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ABSTRACT

Aspergillus is a medically important fungal genus that causes a life-threatening infection known as
aspergillosis in immunocompromised patients. 8-1,3-Glucan is detected in the plasma of patients with
aspergillosis and appears to be useful for the diagnosis of aspergillosis. In this study, we cultured
Aspergillus spp. in a chemically defined liquid medium and prepared an Aspergillus water-soluble
fraction (ASWS) from the culture supernatants. ASWS was found to be primarily composed of
polysaccharides and proteins. Nuclear magnetic resonance analysis suggested that ASWS is a
complex carbohydrate, consisting of a -1,3-glucan, B -1,3-glucan, galactomannan, and protein. The
ASWS from Aspergillus fumigatus showed limulus factor G activity, whereas zymolyase-treated ASWS
did not. ASWS was eliminated from the blood more rapidly than Aspergillus solubilized cell wall B -
glucan. We analyzed the reactivity of human immunoglobulin towards ASWS by an enzyme-linked
immunosorbent assay. Anti-ASWS antibodies were detected in human sera, with titers differing among
individuals. This study demonstrated that the ASWS corresponds to the limulus factor G-activating
substance found in the blood of patients with aspergillosis.
Key words : Aspergillus, glucan, limulus factor G, soluble antigen

extremely low. Delays in the diagnosis and start of

Introduction

The number of immunocompromised hosts has
increased with the progression of chemotherapy
and transplantation therapy. Opportunistic infec-
tions can easily occur in these patients, which is a
serious problem in clinical settings. Particularly,
the number of patients with deep mycosis has
increased, an infection that shows a high mortal-
ity rate". Aspergillus is a medically important
fungal genus that causes a life-threatening infec-
tion known as aspergillosis in immunocompro-
mised patients®®. The rate at which life-saving
treatment is provided for invasive aspergillosis is

treatment are associated with high mortality *.
Therefore, early diagnosis and treatment are
important. Furthermore, Aspergillus fumigatus,
Aspergillus flavus, and Aspergillus niger cause
various diseases, such as allergic bronchopul-
monary aspergillosis and aspergilloma®®. The
mycelial cell wall of Aspergillus spp. is primarily
composed of polysaccharides (galactomannan, a
-1,3-glucan, B -1,3-glucan, and chitin)®. We pre-
viously prepared Aspergillus cell wall-solubilized
B -1,3-glucan (ASBG) from Aspergillus dried cells
using the NaClO-urea-autoclave method”. ASBG
was capable of activating limulus factor G. We
also found that ASBG induces the production of
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interleukin (IL)-8 during human peripheral blood
mononuclear cell stimulation. 8-1,3-Glucan is an
insoluble component of the fungal cell wall
However, a solubilized form of 3-1,3-glucanis also
produced and released from fungal cells®. 8-1,3-
Glucan is detected in the plasma of patients with
invasive deep mycosis and fungal febrile epi-
sodes. The B-1,3-glucan assay is useful for early
diagnosis and contributes to antifungal
stewardship®'®. Therefore, B -1, 3-glucan is an
effective serological diagnostic parameter in
clinical settings.

The structural and physical properties of fungal
cell wall B -glucan and other polysaccharides,
including their primary structure, conformation,
and molecular weight, differ among fungal spe-
cies. Biological activities, such as cytokine pro-
duction and limulus factor G activity, depend on
the physical properties of the fungi'”. Therefore,
determining the structures and physical prop-
erties of fungal cell wall polysaccharides is
important for understanding their in vivo signifi-
cance.

We previously cultured Candida spp. in chemi-
cally defined medium and prepared a Candida
water-soluble fraction (CAWS) from the culture
supernatant'®. CAWS showed various activities,
such as activation of limulus factor G, acute lethal
toxicity, and induction of vasculitis®™. The
limulus factor G test is effective for early diagno-
sis of aspersgillosis. Aspergillus galactomannan
and an Aspergillus lateral-flow device can be
used to diagnose invasive aspergillosis °. There-
fore, we aimed to prepare a limulus factor G-
activating substance comparable to CAWS using
Aspersgillus spp.

In this study, we prepared an Aspergillus water-
soluble fraction (ASWS) from the supernatants of
Aspergillus spp. cultured in a chemically defined
liguid medium and examined the physical prop-
erties and activity of limulus factor G and blood
clearance. Characterization of the limulus factor
G-activating substance is important for determin-
ing the clinical significance of B -glucan and its
potential in the diagnosis of aspergillosis.

Materials and methods

Materials

All strains of A. fumigatus (NBRC 30870 and 4400),
A. niger (NBRC 6342), Aspergillus oryzae (NBRC
30103), and Candida albicans (NBRC 1385) were

Medical Mycology Journal Volume 58, Number 4, 2017

purchased from the NITE Biological Resource
Center (Chiba, Japan), maintained on Sabouraud
agar (Difco, Detroit, Ml, USA) at 25°C, and transfer-
red once every 3 months. Fungitec G test MK was
purchased from Nissui Pharmaceutical Co.
(Tokyo, Japan). Zymolyase was obtained from
Seikagaku Corp (Tokyo, Japan). Lipopolysac-
charides (LPS) from Escherichia coli O111; B4
were purchased from Sigma (St. Louis, MO, USA).
Dextran was purchased from Seikagaku Corp.
Polyglobin N was purchased from Bayer AG,
Pharmaceuticals (Berlin, Germany). Kenketu
glovenin-I was purchased from Nihon Phar-
maceutical Co., Ltd. GAMMAGARD was purch-
ased from Baxalta Japan, Ltd. (Tokyo, Japan).
Human reference serum was purchased from
Sigma and Bethyl Laboratories (TX, USA).
Media

C-limiting medium, originally described by
Shepherd and Sullivan™, was used to grow all
strains unless stated otherwise. The C-limiting
medium contained (per liter) 10 g of sucrose, 2 g of
(NH,) .SO., 2 g of KH,PQ,, 0.05 g of CaCl, - 2H,0, 0.05
g of MgSO; - TH,0, 1 mg of ZnSO, - TH,0, 1 mg of
CuSO; - 5H,0, 0.01 g of FeSO, - 7TH,0, and 25 ug of
biotin, with a final pH of 5.2. The medium (5 L) was
placed in a glass jar of a Microferm fermentor
(Sakura SI Co., Ltd., Tokyo, Japan) and cultured at
27°C with aeration at 5 L per min and stirring at 400
rom.
Mice

Specific pathogen-free male 6-7-week-old
DBA/2 mice were obtained from Japan SLC
(Shizuoka, Japan).
Preparation of ASWS and solubilized cell wall B-glucan

All Aspergillus strains were cultured in a C-
limiting medium. To collect ASWS, an equal volume
of ethanol was added to the whole culture and the
precipitate was collected, which included cells
and secreted macromolecules. The precipitate
was then suspended in an aliquot of distilled water
and the solubilized fraction was collected as
ASWS and acetone-dried. ASBG was prepared
using NaClO-urea autoclave method as previous-
ly described”.
Carbohydrate analyses

The carbohydrate content was determined
using the phenol-sulfuric acid method. Component
sugars were determined by capillary gas-liquid
chromatography (Ohkura Riken, Tokyo, Japan) of
alditol acetate derivatives after complete hydroly-
sis by 2 M trifluoroacetic acid. A capillary column
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of fused silica (J&W Scientific, Folsom, CA, USA;
30 m x 0.262 mm; liquid phase: DB-225, 0.25 uM) was
used at 220°C. The molar ratio of mannose,
galactose, and glucose (Man/Gal/Glc) was calcu-
lated based on the peak area of each component
(glucose was set to 100).
Measurement of galactomannan content

Galactomannan was estimated by the Platelia
Aspergillus EIA test (Bio-Rad Laboratories, Her-
cules, CA, USA) according to the manufacturer’s
instructions.
Nuclear magnetic resonance (NMR) analysis

Solubilized fractions and authentic materials
were dissolved in D;0, and the 'H and “C-HSQC
spectra were measured at 70°C. A Bruker AV500
instrument equipped with TopSpin software was
used (Billerica, MA, USA).
Measurement of (1 — 3)-B -D-glucan by Fungitec G
test MK

The activation of factor G (limulus reactivity) by
(1 — 3)-B -D-glucans was measured by a chro-
mogenic method using a (1 — 3) -8 -D-glucan-
specific reagent (Nissui Pharmaceutical Co., Ltd),
which eliminates factor C. Each (1 — 3)-8 -D-
glucan was dissolved in 0.5 N NaOH (1 mg/mL) and
diluted with 0.01 N NaOH. Dilutions were prepared
in 0.01 N NaOH, and a sample solution was used
directly for the limulus reaction without neutra-
lization. Diluted NaOH was confirmed to be usable
for the limulus reaction because of the high
buffering action of the reagent. Reactions were
performed in a flat-bottomed 96-well Toxipet plate
96F (Seikagaku Corp.) as follows. Samples (50 uL)
were placed in the wells and Fungitec G test MK
reagent (50 uL) was added to each well. The plate
was incubated at 37°C; during incubation, the
absorbance at 405 nm (reference 492 nm) was
measured Kinetically using a microplate reader
(Wellreader SK603, Seikagaku Corp.). Disposable
plastic materials for tissue culture or clinical use
were employed, and all glassware was sterilized
at 260°C for 3 h. All operations were performed in
triplicate under aseptic conditions.
Zymolyase digestion of ASWS

ASWS (20 mg) suspended in 10 mL of acetate
buffer (50 mM, pH 6.0) was mixed with 1 mg of
zymolyase 100T (Seikagaku Corp.). After over-
night incubation at 45°C, the reaction mixture was
boiled for 3 min to inactivate the enzyme. The
resulting solution was diluted and applied to
Fungitec G test MK.
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Preparation of plasma for blood clearance assay

Each ASWS prepared from A. fumigatus NBRC
30870 and ASBG was diluted in physiological saline
and autoclaved. ASWS and ASBG (1,000 ug) were
administered to mice (n = 3, each group) by
intravenous injection. An aliquot of blood was
collected from the tail vein at appropriate inter-
vals using heparinized capillaries. After centrif-
ugation, plasma samples were stored at 4°C until
the G test (Fungitec G test MK).
Enzyme-linked immunosorbent assay for anti-ASWS
antibody

A 96-well Nunc plate was coated with ASWS
prepared from A. fumigatus NBRC 30870 and ASBG
(25 ug/mL) in 0.1 M carbonate buffer (pH 9.6) by
incubation at 4°C overnight. The plate was washed
with phosphate-buffered saline buffer (PBS) con-
taining 0.05% Tween 20 (Wako Pure Chemical Co.,
Osaka, Japan) (PBST) and blocked with 0.5%
bovine serum albumin (BSA, Sigma) at 37°C for 60
min. After washing with PBST, the plate was
incubated with diluted human immunoglobulin
preparation (Polyglobin N, Bayer Schering Phar-
ma, Berlin, Germany, Kenketsu glovenin- I, Nihon
Pharmaceutical Co., Ltd., GAMMAGARD, Baxalta
Japan, Ltd.) or human reference serum at 37°C for
60 min. The plate was then washed with PBST and
treated with an antibody for peroxidase-
conjugated anti-human IgG + M + A (Sigma) in
PBST containing 0.1% bovine serum albumin and
developed with a tetramethylbenzidine substrate
system (KPL, Inc., Gaithersburg, MD, USA). Color
development was stopped with 1 N phosphoric
acid and optical density was measured at 450 nm.

Results

Preparation and physical properties of ASWS

The limulus factor G-positive substance is found
in the blood of patients infected with Aspergillus.
We cultured Aspergillus spp. in a chemically
defined liquid medium and prepared ASWS from
the culture supernatant. We prepared the ASWS
of each Aspergillus spp. (Table 1). Composition
analysis revealed that ASWS was primarily com-
posed of polysaccharides and proteins (Table 2).
These results were supported by elemental
analysis (C, H, and N). We analyzed the saccha-
ride composition of ASWS by gas liquid chroma-
tography. We found that glucose was the main
component; while mannose and galactose were
also detected. We measured the content of
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Table 1. Strains, culture conditions, and yield of ASWS

Strain Culture Yield
Temp (C) Days Mycelium (g/L)  ASWS (mg/L)
A. fumigatus  NBRC 30870 27 2 2.3 62.5
27 4 2410 86.7 + 28.4
37 4 3.2 110
A. fumigatus  NBRC 4400 27 4 1.7£ 0.1 95.5 + 57.2
A. niger NBRC 6342 27 4 5216 135.5 £ 459
A. oryzae NBRC 30103 27 4 3510 425 +=10.6
C. albicans NBRC 1385 27 2 3.3+0.1 142.4 £ 143
a) This preparation is CAWS.
Table 2. Properties of ASWS
Strain Carbo:lz;drate 2 Prc()z/(oe)in 0 Galactcz;;?nnan & Man/Gal/Glc
A. fumigatus ~ NBRC 30870 53.5 £ 3.5 135+ 2.1 10.3 = 2.0 264/ 115/ 100
A. fumigatus ~ NBRC 4400 36.5 £ 0.7 13.0 119+ 33 9.1/ 25.3/ 100
A. niger NBRC 6342 540£28 11.0 488 + 1.7 163.3/  18.4/ 100
A. oryzae NBRC 30103 67.5 £ 2.1 5.0 25+06 7.9/ 5.1/ 100
C. albicans NBRC 13859 78.0 + 6.6 15.0 = 6.3 630/ 0/ 100

a) Carbohydrate levels were measured using the phenol-sulfuric acid assay.
b) Protein concentration was measured using the BCA assay.
Galactomannan was measured using the Plateria® Aspergillus EIA test.

c)
d) This preparation is CAWS.

galactomannan (Aspergillus antigen) by using
Plateria Aspergillus (Aspergillus antigen detection
kit). Galactomannan was detected in all prepara-
tions of ASWS used in this study. These results
suggest that ASWS is a glycoprotein containing
galactomannan.

Next, we analyzed the structure of ASWS
derived from A. fumigatus NBRC 30870 by 2D-NMR
analysis (Fig. 1). The peaks corresponding to a-1,
3-glucan, B -1, 3-glucan, and B -1, 5-galactofura-
nose linkages were identified by NMR analysis.
Major signals were assigned by comparing the
published spectra of the Aspergillus cell wall
galactomannan and glucan' . The peaks of a-1,
3-glucan, B -1,3-glucan, a -mannan, and f -1,5-
galactofuranose linkages were identified by NMR
analysis. ASWS was predicted to be a glycopro-
tein, consisting of a-1,3-glucan, B-1,3-glucan, and
galactomannan. This suggests that ASWS corres-
ponds to the material released in the blood of
patients with aspergillosis.

Activation of limulus factor G by ASWS

Examining the activation of limulus factor G by
ASWS is of considerable clinical importance as
ASWS is thought to correspond to the material in
the blood of patients with aspergillosis. We
examined the activation of limulus factor G by
ASWS from A. fumigatus, a clinically important
strain (Fig. 2a). ASBG and CAWS were used as
controls. The activation of limulus factor G of
ASWS from A. fumigatus NBRC 30870 and NBRC
4400 was one-tenth that of CAWS. In addition,
decreased activation was observed at high
concentrations of ASWS.

To demonstrate that activation of ASWS limulus
factor G depends on f3-1,3-glucan in ASWS, we
compared the activity of ASWS limulus factor G
before and after treatment with zymolyase 100T
(B -1,3-glucanase) (Fig. 2b). The activity of ASWS
limulus factor G treated with zymolyase was
significantly reduced. This indicates that ASWS
contains B -1,3-glucan, and further supports the
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Fig. 1. 'H, ®C-HSQC spectra of ASWS in D;O.

The ASWS of Asperegillus fumigatus NBRC 30870 was dissolved in D,O and measured

using 'H, ®C-HSQC as described in Materials and Methods.
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Fig. 2. Limulus activity of ASWS derived from A. fumigatus.

(a)

ASWS derived from various Aspergillus spp. and CAWS were dissolved in 0.5 N NaOH

and dilutions were prepared in distilled water. The Fungitec G test MK reactivities of
these solutions were determined as described in Materials and Methods. ASBG was

used as a standard material.

(b) ASWS from A. fumigatus NBRC 30870 was dissolved in

acetate buffer and digested

with zymolyase 100T as described in Materials and Methods. The resulting solutions

were treated with 0.5 N NaOH, diluted with distilled

water and subjected to the

Fungitec G test MK as described in Materials and Methods.
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Fig. 3. Blood concentration of ASWS after intravenous administration in DBA/2 mice.

ASWS or ASBG was intravenously administered to DBA/2 mice. An aliquot of blood was
collected from the tail vein at appropriate intervals using heparinized capillaries. Plasma was
obtained and each sample was dissolved in 0.5 N NaOH and serially diluted with 0.01 N NaOH
Aspergillus B-glucan concentrations were measured using the Fungitec G test MK.

conclusion that ASWS is the material in the blood
of patients with aspergillosis.
Concentration of ASWS in blood after intravenous
administration of ASWS in DBA/2 mice

The blood clearance of ASWS in the sera of
DBA/2 mice administered with ASWS intravenous-
ly was examined by the limulus G test to measure
B -1,3-glucan concentration (Fig. 3). First, it was
found that ASWS was immediately cleared from
the blood. The half-period of ASWS clearance was
approximately 14 min. The clearance of ASWS
was faster than that of ASBG. This suggests that
the rapid clearance of ASWS is attributable to a
component other than -1,3-glucan.
Antibody titer in human sera against ASWS

An antibody against ASBG was detected in
human sera. The titer of anti- 8 -glucan antibody
changed in the sera of patients with deep mycosis
depending on disease progress. The reactivity of
antibodies to ASWS in human sera was examined
by ELISA using an ASWS-coated plate. The
reactivity of Polyglobin N, a human immunoglobu-
lin preparation, increased in a dose-dependent
manner (Fig. 4a). These results suggest that an
anti-ASWS antibody is present in human sera.
Next, we examined the reactivity of the anti-
ASWS antibody by competitive ELISA with ASWS,
ASBG, and LPS as soluble antigen to the ASWS
antigen (Fig. 4b). When ASWS was added, binding
was significantly inhibited. On the other hands,
the inhibition of ASBG was partial. This result
suggested the presence of antibodies to compo-
nents of ASWS other than B -glucan. Also, we

compared the reactivity to antigens; ASWS,
ASBG, LPS from E. coli, and dex-tran in the human
sera (n = 2) and immunoglobulin preparation (n =
3) (Fig. 4c). The titer differed between samples.
Also, the ratio of anti-ASAG to anti-ASBG varied in
each sample.

Discussion

B-glucan (a limulus factor G-positive sub-
stance) is known to be released in the blood of
patients infected with Aspergillus. The limulus
factor G test is effective for the early diagnosis of
aspergillosis®. However, the detailed chemical
properties of the limulus factor G-positive sub-
stance remain unknown because of its low
abundance and the impossibility of its isolation.
Previously, we cultured Candida spp. in chemical-
ly defined medium and prepared CAWS (limulus
factor G-positive analogical material of B -
glucan) ”. Hence, we predicted that it was possi-
ble to prepare analogical materials similar to
CAWS from Aspergillus spp. Therefore, we cul-
tured Aspergillus spp. in chemically defined
complete media and prepared ASWS from the
culture supernatants. Next, we examined the
structure, activity for limulus factor G, and blood
clearance. We compared the physical properties
and activities between ASWS from each Aspergil-
lus strain and CAWS.

We prepared ASWS from each Aspergillus sp.
The yield of ASWS from A. fumigatus and A. niger
was approximately 100 mg/L, while that from A.



Med. Mycol. J. Vol. 58 (No. 4), 2017

x 0.6 -
=O=ASWS
-8—-ASBG
1.5 1 —
£ Eo4
= 3
8 1 3
o
3 53
Y .80'2
205 4 2 -O—-ASWS
-0-ASBG
-B-LPS
0 T T . 0.0
10000 1000 100 0 10 20
dilution ratio Soluble Ag (ug/mL)
(a) (b)
0.7
mASWS O0OASBG OLPS =Dextran
3
c
o
8
S 0.35
w0
N
/2]
Ke)
< 1 Iﬂ |
0 HN lDEI.w e I e Hl—lm
BPBST husera1 husera2 hulg1 hulg 2 hulg 3
(c)
Fig. 4. Anti-ASWS antibody titer in human sera.

(a)

(b)

(c)

An ELISA plate was coated with ASWS and ASBG (25 u g/mL) and blocked with
BSA before use. Human immunoglobulin preparation (Polyglobin N) was diluted,
and the amount of plate-bound immunoglobulin was determined using the
peroxidase-conjugated anti-human IgG + M + A antibody. Enzyme activity was
measured by the addition of tetramethylbenzidine substrate.

An ELISA plate was coated with ASWS (25ug/mL) and blocked with BSA before
use. Human immunoglobulin preparations (Polyglobin N) were mixed with serially
diluted soluble Ag: ASWS, ASBG, LPS (3.125, 25 ug/mL), and then applied to the
ELISA plate. The amount of plate-bound Ig was determined with peroxidase-
conjugated anti-human IgG + M + A antibody. Enzyme activity was measured by
the addition of tetramethylbenzidine substrate.

An ELISA plate was coated with CSBG, CAWS, LPS or dextran (25 u g/mL in
carbonate buffer) and blocked with BSA before use. Human sera (hu sera, n =2)
and immunoglobulin preparations (hu Ig, n = 3) were diluted, and the plate-bound
lg was determined by peroxidase conjugated anti-human IgG + M + A antibody.
Enzyme activity was measured by the addition of tetramethylbenzidine substrate.
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oryzae was as low as 42.5 mg/L. Additionally, the
content of galactomannan and sugar composition
of ASWS in A. oryzae differed from those of ASWS
derived from the other two species. These
differences may be related to the pathogenicity of
each Aspergillus sp. We focused on ASWS derived
from A. fumigatus, which is the most commonly
isolated species from patients with aspergillosis.
ASWS was found to be primarily composed of

saccharides and proteins. We measured galacto-
mannan (Aspergillus antigen) content using
Plateria Aspergillus antigen test. ASWS contained
approximately 10% of the glycoprotein galacto-
mannan. The B -1,5-galactofuranose linkage was
also identified by NMR analysis. We analyzed the
composition of saccharides in ASWS and found
that glucose was the major saccharide present.
The Aspergillus cell wall is known to contain B8-1,
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3-glucan and a -1, 3-glucan. Based on the NMR
results, the major glucan present in ASWS was a-
1, 3-glucan. Recent reports showed that a -1, 3-
glucan contributes to biofilm formation as a
structural factor of the extracellular matrix ™.
Thus, ASWS may contribute to biofilm formation. In
addition, a B -1, 3-glucan peak was identified.
These results suggest that ASWS is a limulus
factor G activator.

We compared the activation of limulus factor G
of ASWS and CAWS. ASWS from A. fumigatus
NBRC 30870 and 4400 showed one-tenth of the
activity of CAWS. We prepared Candida and
Aspergillus cell wall 8-1,3-glucan and compared
the activation of limulus factor G in each
sample"®. Each glucan showed the same limulus
factor G activity. The difference in limulus factor
G activity of the water-soluble fractions may be
related to the B -1,3-glucan content. The limulus
factor G activity of ASWS decreased at high
concentrations. These results indicate that ASWS
has glucan inhibitor (Gl) activity because it
contains low molecular weight B -1, 3-glucan®.
The activity of ASWS limulus factor G was lost
after zymolyase treatment, indicating that ASWS
contains B -1, 3-glucan and corresponds to the
limulus factor G-activating substance in the blood
of patients with aspergillosis.

To examine the blood clearance of ASWS, we
intravenously administered ASWS into DBA/2
mice and measured the concentration of B -
glucan in blood samples using the limulus G test.
Aspergillus activated the classical and lectin
complement pathways®®. The production of
anaphylatoxins by ASWS may result in lethal
toxicity, such as in CAWS. Therefore, we ex-
amined the blood clearance of ASWS in DBA/2
mice, which are Cba-deficient. ASWS was im-
mediately eliminated from the blood with an
elimination half-life of 14 min. ASWS was more
rapidly eliminated from the blood than was ASBG.
This suggests that there are structural compo-
nents involved in the blood clearance of ASWS
other than B -glucan. Additionally, a previous
study showed that the conformation of B-glucan
affects its blood clearance®. Differences in
physical properties such as conformation and
molecular weight between B-glucan contained in
ASWS and ASBG may affect their blood clear-
ance. If the antigen released from Aspergillus
cells in the host is similar to ASWS, the values of B8
-1,3-glucan and galactomannan in clinical samples

Medical Mycology Journal Volume 58, Number 4, 2017

would indicate the presence of Aspergillus cells
and be released without a lag time.

Few studies have examined the biological
activity of each Aspersgillus cell wall component
and the host recognition molecule that interacts
with the Aspergillus cell wall polysaccharide. We
previously reported that the anti- 8 -glucan anti-
body is a B -glucan-recognizing molecule that
mediates acquired immunity. We examined the
anti-ASWS antibody titer and detected an anti-
ASWS antibody in human immunoglobulin prepa-
rations and sera. The anti-ASWS antibody titer
differed among individuals; the anti-ASWS anti-
body showed a specific titer that differed from
that of the anti-ASBG antibody titer. This result
suggests the presence of antibodies that recos-
nize components other than B-glucan, such as a-
glucan and galactomannan. Several reports de-
monstrated the contribution of antibodies to the
defense against fungal infection®®. Thus, the
anti-ASWS antibody may also participate in the
defense against Aspergillus infection.

In this study, we prepared water-soluble sac-
charide fractions released from Aspergillus and
determined their characteristics. ASWS may
correspond to materials in the blood of patients
with aspergillosis. In order to better understand
their functions in the host and fungi, further
studies should be conducted to identify and
characterize the antigens derived from
pathogenic fungi.

Conflict of Interest
None declared.
References

1) Tortorano AM, Dho G, Prigitano A, et al; ECMM-
FIMUA Study Group: Invasive fungal infections in
the intensive care unit: a multicentre, prospective,
observational study in Italy (2006-2008). Mycoses
55: 73-79, 2012.

2) Suzuki Y, Kume H, Togano T, Kanoh Y, Ohto H:
Epidemiology of visceral mycoses in autopsy
cases in Japan: the data from 1989 to 2009 in the
Annual of Pathological Autopsy Cases in Japan.
Med Mycol 51: 522-526, 2013.

3) Curbelo J, Galvan JM, Aspa J: Updates on
Aspergillus, Pneumocystis and other opportunis-
tic pulmonary mycoses. Arch Bronconeumol 51:
647-653, 2015.

4) Upton A, Kirby KA, Carpenter P, Boeckh M, Marr
KA: Invasive aspergillosis following hematopoietic



Med. Mycol. J. Vol. 58 (No. 4), 2017

5)

6)

7

8)

9

10)

1)

12)

13)

14)

15)

16)

cell transplantation: outcomes and prognostic
factors associated with mortality. Clin Infect Dis
44: 531-540, 2007.

Dogra V, Sinha AK, Saxena R, Talwar D: Aspergil-
Jus march: from ABPA to aspergilloma to subacute
invasive aspergillosis. Allergy Asthma Clin Im-
munol 12: 64, 2016.

Latgé JP: Tasting the fungal cell wall.
Microbiol 12: 863-872, 2010.

Ishibashi K, Miura NN, Adachi Y, Tamura H,
Tanaka S, Ohno N: The solubilization and biologic-
al activities of Aspergillus beta-(1 — 3)-D-glucan.
FEMS Immunol Med Microbiol 42: 155-166, 2004.
Miyazaki T, Kohno S, Mitsutake K, Maesaki S,
Tanaka K, Hara K: (1 — 3)-beta-D-glucan in culture
fluid of fungi activates factor G, a limulus coagula-
tion factor. J Clin Lab Anal 9: 334-339, 1995.
Lahmer T, Held J, Rasch S, Schnappauf C, Beitz A,
Schmid RM, Huber W: Usage of 1,3- 8-D-Glucan for
early detection of invasive mycoses and outcome
parameter in immunocompromised critically Il
patients. Mycopathologia 181: 815-821, 2016.
Talento AF, Dunne K, Joyce EA, Palmer M,
Johnson E, White PL, Springer J, Loeffler J, Ryan
T, Collins D, Rogers TR: A prospective study of
fungal biomarkers to improve management of
invasive fungal diseases in a mixed specialty
critical care unit. J Crit Care 40: 119-127, 2017.
Yadomae T, Ohno N: Structure-activity relation-
ship of immunomodulating (1 — 3)-8 -D-glucans.
Recent Res Devel in Chem & Pham Sciences 1:
23-33, 1996.

Uchiyama M, Ohno N, Miura NN, Adachi Y, Aizawa
MW, Tamura H, Tanaka S, Yadomae T: Chemical
and immunochemical characterization of limulus
factor G-activating substance of Candida spp.
FEMS Immunol Med Microbiol 24: 411-420, 1999.
Kurihara K, Miura NN, Uchiyama M, Ohno N,
Adachi Y, Aizawa M, Tamura H, Tanaka S,
Yadomae T: Measurement of blood clearance time
by Limulus G test of Candida-water soluble
polysaccharide fraction, CAWS, in mice. FEMS
Immunol Med Microbiol 29: 69-76, 2000.

Ohno N: Chemistry and biology of angiitis inducer,
Candida albicans water-soluble mannoprotein-
beta-glucan complex (CAWS). Microbiol Immunol
47: 479-490, 2003.

Metan G, Keklik M, Dinc G, Pala C, Yildirm A,
Saraymen B, Kdéker MY, Kaynar L, Eser B, Cetin M:
Performance of galactomannan antigen, beta-D-
glucan, and Aspergillus-lateral-flow device for the
diagnosis of invasive aspergillosis. Indian J Hema-
tol Blood Transfus 33: 87-92, 2017.

Shepherd MG, Sullivan PA: The production and

Cell

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

E 129

growth characteristics of yeast and mycelial
forms of Candida albicans in continuous culture. J
Gen Microbiol 93: 361-370, 1976.

Kudoh A, Okawa Y, Shibata N: Significant structu-
ral change in both O- and N-linked carbohydrate
moieties of the antigenic galactomannan from
Aspergillus fumigatus grown under different cul-
ture conditions. Glycobiology 25: 74-87, 2015.
Wiater A, Paduch R, Choma A, Sylwia S, Plesz-
czynska M, Tomczyk M, Locatelli M, Janusz S: (1
— 3)-a -D-Glucans from Aspergillus spp.: Structu-
ral characterization and biological study on their
carboxymethylated derivatives. Curr Drug Targets
16: 1488-1494, 2015.

Beauvais A, Fontaine T, Aimanianda V, Latgé JP:
Aspergillus cell wall and biofilm. Mycopathologia
178: 371-377, 2014.

Ohno N, Uchiyama M, Tsuzuki A, Tokunaka K,
Miura NN, Adachi Y, Aizawa MW, Tamura H,
Tanaka S, Yadomae T: Solubilization of yeast cell-
wall beta-(1 — 3)-D-glucan by sodium hypochlorite
oxidation and dimethyl sulfoxide extraction. Car-
bohydr Res 316: 161-172, 1999.

Tanaka S, Aketagawa J, Takahashi S, Shibata Y,
Tsumuraya Y, Hashimoto Y: Inhibition of high-
molecular-weight-(1 — 3)-beta-D-glucan-dependent
activation of a limulus coagulation factor G by
laminaran oligosaccharides and curdlan degrada-
tion products. Carbohydr Res 244: 115-127, 1993.
Rosbjerg A, Genster N, Pilely K, Skjoedt MO, Stahl
GL, Garred P: Complementary roles of the classic-
al and lectin complement pathways in the defense
against Aspergillus fumigatus. Front Immunol 7:
473, 2016.

Bidula S, Sexton DW, Yates M, Abdolrasouli A,
Shah A, Wallis R, Reed A, Armstrong-Jdames D,
Schelenz S: H-ficolin binds Aspergillus fumigatus
leading to activation of the lectin complement
pathway and modulation of lung epithelial immune
responses. Immunology 146: 281-291, 2015.

Miura NN, Ohno N, Adachi Y, Aketagawa J,
Tamura H, Tanaka S, Yadomae T: Comparison of
the blood clearance of triple- and single-helical
schizophyllan in mice. Biol Pharm Bull 18: 185-189,
1995.

Casadevall A, Pirofski LA: Immunoglobulins in
defense, pathogenesis, and therapy of fungal
diseases. Cell Host Microbe 11: 447-456, 2012.
Bugli F, Cacaci M, Martini C, Torelli R, Posteraro B,
Sanguinetti M, Paroni Sterbini F: Human monoc-
lonal antibody-based therapy in the treatment of
invasive candidiasis. Clin Dev Immunol 2013:
403121, 2013.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.40000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.40000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


