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Extraction of B-glucan from Saccharomyces cerevisiae: Comparison of different
extraction methods and in vivo assessment of immunomodulatory effect in mice
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Abstract

Beta-glucan (BG) is a conserved cell wall components of bacteria, fungi, and yeast. BG is an immunomodulator and stimulates
the host immune system. This study was performed to screen Saccharomyces cerevisiae strain with high BG, extraction of BG
using different chemical extraction methods, composition analysis of BG, and evaluation of the immunomodulatory effect of
high-quality BG using mice model. Ten yeast strains were screened for high BG content using total glucan extraction kit and
were subjected to FT-IR analysis. The kit based extraction revealed that HII31 showed a high content of total glucan and BG.
HII31 cells were subjected to four different acid/base extractions, which indicated that combination of a strong base (NaOH)
and weak acid (CH,COOH) extraction recovered high BG and a high ratio of polysaccharide, protein, and lipid. Further, the
immunomodulatory effect of the selected BG was evaluated using mice, which suggested that low dose of HII31-BG induces the
expression of selected pro-inflammatory (IL-17, IFN-y) and anti-inflammatory cytokine (IL-10) significantly, whereas relatively
high dose was required to alter the IL-6 and TGF- expression. Overall, the present study revealed that BG extracted from HII31
cells alters the expression of studied cytokines, which can be used as a potent immunomodulator in pharmaceutical products.

Keywords: beta-glucan; Saccharomyces cerevisiae; immunomodulation; FTIR; cytokines.

Practical Application: Identification of optimum extraction procedure for f-glucan (BG) from S. cerevisiae HII31 and revealed

that BG can be used as a potent immune modulator in pharmaceutical products.

1 Introduction

Beta-glucan (BG) is one of the most abundant forms of
polysaccharides with the heterogeneous groups of glucose
polymers connected by a 1-3 linear p-glycosidic chain hub. BG
is unique depending on length and structure of the branches.
Even though BG has highly variable branches, 1>4 or 156
glycosidic chains are the major branching group (Chan et al,,
2009). BG is present everywhere from bacteria to plants with
different conformational complexity from single helix to the
triple helix, or random coils. BG of yeast cell wall consists of
1+ 3 B-linked glucopyranosyl residues with small numbers of
1> 6 B-linked branches (Volman et al., 2008). In contrast, the
plant (oat and barley) cell walls contains unbranched BG with
1> 3 and 1> 4 B-linkage, whereas BG from bacterial origin
consist of unbranched 1> 3 p-linkages (Brown & Gordon, 2003;
Brown et al., 2003).

BG has various functional properties that can be utilized in
food industries for the preparation of soups, sauces, beverages,
and other food products where BG act as stabilizing, thickening
agents, and emulsifier (Dawkins & Nnanna, 1995; Burkus &
Temelli, 2000; Sanchez-Madrigal et al., 2015). BG is also known
for several beneficial effects on various diseases and disorders
such as colorectal cancer (Dongowski et al., 2002), prevention of
coronary heart disease (Wang et al., 2002), blood glucose levels
and insulin resistance (Hallfrisch et al., 2003; Hlebowicz et al.,

2008), serum cholesterol levels, and gut microflora (Tungland,
2003). BG is a potent immunomodulator (Volman et al., 2008).

The effects of the BG on the immune system are evidently
dependent on the structural intricacy of them, and it has been
revealed that more complexities are linked with added potent
immunomodulatory effect (Chan et al., 2009). The host immune
receptors will recognize the carbohydrate moiety of BG present
in the invading fungal pathogens and elucidate the defensive
response (Brown & Gordon, 2005). Chan et al. (2009) have
reviewed the involvement of BG in both innate and adaptive
immune responses.

BG occupies the large part of yeast biomass and is vital
for cell functions (Bacic et al., 2009). BG of Saccharomyces
cerevisiae can induce the production of TNF-a and also activates
the mononuclear cells, and neutrophils in vitro (Olson et al.,
1996). BG can trigger the host immune cells and cytotoxicity
in cancer cells (Chan et al., 2009; Vetvicka, 2011). Several
extraction techniques are there to recover the potent BG from
microbial and plant sources, but the choice of suitable extraction
method plays a vital role that will affect the structure, quality,
and functionality of the BG (Ahmad et al., 2012).

Extraction of BG from S. cerevisiae generally consists of
two major steps such as yeast cell lysis (separation of cell wall
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from cytoplasm) and BG extraction (extraction from insoluble
cell wall) (Javmen et al., 2012). Several studies reported about
chemical (NaOH, HCI, acetic acid, citric acid) (Lee et al., 2001;
Hunter et al., 2002; Pelizon et al., 2005), physical (sonication,
high pressure) (Boonraeng et al., 2000; Shokri et al., 2008;
Wenger et al., 2008) and enzymatic (lytic enzymes) lysis of yeast
cells (Ferrer, 2006).

The objectives of the current study are to achieve the selection
of S. cerevisiae strain with a high content of BG, extraction of BG by
different chemical extraction method, analysis of the composition
of extracted BG, and evaluation of the immunomodulatory effect
of extracted BG using mice model.

2 Materials and methods
2.18. cerevisiae strains

The strains of Saccharomyces cerevisiae used in this study
include HII31, which was obtained from the Health Innovation
Institute, Chiang Mai, Thailand and the 9 S. cerevisiae
representative strains (TISTR5003, TISTR5024, TISTR5051,
TISTR5059, TISTR5191, TISTR5197, TISTR5278, TISTR5328,
and TISTR5623) were obtained from the Thailand Institute of
Scientific and Technological Research (TISTR).

2.2 Growth medium preparation and glucan determination

S. cerevisiae strains were grown in Yeast Extract-Glucose
broth (YG broth) (15 g/L glucose, 5.2 g/L K, HPO,, 3.18 g/L
KH,PO,, 0.12 g/L MgSO,, 0.5 g/L Yeast extract, and 0.54 g/L
NH,CI). The yeast cells (10% w/v) were inoculated in 1.0 L of
YG broth in the bioreactor and incubated with the agitation of
200 rpm at 30 °C with 0.8 vvm (dm*/min) aeration for 48 h/round.
The yeast cells were collected via centrifugation at 7,500 rpm
for 10 min at 4 °C. The B-glucan was determined by yeast
glucan assay kit (Megazyme, Ireland). Briefly, 1,3-3- d-glucans,
1,6-B- d-glucans and a-glucans are solubilized in concentrated
(37%; 10 N) hydrochloric acid and then hydrolyzed by 1.3 N
HCl at 100 °C for 2 h. Hydrolysis to d-glucose is completed by
incubating with a mixture of highly purified exo-1,3-p-glucanase
and B-glucosidase. The released glucose was determined at
510 nm. The concentration of total glucan, BG, and AG was
calculated as per the manufacturer’s instructions.

2.3 Autolysis of yeast cell

The selected high BG containing strain was subjected to
autolysis. Briefly, the suspension of 15%w/v of yeast cells in
distillation water pH 5.0 (pH adjusted using 1.0 M HCI) were
incubated at 50 °C for 48 h with shaking at 120 rpm. The autolysis
reaction was terminated by incubating at 80 °C for 15 min in
a water bath. After incubation yeast cells were collected by
centrifugation at 4 °C for 10 min at 5,000 rpm. The pellets were
dried at 60 °C and stored at 4 °C until extraction.

2.4 Manual extraction of -glucan

The extraction of B-glucan was done by using the following
combination of acids and bases:
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1.NaOH/ HCI extraction (E1); 2. NaOH/ CH,COOH
extraction (E2); 3. NaOH/ NaClO extraction (E3); 4. NaOH
and NaClO/ DMSO extraction (E4).

In detail, the autolyzed yeast cells were mixed with 5 fold
of 1.0 M NaOH (extraction no. E1, E2) and incubated at
80 °C in stirrer for 2 h. Then, the cell pellet was collected by
centrifugation at 6,000 x g for 25 min at 4 °C and suspended in
3 fold of distillation water. After thorough mixing, cells were
centrifuged at 6,000 x g for 25 min at 4 °C. After that, the cell
pellet was dissolved in 5 fold of 1.0 HCI (extraction no. E1) or
1.0 CH,COOH (extraction no. E2) and incubated at 80 °C in
stirrer for 2 h. Then the pellet was collected by centrifugation
at 6,000 x g for 25 min at 4 °C. The obtained pellet was washed
with water 3 times and dried in hot air oven at 60 °C.

In the case of extraction-E3, yeast cells were mixed with 1.0 M
NaOH (5 fold) and NaClO (at 2% of the final concentration)
and incubated at 80 °C in stirrer for 2 h. Then cell pellet was
collected by centrifugation at 6,000 x g for 25 min at 4 °C, and the
pellet was washed with distilled water and dried. In the case of
extraction- E4, yeast cells were mixed with 1.0 M NaOH (5 fold)
and NaClO (at 2% of the final concentration) and incubated
at 80 °C in stirrer for 2 h. Then cell pellet was collected by
centrifugation at 6,000 x g for 25 min at 4 °C, and the pellet was
washed with distilled water. The pellet was dissolved in 5 fold
of DMSO and incubated at 80 °C in stirrer for 2 h. Then, the
pellet was collected by centrifugation and dried. The obtained
glucan pellets were stored at 4 °C until analysis.

2.5 FT-IR spectroscopic analysis

Glucan extracted from different methods were analyzed
by FTIR spectrometer (Nicolet Nexus 470FT-IR instrument,
USA) by following the standard KBr method (Sivamaruthi et al.,
2015; Kesika et al., 2015). An average of 32 scans was computed
with a spectral range of 400 to 4,000 cm™ at 4 cm™ resolution.
All measurements were acquired in duplicate normalization.
Spectra were pre-processed (baseline correction, normalization,
and second derivative) with OMNIC 32 software before analysis.
The Origin Pro 8.0 software was used to calculate the area of
curve-fitting.

2.6 In vivo immunomodulatory effect

Approximately twenty-four BALB/cMlac mice (6 weeks
old) were randomly divided into the following 4 groups,
Group: 1 - Control (n = 6); Group: 2, 3, 4 - Experimental group
(supplemented with 100 or 150 or 200 mg of air-dried BG/kg
of body weight, respectively) (n = 6/each group). All the mice
were reconditioned for 7 days and were maintained for 7 days
with daily oral administration of specified concentration of
air-dried B-glucan. After 7 days of p-glucan supplementation,
mice were sacrificed, and level of representative cytokines such as
IL-6,1L-10, IL-17, IFN-y, and TGF-P was determined in serum
by ELISA (R&D system, USA). The animal experiments were
conducted as per the regulations and permission of Ethical Review
Committee for Research Animal, Faculty of Pharmacy, Chiang
Mai University (Certificate of Ethical Clearance, No.: 01/2015
dated 15 September 2015).
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2.7 Statistical analysis

All the experiments were done in triplicate and analysis of
variance (ANOVA) with a confident interval at 95% (p < 0.05)
was reported. The significance of the results was validated using
SPSS (version 17.0).

3 Results and discussion
3.1 Determination of glucan content

All the selected ten yeast strains were subjected to total
glucan extraction using yeast glucan assay kit. The yield, total
glucan content, a-glucan (AG) and B-glucan (BG) content of
all the studied strains were tabulated (Table 1). The maximum
extraction yield was obtained from the strain TISTR5623
(3.72 £ 0.31 g/L). Whereas, the maximum total glucan was
recovered from HII31 (49.21 + 3.96%) followed by TISTR5059
(48.73 + 3.94%). Apparently, about 41.69 + 2.83% of BG has
been extracted from HII31 with 7.52 + 0.93% of AG (Table 1).

FT-IR analysis is one of the appropriate methods used to study
the biological samples. The determination of curve fitting and
band area has been previously employed for the analysis of yeast
cell wall (Galichet et al., 2001). All the extracts were subjected
to FT-IR analysis and detected by the band area (%) for major

Table 1. Glucan content of selected S. cerevisiae strains.

functional groups such as a polysaccharide (925-1190 cm™),
which represent the glucan content, protein (1500-1700 cm™),
and lipid (2800-3000 cm™). Based on the percentage of band
area of the different range, range ratio has been calculated. Even
though strain TISTR5059 showed slightly higher polysaccharide
content with respect to band area, the extract of HII31 strain
showed the maximum ratio (2.1:1.5:1.0), which suggested that
HII31 strain has comparatively high content of glucan (Table 2).

BG of a typical yeast cell consist of ~30-45% of B-1, 3 glucan
and ~5-10% of B-1, 6 glucan (Soares & Soares, 2012). In-depth,
the band area for BG was separately analyzed, and the range
ratio was calculated. The band area of different forms of BG
such as -1, 3 glucan, and B-1, 6 glucan was tabulated (Table 3),
and the maximum range ratio for BG was obtained in HII31,
which suggested that the strain, HII31was rich in BG than other
strains tested. Furthermore, the strain HII31 has been selected
in order to study the impact of different extraction method on
yield and quality of BG, since HII31 showed a high content of
BG in kit based extraction study. Moreover, quality and quantity
of the BG depend on the extraction method (Liu et al., 2008).

HII31 cells were subjected to four different acid/base based
extractions after autolysis, as detailed in materials and methods
section and were denoted as E1-E4. The highest yield was recorded
in E2 (72.68 +2.78%), followed by E1 (68.50 + 2.66%), E3 (36.50

L . Yield Total-glucan a-glucan -glucan
S. No. S. cerevisiae strains (g/L) (%, ‘i W) ( %% W/wW) E%‘U? wiw)
1 HII31 3.53£0.26 49.21 £ 3.96° 7.52 £0.93 41.69 + 2.83%*
2 TISTR5003 3.30 £0.28 4452 £3.73 8.21 £0.96 36.31 £2.57
3 TISTR5024 3.41+£0.26 46.34 £ 3.82 7.86 + 0.94 38.48 +2.67
4 TISTR5051 3.66 +0.30° 47.45 £ 3.87 8.03 £0.95 39.42£2.72
5 TISTR5059 3.52+0.28 48.73 + 3.94° 7.49 £ 0.92 41.24 +2.83°
6 TISTR5191 3.23+0.25 46.42 +3.82 7.84 +0.94 38.58 +2.68
7 TISTR5197 3.63 £ 0.22¢ 4591 £ 3.80 7.84 £ 0.90 38.07 £ 2.65
8 TISTR5278 3.38 £0.27 47.92 £3.90 7.85 +0.89 40.07 £2.76
9 TISTR5328 3.11£0.20 46.25 +3.81 7.72 £0.95 38.53 £ 2.68
10 TISTR5623 3.72£0.31° 47.93 £3.91° 7.33+£0.92 40.60 + 2.78°
*Significant value (p < 0.05); *“Represents the order of the highest values of representative parameters.
Table 2. Range ratios of polysaccharide, protein, and lipid content in the cell wall of selected S. cerevisiae strains.
Band area (%)
Range
S.No. S cerevisiae strains Range 1 Range 2 Range 3 ratio
925-1,190 cm™ 1,500-1,700 cm™ 2,800-3,000 cm™! (1:2:3)
(Polysaccharide) (1) (Protein) (2) (Lipid) (3)
1 HII31 13.21 9.44 6.29 2.1:1.5:1.0
2 TISTR5003 10.96 9.14 6.09 1.8:1.5:1.0
3 TISTR5024 9.03 9.04 6.02 1.5:1.5:1.0
4 TISTR5051 10.40 9.75 6.50 1.6:1.5:1.0
5 TISTR5059 13.68 10.26 6.84 2.0:1.5:1.0
6 TISTR5191 11.49 10.82 6.76 1.7:1.6:1.0
7 TISTR5197 10.64 9.98 6.65 1.6:1.5:1.0
8 TISTR5278 10.84 8.43 6.02 1.8:1.4:1.0
9 TISTR5328 11.75 7.84 6.53 1.8:1.2:1.0
10 TISTR5623 11.95 10.62 6.64 1.8:1.6:1.0
126 Food Sci. Technol, Campinas, 37(1): 124-130, Jan.-Mar. 2017
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+ 2.56%), and E4 (22.65 + 1.59%) (Figure la). The content
of BG and AG in the preparations also suggested that the E2
recovered relatively higher BG (93.42 + 3.57%) from HII31 cells
than other extraction methods (Figure 1b).

All the extracts were subjected to FT-IR analysis and the
band area analysis was done using Origin Pro 8.0 software.
The calculated range ratio (polysaccharide: protein: lipid), suggested
that E2 yielded high ratio (4.5:1.0:1.1) with a high content of
polysaccharide (68.18%). Followed by E1 recorded for 66.67%
of polysaccharide content in the extract (Table 4). The ratio of
B-1, 3 glucan, and B-1, 6 glucan were also considered, and it
was observed that high content of -1, 3 glucan was present in
all the preparations, especially E2 extracts which contain about
12.57 fold higher B-1, 3 glucan than p-1, 6 glucan (Table 5).

3.2 In vivo immunomodulatory effect

BG can modify the immune regulation of a host. The source
and forms of BG can also influence it. Both in vitro and in vivo
studies suggested that BG of fungi and yeast have potent immune
modulating properties (Volman et al., 2008). The ultimate objective
of this study is to explore the extracted BG as an adjuvant for
the treatment of colitis in human. Thus, we have selected the
representative cytokines, which are known to be involved in
colitis and other gastroenteritis related diseases. In the present
study, the extract obtained from E2 was selected and subjected
to immunomodulatory effect study using mice.

As detailed earlier, animals were separated into four different
groups and treated with different concentration of air-dried
BG (100, 150, 200 mg of BG/kg of body weight). After the

study period, animals were investigated for the level of selected
pro-inflammatory (IL-6, IL-17, and IFN-y) and anti-inflammatory
cytokines (IL-10, and TGF-p).

All tested cytokines expression were elevated upon E2
extract intervention (Figure 2). The expression of IL-6 was not
significantly affected by the different concentration of the extract,
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Figure 1. Influence of different extraction methods on total yield (a),
and the percentage yield of BG and AG from HII31 (b).

Table 3. The band area and ratio of different forms of B-glucan from selected S. cerevisiae strains.

Band area (%) Range
S. No S. cerevisiae strains ratio

B-1,3-glucan (1) B-1,4-glucan (2) B-1,6-glucan (3) (12:3)
1 HII31 48.70 15.22 27.40 3.2:1.0:1.8
2 TISTR5003 47.32 18.20 30.94 2.6:1.0:1.7
3 TISTR5024 33.06 12.24 19.59 2.7:1.0:1.6
4 TISTR5051 34.61 12.82 16.67 2.7:1.0:1.3
5 TISTR5059 52.47 17.49 31.48 3.0:1.0:1.8
6 TISTR5191 31.13 14.15 16.98 2.2:1.0:1.2
7 TISTR5197 48.64 15.69 23.54 3.1:1.0:1.5
8 TISTR5278 45.09 15.03 22.55 3.0:1.0:1.5
9 TISTR5328 38.95 13.43 30.89 2.9:1.0:2.3
10 TISTR5623 38.82 16.17 24.26 2.4:1.0:1.5

Note: $-1,3-glucan spectrum: ~1,042 cm™, ~1,108 cm™, ~1,135 cm™; $-1,4-glucan spectrum: ~1,025 cm™; B-1,6-glucan spectrum: ~998 cm™.

Table 4. Range ratios of polysaccharide, protein, and lipid content in the cell wall of HII31 recovered by a different method.

Band area (%)

S. No. Fractions Range 1 Range 2 Range 3 Iiz?iie Content (%).
925-1,190 cm'l 1,500-1,790 cm’! 2,800-3.,0'00 cm’! (1:2:3) of polysaccharide
(Polysaccharide) (Protein) (Lipid)
1 El 18.98 4.52 4.97 4.2:1.0:1.1 66.67
2 E2 18.36 4.08 4.49 4.5:1.0:1.1 68.18
3 E3 16.18 4.76 5.24 3.4:1.0:1.1 61.82
4 E4 15.40 5.50 4.43 2.8:1.0:1.0 58.33
Food Sci. Technol, Campinas, 37(1): 124-130, Jan.-Mar. 2017 127
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Figure 2. The expression profile of selected cytokines such as IL-6 (a), IL-17(b), IFN-a (c), IL-10 (d), and TGF-p (e) upon the different concentration
of BG intervention. Group 1: control; Group 2-4: 50, 100, and 150 mg per Kg of body weight of BG supplementation, respectively. The alphabets

(a-c) indicates the significant (p > 0.005) difference among the groups.

Table 5. The ratio of $-1,3- and p-1,6-glucan extracted from HII31.

S.No.  Strains Band area (%) P-glucan ratio
B-13-glucan  B-1,6-glucan  (B-1,3:3-1,6)
1 El 45.85 6.44 7.12
2 E2 78.19 6.22 12.57
3 E3 32.70 6.54 5.00
4 E4 15.59 7.12 2.19

Note: p-1,3-glucan spectrum: ~1,042 cm”, ~1,108 cm™, ~1,135 cm’; B-1,6-glucan
spectrum: ~998 cm™.

whereas the significant level of increased expression of IL-6 was
observed between control and treated samples.

The low doses (100 and 150 mg of BG/kg of body weight)
of extract, does not disturb the level of IL-17, but high
concentration accelerated the level of IL-17 compared to control.
Interestingly, IFN-y expression was positively regulated in a
dose-depended manner. These observations suggested that
extracted BG intervention induces the expression of selected
inflammatory cytokines significantly in mice (Figure 2). The level
of representative anti-inflammatory cytokines was assessed upon
extract supplementation. The expression of IL-10 and TGF-f
was upregulated in BG supplemented groups with respective
dose. The results suggested that low dose of BG was enough to
induce the expression of IL-10 significantly, whereas relatively
high dose was required to alter the TGF- expression (Figure 2).
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It is known that yeast BG can induce the expression of
TGE-B (Olson et al., 1996; Tzianabos, 2000) TNE-q, IL-6, IL-10
(Engstad et al., 2002). TGF-f, and inhibitory cytokine, are
involved in the regulation of defense and inflammatory responses
of the host, and the possible pro-inflammatory character was
observed among ulcerative colitis patients (Roda et al., 2011).
IL-10, a typical anti-inflammatory cytokine, which are released
mostly by T cells, B cells and monocytes that suppress the IL-6,
and IFN-y expressions (Rogler & Andus, 1998; Rennick & Fort,
2000). The cytokines are involved in many regulatory functions
during disease conditions like colitis, tumor development,
and inflammatory bowel diseases (Sanchez-Muioz et al.,
2008; Roda et al., 2011; Miizes et al., 2012). The current study,
therefore, suggests that the intervention of BG extracted from
the yeast strain HII31 could alter the expression of selected pro
and anti-inflammatory cytokines in mice.

4 Conclusion

The yeast strain with a high content of BG was screened and
characterized. The current study also compared the methods
for the extraction of BG from selected yeast strain and found
out that the combination of a strong base (NaOH) and weak
acid (CH,COOH) extraction could yield high-quality BG.
The composition of extracts has been achieved through FT-IR
analysis. The immunomodulatory effect of best quality BG, with
respect to polysaccharide content, has been assessed, and the
results revealed that isolated BG could alter the expression of
selected cytokines appropriately.
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