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ABSTRACT. Chitinase-like proteins (CLP) are important members of 
the glycoside hydrolase family 18 (GH18) and are involved in growth 
control and remodeling processes. In this study, a CLP transcript was 
isolated and sequenced from the Japanese scallop (Mizuhopecten 
yessoensis) after screening expressed sequence tags. The full-length 
complementary DNA of M. yessoensis CLP (My-Clp1) was 1555 bp in 
length, consisting of a 75-bp 5'-untranslated region (UTR), a 160-bp 3'-
UTR, and a 1320-bp open reading frame bearing characteristics of the 
GH18 family. The My-Clp1 protein was well conserved, with similar 
domain structures and architecture across species (e.g., from mollusks 
to mammals). Expression analysis in healthy tissues and across 
developmental stages revealed a strong preference for expression; 
My-Clp1 was abundantly expressed in the mantle and throughout 
metamorphosis, which suggests the involvement of My-Clp1 in the 
synthesis of extracellular components, and tissue degeneration and 
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remodeling. My-Clp1 expression was induced after infection with a 
bacterial pathogen, Vibrio anguillarum, suggesting its involvement in 
immunity against this intracellular pathogen.
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INTRODUCTION

Chitin, composed of β(1,4)-linked N-acetyl-D-glucosamine residues, is a naturally 
occurring polysaccharide found in many life forms, including the exoskeleton and gut linings 
of insects, cell walls of microorganisms, microfilarial sheaths of parasitic nematodes, and 
shells of crustaceans (Fuhrman and Piessens, 1985; Kneipp et al., 1998; Vogan et al., 2002; 
Wills-Karp and Karp, 2004; Lee et al., 2008). The glycoside hydrolase family 18 (GH18), 
characterized by the ability to hydrolyze chitin enzymatically, has been identified in organisms 
that synthesize or metabolize chitin, such as insects, yeasts, and crustaceans, and those that 
do not synthesize or metabolize chitin, such as higher plants and mammals. The GH18 family 
consists of a specific arrangement of 8 centrally located parallel β-strands and 8 surrounding 
α-helices (Badariotti et al., 2007). The GH18 family members aid in the protection of organ-
isms from harsh conditions and host anti-parasite/pathogen invasions because they are often 
constitutively expressed in macrophages and epithelial cells, which provide the first line of 
defense against exogenous agents, including chitin-containing pathogens (Homer et al., 2006; 
Mizoguchi, 2006). In the GH18 family, recent studies have identified chitinases and a number 
of chitinase-like proteins (CLPs), from which chitin could not be catalyzed because of the 
deletion of a critical amino acid in the catalytic center (Ober and Chupp, 2009).

Increasing numbers of CLPs have been identified from many species in recent years, 
and they have been implicated in a variety of biological functions. In plants, CLPs function 
in nodulation and the developmental signaling pathway, which regulates cell proliferation/dif-
ferentiation and endogenous cytokinin levels (Goormachtig et al., 2001; Lee et al., 2003). Ima-
ginal disc growth factors (IDGFs), the CLPs in Drosophila, are the first polypeptide growth 
factors to be reported from invertebrates (Kawamura et al., 1999). The IDGF proteins are se-
creted and transported to target tissues via the hemolymph; they act in conjunction with insulin 
to stimulate the proliferation, polarization, and motility of imaginal disc cells (Arakane and 
Kawamura et al., 1999; Muthukrishnan, 2010). In mammals, YKL-40 [a CLP also referred to 
as a chitinase 3-like-1 and human cartilage glycoprotein-39 (HC-gp39)] was first identified in 
mouse breast cancer cells and named BRP-39 (Bleau et al., 1999). YKL-40, which has been 
significantly correlated with the severity of asthma, plays an important role in the homeostasis 
of several organs in humans, where it regulates tissue remodeling as well as cell proliferation 
and survival in response to pathological conditions (Giannetti et al., 2004; Kelleher et al., 
2005; Recklies et al., 2005; Johansen, 2006). In mollusks, 3 CLPs (Cg-Clp1, Cg-Clp2, and 
Cg-Clp3) have been identified from the oyster Crassostrea gigas (Badariotti et al., 2006, 2007, 
2011). Cg-Clp1 was found to be involved in growth control and remodeling processes in a 
manner similar to its YKL-40 mammalian counterpart, and Cg-Clp3 plays a role in embryonic 
development, adult oyster growth, and tissue remodeling during metamorphosis and gonadal 
restructuring (Badariotti et al., 2006, 2011).

The Japanese scallop (Mizuhopecten yessoensis), widely distributed in the cold seas 
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along the coasts of the northern islands of Japan, was introduced to China over 3 decades ago 
(Nagashima et al., 2005; Li et al., 2007; Liu et al., 2010; He et al., 2012). The annual produc-
tion of the Japanese scallop had reached 300,000 t in China by 2012 (Han et al., 2012). How-
ever, with the rapid expansion and intensification of scallop cultures, pathogen spread, and 
disease outbreaks have caused massive financial losses to farmers. Thus, additional informa-
tion on and a greater understanding of the immune system of scallops are necessary. To further 
clarify the roles of CLPs in the development and immune response of the Japanese scallop, the 
following were conducted in the present study: 1) cloning the full-length complementary DNA 
(cDNA) of the CLP gene from the Japanese scallop (My-Clp1); 2) examining the expression of 
CLP in various tissues; 3) examining the expression of CLP at different developmental stages; 
and 4) evaluating CLP expression in the Japanese scallop challenged with Vibrio anguillarum.

MATERIAL AND METHODS

Tissue sampling and RNA extraction

All experimental Japanese scallops (averaging ~80 mm in shell length for adults) 
were randomly collected from Dalian Bilong Co., Ltd., China. To determine gene expression 
in various healthy scallop tissues, samples of 6 tissues, including the mantle, hepatopancreas, 
gill, kidney, hemocyte, and muscle, of 10 healthy individuals were collected. To determine 
gene expression during different developmental stages of the scallop, samples from 10 stages, 
including zygote, 2-cell, blastula, gastrula, trochophore, D, post-D, umbo, juvenile, and meta-
morphosis, of healthy individuals were collected. All of the above samples were pooled, flash-
frozen in liquid nitrogen, and maintained in a -80°C ultra-low freezer for RNA preparation. 
Total RNA was isolated from different samples using the RNAprep pure Tissue Kit (Tiangen 
Biotech, China). The quality of RNA was detected by 1% agarose gel electrophoresis, and 
the concentration and purity were determined spectrophotometrically by measuring their ab-
sorbance at 260 and 280 nm using the Implen Nanophotometer (Implen, Germany) (Li et al., 
2012). First-strand cDNA was synthesized using the PrimeScriptTM First-Strand cDNA Syn-
thesis Kit (TaKaRa, Japan).

Identification and sequencing of My-Clp1 cDNA

The Japanese scallop mantle cDNA library that we constructed was previously used as 
the EST database (Li et al., 2010). According to BLASTX, the clone MYMAN10A12 (Gen-
Bank ID: GR867827) is homologous to a partial CLP sequence. Rapid amplification of cDNA 
ends (RACE) was performed on a partial CLP sequence to obtain full-length cDNA. RACE 
was performed using the SMART RACE cDNA Amplification Kit (Clontech/BD Biosciences, 
Japan). The final polymerase chain reaction (PCR) product was cloned into pMD19-T Simple 
Vectors (TaKaRa) and sequenced by the AB3500 genetic analyzer.

In silico characterization of My-Clp1

To fully characterize My-Clp1, several molecular models were constructed, includ-
ing the architecture of conserved domains, homology modeling of catalytic domains, a phy-
logenetic tree, and a multiple-sequence alignment. The predicted amino acid sequences of 
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the My-Clp1 gene were assessed via BLAST (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). 
Conserved domain structures were determined using the SMART domain program and the 
Conserved Domain Database (CDD) of NCBI (Letunic et al., 2006). The presumed tertiary 
structures of My-Clp1 were established using the SWISS-MODEL prediction algorithm 
(http://swissmodel.expasy.org/) (Arnold et al., 2006; Kiefer et al., 2009). A phylogenetic 
tree of selected CLPs was constructed using the neighbor-joining method via MEGA 4.0 
(Tamura et al., 2007). The bootstrap trials were replicated 1000 times to derive the confi-
dence values for the phylogeny analysis. The ClustalW Multiple Alignment program was 
used for multiple alignments of MSTN genes (Thompson et al., 2002). Conserved features 
from this alignment were labeled accordingly. The presence and location of the signal pep-
tide was predicted by SignalP 3.0 (Bendtsen et al., 2004). The molecular mass (Mw) and 
theoretical isoelectric point (pI) of the protein was predicted using a Compute pI/Mw tool 
(http://web.expasy.org/compute_pi/). 

Bacterial challenge and sample collection

Prior to feeding, adult scallops were acclimated to the laboratory condition for 1 week. 
Scallops were divided into control and experimental groups for the bacterial challenge experi-
ment. They were maintained at a temperature of approximately 15°C under a natural photo-
period (12-h light/12-h dark) in rectangular plastic tanks (10 m3) containing filtered, continu-
ously aerated seawater (28-30‰ salinity). Scallops receiving an injection of 50 μL live 
V. anguillarum (3 x 107 CFU/mL) in saline suspension were used as the challenge group, 
while animals in the control group were injected with the same amount of sterile seawater. 
Scallops were returned to the seawater tanks, and the hemolymphs of 3 individuals from each 
tank were randomly sampled from the challenged and control groups at 0, 3, 6, 12, 24, and 
36 h post-injection. Hemolymph samples were immediately centrifuged for 10 min (1000 g, 
4°C), frozen in liquid nitrogen, and stored at -80°C until RNA extraction and analysis.

Gene expression analysis of My-Clp1

The levels of My-Clp1 mRNA expression in different tissues throughout various de-
velopmental stages and hemocytes following bacterial stimulation were detected by real-time 
quantitative reverse transcription-PCR (qRT-PCR) in Mx3005p™ real-time thermal cycler 
with the PrimeScript™ RT Reagent Kit (TaKaRa). The primers Qβ-actin-F and Qβ-actin-R 
(GenBank accession No. GU596498) were used to amplify part of the M. yessoensis β-actin 
coding sequence as an internal control to calibrate the cDNA template for corresponding sam-
ples. The reaction mixture was comprised of 10 μL 2X SYBR® Premix Ex Taq™, 0.8 μM of 
each primer (i.e., forward and reverse), 1 μL cDNA template, and then filled to a final volume 
of 20 μL with distilled water. The amplification conditions were as follows: denaturation and 
enzyme activation at 95°C for 30 s, followed by 40 cycles of 94°C for 5 s, 55°C for 20 s, and 
72°C for 20 s. Each sample was run in triplicate along with the internal control gene. A dis-
solution curve analysis of the amplification products was performed to confirm the specificity 
of the qRT-PCR products. The CT method (2-ΔΔCt) was used to calculate relative changes in 
My-Clp1 mRNA expression (Arocho et al., 2006).
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Data analysis

Statistical analysis was performed using the SPSS 13.0 software least significant 
difference (LSD) t-test. All data are reported as means ± SD/SE for N = 10 animals per 
group for three independent experiments. One-way ANOVA followed by the LSD test was 
used to determine significant differences in the mean values among the different groups.

RESULTS

Cloning and sequencing of My-Clp1 cDNA

A 1555-bp nucleotide sequence representing the full-length cDNA sequence of 
My-Clp1 was obtained and deposited into GenBank (accession No. KC876641). The 
My-Clp1 cDNA contained an open reading frame of 1320 bp encoding 439 amino acids 
with a 75-bp 5'-untranslated region (UTR) and a 160-bp 3'-UTR (Figure 1). The mature 
protein had a theoretical pI of 6.37 and a predicted Mw of 50.4 kDa. A typical polyadenylation 
signal sequence (AATAAA) existed 13 bp upstream of the poly (A) sequences. The N-termi-
nus of the polypeptide was composed of a signal peptide of 22-amino acid residues. 

Homology analysis of My-Clp1

Multiple-sequence alignment revealed the significant identities of the My-Clp1 amino 
acid sequence with those of previously identified GH18 family members, especially in the 
Glyco_18 domain (Figure 2). The predicted amino acid sequence of My-Clp1 was similar to 
that of the CLPs in Homo sapiens (34% positive), Drosophila melanogaster (32%), C. gigas 
(49%), and Pinctada margaritifera (43%). The amino acid C-terminal sequence contained 55 
more amino acids than Hs-HC-gp39 and Dm-Cht9, and 34 less than Cg-Clp and Pm-Clp, with 
unknown functions. According to the homology model constructed by the SWISS-MODEL 
program, My-Clp1 had a similar structure to that of other CLPs and exhibited the (β/α)8 TIM 
barrel structure (Figure 3).

Phylogenetic analysis of My-Clp1

In order to analyze the My-Clp1 gene in the larger genomic context, phylogenetic 
analysis was conducted based on amino acid sequences encoded by 18 CLP genes (Figure 4). 
The CLP homologous proteins were separated into 3 distinct groups, including Lophotrocho-
zoa, Deuterostoma, and Ecdysozoa. In all cases, the My-Clp1 fell within the clades that also 
included mollusk CLPs, thus confirming their identities as suggested by similarity compari-
sons. Analyses using several algorithms, such as neighbor joining and maximum parsimony 
methods, yielded similar phylogenetic trees. While the evolutionary relationships observed 
among the CLPs appear to be consistent, further studies on other CLPs would assist in the 
construction of a more comprehensive phylogeny.
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Figure 1. Nucleotide and deduced amino acid sequences of My-Clp1 cDNA. The coordinates of the cDNA and 
amino acids are indicated in the left margin. 5'- and 3'-untranslated regions are indicated using lowercase letters. The 
translation start codon is ATG, the termination codon is TGA, and the polyadenylation signal sequences AATAAA 
are shown in bold font and underlined. The termination is labeled by an asterisk. The signal peptide is italicized, and 
the downward-pointing arrow (A22↓Q23) indicates the probable cleavage site for its removal.
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Figure 2. Multiple-sequence alignment of the deduced amino acid sequences of My-Clp1 with CLPs of the GH18 
family. The predicted amino acid sequence of My-Clp1 is aligned with the amino acid sequence of 6 CLPs from 
Homo sapiens (Hs-HC-gp39), Drosophila melanogaster (Dm-Cht9), Crassostrea gigas (Cg-Clp1, Cg-Clp2, and 
Cg-Clp3), and Pinctada margaritifera (Pm-Clp1). Conserved residues are shaded in gray (identical) or black 
(identical in all of the proteins). Amino acids of the predicted signal peptide are shown in bold italic letters. Dashes 
indicate gaps in the amino acid sequence when compared to the other sequences. The wave line above the sequence 
alignment delimits the Glyco_18 domain. The broken black box marks the extent of the active center. Head arrow 
indicates the position of residue required for catalytic activity in bacterial chitinase (Watanabe et al., 1993). Black 
box and asterisk indicate the potential site for N-glycosylation (NXT/S). The secondary structure elements of 
My-Clp1 and Hs-HC-gp39 are depicted in black above the alignment. Squiggles represent helices, and arrows 
represent β strands. Helices and β strands that are part of the (αβ)8 barrel are numbered, and secondary elements 
outside the barrel are labeled with letters. Cg-Clp1 secondary structure elements are predicted using the SWISS-
MODEL software (Badariotti et al., 2006). The GenBank accession Nos. of the genes are as follows: Hs-HC-gp39, 
NP001267; Dm-Cht9, NP611543; Cg-Clp1, CAI96029; Cg-Clp2, CAI96023; Cg-Clp3, CAI96024; and Pm-Clp1, 
H2A0L4.1 (UniProtKB/Swiss-Prot).
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Figure 3. Homology modeling of My-Clp1 catalytic domain. The SWISS-MODEL program was used to generate 
the models. Human HC-gp39 was used as a template.

Figure 4. Phylogenetic analysis of chitinase-like proteins from Mizuhopecten yessoensis and other species. A 
phylogenetic tree was constructed by the neighbor-joining method based on the protein sequences of 18 chitinase-
like proteins. Sequences used for the analysis were as follows: Crassostrea gigas Clp1, CAI96029; C. gigas Clp2, 
CAI96023; C. gigas Clp3, CAI96024; Pinctada margaritifera Clp1, H2A0L4.1; P. margaritifera Clp 2, P86955.1; 
Homo sapiens HC-gp39, NP_001267; Capra hircus MGP-40, AAL87007; H. sapiens Oviductin, Q12889; Mus 
musculus Ym1, NP_034022; Rattus norvegicus ChiR, XP_227568; Drosophila melanogaster IDGF1, Q8MX41; D. 
melanogaster IDGF2, NP_477257; D. melanogaster IDGF3, NP_477256; D. melanogaster IDGF4, NP_511101; 
D. melanogaster IDGF5, Q8T0R7; D. melanogaster DS47, NP_477081; and Bombyx mori EN03, BAB16695.
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Figure 5. Tissue distribution of the My-Clp1 transcript. The value of relative expression was achieved by comparing 
the expression level of CLP with that of β-actin. Each symbol and vertical bar represent means ± standard deviation.

Figure 6. Expression of My-Clp1 during different developmental stages. The value of relative expression was 
achieved by comparing the expression level of CLP with that of β-actin. Each symbol and vertical bar represent 
means ± standard deviation.

Expression of My-Clp1 in developing and adult tissues 

Real-time qRT-PCR was used to determine the tissue distribution and temporal pat-
tern of My-Clp1 expression during the developmental stages of M. yessoensis. My-Clp1 
was expressed in the tissues tested, including the mantle, hepatopancreas, gill, kidney, and 
hemocyte, with the exception of the muscle tissue (Figure 5). The expression level of My-
Clp1 detected in the mantle, which was the highest among all the tissues tested, was almost 
27-fold greater than that in the hepatopancreas, which yielded the second highest expression 
level. During the developmental stages, My-Clp1 transcripts were expressed at moderate 
levels in all embryonic and larval stages, including zygote, 2 cells, blastula, gastrula, trocho-
phore, D, post-D, umbo, and juvenile (Figure 6). However, the greatest transcriptional abun-
dance of My-Clp1 was observed during metamorphosis, which was 15-170-fold greater than 
those in the other stages. 
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Figure 7. Temporal expression of My-Clp1 in the hemocytes of the Japanese scallop injected with 
Vibrio anguillarum. The value of relative expression was achieved by comparing the expression level of CLP with 
that of β-actin. Each symbol and vertical bar represent means ± SD. of 3 specimens. Significant differences were 
indicated with one asterisk at P < 0.01.

Expression of My-Clp1 after bacterial challenge

In order to understand the role of My-Clp1 in response to disease infection with 
V. anguillarum, qRT-PCR analysis was conducted to determine the expression patterns of 
My-Clp1 in an infected hemolymph. As shown in Figure 7, a marked increase in My-Clp1 
expression was observed at 12 and 24 h, with the highest level occurring at 12 h (11.6-fold 
increase, P < 0.05). However, the expression level of My-Clp1 in the challenge group began 
to decrease after 12 h and dropped below the initial level of expression at 36 h, which was 
15-fold less than that in the control group. There was no significant difference in the expres-
sion levels between the challenge and control groups from 0 to 9 h post injection, except at 6 

h when My-Clp1 in the control group showed an unusual expression pattern.

DISCUSSION

CLPs are critical for the regulation of cell proliferation, tissue remodeling, and embry-
onic development. CLP genes have been reported from human, goat, rat, and D. melanogaster 
individuals (Bleau et al., 1999; Kawamura et al., 1999; Giannetti et al., 2004; Kelleher et al., 
2005; Recklies et al., 2005; Johansen, 2006; Arakane and Muthukrishnan, 2010). However, re-
search on the characterization of CLPs has been limited in the Japanese scallop and mollusks, 
in general. In this study, we conducted sequencing and analyzed a CLP gene from the Japanese 
scallop. We characterized the gene and protein structure, tissue expression, developmental 
expression, and expression after bacterial infection.

The CLP homolog identified from M. yessoensis encoded for 439 amino acids. A pre-
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dicted signal peptide was observed in the deduced amino acid sequence of My-Clp1, similar 
to CLPs in other organisms, which suggests the classification of My-Clp1 as a secreted pro-
tein. The full-length cDNA contained a polyadenylation signal (AATAAA) in the 3'-end UTR, 
which is common among the mRNAs of inflammatory molecules (Shen et al., 2011). The low 
levels of sequence identity in the C-terminal regions, probably caused by the relatively low 
selection pressure during evolution, may contribute little to the structure and function of CLPs 
(Badariotti et al., 2007).

The observations that My-Clp1 contained conserved domain structures and architec-
tures, such as the Glyco_18 domains and active centers, provide further evidence for the high 
degree of sequence conservation of this gene throughout its evolutionary history because all 
CLPs from other selected species exhibited the same domains based on amino acid sequence 
homology. The Glyco_18 domains in the homology modeling, containing ~370 amino acids, 
are highly conserved and generate the β8α8 barrel structure, which is crucial for the function of 
these enzymes. High conservation and the principal, basic function of the GH18 family genes 
are also indicated by multiple-sequence alignment. My-Clp1 exhibited abolishing catalytic 
activity similar to that of the CLPs in C. gigas, wherein the glutamate residue that is critical for 
chitinase activity is substituted by a glutamine at the location of the active center (Watanabe et 
al., 1993; Badariotti et al., 2006, 2011). Zhu et al. (2004) also reported that Cht12, Cht13, and 
Cht14 in Drosophila, lacking the glutamic acid residue that has been identified as the proton 
donor in the catalytic mechanism, may be involved in cell-to-cell communication or insect 
immunity. IDGFs, in which the glutamate residue is replaced by glutamine, are believed to 
have evolved from an ancestral chitinase and possess growth-promoting activities (Kawamura 
et al., 1999; Zhu et al., 2004).

Phylogenetic analysis suggested that the CLPs in Ecdysozoa, especially IDGFs, have 
appeared from a recent duplication event based on the grouping of mollusk proteins into 
the subfamily comprised of mammalian CLPs. This result is supported by the research on 
C. gigas CLPs, which indicates that Ecdysozoa CLPs converged into their corresponding clade 
separately (Badariotti et al., 2011). The data also revealed that Lophotrochozoa and Ecdysozoa 
CLPs underwent more divergence events than those of Deuterostoma. The ancestral origin 
of My-Clp1 is ambiguous according to its position on the phylogenetic tree. Additional CLP 
sequences from closely related species are needed to more accurately assess the phylogenetic 
position of My-Clp1.

In order to better understand the biological role of CLP, the expression profiles of 
My-Clp1 mRNAs in different tissues and at various developmental stages were investigated 
by real-time qRT-PCR analysis. My-Clp1 transcripts were detected in almost all tissues tested, 
with the exception of the muscle tissue. This result is not in agreement with those reported for 
C. gigas, which indicate a relatively low expression level in the muscle tissue. Furthermore, 
it was reported that the Chit2 gene was highly expressed in the muscle tissue (Badariotti 
et al., 2006, 2007, 2011). This may be due to the lack of expression during specific stages 
of growth and indicates that the biological activities may be spatially partitioned among the 
family members. My-Clp1 was predominantly expressed in the mantle tissues. As the mantle 
is responsible for shell formation and body growth via secretion of the shell organic matrix 
and cell proliferation, My-Clp1 was proposed as a key regulator responsible for the synthesis 
of extracellular components and the proliferation of mantle cells (Badariotti et al., 2007). In 
addition to the high expression level in the mantle, CLPs in C. gigas were also reported to be 
highly expressed in the digestive gland, in which proliferation and differentiation of digestive 
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stem cells regularly and actively proceeds to counteract the high rate of degeneration of func-
tional digestive cells (Giard et al., 1998; Badariotti et al., 2006). 

My-Clp1 transcripts were detected throughout various developmental stages and were 
predominantly expressed during metamorphosis. Metamorphosis is the ultimate stage of scal-
lop development, which is characterized by the degeneration and remodeling of larval tissues 
to produce adult tissues (Burke, 1983). In light of the high level of expression of My-Clp1 
during metamorphosis, My-Clp1 was expected to play roles in tissue degeneration and remod-
eling. Similar results were reported from a study on C. gigas CLPs (Badariotti et al., 2006, 
2007, 2011). Clearly, there remains great interest in the investigation of additional CLP genes 
to determine whether the predominant level of expression during metamorphosis occurs in 
other mollusks.

The temporal expression pattern of My-Clp1 following the V. anguillarum challenge 
was observed to further understand the basic function of My-Clp1 in the immune response. 
The upregulation of My-Clp1 expression after the challenge, especially at 12 and 24 h, sug-
gests that My-Clp1 is associated with the M. yessoensis innate immune defense mechanism. 
In addition, it appears that hemocytes were involved in the immune response to the V. anguil-
larum challenge. The low level of sequence divergence, especially for the Glyco_18 domains, 
observed between M. yessoensis and CLPs from other species indicates the importance of 
CLPs in pathogen recognition and implies they may recognize the same microbial ligands. For 
instance, the CLPs in mammals and C. gigas have been shown to act as lectins in the immune 
response to chitinous pathogens (Houston et al., 2003; Badariotti et al., 2006). The immune 
response of My-Clp1 to bacteria may be caused by the combination of CLP and specific com-
ponents of the cell wall, such as LPS, which harbor GlcNAc, the constituent of chitin in their 
molecular structure (Badariotti et al., 2007).

In conclusion, a chitinase-like protein gene was successfully isolated and character-
ized from M. yessoensis. It shares important structural elements with CLPs of other species, 
which indicates the evolutionary restraints on the mutation of key domains and motifs. My-
Clp1 was abundantly expressed in the mantle and during metamorphosis. The expression level 
of My-Clp1 was significantly induced after infection with V. anguillarum. These results sug-
gest the involvement of My-Clp1 in tissue degeneration and the immune response. Neverthe-
less, a detailed functional characterization of the CLP in M. yessoensis is needed to further 
understand its molecular basis.
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