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Dietary supplementation of
B-1, 3-glucan improves the
intestinal health of white
shrimp (Litopenaeus vannamei)
by modulating intestinal
microbiota and inhibiting
inflammatory response
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The phenomenon of intestinal dysfunction is widely observed in white shrimp
(Litopenaeus vannamei) culture, and B-1,3-glucan has been confirmed to be
beneficial in intestinal health with a lack understanding of its underlying mechanism.
Proteobacteria, Firmicutes, and Actinobacteria served as the predominant phyla
inhabiting the intestine of white shrimp, whilst a significant variation in their
proportion was recorded in shrimp fed with basal and B-1,3-glucan
supplementation diets in this study. Dietary supplementation of 3-1,3-glucan could
dramatically increase the microbial diversity and affect microbial composition,
concurrent with a notable reduction in the ratio of opportunistic pathogen
Aeromonas, gram-negative microbes, from Gammaproteobacteria compared to the
basal diet group. The benefits for microbial diversity and composition by B-1,3-glucan
improved the homeostasis of intestinal microbiota through the increase of specialists’
number and inhibition of microbial competition caused by Aeromonas in ecological
networks; afterward, the inhibition of Aeromonas by [-1,3-glucan diet dramatically
suppressed microbial metabolism related to lipopolysaccharide biosynthesis, followed
by a conspicuous decrease in the intestinal inflammatory response. The improvement
of intestinal health referred to the elevation in intestinal immune and antioxidant
capacity, ultimately contributing to the growth of shrimp fed B-1,3-glucan. These
results suggested that 3-1,3-glucan supplementation improved the intestinal health of
white shrimp through the modulation of intestinal microbiota homeostasis, the
suppression of intestinal inflammatory response, and the elevation of immune and
antioxidant capacity, and subsequently promoted the growth of white shrimp.
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1 Introduction

White shrimp (Litopenaeus vannamei), one of the most widely
farmed crustaceans in the world, can be cultured in fresh seawater due
to its eurysalinity (1). As one of the high density breeding species in
China, white shrimp farming has been plagued by intestinal
dysfunction caused by an inflammatory response, which can be
induced by the infection of pathogenic bacteria from Aeromonas,
gram-negative microbes (2). The intestinal dysfunction could
ulteriorly lead to metabolic dysfunction and trigger various diseases,
followed by substantial economic losses to farmers. As we know, the
intestine inhabits a complex micro-ecological system, and intestinal
inflammation is confirmed to be closely related to microbial dysbiosis
(3). The intestine is a crucial digestion organ, while it is also an
essential immunity organ for animals. And thus, finding an effective
way to solve the problem of intestinal dysfunction would promote the
rapid development of shrimp culture.

B-glucan is a well-known immunostimulant, which can be
extracted from cell walls of fungi, algae, and natural bioactive
polysaccharides and contains three different specific glycoside
linkage sources, including B- (1, 3)/B- (1, 4)/B- (1, 5) (4). The B-
glucan has been widely applied to the aquaculture industry due to its
positive impact on the health of aquatic animals (5, 6). Numerous
studies in B-1,3-glucan have confirmed its property of anti-
inflammatory, immune-enhancing, and anti-oxidation in aquatic
animals such as white shrimp (7-9), marine swimming crab
(Portunus trituberculatus), hybrid striped bass (Morone chrysops x
M. saxatilis) (10), and large yellow croaker (Pseudosciaena crocea)
(11). Evidence from human hepatocytes suggested that 3-1,3-glucan
could attenuate inflammation and accumulation of reactive oxygen
species (ROS) induced by lipopolysaccharide (12). Similarly, the
results in rainbow trout (Oncorhynchus mykiss) (13), silver catfish
(Rhamdia quelen) (14), and common carp (Cyprinus carpio L) (15)
suggested that B-glucan (including B-1,3-glucan) could reduce the
intestinal inflammatory response and oxidative stress induced by the
challenge of Aeromonas hydrophila or tissue damage. Additionally,
the study in Indian major carp (Labeo rohita) suggested that -1,3-
glucan supplementation could dramatically elevate antibody response
after being challenged with the Edwardsiella tarda vaccine (16).

Multitudinous evidence has confirmed that a vital role of
intestinal microbiota in the intestinal health of the host, and B-
glucan, a complex polysaccharide, is authorized to possess various
health-promoting properties through intestinal microbiota regulation
(17-19). Several studies explored the effects of B-glucan on the
intestinal microbiota of aquatic animals including common carp
(20), tilapia (21), rainbow trout (1), and white shrimp (22), mainly
focusing on microbial composition. Undoubtedly, the number and
richness of species are essential elements for a microbial ecosystem,
while complex interspecific interactions are crucial to maintaining
intestinal microbiota homeostasis (23). And thus, B-glucan
supplementation altered the composition of intestinal microbial
community and would further affect interactions between different
species within the microbial community. It is well accepted that the
microbes perform different roles due to their ecological niches, and
the critical microbes were considered essential in maintaining
intestinal microbiota homeostasis (24). Since 100-fold more genes
than hosts possessed by microbes could synthesize many enzymes
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and other products, these symbiotic microbes inhabiting the intestine
could participate in host nutrition metabolism and affect intestinal
health through their metabolites (25-27). Hence, the intestinal
microbiota is considered as an auxiliary metabolic organ involved
in the metabolic process of the host (28).

Although B-1,3-glucan displayed positive effects on intestinal
health, mechanisms explaining observed immunomodulatory in
white shrimp have mainly remained obscure; hence, the purpose of
the current study was to explore the underlying mechanism of 3-1,3-
glucan improving intestinal health of white shrimp through the
investigation of its effects on the intestinal microbiota,
inflammatory response, immunity, and antioxidant capacity. The
results from this study would provide a better understanding of the
mechanism of 3-1,3-glucan ameliorating the intestinal health of white
shrimp and further promote the application of -1,3-glucan in the
shrimp culture.

2 Materials and methods

2.1 Experimental procedure and
sample collection

Healthy juvenile freshwater-acclimated Litopenaeus vannamei
were provided by Huachuang Ecological Agriculture Development
Co., LTD (Fuzhou, China). Before the experiment, shrimp were
acclimatized in a filtered, aerated freshwater cage (2.0 x 2.0 x
1.5 m) to adapt to experimental conditions for two-week. In this
study, a commercial feed (Charoen Pokphand) serves as a basal diet,
and its ingredients are shown in Table 1. After being fasted for 24 h,
shrimps with an average weight of 1.21 g were randomly distributed
into six cages (1.0 x 1.0 x 1.5 m) in an outdoor pond at a density of
sixty per cage. The B-1,3-glucan (65% purity), extracted from Euglena
gracilis, was provided by Yunnan Shangri-la Zeyuan Algae Industry
Health Technology Co., LTD. The glucan diet adds 0.325g/kg B-1,3-
glucan to the basal diet. And then, the shrimp were fed satiated with
basal diet (Control group, three replicates) and glucan diet (GL group,
three copies) at 06: 00, 12: 00, and 18: 00 per day for two months,
respectively. Environmental conditions were monitored during the
experiment: dissolved oxygen > 5.0 mg L™'; NH4"-N< 0.2 mg L'}
NO*"N< 0.lmg L™.

At the termination of the feeding trial and following a 24 h
starvation period, the total number and weight of the shrimps per
cage were recorded. Five shrimps per cage were weighed and
measured for condition factor (CF). After sterilization of surface
skin with 70% ethanol, hemolymph samples were obtained from the

TABLE 1 Nutritional compositions of basal diets.

Ingredients Content Ingredients Content
(%) (%)
Crude protein >41.0 Moisture < 12.0
Crude fat >4.0 Lysine >2.1
Crude fiber <30 Total > 1.0
phosphorus
Crude ash <16.0
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ventral sinus of three shrimp. The serum was separated from
hemolymph and then stored at —80°C for subsequent analysis.
Additionally, midgut tissues from three shrimp per cage were
stored at —80 °C. Additionally, the whole intestine containing digest
from two shrimp per cage (6 samples in each group) was stored in
sterile freezing tubes under —80°C.

2.2 16S rRNA sequencing and intestinal
microbiota analysis

According to previous studies (29), the genomic DNA of
microorganisms was extracted from intestinal samples and
performed High-throughput sequencing after amplifying the 16S
rRNA V3-V4 region using the Illumina HiSeq platform. After the
quality control, a total of 1,038,520 clean reads were clustered into
operational taxonomic units (OTUs) based on the Ribosomal Database
(rdp_16s_v16_sp), and then performed o-diversity (Observed OTUs,
Chaol, AEC, Shannon, Simpson, and invSimpson), Treemap, and
Principal coordinates analysis (PCoA) based on the Bray-Curtis
dissimilarity using Rstudio (30). The ecological network was
constructed with a random matrix theory (RMT)-based approach
(31) and then was visualized using Circos (30) and Cytoscape 3.9.0
(32). The KEGG pathway of OTUs was analyzed by PICRUSt2
software (33) and visualized by Rstudio and software STAMP (34).

2.3 Intestinal gene expression

Total RNA samples were extracted from midgut tissue using the
Trizol reagent (Takara, Dalian, China), and cDNA was synthesized
using a SMART c¢DNA Synthesis Kit (Clontech Laboratories, Palo
Alto, CA). For quantitative real-time PCR, the specific primer pairs
were shown in Table 2. qRT-PCR reactions were carried out in a BIO-
RAD CFX96 touch gq-PCR system (Applied Biosystems Inc., USA).

TABLE 2 The primers for quantitative real-time PCR.

10.3389/fimmu.2023.1119902

The 274" method was used to compute relative gene
expression levels.

2.4 Immune and antioxidant
capacity analysis

The intestine and serum samples were used for measurement of
the activities of acid phosphatase (ACP), alkaline phosphatase (AKP),
lysozyme (LMZ), total superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (GPx), and the contents of reduced
glutathione (GSH) and malondialdehyde (MDA) using commercial
diagnostic kits (Nanjing Jiancheng Bioengineering Institute, China).
The phenoloxidase (PO) parameter in the intestine and serum was
assayed by a competitive ELISA kit produced by Nanjing Camilo.

2.5 Statistical analysis

The growth performance of shrimp was determined by final
weight, Length gain rate (%), Specific growth rate (%/d) and
Condition factor (g/cm3). The formulas were defined as follows:

Length gain rate (%)

=100 x (final length - initial length) /initial size ;

Specific growth rate (% /d)
=100 x (Infinal weight — In initial weight)/days ;

Condition factor (g/cm?) = final weight/final length’.

The data for gene expression, immune and antioxidant
parameters, and growth were analyzed by student’s t-test using SPSS
version 26 software. Data are presented as mean * standard error of
the mean (SE). Statistical significance was determined at P< 0.05.

Primer name Forward primers (5’ - 3') Reverse primers (5’ - 3’)
B-actin GAGCAACACGGAGTTCGTTGT CATCACCAACTGGGACGACATGGA
Crustin GAGGGTCAAGCCTACTGCTG ACTTATCGAGGCCAGCACAC
Penaiedin 3a CACCCTTCGTGAGACCTTTG AATATCCCTTTCCCACGTGAC
LZM TGTTCCGATCTGATGTCC GCTGTTGTAAGCCACCC

LGBP CATGTCCAACTTCGCTTTCAGA ATCACCGCGTGGCATCTT
Relish CCTGTGAAGACATTAGGAGGAGTA CCAGTTGTGGCATTCTTTAGG
Imd TCACATTGGCCCCGTTATCC ATCTCGCGACTGCACTTCAA
HSP70 AACGATTCTCAGCGTCAGG AGGTGCCACGGAACAGAT
TGF-B AACCATGCCCTTGTGCAAAC CTTTGGGGGAACCTCGGTC
IL-1B TGTGACCACCATCCACCAGAAC GATCCCGCAGTAACCGAATAAG
TNF AAAGAGGAACGTGGTCATGG CACTCCTTTCCCCACTGTGT
IFN-y GACTTCGGTGCCACGGAACAAG GACGCTCACTTTCACGCGGTCT
AIF GCTGACATCATCCCCAACT CTGGAATGTGCTATGGTG

LZM, lysozyme; LGBP, lipopolysaccharide and B-1,3-glucan-binding protein; HSP70, heat shock protein 70; IMD, innate immune deficiency; TGF-p, transforming growth factor-f; IL-13, Interleukin-
1B; TNF, tumor necrosis factor; IFN-y, interferon-y; AIF, apoptosis inducing factor.
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3 Results

3.1 The intestinal microbiota of white shrimp

3.1.1 The composition of the intestinal microbial
community in white shrimp

Compared to the Control group, the shrimp in the GL group
exhibited a significantly higher microbial o-diversity in terms of a
higher value in Observed OTUs, Chaol, AEC, Shannon, Simpson,
and in InvSimpson (P< 0.05, Figure 1A). As shown in Figure 1B,
Proteobacteria (Control: 46.43, GL: 50.12%), Firmicutes (Control:

10.3389/fimmu.2023.1119902

50.80%, GL: 17.47%), and Actinobacteria (Control: 1.35%, GL:
12.47%) took dominate in the intestinal microbial community.
Mainly, Gammaproteobacteria (43.25%) and Bacilli (47.80%) were
observed as the predominant classes in the shrimp-fed basal diet. In
contrast, shrimp in the GL group was predominated by
Alphaproteobacteria (28.58%), Clostridia (12.81%), Actinobacteria
(12.46%), Gammaproteobacteria (9.96%), and Betaproteobacteria
(7.58%, Figure 1C). Shrimp fed basal diet possessed a significantly
higher proportion of Photobacterium, Enterobacteriales and
Aeromonadales from Gammaproteobacteria, and Bacillales and
Unassigned microbes from Bacilli (P< 0.05). In contrast,
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Rhodobacterales and Rhizobiales from Alphaproteobacteria and
Clostridiaceae_1 from Clostridia were detected dramatically higher
in the GL group, with a notably higher percentage of microbes from
Acidobacteria, Verrucomicrobia, Chloroflexi, and Actinobacteria (P<
0.05, Figure 1D). Meanwhile, the PCoA analysis further confirmed the
significant separation in the microbial community between Control
and GL groups (P = 0.00299, Figure 1E).

3.1.2 The microbial interactions within the
intestinal microbial community of white shrimp
Except for the notable variation in the microbial community, the
circus plot exhibited the species-species interactions (red edges:
negative interactions, gray edges: positive interactions) across
different OTUs (Control: 558 OTUs, GL: 813 OTUs) from 32
bacterial classes within the intestinal microbial community
(Figure 2A). The predominate classes, including Clostridia,
Alphaproteobacteria, Actinobacteria, Gammaproteobacteria, and
Bacilli, were observed to dominate the ecological networks, in

10.3389/fimmu.2023.1119902

which 10 and 11 modules (= 10 OTUs) were respectively attended
in Control and GL networks as shown in Figure 2B. GL network was
dominated by positive interactions, whereas opposite results were
followed in the Control network with submodules C2, C3, C5, Cé6, C8,
and C9 predominated by negative interactions. Within the network,
the Control group has 10 module hubs and 3 connectors, while 11
module hubs and 3 connectors were found in the GL group
(Figure 2C and Table 3).

3.1.3 The metabolic function of intestinal microbial
community of white shrimp

The microbial function in the GL group dramatically differed
from that in the Control group at KO levels (P = 0.005, Figure 3A). To
explore the response of microbial metabolism to the diets, the KEGG
functional categories were further analyzed, mainly focusing on
amino acid metabolism, carbohydrate metabolism, lipid
metabolism, and protein families: metabolism (Figure 3B).
Compared to the shrimp-fed basal diet, much more metabolic
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TABLE 3 The composition of the ecological network.

Index Control GL
Acidobacteria 24 23
Actinobacteria 66 78
Alphaproteobacteria 88 95
Anaerolineae 6 8
Bacilli 36 58
Bacteroidia 13 18
Betaproteobacteria 20 38
Caldilineae 6 6
Chlamydiia 0 1
Clostridia 109 191
Deinococci 0 1
Deltaproteobacteria 37 46
Epsilonproteobacteria 1 3
Erysipelotrichia 6 6
Flavobacteriia 0 1
Fusobacteriia 2 3
Gammaproteobacteria 61 81
Gemmatimonadetes 0 2
Ignavibacteria 1 3
Ktedonobacteria 0 1
Methanobacteria 0 8
Methanomicrobia 0 5
Negativicutes 4 1
Nitrospira 1 1
Planctomycetia 6 12
Spartobacteria 5 4
Sphingobacteriia 1 4
Subdivision3 2 1
Subdivision5 1 1
Thermomicrobia 0 1
Thermotogae 1 1
Verrucomicrobiae 11 20
Unassigned 50 91
Total number of OTUs 558 813
The number of modules (=10 OTUs) 10 11
The number of connectors 3 3
The number of gray edges 1880 3524
The number of red edges 1967 1219
Total number of edges 3847 4743

Frontiers in Immunology

10.3389/fimmu.2023.1119902

pathways related to the amino acid and carbohydrate metabolisms of
intestinal microbiota were notably increased in the shrimp-fed 3-1,3-
glucan supplementation diet (P< 0.05). The microbial
lipopolysaccharide biosynthesis and lipid metabolism were more
active in the Control group together with more proteins related to
metabolism (P< 0.05), especially the lipopolysaccharide
biosynthesis proteins.

3.2 Gene expression related to inflammation
and immune in the intestinal tissue of
white shrimp

Compared to the shrimp fed basal diet, a significant reduction in
the mRNA transcription level of inflammatory factor genes, including
TGE-B, IL-1B, TNF, IEN-y, and AIF, was detected in the intestinal
tissue of shrimp in glucan diet (P< 0.05, Figure 4A). The B-1,3-glucan
significantly induced the overexpression of immunity genes,
including Cristin, Penaiedin 3a, LMZ, LGBP, and Imd in the
intestinal tissue of shrimp (P< 0.05), while it unaffected the gene
expression of Relish (Figure 4A); meanwhile, the expression of heat
shock protein gene HSP70 in the intestinal tissue was dramatically
suppressed in GL group (P< 0.05).

3.3 The immunity, antioxidant capacity, and
growth performance of white shrimp

The -1,3-glucan supplementation enhanced the concentration of
PO and the activities of AKP, ACP, and LMZ in intestinal tissue.
Significant differences in the value of activities of AKP, ACP, and
LMZ were found between GL and Control groups (P< 0.05, Table 4).
Similarly, significantly higher activities of serum AKP, ACP, and PO
have been detected in shrimp from glucan group (P< 0.05). Compared
to the Control group, the actions of CAT, TSOD, and GPx were
notably elevated in the intestine tissue of shrimp from the GL group
together with a reduction in MDA content (P< 0.05, Table 5);
meanwhile, the GL group recorded higher activities of serum CAT
and GPx, followed by a notably lower MDA content. Additionally,
compared to the Control group, shrimp fed B-1,3-glucan diet
exhibited significantly higher values in Final weight, Final length,
Length gain, and Specific growth rate (P< 0.05), concurrent with a
notable reduction in Condition factor (P< 0.05, Table 6).

4 Discussion

Multitudinous pieces of evidences from the animal model and
human studies have verified the critical role played by intestinal
microbiota in intestinal health, and the diet consumed by the host
could shape the microbial composition (25, 28, 35, 36). B-glucan
serves as a prebiotic and is confirmed to positively impact the
intestinal microbiota and the host’s health (19). Here, B-1,3-glucan
supplementation did affect the intestinal microbiota and significantly
increased the microbial diversity in white shrimp. Similar results were
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TABLE 4 The effects of B-1,3-glucan on the immunity of Litopenaeus
vannamei.

Parameters Control GL P value
Intestine

AKP (King unit/gprot) 50.12 + 4.46 100.82 + 10.62 0.006
ACP (King unit/gprot) 160.05 + 8.19 204.13 + 14.5 0.021
LZM (U/mgprot) 29.93 + 1.9 37.87 + 1.46 0.011
PO (ng/gport) 22.3 +3.15 46.89 + 11.65 0.09
Serum

AKP (King unit/100ml) 541 + 0.62 1229 + 1.7 0.004
ACP (King unit/100ml) 3.40 + 0.3 9.91 + 223 0.033
LZM (U/ml) 25.00 + 4.3 36.11 + 6.33 0.177
PO (U/L) 85.99 + 4.67 132.78 + 6.55 <0.001

TABLE 5 The effects of B-1,3-glucan on the antioxidant capacity of
Litopenaeus vannamei.

Parameters Control GL P value
Intestine
CAT (U/mgprot) 6.85 + 0.91 1039 + 1.58 0.089
TSOD (U/mgprot) 2492 +2.56 33.98 + 2.32 0.025
GPx (U/mgprot) 15.74 £ 1.59 3943 + 3.18 <0.001
GSH (mg/gprot) 11.93 + 1.52 15.06 + 1.25 0.143
MDA (nmol/gport) 1861.11 + 202.84 959.56 + 73.84 0.005
Serum

CAT (U/mL) 23.84 + 2.31 31.67 + 1.43 0.015
TSOD (U/mL) 704.23 + 16.51 751.51 + 14.21 0.055
GPx (U/mL) 1109.38 + 48.99 1296.88 + 19.62 0.005
GSH (mg/mL) 26.14 + 3.95 59.24 + 6.45 0.005
MDA (nmol/ml) 2237 + 1.4 15.79 + 1.92 0.02

TABLE 6 The effects of B-1,3-glucan on the growth performance of
Litopenaeus vannamei.

Parameters Control GL P value
Initial weight (g) 1.19 + 0.04 1.23 £ 0.01 0.402
Final weight (g) 10.62 £ 0.36 12.21 + 0.22 <0.001
Final length (cm) 11.7 £ 0.1 12.53 + 0.08 <0.001
Length gain rate (%) 1069.52 + 10.34 1153.04 + 8.35 <0.001
Specific growth rate (%/d) 8.74 + 0.04 8.93 +0.02 0.001
Condition factor (g/cm?) 0.66 + 0.01 0.62 + 0.01 0.007

also observed in tilapia (21), carp (Cyprinus carpio) (37) and white
shrimp from a recent study (22). Although the composition of the
intestinal microbial community can be dramatically affected by the
diets, the core microbiota is essentially stable in the host (38). Here,
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results indicated that white shrimp fed basal and -1,3-glucan diet
also shared the same core microbiota from Proteobacteria and
Firmicutes, even though intestinal microbiota structure was notably
altered by dietary supplementation of B-1,3-glucan. The current
results suggested that shrimp fed with commercial feed displayed a
significant increase in the percentage of Aeromonas species from
Gammaproteobacteria, which were confirmed to be opportunistic
pathogens in freshwater-farmed white shrimp (2); B-1,3-glucan diet
was found to inhibit these Aeromonas species significantly, and
dramatically increase the proportion of microbes from
Alphaproteobacteria, Betaproteobacteria, Deltaproteobacteria,
Clostridiaceae_1, and scarce class groups like Actinobacteria,
Chloroflexi, Verrucomicrobia, and Acidobacteria. The increased
ratio of these low-class groups led to the rise of the microbial
diversity in shrimp.

The interspecific interactions capacitate the microbial community
to form an ecological network through which the micro-ecological
ecosystem maintains its dynamic balance in intestine (23). In the
present study, shrimp fed basal and B-1,3-glucan diets displayed two
completely different patterns of microbial interactions referred to as
competition and cooperation dominated in submodules of the
ecological network, respectively. Based on the r/K selection theory
in ecology, the r-strategy species would be the representative
community appearing in nutrient-rich environments with
characteristics of low competition, high nutrient utilization
capacity, and high growth rate (39). Although artificial feeding
provided a nutrient-rich environment for the intestinal microbiota,
the proliferation of Aeromonas species, the pathogens, intensified the
competition within the microbial community for the nutrients in this
study. In spatial conditions, the cooperation-dominated communities
are more stable because the cooperative interactions are more robust
to population disturbance, while the competitive interactions are
susceptible to perturbations (40, 41). And thus, the B-1,3-glucan
diet promoted intestinal microbiota homeostasis by inhibiting the
competition within the microbial community through the
suppression of Aeromonas. The dominant microbiota is the main
component of the ecological network, in which the generalists
referred to connectors and module hubs serve as structural and
functional keystones and execute a key role in maintaining the
property of the web (42). Therefore, -1,3-glucan promoted the
stability of ecological network by increasing the number of module
hubs. Taken together, dietary supplementation of 3-1,3-glucan could
improve the homeostasis of intestinal microbiota in white shrimp
through the inhibition of composition caused by Aeromonas and the
increase in number of module hubs.

The intestinal microbiota plays a vital role in host nutrient
metabolism since microbial fermentation and nutrient synthesis
provide numerous metabolites (25-27). Undoubtedly, the variation
in microbial composition would further cause a change in microbial
metabolism. The microbial carbohydrate metabolism was more active
in the white shrimp fed a B-1,3-glucan diet in response to
polysaccharide supplementation. Meanwhile, due to the significant
reduction in the ratio of Aeromonas, the microbial lipopolysaccharide
biosynthesis was significantly inhibited in shrimp fed B-1,3-glucan
diet in this study. As we know, lipopolysaccharide could induce
intestinal inflammation by triggering TLR4-mediated inflammatory
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pathway (43, 44), and this may explain why B-1,3-glucan diet
displayed an anti-inflammatory capacity in white shrimp in terms
of the significant decrease in expression of inflammatory factor genes
in this study. Additionally, 3-1,3-glucan also could suppress intestinal
inflammation by elevating the activity of intestinal AKP in the present
study since the AKP can remove the phosphoric acid groups from
lipopolysaccharide, thereby reducing its inflammatory effects (45, 46).
Therefore, dietary supplementation of B-1,3-glucan could benefit
intestinal health by recovering intestinal dysfunction induced by an
inflammatory response.

The B-glucan, as an ideal immunostimulant, is widely applicated
in aquaculture and positively impacts the immunity and antioxidant
system of aquatic animals. Pieces of evidence from previous studies in
white shrimp have confirmed the immune-enhancing effect of 3-1,3-
glucan (8, 47). The lipopolysaccharide and B-1,3-glucan binding
protein (LGBP), vital pattern recognition proteins, can recognize
lipopolysaccharide and B-1,3-glucan and subsequently trigger
innate immunity (48). Indeed, the present results suggested that the
expression of intestinal LGBP was significantly increased in shrimp
fed B-1,3-glucan diet, together with an enhancement in immunity
parameters in intestinal tissue and serum. Additionally, B-1,3-glucan
supplementation enhanced the antioxidant capacity of shrimp, and
similar results were also observed in white shrimp fed B-1,3-glucan
(7). HSP70 serves as an important oxidative stress biomarker (49),
and higher expression of HSP70 in the intestinal tissue shrimp fed 3-
1,3-glucan confirmed the antioxidant property of (-glucan again.
Along with the improvement of intestinal function, the growth
performance of white shrimp was also dramatically promoted by B-
1,3-glucan finally.

In conclusion, B-1,3-glucan supplementation significantly altered the
microbial composition and promoted the homeostasis of intestinal
microbiota, and inhibited intestinal inflammatory through the suppression
of pathogenic bacteria Aeromonas, concurrent with an enhancement in the
immunity, antioxidant capacity, and growth performance of white shrimp.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession

References

1. Menanteau-Ledouble S, Skov J, Lukassen MB, Rolle-Kampczyk U, Haange S-B,
Dalsgaard I, et al. Modulation of gut microbiota, blood metabolites, and disease resistance
by dietary B-glucan in rainbow trout (Oncorhynchus mykiss). Anim microbiome (2022) 4
(1):1-14. doi: 10.1186/s42523-022-00209-5

2. Zhou H, Gai C, Ye G, An J, Liu K, Xu L, et al. Aeromonas hydrophila, an emerging
causative agent of freshwater-farmed whiteleg shrimp. Litopenaeus vannamei.
Microorganisms (2019) 7(10):450. doi: 10.3390/microorganisms7100450

3. Butto LF, Haller D. Dysbiosis in intestinal inflammation: cause or consequence. Int |
Med Microbiol (2016) 306(5):302-9. doi: 10.1016/j.ijmm.2016.02.010

4. Maheshwari G, Sowrirajan S, Joseph B. Extraction and isolation of B-glucan from
grain sources—a review. ] Food Sci (2017) 82(7):1535-45. doi: 10.1111/1750-3841.13765

5. Khanjani MH, Sharifinia M, Ghaedi G. B-glucan as a promising food additive and
immunostimulant in aquaculture industry. Ann Anim Sci (2021) 22:817-827.
doi: 10.2478/a0as-2021-0083

6. Meena D, Das P, Kumar S, Mandal S, Prusty A, Singh S, et al. Beta-glucan: an ideal
immunostimulant in aquaculture (a review). Fish Physiol Biochem (2013) 39(3):431-57.
doi: 10.1007/s10695-012-9710-5

Frontiers in Immunology

10.3389/fimmu.2023.1119902

number(s) can be found below: https://www.ncbi.nlm.nih.gov/,
PRJNA908810.

Ethics statement

The animal study was reviewed and approved by Nanchang University.

Author contributions

GY and MP designed the experiments and supervised the
manuscript. KS and LB carried out the animal experiment and
sample analysis with the help of ML, WL, QZ, JD, PF, BH, CW,
and wrote the manuscript. VK revised the manuscript. All authors
read and approved the final manuscript. All authors contributed to
the article and approved the submitted version.

Funding

This study was supported by the Double Thousand Program of
Jiangxi Province (2019) and the Excellent Youth Cultivation Project of
the National Natural Science Foundation of China (20202ZDB01010).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

7. Xu B, Zhang G, Wang L, Sagada G, Zhang J, Shao Q. The influence of dietary -1, 3-
glucan on growth performance, feed utilization, antioxidative and immune status of pacific white
shrimp, Litopenaeus vannamei. Aquacult Nutr (2021) 27(5):1590-601. doi: 10.1111/anu.13299

8. Wang Y-C, Chang P-S, Chen H-Y. Differential time-series expression of immune-
related genes of pacific white shrimp Litopenaeus vannamei in response to dietary inclusion
of B-1, 3-glucan. Fish Shellfish Immun (2008) 24(1):113-21. doi: 10.1016/;.f51.2007.09.008

9. Zhao H-X, Cao J-M, Wang A-L, Du Z-Y, Ye C-X, Huang Y-H, et al. Effect of long-
term administration of dietary B-1, 3-glucan on growth, physiological, and immune
responses in Litopenaeus vannamei (Boone, 1931). Aquacult Int (2012) 20(1):145-58.
doi: 10.1007/s10499-011-9448-6

10. Yamamoto FY, Castillo S, de Cruz CR, Chen K, Hume ME, Gatlin DMIIL Synergistic
effects of the -1, 3 glucan paramylon and vitamin ¢ on immunological responses of hybrid
striped bass (Morone chrysops x m. saxatilis) were pronounced in vitro but more moderate in
vivo. Aquaculture (2020) 526:735394. doi: 10.1016/j.aquaculture.2020.735394

11. AiQ, MaiK, Zhang L, Tan B, Zhang W, Xu W, et al. Effects of dietary -1, 3 glucan
on innate immune response of large yellow croaker, Pseudosciaena crocea. Fish Shellfish
Immun (2007) 22(4):394-402. doi: 10.1016/j.£s1.2006.06.011

frontiersin.org


https://www.ncbi.nlm.nih.gov/
https://doi.org/10.1186/s42523-022-00209-5
https://doi.org/10.3390/microorganisms7100450
https://doi.org/10.1016/j.ijmm.2016.02.010
https://doi.org/10.1111/1750-3841.13765
https://doi.org/10.2478/aoas-2021-0083
https://doi.org/10.1007/s10695-012-9710-5
https://doi.org/10.1111/anu.13299
https://doi.org/10.1016/j.fsi.2007.09.008
https://doi.org/10.1007/s10499-011-9448-6
https://doi.org/10.1016/j.aquaculture.2020.735394
https://doi.org/10.1016/j.fsi.2006.06.011
https://doi.org/10.3389/fimmu.2023.1119902
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Shen et al.

12. Chen Q, Tang H, Zha Z, Yin H, Wang Y, Wang Y, et al. B-d-glucan from
Antrodia camphorata ameliorates LPS-induced inflammation and ROS production in
human hepatocytes. Int J Biol Macromol (2017) 104:768-77. doi: 10.1016/j.ijjbiomac.
2017.05.191

13. JiL, Sun G, Li J, Wang Y, Du Y, Li X, et al. Effect of dietary B-glucan on growth,
survival and regulation of immune processes in rainbow trout (Oncorhynchus mykiss)
infected by Aeromonas salmonicida. Fish Shellfish Immun (2017) 64:56-67. doi: 10.1016/
j.£s1.2017.03.015

14. dos Santos Voloski AP, de Figueiredo Soveral L, Dazzi CC, Sutili F, Frandoloso R,
Kreutz LC. B-glucan improves wound healing in silver catfish (Rhamdia quelen). Fish
Shellfish Immun (2019) 93:575-9. doi: 10.1016/j.£51.2019.08.010

15. Syakuri H, Jung-Schroers V, Adamek M, Brogden G, Irnazarow I, Steinhagen D.
Beta-glucan feeding differentiated the regulation of mRNA expression of claudin genes
and prevented an intestinal inflammatory response post Aeromonas hydrophila
intubation in common carp, Cyprinus carpio 1. ] Fish Dis (2014) 37(2):149-56.
doi: 10.1111/jfd.12121

16. Sahoo P, Mukherjee S. The effect of dietary immunomodulation upon Edwardsiella
tarda vaccination in healthy and immunocompromised Indian major carp (Labeo rohita).
Fish Shellfish Immun (2002) 12(1):1-16. doi: 10.1006/fsim.2001.0349

17. Golisch B, Lei Z, Tamura K, Brumer H. Configured for the human gut microbiota:
molecular mechanisms of dietary B-glucan utilization. ACS Chem Biol (2021) 16
(11):2087-102. doi: 10.1021/acschembio.1c00563

18. Chen C, Huang X, Wang H, Geng F, Nie S. Effect of B-glucan on metabolic
diseases: A review from the gut microbiota perspective. Curr Opin Food Sci (2022)
47:100907. doi: 10.1016/j.cofs.2022.100907

19. Jayachandran M, Chen J, Chung SSM, Xu B. A critical review on the impacts of -
glucans on gut microbiota and human health. J Nutr Biochem (2018) 61:101-10.
doi: 10.1016/j.jnutbio.2018.06.010

20. Petit ], de Bruijn I, Goldman MR, van den Brink E, Pellikaan WF, Forlenza M, et al.
B-glucan-induced immuno-modulation: A role for the intestinal microbiota and short-
chain fatty acids in common carp. Front Immunol (2021) 12:761820. doi: 10.3389/
fimmu.2021.761820

21. de Souza FP, de Lima ECS, Pandolfi VCF, Leite NG, Furlan-Murari PJ, Leal CNS,
et al. Effect of B-glucan in water on growth performance, blood status and intestinal
microbiota in tilapia under hypoxia. Aquacult Rep (2020) 17:100369. doi: 10.1016/
j.aqrep.2020.100369

22. QiaoY, Zhou L, QuY, Lu K, Han F, Li E. Effects of different dietary B-glucan levels
on antioxidant capacity and immunity, gut microbiota and transcriptome responses of
white shrimp (Litopenaeus vannamei) under low salinity. Antioxidants (2022) 11
(11):2282. doi: 10.3390/antiox11112282

23. Coyte KZ, Schluter J, Foster KR. The ecology of the microbiome: networks,
competition, and stability. Science (2015) 350(6261):663-6. doi: 10.1126/
science.aad2602

24. Montoya JM, Pimm SL, Solé RV. Ecological networks and their fragility. Nature
(2006) 442(7100):259-64. doi: 10.1038/nature04927

25. Tremaroli V, Bickhed F. Functional interactions between the gut microbiota and
host metabolism. Nature (2012) 489(7415):242-9. doi: 10.1038/nature11552

26. Cani PD. The gut microbiota manages host metabolism. Nat Rev Endocrinol (2014)
10(2):74-6. doi: 10.1038/nrendo.2013.240

27. Cani PD, Moens de Hase E, Van Hul M. Gut microbiota and host metabolism:
from proof of concept to therapeutic intervention. Microorganisms (2021) 9(6):1302.
doi: 10.3390/microorganisms9061302

28. Zhu B, Wang X, Li L. Human gut microbiome: the second genome of human body.
Protein Cell (2010) 1(8):718-25. doi: 10.1007/s13238-010-0093-z

29. Yang G, Xu Z, Tian X, Dong S, Peng M. Intestinal microbiota and immune related
genes in sea cucumber (Apostichopus japonicus) response to dietary PB-glucan
supplementation. Biochem Bioph Res Co (2015) 458(1):98-103. doi: 10.1016/
j.bbrc.2015.01.074

Frontiers in Immunology

10

10.3389/fimmu.2023.1119902

30. Yang G, Xiang Y, Wang S, Tao Y, Xie L, Bao L, et al. Response of intestinal
microbiota to the variation in diets in grass carp (Ctenopharyngodon idella). Metabolites
(2022) 12(11):1115. doi: 10.3390/metabo12111115

31. Deng Y, Jiang YH, Yang Y, He Z, Luo F, Zhou J. Molecular ecological network
analyses. BMC Bioinf (2012) 13(1):1-20. doi: 10.1186/1471-2105-13-113

32. Cline MS, Smoot M, Cerami E, Kuchinsky A, Landys N, Workman C, et al.
Integration of biological networks and gene expression data using cytoscape. Nat Protoc
(2007) 2(10):2366-82. doi: 10.1038/nprot.2007.324

33. Douglas GM, Maffei V], Zaneveld JR, Yurgel SN, Brown JR, Taylor CM, et al.
PICRUS2 for prediction of metagenome functions. Nat Biotechnol (2020) 38(6):685-8.
doi: 10.1038/s41587-020-0548-6

34. Parks DH, Tyson GW, Hugenholtz P, Beiko RG. STAMP: statistical analysis of
taxonomic and functional profiles. Bioinformatics (2014) 30(21):3123-4. doi: 10.1093/
bioinformatics/btu494

35. Wilson AS, Koller KR, Ramaboli MC, Nesengani LT, Ocvirk S, Chen C, et al. Diet
and the human gut microbiome: an international review. Digest Dis Sci (2020) 65(3):723-
40. doi: 10.1007/s10620-020-06112-w

36. Albenberg LG, Wu GD. Diet and the intestinal microbiome: associations,
functions, and implications for health and disease. Gastroenterology (2014) 146
(6):1564-72. doi: 10.1053/j.gastro.2014.01.058

37. Jung-Schroers V, Adamek M, Jung A, Harris S, Déza OS, Baumer A, et al. Feeding
of B-1, 3/1, 6-glucan increases the diversity of the intestinal microflora of carp (Cyprinus
carpio). Aquacult Nutr (2016) 22(5):1026-39. doi: 10.1111/anu.12320

38. Neu AT, Allen EE, Roy K. Defining and quantifying the core microbiome:
Challenges and prospects. P Nat A Sci India B (2021) 118(51):e2104429118.
doi: 10.1073/pnas.2104429118

39. Wilson EO, MacArthur RH. The theory of island biogeography. JSTOR (Princeton,
NJ: Princeton University Press) (1967), 1. doi: 10.2307/2790

40. Pande S, Kaftan F, Lang S, Svatos A, Germerodt S, Kost C. Privatization of
cooperative benefits stabilizes mutualistic cross-feeding interactions in spatially
structured environments. Isme J (2016) 10(6):1413-23. doi: 10.1038/ismej.2015.212

41. Ren X, Murray RM. "Cooperation enhances robustness of coexistence in spatially
structured consortia”, in: 18th European Control Conference (ECC). Naples, Italy: IEEE
(2019) 2651-6. doi: 10.23919/ECC.2019.8796069

42. Olesen JM, Bascompte ], Dupont YL, Jordano P. The modularity of pollination
networks. P Nat A Sci India B (2007) 104(50):19891-6. doi: 10.1073/pnas.0706375104

43. Rhee SH. Lipopolysaccharide: basic biochemistry, intracellular signaling, and
physiological impacts in the gut. Intest Res (2014) 12(2):90. doi: 10.5217/ir.2014.12.2.90

44. Tomlinson JE, Blikslager AT. Interactions between lipopolysaccharide and the
intestinal epithelium. Javma-] Am Vet Med A (2004) 224(9):1446-52. doi: 10.2460/
javma.2004.224.1446

45. Bates JM, Akerlund J, Mittge E, Guillemin K. Intestinal alkaline phosphatase
detoxifies lipopolysaccharide and prevents inflammation in zebrafish in response to the
gut microbiota. Cell Host Microbe (2007) 2(6):371-82. doi: 10.1016/j.chom.2007.10.010

46. Bilski J, Mazur-Bialy A, Wojcik D, Zahradnik-Bilska J, Brzozowski B, Magierowski
M, et al. The role of intestinal alkaline phosphatase in inflammatory disorders of
gastrointestinal tract. Mediat Inflammation (2017) 2017:9074601. doi: 10.1155/2017/
9074601

47. Jueliang P, Chuchird N, Limsuwan C. The effects of probiotic, B-1, 3-glucan and
organic acid on pacific white shrimp's (Litopenaeus vanamei) immune system and survival
upon challenge with vibrio harveyi. Fish Res Bull Kasetsart Univ (2013) 37(3):25-37.

48. Chen YY, Chen JC, Kuo YH, Lin YC, Chang YH, Gong HY, et al.
Lipopolysaccharide and B-1, 3-glucan-binding protein (LGBP) bind to seaweed
polysaccharides and activate the prophenoloxidase system in white shrimp. Litopenaeus
vannamei. Dev Comp Immunol (2016) 55:144-51. doi: 10.1016/j.dci.2016.03.017

49. Kurashova NA, Madaeva IM, Kolesnikova LI Expression of HSP70 heat-shock proteins
under oxidative stress. Adv Gerontol (2020) 10:20-5. doi: 10.1134/52079057020010099

frontiersin.org


https://doi.org/10.1016/j.ijbiomac.2017.05.191
https://doi.org/10.1016/j.ijbiomac.2017.05.191
https://doi.org/10.1016/j.fsi.2017.03.015
https://doi.org/10.1016/j.fsi.2017.03.015
https://doi.org/10.1016/j.fsi.2019.08.010
https://doi.org/10.1111/jfd.12121
https://doi.org/10.1006/fsim.2001.0349
https://doi.org/10.1021/acschembio.1c00563
https://doi.org/10.1016/j.cofs.2022.100907
https://doi.org/10.1016/j.jnutbio.2018.06.010
https://doi.org/10.3389/fimmu.2021.761820
https://doi.org/10.3389/fimmu.2021.761820
https://doi.org/10.1016/j.aqrep.2020.100369
https://doi.org/10.1016/j.aqrep.2020.100369
https://doi.org/10.3390/antiox11112282
https://doi.org/10.1126/science.aad2602
https://doi.org/10.1126/science.aad2602
https://doi.org/10.1038/nature04927
https://doi.org/10.1038/nature11552
https://doi.org/10.1038/nrendo.2013.240
https://doi.org/10.3390/microorganisms9061302
https://doi.org/10.1007/s13238-010-0093-z
https://doi.org/10.1016/j.bbrc.2015.01.074
https://doi.org/10.1016/j.bbrc.2015.01.074
https://doi.org/10.3390/metabo12111115
https://doi.org/10.1186/1471-2105-13-113
https://doi.org/10.1038/nprot.2007.324
https://doi.org/10.1038/s41587-020-0548-6
https://doi.org/10.1093/bioinformatics/btu494
https://doi.org/10.1093/bioinformatics/btu494
https://doi.org/10.1007/s10620-020-06112-w
https://doi.org/10.1053/j.gastro.2014.01.058
https://doi.org/10.1111/anu.12320
https://doi.org/10.1073/pnas.2104429118
https://doi.org/10.2307/2790
https://doi.org/10.1038/ismej.2015.212
https://doi.org/10.23919/ECC.2019.8796069
https://doi.org/10.1073/pnas.0706375104
https://doi.org/10.5217/ir.2014.12.2.90
https://doi.org/10.2460/javma.2004.224.1446
https://doi.org/10.2460/javma.2004.224.1446
https://doi.org/10.1016/j.chom.2007.10.010
https://doi.org/10.1155/2017/9074601
https://doi.org/10.1155/2017/9074601
https://doi.org/10.1016/j.dci.2016.03.017
https://doi.org/10.1134/S2079057020010099
https://doi.org/10.3389/fimmu.2023.1119902
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Dietary supplementation of β-1, 3-glucan improves the intestinal health of white shrimp (Litopenaeus vannamei) by modulating intestinal microbiota and inhibiting inflammatory response
	1 Introduction
	2 Materials and methods
	2.1 Experimental procedure and sample collection
	2.2 16S rRNA sequencing and intestinal microbiota analysis
	2.3 Intestinal gene expression
	2.4 Immune and antioxidant capacity analysis
	2.5 Statistical analysis

	3 Results
	3.1 The intestinal microbiota of white shrimp
	3.1.1 The composition of the intestinal microbial community in white shrimp
	3.1.2 The microbial interactions within the intestinal microbial community of white shrimp
	3.1.3 The metabolic function of intestinal microbial community of white shrimp

	3.2 Gene expression related to inflammation and immune in the intestinal tissue of white shrimp
	3.3 The immunity, antioxidant capacity, and growth performance of white shrimp

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


