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Abstract

Introduction

E¡ect of an extraction method on the structure of
glucan and its immunostimulatory response in Fenneropenaeus indicus was investigated. Here we extracted alkali insoluble glucan (AIG) and alkali
soluble glucan (ASG) from a ¢lamentous fungi Acremonium diospyri following alkali^acid hydrolysis and
the sodium hypochlorite oxidation and dimethyl
sulphoxide extraction method respectively. Structural analysis showed that 85% of glucan in AIG was a
(1 ! 3)-b-D-glucan and it increased the prophenoloxidase and reactive oxygen intermediate activity
when administered to F. indicus. On the other hand,
ASG, which contained 93% (1 ! 3)-a-glucan, did
not induce signi¢cant immune response in shrimp.
Here we report that the di¡erence in immunostimulatory potential between AIG and ASG is due to the
di¡erence in the percentage of (1 ! 3)-b-D-glucans
present in each preparation, which varies with the
method of extraction employed. Also our observations suggest that glucan can be used as a potential
immunostimulant to shrimp, provided it contains
(1 ! 3)-b-D-glucan as the major fraction.

b-Glucans are widely used in aquaculture to stimulate the non-speci¢c immune system of animals in order to indirectly increase resistance to pathogenic
invasions and plausibly for growth enhancement
(Williams 1997; Dalmo 2000; Chang, Su, Chen & Liao
2003; Leung, Liu, Koon & Fung 2006; Dalmo & Bogwald 2008; Mar Costa, Novoa & Figueras 2008).
b-Glucans have a common structure, a main chain
consisting of (1 ! 3)-linked b-D-glucopyranosyl
units along which are randomly dispersed single
b-D-glucopyranosyl units attached by (1 ! 6)-linkages giving a comb-like structure. The non-speci¢c
immune system of crustaceans identi¢es b-glucan as
a pathogen-associated molecular pattern, and initiates the recognition of these molecules by speci¢c
‘pathogen recognition receptors’ (Medzhitov & Janeway Jr 1997), b-glucan-binding proteins (Roux, Pain,
Klimpel & Dhar 2002; Cheng, Liu,Tsai & Chen 2005).
The binding of pathogen-associated molecular patterns with its speci¢c receptor initiates an array of
immune response in the host animals, including
clotting cascade, the synthesis of a wide array of
antimicrobial peptides and the phenoloxidase (PO)activating system (Ho¡mann, Reichart & Hetru
1996; Sritunyalucksana & Soderhall 1999). Chang,
Chen, Su and Liao (2000) evaluated the e¡ectiveness
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of a water soluble b-(1 ! 3)-glucan derived from Schizophyllum commune in enhancing shrimp survival as
well as haemocyte phagocytosis and superoxide anion
production in brooders of Penaeus monodon. The brooders showed enhanced survival rate, haemocyte phagocytic activity, cell adhesion and superoxide anion
production when glucan was administered through
feed. Additionally, glucans reportedly protected
shrimps from whitespot syndrome virus (WSSV) and
Vibrio infections (Sung, Kou & Song 1994; Song, Liu,
Chan & Sung 1997; Chang et al. 2003; Dalmo & Bogwald 2008). Although glucans are reported as a speci¢c activator of prophenoloxidase (proPO) enzyme
cascade in several investigations, Sritunyalucksana,
Sithisarn,Withayachumnarnkul and Flegel (1999) did
not observe any change in the proPO, agglutinin and
antibacterial activities in P. monodon on administering
glucan under in vivo and in vitro conditions, the reason
for which is not known.
The available evidence indicates that the physicochemical properties of glucan such as structure,
molecular weight, degree of branching and solution
conformation are the major determinants of its immunostimulatory activity in animals (Falch, Espevik,
Ryan & Stokke 2000;Tokunaka, Ohno, Adachi,Tanaka,
Tamura & Yadomae 2000; Kimura, Sumiyoshi, Suzuki,
Suzuki & Sakanaka 2007). The physicochemical properties vary considerably with the source and the
extraction protocol employed (Ishibashi, Miura, Adachi, Tamura, Tanaka & Ohno 2004). Remarkably,
there is little information available on the relationship between the physicochemical properties of glucan and the induction of immune response in
shrimp. Majority of the methods developed for glucan
extraction are based on the alkali^acid hydrolysis
(Misaki, Johnson, Kirkwood, Scaletti & Smith 1968;
Williams, McNamee, Jones, Pretus, Ensley, William
Browder & DiLuzio 1991; Muller, Ensley, Pretus,
McNamee, Jones, McLaughlin, Chandley, Browder,
Lowman & Williams 1997; Leung et al. 2006). The alkali insoluble glucan (AIG) extracted by this method
is chemically pure with no other carbohydrates, proteins or residual lipids (Muller et al.1997). Solubility of
drugs being a pharmacological need for e¡ective administration, an alkali soluble glucan (ASG) was prepared using sodium hypochlorite oxidation and
dimethyl sulphoxide (NaClO^DMSO) extraction from
the cell wall of yeast and fungi (Ohno, Uchiyama,Tsuzuki, Tokunaka, Miura, Adachi, Aizawa, Tamura,
Tanaka & Yadomae 1999). Ohno et al. (1999) reported
that the glucan extracted by this method was structurally similar to the ones extracted by alkali^acid
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hydrolysis. Here we report that di¡erence in physicochemical properties and immunostimulatory response does exist between the glucan samples
extracted from Acremonium diospyri using alkali^
acid hydrolysis and the NaClO^DMSO extraction
methods. Here we selected A. diospyri as the source
of glucan, considering its comparatively higher glucan yield. Also, previous studies in our lab had
demonstrated that glucan from A. diospyri signi¢cantly enhanced the survival rate of Macrobrachium
rosenbergii larvae (Vici, Singh & Bhat 2000; Anas &
Singh 2003).
We extracted AIG and ASG following alkali acid
hydrolysis and the NaClO^DMSO extraction method
respectively. Structure of AIG and ASG were compared using proton nuclear magnetic resonance
(NMR) spectra and their immunostimulatory response in Fenneropenaeus indicus was quanti¢ed
using haemocyte count, proPO and reactive oxygen
intermediate (ROI) assays. Finally, the di¡erences in
the immunostimulatory response of AIG and ASG
were correlated with their structure and the extraction protocol used.
Materials and methods
Production of A. diospyri biomass
Acremonium diospyri (MTCC 1316) was obtained from
the Microbial Type Culture Collection at Institute of
Microbial Technology, Chandigarh, India. It was inoculated into 500 mL Sabouraud’s dextrose broth
(dextrose 20 g; mycological peptone 10 g; distilled
water 1000 mL, pH 6.5  0.2, autoclaved at 110 1C
for 10 min) and incubated at 28  1 1C for 30 days.
On incubation, it developed into a mucilaginous mat
on top of the medium and started settling down on
attaining maximum growth and weight. Culture
broth was incubated for 30 days for developing several such mats, the biomass was separated by ¢ltering through a muslin silk and washed twice
with phosphate-bu¡ered saline (NaH2PO4 6.42 g;
Na2HPO4 34.316 g; NaCl 10 g; distilled water
1000 mL; pH 7.5  0.2), dried at 80 1C for 48 h in a
hot air oven and the weight stabilized in a desiccator
over silica gel at room temperature.

Extraction of glucan from A. diospyri
Alkali insoluble glucan and ASG were prepared from
A. diospyri following the methods of Williams et al.
(1991) and Ohno et al. (1999), respectively, with minor
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modi¢cations. Alkali insoluble glucan was prepared
as follows: 1g dried A. diospyri, suspended in 20 mL
3% (w/v) aqueous sodium hydroxide (HiMedia, Mumbai, India) was re£uxed at 100 1C for 6 h in a serological water bath. Filtering through muslin silk and reextracting with aqueous sodium hydroxide resulted
in separation of alkali insoluble material. The insoluble material was again separated and extracted with
20 mL 0.5 M acetic acid (SRL, Mumbai, India) at 75 1C
for 6 h. The resultant insoluble residue was separated
by ¢ltration through muslin silk and re£uxed repeatedly with ethanol until the ¢ltrate became colourless.
The remaining precipitate was washed with distilled
water and vacuum dried over silica gel at 28  1 1C
and designated as AIG.
Alkali soluble glucan was isolated by the NaClO^
DMSO extraction method (Ohno et al.1999). Brie£y, 1g
dried A. diospyri biomass was suspended in 100 mL
0.1M NaOH and12.5 mL of the NaClO (Merck, Mumbai,
India) oxidizing agent was added immediately, incubated for 1 day at 4 1C in a glass-stoppered conical
£ask and ¢ltered through muslin silk to separate the
insoluble fraction. The insoluble fraction was washed
with distilled water, dried ¢rst in ethanol and then in
acetone (HiMedia), and recovered by decanting the
£uid. The recovered insoluble fraction was macerated
with DMSO (Merck) and extracted for 60 min at 90 1C
with intermittent sonication at full power in an ultrasonicator (VCX500, Sonics, Newtown, CT, USA). From
this suspension, the insoluble fraction was speci¢cally removed by centrifugation at 1000 g for 15 min.
By treating the supernatant with four volumes of
ethyl alcohol, glucan was precipitated from the soluble fraction and designated as ASG.
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The experimental diets were prepared by surface
coating the commercially available pellet feed (Higashimaru, Cochin, India) with 0.2% (w/w) AIG and
ASG separately. Sixty animals were maintained in
six tanks with 10 animals each. Animals maintained
in two tanks were fed AIG-coated pellets while animals in a second set of two tanks were fed ASGcoated feed for 7 days. The remaining animals in
two tanks were fed control diet (without glucan) during the same period. The experimental animals were
returned to normal diet (without glucan) after completing the experimental feeding. Haemolymph of
the animals from one tank in each feeding regimen
was withdrawn on the ¢rst day following cessation
of the experimental feeding for haematological assays. Haemolymph from the remaining animals of
each feeding regimen was withdrawn on sixth day
following cessation of the experimental feeding for
haematological assays.

Haemolymph collection
Haemolymph was collected from the rostral sinus
situated beneath the rostral spine and between the
eyestalks by inserting a capillary tube, after drying
this region with sterile cotton swabs. The withdrawn
haemolymph was transferred into 2 mL capacity
microcentrifuge tubes each pre-¢lled with 200 mL
ice cold anticoagulant (Tris HCl 0.01M, sucrose
0.25 M, trisodium citrate 0.1M prepared in double
distilled water, autoclaved and adjusted to pH 7.6)
(Song & Hsieh 1994).

Haematological assays
NMR spectroscopy
The proton NMR spectra of AIG and ASG were recorded on a JEOL Model Eclipse1600 NMR spectrometer (Peabody, MA, USA) in 5 mm OD NMR tubes
at 80 1C with perdeuterated DMSO (DMSO-d6) as the
solvent. A few drops of tri£uoroacetic acid-d were
added to the solution to shift the resonance from the
exchangeable protons down¢eld (Ross & Lowe 2000).
Spectra were collected for either 4 or 24 h depending
on the amount of isolate available.

Immunostimulatory potential of AIG and ASG
The immunostimulatory potential of AIG and ASG
was assessed using F. indicus as the target animal.
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The collected haemolymph was subjected to haematological assays such as haemocyte count and activities of proPO and ROI. The total haemocyte count
was determined using Neubaeur’s haemocytometer
(Perazzolo & Barracco 1997). The proPO activity was
estimated spectrophotometrically by measuring the
formation of dopachrome from L-3-4-dihydroxyphenylalanine at 490 nm (Smith & Soderhall 1983;
Chang et al. 2000). Reactive oxygen intermediate activity was measured based on the ability of haemocytes to adhere to plastic centrifuge tube and to
reduce nitroblue tetrazolium chloride to formazan
(Munoz, Cedeno, Rodriguez, Van der Knaap, Mialhe
& Bachere 2000). The proPO activity and ROI were
expressed as absorbance per milligram haemolymph
protein per minute and absorbance per milligram
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haemocyte protein respectively. Total proteins in haemolymph and haemocytes were estimated using the
Bradford method with bovine serum albumin standard (Bradford 1976).

Glc(α) H1(β)

Glc(β)

H1(α)

Statistical analysis
All results were statistically analysed using one-way
analysis of variance, and signi¢cant di¡erences were
established at the 95% con¢dence interval, Po0.05
(Bailey 1995).

H3, H6
H2, H4
H1(α)
H6′
H5

H1(β)

Results
H4, H5

The insoluble (AIG) and soluble (ASG) glucans extracted from A. diospyri had markedly di¡erent physical properties. The AIG was only partially soluble in
DMSO even at temperature up to 150 1C, whereas the
ASG completely dissolved in DMSO at ambient temperature. This facilitated only a partial structural
characterization of AIG while ASG could be analysed
more completely.
Proton NMR spectra of AIG (top) and ASG (middle)
are shown in Fig. 1 along with a spectrum of pure
(1 ! 3)-b-D-glucan (bottom) for comparison. Spectra
of AIG and ASG indicate that the samples are mixtures of a- and b-(1 ! 3)-D-glucan primarily. Alkali
insoluble glucan (top) is a mixture containing 33%
glucose and 67% glucan. The major glucan component is (1 ! 3)-b-D-glucan, present at 85% of the total glucan composition, while (1 ! 3)-a-D-glucan
comprises the remaining 15%. Anomeric proton resonance assignments for these components are indicated in Fig. 1 (top). Alkali soluble glucan (middle) is
predominantly (1 ! 3)-a-D-glucan (93%) with 7%
(1 ! 3)-b-D-glucan. Proton resonance assignments
of (1 ! 3)-a-D-glucan and the anomeric proton of
(1 ! 3)-b-D-glucan are indicated in Fig. 1 (middle).
Proton resonance assignments for (1 ! 3)-b-D-glucan are indicated in Fig. 1 (bottom). Assignment of
the structure for ASG was accomplished by 2D COSY,
TOCSYand HMQC NMR spectra (data not shown) as
well as comparison with resonance assignments for
(1 ! 3)-a-D-glucan extracted from Ganoderma incidium and characterized by Chen, Zhou, Zhang, Nakamura and Norisuye (1998). Proton resonance
assignments for (1 ! 3)-b-D-glucan are based on
the work of Ensley, Tobias, Pretus, McNamee, Jones
and Browder and Williams (1994). Chemical shift assignments for ASG, (1 ! 3)-a-D-glucan from Chen
et al. (1998) and (1 ! 3)-b-D-glucan from Ensley

H3, H6′

H1(β)

H2

H6

ppm 5.0

4.5

4.0

3.5

3.0

Figure 1 Comparison of proton nuclear magnetic resonance spectra for alkali insoluble glucan (AIG; top), alkali
soluble glucan (ASG; (middle) and a pure b-(1-3)-D-glucan
(bottom). Anomeric proton resonance assignments for
AIG (top) and ASG (middle) are indicated. See the text for
a discussion of the composition of AIG and ASG.

et al. (1994) are summarized in Table 1. Structures
for the a- and b-conformer repeat units of these glucans are shown in Table 1.
Among the three immunological parameters measured in response to feeding with AIG and ASG,
signi¢cant variations were observed in the proPO
and ROI activity but not in the haemocyte count
(Tables 2 and 3). The group of animals fed with AIG
exhibited approximately ¢vefold increased proPO
activity over the control group and nearly twofold
increase over the animals fed with ASG (Po0.05) on
sixth day of post-experimental feeding. No signi¢cant
di¡erence could be seen between the group fed with
AIG and ASG on the ¢rst day of post-experimental
feeding (Po0.05). In a similar pattern on the
¢rst day of post administration of AIG and ASG, ROI
did not show any signi¢cant variation between
groups. However, on sixth day, the group of animals
fed with AIG exhibited signi¢cantly higher ROI activity compared with the control groups and the one fed
with ASG. Strikingly, no signi¢cant variation could
be recorded between the control and the ASG-fed
group.
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Table 1 H-1 NMR chemical shift assignments for glucan isolate alkali soluble glucan (this work) compared with the literature-reported chemical shifts for a- and b-(1-3)-D-glucans
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α-Glucan

β-Glucan

Chemical shifts (ppm) (3JHH, HZ)
Proton assignment

This work

(1-3)-a-D-glucan

(1-3)-b-D-glucan

H-1
H-2
H-3
H-4
H-5
H-6
H-6 0
OH-2
OH-4
OH-6
Solvent
Temperature ( 1C)
Reference

5.09 (3.6)
3.42
3.66
3.45
3.86
3.66
3.53
4.45
4.85
4.15
DMSO-d6
80
–

5.13
3.40
3.68
3.44
3.86
3.64
3.53
 4.73
 5.28
 4.58
0.25 M LiCl in DMSO-d6
60
32

4.52 (8)
3.28
3.46
3.25
3.25
3.7 (6,11)
3.46
4.87 (3.5)
4.4
4.29 (6)
DMSO-d6
80
33

Coupling constants, 3JHH, are shown in parentheses.
DMSO-d6, perdeuterated dimethyl sulphoxide.

Table 2 Neither AIG or ASG altered immunologic parameters 1 day following completion of the feeding schedule

Table 3 AIG enhanced haematological parameters on day
6 after completion of the feeding schedule

Treatment

Haemocyte countw

ProPOz

ROI‰

Treatment Haemocyte countw ProPOz

Control
AIG
ASG

6.83  0.11
6.84  0.19
6.91  0.15

0.051  0.02
0.041  0.03
0.061  0.04

0.4  0.26
0.43  0.31
0.35  0.12

Control
AIG
ASG

Values expressed as mean  SD, N 510 group  1.
wLog of haemocyte count.
zAbsorbance mg  1 protein min  1.
‰Absorbance mg  1 protein.
AIG, alkali insoluble glucan; ASG, alkali soluble glucan; proPO,
prophenoloxidase; ROI, reactive oxygen intermediate.

6.72  0.24
6.85  0.23
6.93  0.21

ROI‰

0.014  0.006 0.423  0.26
0.083  0.05z 0.858  0.39z
0.028  0.013z 0.412  0.236

Values are expressed as mean  SD, N 510 group  1.
wLog of haemocyte count.
zAbsorbance mg  1 protein min  1.
‰Absorbance mg  1 protein.
zPo0.05 versus control.
AIG, alkali insoluble glucan; ASG, alkali soluble glucan; proPO,
prophenoloxidase; ROI, reactive oxygen intermediate.

Discussion
In the present study, the ASG extracted from A. diospyri using the NaClO^DMSO extraction method primarily contained (1 ! 3)-a-linkages, while the
alkali^acid hydrolysis provided AIG composed primarily of (1 ! 3)-b-linkages. The immunostimulatory potential of ASG and AIG were assayed on ¢rst
and sixth day following cessation of experimental
feeding. This assay strategy was adopted based on
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our previous experience on immunization of F. indicus with WSSV vaccine, where the immune response
was initiated on ¢fth day after completion of experimental feeding (Singh, Manjusha & Pai 2005). In the
present study, ASG did not induce a signi¢cant immune response in F. indicus. However, the small increase in proPO activity observed in ASG-treated
animals on sixth day of post-experimental feeding
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may be due to the low per cent (7%) of (1 ! 3)-b-Dglucan present in ASG. In striking contrast, the AIG
exhibited signi¢cant immune response in F. indicus
con¢rming the inevitability of b-linkages of glucan
for eliciting immune response in F. indicus. Furthermore, it indicated that the method of extraction is
also critically important because it determined the
type of glucan extracted (a versus b) and thereby its
biological potency. There were other di¡erences
between the two preparations. The a-linked ASG is
alkali soluble, while the b-linked AIG is alkali insoluble. It is possible that the di¡erences in physical state
could account for some of the di¡erences in biological activity. However, there is a substantial literature
documenting the biological activity of both soluble
and insoluble (1 ! 3)-b-D-glucans (Browder, Sherwood,Williams, Jones, McNamee & DiLuzio1987; Pretus, Ensley, McNamee, Jones, Browder & Williams
1991; Williams 1997; Chang et al. 2000; Tokunaka
et al. 2000; Engstad, Engstad, Olsen & Osterud 2002;
Kimura et al. 2007). Thus, we consider that the primary determinant of immune response in our experiments was the structure of the glucan polymer.
It is accepted that the immunostimulatory property of glucan is directly linked to its structural and
physical properties such as degree of branching, conformation and molecular weight (Falch et al. 2000;
Tokunaka et al. 2000; Ishibashi, Miura, Adachi, Ohno
& Yadomae 2001; Kimura et al. 2007). Comparison of
the impact of the extraction method on structural
and physical properties and immunostimulatory potential of glucan in shrimp is interesting because of
the debatable reports on the immunostimulatory potential of glucan in shrimp. For example Chang et al.
(2000) reported enhanced phagocytic activity, cell
adhesion and super oxide production in brooders of
P. monodon following the administration of glucan
extracted from S. commune, and Song & Hsieh (1994)
reported a 2.5-fold enhancement of reactive intracellular oxygen production in P. monodon haemocyte
following administration of glucan extracted from
Saccharomyces cerevisiae. On the other hand, Sritunyalucksana et al. (1999) did not observe signi¢cant
immunostimulatory property with the glucan preparation that they administered to shrimp. Similarly,
Scholz, Diaz, Ricque, Suarez, Albores and Latchford
(1999) observed no signi¢cant di¡erence in the proPO
activity in Penaeus vannamei administered with glucan prepared by rupturing cells of S. cerevisiae with
enzymes, separating the soluble fraction from insoluble fraction, washing with ethanol, subjecting to
acidi¢cation and drying.

Structure in£uence immune response of glucan A Anas et al.

On the basis of proton NMR spectra, immunological assays and literature reports, we attribute the difference in immunostimulatory potential between
AIG and ASG to the di¡erence in the percentage of
(1 ! 3)-b-D-glucans present in each preparation,
which originally depends on the method of extraction. The (1 ! 3)-b-D-glucan functions as a substrate
for the activation of pattern recognition proteins
such as b-glucan-binding proteins, and initiates a
cascade of immune response in the target animal, includes clotting cascade, the synthesis of a wide array
of antimicrobial peptides, and the PO-activating enzyme. An extension of current work on the e¡ect of
AIG and ASG on expression of immune genes and microbial invasion would give comprehensive information on the molecular mechanism of action of AIG.
The basis of alkali^acid hydrolysis is the removal of
contaminating substances such as proteins, lipids
and other polysaccharides from b-glucans using repeated alkali and acid treatments and ethanol extraction, which leaves the (1 ! 3)-b-D-glucan as the
insoluble fraction. Whereas, in the NaClO^DMSO extraction method, the contaminating substances are
removed by NaClO oxidation and the glucan is extracted by dissolving in DMSO. However, this process
is greatly dependent on the solubility of the (1 ! 3)b-D-glucan. From the data generated, it appears that
the (1 ! 3)-b-D-glucan present in A. diospyri is insoluble, or sparingly soluble in DMSO under normal
conditions. Therefore, it may not be feasible to extract
(1 ! 3)-b-D-glucan from A. diospyri using the
NaClO^DMSO extraction method suggested by Ohno
et al. (1999).
It is clear from this work that an analysis of the
structure of isolated glucan is critical to our understanding of structure/property relationships in immune responses of shrimp to glucans. The b-linked
insoluble glucan in AIG exhibited a greater immune
response in shrimp than did the a-linked soluble glucan in ASG.We conclude that the presence of a higher
concentration of (1 ! 3)-b-D-glucan in AIG, versus
the (1 ! 3)-a-linked glucan in ASG, is responsible
for di¡erences in biological activity between the two
isolates. Alkali insoluble glucan as a preparation is
composed of 33% glucose and 67% glucan. The major glucan component is (1 ! 3)-b-D-glucan present
at 85% of the total glucan composition, while
(1 ! 3)-a-D-glucan makes up the remaining 15%.
We attribute this structural di¡erence to the method
of extraction used. Because the (1 ! 3)-b-D-glucan
present in AIG is not soluble in DMSO, it may not
be possible to separate employing the NaClO^DMSO
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extraction method. Our observations suggest that
glucan can be used as a potential immunostimulant
to shrimp, provided it contains (1 ! 3)-b-D-glucan as
the major fraction.
Acknowledgment
This work was accomplished with the ¢nancial support from the Department of Science and Technology
(DST), Government of India (Grant No.SP/SO/C-40/
99). The structural studies of the glucan isolates were
accomplished at Eastman Chemical Company, USA.
We thank Dr Krishna Iyer, Scientist (Retd.), Central
Institute of Fisheries Technology, Indian Council of
Agricultural Research, Kochi, for the statistical analysis. The ¢rst author gratefully acknowledges DST
for the fellowship rendered.
References
Anas A. & Singh I.S.B. (2003) Application of yeast glucan
and bacterins for enhanced seed production of Macrobrachium rosenbergii (DE MAN). Journal of Aquaculture inTropics 18, 205^216.
Bailey N. (1995) Statistical Methods in Biology. Cambridge
University Press, Cambridge, UK.
Bradford M. (1976) A re¢ned and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein^dye binding. Analytical Biochememistry 72, 248^254.
Browder I., Sherwood E.,Williams D., Jones E., McNamee R.
& DiLuzio N. (1987) Protective e¡ect of glucan enhanced
macrophage function in experimental pancreatitis. American Journal of Surgery 153, 25^33.
Chang C-F., Chen H-Y., Su M-S. & Liao I.C. (2000) Immunomodulation by dietary b-1-3 glucan in the brooders of the
black tiger shrimp Penaeus monodon. Fish and Shell¢sh Immunology 10, 505^514.
Chang C-F., Su M-S., Chen H-Y. & Liao I.C. (2003) Dietary [b]1,3-glucan e¡ectively improves immunity and survival of
Penaeus monodon challenged with white spot syndrome
virus. Fish and Shell¢sh Immunology 15, 297^310.
Chen J., Zhou J., Zhang L., Nakamura Y. & Norisuye T. (1998)
Chemical structure of the water insoluble polysaccharide
isolated from the fruiting body of Ganoderma lucidum.
PolymerJournal 30, 838^842.
Cheng W., Liu C-H., Tsai C-H. & Chen J-C. (2005) Molecular
cloning and characterization of a pattern recognition molecule, lipopolysaccharide- and b-1,3-glucan binding protein (LGBP) from the white shrimp Litopenaeus vannamei.
Fish and Shell¢sh Immunology 18, 297^310.
Dalmo R. (2000) Immunostimulatory b(1,3)-D-glucans; prophylactic drugs against threatening infectious disease of
¢sh. Proceedings of Phytochemical Society of Europe 44,95^
106.

1326

Aquaculture Research, 2009, 40, 1320^1327

Dalmo R.A. & Bogwald J. (2008) b-glucans as conductors of
immune symphonies. Fish and Shell¢sh Immunology 25,
384^396.
Engstad C.S., Engstad R.E., Olsen J.-O. & Osterud B. (2002)
The e¡ect of soluble b-1,3-glucan and lipopolysaccharide
on cytokine production and coagulation activation in
whole blood. International Immunopharmacology 2, 1585^
1597.
Ensley H.,Tobias B., Pretus H., McNamee R., Jones E., Browder I.W. & Williams D. (1994) NMR spectral analysis of
a water-insoluble (1-3)-b-D-glucan isolated from Saccharomyces cerevisiae. Carbohydrate Research 258, 307–
311.
Falch B., Espevik T., Ryan L. & Stokke B. (2000) The cytokine
stimulating acitivity of (1-3)-b-D-glucans is dependent on
the triple helix conformation. Carbohydrate Research 329,
587^596.
Ho¡mann J.A., Reichart J.M. & Hetru C. (1996) Innate immunity in higher insects. Current Opinion in Immunology 8,
8^13.
Ishibashi K., Miura N.N., Adachi Y., Ohno N. & Yadomae T.
(2001) Relationship between solubility of grifolan, a fungal 1,3-b-D-glucan and production of tumor necrosis factor by macrophages in vitro. Bioscience Biotechnology and
Biochemistry 65,1993^2000.
Ishibashi K., Miura N.N., Adachi Y.,Tamura H.,Tanaka S. &
Ohno N. (2004) The solubilization and biological activities
of Aspergillus b-(1-3)-D-glucan. FEMS Immunology and
Medical Microbiology 42,155^166.
Kimura Y., Sumiyoshi M., Suzuki T., Suzuki T. & Sakanaka
M. (2007) Inhibitory e¡ects of water-soluble low-molecular-weight b-(1,3^1,6) D-glucan puri¢ed from Aureobasidium pullulans GM-NH-1A1 strain on food allergic
reactions in mice. International Immunopharmacology 7,
963^972.
Leung M., Liu C., Koon J. & Fung K. (2006) Polysaccharide
biological response modi¢ers. Immunology Letters 105,
101^114.
Mar Costa M., Novoa B. & Figueras A. (2008) In£uence of
b-glucans in the immune responses of carpet shell clam
(Ruditapes decussatus) and Mediterranean mussel (Mytilus
galloprovincialis). Fish and Shell¢sh Immunology 24,
498^505.
Medzhitov R. & Janeway C.A. Jr (1997) Innate immunity: the
virtues of a nonclonal system recognition. Cell 91,
295–298.
Misaki A., Johnson J., Kirkwood S., Scaletti J. & Smith F.
(1968) Structure of the cell-wall glucan of yeast (Saccharmoyces cerevisiae). Carbohydrate Research 6,150^164.
Muller A., Ensley H., Pretus H., McNamee R., Jones E.,
McLaughlin E., Chandley W., Browder W., Lowman D. &
Williams D.L. (1997) The application of various protic acids
in the extraction of (1^3)-beta-D-glucan from Saccharomyces cerevisiae. Carbohydrate Research 299, 203^208.
Munoz M., Cedeno R., Rodriguez J., Van der Knaap W.P.,
Mialhe E. & Bachere E. (2000) Measurement of reactive

r 2009 The Authors
Journal Compilation r 2009 Blackwell Publishing Ltd, Aquaculture Research, 40, 1320^1327

Aquaculture Research, 2009, 40, 1320^1327

oxygen intermediate production in haemocyte of the penaeid shrimp, Penaeus vannamei. Aquaculture191,89^107.
Ohno N., Uchiyama M., Tsuzuki A., Tokunaka K., Miura N.N.,
Adachi Y., Aizawa M.W.,Tamura H.,Tanaka S. & Yadomae T.
(1999) Solubilization of yeast cell wall beta-(1-3)-D-glucan by
sodium hypochlorite oxidation and dimethyl sulphoxide extraction. Carbohydrate Research 316, 161^172.
Perazzolo L.M. & Barracco M.A. (1997) The proPhenoloxidase activating system of the shrimp Penaeus paulensis
and associated factors. Developmental and Comparative
Immunology 21, 385^395.
Pretus H.A., Ensley H.E., McNamee R.B., Jones E.L., Browder
W.I. & Williams D.L. (1991) Isolation, physicochemical
characterization and preclinical e⁄cacy evaluation of soluble scleroglucan.TheJournal of Pharmacology and ExperimentalTherapeutics 257, 500^510.
Ross S.A. & Lowe G. (2000) Down¢eld displacement of the
NMR signal of water in deuterated dimethylsulfoxide by
the addition of deuterated tri£uoroacetic acid. Tetrahedron
Letters 41, 3225^3227.
Roux M.M., Pain A., Klimpel K.R. & Dhar A.K. (2002) The
lipopolysaccharide and b-1,3-glucan binding protein
gene is upregulated in white spot virus-infected shrimp.
Journal ofVirology 76,7140^7149.
Scholz U., Diaz G.G., Ricque D., Suarez C., Albores V.F.
& Latchford J. (1999) Enhancement of vibriosis resistance in juvenile Penaeus vannamei supplementation
of diets with di¡erent yeast products. Aquaculture 176,
271^283.
Singh I.S.B., Manjusha M. & Pai S. (2005) Fenneropenaeus indicus is protected from white spot disease by oral administration of inactivated white spot syndrome virus
(WSSV). Diseases of Aquatic Organisms 66, 265^270.
SmithV. & Soderhall K. (1983) b-1-3-Glucan enhancement of
protease activity in the cray¢sh haemocyte lysate. Com-

Structure in£uence immune response of glucan A Anas et al.

parative Biochemistry and Physiology B: Biochemistry and
Molecular Biology 74, 221^224.
SongY. & HsiehY. (1994) Immunostimulation of tiger shrimp
(Penaeus monodon) haemocytes for generation of microbicidal substances: analysis of reactive oxygen species.
Development and Comparative Immunology 18, 201^209.
Song Y.-L., Liu J., Chan L. & Sung H.-H. (1997) Glucan induced disease resistance in tiger shrimp (Penaeus monodon). FishVaccinology 90, 413^421.
Sritunyalucksana K. & Soderhall K. (1999) The proPO and
clotting system in crustaceans. Aquaculture 191, 53^59.
Sritunyalucksana K., Sithisarn P., Withayachumnarnkul B.
& Flegel T. (1999) Activation of prophenoloxidase, agglutinin and antibacterial activity in haemolymph of the black
tiger shrimp, Penaeus monodon, by immunostimulants.
Fish and Shell¢sh Immunology 9, 21^30.
Sung H.-H., Kou G. & Song Y.-L. (1994) Vibriosis resistance
induced by glucan treatment in tiger shrimp (Penaeus
monodon). Fish Pathology 29, 11^17.
Tokunaka K., Ohno N., Adachi Y.,Tanaka S.,Tamura H. & Yadomae T. (2000) Immunopharmacological and immunotoxicological activities of a water soluble (1-3)-b-D-glucan,
CSBG from Candida spp. International Immunopharmacology 22, 383^394.
Vici V., Singh I.S.B. & Bhat S. (2000) Application of bacterins
and yeast Acremonium diospyrii to protect the larvae of
Macrobrachium rosenbergii from vibriosis. Fish and Shell¢sh Immunology 10, 559^563.
Williams D.L. (1997) Overview of (1-3)-b-D-glucan immunobiology. Mediators of In£ammation 6, 247^250.
Williams D.L., McNamee R.B., Jones E., Pretus H.A., Ensley
H.E., William Browder I. & DiLuzio N.R. (1991) A method
for the solubilization of a (1-3)b-D-glucan isolated from
Saccharomyces cerevisiae. Carbohydrate Research 219,
203^213.

r 2009 The Authors
Journal Compilation r 2009 Blackwell Publishing Ltd, Aquaculture Research, 40, 1320^1327

1327

