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ABSTRACT
The purpose of this study was to investigate and compare adjuvant effects of soluble ß-glucans from barley and Saccharomyches
cerevisia in induction of antigen specific humoral immune responses. Mice were immunized with conalbumin at a relatively low concentration in the presence of beta glucans. Anti-conalbumin antibodies in the sera of immunized and control mice were quantified
by ELISA. At high doses, both of glucans increased effectively levels of circulating IgM and IgG antibodies which were specific for
conalbumin. However, coadministration of glucan from barley at 1 µg dose resulted in lower yield in IgG1, IgG2a, IgG2b, and IgA levels in comparison to that of yeast-derived glucan at the same dose. We also found that antigen (conalbumin) specific antibody levels enhanced by ß-glucan from Saccharomyches cerevisia were always higher than those of the glucan from barley. Based on these findings, we concluded that (1,3),( 1,6)-ß-D-glucan from yeast cell wall might have superior immunostimulant activity in induction
of antigen specific humoral immune responses over (1,3),( 1,4)- ß-D-glucan from barley.
Keywords: (1,3),(1,6)- ß-D-glucan; (1,3),( 1,4)- ß-D-glucan; adjuvant; humoral immunity.

ÖZET
Saccharomyches cerevisia ve Arpadan Elde Edilen Beta Glukanlar›n Primer ve Sekonder Hümoral ‹mmün Cevaptaki
Farkl› Adjuvan Etkisi
Bu çal›ﬂman›n amac› antijene özgül hümoral immün cevab›n oluﬂmas› s›ras›nda arpa ve Saccharomyches cerevisia’dan elde edilen
çözünebilir ß-glukanlar›n adjuvan etkilerinin araﬂt›r›lmas›d›r. Fareler beta glukan varl›¤›nda göreceli olarak düﬂük dozlarda konalbümin
ile immünize edildi. ‹mmünize edilmiﬂ ve edilmemiﬂ kontrol fare serumunda anti-konalbumin antikorlar› ELISA yöntemi ile tayin edildi.
Yüksek dozlarda uyguland›¤› zaman her iki glukan konalbümine özgül IgM ve IgG antikor seviyelerini etkin bir ﬂekilde artt›rd›. Ancak,
ayn› dozda maya (Saccharomyches cerevisia) kökenli glukan ile karﬂ›laﬂt›r›ld›¤›nda, konalbümin ve 1 µg arpadan elde edilen glukan›n
birlikte enjeksiyonu, daha düﬂük seviyelerde IgG1, IgG2a, IgG2b, and IgA üretimine neden oldu. Saccharomyches cerevisia kökenli glukan taraf›ndan artt›r›lan antijene özgül antikor seviyeleri, arpa kökenli glukan taraf›ndan artt›r›lan antijene özgül antikor seviyelerinden daima daha fazla oldu. Bu sonuçlar temel al›narak antijene özgül hümoral immün yan›t oluﬂmas›nda, mayadan elde edilen (1,3),(
1,6)-ß-D-glukan›n, arpadan elde edilen (1,3),( 1,4)- b-D-glukan’a göre daha fazla immünostimülan aktiviteye sahip oldu¤u düﬂünülebilir.
Anahtar Kelimeler: (1,3),(1,6)- ß-D-glukan; (1,3),( 1,4)- ß-D-glukan; adjuvan; hümoral immünite
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INTRODUCTION
Beta glucans are branched glucose polymers which
are commonly found in yeast, plants, and some other
organisms as structural components of the cell wall.
They have a backbone of ß(1›3)-linked ß-D-glucopyranosyl units with either ß(1›6) linked side
chains as in Saccharomyches cerevisiae or ß(1›4)
linked side chains as in barley.1-3 Extensive studies
concerning their immunomodulatory role particularly on the innate immune system have been accomplished so far.4-5 However, characteristics of specific antibody responses augmented by ß-glucans
with different features have been poorly understood.
Several studies have reported that ß-glucans extracted from oat and S. cerevisiae increased anti-bacterial and anti-parasitic activity of the immune system
thereby enhancing resistance to parasitic and bacterial infections.6-9 The others have shown anti-cancer
properties of ß-glucans in studies of murine tumor
models. For example, ß-glucan-mediated tumoricidal
activity was related to elevated levels of tumor specific antibody-dependent cell-mediated cytotoxicity.
ß-glucans could bind to complement receptor 3
(CR3) and ß-glucan-primed CR3 bearing leukocytes
could kill iC3b-opsonized tumor cells.10-14 None of
these studies evaluated or compared different ß-glucans for their biological effects in antigen specific
humoral immune responses.
There have been some confusions and controversies
in immunostimulatory activities of ß-glucans due to
the investigations of a variety of ß-glucans. For
example, ß-glucans with different molecular weight,
different chemical or physical modifications, and different origins have been studied for their ability in
stimulation of the immune system. These contradictory results need to be systematically evealuated and
resolved. To clerify those isssues at least in part, in
this study we aimed at comparing adjuvant activity
of soluble ß-glucans from barley and S. cerevisiae.
Antigen specific antibody responses that were enhanced by those ß-glucans were characterized.

Table 1. Physical characteristics of soluble beta glucans.
Characteristic

S. cerevisiae

Barley

Purity
MWa
Glycosidic Linkeage
Protein
Arabinoxylan
Starch
Viscosity

90%
200,000b
1,3-, 1,6-Beta-D
0.1%
-

96%
260,000b
1,3-, 1,4-Beta-D
0.4%
< 0.3%
< 0.1%
Medium

a: molecular weight
b: Dalton

animal facility conditions at the vivarium of
RSNPHA. The experimental protocol was approved
by the local animal care ethical committee at Gazi
University.
Commercially available ß-glucans were purchased
from Megazyme International Ltd. Ireland Co (Catalog No: P-BGBM, and P-BGYST, Wicklow, Ireland).
Detailed information for the physical and chemical
characteristics of glucans are shown in Table 1. As
instructed glucan from barley was boiled in 95% ethanol for 10 minutes while stirring until completely
dissolved.
Immunization schedule and process of blood specimens: Eight to 10 week-old female mice were
challenged by intraperitoneal injections of 10 µg conalbumin (CA, Catalog No: C-0755, Sigma, St. Lewis, USA) in the presence of beta glucans at indicated concentrations. Five mice per group were used.
The day of the first injection was taken as the day zero. For the secondary responses, mice, which were
challenged with conalbumin on the day zero were rechallenged in the presence or absence of beta glucans
at the indicated concentrations on the seventh day.
Blood was collected on the 7th day for primary responses and 14th day following immunizations for the
secondary responses. Blood specimens were centrifuged at 2000 rpm Serum samples pooled for each
group of mice were frozen at -800C until use.

MATERIALS and METHODS
Animals and ß-glucans: Swiss albino mice were obtained from Refik Saydam National Public Health
Agency (RSNPHA) animal laboratories in Ankara,
Turkey. Mice were maintained under conventional
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ELISA for Immunoglobulin typing: Determination
of IgM, IgA and IgG subtypes were assessed by
using a commercially available immunoglobulin
sub-typing ELISA kit according to the manufactu177

Statistics: SPSS software package was used for statistics. Importance of differences in antibody responses at various doses was calculated by one-way
analysis of variance (ANOVA). Independent samples
t test was used for calculations of independent samples (groups of two). Levels of differences in groups
of more than two (multiple groups, for example, groups of three) was calculated by using LSD (Post
Hock). p < 0.05 was considered statistically significant in all cases.

RESULTS
Primary responses
Animal sera collected from immunized mice on the
7th day after the first antigenic challenge were diluted. IgM responses were determined by ELISA. Conalbumin plus barley ß-glucan (1000 µg) coadmi-
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Figure 1. Immunomodulatory effects of ß-glucans on primary humoral immune responses to conalbumin. Mice challenged with 10 µg conalbumin were injected i.p. by 1000 µg
ß-glucans either from barley (BG) or from S. cerevisiae (SG).
Primary antibody responses were compared to the control
mice that received conalbumin alone. *p < 0.05.

nistration elevated conalbumin-specific IgM responses moderately, thought significant (p < 0.05), in
comparison to the mice that received conalbumin
alone (Figure 1). However, as seen at each dilution,
conalbumin plus S. cerevisiae ß-glucan (1000 µg) inceased specific IgM responses quite significantly (p
< 0.05) in comparison to both mice that were challenged by antigen plus barley ß-glucan or by antigen
alone (Figure 1). These results showed that ß-glucan
from S. cerevisiae had relatively higher adjuvant effect than that of ß-glucan from barley in generation
of antigen-specific primary humoral immune responses.
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rer’s recommendations (Catalog No: K70000, QED
Bioscience Inc. San Diego, CA, USA). Briefly, wells
of microtiter plate were coated with conalbumin
overnight at 40C. Serum specimens were diluted at
1:1,000, 1:10,000, and 1:1,100,000 ratios in PBS.
Each dilution for each specimen was assayed in triplicates. Serum specimens were incubated in conalbumin-coated wells for one hour at room temperature.
Following a washing step, horse radish peroxidase
(HRP)-labeled anti-mouse subtypes of immunoglobulin antibodies were used individually. Color change was measured at 450 nm using a microtiter reader
(Synergy HT, BioTek, Winooski, VT, USA).
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Figure 2. Adjuvant effects of soluble ß-glucans on IgG1 responses to conalbumin (CA). Adjuvant activity of S. cerevisiae-derived
and barley-derived ß-glucan that were co-administered at 1 µg (A). Adjuvant activity of S. cerevisiae-derived and barley-derived ßglucan that were co-administered at 1000 µg (B). *p<0.05. White: None, Black: BG, Gray: SG.
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Figure 3. Adjuvant effects of soluble ß-glucans on IgG2a responses to conalbumin (CA). Adjuvant activity of S. cerevisiae-derived
and barley-derived ß-glucan that were co-administered at 1 µg (A). Adjuvant activity of S. cerevisiae-derived and barley-derived ßglucan that were co-administered at 1000 µg (B). *p<0.05. White: None, Black: BG, Gray: SG.

Determination of IgG subclasses
In the next step, we tested adjuvant activity of ß-glucans in the secondary humoral immune responses. To
find wheather treatment with ß-glucans had any effects on the distribution of IgG subtypes that arose
following antigenic challenge, we determined CAspecific IgG1, IgG2a, IgG2b, and IgG3 responses after intraperitoneal antigenic challenge in the presence or absence of ß-glucans either from barley or from
S. cerevisiae. Serum samples were collected at indicated times as mentioned in the immunization schedule.
S. cerevisiae-derived ß-glucan significantly (p <
0.05) increased conalbumin (CA)-specific IgG1 response as evident by the existence of CA-specific antibodies even at high dilutions of serum such as
1:1000 and 1:10,000 (Figure 2). We observed a dosedependent effect of S. cerevisiae-derived ß-glucan.
One µg dose elevated antigen (CA) specific responses slightly while 1000 µg dose of the same ß-glucan
increased the conalbumin-specific IgG1 response by
several fold in comparison to either the control mice
or to the mice that received 1 µg ß-glucan (Figure 2A
and 2B). These results showed that S. cerevisiae-derived soluble ß-glucan exerted its adjuvant activity in
a dose-dependent manner.
In contrast to 1 µg dose of yeast-derived glucan, 1 µg
barley-derived ß-glucan decreased conalbumin-specific IgG1 response at a significant level (Figure 2A)
when compared to the control mice that received the
antigen alone. However, 1 µg dose of yeast-derived
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glucan increased CA-specific IgG1 response significantly (p < 0.05). Figure 2B showed that both glucan
increased CA-specific IgG1 responses at the dose of
1000 µg (Figure 2B). It was obvious that adjuvant
activity of yeast-derived ß-glucan was superior to
that of barley-derived ß-glucan at all doses and in all
serum dilutions tested.
Interestingly, antigen-specific antibodies of IgG2a
subclass were decreased by both of yeast- and barley-derived ß-glucans at 1 µg dose comparing to to
the control mice immunized with conalbumin alone
(Figure 3A). CA-specific IgG2a levels did not increase even after administration of the barley glucan at
1000 µg. On the other hand, 1000 µg yeast-derived
ß-glucan increased CA-specific IgG2a subclass antibodies significantly (Figure 3B, p < 0.05). We observed similar effects of both glucans on CA-specific
IgG2b subclass antibodies as well. Co-administration
of both glucans at 1 µg decreased IgG2b subclass antibodies (Figure 4A). The decrease caused by barleyderived glucan was particularly important (p < 0.05).
Yeast-derived glucan at high concentration elevated
CA-specific responses of IgG2b subclass whereas
1000 µg barley-derived ß-glucan did not (Figure 4B).
We observed almost no response of CA-specific
IgG3 subclass antibody when mice were challanged
with either conalbumin alone or in the presence of
each glucan (data not shown). The major subtype of
antigen specific IgG was IgG1, and antigen specific
IgG subclass distribution was IgG1 IgG2a IgG2b
IgG3 (data not shown).
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Figure 4. Adjuvant effects of soluble ß-glucans on IgG2b responses to conalbumin (CA). Adjuvant activity of S. cerevisiaederived and barley-derived ß-glucan that were co-administered at 1 µg (A). Adjuvant activity of S. cerevisiae-derived and barleyderived ß-glucan that were co-administered at 1000 µg (B). *p<0.05. White: None, Black: BG, Gray: SG.

Determination of IgA responses
ß-glucan from S.cerevisiae increased CA-specific
IgA responses at both low and high concentrations
(Figure 5A and 5B). However, barley-derived glucan
decreased CA-specific IgA responses significantly
(Figure 5A). In contrast the co-administration of the
barley-derived glucan at low level, 1000 µg (high level) dose increased IgA responses at important levels
(Figure 5B, p < 0.05). These results indicated that ßglucans improved mucosal immunity very effectively.

DISCUSSION
In this study, two soluble ß-glucans from barley and
S. cerevisiae were compared for their adjuvant activity modulating antigen specific humoral immune

Immunomodulatory effects of ß-glucans have been
studied so far. Unfortunately, there are many contradictory reports in the literature about their immunomodulating activities. Probably these controversies
have been emerging due to the studies of ß-glucans
with various physical and chemical properties, such
as molecular weight, solubility and degree of branching. Although there is still no consensus on the basic structural requirements for biologic activity, it is
known that the immunomodulatory effects of ß-glucans are influenced by their chemical and physical
features.5 To emphasize this issue, we investigated
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responses. We found that both glucans were effective
in enhancing conalbumin specific antibody responses. However, S. cerevisiae-derived ß-glucan had a
significant superior activity to the barley-derived ßglucan in both primary and secondary responses.
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Figure 5. Adjuvant effects of soluble ß-glucans on mucosal immune responses to conalbumin (CA). Adjuvant activity of S. cerevisiae-derived and barley-derived ß-glucans that were co-administered at 1 µg (A). Adjuvant activity of S. cerevisiae-derived and
barley-derived ß-glucan that were co-administered at 1000 µg (B). *p< 0.05. White: None, Black: BG, Gray: SG.
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and compared two ß-glucans from two different sources. Our choice of ß-glucans were both soluble but
different in their side chain branching, i.e., (1›3),
(1›6)-ß-D-glucan versus (1›3),( 1›4)-ß-D-glucans in Table 1. Molecular weight of the tested glucans was very close to each other. Conalbumin-specific IgM responses were enhanced by both glucans.
However, ß-glucan from S. cerevisae was significantly (p < 0.05) more efficient in enhancing specific
IgM antibodies. Confirming our data, previous studies have shown that glucans from barley and yeast
increased IgM and IgG responses.15, 16 In those studies, adjuvant activity of glucans either from barley or
from yeast was investigated by independently working researchers who did not have the opportunity to
compare the efficacy of barley- and yeast-derived
glucans.
Several receptors have been identified since Czop
proposed in 1986 that a cell surface molecule could
mediate responses for ß-glucans.17 Now, we know
that CR3 on neutrophils and natural killer cells plays
very important roles in ß-glucan-mediated immune
responses.18-19 Additionally, other cell surface molecules such as dectin-1, lactosylceramide (CDw17),
some scavenger receptors, and Toll-like receptor 2/6
(TLR2/6) are among those for ß-glucans.20-24 Binding
of ß-glucans to those receptors individually or in
combinations initiates a serious of methabolic events
including NF-κB or NF-κB-like nuclear transcription
factor resulting in phagocytosis, degranulation of
particules, and production of chemokines and cytokines depending on the activated cell type.25-26 Recently,
it was demonstrated that dectin-1 synergized with
TLR2 to induce production of some cytokines such
as TNFα and IL-12.24 Others have also shown that
IL-2, IL-10 and IL-12 production of dendritic cells
and macrophages was regulated by dectin-1 and
TLR2.27 Probably cytokine combinations released
following the induction of one or more of those ßglucan receptors affect the fate of antigen-driven humoral immune responses, e.g., altering magnitude of
the responses or shaping isotype of antibodies to specific antigens. In the present study, we found that
IgG1 was the major isotype of conalbumin-specific
antibodies induced during the secondary humoral immune responses. ß-glucan from S. cerevisiae increased specific antibodies of all isotypes tested whereas ß-glucan from barley did not. Based on our results,
we speculated that differential adjuvant activity of
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barley- and yeast-derived ß-glucans might result
from their differential receptor specificity or preference and their differential binding properties to the
specific ß-glucan receptors mentioned above. Currently, we do not have data to support our speculation. However, our work continuous to test this speculation.
We found dose-effect relations in ß-glucan-mediated
activation of antigen specific humoral immune responses. We also tested 10 µg and 100 µg doses of
glucans. Both glucans increased IgG responses in a
dose dependent fashion at which yeast-derived glucan had always superior activity to the glucan from
barley (data not shown). On the other hand, mice received 1 µg barley derived glucan had lower IgG1,
IgG2a, IgG2b and IgA levels than those of control
animals that were injected with conalbumin only. At
present, however, we do not know if there is any inhibitory pathway that would be induced by relatively
low doses of ß-glucans.
In conclusion, the present study represents an original investigation in terms of many perspectives, particularly in reflecting comparison of the magnitude
of antigen specific humoral immune responses which
were differentially modulated by the two soluble ßglucans. Here, we reported that S. cerevisiae-derived
ß-glucan with (1›3), ( 1›6) branches were superior
in induction of specific antibody responses over barley ß-glucan with (1›3), ( 1›4) branches.
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