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Lipopolysaccharide and b-1,3-glucan binding protein (LGBP) is a pattern recognition receptor that can 
recognize and bind LPs and b-1,3-glucan. LGBP has crucial roles in innate immune defense against 
Gram-negative bacteria and fungi. in this study, LGBP functions in Portunus trituberculatus innate 
immunity were analyzed. first, the mrna expression of PtLGBP in hemocytes, hepatopancreas, and 
muscle toward three typical pathogen-associated molecular patterns (PamPs) stimulations were exam-
ined using real-time Pcr. results show that the overall trend of relative expressions of the LGBP gene 
in three tissues is consistent, showing up–down trend. in each group, the highest expression of the LGBP 
gene was at 3 and 12 h post-injection. The LGBP gene is also expressed significantly higher in the hemo-
cytes and hepatopancreas than in the muscle. the highest level of LGBP was in the lipopolysaccharides 
(LPs) and glucan-injected group, whereas the lowest level was in the PGn-injected group. furthermore, 
bacterial agglutination assay with polyclonal antibody specifically for PtLGBP proved that the recombi-
nant PtLGBP (designated as rPtLGBP) could exhibit obvious agglutination activity toward Gram-
negative bacteria escherichia coli, Vibrio parahaemolyticus, and V. alginolyticus; Gram-positive bacteria 
Bacillus subtilis; and fungi saccharomyces cerevisiae. LGBP in Portunus trituberculatus possibly served 
as a multi-functional Prr. in addition, LGBP is not only involved in the immune response against Gram-
negative and fungi, as manifested in other invertebrates, but also has a significant role in anti-Gram-
positive bacteria infection. 
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introduction

the swimming crab, Portunus trituberculatus, is one of the most important commer-
cial species widely distributed in east asian countries. in china, P. trituberculatus 
farming has rapidly developed in the last decades. however, with the development of 
intensive culture, frequent outbreaks of diseases have become major problems threat-
ening the crab aquaculture industry [17, 21]. P. trituberculatus lacks an adaptive 
immune system and exclusively relies on innate defense against invading pathogens 
[18, 19]. understanding immune defense mechanisms of P. trituberculatus is particu-
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larly beneficial to enhance basic knowledge on crustacean immunity and to serve as 
reference on disease control and long-term sustainability in aquaculture.

similarly to other invertebrates, crabs do not possess an adaptive immune system; 
their defense mechanisms are mainly based on innate immune responses [3, 14]. 
among the numerous innate immune responses in invertebrates, the primary step is 
distinguishing themselves from harm through pattern recognition receptors (Prrs) 
[7, 15]. Prrs are responsible for recognizing a few highly conserved structures in 
pathogens called pathogen-associated molecular patterns (PamPs). the immune rec-
ognition mediated by Prrs can trigger intracellular signaling cascades to activate the 
transcription of immune factors [1, 12]. PamPs include lipopolysaccharide (LPs) 
and peptidoglycan (PGn) from bacteria, b-1,3-glucan from fungi, and double-strand-
ed rna from viruses [1, 12]. at least six groups of Prrs, including peptidoglycan 
recognition protein (PGrP), toll-like receptor (tLr), thioester-containing protein 
(teP), lipopolysaccharide and b-1,3-glucan binding protein (LGBP), c-type lectin 
(CTL) and galectin (GALE), have been identified in invertebrates [5]. Among these 
groups, LGBP has the unique ability to simultaneously recognize LPs and b-1,3-glu-
can; which is also crucial for the innate immunity of invertebrates.

LGBP, otherwise known as Gram-negative bacteria-binding protein (GnBP), was 
originally purified from the silkworm, Bombyx mori, as an inducible acute phase 
protein in immune response to Gram-negative bacteria [11]. extensive research on 
Drosophila melanogaster has proven that LGBP serves as a recognition protein for 
LPs and b-1,3-glucan, as well as performs a vital role in anti-bacterium and fungus 
response [9]. LGBPs have been increasingly cloned from hemocytes of invertebrates, 
especially from insects and crustaceans [4, 6, 10, 13, 23, 24]. in addition, LGBPs are 
involved in various significant activities in innate immunity, such as pathogen recog-
nition [13, 20, 23], prophenoloxidase (proPo) activation [10] and antimicrobial pep-
tide induction [9]. LGBP is the significant molecule responsible for invader recogni-
tion and induction of downstream innate immune response in arthropods.

compared with arthropods, our knowledge on crab LGBP is extremely limited. 
The LGBP gene has been identified and characterized in the swimming crab. in this 
study, the mRNA expression profiles of LGBP after crabs were stimulated by PAMPs, 
as well as their binding and agglutination activities against various microorganisms, 
were examined to understand LGBP functions in innate immune recognition and its 
roles in anti-bacterial infection response. these results are essential to understand the 
physiological function of LGBP in the crab immune response.

materiaLs and methods

Immune stimulation of Portunus trituberculatus

P. trituberculatus adults with average weight of 130 g were collected from a farm in 
ningbo, Zhenjiang Province, china and maintained in aerated seawater at 24 °c for 
a week before processing. for the PamP stimulation experiment, 150 crabs were 
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used. The crabs were randomly divided into five groups. Each group contained 30 
crabs. the groups received an injection of 100 uL phosphate buffered saline (PBs, 
0.14 m sodium chloride, 3 mm potassium chloride, 8 mm disodium hydrogen phos-
phate dodecahydrate, 1.5 mm potassium phosphate monobasic, ph 7.4), LPs from 
escherichia coli (sigma-aldrich, 0.5 mg ml–1 in PBs), PGn from staphylococcus 
aureus (sigma-aldrich, 0.8 mg ml–1 in PBs), and B-glucan from saccharomyces 
cerevisiae (sigma-aldrich, 1.0 mg ml–1 in PBs), respectively. the untreated group 
was employed as the blank group. after treatment, the crabs were returned to the 
water tanks. five crabs were randomly sampled at 0, 3, 6, 12, 24 and 48 h post-
injection. the hemolymph, hepatopancreas, and muscles were collected and saved in 
–80 °c refrigerator for rna preparation.

expression patterns of lGBP post-PAMP stimulation

total rna was extracted using trizol reagent in accordance with the manufacturer’s 
instructions (invitrogen). first-strand synthesis was carried out based on Promega 
m-mLv rt usage information using dnase i (Promega)-treated total rna as tem-
plate and oligo(dt)-adaptor as primer (table 1). the synthesis reactions were per-
formed at 37 °c for 15 min and terminated by heating at 85 °c for 5 s. the cdna 
mix was diluted to 1:10 and stored at –80 °C for subsequent SYBR Green fluorescent 
quantitative real-time rt-Pcr.

A pair of gene-specific primer for LGBP, LGBP-F, and LGBP-R (Table 1) were 
used to amplify a 63 bp product from cdna. the Pcr product was sequenced to 
verify the specificity of RT-PCR. Two b-actin primers (Table 1) were used to amplify 
a 71 bp fragment as internal control to verify successful transcription and to calibrate 
the cdna template for corresponding crab samples.

Real-time RT-PCR amplification was carried out in an ABI StepOne Plus real-time 
thermal cycler in accordance with the manual (applied Biosystems). dissociation 
curve analysis of amplification products was performed at the end of each PCR to 
confirm that only one PCR product was amplified and detected. After the PCR pro-
gram, data were analyzed using sPss 16.0. for consistency, the base line was auto-

 
table 1

Primers used in the present study

Primer sequence

oligo(dt)-adaptor
β-actinF
β-actinR
LGBP-f
LGBP-r
Lgf(forward)
Lgr(reverse)

GGccacGcGtcGactaGtact17
5’cGcaGaGcaaGcGaGGtatt 3’
5’GtcGtcccaGttGGtGacaat 3’
5’cGGaGacccaGtcaacatca 3’
5’aaGctcGGGaGGGatcGa3’
5’ ccatatGcaGGccGccctatGtGcat 3’ 
5’ cctcGaGttattcctcGGaGctaGtcatc 3’
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matically set by the software. the 2–ΔΔCT method was used to analyze the LGBP 
expression level [10]. all data are given in terms of relative mrna expressed as 
mean ± se (n = 5). the data were subjected to one-way analysis of variance (one-way 
anova), followed by unpaired two-tailed t-test. differences were considered sig-
nificant at P < 0.05 and extremely significant at P < 0.01.

lGBP recombinant expression 

The cDNA fragment encoding the LGBP mature peptide was amplified using 
Promega Taq polymerase with specific primers LgF and LgR (Table 1). An NdeI site 
was added to the 5’ end of primer Lgf and sali site to the 5’ end of primer Lgr after 
the stop codon. the Pcr fragment was cloned into pmd19-t simple vector 
(taKara), digested completely by restriction enzymes, nde i and sal i, and then 
cloned into the ndei/sali sites of expression vector pet-22a (novagen). the recom-
binant plasmid (pet-22a-LGBP) was transformed into e. coli BL21(de3)-plyse 
(novagen). the positive clones were screened by Pcrs with primers Lgf and Lgr, 
and then confirmed by further nucleotide sequencing. 

Positive transformants were incubated in LB medium (containing 50 mg ml–1 

ampicillin) at 37 °c with shaking at 220 rpm. When the culture medium reached 
od600 of 0.5 to 0.7, the cells were incubated for four additional hours with the induc-
tion of isopropyl-b-D-thiogalactoside (IPTG) at the final concentration of 1 mmol L–1. 
the pellets were harvested by centrifugation at 12,000 rpm for 5 min. the collected 
cells were resuspended in deionized water, and then sonicated for 25 min. the cell 
lysate was centrifuged at 12,000 rpm for 5 min at 4 °c to collect the supernatant. the 
soluble recombinant protein was purified using a TALON Metal Affinity Resin col-
umn (clontech) in accordance with the manufacturer’s instruction. for protein refold-
ing, the denatured proteins were dialyzed stepwise against the refolding buffer (ph 
8.0; 50 mm tris, 50 mm nacl, 1 mm edta, 2 mm reduced glutathione, 0.2 mm 
oxidized glutathione, 1% glycerol, and 6/4/3/2/0 M urea) for 8 h at 4 °C. The purified 
proteins were dialyzed against 50 mm tris hcl buffer (ph 8.0) for 8 h at 4 °c and 
then concentrated at 6000 g for 15 min. the supernatants were checked by sds-
PaGe. the concentration was determined using a Bca kit (Beyotime) in accordance 
with the instruction of the manufacturer.

Preparation of antibody and Western blot analysis

for preparation of the antibody against LGBP, renatured rptLGBP was continuously 
dialyzed against ddh2o before being freeze concentrated. the protein rptLGBP was 
immunized to 6-week-old rats to acquire polyclonal antibody. after sds-PaGe, the 
samples (4 h after iPtG was added) were electrophoretically transferred onto a 0.45 
mm pore nitrocellulose membrane at 200 ma for 5 h. the membrane was blocked 
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with PBs containing 3% Bsa at 37 °c for 1 h. after washing three times with PBs 
containing 0.05% tween-20 (PBs-t), the membrane was incubated with antibody 
against LGBP at 37 °c for 1 h, after which it was washed three times with PBs-t. 
antibody binding was detected with goat-anti-rat ig-alkaline phosphatase conjugate 
(southern Biotech) diluted at 1:4000 in PBs at 37 °c for 1 h and washed three times 
with PBs-t. the protein band was stained with a freshly prepared substrate solution 
(100 mm nacl, 100 mm tris, and 5 mm mgcl2, ph 9.5) containing nitroblue tetra-

Fig. 1. temporal expression of PtLGBP mrna relative to b-actin analyzed by real-time Pcr in crab 
hemocytes after LPs, PGn, b-glucan, and PBs challenges for 3, 6, 12, 24, and 48 h. the values are shown 

as mean ± SE (N = 5). (*P < 0.05, **P < 0.01)

Fig. 2. temporal expression of PtLGBP mrna relative to b-actin analyzed by real-time Pcr in crab 
hepatopancreas after LPs, PGn, b-glucan, and PBs challenges for 3, 6, 12, 24, and 48 h. the values are 

shown as mean ± SE (N = 5). (*P < 0.05, **P < 0.01)
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zolium (nBt, sigma) and 5-bromo-4-chloro-3-indolyphosphate (BciP, sigma), fol-
lowed by washing with distilled water. rat pre-immune serum was used as negative 
control.

Microorganisms agglutination assay

agglutination assay was performed, as discussed in a previous report [20]. Gram-
negative bacteria V. parahaemolyticus, V. alginolyticus, and e. coli; Gram-positive 
bacteria B. subtilis, B. cereus, and s. aureus; and yeast saccharomyces cerevisiae 
were suspended in PBs buffer. the mixtures were incubated at room temperature for 
approximately 1 h. the cells were then detected under Western blot.

resuLts

the mrnA expression patterns of PtlGBP post-PAMP stimulation 
in hemocytes

real-time rt-Pcr was used to monitor expression of PtLGBP in hemocyte tran-
scripts of adult animals stimulated by three typical PamPs (fig. 1). the mrna 
expression of PtLGBP was significantly upregulated after the stimulation of b-glucan 
and LPs, reaching the highest point at 3 h (6.9- and 6.8-fold compared with the blank 
group, P < 0.01) and 12 h post-injection (7.5- and 5.7-fold compared with the blank 
group, P < 0.01), and then gradually decreasing to nearly the original level at 48 h 
post-injection. for PGn injection, the PtLGBP transcripts presented slight upregula-
tion to 2.1-fold compared with the blank group at 12 h. PBs injection, as a control, 
could not induce significant PtLGBP mRNA expression change.

Fig. 3. temporal expression of PtLGBP mrna relative to b-actin analyzed by real-time Pcr in crab 
muscles after LPs, PGn, b-glucan, and PBs challenge for 3, 6, 12, 24, and 48 h. the values are shown 

as mean ± SE (N = 5). (*P < 0.05, **P < 0.01)



300 Y.-E. ChEn et al.

Acta Biologica Hungarica 65, 2014

the mrnA expression patterns of PtlGBP post-PAMP stimulation 
in hepatopancreas

real-time rt-Pcr was used to monitor PtLGBP expression in hepatopancreas tran-
scripts of adult animals stimulated by three typical PamPs (fig. 2). the mrna 
expression of PtLGBP was significantly up-regulated after LPS and b-glucan stimula-
tion, reaching the highest point at 3 h post-injection (5.9- and 4.1-fold compared with 
the blank group, P < 0.01). After decreasing at 6 h post-injection, the expression was 
upregulated to 4.9-fold (P < 0.05) and 5.7-fold (P < 0.01) compared with the blank 
group at 12 h. then, the expression decreased to the original level at 48 h. for PGn 
injection, the PtLGBP transcripts presented slight upregulation to 3.9-fold compared 
with the blank group at 12 h. PBS injection, as a control, could not induce significant 
change in PtLGBP mrna expression.

the mrnA expression patterns of PtlGBP post-PAMP stimulation 
in muscles

real-time rt-Pcr was used to monitor PtLGBP expression in muscle transcripts in 
adult animals stimulated by three typical PamPs (fig. 3). the mrna expression of 
PtLGBP was significantly upregulated after b-glucan and LPS stimulation, reaching 
the highest point at 12 h post-injection (3.1- and 3.9-fold compared with the blank 

Fig. 4. sds-PaGe analysis of the recombinant PtLGBP. Lane m: protein molecular standard; lane 1: 
negative control for rPtLGBP (without induction); lane 2: induced rPtLGBP; lane 3: supernatant of 

lysate; lane 4: purified rPtLGBP
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group, P < 0.01) and gradually decreasing to nearly the original level at 48 h post-
injection. for PGn injection, the PtLGBP transcripts presented slight upregulation to 
2.6- and 2.4-fold, compared with the blank group at 6 and 12 h. PBs injection, as a 
control, did not induce significant change in the PtLGBP mRNA expression.

recombinant of lGBP protein and Western blot analysis

after iPtG induction, the whole cell lysate of e. coli BL21(de3)-plyse with pet-
22a-LGBP was analyzed by sds-PaGe. the analysis revealed a distinct band with 
molecular weight of 41 kda, consistent with the predicted molecular mass (fig. 4, 
line 2). 

The purified protein (Fig. 4, line 4) was used to prepare the antibody. Western blot 
was carried out to identify the specificity of the antibody. A clear reaction band with 
high specificity was revealed, whereas a few nonspecific bands were visible (Fig. 5, 
line 4). as negative control, no visible reaction band was detected in the rat pre-
immune serum group (fig. 5, line 1).

Microorganisms agglutination assay

Gram-negative bacteria V. parahaemolyticus, V. alginolyticus, and e. coli; Gram-
positive bacteria B. subtilis, B. megaterium, B. cereus, and s. aureus; and yeast sac-
charomyces cerevisiae were used to test the agglutinating activity of rptLGBP. 
Significant agglutination was observed in V. parahaemolyticus, V. alginolyticus,  
e. coli, B. megaterium, and s. cerevisiae (fig. 6). however, no agglutination was 
detected in B. subtilis, B. cereus, and s. aureus. 

Fig. 5. Western blot analysis of mouse antiserum. Lane m: Prestained protein molecular weight marker 
(low); lane 1: preimmune serum; lane 2: PBs control; lane 3: normal pet-22b(+) vector; lane 4: the 

purified recombinant protein PtLGBP
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discussion

LGBP has significant roles in innate immunity of invertebrates; it is involved in 
immune responses against pathogen infections, such as pathogen recognition [7, 15, 
12], activation of proPo system [5] and induction of antimicrobial peptides [15]. 
however, information on LGBP in crabs remains limited. in this study, LGBP func-
tions in swimming crab in terms of pathogen recognition and bacterial agglutination 
were examined to understand the mechanism of innate immunity of P. trituberculatus. 
as a Prrs type, LGBP recognizes and binds with microbe PamPs; it is a predomi-
nant molecule in the first line of defense against pathogen infection [12, 15]. The 
mrna expression pattern of PtLGBP was examined after crabs were stimulated by 
PamPs to investigate its involvement in immune response. other experiments have 
demonstrated the expression of LGBP gene in blood, heart, muscle, hepatopancreas, 
and gills of swimming crab, with the highest expression found in the blood and 
hepatopancreas [25]. the present results show that the volume of LGBP gene in the 
hepatopancreas and hemocytes of crabs is significantly higher than that in the muscle 
under PamP stimulation. in addition, the result showed that the mrna expression of 
PtLGBP in three tissues under different PamP stimuli presented the ‘up–down–up–
down’ trend. the expression trend in the PBs groups is ‘rise–gradually fall’. 
furthermore, the experimental group reached the peak expression in 12 h. the 
expression in the PAMP stimulation group was significantly higher compared with 
that in the physiological saline group. the result indicates that LGBP is an acute 
phase protein. LGBP is closely related to the body’s stress response. Within a short 
period, LGBP can identify foreign bodies and participate in immune regulation. in 
addition, LGBP may partake in pathogenic bacteria removal effect. therefore, LGBP 
appears to rise again. these results are similar to those obtained by Yang et al. [22], 
cheng et al. [4], and Zhao et al. [24].

in the present study, the binding activity of microbial components exerted by 
recombinant PtLGBP was examined. rPtLGBP exhibited high affinity with fungi and 

Fig. 6. Western blot analysis of rPtLGBP binding activity to microorganisms. m: Prestained protein 
molecular weight marker (low); 1. saccharomyces cerevisiae; 2. Bacillus subtilis; 3. B. megaterium;  

4. B. cereus; 5. s. aureus; 6. V. parahaemolyticus; 7. V. alginolyticus; 8. e. coli
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Gram-negative bacteria, as well as moderate binding activity with Gram-positive 
bacteria; this attribute is distinct from other known invertebrate LGBP [9]. the result 
of the bacterial agglutination assay further validated the conclusion of real-time 
rt-Pcr. PtLGBP, the primitive deuterostome LGBP, is involved in immune response 
against Gram-negative bacteria, fungi, and Gram-positive bacteria. this multifunc-
tion in pathogen recognition has been suspected to be abolished because of protein 
functional differentiation in arthropods. through pathogen recognition, Prrs further 
mediate in opsonic effect, benefiting pathogen cleaning, such as agglutination medi-
ated by c-type lectins [2, 26, 27], antibacterial activity mediated by PGrP-sB1 [16] 
and sr-enhanced phagocytosis [8]. PtLGBP exhibited obvious agglutination activity 
against Gram-negative bacteria V. parahaemolyticus, V. alginolyticus, and e. coli; 
Gram-positive bacteria B. megaterium; and fungi s. cerevisiae. The findings also 
emphasized the crucial role of LGBP in the innate immunity of crabs.

in summary, LGBP in swimming crabs could recognize and bind multiple PamPs 
from various microorganisms, induce immune crab response, and agglutinate several 
microorganisms. no antibody-mediated immunity has been found in crab. therefore, 
LGBP with its diverse specificities may function as a nonclonal effector in the crab 
immune system. although several issues still require further investigation, the study 
of crab LGBP will likely contribute to understanding the mechanism of crab innate 
immune system.
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