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Abstract

The limulus test is a well-established method for the diagnosis of both Gram (—) sepsis and invasive fungal infection. To
diagnose deep-seated fungal infections, a (1 — 3)-B-p-glucan-specific chromogenic kit (Fungitec G test MK) has been developed
and applied clinically. It is suggested that the limulus reactive substance was released from the fungi to the blood, however, its
chemical properties were not precisely examined in detail because of the limited quantity available. In this study, we used
chemically defined liquid medium to culture Candida spp. and collected the water soluble fraction, CAWS. The yield of CAWS
was circa 100 mg/l, independent of the strain of Candida. CAWS reacted with limulus factor G (Fungitec G test MK) at
concentrations as low as 100 ng/ml. Limulus factor G reactivity of CAWS was sensitive to (1 — 3)-B-glucanase, zymolyase and
was, at least in part, bound to ConA-agarose. The ConA-bound fraction also reacted with anti-B-glucan antibody. CAWS is
mainly composed of mannan and (1 — 6)-B-glucan, in addition to protein, assessed by 'H-NMR spectroscopy. CAWS also
reacted with typing sera of Candida spp., specific for cell wall mannan. Chemical, immunochemical and biochemical analyses of
CAWS strongly suggested that the limulus factor G-activating substance was a mannan-f-glucan complex, present within the
architecture of the yeast cell wall. © 1999 Federation of European Microbiological Societies. Published by Elsevier Science
B.V. All rights reserved.
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1. Introduction

Candida spp. are medically important because of
its ability to induce a disseminated candidiasis and
candidemia in hospitalized immuno-compromized
patients [1]. The cell wall of Candida is mainly com-
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posed of two polysaccharides, mannan and B-glucan
[2-7]. At least a part of B-glucan is basically insolu-
ble in HO or NaOH. The appearance of B-glucan in
the blood is specifically associated with deep-seated
fungal infections [8-10]. The limulus test is a well-
established method for the diagnosis of both Gram
(—) sepsis and invasive fungal infection. To diagnose
deep-seated fungal infections, a (1— 3)-B-p-glucan-
specific chromogenic kit (Fungitec G test MK) has
been developed and applied clinically [11-13]. The
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soluble B-glucan in sera must be a metabolite of
Candida [14,15]. By batch culture, Candida produced
B-glucan in the culture supernatant, but the yield was
low compared with the content of the cell wall -
glucan which is essentially water insoluble [16]. It is
probable that the latter B-glucan is solubilized after
partial degradation resulting from interaction with
the host defense system [15]. In this context, we
have analyzed the fate of Candida B-glucan and oth-
er constituents by using metabolic H-labelling and
chemical oxidative degradation using HOCI [17]. We
have shown that the majority of the cell wall B-glu-
can was deposited in organs over quite a long period
of time with gradual degradation. Sodium hypo-
chlorite is a good tool to solubilize cell wall B-glucan,
but requires drastic chemical treatment [18,19].

To analyze the architecture of limulus reactive -
glucan in blood during Candida infection, we used
chemically defined medium to grow Candida and
prepared a water soluble fraction, CAWS, for anal-
ysis by chemical and immunochemical methods.

2. Materials and methods
2.1. Materials

All strains of Candida albicans, Candida parapsilo-
sis and Saccharomyces cerevisiae were purchased
from the Institute for Fermentation (Osaka, Japan),
maintained on Sabouraud agar (Difco, USA) at
25°C and transferred once every 3 months. Fungitec
G test MK and zymolyase were from Seikagaku (To-
kyo, Japan) and distilled water (DIW) was from Ot-
suka (Tokyo, Japan). Zymocel® was from Alpha-
Beta Technology (MA, USA). The visking tube
(MW cut-off: 1000) was from Spectrum Medical In-
dustries.

2.2. Media

C-limiting medium, originally described by Shep-
herd and Sullivan [20], was used to grow all strains
of yeast otherwise stated. C-limiting medium con-
tained (per liter) sucrose 10 g, (NH4),SO4 2 g,
KH2PO4 2 g, Cac12'2H20 0.05 g, MgSO4'7H20
0.05 g, ZnSO47H,0 1 mg, CuSO45H,O 1 mg,

FeSO47H,0 0.01 g, biotin 25ug, final pH 5.2. 51 of
media was placed in a glass jar of a microferm
fermentor (New Brunswick) and cultured at 27°C
with 5 1 min~! of aeration and with 400 rpm of
stirring.

2.3. Carbohydrate analyses

The carbohydrate content was determined by the
phenol-sulfuric acid method. Component sugars
were determined by capillary gas-liquid chromatog-
raphy (Ohkura Riken, Tokyo, Japan) of alditol ace-
tate derivatives after complete hydrolysis by 2 M
trifluoroacetic acid. A capillary column of fused sili-
ca (J and W Scientific, CA, USA: 30 m X0.262 mm,
liquid phase: DB-225, 0.25 uM) was used at 220°C.
The molar ratio of glucose and mannose (G/M) was
calculated from the peak area of each component
(glucose as 1).

2.4. Measurement of (1 —3)-p-p-glucan by the
Fungitec G test MK

The activation of factor G (limulus reactivity) by
(1 - 3)-B-p-glucans was measured by a chromogenic
method using a (1 — 3)-B-p-glucan-specific reagent
(Fungitec G test MK, Seikagaku, Tokyo, Japan),
which eliminates factor C [11-13]. Each (1 — 3)-B-p-
glucan was dissolved in 0.5 N NaOH (I mg ml™!)
and diluted with 0.01 N NaOH. Usually, dilutions
were made with 0.01 N NaOH and a sample solution
was used directly for the limulus reaction without
neutralization. Diluted NaOH was confirmed to be
usable for the limulus reaction because of the high
buffer action of the reagent. Reactions were per-
formed in a flat-bottomed 96 well Toxipet plate
96F (Seikagaku) as follows. Samples (50 ul) were
placed in the wells and the Fungitec G test MK
reagent (50 pl) was added to each well. The plate
was incubated at 37°C and during incubation, the
absorbance at 405 nm (reference 492 nm) was meas-
ured kinetically using a microplate reader (Well-
reader SK603, Seikagaku). Disposable plastic mate-
rials 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.
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2.5. Zymolyase digestion of CAWS

CAWS (20 mg) suspended in 10 ml of acetate buf-
fer (50 mM, pH 6.0) was mixed with 1 mg of zymo-
lyase 100T (Seikagaku). After overnight 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.

2.6. Enzyme-linked immunosorbent assay (ELISA)

Immune plates (Nunc 442404, F96 Maxisorp) were
used for all ELISA experiments in this study. Phos-
phate-buffered saline containing 0.05% Tween 20
(PBST) was used to wash the plates. Carbonate
buffer (pH 9.6, 0.1 M) was used to bind antigen or
antibody. Plates were blocked by 0.5% bovine serum
albumin containing PBST.

2.7. Preparation of anti-B-glucan antibody

Zymocel (200 ug per mouse) was intravenously
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administered to ICR mice (5 weeks, male, Japan
SLC) once a week for 6 weeks. Thereafter, blood
was collected and sera prepared. Sera were frozen
at —25°C.

2.8. NMR analysis

Solubilized fractions and authentic materials were
dissolved in D,O or DMSO-dg and the 'H- and 3C-
NMR spectrum measured at 70°C. Bruker DPX400
instruments equipped with XWIN-NMR’ software
were used.

2.9. Concanavalin A (Con A) agarose
chromatography

CAWS (30 mg) was applied to Con A agarose
(10 ml: Wako Pure Chemical, Tokyo, Japan) sus-
pended in 50 mM Tris-HCI buffer, pH 7.4 containing
0.15 M NaCl. After collecting the passed through
fraction, the column was washed with 0.2 M o-meth-
ylmannoside, dissolved in the same buffer. The Con
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Fig. 1. Limulus factor G reactivity of CAWS by Fungitec G test MK. CAWS preparations listed in Table 1 were dissolved in 0.5 N
NaOH and 10-fold dilutions were prepared by distilled water. Fungitec G test MK reactivities of these solutions were determined as de-

scribed in Section 2. CSBG was used as standard material.
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Fig. 2. Sensitivity of CAWS to zymolyase digestion assessed by Fungitec G test MK. CAWS from C. albicans 1385 and C. parapsilosis
0640 were dissolved in acetate buffer and digested with zymolyase 100T as described in Section 2. The resulting solutions were treated
with 0.5 N NaOH, diluted with distilled water and used for Fungitec G test MK as described in the legend of Fig. 1. X, C. albicans
1385; m, C. parapsilosis 0640; a, C. albicans 1385 after zymolyase digestion; ®, C. parapsilosis 0640 after zymolyase digestion.

A-bound fraction was dialyzed extensively by dis-
tilled water.

3. Results

3.1. Preparation of the limulus factor G reactive water
soluble fraction, CAWS

The liquid culture medium for Candida, used in
this paper, was originally described by Shepherd
and Sullivan [20]. We applied this medium to
grow various strains of Candida. All of the strains
used in this study grew well in this medium. To
collect the water soluble B-glucan fraction, equal
volumes of ethanol were added to the whole culture
and precipitate collected which included cells and
secreted macromolecules. The precipitate was then
suspended in an aliquot of distilled water and the
solubilized part was collected as CAWS. Strain,
culture condition, yield and physicochemical proper-
ties are shown in Table 1. All of the strains produced
a similar amount of CAWS (~ 100 mg 17!). Man-

nose was the most abundant sugar component in
CAWS.

Fig. 1 shows the results of the limulus G test (Fun-
gitec G test MK) of CAWS. All of the samples show
a similar reactivity and the minimum concentration
to show a positive reaction was approximately 100
ng ml~!. In contrast, the minimum concentration of
a purified (1 — 3)-B-p-glucan preparation of the Can-
dida cell wall, CSBG, was 100 pg ml~!. To confirm
no cross-reaction, CAWSs, from Cal385 and
Cp0640, were digested by zymolyase 100T, 1,3-B-glu-
canase and the reactivity was compared. As shown in
Fig. 2, zymolyase-digested CAWSs show a signifi-
cantly lower reactivity suggesting that the limulus
factor G reactive substance(s) present in CAWS cer-
tainly include a (1 — 3)-B-p-glucan moiety.

3.2. Immunochemical characterization of CAWS

Sugar component analysis of CAWSs shows man-
nose as the main neutral sugar (Table 1). It is well-
documented that the cell wall mannan is the major
immunochemical determinant of Candida species.
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Fig. 3. Representative ELISA reaction of CAWS to anti-Candida mannan sera. CAWSs of C. albicans 1385 were adsorbed onto an ELI-
SA plate. Anti-mannan typing sera were diluted and added to each well. After extensive washing, bound antibody was determined by
anti-rabbit IgG-POX. Experimental details are shown in Section 2.

Immunochemical reactivity of CAWSs to the com-
mercially available Candida typing sera (rabbit sera)
was examined by ELISA. Fig. 3 shows the represen-
tative results of ELISA. In this experiment, CAWS
from C. albicans TFO1385 was used as the plate-

bound antigen and serially diluted sera were added
to the well. The plate-bound antibody was detected
by a peroxidase-labelled anti-rabbit IgG, followed by
TMB reagent for color development. Many of the
typing sera strongly reacted with CAWS. Dilution

Table 1

Strain, culture condition, yield and some properties of CAWS

Strain Culture Spinning  Yield (g per 51) Carbohydrate’ Protein% Man/Glc
Temperature (°C) Days

C. albicans 1385 27 2 Yes 0.38+£0.07 78 £6.6 15+6.3 63%1.3
37 2 Yes 0.32£0.18 80t 34 6.1£2.5 11x12
27 4 Yes 0.42 60.2 15.1 4.1
27 2 No 0.45 70.5 3.5 5.6

C. albicans 0583 27 2 Yes 0.21 53.4 6.5 35

C. albicans 0579 Yes 0.63 76.3 11.3 9.8

C. albicans 1594 No 0.69 59.7 5.4 10.9

C. albicans 1061 Yes 1.36 91.8 15.8 17.1

C. parapsilosis 1068 27 2 Yes 0.46 56.3 7.5 13

C. parapsilosis 0640 Yes 0.21 48.9 9.7 1.1

C. parapsilosis 0708 No 0.26 85.4 4.9 7.3

C. parapsilosis 1396 No 0.1 27.3 5.7 3.9

S. cerevisiae 1136 27 2 Yes 0.74 56.4 33 19.8
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Fig. 4. "H-NMR spectrum of CAWS. CAWS of C. albicans 1385
was dissolved in D,0O and measured by '"H-NMR as described in
Section 2.

of sera showing 50% of the maximum absorbance
was calculated and summarized in Table 2. Similar
experiments were done using CAWSs from other
strains. All of the CAWSs showed a significant reac-
tivity to typing sera, but the pattern of the reaction
was different in each, probably due to the structure
of the mannan antigen. Similarity of the structure of
the mannan moiety of CAWS and the cell wall man-
nan was also supported by 'H-NMR spectroscopy as
described below.

3.3. NMR spectra of CAWS

The structure of CAWS was analyzed by 'H-
NMR spectroscopy. 'H-NMR spectra were meas-
ured in D,O at 70°C and were compared with au-
thentic materials (Fig. 4). As shown above, CAWS
was suggested to contain mannan and (1— 3)-B-Dp-

Table 2

T T T T T T T T T T T I
54 52 50 48 46 44 42 40 38 36 34 ppm

Fig. 5. '"H-NMR spectrum of the zymolyase-digested cell wall.
The high molecular weight fraction of zymolyase-digested C. albi-
cans 1385 was dissolved in D,O and measured by 'H-NMR as
described in Section 2.

glucan moieties. The presence of mannan was sup-
ported by the strong signals shown around 5 ppm
(4.8-5.4 ppm). On the contrary, signals attributable
to the (1 —3)-B-p-glucan moiety (around 4.7 ppm)
were only slightly detected. The low intensity of the
signal supported the low reactivity of CAWS to Fun-
gitec G test MK compared with standard glucan,
CSBG. In addition, the spectrum shows strong sig-
nals around 4.5 ppm, which could be attributable to
the (1—6)-B-p-glucan moiety [21]. These facts
strongly suggested that CAWS contains a (1 — 6)-p-
D-glucan moiety in addition to mannan and (1 — 3)-
B-p-glucan moieties and mannan and (1 — 6)-B-D-
glucan moieties are the major polysaccharide chains
of CAWS.

In order to confirm the architecture of CAWS, the
'H-NMR spectrum of the solubilized cell wall was

Summary of the immunochemical reactivity of CAWS monitored by 50% reactivity

No. 1 No. 4 No. 5 No. 6

No. 8 No. 9 No. 11 No. 13b No. 13

C. albicans 0597 4.5 2 24
0583 44 3.7 2.7
1061 5.4 4.4 3 32
1068 5.8
1385 4.5
1594 5.4 35 4.2 1.9
C. parapsilosis 0640 4.1
0708 4.9
1396 4.6
S. cerevisiae 1136 38

0.3 33 3.9 3.7
2.2 3.8 3.7
0.3 1 2.1 1.8
3.1 3.9 4.9 4.8
1.6 2.5 3.3 3
2.4 3.2 2.5
22 33 4.2 4
1.9 3.9 3.8
2.5 3.8 33

0.8 1.7
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Fig. 6. Reactivity of the Con A+ fraction to anti-B-glucan and anti-mannan antibodies. The Con A-bound fraction of CAWS (C. albicans
1385) was adsorbed onto an ELISA plate. Anti-B-glucan (4) or anti-mannan (-) (type 1) antisera were added to each well in the presence
or absence of a standard B-glucan preparation CSBG. Antibody bound to the ELISA plate was determined by anti-mouse or anti-rabbit
IgG-POX as described in Section 2. Dilution of CSBG was plotted on the X-axis.

compared. Fig. 5 shows a 'H-NMR spectrum of the
zymolyase-solubilized high molecular weight fraction
of the acetone-dried whole cells of Cal385. This
spectrum was similar to the spectrum of CAWS,
suggesting that the architecture of CAWS is similar
to the cell wall.

3.4. Evidences for Factor G reactive substances as
mannan-glucan complex

During the preliminary investigation, it was found
that CAWS was a mixture of heterogeneous substan-
ces. To demonstrate whether Fungitec G test MK
reactive substance(s) covalently bound to the man-
nan moiety, several experiments were performed as
follows.

Fig. 6 shows the reactivity of the ConA-bound,
mannan positive fraction of CAWS to anti-B-glucan
antibody. The anti-B-glucan antibody was prepared
by immunizing mice with a (1 — 3)-B-p- and (1 — 6)-
B-p-glucan preparation, zymocel. Anti-mannan anti-

body used in this experiment was typing sera number
1. A soluble B-glucan preparation, CSBG prepared
by the NaClO-DMSO method from Candida sp., was
used as a competitor [22]. Immunochemical reactiv-
ity was assessed by using antigen, the ConA-bound
fraction, bound to an ELISA plate. As shown in Fig.
6, both anti-B-glucan and anti-mannan antibody
bound to the antigen-coated plate, strongly suggest-
ing that the mannan fraction adsorbed onto Con A
agarose contained a B-glucan moiety. Reduction of
the reactivity of the anti-B-glucan antibody and not
the anti-mannan antibody, by the competitive ELI-
SA assay using CSBG, also supported the presence
of a B-glucan moiety in CAWS.

Fig. 7 shows the reactivity of CAWS and the Con
A passed fraction of CAWS to Fungitec G test MK.
Reactivity to Fungitec G test MK was significantly
reduced by Con A agarose chromatography, suggest-
ing that the significant proportion of the reactive
substance was retained on the Con A column. These
facts strongly suggested that the water soluble, Fun-
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Fig. 7. Reactivity of the Con A fraction of CAWS (C. albicans 1385) by Fungitec G test MK. CAWS (2 mg ml~! C. albicans 1385) was
mixed with Con A agarose and incubated at 37°C for 1 h. After centrifugation, the supernatant fraction was used as Con A fraction.
Each fraction was treated with 0.5 N NaOH, diluted and measured by Fungitec G test MK as described in Section 2.

gitec G test MK reactive material was, at least a
part, a mannan-$-glucan complex.

4. Discussion

It is suggested that the limulus factor G reactive
substance, believed to be (1 —3)-B-p-glucan, is re-
leased from the fungi into the blood in patients
with deep-seated mycosis. In order to diagnose fun-
gal infections, a (1— 3)-B-p-glucan-specific chromo-
genic kit (Fungitec G test MK) has been developed
and applied clinically. However, the chemical prop-
erty of the limulus factor G reactive substance was
not precisely examined in detail because of the lim-
ited quantity available. In this study, we used chemi-
cally defined medium to culture Candida spp. and
collected an extracellular, water soluble fraction,
CAWS. From the chemical, immunochemical and
biochemical analyses of CAWS, it is strongly sug-
gested that the water soluble, limulus factor G-acti-
vating substance was the mannan-B-glucan complex,

at least in part. However, CAWS contained only a
small amount of the (1 — 3)-B-p-glucan moiety, the
minimum concentration to react with Fungitec G
test MK was 100 ng ml~!, approximately 1000 times
lower than the purified B-glucan, CSBG.

Recently, Klis et al. examined the architecture of
the cell wall of yeast and showed that (1— 3)-B-p-
glucan, (1 — 6)-B-p-glucan and mannoprotein are co-
valently linked together. The data shown in this pa-
per are consistent with their observation [21,23].

The architecture of CAWS is also interesting from
the point of view of the metabolism of the fungal
components. We have shown that the half clearance
time of branched (1 — 3)-B-p-glucan from the blood
was several hours and was significantly modulated
by the conformational change [24]. In contrast, clear-
ance of mannan is usually several minutes, because
of the presence of a mannose receptor on various
types of cells [25]. Thus the mannan-glucan complex
might behave as mannan in blood.

B-Glucan is well-established as a biological re-
sponse modifier, showing various beneficial activities
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to the host defense system, such as anti-tumor activ-
ity, anti-microbial activity and adjuvant activity. On
the other hand, mannan also shows various biolog-
ical activities. It would be worth to investigate the
immunomodulating activity of the mannan-B-glucan
complex.

We have shown that CAWS contained the man-
nan-B-glucan complex. However, at this moment, we
cannot rule out the presence of simple mannoprotein
and B-glucan in CAWS. Probably, CAWS contains a
certain part of simple mannoprotein, because it is
generally understood that yeast can produce glyco-
sylated enzymes in the medium. Further character-
ization of CAWS is ongoing.
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