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Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL/Apo2L) is one of the tumor necrosis
factor (TNF) superfamily members, participating in many biological processes including apoptosis and
immune responses. In present study, a novel human soluble TRAIL (sTRAIL) homolog, CasTRAIL was
identified from the oyster, Crassostrea ariakensis. CasTRAIL has a 99% and 98% similarity to human sTRAIL
over the cDNA sequence and the amino acid sequence, respectively. It mostly distributes in tissues of the
oyster defense system and was mainly localized at cell membrane, and has no cytotoxicity to normal
hemocytes of oyster. The phosphorylation state of MAP kinases revealed that CasTRAIL induced a rapid
increase in the phospho-ERK and phospho-p38 levels, which indicated that the MAPK pathway was
involved in CasTRAIL-mediated signaling. In addition, CasTRAIL also showed an ability of anti-RLO
infection which might be through the p38-MAPK activation pathway. Present studies provide an
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understanding and insight of the biological functions of CasTRAIL.
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1. Introduction

Members of the TNF ligand superfamily play multiple roles in
many important physiological and pathological processes, includ-
ing immune response, cell growth, survival or apoptosis [1]. In
mammals, these proteins include TNF-a, Fas ligand (CD95 ligand)
and tumor necrosis factor (TNF) related apoptosis-inducing ligand
(Apo2L/TRAIL) [2,3]. Like many other TNF family ligands,
membranous TRAIL can be cleaved by specific metalloproteases
into soluble form (sTRAIL) [4], which forms a homotrimeric
complex with potent apoptosis-inducing activity [2,5]. So, TRAIL
cannot only exists as a type Il membrane protein but also a
biologically active, soluble form (sTRAIL) in human cells [2,5,6], it
can interact with two death receptors (DR4 and DR5) and
selectively induce apoptosis in many human tumor cell lines
but showed little or no cytotoxicity to normal cells [2,6-9]. In
addition, many studies revealed that TRAIL can be induced by
many kinds of stimuli including LPS, viruses and so on [10-12],
which proved that it also plays the important roles in immune
responses [13].

Although TRAIL and its roles in pro-apoptosis have been
reported in vertebrates from fishes to mammals including grass
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carp, mandarin fish and human [2,14,15], however, there is still no
information available on the existence and function of TRAIL in
other lower order species, especially in invertebrates up to date. On
the contrary, several kinds of TNF Members have been reported in
invertebrates, for example, Eiger and its receptor, Wengen have
been characterized and their role in the ]NK-dependent pathway
was reported in Drosophila [16,17]. Then, four TNF ligand
superfamily members were found in the sea urchin (Strongylocen-
trotus purpuratus) genome [18,19]. More recently, a TNF ligand
(CsTL) was identified in the invertebrate Ciona savignyi [20], and in
disk abalone (Haliotis discus discus) a TNF-a homologue (AbTNF-«)
and a Fas ligand (AbFas) were isolated and characterized [21,22].
Besides, other TNF-a-like molecules such as LPS-induced TNF-a
factor (LITAF) were also characterized in bivalve Chlamys farreri
[23], Crassostrea gigas [24] and Pinctada fucata [25].
Rickettsia-like organism (RLO), an obligate intracellular Gram
negative bacterium, multiply only within host cells [26], and has
been reported as the species of pathogen in many aquatic
animals, including fish, molluscs, and crustaceans [26-28]. The
oyster, C. ariakensis has been cultured with wide range in
southern part of China. It has been proved that the mass
mortality of C ariakensis occurred and caused by a new
pathogen—rickettsia-like organism (RLO) in recent years [29].
More recently, immune-related genes including CREB and
Tolloid-like gene (CaTLL) involved in response to RLO challenge
were reported [30,31]. And an outer membrane protein encoded
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by ompR gene of rickettsia-like organism was identified. The role
of this protein in promoting the immune response was
characterized through analyzing the interaction between RLO
ompR and oyster [32]. However, molecular mechanisms of
immunology in the oysters have not been clearly characterized
until now. So, the study of the interaction between the host
oyster, C. ariakensis and pathogen RLO will contribute to the
prevention and control of RLO disease. In this study, we report for
the first time the molecular cloning, expression of a soluble
TRAIL gene in the oyster, C. ariakensis (CasTRAIL, GenBank
accession no. EF541151, NCBI). CasTRAIL was highly homologous
to human sTRAIL (amino acids 114-281 of human TRAIL) both
from the cDNA sequence and the deduced amino acid sequences.
The following potential biological functions of oyster sTRAIL, for
example, subcellular location, responses to RLO challenge and
cytotoxicity to normal oyster hemocytes as well as actions in the
MAPKs signaling pathway were involved in present study.

2. Materials and methods
2.1. Challenge with rickettsia-like organisms (RLOs)

Moribund oysters aged 2-3 years were sampled from
Guangdong Province, China. The RLOs have been purified directly
from infected oyster tissues by the use of differential speed
centrifugation and renografin density gradient centrifugation
according to previously described methods [33]. 10 oysters were
used in each experimental condition. Oysters were challenged by
injection into the adductor muscle with 100 .l of RLOs (10° bac-
teria per ml), or 100 .l of saline as control. All experiments were
conducted in conformity with the National Guidelines for
Biological Research involving animals.

2.2. RNA purification

Hemolymph was collected from the adductor muscle of oysters
at different times post-injection and immediately centrifuged at
1000 x g for 10 min at 4 °C. Hemocyte pellets were collected and
ground immediately under liquid nitrogen for RNA extraction.
Total RNA was extracted using the TRIzol reagent (Invitrogen, USA)
according to the manufacturer’s instructions.

2.3. Cloning and sequencing

First strand cDNA was synthesized using total RNA from
hemocytes of RLO-challenged and unchallenged oysters with a
First-Strand System Kit (Promega, USA). PCR was performed as the
following conditions: initial denaturation at 94 °C for 4 min;
followed by 35 cycles of amplification (94 °C for 30 s, 56 °C for 30 s,
72 °C for 90 s) and 1 cycle of 10 min at 72 °C.

Searching of nucleotide and amino acid sequences in GenBank
databases was carried out using the Blast at NCBI (http://
www.ncbi.nlm.nih.gov/blast/Blast.cgi). The open reading frame
(ORF) was acquired with ORF Finder tool (http://www.ncbi.nlm.-
nih.gov/gorf/). Domains/Motifs were predicted by the domain
prediction program simple modular architecture research tool
(SMART) (http://smart.embl-heidelberg.de/). Multiple sequence
alignment and phylogenetic tree were performed using neighbor-
joining method with MEGA4.0 package. The reliability of the tree
was bootstraped with 1000 replicates.

2.4. In situ hybridization
Tissues from the RLO-challenged and unchallenged C. ariakensis

were removed and immediately fixed in 4% (w/v) paraformalde-
hyde in PBS (contains 3.2 mM Na,HPO,4, 0.5 mM KH,POy4, 1.3 mM

KCI, 135 mM NaCl, pH 7.4) for 4 h. The digoxigenin-labeled RNA
probe was generated from the initially cloned cDNA sequence of
CasTRAIL using the DIG Labeling Kit (Roche, Hong Kong, China), the
sequence was: 5'-ATGTATGCCCCCAGCCTTCATGATGGTGATTAG-
CCTGGATC-3'. RNA in situ hybridization was performed according
to previously described [34].

2.5. Protein purification and polyclonal antibody production

The ORF sequence of the CasTRAIL gene was amplified from the
cDNA mixture with primers TRAILf (5'-CTGCATATGGTGAGAGAAA-
GAG-3') and TRAILr (5'-CGCTCGAGTTAGCCAACTTAAAAG-3'), the
PCR product was inserted into the Ndel and Xhol site of pET28a
(the restriction sites were underlined, Novagen, Germany) and
transformed into E. coli strain BL21 (DE3, Invitrogen, Germany).
Protein expression was induced with 0.1 mM isopropyl bp-
thiogalactoside (IPTG, Sigma, USA) at 30°C. The recombinant
fusion proteins were purified by His-bind nickel column chroma-
tography according to the manufacturer’s instructions (Qiagen,
Germany). Two New Zealand white rabbits were immunized with
2 mg of purified proteins each homogenized in complete Freunds
adjuvant (Sigma, USA) for two times at 2-week intervals. A booster
injection with 1 mg of purified proteins in incomplete Freunds
adjuvant (Sigma) was given after another 2 weeks. Rabbit serum
was collected at week 8. Antiserum was prepared according to the
method described in Ref. [35], and stored at —20 °C.

2.6. Hemocyte monolayers

Hemocyte monolayers were prepared as previously described
[36,37] with a little modification. Briefly, hemolymph was
extracted from the posterior adductor muscle of 10 oysters for
each experiment and pooled to about 15 ml samples. Hemolymph
serum was obtained by centrifuging at 500 x g for 5 min, and the
supernatant was sterilized through a filter of 0.22 wm pore size.
1 ml of hemolymph (about 10° cells) was dispensed into sterile
Petri dishes and prepared as hemocyte monolayers, then incubated
at 15 °C for 30 min and added with 2 ml of hemolymph serum
before use.

2.7. Real-time PCR

Equal quantities (3 pg) of each total RNA sample was used in
quantitative Real-time PCR to measure the distribution and
expression of CasTRAIL in various tissues under RLO challenged.
The primers were Casf (5'-CTGACCCTATAT TGTTGATG-3’), and Casr
(5’-GTCCATGTCTATCAAGTGC-3').

Hemocyte monolayers were incubated with recombinant
CasTRAIL proteins (5 pwg/ml) for different periods of time. The
gene specific primers for p38 (GenBank accession no. EF392834,
NCBI) were p38f (5'-GGTGCGGATCTGAACAACA-3’) and p38r (5'-
ACAGTCTTCATTCACACCG-3'); for 28S rDNA (GenBank accession
no. AF137052, NCBI). The internal control was 28Sf (5-CACC-
GAATCCCTCATCCT-3’) and 28Sr (5-CTGCTCTGGACTGTCCTA-3').
All data were presented as the standard errors of the mean (S.E.M.).
Differences were considered statistically significant when p values
were less than 0.05.

2.8. Western blotting

Purified recombinant proteins and proteins extracted from
hemocytes were subjected to 10% SDS-PAGE. After transfer, the
polyvinylidene difluoride (PVDF) membrane (Sigma, USA) was
blocked with PBST (PBS pH 7.4, containing 0.1% Tween-20)
containing 5% skim milk for 3h at room temperature, and
then incubated with primary antibodies (1:2500) diluted in
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481 TTT TTC GGG GCC TTT TAA <DNA zequence of CasTRAIL
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Fig. 1. Nucleotide and amino acid sequence of CasTRAIL and comparison with human sTRAIL cDNA. The sites not conserved were boxed. Nucleotide and amino acid numbers,
are starting from the guanine and valine, respectively. Underline shows the unpaired cysteine residue C117 of CasTRAIL. Asterisk indicates the stop codon.

blocking buffer. After washing three times with PBST, mem-
branes were incubated with horseradish peroxidase (HRP)-
conjugated IgG (Tiangen, Germany) diluted 1/2000 in PBST at
room temperature for 1h. The immune complexes were
detected with an HRP-DAB Detection Kit (Tiangen, Germany).
Quantification for total protein was performed using the
Bradford method [38].

2.9. Immunofluorescence

Oyster hemocytes were collected and fixed in 4% paraformal-
dehyde-PBS for 20 min at 37 °C. After that, they were permeabi-
lized in 0.2% Triton X-100 PBS for 3 min and washed three times for
5 min with PBS (contains 3.2 mM Na,HPO4 0.5 mM KH,PO,,
1.3 mM KCl, 135mM NaCl, pH 7.4), and then cells were
immunostained with anti-CasTRAIL primary antibodies raised
with recombinant CasTRAIL and FITC-labeled secondary antibody.
Images were obtained by a fluorescence microscopy using the
software ACT-1.0.

2.10. Antibodies

Phosphorylated antibodies, anti-p38, anti-ERK and anti-JUK
were purchased from Promega, USA. 3-Actin and other antibodies
were purchased from Santa Cruz, USA.

2.11. Flow cytometric analysis and DNA fragmentation

Hemocyte monolayers were prepared as described above and
incubated with recombinant CasTRAIL proteins (5 g/ml) for 0-
24 h. The CasTRAIL induced-hemocytes were incubated with
annexin V-fluorescein and propidium iodide staining (Annexin
V-FITC Apoptosis Detection Kit, Merck, Germany), and analyzed by
Flow cytometry. Oyster genomic DNA was extracted by a DNA
Isolation Kit (Shaibaisheng, China) according to the manufacturer’s
instructions and subjected to electrophoresis in a 2% agarose gel to
detect the formation of DNA ladder.

3. Results
3.1. Sequence analysis and schematic representation of CasTRAIL

Partial sequence of TRAIL cDNA was obtained from the oyster, C.
ariakensis (GenBank accession no. EF541151, NCBI) when cloning
immune-related genes used RT-PCR technology, which includes an
open reading frame of 501 nucleotides encoding a hypothetical pro-
tein of 167 amino acids with a molecular mass about 18.4 kDa (Fig. 1).

Comparison of CasTRAIL with extracellular domains of TRAIL
protein from vertebrates including human and various animals
(mice, chicken, platypus and grass carp) revealed a similarity
ranging from 42% to 98% (Fig. 2a and b). But oyster TRAIL has only
15% to 20% similarity with other types of TNF domains from
invertebrate species including Drosophila melanogaster Eiger
(GenBank accession no. BAC00950, NCBI), Ciona savignyi TNF-a
(GenBank accession no. EU216599, NCBI), H. discus discus TNF-a
(GenBank accession no. EU863217, NCBI) and H. discus discus Fas
ligand (GenBank accession no. ACJ12607, NCBI) (Fig. 2c).

Interestingly, CasTRAIL was highly homologous to sTRAIL of
human. It has a 99% similarity over the cDNA sequence and 98%
over the amino acid sequence between them (Figs. 1 and 2a). On
the contrary, it was only 42% of similarity compared to grass carp
(Ctenopharyngodon idella), which suggests that CasTRAIL is a
homolog to human sTRAIL (Fig. 2a). The results of the phylogenetic
analysis also supported this conclusion (Fig. 2b).

In addition, an unpaired cysteine residue (C230) is essential for
the structure and pro-apoptotic activity of human TRAIL [39],
CasTRAILalso has a cysteine residue (C117) at the similar site (Fig. 1),
indicating that they might have the similar biological function.

3.2. Recombinant protein and polyclonal antibody production

The complete ORF of CasTRAIL was cloned into the pET28a
expression vector. A protein with a molecular weight about 20 kDa
was expressed in E. coli BL21 (DE3) with His-tag at carboxyl
terminus and purified using the Ni-NTA affinity columns. Purified
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Fig. 2. Sequence and phylogenetic analysis of TNF domain of TRAIL protein. (a) Comparisons of TNF domain from CasTRAIL with other TRAIL proteins and identity levels
between TNF domain and other compared proteins. (b) Phylogenetic tree for CasTRAIL and other TRAIL proteins. The unrooted tree was built using the neighbor-joining
method based on the alignment of TNF domain amino acid sequences. Numbers indicate the bootstrap percentage (1000 replicates). (c) Phylogenetic tree for oyster TRAIL and

other TNF member proteins of invertebrates.

protein showed expected molecular weight as detected by SDS-
PAGE and was confirmed by Western blotting using an anti-His
antibody and anti-CasTRAIL rabbit antiserum (Fig. 3).

3.3. Tissues distribution of oyster TRAIL

To investigate the potential function of oyster TRAIL in vivo,
distribution and the expression levels of TRAIL were investigated
by in situ hybridization (ISH) in different tissues including gills,
gonad, hemolymph, mantle and posterior adductor muscle. The
results showed that TRAIL was ubiquitously expressed in all
examined tissues although very few were in gonad (Fig. 4a and c).
In oyster, gills, hemolymph and mantle are main components of
oyster defense system [32]. TRAIL constituently expressed in these
tissues implied that it might play important roles in oyster by
providing a first line of defense against pathogenic invasion.

3.4. Subcellular location of oyster TRAIL protein

To better understand the regulation and function of oyster
TRAIL, immunostaining was carried out to determine the

subcellular locations of TRAIL protein. Oyster hemocytes were
immunostained with the anti-CasTRAIL primary antibodies raised
with recombinant CasTRAIL and a FITC-labeled secondary anti-
body. As shown in Fig. 4d, the brightest staining was shown in the
cell membrane of oyster hemocytes and some of them in the
cytoplasm, but not in the nucleus, proving that similar to human
TRAIL, TRAIL in oyster, C. ariakensis was also primarily located at
the cell membrane, and may be also expressed as a soluble form
(sTRAIL) in the cytoplasm and other organelle [2,5,6].

3.5. Functional analysis of oyster TRAIL involved in inflammation and
immune responses

3.5.1. The observation of anti-RLO defense function of oyster TRAIL
In order to investigate anti-RLO defense function of oyster TRAIL
in vivo, tissues from oysters 6 h after RLO challenge were analyzed
by ISH and Real-time PCR as described above. The positive TRAIL
mRNA hybridization signals are in red. As shown in Fig. 4a, increased
positive signals were detected in mantle, hemolymph and muscle,
while decreased in gill, and no obvious changes were found in gonad
(Fig. 4b). Results of Real-time PCR showed that the expression levels
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Fig. 3. SDS-PAGE and Western blotting of CasTRAIL. Bacterial proteins and recombinant fusion proteins were separated on 10% SDS-PAGE gels. After electrophoresis, CasTRAIL
protein was revealed by Coomassie blue R-250 staining or blotted onto PVDF membranes. A band with a molecular weight of about 20 kDa was detected by Western blotting
using anti-His antibody or anti-CasTRAIL rabbit antiserum. Lane 1, before induction; Lane 2-4, after induction by 1.0, 0.5 and 0.1 mM IPTG, respectively; M, molecular weight
marker; Lane 5, Western blotting of purified recombinant proteins using anti His-tag antibody; Lane 6, purified recombinant proteins and the gel was stained with Coomassie
blue R-250; Lane 7, Western blotting of purified recombinant proteins using anti-CasTRAIL rabbit antiserum.
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Fig. 4. Distribution, expression and subcellular localization of CasTRAIL. (a) Distribution of CasTRAIL in various tissues. (b) The expression of CasTRAIL in various tissues under
RLO challenged. (c) Real-time RT-PCR analysis of the expression of CasTRAIL in various tissues under RLO challenged. The values were presented as mean = S.E. of independent
experiments done in triplicates and analyzed by Student’s t-test; *P < 0.05 when compared to control values. (d) Subcellular localization of CasTRAIL in oyster hemocyte. Anti-
CasTRAIL primary antibodies and FITC-labeled secondary antibody were used in immunofluorescence staining.

of TRAIL were significantly up-regulated by RLO stimulation in
tissues of hemolymph, mantle and muscle, and significantly down-
regulated in gill; while no significant changes were detected in
gonad (Fig. 4c). These results suggested that oyster TRAIL might be
involved in anti-RLO defense mechanisms.

3.5.2. The effects of CasTRAIL on expression levels of p38-MAPK in
hemocyte

To investigate the effects of CasTRAIL stimulation on the
expression levels of immune-related genes, Real-time PCR was
carried out using RNA from hemocytes after CasTRAIL exposure.
Phosphorylation analysis of p38-MAPK was carried out as stated
above. The results showed that CasTRAIL could up-regulate the
expression levels of p38-MAPK both from mRNA level (at 15 min
and 30 min) and protein level (at 15-60 min) (Figs. 5 and 6), which
indicated that the p38-MAPK pathway was involved in CasTRAIL-
mediated anti-RLO signaling pathway.

3.6. Functional analysis of CasTRAIL in inducing apoptosis
3.6.1. The observation of cytotoxicity of CasTRAIL on hemocytes

To investigate the biological activity of CasTRAIL, oyster
hemocytes were screened for responsiveness to the purified

protein. Flow cytometry was performed as previously described.
The results showed that CasTRAIL does not cause cell apoptosis
in normal hemocytes (Fig. 5a), which showed an average
apoptosis rate of 7.5% in control group, and 7.5% in 24 h
induction group. And no obvious DNA ladder was detected in
hemocytes after 0-24 h from CasTRAIL addition (Fig. 5b). These
results illustrated that CasTRAIL does not generate toxic effect to
normal hemocyte.

3.6.2. Phosphorylation state of p38-, ERK, JNK MAP kinases in
hemocytes

To further investigate the molecular mechanisms and signaling
pathways of CasTRAIL acting on oyster hemocytes, antibodies
against phospho-ERK, phospho-p38, and phospho-JNK were used
to analyze the phosphorylation state of MAP kinases (p38, ERK,
JNK) by Western blotting. The results revealed that CasTRAIL
induced a rapid increase in the phospho-ERK levels at 30-60 min
and phospho-p38 levels at 15-60 min (Fig. 5¢). But the phosphor-
ylation levels of JNK were unchanged with CasTRAIL incubation.
These results clearly indicated that MAPK pathway was involved in
CasTRAIL-mediated signaling, and might play the important roles
in keeping a hematopoiesis in hemocytes and preventing normal
hemocytes from cell death.
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24h

Actin

Fig. 5. Effect of CasTRAIL on oyster hemocyte and the phosphorylation state of MAPKs (p38, JNK, and ERK). Hemocytes were incubated with CasTRAIL from 0 to 60 min. Cells
were labeled with the annexin V-FITC and analyzed by Flow cytometer and DNA ladder. (a) Flow cytometer analysis of hemocytes at 0 and 24 h after CasTRAIL addition. (b)
DNA electrophoresis to detect the formation of DNA ladder at 0 and 24 h after CasTRAIL addition. (c) Effects of CasTRAIL on MAPKs (p38, JNK, and ERK) phosphorylation state

in hemocytes. Anti-actin was used as control.

4. Discussion

Mollusca are a very diversified group of invertebrates with
more than 100,000 living species, most of them are marine [40].
The oyster C. ariakensis is a representative species of bivalve, and it
is an economically important oyster cultured in China and other
areas of the world, which suffered from the mass mortality, caused
by RLO, in recent years [27,29].

Here a CasTRAIL was cloned and characterized from oyster C.
ariakensis. Interestingly, CasTRAIL showed high similarity to
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25 F

*
L5 |
1k
' j L
0 1 1 2
15 30 60

Time (min) 0

Relative expression

wn

Fig. 6. Analyses of the expression levels of p38-MAPK in hemocytes. Expression
levels were assessed by Real-time RT-PCR using the 28Sr DNA for normalization.
The seawater-injected group was used as a control. Samples for p38 analysis were
collected at 0, 15, 30 and 60 min after CasTRAIL exposure. The relative expression
levels of two genes were calculated according to the 2-2ACT methods. The values
were presented as mean =+ S.E. of independent experiments done in triplicates and
analyzed by Student’s t-test; *P<0.05 when compared to control values.

human sTRAIL in which it has about 99% and 98% similarity to
human sTRAIL over the cDNA sequence and the amino acid
sequence, respectively. In addition, it has also the similar domain
structure and a 98% of identity rate over the amino acid sequence of
TNF domain. But CasTRAIL has only 42% similarity with the TNF
domain of grass carp, C. idella, and only 15-20% similarity with
other TNF domain from invertebrate species including fruit fly, sea
squirts, and abalone, which indicates that CasTRAIL is homologous
to human sTRAIL. Furthermore, they have the same cysteine
residue (C117 and C230, respectively) that is essential for the
structure and pro-apoptotic activity. So they might have the
similar biological functions.

In human, sTRAIL was reported to play an important role in the
induction of apoptosis of tumor cells and in the immune response
[2,10], while inducing little cytotoxicity to normal cells [6]. Present
studies were carried out to investigate whether CasTRAIL has
similar functions as human sTRAIL. Firstly, to investigate whether
CasTRAIL has cytotoxicity to normal oyster hemocytes, cells were
induced with recombinant CasTRAIL protein and no obvious
apoptosis was detected, which indicated that CasTRAIL has no
cytotoxicity to normal oyster hemocytes. Secondly, to further
investigate the molecular mechanisms and signaling pathways of
CasTRAIL acting on oyster hemocytes, phosphorylation states of
MAP kinases (p38, ERK, JNK) in oyster hemocytes were observed
after CasTRAIL incubation. No apoptosis was detected in the
treated cells, but the activation of ERK and p38-MAPK was
detected, whereas no changes in the phosphorylation state of JNK
were observed in oyster hemocytes. In mammals, p38-MAPK
mediates the apoptotic pathway of TRAIL, while ERK suppresses
TRAIL-mediated apoptosis [41]. Present results showed that
MAPKs play important roles in the CasTRAIL signaling pathway
through which ERK might play a key role in preventing normal
hemocytes from apoptotic cell death. However, the molecular
mechanism is still unknown. These findings suggested that
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CasTRAIL, like human sTRAIL, has no cytotoxicity to normal cells
(such as oyster hemocytes) by activation of MAPKs. Further work
needs to be done to determine whether it has the ability of
inducing the abnormal cell (such as tumor cell) death.

RLO is one of the major pathogens of oysters [29], results of
Real-time PCR and ISH analyses showed that the expression levels
of CasTRAIL in different immune-related tissues could be
significantly up- or down-regulated by RLO challenge. Thus, this
paper for the first time showed that oyster TRAIL was involved in
anti-RLO defense responses to the challenge of rickettsia-like
organism. To further investigate the possible molecular mechan-
isms involved in CasTRAIL anti-RLO infection, the expression levels
of p38-MAPK was analyzed. It was found that CasTRAIL could
induce a rapid increase in the expression level of p38-MAPK, which
represents an ancient, evolutionarily conserved component of the
metazoan defense against pathogen attack [42], and mediate the
signaling pathway of many cytokines including TRAIL [41,43].
Recently, p38-MAPK was found with a rapid response to the
challenge of out membrane protein of RLO, and the activated p38-
MAPK was required for NF-kB-dependent gene expression [32].
These findings indicated that an anti-RLO pathway of oyster TRAIL
might exist. It was hypothesized that oyster TRAIL might play key
roles in transferring the stimuli of RLOs to activate p38-MAPK and
then the transcription factor NF-kB, and NF-«B triggered the
expression of subsequent cytokines and other genes to be against
the RLO pathogen. The present study provided the understanding
of anti-RLO processes of CasTRAIL, but the detailed molecular
mechanisms still remain to be clarified.

In human, TRAIL is mostly expressed in immune cells, in which
it could respond to pathogen invasion or play roles in the
homeostasis of T-cells and NK cells as well as be involved in T-cell-
mediated killing of virally and oncogenically transformed cells
[44-46]. Tissues distribution and subcellular location study of
oyster sTRAIL gene showed that it was mainly expressed in tissues
of oyster defense system including hemolymph, gills and mantle,
and localized at cell membrane. These results of CasTRAIL in
distribution and subcellular location are similar to human sTRAIL
and also well-matched its immune function concerning it showed
no cytotoxicity to normal hemocytes of oyster and anti-RLO
immune described above.

In summary, to the best of our knowledge, this is the first
identification and characterization of a human sTRAIL homolog in
invertebrates. Oyster TRAIL mostly distributes in the tissues
involved in the oyster defense system, and was mainly localized
at cell membranes. Similar to human sTRAIL, CasTRAIL has no
cytotoxicity to normal hemocytes of oyster because of the activation
of MAPKs (ERK) that might prevent hemocytes from apoptotic cell
death. In addition, CasTRAIL also showed an ability of anti-RLO
infection by activation of p38-MAPK pathway. Present studies
provide an understanding and insight of the biological functions of
CasTRAIL, but further research is required to elucidate the detailed
molecular mechanisms by CasTRAIL against RLO infection.
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