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Cloning and characterization of two lectin genes (C-type lectin
and fibrinogen domain containing lectin) from hemocytes of

Penaeus shrimp in response to pathogenic challenge
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Abstract

In this study, a new C-type lectin gene designated as FmLC5 was isolated from hemocytes of
Fenneropenaeus merguiensis. Its full-length cDNA is composed of 1,526 bp with a single open
reading frame (ORF) of 852 bp, encoded a peptide of 284 residues. The primary sequence of
FmLC5 comprises a signal peptide of 20 amino acids with a molecular mass of 31.47 kDa and pl of
4.35. The primary structure of FmLC5 consists of 2 similar carbohydrate recognition domains
(CRDs), each CRD contains a Ca”" binding site and a QPD motif specific for galactose-binding
and displays a double-loop characteristic stabilized by 2 conserved disulfide bonds. The FmLC5
transcripts were detected only in the hemocytes analyzed by RT-PCR and in situ hybridization.
After challenge with Vibrio harveyi or white spot syndrome virus (WSSV), the FmLC5 expression
was significantly up-regulated to the maximum at 12 or 18 h for V. harveyi or WSSV inoculation,
respectively. Its expression was also induced by lipopolysaccharide (LPS) injection. These results
conclude that FmLC5 is a new putative galactose-binding C-type lectin in F. merguiensis that
contributes as receptors in the immune response to defend the shrimp from pathogenic bacteria
and viruses.

Otherwise, another lectin containing fibrinogen-like (FBG) domain, named LFd, was cloned
from F. merguiensis hemocytes. Its primary sequence comprised a signal peptide (18 amino
acids), a FBG domain, one Ca”’ binding site and a molecular mass of 34.9 kDa. The expression of
LFd was found in many tissues, mainly in stomach but slightly in hemocytes. Its expression in
stomach was particular up-regulated upon challenge with V. harveyi or WSSV. Purified
recombinant LFd (rLFd) showed the agglutinating activity towards bacteria which could be
inhibited by LPS and lipoteichoic acid (LTA). It could also bind to the same species of tested
bacteria and both LPS including LTA. Altogether, these findings indicated that this kind of lectin

might participate in shrimp immune defense against pathogenic invaders.
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ARTICLE INFO ABSTRACT

Keywords: Crustaceans are deficient in adaptive immune system. They depend completely on an innate immunity to protect

Fenneropenaeus merguiensis themselves from invading microorganisms. One kind of pattern recognition receptors that contribute roles in the

QPD motif innate immunity is lectin. A new C-type lectin gene designated as FmLC5 was isolated from Fenneropenaeus

E;‘;l:CRD lectin merguiensis. Its full-length cDNA is composed of 1526 bp and one open reading frame of 852 bp encoding a
1

peptide of 284 amino acids. The deduced amino acid sequence of FmLC5 comprises a signal peptide of 20
contiguous amino acids with a molecular mass of 31.47 kDa and an isoelectric point of 4.35. The primary
structure of FmLC5 consists of two similar carbohydrate recognition domains (CRDs), each CRD contains a Ca%*
binding site-2 and a QPD motif specific for galactose-binding. The FmLC5 transcripts were detected only in the
hemocytes analyzed by RT-PCR and in situ hybridization. The FmLC5 expression was significantly up-regulated
after challenge with Vibrio harveyi, white spot syndrome virus (WSSV) or lipopolysaccharide. RNAi-based si-
lencing with co-injection by V. harveyi or WSSV resulted in critical suppression of the FmLC5 expression, in-
creasing in mortality and reduction of the median lethal time. These results conclude that FmLC5 is unique
putative galactose-binding C-type lectin in F. merguiensis that may contribute as receptor molecule in the immune

In situ hybridization
Innate immunity

response to defend the shrimp from pathogenic bacteria and viruses.

1. Introduction

Invertebrates do not have an adaptive immunity or immunological
memory. Crustaceans including shrimp depend only on an innate im-
mune system that comprises cellular and humoral immunity to defend
themselves against foreign materials (Hoffmann et al., 1999; Beutler,
2004). The innate immune system refers to germline encoded factors
for recognition and elimination of invading microorganisms by pha-
gocytosis. Recently, it was considered to be specific and capable of
discriminating between self and non-self (Jiravanichpaisal et al., 2006).
Both humoral and cellular defenses exhibit coordination to maintain
and to protect animals themselves from disease agents since many
humoral factors affect hemocyte function while hemocytes are an es-
sential source of many humoral molecules (Elrod-Erickson et al., 2000;
Lavine and Strand, 2002). Circulating hemocytes are primary cells of
different types which participate in removal of invading microorgan-
isms by phagocytosis, hemocyte aggregation or nodule formation, en-
capsulation of large molecules and triggering cytotoxic reactions (Wang
and Wang, 2013a, 2013b; Tassanakajon et al., 2013). Recognition of
foreign invaders through pattern recognition receptors (PRRs) is an

* Corresponding author.
E-mail address: prapaporn.u@psu.ac.th (P. Utarabhand).
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initial action of the innate immunity. PRRs recognize carbohydrate on
the microbial cell surface which is so-called pathogen-associated mo-
lecular patterns (PAMPs) (Janeway and Medzhitov, 2002). Lectins, ei-
ther free in the hemolymph or associated with the hemocytes, may act
as both recognizers and effectors of immunity (Rowley and Powell,
2007). Several PRRs including lectins have been increasingly identified
in crustaceans. One of the important shrimp PRRs is C-type lectins
which refer to the large family of calcium-dependent carbohydrate
binding proteins. The superfamily of C-type lectins is subdivided into
subtypes relying on similarities in their structures and functional dif-
ferences. Most reported shrimp C-type lectins contain one or two car-
bohydrate recognition domains (CRDs). Most CRDs have a conservative
EPN (Glu-Pro-Asn) or QPD (GIn-Pro-Asp) motif in Ca2* binding site-2
for specific mannose or galactose binding, respectively (Drickamer,
1992, 1993; Kolatkar and Weis, 1996). Although C-type lectins that
contain a single CRD is a common configuration, most shrimp C-type
lectins consist of 2 CRDs for instance FcLectin, FcLec2 and FcLec5 from
Fenneropenaeus chinensis (Xu et al., 2010; Liu et al., 2007; Zhang et al.,
2009), LvLT and LvCTL1 from Litopenaeus vannamei (Zhao et al., 2009;
Ma et al., 2007), PmLT from Penaeus monodon (Ma et al., 2008), and
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FmLC from Fenneropenaeus merguiensis (Rattanaporn and Utarabhand,
2011). The increasing diversity of shrimp C-type lectins has been re-
ported to have divergent functions being involved in the immune re-
cognition and numerous biological phenomena such as mediating pa-
thogen recognition and cellular interactions (Yang et al., 2011; Luo
et al., 2006; Wang et al., 2013; Utarabhand et al., 2017b), propheno-
loxidase activation (Junkunlo et al., 2012; Yu et al., 1999), and in-
duction of antibacterial and antiviral activity (Sun et al., 2008; Wang
et al., 2009a, 2009b; Zhao et al., 2009; Li et al., 2014). Recently,
MjHeCL that was identified from the kuruma prawn Marsupenaeus ja-
ponicus inhibited bacterial proliferation by regulating the expression of
antimicrobial peptides (Wang et al., 2014). Most lectin genes appear to
be expressed mainly in an important hepatopancreatic tissue (Zhang
et al.,, 2009; Wang et al., 2014; Rattanaporn and Utarabhand, 2011;
Thepnarong et al., 2015; Utarabhand et al., 2017b), some are found in
non-hepatopancreatic tissues like stomach and gills (Junkunlo et al.,
2012; Runsaeng et al., 2015). Hemocytes are not only accountable for
phagocytosis, encapsulation and nodule formation, but they also func-
tion as the source of effectively soluble recognition receptors such as
lectins (Liu et al., 2007; Wang and Wang, 2013a; Wang et al., 2014).
The only one dual-CRD C-type lectin, F. chinensis FcLectin, was reported
to express specifically in the hemocytes and up-regulated after chal-
lenge with either bacteria or white spot syndrome virus (WSSV) (Liu
et al., 2007).

We previously reported the characterization and functional analysis
of four C-type lectins so-called FmLCs from F. merguiensis, an im-
portantly economic species in Thailand. We demonstrated that FmLC
which consisted of two CRDs with QPD and EPN motifs, was expressed
only in the hepatopancreas (Rattanaporn and Utarabhand, 2011) si-
milar to FmLC1 that contained a single CRD with EPS motif
(Thepnarong et al., 2015). Two single-CRD lectins with a QPD motif
were recently isolated, FmLC2 was exhibited mainly in the stomach and
gills (Runsaeng et al., 2015) while FmLC4 was found only in the he-
patopancreas (Utarabhand et al., 2017b). Moreover, a sialic acid-spe-
cific FmL, the purified lectin from F. merguiensis hemolymph, had been
recently characterized and presumably involved in maturation of the
ovaries (Utarabhand et al., 2017a). FmL induced hemagglutinating
activity and selective agglutination in Ca®*-dependent manner of pa-
thogenic bacteria and these were soundly suppressed by sialic acid and
fetuin (Rittidach et al., 2007). These lectins are proven to be partici-
pated in shrimp innate immune responses towards Vibrio harveyi, one of
the shirmp pathogenic bacteria in Thailand. Hereby, we aimed to in-
vestigate a diverse C-type lectin (called FmLC5) that exhibited its ex-
pression or action in hemocytes by using In situ hybridization, artificial
pathogenic challenging and gene silencing approaches. All of these
studies would suggest the action of this lectin in shrimp immune de-
fense.

2. Materials and methods
2.1. Shrimp and hemocyte preparation

F. merguiensis shrimp (15-20 g in body weight) were purchased from
the commercial farm in Nakhon Si Thammarat province of southern
Thailand. Shrimp fed with food pellets were reared in aerated tanks,
1 ml of hemolymph was drawn from the pericardial sinus with a syringe
with a 21 gauge needle and mixed with an equal volume of antic-
oagulant solution (Gollas-Galvan et al., 1999). The hemocytes were
pelleted by centrifugation at 800g for 15 min at 4 °C. Then, the super-
natant was discarded and the pellet was kept at —80 °C until use.

2.2. Total RNA extraction and cDNA synthesis
Total RNA was prepared from shrimp hemocytes using TriPure

isolation reagent (Roche Diagnostics, Germany). The quantity of total
RNA was assessed by measuring the absorbance at 260 mm (A260)
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using MeastroNano spectrophotometer (Meastrogen, USA) whereas its
purity was confirmed by the ratio of A260/A280. One microgram of
total RNA was treated with DNase I. The DNA-free RNA was reverse
transcribed to first-strand c¢DNA by SuperScript III Reverse
Transcriptase and oligo(dT);,.1g primer (Invitrogen, USA) following the
manufacturer’s protocol. Then, it was served as a cDNA template to
clone the DNA fragment of FmLC5 by polymerase chain reaction (PCR)
technique.

2.3. Cloning of FmLC5 cDNA

To clone a dual-CRD lectin containing two QPD motifs from F.
merguiensis, named FmLC5, an internal cDNA fragment was produced
by using primers designed relying on the CRD conserved domain of C-
type lectins which comprising QPD motif from F. merguiensis (FmLC2)
and other crustacean species present in GenBank (www.ncbi.nlm.nih.
gov).

An internal FmLC5 ¢cDNA was amplified by PCR using forward
FmLC5-F1 and reverse FmLC5-R1 primers (Table S1). The PCR condi-
tion was carried out in a Mastercycler (Eppendorf, Germany), in a 25 pul
final volume consisting of 1x GoTaq Flexi reaction buffer, 0.2 uM
FmLC5-F1, 0.2 pM FmLC5-R1, 80 uM dNTP mix, 0.5 pl of first strand
c¢DNA, 1.5 mM MgCl,, and 4 unit/ml of GoTaq Flexi DNA polymerase
(Promega, USA). The amplified program was initiated at 94 °C for 5 min
to denature the cDNA template following 35 cycles of 94 °C for 30s,
52 °C for 45 s and 72 °C for 1 min. At the last cycle, PCR products were
incubated for 5 min at 72 °C and visualized by electrophoresis staining
with ethidium bromide. The Gel/PCR DNA fragment extraction kit
(Geneaid, Taiwan) was used to purify DNA from the gel. Then, the
target PCR fragment was introduced into the pGEM-T Easy cloning
vector, and transformed into Escherichia coli DH5a. Inserted plasmids
consisting of FmLC5 from each clone were nucleotide sequenced using
T7 and SP6 universal primers and sequencing kit (Applied Biosystems,
USA).

2.4. Production of a complete cDNA sequence

FmLC5-F2 and FmLC5-R2 primers were synthesized from the in-
ternal sequence of FmLC5 cDNA. The nucleotide sequences of 5" and 3’
missing ends were produced by rapid amplification of ¢cDNA end
(RACE) method using first strand cDNA generated from F. merguiensis
hemocytes and the GeneRacer kit (Invitrogen) according to instructions
of company. The amplified DNA was monitored by 1% agarose gel
electrophoresis, isolated from the gel, attached to pGEM-T Easy cloning
vector and subjected to DNA sequencing. A complete nucleotide se-
quence of FmLC5 was constructed by overlapping of three fragments. In
order to confirm the complete nucleotide sequence of FmLC5, new gene
specific primers (FmLC5-F3 and FmLC5-R3, Table S1) were produced
relying on the full-length cDNA sequence and used to amplify an open
reading frame (ORF) by RT-PCR. Similarly, isolated total RNA from
hemocytes was served to construct the first-strand cDNA in PCR am-
plification. The PCR products were performed and subjected to DNA
sequencing.

2.5. Sequence comparison and phylogenetic analysis

The ExPASY server (https://www.expasy.org/tools/) was used to
analyze the primary sequence of FmLC5. SignalP 3.0 program
(Bendtsen et al., 2004) was applied to estimate the presence of signal
peptide. NetNGlyc 1.0 was chosen to predict the potential N-glycosy-
lation sites. The simple modular architecture research tool (SMART)
was utilized to invatigate the protein motif features. SWISS-MODEL
prediction algorithm was used to construct the tertiary structural
modelling that was shown by DeepView/Swiss-Pdb Viewer version
4.1.0.

In order to analyze the translated amino acid sequences of several
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lectins containing QPD motif in CRDs domain from shrimp (F. mer-
guiensis FmLC and FmLC5, F. chinensis FcLectin, FcLec2 and FcLec5, P.
monodon PmLT, Penaeus semisulcatus PsLT, and L. vannamei LvLT) and
from a freshwater prawn (Macrobrachium rosenbergii, Mrlecl), the se-
quence comparison was built by multiple-alignments using the Clustal
W program (Thompson et al., 1994). The phylogenetic tree was es-
tablished by MEGA 5.2 (Tamura et al., 2011) relying on the overall
amino acid alignment of dual CRD sequences consisting of QP* motif
present in Genbank. Those chosen lectins obtained from the shrimp F.
merguiensis (FmLC, FmLC5), P. monodon (PmLT), L. vannamei (LVLT,
LvCTL-brl, LvCTL-br2), P. semisulcatus (PsCTL), F. chinensis (FcLectin,
FcLec2, Fclec5), prawn M. rosenbergii (Mrlecl), and from insects
Bombyx mori (BmLELs-1, BmLELs-2) and Helicoverpa armigera (Ha-
lectin). The reproducibility of the results was evaluated by one thou-
sand bootstraps.

2.6. Expression of FmLC5 mRNA in different tissues

Various tissues (stomach, heart, muscle, lymphoid organ, intestine,
and hepatopancreas) including hemocytes were carefully removed from
F. merguiensis. After total RNA extraction by TriPure isolation reagent
(Roche), contaminated DNA was discarded with DNase I (Invitrogen).
One microgram of DNA-treated RNA was treated with oligo(dT)2.18
primer to produce first-strand cDNA as described in method Section 2.4.
Two 18S rRNA primers (Table S1) were used to amplify F. merguiensis
18S rRNA by RT-PCR and its product was used as a control.

2.7. Transcription of FmLC5 mRNA upon challenge with WSSV and V.
harveyi

V. harveyi was cultured in a tryptic soy agar (TSA) containing 2%
NaCl following the procedure previously reported (Rittidach et al.,
2007). WSSV was extracted from infected shrimp tissues by being
homogenized in K-199 medium. After centrifugation at 9300g for
10 min at 4 °C, the supernatant was collected and filtered through
0.2 um filter to obtain the WSSV stock. For LDs, test, the viral stock of
ten-fold serial dilution was injected into the shrimp. The cumulative
mortality was recorded for ten days. The concentration of viral stock
resulted in shrimp mortality for 50% in 7 days was dilution to be 10~
of stock. Hence, this concentration was selected to challenge shrimp in
all experiments.

In the treated experiment, individual shrimp was injected with
100 pl saline solution (0.85% NaCl) containing WSSV (10 ~6 of stock) or
V. harveyi (5 x 108 cells/ml) into the abdominal muscle located at the
sixth abdominal segment. In the control group, shrimp was directly
injected with 100 pl saline solution. Each experiment was performed in
duplicate at 25-26 °C. The hemolymph was drawn from individual
shrimp (n = 5-7) from each treatment at various time points after
stimulation including 0, 6, 12, 18, 24, 48 and 72 h. The hemocytes was
collected and used to isolate total RNA following the method previously
described in Sections 2.1 and 2.2. FmLC5 gene expression was de-
termined by quantitative RT-PCR (qRT-PCR) using StepOnePlus Real-
Time PCR system (Applied Biosystems) following the method pre-
viously reported (Thepnarong et al., 2015; Phiriyangkul et al., 2007).

The ABI-Primer Express program version 3.01 was used for primer
and probe designing. For FmLC5, primers and probe were chosen from
an internal fragment of FmLC5 cDNA (GenBank # KU297216). Probe
and primers of 18S rRNA were designed based on the partial nucleotide
sequence previously reported (GenBank # DQ501247). The probe and
primer sets were selected with concerning of for optimal melting tem-
peratures, secondary structure, base composition, and amplicon
lengths. Each set of primers and FAM-labeled TagMan probe were
synthesized for using in qRT-PCR. The qRT-PCR reaction was estab-
lished in a final volume of 20 pl reaction mixture containing 10 pl of
2x TaqMan Universal PCR Master Mix (Taq Gold DNA polymerase,
AmpErase UNG, dNTP with dUTP, ROX™ Passive Reference dye)
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(Applied Biosystems), 900 nM of each primer, 250 nM probe and 1 pl of
cDNA template. The reaction was initiated at 50 °C for 2 min to opti-
mize activity of UDG enzyme, 95 °C for 10 min to activate the AmpliTaq
gold DNA polymerase and following 40 cycles of 95 °C for 15s and
60 °C for 1 min.

FmLC5 or 18S rRNA gene was inserted into the pGEM-T Easy vector
with the same condition as previously described in method Section 2.3.
The plasmids were used as material for construction of a standard curve
of the target gene (FmLC5) or the reference gene (18S rRNA). The curve
was linear over five to six orders of magnitude, with the linear corre-
lation between the threshold cycles and the target gene levels being
over 0.99. Then, it was used to calculate the quantities of sample
mRNA. The relative abundance of FmLC5 transcript calibrated against
that of the internal control (18S rRNA) was used to normalize FmLC5
mRNA transcription in the tissue at different times after challenge. All
data were analyzed with one-way ANOVA using Ducan’s multiple
comparison test. Differences between treatments and controls were
considered significant at p values < 0.05.

2.8. Double stranded RNA (dsRNA) synthesis of FmLC5 gene

An internal FmLC5-DNA fragment (488 bp) was synthesized fol-
lowing the method described in Section 2.3 to construct the re-
combinant plasmids which were used as template for double-stranded
RNA (dsRNA) production. The primers, FmLC5T7-F and FmLC5T7-R
(Table S1) were then utilized to synthesize FmLC5 fragment consisting
of nucleotide sequence for T7 promoter at the 5’-terminus. Sense and
antisense RNA strands were generated by in vitro transcription using T7
RiboMAX™ express large scale RNA production systems (Promega).
After DNA template digestion, standard phenol-chloroform extraction
was used to purify dsRNA. In order to maximize yield of duplex, the
prepared dsRNA was incubated at 70 °C for 15 min and cool down to
room temperature for at least 25 min. The dsRNA quality was observed
by agarose gel electrophoresis and its quantity was determined by
measuring Asgo. A pBS-1dhGFP vector, GFP-F/-R and GFPT7-F/-R pri-
mers were used for a green fluorescent protein (GFP) gene amplifica-
tion. Afterwards, dsRNA of GFP was also injected into shrimp for a
negative dsRNA control.

2.9. Silencing of FmLC5 gene by dsRNA and cumulative mortality assay

In order to investigate the effect of dsRNA on silencing FmLC5 ex-
pression in F. merguiensis, juvenile shrimp (3 g) were separated into 6
groups (n = 13 for each group). For RNA interference (RNAi) experi-
ments, shrimp was individually injected with saline solution comprising
FmLC5 dsRNA or GFP dsRNA (2.5 pg each dsRNA/g shrimp). Shrimp in
the control group were administered with saline solution. At 24 h post-
inoculation, each shrimp was injected again by saline solution with or
without dsRNA which mixed with WSSV (107 of stock) or V. harveyi
(2 x 10° cells). Then, the hemolymph was drawn from each shrimp
(n = 3 from each group) at 48 h or 24 h for co-injection with WSSV or
bacterium, respectively. The FmLC5 transcription in the silencing or
reference groups was verified by semi-quantitative RT-PCR analysis.
The remained shrimp (n = 10 from each group) were cultured further
and counted for the cumulative mortality rate after secondary injection.

2.10. Separation of the hemocytes and in situ hybridization

The hemolymph (0.5 ml) was drawn freshly from F. merguiensis and
different types of hemocyte populations were separated through 70%
Percoll gradient centrifugation (Sigma, USA) (Soderhill and Smith,
1983). Briefly, Percoll density gradient was performed by centrifuga-
tion at 25,000g for 20 min at 4 °C before hemocyte separation. The
hemolymph was mixed 1:1 with an anticoagulant, layered immediately
on the top of the Percoll gradient and then centrifuged at 2,900g for
10 min at 4 °C. Afterwards, the bands containing each type of the
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hemocytes were carefully collected by pipetting. The morphology and
characterization of each cell type were microscopically observed after
hematoxylin and eosin staining. Cell viability was analyzed by trypan
blue exclusion. The separated hemocytes were subjected to in situ hy-
bridization.

To prepare RNA probes, digoxygenin (DIG)-labeled oligonucleotides
(Roche) for antisense and sense probes to internal nucleotide sequence
of FmLC5 (GenBank # KU297216) were synthesized using the
MEGAscript RNA synthesis kit (Invitrogen). The hemocytes were col-
lected and fixed onto Poly-1-lysine coated slides with fixative solution
(10% formalin in 1.5% saline solution) at 4 °C. They were washed with
diethylpyrocarbonate (DEPC) treated PBS (10 mM phosphate buffered
saline, pH 7.4) and then digested with 10 pg/ml proteinase K
(Invitrogen) in PBS for 10 min at 37 °C. After washing with PBS, slides
were refixed in fixative solution containing 5 mM MgCl, for 10 min at
room temperature. Thereafter, they were washed with PBS and pre-
hybridized with hybridization buffer (50% formamide, 5x SCC,
100 pg/ml ssDNA from salmon testis, 0.1% Tween-20 and 100 pg/ml
heparin in PBS) for 2 h at 50 °C. Each slide was then hybridized with
either DIG-labeled sense or antisense FmLC5 cRNA probe at 50 °C
overnight in a moist chamber. In the washing step, the hemocytes were
incubated in 0.2 X SSC at 60 °C for 1 h, and subsequently washed with
0.2x SSC at room temperature for 5 min. The hybridized DIG-labeled
probe was detected with anti-DIG alkaline phosphatase conjugate and
visualized with colorimetric substrate NBT/BCIP (Roche). The slides
were mounted in 90% glycerol and then observed under a light mi-
croscope.

3. Results
3.1. Molecular characterization and primary sequence of FmLC5

A full-length nucleotide sequence of FmLC5 was constructed from 3
overlapping clones of an internal and 5’ and 3’ cDNA fragments syn-
thesized from total RNA of F. merguiensis hemocytes. The amplified ORF
sequence was confirmed an identity of the reconstructed sequence. The
entire nucleotide and amino acid sequences of FmLC5 were deposited in
GenBank # KU297216 and # ANE31673, respectively. The full-length
FmLC5 cDNA contained 1526 bp, one 5 UTR (untranslated region) of
87 bp and one 3’ UTR (587 bp) (Fig. S1). It was composed of an ORF
(852 bp) encoded 284 amino acid residues. The primary sequence of
FmLC5 was composed of a signal peptide of 20 amino acids, a peptide
with molecular mass of 31.47 kDa and pl of 4.35. Using SMART pro-
gram, FmLC5 comprised two similar CRD domains. CRD1 (residues
32-154) was composed of a QPD (Glnllg—Prolzo—Asplm) motif and one
Ca®* binding site-2, ND (Asn'*'-Asp'*?), while CRD2 (residues
159-281) also consisted of one QPD (GIn?*6-Pro?*7-Asp?*®) motif and a
Ca®”" binding site-2, ND (Asn*®-Asp®®°). Moreover, FmLC5 has four
disulfide bridges bonded by 8 cysteine residues (60 and 153, 129 and
145, 187 and 280, 256 and 272) (Fig. S1). The ExPAsy proteomics
analysis predicted four O-linked glycosylation sites at Ser®>, Ser''®,
Thr'”® and Ser?** without N-linked glycosylation site in FmLC5.

The potential tertiary structure of FmLC5 was generated according
to the template 5a06C-type mannose receptor from Homo sapiens by
SWISS-MODEL program (Fig. 1). FmLC5 structure was composed of 4 a-
helices and 15 B-strands which adopted 2 double-loop structures con-
taining 2 regions. An upper region consisting of 10 B-strands and Ca®*
binding sites-2 (Ca®*-2) contributed in the binding of carbohydrate
were found in the long loop region. A lower region comprised 4 a-
helices and 5 p-strands. Eight conserved cysteines (C1 and C4, C2 and
C3, C5 and C8, C6 and C7) were noted to form four disulfide linkages at
the bases of the loops in both CRDs.

3.2. Comparison of FmLC5 primary sequence to other C-type lectins

The primary sequences of two CRDs each of which contained one
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Fig. 1. Potential tertiary structure of dual CRDs of FmLC5 predicted by SWISS-MODEL
program. Navy-blue, random coils; red, B-strands; green, a-helices; sky-blue and pink,
Ca*-2 binding sites; and yellow, disulfide bonds. C1-C8 represents eight cysteines in-
volved in forming four disulfide bonds. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

QPD motif of FmLC5 (GenBank # ANE31673) and of other dual-CRD
lectins obtained from six species were multiple-aligned (Fig. S2). Four
highly conserved cysteines were located in each CRD of these lectins. A
QPD motif was shown in CRD1 of all lectins included FmLC5 while
another QPD motif was found in the CRD2 of only FmLC5 and FcLectin
(Fig. S2). The overall sequence of FmLC5 shared the highest similarity
(94% identity) to the sequence of dual-CRD FcLectin of F. chinensis. Low
similarity (38-45% identity) was observed to dual-CRD lectins of other
species including FmLC (46% identity). When the FmLC5 primary se-
quences of between the CRD1 and CRD2 were compared, it showed a
high 86% identity. Besides, the CRDs of FmLC5 was least similar to that
of single-CRD FmLC2 (44%) and FmLC4 (Gen Bank # AGS42195)
(47%), suggesting that FmLC5 was a new lectin found in F. merguiensis.

A phylogenetic tree generated from the whole primary sequence
analysis of CRDs comprising QPD motifs of FmLC5 and other dual-CRD
C-type lectins from freshwater prawn, shrimp and insects was shown in
Fig. 2. The tree illustrated 2 groups. Group 1 consisting of shrimp and
prawn lectins was divided into 2 clusters. Cluster 1 comprised dual-CRD
lectins contained one QPD motif of shrimp whereas the freshwater
prawn Mrlecl was out of cluster 1. The FmLC5 and FcLectin of F. chi-
nensis were presented in cluster 2 and closely related. Another group
included the dual-CRD lectins from insects (BmLELs1, BmLELs2 and Ha-
lectin).

3.3. Expression of FmLC5 in different tissues and in the hemocytes after
injection with V. harveyi, WSSV or LPS

The mRNA expression of FmLCS5 in various tissues of normal shrimp
was observed by RT-PCR and using 18S rRNA as an internal control.
The FmLC5 transcripts were detected only in the hemocytes, none was
found in other tissues of normal shrimp (Fig. 3).

Otherwise, the time-course FmLC5 expression in the hemocytes of
shrimp given with the pathogenic V. harveyi or WSSV was investigated
by qRT-PCR whereas 18S rRNA was used as an internal standard. No
significant differences were detected in the FmLC5 transcript levels in
the control throughout the experimental period (Fig. 4). Upon chal-
lenge with V. harveyi, the FmLC5 expression in the shrimp hemocytes
increased at 6 hpi (hour post-injection) from an original level (0 h) to
reach the highest level at 12 hpi, decreased at 18 hpi and then raised to
get a peak at 24 hpi. Thereafter, the expression of FmLC5 decreased
gradually at 48-72 hpi (Fig. 4A). After being given with WSSV, the
expression of FmLC5 in the hemocytes increased from 6 hpi to get a
maximum at 18 hpi. After that, it declined from 24 to 72 hpi (Fig. 4B).
With similar pattern, Fig. 4C shows that the FmLC5 expression was
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Fig. 2. Phylogenetic analysis of mature proteins
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18S rRNA FmLC5 mRNA was detected in the hemocytes using DIG-labelled
probes. The FmLC5 mRNA transcripts were detected as positive signals

Fig. 3. RT-PCR analysis of FmLC5 mRNA expression in different tissues. Total RNA was
extracted from various tissues including hemocytes. RT-PCR products were amplified by
using the primers specific to the FmLC5 gene and 18S rRNA. RT-PCR of 18S rRNA
transcript was done as an internal control.

particularly induced to increase to peak at 24 h post LPS injection,
suggested that either V. harveyi or bacterial cell component LPS could
induced FmLC5 expression.

3.4. Expression of FmLC5 and cumulative mortality upon dsRNA injection

To demonstrate a contribution of FmLC5 in the immune response of
F. merguiensis, gene silencing conducted by RNA interference was car-
ried out to investigate FmLC5 expression in the knockdown animals.
The FmLC5 expression was suppressed by 95% in hemocytes of shrimp
co-injected with V. harveyi or WSSV after the second injection with
FmLC5 dsRNA (Fig. 5). In the control groups, the mRNA expression of
FmLC5 was not affected by GFP dsRNA or saline injection (Fig. 5). The
silencing was speculated to be gene-specific because only its mRNA
expression was critically discouraged by FmLC5 dsRNA.

In the same treatments, the FmLC5 silenced shrimp with V. harveyi
co-injection revealed a cumulative mortality of 20% in 12 h and up to
80% and 100% in 24 h and 48 h post-second injection, respectively
(Fig. 6A). The cumulative mortality with WSSV co-injection was 50% in
24 h and 100% in 72 h (day 3) (Fig. 6B). The cumulative mortality of
the control groups given with GFP dsRNA or saline showed similar
patterns, those were 30% in day 2 and 50% in day 4-6 with V. harveyi
co-injection, while 30% in day 3 as well as 50% in day 5-6 by WSSV co-
inoculation.

3.5. Separation of the hemocytes and localization by in situ hybridization

The circulating hemocytes were separated by 70% Percoll cen-
trifugation into three distinct separated bands. Each isolated hemocyte
band was picked up to investigate cell morphology under a light
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with antisense probe in granular and semi-granular cells, none (nega-
tive signal) in hyaline cells. The negative control hybridized with sense
probe showed no signal in all three types of hemocyte cells (Fig. 7).

4. Discussion

In invertebrates, C-type lectins were known to contain at least one
CRD with Ca?* binding site-2 that contributed in carbohydrate binding
activity (Zelensky and Gready, 2005). The CRD found in crustaceans is
composed of a QPD or an EPN motif that is necessary for binding of
galactose or mannose, respectively (Drickamer, 1992, 1993; Kolatkar
and Weis, 1996). In this report, FmLC5 cloned from the hemocytes of F.
merguiensis was revealed to be dual-CRD C-type lectin as its structure
fitted well with the characteristic of common C-type lectins. It was
composed of two similar CRDs sharing 86% identity with each other
which was similar to that of F. chinensis FcLectin (Liu et al., 2007).
FmLC5 has two QPD motifs located in each CRD, suggesting that it is a
putative galactose-binding lectin and may have more affinity for the
galactose binding than one QPD motif containing lectins like FmLC,
FmLC4, LVLT, FcLec5 and PmLT (Drickamer, 1992; Kolatkar and Weis,
1996; Rattanaporn and Utarabhand, 2011; Utarabhand et al., 2017b;
Ma et al., 2007, 2008; Xu et al., 2010). The primary sequence of FmLC5
was closely similar to that of FcLectin from the bioinformatics analyses.
It shared low identity to FmLC, FmLC2 and FmLC4, indicated that
FmLC5 is unique in F. merguiensis.

Crustacean hemocytes are well known in capable of sequestrating
and eliminating invading pathogens. They contribute important roles in
the crustacean immunity and also to synthesize and secrete some PRR
molecules (Smith and Chisholm, 1992; Wang and Wang, 2013a, 2013b;
Tassanakajon et al., 2013). By RT-PCR analysis, FmLC5 mRNA was
found to express only in the hemocytes of normal shrimp. In corre-
sponding well with in situ hybridization, the positive signals were de-
tected in semi-granular and granular hemocytes, none was found in
hyaline cells. Likewise, FcLectin, the highest similar structure to
FmLC5, was also expressed mainly in the hemocytes of F. chinensis as
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detected by Northern blotting and in situ hybridization (Liu et al.,
2007).

V. harveyi is considered to be a violent pathogen caused shrimp
vibriosis in Thailand. In the artificially infectious experiments by V.
harveyi, the significant increase of FmLC5 expression in the hemocytes
at 12 hpi was specifically influenced by bacterial stimulation. It was not
caused by injection since the FmLC5 expression level was not changed
in control shrimp during 0-72 hpi. FcLectin gene also displayed similar
response against Vibrio and Staphylococcus challenge (Liu et al., 2007),
except it did not split into two peaks like FmLC5 did. The similar ex-
pression pattern that split into 2 peaks was found for EsCTL of Eriocheir
sinensis in response to Vibrio anguillarum challenge, MrLec3 or MrLec4
of the freshwater prawn M. rosenbergii in response to V. para-
haemolyticus or V. anguillarum challenge, respectively (Wang et al.,
2013; Ren et al., 2012), without any explanation was mentioned in
those reports. We postulated that this event might be the second im-
mune response of FmLC5 as also reported for FcLec3 of F. chinensis
challenged with WSSV (Wang et al., 2009a). In contrast, FmLC5 gene in
the hemocytes was in vivo induced to get one peak at 24 hpi upon in-
jection of F. merguiensis with LPS, main components on the cell surface
of Gram-negative bacteria. Nevertheless, diverse saccharides might be
found on V. harveyi cell surface. FmLC5 might respond towards V.
harveyi by binding with other saccharide moieties in the first peak and
bind to LPS on the bacterial surface in the second peak. Thus, the re-
sponse of FmLC5 to V. harveyi and LPS stimulation occurred at the same
time point of 24 hpi. In addition, one of the most serious viral diseases
for shrimp cultivation worldwide was caused by WSSV. We demon-
strated that FmLC5 was significantly up-regulated after WSSV in-
oculation in the hemocytes in a similar manner as of FcLectin (Liu et al.,
2007). Despite the recombinant protein of FmLC5 was not produced in
this report, we found that recombinant protein of FmLC4 of the same
species could agglutinate and bind directly to bacteria and yeast with
Ca®* dependence, also bind to LPS, lipoteichoic acid and f-1,3-glucan
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and mediate the in vivo bacterial clearance (Utarabhand et al., 2017b).
Recombinant proteins of FcLec2 and FcLec5 could agglutinate and bind
directly to bacteria in the presence of Ca®>*, and also bind to LPS (Zhang
et al., 2009; Xu et al., 2010) whereas that of FcLec4 could be able to
agglutinate Gram-positive and also Gram-negative bacteria, bind to
peptidoglycan and mediate phagocytosis and the clearance of V. angu-
illarum (Wang et al., 2009a, 2009b; Wang et al., 2014). Recombinant
hFcLec4 could promote V. anguillarum clearance in M. japonicus (Wang
et al., 2014). PmLec could agglutinate and facilitate hemocyte phago-
cytosis for clearing Gram-negative bacteria in P. monodon (Luo et al.,
2006).

In crustaceans, gene knockdown by RNA interferance is now ac-
cepted as a powerful tool to investigate gene function. The knockdown
of hFcLec4 gene using dsRNA discouraged the V. anguillarum clearance
in M. japonicus (Wang et al., 2014). The LvLecl expression was de-
creased by 98% by gene silencing and the gene protected L. vannamei
from WSSV infection (Luo et al., 2011). In this study, RNAi approach
was performed to evaluate the function in anti-pathogenic activity of
FmLC5 gene which was dominantly expressed in F. merguiensis hemo-
cytes. The gene silencing by FmLC5 dsRNA prior to either V. harveyi or
WSSV inoculation revealed that the expression of FmLC5 gene was
critically suppressed up to 95%, and thus it affected dramatically the
shrimp anti-activity against V. harveyi and WSSV. The median lethal
time for 50% mortality of dsRNA-V. harveyi group (18 h) or dsRNA-
WSSV group (1 day) decreased compared to those of controls, 4 days for
GFP dsRNA/saline-V. harveyi and 5 days for GFP dsRNA/saline-WSSV
treatment. Upon silencing shrimp followed by V. harveyi or WSSV

120

142

144

injection, the cumulative mortality increased to 100% in day 2 or day 3,
respectively, faster than those of controls (50% in day 4-6 with V.
harveyi co-injection and in day 5-6 with WSSV challenge). The gene
silencing experiments confirmed that FmLC5 should participate in
protecting the shrimp from V. harveyi and WSSV infection with a higher
potential towards V. harveyi than WSSV. From our results and other
reports indicated that FmLC5 might contribute in shrimp defense re-
sponse against bacterial or viral invaders.

In summary, a new C-type lectin (FmLC5) containing two similar
CRDs each of which had one QPD motif and Ca®* binding site-2 was
found in F. merguiensis. The FmLC5 transcript was detected only in the
hemocytes in according well with the localization in semi-granular and
granular cells demonstrated by in situ hybridization. After challenge
with V. harveyi, WSSV or LPS, the expression of FmLC5 was significantly
up-regulated. RNAi-based silencing with co-injection with V. harveyi or
WSSV resulted in the dramatical suppression of FmLC5 expression, in-
creasing in mortality and reduction of the median lethal time. These
results indicated that FmLC5 found in the hemocytes might function in
the immune response to protect the shrimp from bacterial and viral
invasion.
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HourfeRliAnendufeli@an duiindaziszanns 25-30 niu egfluszaramuuds dsdeannnns
suandanziasunnsiy Smsauasdassumdesandalndine

Tunswsanasainlei Nlaugealudnilainfananiuansiunenudsia [450 mM NaCl, 10
mM KCI, 10 mM EDTA, 10 mM PMSF (phenylmethylsulfonyl fluoride) wag 10 mM HEPES, pH 7.3]
(Gollas-Galvin et al., 1999) Mudasgan 1:1 arnviasinluimussias (centrifuge) finnnui3a 800 x a 7
guuund 4 1 funan 15w Senznewdlulmilasnisuacuaes’lu 10 mM sodium cacodylate, 0.45
M NaCl, 20 mM CaCl,, pH 7 LELTusTaSaNAT ArnauTlEAULET -80" e Hiseen Total RNA
vidatinlUmegnsuaauans Tyl modified L15 medium (Liu et al., 2007) el luntamaaasie

4.3 salil

2. n15lAau cDNA a8y LFd angtulanuasfugiitauasfnenuants

@Wﬂ?‘ﬁm;j@ conserved nucleotide sequence YAIEULAARY TL-5 UBILNIAINZLA (T. tridentatus)
warBuaniuniinmuliisluaurespiamdsuatinfiig o nulfainguiieyaly GenBank Hndinya

i I . ° . i I o
wiantlieanuuuasia forward waz reverse primer waztin primer wianild 1 lun1sa%519 cDNA
29984 LFd Inaarin total RNA anndlulaiaasfsuaiag Tneldgasisean RNA uazyinn1aain1snes
L3 AIAANNLEAVEIRY RNA Wauiuiuiullsiulaadnfinisganauuasinaingnnnau 260
WAY 280 UNTULNAT LA243579 cDNA dNellfnaasiy LFd a0 total RNA Rannandiulmilaeds  RT-

PCR (reverse transcription-polymerase chain reaction) WA¥3T RACE (rapid amplification of cDNA
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end) (Utarabhand et al., 2017) u&214 cDNA synthesis kit N11n13AnLaanlAauNNE U LFd naday
A o ¥ Lo . ° o =
11U1A284 cDNA AdaAs1zilElne restriction enzyme WAL agarose gel electrophoresis N 19T 1
DNA 13405 a1ntiu ligate 11 vector uae transform 1din competent cell WAMAIMIANALLLATDIEY
LFd Tnaifisas Automate DNA Sequencer tinfiagasnauiuaod@iu cDNA fasnala i raumauiy

% a dl dld 1 dl a e A = A o 1 Q/A”
DHANUVNNITUADU ] V]N’D?EIJSL‘H GenBank Walzdanumieuaastulazauduinlaanlfdu cDNA

=20

2049811 LFd 434 $aN9ANIaN1TRuagtiu LFd asnduuFaumaunutiuannund lamulniz ey

15indu 7 Inelllsunsnpaniiawes

3. nsAnEINsUARIaanaad LFd luiladiarasnsuaiion
=2 IS = & o v d” da/ dl di v 24 o v
Anwansuanseanaeddy LFd Tualuled fiu nduile uazileitiedu | aesfieuaiion ¥innnsasis
sy (probe) NRAMNAIIWNZIR9ER LFD Tagn1seenuuudansnzd forward waz reverse gene
specific primer A MNA1ALILAYB9EYW LFd  w&a1n primer wianild 1% lun1sdamsnssi cDNA  probe
Tnasizes RNA foenn9afin total RNA aniliaitiamaniiaedfis aniuld RNA uaz primer wianil

AAANNNITUARAIBENTEY MRNA 18984 LFd luiieitiasing < Ineds RT- PCR
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4.1 NSLASENTR V. harveyi Waz WSSV
V. harveyi waz WSSV nlEAnu1dFumanayinsziaindueiauqanindndnn 1 .a91a0
4

a ¢ . @ . ] a °
WwATUNS IAelaes V. harveyi uue N tryptic soy agar 1% 1.5 % NaCl Nauuni 37 0 W1y 18

q a

dqlug iniBunandalaein 1 Talall lddesluavinaman (tryptic soy broth) 18 1.5% NaCl 1Bums

a aa Bl/ i ° 3 o i 1
5 Naaan? 1lunan 18 42l 71 37 9 a1niduimaaany 1:100 waatinlihiasssaluainisinaniauing

a aa all a ° aI/ o aa o‘d‘ [~ = all o
100 HAAAMT NDOUNNH 37 1 WU 18 dalug W lihimusINaanAmLE 1 ,000xgUIU 30U N 4
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FaprnaumaaLUAR e 11N nae (0.85% NaCl) AN1LNNTHE@e 2 AT o817 ausENag wIduant
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aa LB { < i a o 1] i 1
TBS) WHLmUATHAANA9INI3 12,000 x g WK 30 WA Nansund 4 4 iiudoulannsesdiunszans

n7a9 (045 lumsaw) 157 -80 1 aldanfissialyl
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o 1 d” % a ng Y v 1 v [ ai// |091 dld = 1 dgj o ¥
M dnmensnpaeTulaziialiulivednetias 2 41 anduldiimzianinagsusiaassuds lanae
AaaAan 79 l5ilszunn 1 anfing uwlainfsnAnauialndmaeiy deduimindseunn faay 25 nin
asiaeNdvay 5 5n tagliianmnsdind1idagunn 8 4alue daesliifsdfudadinduaninuandenlud
WK 1 e1nnd tasdunadnfieudeusslifionnisseunas draviuaziuaunsiidulng aaniuin
V. harveyi Mvaealu tryptric soy broth (anndie 14.5.1) T umsiag 214Aznaw AHeatnnae was
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104f9NgnNaAFETaUTANGNATLANTNIRARIEUNABAININATAN 7] 1Wa1aT 3-5 Fa (RnFungud 0
dlualafinnsam@a) waqtinlilans total RNA WAIRANINNITLAAIBANTEY MRNA 18481 LFd Ineds
quantitative real-time RT-PCR (qRT-PCR) Inei 14 Infinafanimnzann cDNA Nas19ldannda 3 damn
aa1n#qe fluorescent dye 11 PCR product 7 ba ldAwaszdFunnufzeuiie iy internal standard
18S rRNA uRa3AT1zsiANuANs1stesdayaresiaisainngningdadnszinanutlsdsuuuy
ladeifen (ANOVA) NTeALANNITANIL 95-99%
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aniuhansuznuaesElllsininansng 7 Tuta9 0-4 dalus Iausifad arin total RNA whafinsu
NM9UAAIAANTDI MRNA 189811 LC 1n2ids semiquantitative RT- PCR Waufiumaas W laigaaauinn
fiLinriu K-199 ataidien Taeldtnen cDNA Tasksrniidunmziluieniaaiuaediueiion uay

1% 18S rRNA mﬂqﬁuwi@mﬁmﬂu internal standard

5. NsuARTARNNUUUNTLSEY (ILFd) angu LFd wazvinusgna
5.1 nsHARlUSAUgNNANLAZYINLTANE

WaAnEUNLIMsTannaesisauianfu LFd Tasenistiasiaennanilsiugnuas (rLFd)
= = om 3y °o o = a = P >
29981 LFd uazAnsauantis tnaaindayadiauiuaedtiu LFd anaifniunld eenuuuuaza3i
primer N1 W12289 open reading frame (ORF) 18481 LFd 1ad519 cDNA &181iN189 ORF L&A

{Aa1 ORF cDNA Linlu expression pET32(a+) vector aufinel Recombinant plasmid L‘ﬁ’lzj Esterichia
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coli DH5a. AN 1A ealu Luria-Bertani (LB) broth 131 ampicillin 1w 37 4 aul A1 0.D.,
derNind 0.5:0.7 widae andunszfunisainlisfusion IPTG (isopropyl B-D-1-thiogalacto-
. d” 6 1 % o a ac a = & a aAa
pyranoside) lagiaasa wdanadaunisdaunzillsfiuingdsinaezaranlusiaadianinswestauuy

wiagan N (SDS-PAGE) (Laemmli, 1970) AMNUUNLAZNAULIARAILNITLTUFATHIS AN ALAZN LA
Ly v -
3

rLFd USgnBAcuAaanyl Ninitrlotriacetic (Ni-NTA) acid agarose AT183EN19289UTHEN Qiagen

NARBLIANLAYEUAMHaTHIANAT8Y LFd 13qnEnsien141nea? SDS-PAGE Tuanwidaad 1
USuu ldshudaad1982835 Bradford (1976) 1m & 14 BSA (bovine serum albumin)
lullsiunnsgiu

5.2 mMsAaASIERLaUAUanAa rLFd lunseas

fimsziueusvense rLFd 1345 luNIesne119 AIUAY NG99 Auttarat et al. (2006)

L
a o

IpeRANIZFANLANE rLFd 13405 4Ue1¥in 1 way 2 am rLFd A5aay 20 lulpsndu waudu Freund's

q

complete adjuvant uazen 2 dUmavimennan rLFd 20 lulAsnu wandu Freund's incomplete

. o = o 9 o - = | ! v A @ o o © Y o
adjuvant ﬂ@ﬂﬂ??ﬂﬁﬂ?ﬂ@ﬂ‘l’ﬂﬂ 2 dUm9i 1anziaaansesng ﬂmﬂmmmmmm 49 U 1 AW U

1 v
o

nsussNes  dnauldanaznaudoninde ammonium sulphate NANBNFR 50% A1ntiLen

wauRLBARaANARANI] DEAE-Sephacel (Auttarat et al., 2006)

6. NNSNARALUNISINIZNYNLEAR 1B rLFd USENS

g

6.1 MsnARALNISINZNANLAAAaALAY (Hemagglutination) 484 rLFd U3gna
INENAABLANLIR LWNTIN1ZNgNTAIAALANTIBINIEANEYeY rLFd UIgVE WAl 1aziaen

NeANENANL heparin WanuaeaLdwa widrudaiaenuns 3 afeluidmes TBS, pH 7.5 (10 mM
Tris-HCI - 0.9% NaCl, pH 7.5) Iaen19umNaanaANEe 800 x g N1 4 T WIUATAT 5 U w191
@ A o v v v o | @ A
asaReauasly TBS lilmnudindu 2%  wishinesaunisiniznguidaiaanias Insnas
4178208 rLFd MA8ANGUUL 1:2 ANANAL AUATUIRAReLdARanLAY 2% 1B3NIRTe819ay 50
Tulnsdns Tululaslomedinan (microtiter plate) FvNgoumnRfiasuIL 1 dalus nlFauiaunanig
noaasiugaALANAlE TBS unu rLFd waaianaesnisiniznguidaiaanias (Hemagglutinating
.o IS ] o e . d' I A dj a O [
activity, HA) #Afludounduaaslames (titer) MiiluaAn19130a19494028981982878 rLFd Teeiaminlii
[~1 A 1 % e
Waranuasnzngulianysnl
6.2 NITNARAUNITINIENANUWLANLSE (Bacterial agglutination)
WenaasuantR lunisinznguuuanienelsauazlinelsafafinda o 299 rLFd 1Egns
TAuiuUARFeLNTNALVTaUATNLAN  MAWA V. harveyi, Vibrio  parahaemolyticus,  Bacillus

thuringiensis Wa¥ E. coli NN13MAaaInN3saas Utarabhand et al. (2007) A9H 13841 rLFd 113475

A udnduAwanzanly T8S, pH 7.5 antuldiBuing so lulasans wanduansuaiuaes
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a a v v 6 1 '8 v v a ¥ dl o O % a a
wuARBeficandasqanssdl wanlaeesuazmaudiniullsfiuliesgeaaes rlFd AwinliiuuaiGe
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neaadlunNuaLAaany luanazniuarlii ca®
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7. NMSNAKALNIFAL (Binding) 21914 rLFd NUWLAYILSE
o o a4 o aNa ¥ LA g ' ¥
\WWanaaeLN99uaed rLFd 184 duwuahisanelsafiadu V. harveyi visauuaiise linelsafigu

E. coli wlufiy vinnmasadinat rLFd UsgvslddniuwuanGausazainlmiies 50 mM Tris-

o

HCI, pH 7.5 Mot Wi 1 99Tue arntiuinlileussasnanugs 2,200 x g QUi 4
Wunan 10 w1 aenenausiostiiefoieaen 198 4 ASS WAL rLFd 89naINALNaWIARLLAT 38
Faetiines 50 mM Tris-HCI, pH 6.8 AN 7% SDS anniuiingaulan liannnisitussngs lamsnzif
$n8iR% SDS-PAGE WaZamszisafieis Western blot AawaufAueasaed rLFd Amu3tees Auttarat el
al. (2006) sl audelUsmuluukwaalldudumnusuluinamaglaa (nitrocellulose membrane)
Faenszud llm1uigues Towbin et al. (1979) &NauaNNiLg Aaatinwes TBS, pH 7.5 wéa block
o v Y PRy e . a a o

A28l BSA A19NNILTUARAYY TBS NN Tween 20 (TBST) antiulinaosuausuansa rLFd (1 Ab)

TBST-1% BSA &nqiuniususne TBST udatinldudluansazatauaufvensa 1gG 1e9nsesadsdinmin

Aulerloditladeandina (anti-rabbit IgG peroxidase conjugate) 38 2 Ab a1nifudianiuNiLTusae
ansazansniduammueveulsdileiasnding (3,3-diaminobenzidine waz H,0,) uiangnlffisen
TRRRN NI UAREUNNAY INENAFELNARINGBINITIRY Ca’ AEN1TILT8d rLFd AULLATNEE N1

nanasesluniueaaeaiu luaninzduaz 1l cacl,



8. NNSVNAFALNIFAUSEIING rLFd NU LPS wisa LTA
\WenARaLNIALT8Y rLFd 134N U LPS ¥98 LTA (lipoteichoic acid) ¥iNAx35 Utarabhand et

al. (2017) &4 < A wasualulaslmefinanvsamansaatimaandindusig o luiiwed 50

mM Na,CO,, pH 9.6 Uniigauunil 4 1 uu12 dalad Sramandaeminivas PBST (50 mM potassium

1%

phosphate buffer, pH 7.4 - 0.05% Tween 20) U&a block it 3% BSA lu PBST 1inniansmniiiesily

a1 2 F9lng Arananufatinny rlFd 1340 Ngnugiivies w2 49lug antiusnmudasenfoe
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diamine diHCI waz H,0,) nealfjisenfiae 2 M H,50, a1ntiudnAn1sganauwasiANe1I AR 492
w1 Tuwmg (0.D.,,,) FaeiATad ELISA Reader AanAn O.D.,,, MMALH @18190AIUIMUAAUANEATIAINNT

AUFL1919 rLFd iU LPS viga LTA 16
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1. annslpaugu LFd  annalulaviaesfiouwation wudn fulllength ¢DNA  a@s8iu  LFd
Usznaudiag 1,436 Alug NH 1 open reading frame (936 Atd) T encode Aneililngeng 312 amino
acid Huaalulana 34.9 kDa B LFd wesfisuaiicafimonumilewiuues T. tridentatus 46%

= = & A ) o = ¢ v g

2. 8 LFd dnsugsseanluvanaiiiaitie uwsuingalunszwiy wutlasunnTualulad doemei
aviannsuassaant LFd lunseimnzluniawilaatinfaedanalsn

3. annistualnlaivesfisnnndias WSSV udadhanisuanseanaad mRNA 2848w LC #aeds
semiquantative RT-PCR lusgagiaan o0 - 4 dalug wunnsuassaanldunnsteaenedideddny aslalénn
N1INAABIUANT168

4. aannsasfisuaiioafiae V. harveyi Waz WSSV WUNNTUAANBANTAY MRNA 1948y LFd Tu
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