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Structure and immunomodulating activity of fungal p-1,3-glucan

oooon
0O Naohito OhnoO
gooooOooooooooo

[ Summary ]

0 This article has provided an overview of the structures and the
biological activities of p-Glucans (BGs), focusing primarily on re-
sults that we obtained. BGs demonstrate a diverse range of struc-
ture and biological activities, and this diversity is so great that a
"common activity" could not be identified to this day. Although
which activity is truly significant should probably be determined
from the viewpoint of the effective utilization of BGs, as "broad
spectrum” is one of the characteristics of BGs, it is expected that
future research will be conducted to clarify this matter. In addi-
tion, BGs are present in large amounts in the environment, and it
was found that humans and animals not only react to BGs in the
form of innate immunity, but also recognize BGs via acquired
immunity. This suggests that it is necessary to additionally ex-
pand and revise the conventional mechanism of action associ-
ated with BGs in order to develop a new mechanism of action.
BGs consist of both “old” and “new” materials. When immune-
regulation is considered, there is the question of whether recently
discovered cytokines, gene therapy or cancer vaccines may serve
as a substitute for BGs. It is preferable that all of these be al-
lowed to coexist.
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Fig. 2 Conformational changes of p-1,3-glucan and limulus reactivity
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000 Left: present mainly in edible mushrooms, such as Grifola frondosa, Sparassis crispa, Lentinus edodes
000 right: present mainly in yeast and fungi, such as Saccharomyces cerevisiae, Candida albicans, Agaricus blaziriensis



DOJ‘In News No.114(2005)

oooooBGUOUOUOODUOOUOOLDUOODOOOOOOODOO
oooooooooooboboooomooooooooooono
goooooooooooooooobooooooooooooo
oo0o0oUoooOoo0oooooooUoUooooBGOOO
goboobooooboooboooo

400000000000
000000000000 BGOO Grifola frondosa (000 0O )0
Sclerotinia sclerotiorum (O O 0O )0 Sparassis crispa (0 0 0O
0 O 0 )DAgaricus braziliensis (O O O O O )OCandida albicans
(000 D)0 Aspergillus fumigatus (D00 O0000)0OO0O
goooooooooooooooooooboooooooooo
goodobobooooouobobbuooogo
40100000000 BGOOOOOO0OOOO0OO0OOOOOO0OO
gobooooooooboooooooooomoooooo
000000ooO0o0O0o0ooOobO0ooo0obOobOo0omoooDo
000000000000 ooooobooooooo
O0000o00ooooo0oO0DoOooooD 600 B-1,3-00000
00000000000Grifolan0 GRNOOOOOO %™ 000
gooboobomooooooooboooooooobooooobo
00000o0o0o0ooo0opUOOO0OUlod0oOoOoOoooOon
OD00OO0OO0OLNTOSPGUOUOOOODODODOODODODODOOOBGO
goboooooooboobooooooobbooobooooo
goddobobobboooooobbboboooooobobuooooo
OL-20 0000000000030 00002000MMO0000
000000 PVGOOOOOS000100000000(FigD
AHAODO00DO00000O0DoOOoOBGOR-1,6-0000000000O
f-1,3-0000000000000000000O0O00O0O0O0O0O
gobooooooooobooooooboooboboobooooo
oodooooooooooobooooooooboooooogno
BGOODUOODODODODOUDOODODODDOOoooooooooooo
gooboooboooboooboooo

401 200Candida albicans(1 BG1[ 0 O 0O 00O Saccharomyces
cerevisiael 0000000 ZymosanO0 OO OOOoOooOonO
goooobobooooooboboooooooobobooooono
0doddoboooooooooooboooooooboooooo
000000000000 U0o0DBGUUUODODODODOOOODO
ZymosanO0 00O BGUOOOOOOODOOODOOOOOBGO
0000000000000 000o0oUoooDoooos8onn
00 ZymosanO OO OO BGOOO ZymocelDOOOOOZy-
mosanD 00000000000 BGUOUOOOOOOOOOO
000000000009 00000000 Toll-like-receptor
(TLROODODDDO0DD0O0DD0000000D0OZymosanO OO
000000000000000O0®YMoo0o0000o0oo0ao
goooooooooooooooobooboooooooboooo
000 Zymosan0 00000000000 OOOOOOOOO
000000BGUOUODUOODOOODOOODOOODOOOOO
ZymosanO D OO OO0O0OO0OO0OO0OOO0OOOOOOOOOOmM
O0O0O0Oready-to-use0 000000000 OD0OOOOOOO
0000000000 0o0O0O000oo0O00O0OOZymosand

gooobobooobooooooboombooboooom
000000000000000000000000BGOOOO
000000000000000D00000000000000
go0oobdobooobobooobobDoobobooobobooo
00000000000000000000000000000
00@MO000000000000000000000000Q
go0o0obdboo0obOoboo0obobOooboboooboooo
000000000000000D00000000000000
goooboobooobobooobobooboboooboobooo
g0o0bO0dbOO0o0obOobD0o0obOOobDOo0obOoboooboooo
00o000®¥YOOoo000000000000000000
go0oobobooobOobDoobobooboboooboooo
00000000000000000000BGOOOOODOO
00000000000000000000000000 BGO
O0o0oooooooooDbMSOOOOOUOOOOOOBGOO
0000000000 DMSOOO0ODOOdFig. 50000000
000000000000 D000DO00000DO0O0oO
ocCsSBGUOOOOOOX-CSsuoBGUUOUOUOUOOOOOOUO
00000000000000000000000000000
0 OCandidal Aspergillus0 00002200 00000000
00o0bO0dbOO0o0obOobD0o0obOobDOooboboooboooo
000000000000000D00000000000000
000000000 CandidaDDO0OO0O CSBGOOO B-1,3-
0000010050000 8-1,6-0000000000B-1,6-0
000000000D000000D000000D00000000
0000000000000 0000000O0CCandidanoon
000000000000000000 Candidall 00 BGOO
00D00000000000D00000%®0000000000
go0ooboboo0obOobDoobobDoobooooboooo
000000000 BGOOODOOODODODDDODODDOOO

OBGUUOUOOODODODODODODOOODODOOOOOO 100000
00000000000000000000000000000
000000000000000D000000D00000000
Oo0oOooooocsSBGoOOODOOOOOOOoooooooo
O000000Candida0000R-1,3-000B-1,6-00000
000000000000 00000000000000000

SEM

‘ Acetone-dried yeast ‘

suspended in 0.1N NaOH

added, NaClO solution (various conc)
4°C overnight

collect ppt.

dried, EtOH and acetone

v

NaClO-Oxidized yeast _|
(particle glucan:OX-CA) ,

suspended in DMSO
occasional sonication
collect extract

Y dried, EtOH and acetone

Soluble glucan (CSBG)

‘ Same primary structure

Fig. 5 Preparation of OX-CA and CSBG from Candida albicans
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resistant part were dissolved in DMSO-d6 and measured carbon-
13 NMR spectra.
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Table 1 Comparison of antitumor activity of several B-glucans to
transplantable tumors in mice.

B-glucan tumord OO route dose xtimes inhibition (%)
CRD (0/3) S-180 i.p. 100x 5 26
SPG (1/3) S-180 i.p. 100x 5 74
500 x 5 97
GRN (1/3) S-180 i.p. 100x 5 > 99
i.v. 100x 5 > 99
il 100x 5 94
p.o. 200x 5 15
Meth A i.p. 100x 5 85
i.v. 100x 5 45
il 100x 5 97
MM 46 i.p. 100x 5 44
IMC i.p. 75x 10 75
SSG (1/2) S-180 i.p. 100x 5 93
Meth A i.p. 200x 5 83
i.v. 250 x 10 89
il 100x 5 81
p.o. 2000 x 5 63
IMC i.p. 250 x 10 90
p.o. 2000 x 5 72
OL-2 (2/3) S-180 i.p. 100x 5 29
500 x 5 62
il 100x 5 73
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Fig. 8 Influence of solubility on gene expression in human PBMC stimulated
with OX-CA or CSBG

Table 2 Characteristic genes of Candida BG-induced in human PBMC
assessed by cDNA array

Gene/Protein name OX-CA CSBG  Gene/Protein name OX-CA CSBG

-8 ++ ++ CC chemokine R1 + +
MIP-1 o 4+ + G-protein-coupledR + _
HM74
MIP-1 B ++ - C5aR - +
MIP-2 o ++ ++ IL-1R1 - +
MCP-1 - +
GCP-2 - + Integrin o. 7B + +
Integrin B 3 + +
TNF-o. +++ + ol catenin + +
IL-1 o + + Integrin o. 5 + -
IL-1P + + ICAM-1 + +/—
Integrin B 1 — +
IL-10 + + CDllc - +
TGF-B + +
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Fig. 9 Interferon-y production of spleen cells stimulated in vitro with BG.
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Table 3 Recovery of orally administered BG in mice

% recovery

Blood 0.04
Liver 0.25
Kidney 0.07
Heart n.d.
Spleen n.d.
Stomach 0.94
Intestine 0.25
Lung n.d.
Feces 98.42
Excrement n.d.

2mg 3H-SSG po, organs were prepared 24h later
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Fig. 10 Pyrogenicity of B-glucan in rabbits

0 0 O O Endotoxin and B-glucan were intravenously administered to rabbits.
Temperature were monitored kinetically. Endotoxin content of
tested BG were as follows: CSBG:<70 pg LPS/mg, GRN :<50 pg
LPS/mg

0 O O O Experiments were done with collaboration with Dr. Murai and Dr.
Y. Nakagawa in National Institute for Health Sciences
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Fig. 11 Blood clearance of CSBG in mice. CSBG was administered
intravenously and blood was sampled repearedly from tail vain.
CSBG.: triple helix form, CSBG-A: single helix form. Concentration
of BG in the blood was measured by Fungitec G test MK after
alkaline pretreatment.
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Fig. 12 Anti-BG antibody titer of rheumatoid arthritis and ANCA-associated
vasculitis patients

ELISA plate was coated with CSBG (25 pg/mL was used to coat
plate). The sera of patients or healthy donors was added to the
plate, and the plate-bound Ig was determined with peroxidase-
conjugeted anti Human IgG+IgM. Enzyme activity was measured
by the addition of TMB substrate. In collaboration with Dr. M.
Yoshida in Tokyo Medical University Hachioji Medical Center.
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Fig. 13 Comparison of anti-BG antibody titer in patients with fungal infection
and healthy volunteers. ELISA plate was coated with CSBG (25
ug/ml). The plate-bound immunoglobulin was determined using
peroxidase-conjugated anti-human IgG + M + A antibody. In
collaboration with Dr. M. Yoshida in Tokyo Medical University
Hachioji Medical Center.
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Fig. 14 Anti-BG antibody titer of cancer patients

ELISA plate was coated with CSBG (25 ug/mL was used to coat
plate). The sera of cancer patients (N=26) or healthy donor (N=24)
was added to the plate, and the plate-bound Ig was determined
with peroxidase-conjugeted anti Human IgG+IgM. Enzyme activity
was measured by the addition of TMB substrate. In collaboration
with Dr. O. Mizukami in Tokyo Adventist Hospital.
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