using the programs of DNAMAN v6.0.3.99 (Lynnon Bio-
soft) [66]. A phylogenetic tree of Relish was made by
MEGA 4.0 using the Neighbor-Joining method [37].

Expression of EcRelish in different tissues

Hemocytes, gill, hepatopancreas, muscle, ovary, heart,
mandibles, stomach, and intestine were dissected from
unchallenged E. carinicauda. The mRNA expression levels
of EcRelish mRNA in different tissues were determined by
real time RT-PCR. Total RNA was extracted as described
above. The RNA samples were analyzed in 1.0 % agarose
electrophoresis and quantitated at 260 nm, all ODygy/
OD,gy were between 1.8 and 2.0. Total RNA (5 pg) was
reverse transcribed using the PrimeScript™ Real time PCR
Kit (TaKaRa, Japan) for real time RT-PCR analysis. The
18 s rRNA of E. Carinicauda (GenBank accession number:
GQ369794) was used as an internal control for expression,
because it was stably expressed among different tissues and
varying experimental conditions in this study.

Experimental design of V. anguillarum and WSSV
challenge

This experiment was classified into three groups: V.
anguillarum challenged group (VA group), WSSV chal-
lenged group (WSSV group) and PBS group as control
group, which were reared in the PVC tanks. Healthy
shrimp were divided into nine PVC tanks evenly, each of
which contained 40 individuals. Each group included three
PVC tanks. V. anguillarum strains named V. anguillarum
vib72 were obtained from Germplasm Resources and
Genetic Breeding Laboratory, Yellow Sea Fisheries
Research Institute (Qingdao, China), and cultured on
marine agar 2611E. WSSV crude extract was obtained
from L. vannamei, which was provided by the Mariculture
Disease Control and Pathogenic Molecular Biology Labo-
ratory, Yellow Sea Fisheries Research Institute (Qingdao,
China), according to the methods of absolute quantitative
detection [38]. Briefly, for preparation of the WSSV crude
extract for injection, 1 g gills of WSSV-infected of L.
vannamei were homogenized separately in 10 ml 0.01 M
phosphate-buffered saline (PBS, NaCl 137 mM, KCI
2.7 mM, Na,HPO, 10 mM, KH,PO, 2 mM, pH 7.4) on
ice. The homogenized tissue was centrifuged at 1200 rpm
at 4 °C for 20 min. The supernatant was filtered through a
0.45 pm filter. The filtrate was then stored at —80 °C for
infectivity studies. Viral load was quantified by absolute
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quantitative detection. In the V. anguillarum challenge
experiment, individuals were injected with 20 pl live V.
anguillarum suspended in PBS solution (10° CFU/g) each
as experimental shrimp. Bacterial strains were isolated
from muscle of E. carinicauda infected by V. anguillarum,
and then identified by PCR with bacterial universal primers
of 16S rDNA (Table 1). DNA sequences of the PCR-am-
plified isolate from the infected E. carinicauda showed
high identity with the known V. anguillarum sequence in
GenBank; it showed that these bacterial strains belonged to
V. anguillarum isolates [67]. In the WSSV challenged
group, individuals were injected with 20 pl WSSV crude
extract (10° copies/g); control group individuals were
injected with 20 pl PBS. After challenge, a WSSV-specific
PCR reaction using the specific primers WS-F1 and WS-F2
was processed to check the infection results [38] (Table 1).
Hemocytes of six individuals randomly collected from
each group were extracted at 1, 3, 6, 12, 24, 48, 72 h post-
injection (hpi), and preserved in —80 °C for RNA extrac-
tion. Muscles in each sampling time were collected to
count the colony numbers of V. anguillarum and detect the
WSSV copy number. Subsequently, the number of dead
shrimp in the VA, WSSV, and control group was recorded.
Experiments were performed in triplicate. Cumulative
mortality rate was calculated as follows: S (%) = [D; +
D> + 549 +D,J/N, x 100 (S indicates the cumulative
mortality rate, D indicates the number of dead, ¢ indicates
the sampling time, N indicates the total number of shrimp
in every tank).

Detection of the proliferation of V. anguillarum
and WSSV in muscle

The number of V. anguillarum was determined by counting
the number of colonies formed on an agar slant of 2216E
medium (5.0 g tryptone, 1.0 g yeast extract, 20 g agar, 11
synthetic seawater). Then 0.1 g muscle immersed in 1 ml
0.01 M PBS was homogenized with a grinding rod in a
1.5 ml centrifuge tube as the primary liquid. Using the
gradient dilution ten times, the primary liquid was diluted
to five concentrations. Every concentration was coated in
three parallel marine agar slants of 2216E medium. All of
these flats were put in 28 °C incubator for 16 h. Then the
bacterial colonies with the same shape as the shape of a V.
anguillarum colony were recorded. Identification of bac-
terial strains was processed as described above.

Absolute quantitative real-time PCR was performed to
determine the WSSV copy number in 0.1 g shrimp muscles
collected at different sampling times by using Premix Ex
Tag™ (Probe gPCR) Kit (Takara, RR390A). Briefly, the
primers WS-F and WS-R were used to amplify a 68 bp
fragment, which would be transferred into recombinant
plasmid. The standard recombinant plasmids of WSSV
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were extracted by Mini Kit I of plasmids (Biomed, China).
Viral genomic DNA was extracted using Column Marine
Organization DNAout (TGreen, DP324). A standard curve
was obtained using serial dilutions of recombinant plasmid,
which were used to quantify the WSSV viral genomic copy
number (Kwang, 2011). The absolute quantitative real-time
PCR was carried out in a total volume of 20 pl, containing
10 pl of Premix Ex Tag™ (Probe gPCR) (2x conc.), 2 pl
of viral DNA, 0.4 pl each of WS-F primer (10 uM) and
WS-R primer (10 uM), 0.8 pl TagMan Probe, 0.2 pul ROX
Reference Dyell (50x), and sterile ddH,O was added to a
total volume of 20 pl. Sterile ddH,O for the replacement of
template was used as a negative control. The PCR program
was 95 °C for 30 s, then 40 cycles of 95 °C for 5 s and
60 °C for 34 s. Each assay was carried out in triplicate.

Ammonia-N stresses experiment

The median lethal of total ammonia-N were found to be
140.28 mg/1 for 72 h for adult E. carinicauda [39]. Basing
on this research, a preliminary experiment was designed to
confirm the suitable concentration of ammonia-N stress by
four concentration gradients of 17.54, 35.07, 70.14, and
140.28 mg/l. Ultimately the concentration of ammonia-N
stress was confirmed to be 35.07 mg/l for which the sur-
vival rate was 70 %, which was enough to take samples.
Two groups of shrimp were placed on average in six PVC
tanks serving as the ammonia-N stress group and the
control group. In the ammonia-N stress test, the experi-
mental shrimp (40 shrimps per tank) were kept in 50 1
tanks containing 301 of 31 ppt salinity seawater with
35.07 mg/l NH,4Cl. Because of this experiment of ammo-
nia-N challenge belonging to acute stress, the times for
sampling were intensive. Therefore, the sampling times
were 1, 3, 6, 12, 24, 48, and 72 h, respectively. The test
water was renewed daily. The concentration of ammonia-N
by Nessler’s reagent was tested every day during the
experiment. The NH,CI was added to keep the concentra-
tion of ammonia-N as 35.07 mg/l. The shrimp in the con-
trol group were kept in 31 ppt salinity seawater without
ammonia-N stress. Subsequently, the number of dead
shrimp in the ammonia-N group was recorded. Experi-
ments were performed in triplicate. Cumulative mortality
rate was calculated as described above.

Quantification of EcRelish mRNA expression by real
time RT-PCR

Real time RT-PCR was performed on an ABI PRISM 7500
Sequence Detection System (Applied Biosystems, USA) to
investigate the EcRelish expression pattern after the chal-
lenge of V. anguillarum, WSSV, and ammonia-N stress in
hemocytes of E. carinicauda. The pair of specific primers

F3 and R3 (Table 1) was used to amplify a PCR product of
158 bp. The primers 18 s-F and 18 s-R (Table 1) were
used to amplify an 18S gene of 147 bp as an internal
control for a quantitative real time. The real time RT-PCR
was carried out in triplicate in a total volume of 20 pl
containing 10 ul SYBR® Premix Ex Taq™ II (2x)
(TaKaRa, Japan), 2 pl of the cDNA, 0.8 pl each of F3 and
R3 primer (10 mM) (or 18 s-F and 18 s-R to amplify the
18 s), 0.4 ul ROX Reference Dye II (50x), and 6.0 ul
DEPC-treated water. The PCR program was 95 °C for
30 s, then 40 cycles of 95 °C for 5 s and 60 °C for 34 s,
followed by 1 cycle of 95 °C 15 s, 60 °C for 1 min and
95 °C for 15 s. DEPC-treated water for the replacement of
template was used as a negative control. The standard
curves of EcRelish and 18 s rRNA were made through a
twofold dilution series of cDNA template of hemocytes.
According to the formula: E = 109 —1 (S was the slope
of the standard curve), the amplification efficiencies (E) of
EcRelish and 18 s rRNA were 104.8 % and 101.4 %,
respectively, (the appropriate range of amplification effi-
ciencies were 90-105 %). All analyzed were based on the
Cr values of the PCR products. The C; was defined as the
PCR cycle at which the fluorescence signal crossed a
threshold line that was placed in the exponential phase of
the amplification curve. The amplification specificity for
EcRelish and 18 s was determined by analyzing the dis-
sociation curves. The EcRelish expression levels in
response to V. anguillarum, WSSV, and ammonia-N stress
were calculated with 272ACT methods [40]. Using this
method, the data are presented as the fold change in gene
expression normalized to an endogenous reference gene
and relative to the control group. All data were presented as
mean + SE, and subjected to one-way analysis of variance
followed by Duncan’s multiple range test. Significance was
set at P < 0.05 [41].

Results

The cumulative mortality rates of E. carinicauda
after V. anguillarum, WSSV challenge
and ammonia-N stress

The variation of the cumulative mortality rates in different
sampling times after V. anguillarum, WSSV challenge, and
ammonia-N stress are shown in Fig. 1. In the V. anguil-
larum challenged group, the cumulative mortality rates
increased gradually in the first 48 hpi, then no individuals
died afterwards. Finally, the cumulative mortality rate of
the VA group was 63.33 %. In the WSSV challenged
group, there was no shrimp death in the first 6 hpi, and
many shrimps died from 24 to 72 hpi. The cumulative
mortality of the WSSV group was 70 % at the end of the
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mortality rates increased gradually in the first 48 hpi after
stress, and the cumulative mortality rate was 33.33 %. The
cumulative mortality had no significant (P > 0.05) at the
end of the experiment between the V. anguillarum group
and the WSSV group, however, they were much higher
than the cumulative mortality of the control group
(P < 0.05). There were no dead shrimp in the control
group in the whole process of the experiment. The cumu-
lative mortality had no significant difference (P > 0.05) at
the end of the experiment between the V. anguillarum
group and the WSSV group, however, they were much
higher than the cumulative mortality of the control group
(P < 0.05).

The proliferation of V. anguillarum and WSSV
in survival shrimp muscle

The bacteria colony amount of V. anguillarum was not
detected in O h, and a small amount could be detected in
the first 3 hpi. The numerical values of V. anguillarum
increased gradually from 3 hpi (4 x 10* CFU/g) and
reached the peak value at 24 hpi (2.1 x 10° CFU/g), then a
decrease of V. anguillarum appeared at 48 hpi
(6.2 x 10° CFU/g) to 72 hpi (9.1 x 10* CFU/g) (Fig. 2).
The WSSV amount was 7.0 x 10° copies/g at 0 h without
infection, and increased exponentially at every detection
time. Then the viral load of WSSV reached the peak value
(4.7 x 10° copies/g) at the end of this experiment.

Sequence analysis of the EcRelish gene

A full-length Relish ¢cDNA of E. carinicauda (EcRelish)
was obtained by the procedures of reverse-transcription
PCR and RACE, and the results are shown in Fig. 3. The
EcRelish cDNA sequence has been submitted to the Gen-
Bank (GenBank accession number: JX867729). The full-
length of EcRelish was 2141 bp, containing a 1983 bp
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Fig. 2 The bacteria colony amount and viral load changes in shrimp
muscles after V. anguillarum and WSSV challenge

open reading frame (ORF), which encoded 660 amino
acids, a 31 bp of 5-untranslated region (UTR), and a
127 bp of 3’-UTR. The predicted protein molecular mass
was 75.27 kDa, and the estimated isoelectric point was
5.998. Analysis revealed that the EcRelish protein exhibits
the typical architecture of Rel/NF-xB family members,
including a conserved N-terminal RHD from 50 to 248
amino acids, two nucleus localization signals, an IPT
domain of the transcription factor NF-xB, and the signature
sequence FRYKSE of Relish from 62 to 67 amino acids,
suggesting that it belongs to the REL/NF-kB family.

Homology analysis of EcRelish

The deduced amino acid sequence of EcRelish exhibited
similarities with Relish of invertebrates. It displayed high
similarities to Relishes of E. sinensis (73 %), L. vannamei
(73 %), P. monodon (73 %), and F. chinensis (76 %).
Multiple sequence alignment of EcRelish with other
crustaceans Relish showed high conservation in two con-
served domains, IPT domain, and conserved N-terminal
RHD while the differences are the absence of six anchored
simple sequence repeats and a death domain (DD) (Fig. 4).
Based on the sequences of Relish, a NJ phylogenetic
tree was constructed using MEGA 4.0 (Fig. 5). Insecta and
crustacean Relishes were separated and formed two distinct
branches in the tree. In the group of crustaceans, all the
shrimps and crabs were clustered together and formed two
branches. Relish of crustacean clustered with C. rotundi-
cauda. Relishes of insecta were clustered together and
formed a sister group to the branch of crustaceans and C.
rotundicauda. The relationships displayed in the
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Fig. 3 Nucleotide and deduced amino acid sequences of EcRelish.
Start codon is boxed; stop codon is indicated with asterisk. The two
nuclear localization signals are marked with shaded boxes. The RHD

phylogenetic tree were in good agreement with the concept
of traditional taxonomy. EcRelish belongs to the crustacean
Rels subgroup and is closely related to NF-kB/Rel of crabs
and shrimps.

Expression of EcRelish in different tissues of E.
carinicauda

Real time RT-PCR was employed to quantify the EcRelish
expression in different tissues. The mRNA transcripts of
EcRelish could be detected in all the examined tissues with
different expression levels including hemocytes, gill, hep-
atopancreas, muscle, stomach, intestine, heart, ovary,
mandibles, and eyestalk (Fig. 6). The highest expression
was observed in the hemocytes, and very low expression
was detected in the ovary and mandibles.
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domain is shown with fine line. The IPT domain is shown with bold
line. The signature sequence FRYKSE of Relish is circled by red oval

EcRelish gene expression in hemocytes
of E. carinicauda after V. anguillarum and
WSSV challenges

Since the hemocytes showed the highest expression of
EcRelish, the expression profiles of EcRelish mRNA were
analyzed in hemocytes of E. carinicauda after they were
stimulated by V. anguillarum and WSSV. Compared with
that of blank (0 h), injection of V. anguillarum caused the
activation of EcRelish transcription at the first 24 hpi.
Compared with that of the PBS group, V. anguillarum
injection significantly induced the up-regulated expression
of EcRelish in hemocytes at 1-24 hpi (P < 0.01). In addi-
tion, the expression level of EcRelish had the highest
expression at 1 hpi, then it decreased constantly and reached
the control group level at 48 hpi until the experiment finished
(P > 0.05) (Fig. 7).
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Fig. 4 Multiple alignment of EcRelish with other crustacean Relish:
Relish of Exopalaemon carinicauda (AGR39579.1), Fenneropenaeus
chinensis (ACJ36224.1), Litopenaeus vannamei (ABR14713.1), Pe-
naeus monodon (AFH66691.1), Eriocheir sinensis (ADM14334.1).

The temporal expressions of EcRelish mRNA in
hemocytes of E. carinicauda after WSSV challenge are
shown in Fig. 8. Compared with that of blank (0 h),
injection of WSSV caused the activation of EcRelish
transcription at 3 hpi, and caused suppression of EcRelish
transcription at 672 hpi. Compared with that of the PBS
group, the expression of EcRelish in the WSSV group was
up-regulated significantly at 3 hpi (4.5-fold of the PBS
group, P < 0.01), then decreased at 6 and 12 hpi. After-
wards, the expression was up-regulated again and reached
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The signature sequence FRYKSE of Relish is marked by gray frame,
the IPT domain is underlined, the RHD is marked by a dotted line, six
anchored simple sequence repeats are marked by black frames and the
death domain (DD) is marked by black oval

to the second peak at 24 hpi (1.79-fold of the PBS group,
P < 0.05), then gradually down-regulated at 72 hpi.

EcRelish gene expression in hemocytes
of E. carinicauda after Ammonia-N stress

The temporal expressions of EcRelish mRNA in hemocytes
of E. carinicauda after ammonia-N stress are shown in
Fig. 9. Compared with that of the blank (0 h), exposure to
ammonia-N caused suppression of EcRelish at 1-72 h.
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o ABRI14713 Litopenaeus vannamei
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1 ACJ36224 Fenneropenaeus chinensis Crustacean
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Fig. 5 The phylogenetic tree of the Rel/NF-xB family. The
sequences used in the phylogenetic tree are as follows: Nasutitermes
walkeri (GenBank accession no. AAZ08469), Nasutitermes comatus
(GenBank accession no. AAZ08478), Nasutitermes pluvialis (Gen-
Bank accession no. AAZ08476), Glossina morsitans (GenBank
accession no. AAZ91474), Drepanotermes rubriceps (GenBank
accession no. AAZO08479), Drosophila melanogaster (GenBank
accession no. AAF20133), Carcinoscorpius rotundicauda (GenBank
accession no. ABC75034), Eriocheir sinensis (GenBank accession no.
ADM14334), Exopalaemon carinicauda (GenBank accession no.
JX867729), Fenneropenaeus chinensis (GenBank accession no.
ACJ36224), Penaeus monodon (GenBank accession no.
AFH66691), and Litopenaeus vannamei (GenBank accession no.
ABR14713)

Relative expression

tissues

Fig. 6 Relative Transcription levels of EcRelish in different tissues:
hemocytes, intestine, gill, heart, muscle, hepatopancreas, stomach,
ovary, and mandibles. Data without shared letters are significantly
different (P < 0.05)

Compared with that of the control group, the expression
levels of EcRelish mRNA in the group of ammonia-N
stress showed down-regulation significantly during the
whole experimental time (P < 0.01). Even so, the expres-
sion levels had a waving change and increased at 24 and
72 h after the shrimp were exposed to ammonia-N.

Discussion
Invertebrates rely entirely on a nonspecific immunity sys-

tem as the first-line host defense to prevent or combat
different microbial invaders by activating various genes
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Fig. 7 Expression of EcRelish gene in hemocytes after injection of
V. anguillarum. Two asterisk indicates extremely significant differ-
ences (P < 0.01) in the same observed time
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Fig. 8 Expression of EcRelish gene in hemocytes after injection of
WSSV. One asterisk indicates significant differences (P < 0.05), and
two asterisk indicates extremely significant differences (P < 0.01) in
the same observed time

[42-44]. The identification and characterization of genes
involved in immune responses are essential for the eluci-
dation of immune defence mechanisms and diseases con-
trol [45]. In this study, a new full-length 2141 bp of Relish
cDNA (named EcRelish) was cloned from E. carinicauda.
In the deduced amino acid sequence of EcRelish, a
N-terminal RHD domain, an IPT domain, the signature
sequence FRYKSE of Relish, and two nuclear localization
signals were found. The nuclear localization signals existed
in the RHD domain of the cloned sequence. The results
suggested that EcRelish was one of the nuclear transcrip-
tion factors. Rel/NF-xB factors have a well-conserved
RHD involved in DNA binding, dimerization, and inter-
action with the inhibitor kB (IkB). When the cell receives
signals, Rel/NF-xB factors are released from the IkB and
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Fig. 9 Expression of EcRelish gene in hemocytes after Ammonia-N
stress. Two asterisk indicates extremely significant differences
(P < 0.01) in the same observed time

then rapidly enter the nucleus to activate expression of
various down-stream genes [23]. The two different types of
Relish were both found in F. chinensis and L. vannamei,
which could be searched in NCBI. In view of the absence
of the six ANK repeats and a death domain in EcRelish
shown in the multiple sequence alignment, the EcRelish
may belong to the shorter isoform Relish, which was earlier
reported in the F. chinensis and L. vannamei (GenBank
accession No. ACJ36224 and No. ACR24222, respec-
tively) [29, 47]. Phylogenetic analysis showed that
EcRelish was clustered together with Relish proteins of
crustaceans and other arthropods.

Real time RT-PCR revealed that EcRelish was consti-
tutively expressed in all the detected tissues of E. carini-
cauda. Tissue distribution analysis of EcRelish showed that
the highest expression of EcRelish was in hemocytes,
intestines, and gills, which was consistent with that of P.
monodon [22]. It has been reported that hemocytes played a
critical role in host-defense mechanisms against shrimp
viral infection, including bacteria and WSSV [48, 49].
Hemolymph is one of the most important immune related
organs, in which many immune related genes have high
transcription levels [28, 50, 51]. Therefore, the high
expression of EcRelish in the hemocytes indicated that
EcRelish might be related to the immune reaction of the
shrimp.

It was reported that the Toll and Imd pathways are the
major regulators of the immune response in Drosophila
[11]. Dif and Dorsal were involved in the Toll pathway,
while Relish was involved in the Imd pathway [52]. The
existence of a toll pathway has been verified in F. chinensis
[53]. EcRelish has the same characteristic structure of Rel-
S like F. chinensis and L. vannamei, in accordance with the
resisting role in other shrimps, which indicated that
EcRelish might also be involved in the immune response of
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E. carinicauda to bacteria and virus infection. Therefore,
the stress experiments of bacteria and virus were used to
test our hypothesis. In the V. anguillarum challenged
group, the cumulative mortality rates showed an increasing
tendency from 16.67 % to 60 % gradually in 1-24 hpi,
whereas the increase in 48—72 hpi was less evident, which
might be related to the variation of the quantity of V.
anguillarum in the survival shrimp’s muscles. In the pre-
infection stage, the rapid proliferation of V. anguillarum
led to massive mortality of shrimp. It has been reported that
the injected bacteria could be rapidly removed by the
hemolymph of the shrimp [54], indicating that the V.
anguillarum in survival shrimp might be cleared gradually
by hemolymph of E. carinicauda. With the decrease of V.
anguillarum after 24 hpi, the number of V. anguillarum
was not enough to infect the shrimp, so the shrimp survived
at the subsequent stage. To a large extent, the expression
profile of EcRelish in hemocytes showed significant up-
regulation during the first 24 hpi, which was consistent
with proliferation of V. anguillarum. In the first 24 hpi, the
amount of gradually increased V. anguillarum was of
enough quantity to cause the shrimp death and stimulate
the immune system, so EcRelish was transcribed on a large
scale. These data suggested that EcRelish might be
involved in the Imd pathway responsive to bacteria, which
were already reported in Drosophila. However, there was
no changes of EcRelish gene expression in the later stage
of infection (48—72 hpi) compared to the PBS group, the
reason for this may be that with the injection time and the
number of V. anguillarum was decreasing for the clearance
of vibrio by hemocytes [54], therefore, V. anguillarum was
not enough to stimulate the transcripts of EcRelish, so that
the expression of EcRelish recovered to a normal level
after 48 hpi.

WSSV is one of the most devastating and virulent viral
agents threatening the penaeid shrimp culture industry and
has been responsible for serious economic losses in shrimp
culture [4, 55, 56]. In the WSSV challenged group, the
cumulative mortality increased linearly from 20 to 70 %
with the infection times in 24-72 hpi, which showed the
health of shrimp was seriously destroyed during WSSV-
infection. The viral load increasing exponentially indicated
that, before the copy number of WSSV increased to a
certain quantity (10® copies/g), the immune system of
shrimp was not strong enough to prevent the virus from
invading, and a massive death of shrimp was caused. The
expression of Relish is responsive to bacteria or WSSV,
which can regulate the transcription of Penaeidins in L.
vannamei and F. chinensis [57]. In this study, the expres-
sion of EcRelish gene was induced in hemocytes after
WSSV challenge. WSSV induced the rapid up-regulation
of EcRelish transcription at 3 hpi compared to that of the
blank (0 h) or PBS group, which showed that EcRelish
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might be involved in immune response to WSSV stimu-
lation. However, the expression of EcRelish dropped to a
very low level at 6 and 12 hpi of the WSSV challenged
group compared with that of the PBS group, which might
be the strategy of pathogens escaping from innate immu-
nity of the host. WSSV infection intensively affected the
transcription and the expression of EcRelish at an early
time and decreased the transcriptional level of immune
genes. The expression of EcRelish that increased at 24 hpi
suggested that WSSV was promoted to express its packed
genes by activating the NF-kB gene Relish of the host. As
time progressed, the EcRelish mRNA expression levels
decreased till the end of the experiment, which might be
because as the virus infection progressed, the virus would
unceasingly reproduce in hosts, then the health of shrimps
was destroyed during WSSV-infection [58], so that the
expression levels of immune related gene were reduced.

Ammonia is the major toxicant resulting from the
excretion of cultured shrimp and mineralization of organic
wastes such as feces and unconsumed feed in an intensive
culture farm [59]. Elevated concentrations of ammonia can
cause impairment in numerous organs and induce a mod-
ification of the immune system in aquatic animals [60]. In
the present study, the cumulative mortality rates of shrimps
increased gradually during the first 24 h after ammonia-N
stress, which indicated that ammonia-N could cause a
challenge to shrimp. The expression levels of EcRelish in
the ammonia-N challenged group were down-regulation
significantly in the whole experimental process compared
with that of the control group. These observations sug-
gested that ammonia-N might suppress the transcription of
Relish gene and then prevent the factors involved in
immune reactions, furthermore causing a reduction of
immune capacity. Previous studies have demonstrated that
the expression of the proPO and peroxinectin in Penaeus
stylirostrisir decreased respectively by 60 % and 50 % in
response to the ammonia stress [61]. The down-regulated
expression of these immune related genes after ammonia
stress indicated that ammonia can result in a depression in
immune capacity of crustaceans [62]. The expression levels
had a waving change and were increased at 24 h and 72 h
after exposure to ammonia-N. It can be speculated that the
immune related gene of the shrimp attempted to take part
in the progress of resisting the ammonia-N stress at 24 h
and 72 h after exposure to ammonia-N, but did not
succeed.

In conclusion, a full-length Relish ¢cDNA (EcRelish)
was cloned from hemocytes of E. carinicauda. The mRNA
encoding EcRelish was synthesized in tested tissues. The
expression of EcRelish in hemocytes changed rapidly in
response to the infection of V. anguillarum and WSSV, and
ammonia-N stress. The expression pattern of EcRelish
indicated that the EcRelish gene was inducible and might

be involved in anti-bacterial and anti-viral action in E.
carinicauda. The expression profiles of EcRelish gene after
ammonia-N stress showed EcRelish played a key role in
environmental stresses.
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