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INFLUENCE OF STRUCTURAL FEATURES
ON IMMUNOSTIMULATING ACTIVITY OF GLUCANS
EXTRACTED FROM AGARICUS BLAZEI MUSHROOM

ABSTRACT: High molecular weight B-D-glucans derived from Basidiomycetes cell
walls are able to specifically activate cellular and humoral components of the host immune
system. The aim of this paper was to examine immunomodulating activity of native,
chemically and enzimatically modified glucans from Agaricus blazei mushroom and to de-
termine which structural features are of primary importance for their stimulation referring to
humane immune cells. The immunomodulating activities were tested in vitro, by stimula-
tion of peripheral blood mononuclear cells (PBMCs) and measuring of interferon-gamma
(IFN-y) production by enzyme linked immunosorbent assay (ELISA). Measurements of
immunomodulatory capacity of Agaricus blazei native glucans showed their expressive im-
munostimulating effect on activated PBMCs and synthesis of IFN-g. The results obtained
after the stimulation of cells with 1M H,SO, and 1M NaOH, the treated glucans showed
that primary structure is of more importance than the tertiary structure of the triple helix for
their immunostimulating activity and synthesis of IFN-y. Glucans of lower molecular weight
obtained after acid hydrolysis appeared as effective immunostimulators of PBMC’s. The re-
sults obtained after the incubation of cells with 1,6 -glucanase modified glucans suggest
that $-(1,6) binding of glucose monomers probably has no importance for the production of
imunostimulating effects, in vitro. This confirmed that §-(1,3) bonds are the primary deter-
minants of immunomodulatory activities and stimulation of IFN-y synthesis.
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INTRODUCTION

B-D-glucans are important secondary metabolites isolated from microor-
ganisms, mushrooms and plants. They exhibit prophylactic and therapeutic
properties and can function as biological response modifiers when administe-
red to mammals. They have the ability to enhance or suppress both innate and
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acquired immune response. The major immunopotentiation effects of these
active substances include mitogenicity and stimulation of hematopoietic stem
cells, such as Ty and T, cells, B cells, macrophages, DC,, and NK cells (Lull
et al., 2005.).

The term “B-glucan” refers to the polymers which are generally com-
posed of a linear backbone containing D-glucopyranosyl repeat units which are
linked together by p-(1,3) and B-(1,4)-linkages. Some, but not all, exhibit
B-(1,6)-side chains on the backbone. Glucans can assume a number of solution
conformations depending upon the solvent system. For water soluble glucans,
the two predominant conformations are single helix or triple stranded right-
-winding helix. In the fungal cell wall, most glucans comprise a three-dimen-
sional network of B-(1,3-1,6)-glucans that are connected to the other carbo-
hydrates, proteins and lipids (Young and Castranova, 2005).

The mechanism of the imunomodulating effect of glucans is not yet fully
understood and probably depends on chemical characterisics, such as molecu-
lar weight, branching patterns, solubility in water and conformational features
like the formation of helix (Freimund et al., 2003).

In this study we tried to determine which structural features of water so-
luble glucans are of primary importance for their in vitro immunostimulatory
properties. Two types of glucan structure modification were applied, a che-
mical with IM NaOH and 1M H,SO, and enzymatic with 1,6 f-glucanase.
NaOH changes the conformation of glucans from triple helix to single strand
(Maeda et al., 1988). Glucans of lower molecular weight were obtained
after acid hydrolysis with 1M H,SO, (Dia et al., 2003) and modification with
1,6 B-glucanase.

MATERIAL AND METHODS

Glucans were extracted by hot water and alcohol precipitation from pow-
der of fruit body of Agaricus blazei mushroom. Purification of extract was
done by dialysis. The immunomodulating activity of native and modified glu-
cans was tested in vitro, by PBMCs and measurement of IFN-g production
was done by ELISA. Changes of molecular weight, after incubation with 1M
NaOH, 1M H,SO, and 1,6 B-glucanase, were observed by exclusion chromato-
graphy using Sephacryl S 200 (Kozarski, 2006.).

Extraction of water soluble glucan fraction

Up to 10% of dried powdered tissue was suspended in water. Glucans
extraction was done by autoclaving 2 x at 121°C for 20 minutes. The extract
was cooled down and centrifuged at 12325 x g for 20 minutes. Supernatants
were collected and boiled to 10% of starting volume. Two volumes of 96%
ethanol were added and left at 4°C overnight. Supernatant was decanted,
washed 1 x with 70% ethanol and centrifuged at 12325 x g. Pellet was dried
at 42°C. Purification was done by dialysis, against 2 1 of destilled water, ob-
tained by Millipore purification system (MilliQ) for 24 hours at room tem-
perature.
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Chemical modification

50 mg/ml of glucans were incubated in 1M NaOH and 1M H,SO,
at 37°C for 16 hours. Neutralization was done with 10M H,SO, resp. 10M
NaOH to pH 6.8—7.2. Glucans in 1M phosphat buffer saline (PBS) were used
as control, under the same conditions.

Enzymatic modification

25 mg/ml of glucans in SmM sodium acetate (NaAc) buffer at pH 5.4
were incubated with 6 mg/ml of 1,6 f-glucanase, Onuzuka R-10 (Yakult Hon-
sha Co Ltd., Japan) for 1 hour at 55°C. Reaction was stopped by heating at
90°C for 30 minutes followed by precipitation of glucans by addition of 2 vo-
lumes of 96% ethanol.

Column chromatography

Size exclusion chromatography was done on a 1.5 x 90 cm column of
Sephacryl S 200. 25 mg/ml of each glucan sample in MilliQ applied on
column. Eluation was done using fast performance liquid chromatography
(FPLC) system (Pharmacia) with degassed MilliQ water at flow rate of 0.5
ml/min. The eluents were collected by a fraction collector (Pharmacia), each 5
ml in a tube. The void volume was determined to be 60 ml in each fraction,
and glucan content was semiquantified by the phenol-sulfuric acid method
with glucose as a reference (Dubois et al., 1956). Protein content was de-
termined using the Bradford method with bovine serum albumun (BSA) as a
standard (Bradford et al.,, 1976) Glucan and protein contents were mea-
sured in 5 times concentrated fractions.

Cells isolation

Human PBMCs were prepared from buffy coats, obtained from various
healthy donors. Buffy coats were diluted 1 x with PBS and centrifuged for 15
minutes at 2500 x g over a layer of Histopaque 1077 (Sigma). PBMCs were
carefully collected at the interphase and washed with PBS. Cells were counted
and resuspended at 5—10 x 10%ml in RPMI-1640 containing 10% fetal calf
serum (FCS), 1% penicilin and 1% streptomycin.

Immunomodulatig activity
Glucan solutions were heated before application at 95°C for 20 minutes.

Immunomodulating activity of the various glucans was tested by exposing sti-
mulated PBMCs. As transcription activators, 1 ng/ml phorbol 12-myristate
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13-acetate (PMA) and 0,5 pul/ml Ca-ionophore were added. After incubation
for 48 hours at 37°C in 5% CO, atmosphere, medium was tested for IFN-g
concentration by sandwich ELISA.

ELISA was performed in Nunc Maxisorp high affinity 96 well plates.
Wells were coated overnight at 4°C wih 50 pl of mouse anti-human IFN-y in
PBS, pH 7. Blocking of non specific binding sites was carried out overnight at
4°C with 0,1% BSA and 1% skimmed milk protein in PBS. Plate was incu-
bated for 2 hours at room temperature with samples diluted in reagent diluent
(0.1% BSA, 0.05% Tween 20 in Tris buffered saline, pH 7.2—7.4, 0.2 um fil-
tered) and duplicates of standard, human IFN-g (BioSource) reconstituted with
50% glycerol, that was serially diluted in reagent diluent. The concentration of
high standard was 1000 pg/ml. The 100 ul biotinylated goat anti-human IFN-g
in reagent diluent was added to each well, followed by 1 hour incubation at
room temperature. Streptavidin-HRP (BioSource) in 100 pl of reagent diluent
was added to the wells and incubated for 20 minutes at room temperature.
After each step, the plate was washed with wash buffer (0.05% Tween 20 in
PBS, pH 7.2—7.4). Then 100 pl of substrate solution (1:1 mixture of H,O,
and tetramethylbenzidine) was added to each well and incubated at room tem-
perature. After 20 minutes, 50 pl of stop solution (IM H,SO,) was added.
IFN-g production was measured at 415 nm using Benchmark microplate spec-
trophotometer (Bio-Rad).

RESULTS AND DISCUSSION

Size exclusion chromatography of A. blazei native glucans on Sephacryl
S 200 showed the presence of one highest peak eluting together with the void
volume of the column, indicating high molecular weight, over 80 kDa, and a
few small peaks containing molecules of much lower size (Figure 1). In each
fraction, the presence of protein was confirmed. This suggested that glucans
can bound to protein or peptide residues and form proteoglucans. Running the
glucanase digested glucans on the column showed a high fractionation of the
glucan extract (Figure 1). This confirmed that glucans of A. blazei fruiting bo-
dies predominantly had a -(1,6)-backbone structure with (-(1,3)-side branches
(Kozarski, 2006).

Measurements of immunomodulatory capacity of Agaricus blazei native
glucans showed that A. blazei glucans express immunostimulating effect on ac-
tivated PBMCs and synthesis of IFN-g (Figure 2). Titers of IFN-g measured
after stimulation of cells with acid-hydrolyzed fractions confirmed that glucans
of lower molecular weight are as effective as non-hydrolyzed glucans. ELISA
measurements of IFN-g titer obtained after the stimulation of PBMCs with 1M
NaOH treated glucan showed that the immunostimulating activity was not
changed (Table 1, Figure 2). This indicated that the primary structure of glu-
cans is of more importance than the tertiary structure of the triple helix for
their immunostimulating activity and synthesis of IFN-y.
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Fig. 1 — Separation of native and modified A. blazei (graphs A, B, C, D) fruiting body
glucans on Sephacryl S 200. Glucans in PBS, A; with 1,6 b-glucanase modified glucans B;
with 1M H,SO, treated, C; and with 1M NaOH, D.

Tab. 1 — ELISA measurements of IFN-g titer obtained after the stimulation of PBMCs with A.
blazei native, in 1 M PBS glucans (Ab) and 1M NaOH (AbB) and 1M H,SO, treated glucans
(AbA). Cell suspension in RPMI, with transcription activators, was used as control.

sample IFN-y titer (pg/mL)

Control 56.09 = 4.11
Ab 219.26 + 29.45
AbB 215.95 + 23.72
AbA 198.31 + 25.09

The resulting f-(1,3)-glucan fragments of high molecular weight (MW >
80 kDa) and small B-(1,3)-glucan fragments (MW < 80 kDa), left after gluca-
nase degradation, showed a strong enhancement of immunostimulatory activity
compared to the native glucans (Figure 3).
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Fig. 2 — IFN-g response of stimulated PBMC’s incubated with native, in 1M PBS,

A. blazei glucans (Ab) and glucans which have been exposed to 1M NaOH (AbB)
and 1M H,SO, (AbA).
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Fig. 3 — IFN-g response, after 48 hours, of stimulated PBMC’s incubated with native,
in 1M PBS, A. blazei glucans (Ab) and with 1,6 b-glucanase digested glucans (AbE).
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Tab. 2 — ELISA measurements of IFN-g titer obtained after the stimulation of PBMCs with A.
blazei native, in 1 M PBS glucans (Ab) and with 1,6 b-glucanase treated glucans (AbE). Cell
suspension in RPMI, with transcription activators, was used as control.

sample 1IFN-y titer (pg/mL)

Control 135.23 = 9.30
Ab 219.26 + 29.45
AbE 198.31 + 25.09

The obtained results suggest that -(1,6) binding of glucose monomers
probably has no importance for the production of imunostimulating effects, in
vitro.

CONCLUSION

Measurements of immunomodulatory capacity of Agaricus blazei native
glucans showed that A. blazei glucans express immunostimulating effect on the
activated PBMCs and synthesis of IFN-g. The results obtained after the stimu-
lation of cells with chemical and enzimatically modified glucans showed that
primary structure is of more importance than the tertiary structure of the triple
helix for their immunostimulating activity and synthesis of IFN-g. The ob-
tained results confirmed that (3-(1,6) binding of glucose monomers probably
has no importance for the production of imunostimulating effects, in vitro.
This suggests that p-(1,3) bonds are the primary determinants of immuno-
modulatory activities and stimulation of IFN-y synthesis. The results confirmed
that glucans of lower molecular weight are effective for stimulation of PBMCs
and production of IFN-y.
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Pesnme

B-D-riykaHu BEJMKUX MOJIEKYJCKMX Maca M30J0BaHU U3 NeaujcKor 3uaa IjbuBa
u3 knace Basidiomycetes uMajy cmocOOHOCT Aa cnelMdUUHO aKTUBUPAjy LEedyJapHe U
XyMOpaJIHE KOMIIOHEHTEe UMYHOT cucteMa nomahuHa. UMyHoMoaynatopcka akTUBHOCT
MUKO-D-TiykaHa y (DYHKIWjK je FUXOBUX XEMHjCKMX KapaKTepUCTUKA, Kao INTO Cy
MOJIEKYJICKa Maca, CTEeTIeH TpaHarba, PACTBOPJLMBOCT Y BOAM M TeplIMjapHa CTPYKTypa.
Iwb oBor pama je 6O MCIUTUBAbE UMYHOMOIYJIATOPCKE aKTMBHOCTU HATUBHUX, Xe-
MMjCKM M €H3UMCKU MOAMGDUKOBAHUX INIyKaHa IJbuBe Agaricus blazei v na ce yTBpau
KOja je CTPYKTYpHa KapaKTepUCTHKa O IMPUMapHOT 3Hauaja 3a cTuMyaauujy hemmja xy-
MaHOT MMYHOT cucTemMa. MIMyHOMomyJaTopcka aKTMBHOCT je TecTUpaHa in Vvitro, CTH-
MyJIalMjoM MOHOHYKJIeapHux henuja xkpBu u3 nepudepHor kpBotoka (PBMC) mone-
KyJIUMa TJIyKaHa U MEPEHEM KOJMUMHE CUHTeTUCaHOor uHTepdepoHa-rama (IFN-y) on
cTpaHe ctTuMmyaucaHux henuja eHaumoumyHotectoM (ELISA). MepemeM UMyHOMOMIY-
JIaTOpCKOT Kanauurteta Agaricus blazei HATUBHUX TJIyKaHa TMOKa3aHO je Ja OBU MOJie-
KyJd MMajy M3pa)KeHO MMYHOCTUMYJIATUMBHO N1ejcTBO Ha akTuBupaHe PBMC henuje u
ctumynauyjy cuHtede IFN-y. Ctumynauujom henuja miykaHMMa Koju Cy MPETXOAHO
6w napuujanHo xuapoausoBaHu 1M H,SO, u 1M NaOH usmepenu turtap IFN-y ce
HUje 3HAYajHO MPOMEHMO Y OJHOCY Ha HAaTUBHE MoJjekysae. [JlykaHu MambuX MOJIEKYJI-
CKMX Maca, HacTaJli HaKOH KuceJie XUAPOoJu3e, MoKa3adu ¢y ce Kao e(pUKaCHU CTUMY-
jsatopu PBMC henuja. Mepewem tutpa IFN-y HacTtajor HaKkoH MHKyOaluje akTUBU-
panux henmja ca 1,6 B-mrykaHazama MoOIUGbUKOBAaHUM TJIyKaHUMa TIOTBpHEHO je a cy
dbparmentu P-(1,3)-mrykaHa Bequkux MoJiekyjickux maca (MM > 80 kDa) u manu
dbparmentu P-(1,3)-mrykana (MM <80 kDa), HacTaiu HaAaKOH eH3UMCKe MoauduKalu-
je, UCTIOJbUIN 3Ha4YajHO MoBehare MMYHOCTMMYJIATUBHE aKTMBHOCTU Y OJTHOCY Ha Ha-
TUBHE MoJekyie. JlooujeHu pe3yiaratu cy ykazamu aa B-(1,6)-TiMko3uaHe Be3e HeMajy
3HaYaja y MCIOJbaBalby MMYHOCTUMYJIATUBHOT edeKTa, in Vvitro.
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OBuM je moTBpheHo Ja je 3a UMYHOCTUMYJATMBHY aKTUBHOCT U CTUMYJALUjy
cunrese IFN-y om mpumapHor 3Hauaja mpucycTtBo f-(1,3)-IIUKO3MAHNX Be3a. 3aKiby-
YEHO je Ja je 3a MMYHOMOJIYJIATOPCKY aKTMBHOCT OBUX MOJIEKyjJa OMTHa MpuMapHa
CTPYKTypa, a He KOH(opMalirja TPOCTPYKOT XeJMKCa HAaTUBHUX MOJIEKYJIa, Kao U Ja Cy
MOJIEKYJIM TJIyKaHa MambUX MOJIEKYJICKUX Maca e(uKacHU cTUMyiaTtopu cuHTede IFN-y.
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