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Abstract

The limulus test is a well-established method for the diagnosis of both Gram-negative sepsis and invasive fungal
infection. To diagnose fungal infections, a b-(1�3)-D-glucan-specific chromogenic kit (Fungitec G test MK) has
been developed and applied clinically. We are concentrating our main efforts on developing a better standard to
improve the precision of this method. To this end, we have successfully developed a protocol to obtain a soluble
Candida spp. b-(1�3)-D-glucan (CSBG) by sodium hypochlorite (NaClO) oxidation and subsequent dimethyl
sulfoxide (Me2SO) extraction (yield of 9.694.1%) of acetone-dried whole-cell preparations. The b-glucan fraction is
free from the cell-wall mannan, gives a symmetrical peak by gel filtration, and is soluble in dilute NaOH. The
product is composed mainly of b-(1�3)- and b-(1�6)-D-glucosidic linkages. The specific activity of the b-glucan is
comparable with pachyman when combined with the Fungitec G test as the standard glucan and reacted as low as
10−11 g/mL. © 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Candida spp. is a medically important genus
of fungi that induces disseminated candidiasis
and candidemia in hospitalized, immunocom-
promised patients. The cell wall of Candida is
mainly composed of two polysaccharides, man-
nan and b-glucan, and at least a part of the
b-glucan, mainly the b-(1�3)-D-glucan moi-

ety, is basically insoluble in H2O or NaOH and
is quite difficult to extract [1,2]. To analyse the
architecture of the yeast cell-wall, traditional
procedures, such as repeated acid and/or alka-
line extraction, have been applied; however,
selectivity and yield of the extracts have not
been satisfactory for the precise structural de-
termination [1,2]. Selective hydrolytic enzymes
such as zymolyase are helpful to lyse and
analyse the cell wall [3,4]. Several protocols
have been reported to solubilize the cell wall
b-(1�3)-D-glucan moiety, such as sulfate and
phosphate derivatives [5,6]. However, easier
procedures still need to be established.
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Our studies have shown that systemically
administered soluble forms of antitumor b-
glucans, such as SSG (from Sclerotinia sclerot-
iorum IFO 9395), SPG (from Schizophyllum
commune) and GRN (from Grifola frondosa),
gradually disappeared from the bloodstream
and deposited in the body, especially in the
liver and spleen, over a very long period, i.e.,
more than a few months, without undergoing
significant structural changes [7–9]. Analysis
of the fate of these b-glucans is important to
the molecular understanding of the im-
munomodulators. We have also demonstrated
that intravenously administered Candida spp.
distributed in the liver and the spleen, and the
b-(1�3)-D-glucan moiety was deposited in
these organs for quite a long period of time, as
assessed by the limulus G-test [10]. Degrada-
tion and excretion of other components, such
as proteins, nucleic acids, lipids, and carbohy-
drates, proceeded within a couple of days as
assessed by metabolic labeling methodologies
[10]. The deposited insoluble cell-wall b-(1�
3)-D-glucan has been gradually solubilized.
This b-glucan deposition and slow metabolism
would be due to the absence of b-glucan hy-
drolase in the host. The only mechanism to
degrade b-glucan that can be reasonably pos-
tulated is oxidative degradation by phago-
cytes, which utilize species such as O2

−, H2O2,
and hypochlorous acid (HOCl) [11]. The cell-
wall mannan, present as a constituent of
mannoproteins, is also a major cell-wall
polysaccharide; however, it is highly water
soluble and thus would be metabolized faster
than the b-glucan components. These facts
strongly suggested that a b-(1�3)-D-glucan
might have the property to strongly resist
oxidative degradation, in comparison with
other cellular components.

Hypochlorous acid is a strong oxidant
derived from H2O2 with the aid of leukocyte-
derived peroxidases. Two main peroxidases
exist in phagocytes: (1) myeloperoxidase
(MPO) in neutrophils and monocytes, and (2)
eosinophil peroxidase (EPO). Macrophages
may take advantage of the MPO released
from other cells at inflammatory sites to con-
vert H2O2 to HOCl [11].

The purpose of this study is to establish an
easier method to solubilize the yeast cell-wall

b-(1�3)-D-glucan and to apply the product
for the limulus G-test. As described above,
HOCl oxidation would be advantageous for
selective solubilization of the cell-wall b-(1�
3)-D-glucan. In this paper, we have developed
a method to solubilize the cell-wall b-glucan,
especially b-(1�3)-D-glucan, using NaClO
and dimethyl sulfoxide (Me2SO). This proce-
dure allowed us to prepare yeast cell-wall
b-glucan in very high yield and in a shorter
period of time.

2. Materials and methods

Materials.—All strains of Candida albicans,
Candida parapsilosis, and Saccharomyces cere-
6isiae were purchased from the Institute for
Fermentation, Osaka, maintained on
Sabouraud agar (Difco, USA) at 25 °C and
transferred once every 3 months. Sodium
hypochlorite solution and sodium hydroxide
were purchased from Wako Pure Chemical
Industries, Ltd. The limulus G-test (Fungitec
G test MK) and zymolyase (20T and 100T)
were from Seikagaku Corp. (Tokyo), and dis-
tilled water (DIW) was from Otsuka Co., Ltd.
(Tokyo). The visking tube (MW cutoff, 1000)
was from Spectrum Medical Industries, Inc.

Media.—C-limiting medium originally de-
scribed by Shepherd and Sullivan [12] was
used to grow all strains of yeast unless other-
wise stated. C-limiting medium contained the
following (per L): sucrose, 10 g; (NH4)2SO4, 2
g; KH2PO4, 2 g; CaCl2·2H2O, 0.05 g;
MgSO4·7H2O, 0.05 g; ZnSO4·7H2O, 1 mg;
CuSO4·5H2O, 1 mg; FeSO4·7H2O, 0.01 g; bi-
otin, 25 mg; final pH 5.2. Five liters of media
were placed in a glass jar of a microferm
fermentor (New Branswick) and cultured at
27 °C with 5 L/min of aeration and with stir-
ring at 400 rpm.

Carbohydrate analyses.—Carbohydrate
content was determined by the phenol–sulfu-
ric acid method. Component sugars were de-
termined by capillary gas–liquid
chromatography (Ohkura Riken Co. Ltd.,
Tokyo) of alditol acetate derivatives after
complete hydrolysis by 2 M trifluoroacetic
acid. A capillary column of fused silica (J&W
Scientific, Inc., CA, 30 m×0.262 mm, liquid
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phase; DB-225, 0.25 mM) was used at 220 °C.
Molar ratio of glucose and mannose (G/M)
was calculated from the peak area of each
component (glucose as 100).

Measurement of b-(1�3)-D-glucan by the
Fungitec G test MK.—Activation of factor G
(limulus reactivity) by b-(1�3)-D-glucans was
measured by a chromogenic method using a
b-(1�3)-D-glucan-specific reagent (Fungitec
G-test MK, Seikagaku Corp., Tokyo), which
eliminates factor C [13,14]. Each b-(1�3)-D-
glucan was dissolved in 0.3 M NaOH (1 mg/
mL) and diluted with 0.01 M NaOH. Usually,
enough dilution was done by 0.01 M NaOH
addition so that the sample solution was used
directly for the limulus reaction without neu-
tralization. Dilute NaOH was confirmed to be
usable for the limulus reaction because of the
high buffer action of the reagent. Reactions
were performed in flat-bottomed 96-well Tox-
ipet plates 96F (Seikagaku Corp.) as follows.
Samples (50 mL) were placed in the wells, and
the Fungitec G test MK reagent (50 mL) was
added to each well. The plate was incubated
at 37 °C, and during incubation the ab-
sorbance at 405 nm (reference: 492 nm) was
measured kinetically using a microplate reader
(Wellreader SK601, Seikagaku Corp.). Dis-
posable 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.

Preparation of cell-wall b-glucan by NaClO
oxidation, followed by Me2SO extraction.—
Preparation of the NaClO-oxidized yeast was
followed by the procedure used in a previous
paper [15] (Scheme 1). Briefly, yeast cells (2 g)
were suspended in 200 mL of 0.1 M NaOH
and oxidized with appropriate volume of Na-
ClO solution for 1 day at 4 °C. After the
reaction was completed, the reaction mixture
was dialyzed extensively with distilled water to
collect the nondialyzable and insoluble frac-
tion, or the reaction product was directly cen-
trifuged to collect the insoluble fraction.
Insoluble fractions were dried by washing with
ethanol and acetone. Each dried fraction was
suspended in Me2SO and extracted with occa-
sional sonication and boiling. After centrifu-
gation to remove any insoluble fraction, the
solubilized part was again precipitated with
ethanol and acetone. The resulting material
was designated as CSBG (Candida spp. b-(1�
3)-D-glucan).

Zymolyase digestion of CSBG.—CSBG (20
mg) suspended in 10 mL of acetate buffer (50
mM, pH 6.0) was mixed with 1 mg of zy-
molyase 100T (Seikagaku Corp.). After
overnight incubation at 45 °C, the reaction
mixture was boiled for 3 min to inactivate the
enzyme. The resulting supernatant was con-
centrated and applied to a Toyopearl HW-40
column. The elution profile of each fraction
was monitored by the phenol–H2SO4 method.

To monitor the zymolyase digestivity of the
glucan preparation, each glucan (2 mg) sus-
pended in 200 mL of distilled water was mixed
with 3 M NaOH (25 mL) and immediately
neutralized by adding 3 M HCl (25 mL). Ac-
etate buffer (50 mM, pH 6.0) (2 mL) was
added, followed by 200 mg of zymolyase 20T.
After overnight incubation at 37 °C, the reac-
tion mixture was boiled for 3 min to inactivate
the enzyme. The resulting reaction mixture
was applied to a centricut filter having a MW
cutoff at 3500 Da. Each filtrate fraction was
collected, and the carbohydrate content was
measured by the phenol–sulfuric acid method.

Antitumor acti6ity.—Male ICR mice were
obtained from Japan SLC, Inc. (Shizuoka,
Japan). These mice were 5 weeks of age andScheme 1.
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maintained under specific pathogen-free con-
ditions. Antitumor activity against the solid
form of Sarcoma 180 tumor was measured by
the method described previously [16].

Preparation of peripheral blood mononuclear
cells.—Peripheral blood mononuclear cells
(PBMC) were obtained from healthy donors.
The blood cells were centrifuged (3000 rpm at
4 °C for 20 min) to obtain a leukocyte-rich
buffy coat. The cells were then suspended in 8
mL of phosphate-buffered saline (PBS) and
mixed with an equal volume of HISTO-
PAQUE (density: 1.077; Sigma Chemical Co.,
USA) in a 15 mL centrifuge tube (Falcon
352196, Becton Dickinson, Lincoln Park, NJ)
and centrifuged at 2500 rpm for 25 min at
room temperature, as recommended in the
supplier’s instruction sheet. After centrifuga-
tion, the PBMC fraction layered in the middle
of the suspension was washed three times with
PBS. The quality of the PBMC fraction was
monitored by microscopy with Diff-Quick
stain. PBMC (2×106 mL/well) were cultured
in RPMI 1640 containing 10% autologous
serum in a polypropyrene tube at 37 °C in a
humidified 5% CO2 incubator.

ELISA for cytokine determination.—Inter-
leukin 8 concentration was determined by us-
ing an indirect enzyme-linked immunosorbent
assay (ELISA) according to the manufactur-
er’s instructions. Anti human IL-8 and recom-
binant IL-8 were purchased from Pharmingen,
San Diego, CA, USA.

NMR analysis.—Solubilized fractions and
authentic materials were dissolved in D2O or
Me2SO-d6, and the 1H and 13C NMR spectra
were determined at 55 or 70 °C. Bruker
DPX400 and DRX500 instruments equipped
with ‘XWIN-NMR’ software were used.

MALDIMS.—MALDI-TOF-MS analysis
was conducted using a Perceptive Biosystems
Voyager DP-RD equipped with delayed ex-
traction and a nitrogen laser. All analyses
were conducted using 2,5-dihydrobenzoic acid
(Tokyo Kasei Co.) as matrix.

3. Results

Preparation of cell-wall b-glucan by NaClO
oxidation, followed by Me2SO extraction.—

Acetone-dried yeast cells were suspended in
0.1 M NaOH and oxidized with NaClO solu-
tion for 1 day at 4 °C. After the reaction was
completed, the reaction mixture was cen-
trifuged to collect a particulate substance, and
the residue was washed extensively with water
and dried with ethanol and acetone. During
establishment of the preparation procedure,
dialysis of the whole reaction mixture was
performed instead of centrifugation. Compo-
nents and yields were comparable in either
method; thus we chose the centrifugation be-
cause of its ease. The resulting particulate
mass was suspended in Me2SO and dissolved
by occasional boiling and sonication. After
centrifugation, the extract was precipitated
with ethanol and dried with acetone. The re-
sulting fraction was designated as CSBG. We
used several strains of yeast which include C.
albicans, C. parapsilosis, and S. cere6isiae.
Culture and extracting conditions, yield, and
components are summarized in Table 1. Com-
ponent sugars were determined after trifl-
uoroacetic acid hydrolysis. It is apparent that
by using this procedure, almost all of the
cell-wall mannan moiety was solubilized dur-
ing NaClO oxidation. The content of mannan
was slightly higher in the glucan fractions
prepared by dialysis. The highest yield of
CSBG was 89% from the NaClO-oxidized
yeast. The yield was relatively high, but varied
depending on the strain and/or the concentra-
tion of NaClO used. Table 1 includes all of
the experimental trials, thus including errors
and lower yields that occurred during han-
dling of the materials.

Limulus reactivities to activate factor G of
CSBG from various strains are compared and
summarized in Fig. 1. CSBGs were dissolved
in 0.3 M NaOH and diluted in order to fit the
conformation to the single helix conformer,
which is the conformer responsible for the
limulus G-test. All of the glucan preparations
show activity as low as 1×10−11 g/mL. The
activity was comparable with a temporally
standard material, pachyman, which was com-
bined with the Fungitec G test MK. These
facts strongly suggested that CSBG could be a
candidate standard molecule for the limulus
G-test.
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Table 1
Yield and properties of CSBG

% of zymolyase–Yield of Me2SO Yield ofTreatmentYield of NaClO Molar ratioNaClO (mL) aName culture
(mg) d sensitive part g(mg) b methodccondition Me2SO G/M f

(%, overall) e

5.450 (×3) h 100/11.36 69153 dialysis 70C. albicans 1385
21 3.2 100/4.26 8150 (×5) 303 dialysis
52 10.8 100/3.6125 417 dialysis

100/4.59 6412.060dialysis(37 °C) i 25 400
14.425 370 dialysis 78C. albicans 1594
9.850 (×5) j 100/2.31 89221 centrifuge 89C. albicans 1385

100/2.92 6212.371centrifuge34625 k

16 4.2 100/4.49 58C. albicans 1594 53025 centrifuge
100/0.88 8310.6C. albicans 0583 centrifuge25 434 49

C. parapsilosis 3925 10.3 100/2.86 62530 centrifuge
0640 (100
rpm) l

25 3.7 100/0.83 75233 centrifugeS. cere6isiae m 32
14.1 100/2.2271centrifugeC. parapsilosis 39725

0640 (YPG) n

15.7 100/1.84C. parapsilosis 25 454 centrifuge 69
0708

8.1 100/1.39centrifuge 4238725C. parapsilosis
1068

treatment

a In 200 mL NaOH (final dilution in parentheses).
b From 2 g acetone-dried cell.
c After NaClO degradation.
d From 100 mg NaClO-treated cell.
e From 2 g acetone-dried cell.
f Glucose/mannose ratio of Me2SO extracts by GLC: alditol acetate method.
g MWB3500.
h In 100 mL 0.1 M NaOH.
i Cultured at 37 °C.
j Ca1385b.
k Ca1385a.
l Spinning rate.
m Commercially available baker’s yeast.
n Cultured in YPG medium.
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Fig. 1. Limulus activity of CSBG from various strains of
Candida.

mental analysis showed CHN as C, 40.71; H,
6.76; and N, 0.20%, respectively. The values
were close to the theoretical values of pure
polysaccharide. The results strongly suggest
that CSBG is a b-(1�3)-D-glucan free from
protein as well as chitin.

The CSBG fraction was soluble in Me2SO
and NaOH, but could scarcely be dissolved in
distilled water, even after extensive sonication.
However, once dissolved in NaOH, it re-
mained soluble, even after neutralization. Fig.
2 shows the gel-filtration profile of CSBG
from Toyopearl HW65 using 0.3 M NaOH.
CSBGs from C. albicans 1385a (25 mL Na-
ClO/200 mL NaOH), C. albicans 1385b (50
mL NaClO/200 mL NaOH), C. albicans 1594,
C. albicans 0583, and C. parapsilosis 0708
were used. All of the CSBGs tested gave a
main-peak between Vo and Vt of HW65, sug-
gesting an average MW of about 106 Da;
however, MWs were widely dispersed from
high- to low-MW materials. Comparing C.
albicans 1385a and 1385b, the average MW
was apparently reduced by stronger NaClO
oxidation. The results strongly suggested that
chemical degradation of the main chain by the
stronger/prolonged NaClO oxidation had
occurred.

Fig. 2. Gel-filtration chromatography of CSBG from a
column of Toyopearl HW65. A column (1×40 cm) of Toy-
opearl HW65 was equilibrated with 0.3 M NaOH. CSBG (2
mg) was applied and each 0.5 mL fraction was collected. An
aliquot (200 mL) of each fraction was applied for phenol–sul-
furic acid analysis. (upper) 
; C. albicans 1385a, �; C.
albicans 1385b, (lower) �; C. albicans 1594 
; C. albicans
0583 "; C. parapsilosis 0708.

Fig. 3. 13C NMR spectra of CSBGs in Me2SO-d6.

Structure of solubilized cell-wall glucan.—
The physicochemical properties of CSBG were
determined by elemental analysis, gel filtra-
tion, NMR spectroscopy, and by a b-(1�3)-
glucanase digestion. In this study, CSBG
obtained from C. albicans IFO1385 treated
with 25/200 NaClO solution (C. albicans
1385a) was used unless otherwise stated. Ele-
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Table 2
Assignment of 13C NMR chemical shiftsa

C-2 C-3 C-4 C-5C-1 C-6

72.4GRN-A 86.6102.8 68.3 76.2 60.7
72.4 86.2 68.3102.8 76.2GRN-B 60.7

102.8GRN-C 72.4 85.8 68.3 74.5 68.3 terminal
73.5 76.5GRN-D 70.0102.8 76.2 60.9 nonreducing end

72.5 86.2 68.3SSG-I 76.2102.9 60.7
SSG-II 102.9 72.5 86.0 68.3 74.5 68.3 terminal

73.5 76.4 70.0 76.2SSG-III 60.9102.9 nonreducing end

73.2 76.3 69.8Islandican 75.3102.9 68.3
102.7Curdlan 72.6 85.9 68.2 76.1 60.7

Ca1385a 102.8 72.6 86.1 68.3 76.2 60.8 (1�3)
73.3 76.4 69.9 75.3103.1 68.3 (1�6)

a GRN and SSG are 6-branched b-(1�3)-D-glucans. A to D and I to III represent as follows: –[A–B–C(D)–]n, –[I–II(III)–]n.

Fig. 3 shows 13C NMR spectra of CSBG
from several strains of C. albicans and S.
cere6isiae in Me2SO-d6 at 70 °C. S. cere6isiae
and C. albicans 1385b (50 mL NaClO/200 mL
NaOH) shows six strong signals attributable
to b-(1�3)-D-glucan. These signals were com-
parable with those of a commercially available
b-(1�3)-D-glucan, curdlan. C. albicans 0583,
C. albicans 1594, and C. albicans1385a (25/
200) all show minor signals in addition to
signals attributable to b-(1�3)-D-glucan. The
intensities of these minor signals were differ-
ent with each strain. The latter signals were
also attributable to the b-(1�6)-D-glucan, is-
landican. In addition, the chemical shifts were
not consistent with a highly b-(1�6)-
branched b-(1�3)-glucan, such as GRN [17].
GRN contained mono-b-glucosyl substitution
at C-6. These chemical shifts also strongly
suggested the presence of a linear b-(1�6)-D-
glucan part in CSBG. Assignment of the 13C
signals is summarized in Table 2. To deter-
mine the ratio of (1�3)- and (1�6)-linked
glucan moieties, 1H NMR spectra were mea-
sured and the anomeric signals were com-
pared. Calculated from the integral value, the
percentage of the (1�6)-linkage was the low-
est in C. albicans 1385b and highest in C.
albicans 1594 (Table 3). The ratio of (1�3)-
and (1�6)-glucan was also further estimated
by zymolyase, endo-b-(1�3)-D-glucanase, di-
gestion (Table 1). Each digest was separated
into high- and low-MW fractions by centrifu-
gal filtration. The percentage of the low-MW

fraction was determined by the phenol–sul-
furic acid method. As shown in Table 1, 60–
80% of CSBG was degraded to the low-MW
glucans. The ratios so determined were consis-
tent with the results of 1H NMR spectroscopy.

The zymolyase-resistant part was further
analysed after separation by Toyopearl HW40
chromatography (Fig. 4) to mono- and oligo-,
and polysaccharide fractions. The void frac-
tion of the HW40 column was further sepa-
rated by HW50 and HW55 chromatography
(data not shown) and analysed by 1H NMR
spectroscopy (Fig. 5) and also by matrix-as-
sisted laser-desorption–time-of-flight mass
spectrometry (MALDI-TOF-MS) (Fig. 6). Al-
most all of the signals in Fig. 5 were at-
tributable to the b-(1�6)-glucosyl unit. The
DP of the polysaccharide fraction was from 10
to over 50. These results strongly suggest that
the zymolyase-resistant part was a b-(1�6)-
D-glucan moiety having various degrees of
polymerization.

Table 3
Ratios of (1�3):(1�6) linkages calculated from 1H NMR
spectra

1,3:1,6

Ca 1385b 1:0.191
1:0.438Ca 1385a

Ca 0583 1:0.602
Ca 1594 1:0.692
S. cere6isiae 1:0.284
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Fig. 4. Gel-filtration chromatography of the zymolyase digest of CSBG from a column of Toyopearl HW40. A column (1×40
cm) of Toyopearl HW40 was equilibrated with distilled water. Zymolyase-digested CSBG (20 mg) was applied and each 0.5 mL
fraction was collected. An aliquot (25 mL) of each fraction was applied for phenol–sulfuric acid analysis.

Fig. 5. 1H NMR spectrum of the zymolyase-resistant part of CSBG in D2O.

Cell-wall glucans are mainly composed of
b-(1�3)-D- and b-(1�6)-D-glucans. To esti-
mate the selectivity of the reaction, each solu-
bilized fraction was also analysed by 1H
NMR spectroscopy. Fig. 7 shows a spectrum
of the NaClO-solubilized fraction of C. albi-
cans 1385 in D2O at 55 °C. The signals at-
tributable to the mannan and the b-
(1�6)-D-glucan were those mainly observed,
while those of the b-(1�3)-D-glucan were

barely visible. These facts suggested that Na-
ClO oxidation released the mannan and the
b-(1�6)-D-glucan moieties rather selectively,
and, following the Me2SO treatment, b-(1�
3)-D-glucan was extracted. The differences of
the ratios of b-(1�6)-D-glucan among several
CSBG preparations might be related to the
conditions of NaClO oxidation and the archi-
tecture of the cell wall. The proposed struc-
ture of CSBG is shown in Fig. 8.
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Fig. 6. MALDI-TOF-MS spectrum of the zymolyase-resistant part of CSBG. Conditions of measurement were as follows:
method, LDE 1003; mode, linear; accerelating voltage, 20,000; grid voltage, 91.0%; guide wire voltage, 0.10%; delay, 125 ON;
number of scans, 256; low mass gate, 1500; Savitsky–Golay order, 2; points, 2. DP indicates degree of polymerization.

Fig. 7. 1H NMR spectrum of the solubilized fraction of C. albicans IFO1385 by NaClO in D2O.
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Fig. 8. Proposed structure of CSBG (number of repeats
=m, n ; variable).

strongly suggest that CSBG would be a candi-
date as an immunomodulating substance.

4. Discussion

We established a convenient, two-step, pro-
cedure to solubilize the yeast cell-wall b-(1�
3)-D-glucan by combined use of NaClO
oxidation and Me2SO extraction. This method
was applied to several strains of Candida and
Saccharomyces. The structures of all the prod-
ucts were essentially confirmed as b-(1�3)-D-
glucan, but covalently bound with various
amounts of the b-(1�6)-D-glucan moiety.
The proportion of the b-(1�6)-D-glucan moi-
ety was lower in examples submitted to
harsher NaClO oxidation. The molecular
weight of the b-(1�6)-D-glucan moiety was
widely distributed as assessed by gel-filtration
chromatography and MALDI-TOF-MS
analyses, suggesting that the b-(1�6)-D-glu-
can moiety was partially degraded during oxi-
dation. Recently, Klis and co-workers
extensively analysed the architecture of yeast
cell-wall and proposed a linkage between b-
glucans, chitin, and mannan [20–22]. The re-
sults presented in this paper well support their
study.

A traditional method to prepare cell-wall
b-(1�3)-D-glucan was repeated extractions
with acid and base. This process is not conve-
nient because of the many steps involved.
Furthermore, the yield of the glucan is usually
not dependable, owing to the presence of
many impurities. The resulting glucan was
usually again insoluble in water. Williams and
co-workers have prepared sulfate and phos-
phate derivatives to obtain soluble b-glucan
preparations [5,6]. The product prepared in
this paper became water soluble once it dis-
solved in sodium hydroxide solution and re-
mained dissolved, even after subsequent
neutralization. Basically the method involves
two steps of NaClO oxidation and Me2SO
extraction. Thus, this method has the advan-
tage of being a rather simple means of obtain-
ing water-soluble, yeast cell-wall b-glucan.
The NaClO oxidation step is essential for this
method, because b-glucan could be scarcely
extracted by Me2SO without oxidation (data

Table 4
Antitumor activity of CSBG against murine Sarcoma 180
(solid)

Treatment CRaDose Mean Inhibition
(%)9S.D.

5.2991.720Control,
saline

250 mg×3 8 85.72bSSG 0.7691.64
100 mg×3 82.40bSPG 0.9391.892

5 1.0592.90CSBG 80.09b100 mg×3
(Ca1385/25)

a CR= complete regression, N=10–11.
b PB0.001.

Biological acti6ities of CSBG.—b-(1�3)-D-
Glucan usually shows immunopharmacologi-
cal and immunotoxicological activities, and it
is also the substance responsible for the limu-
lus factor G-mediated pathway. We tested sev-
eral activities such as the antitumor activity
against a murine solid tumor (sarcoma 80,
Table 4) and interleukin 8 production in hu-
man leukocytes (Fig. 9). CSBGs were dis-
solved in 0.3 M NaOH and neutralized; thus
the conformations to be studied were mainly
those of the single helix conformer. CSBG
shows activity against murine solid tumors
comparable with the clinically used antitumor
glucan, SPG [18] and a highly branched b-
(1�3)-D-glucan, SSG [19]. CSBGs from C.
albicans 1385 and C. parapsilosis 0640 also
stimulated the IL-8 productivity of human
peripheral blood leukocytes. These facts



N. Ohno et al. / Carbohydrate Research 316 (1999) 161–172 171

not shown). The selectivity of NaClO oxida-
tion for preparing b-glucan has not attracted
attention, but now it is apparent that the
oxidation product was free from protein, nu-
cleic acid, lipid, as well as mannan, and is thus
useful to prepare yeast b-glucan, especially the
water-soluble form. Controlling oxidation
might be important because the molecular
weight and content of b-(1�6)-D-glucan part
are relatively sensitive to the strength of the
oxidation. Compared with Williams’ methods
we did not selectively add charged (anionic)
groups to the molecule. The content of an-
ionic groups in CSBG from NaClO oxidation
would be low enough because these residues
could not be detected by NMR spectroscopy.
We did not precisely examine the content and
structure of anionic residues in the product,
but a part of the zymolyase-resistant moiety
of CSBG was bound to DEAE-Sephadex A25,
suggesting the non-specific incorporation of
some, but not many anionic groups on CSBG
(data not shown).

An additional advantage of NaClO oxida-
tion might be the disruption of the permeabil-
ity barrier in the cell wall. Yeast cell walls are
packed with various proteins, thus producing
a barrier for transferring various materials.

We have applied metaperiodate oxidation to
yeast to degrade the b-(1�6)-glucan part,
however, the reaction could not proceed as we
thought it might, and the majority of product
was the b-(1�6) part [23]. However, after
NaClO oxidation, metaperiodate oxidation
proceeded as per design and oxidized all of the
b-(1�6)-glucan part from the cell-wall
(manuscript in preparation).

Candida spp. is a medically important fungi
which induces disseminated candidiasis and
candidemia in hospitalized immunocompro-
mised patients. In a series of experiments we
have analysed the fate of cell-wall b-glucan
deposited in organs. b-Glucans were detected
in these mice for at least for 6 months by the
b-glucan specific assay. During this period, the
insoluble cell-wall b-glucan was gradually sol-
ubilized in these organs, probably by oxidative
stress of macrophages. It was supported by
the fact that a malfunctioning macrophage
shows a reduced rate of degradation [24]. The
major concept involved in this study is to add
to the evidence that the host defense system
actually uses oxidative degradation to remove
the fungal cell-wall component from organs.
Analysis of the NaClO oxidation products
supported rather specific resistance of the cell-

Fig. 9. IL-8 synthesis by CSBG of polymorphonuclear leukocyte (left) and peripheral blood mononuclear leukocyte (right). PMN
and PBMC were stimulated for 24 h by 50 mg/mL of CSBG. Supernatant was collected and IL-8 concentration was measured by
ELISA as shown in Section 2.
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wall b-(1�3)-D-glucan to metabolic oxida-
tion. Thus, the glucans prepared in this paper
might be of a similar structure to the glucan
deposited in organs of the patient carrying a
deep-seated mycosis [25,26]. Immunotoxico-
logical and immunopharmacological activities
of the deposited glucan might be closely re-
lated to the in vivo pathophysiologic signifi-
cance and are also strongly associated with
symptoms and prognoses of invasive fungal
infection. We have observed the immunostim-
ulating activity of CSBG, such as the antitu-
mor activity and the stimulation of interleukin
8 biosynthesis. Analysis of other immunostim-
ulating activities of CSBG is now on progress.
Clarification of a whole set of biological activ-
ities would be important for the molecular
understanding of deep-seated mycosis.
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