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To gain insights into dimorphism, cell wall polysaccharides
from Tremella fuciformis strains were obtained from alkali-
extracted water-soluble fractions PTF-M38 (from the my-
celial form), PTF-Y3 and PTF-Y8 (from the yeast form) of
T. fuciformis strains were used to gain some insights into
dimorphism study. Their chemical properties and structural
features were investigated using gel permeation chromato-
graphy, gas chromatography, UV and IR spectrophotometry
and Congo red binding reactions. The results indicated that
the backbones of PTF-M38, PTF-Y3 and PTF-Y8 were con-
figured with a-linkages with average molecular weights of
1.24, 1.08, and 1.19 kDa, respectively. PTF-M38 was mainly
composed of xylose, mannose, glucose, and galactose in a
ratio of 1:1.47:0.48:0.34, while PTF-Y3 and PTF-Y8 were
mainly composed of xylose, mannose and glucose in a ratio
of 1:1.65:4.06 and 1:1.21:0.44, respectively. The sugar pro-
files of PTF-M38, PTF-Y3 and PTF-Y8 were also established
for further comparison. These profiles showed that all three
polysaccharides contained the same sugars but in different
ratios, and the carbon sources (xylose, mannose, glucose, and
galactose) affected the sugar ratios within the polysaccharides.

Keywords: Tremella fuciformis, cell wall polysaccharide, struc-
ture analysis, sugar profile, fungal dimorphism

Introduction

Dimorphism is a morphological transition between a unicel-
lular yeast phase and a multicellular filamentous phase that
shows peculiar characteristic in fungi (Rappleye and Goldman,
2006). Dimorphic change is reversible and depends upon the
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environment to which the fungi are exposed (Georgopapa-
dakou and Walsh, 1994; Ghormade and Deshpande, 2000).
Many factors trigger this intriguing morphological transition,
such as pH, temperature, limitations in nutrients, chemical
molecules, and intracellular signal transduction pathways
(Maresca and Kobayashi, 1989; Liu et al, 2008; Nadal et al.,
2008; Chauhan et al., 2011). Regarding pathogenetic dimor-
phic fungi, it has long been believed that dimorphism is nec-
essary for pathogenicity, but the mechanism that regulates
this switch has remained a mystery (Nemecek et al., 2006).
Interestingly, many studies have observed that the carbohy-
drates composition in the cell wall during dimorphic transi-
tion were altered, thus opening up a perspective for studying
the relationship between cell wall composition and dimor-
phism (Klein and Tebbets, 2007; Klis et al., 2007; Puccia et al.,
2011).

There is ample evidence suggesting that cell wall carbohy-
drates from the yeast form of dimorphic fungi are fully com-
parable to those from the mycelial form. As the published data
have shown, the concentrations of fucose- and galactose-con-
taining polymers are higher in the mycelial form of the cell
wall of Mucor rouxii than the yeast form (Dow et al., 1983).
In the case of Candida albicans, when grown into the myce-
lial form, chitin is preferentially deposited in the hyphal tip
(Braun and Calderone, 1978; Sietsma and Wessels, 1994). In
Blastomyces dermatitidis, the transition from mycelium to
yeast is accompanied by a considerable increase in the level
of a-1,3-glucan and a decrease in the 3-1,3-glucan contents
of the cell wall (San-Blas et al., 1984). In addition, the level of
a-1,3-glucan, B-1,3-glucan, and chitin in the hyphal wall are
totally different from the levels in the yeast wall (Kanetsuna
and Carbonell, 1971). Studies have found that the level of
a-1,3-glucan in the cell wall polysaccharides was correlated
with the pathogenicity of several dimorphic fungi, thus in-
dicating its great importance (Hogan and Klein, 1994). The
reason why a-1,3-glucan contributes to pathogenesis might
be it conceals immunostimulatory -glucans from being de-
tected by the host (Rappleye et al., 2007). Comparisons of the
carbohydrate composition and structure characterization
between the cell walls of the mycelial and yeast phases from
some fungi have already been undertaken to gain some in-
sights into dimorphic change (Ahrazem et al., 2003; Mysya-
kina et al., 2012).

Tremella fuciformis, an edible basidiomycetous jelly mush-
room, has been favored by Chinese people for centuries. T.
fuciformis has the capacity to grow in either the yeast or my-
celial form and this type of cell differentiation is a rever-
sible process (Liu et al., 2007). Previous studies have focused
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mainly on how environmental factors triggered dimorphic
transition in T. fuciformis (Hou et al., 2011). However, few
researches on dimorphic change of T. fuciformis have been
carried out, but being a nonpathogenetic dimorphic fungus,
it is worthy of consideration.

The present study aims to compare the alkali-extracted wa-
ter-soluble polysaccharides fractions from the cell walls of the
yeast and mycelial forms of T. fuciformis. We purified the poly-
saccharides fractions and characterized their primary struc-
tures. The influence of carbon source on the sugar profile was
also established in order to further evaluate any differences.

Materials and Methods

Strains and growth conditions

A dikaryotic strain of T. fuciformis M38 (mycelial form) and
two parental monokaryotic strains Y3 and Y8 (yeast form),
were kept at the Laboratory of Food Microbiology, Huazhong
Agricultural University and maintained at 25°C on potato
dextrose agar (Difco) slants. The liquid medium designed for
strain culturing contained the following components per liter
of distilled water: glucose, 20 g; (NH4)2SOs4, 1.32 g; MgSO4
7H0, 0.25 g; KH,PO43H,0, 0.5 g; vitamin By, 0.2 mg; ZnSO,-
7H,0, 2 mg; and CaCl,-2H,O, 0.5 g. Strains were incubated at
25°C using an orbital shaker (Fuma) at 150 rpm for 3-5 days.

Extraction and purification of alkali-extracted water-soluble
cell wall polysaccharide fractions

The cell wall materials were extracted using the method des-
cribed by Leung et al. (1997). The cell wall material (8 g) was
then repeatedly extracted to obtain polysaccharide fractions
using 1 M NaOH (300 ml) treatment for 20 h at room tem-
perature (Ahrazem et al., 2000). After centrifugation at 10,000
x g, the supernatants were combined and 1 M HCI was added
to neutralize. The concentrated supernatants with 3 volumes
of 95% ethanol were maintained at 4°C overnight in order
to facilitate the precipitation of the polysaccharides. The pre-
cipitates were then dissolved in distilled water and recentri-
fuged followed by dialysis. Finally, the crude alkali-extracted
water-soluble cell wall polysaccharides were lyophilized by
freeze-drying.

The crude polysaccharides (600 mg), dissolved in 10 ml dis-
tilled water, were centrifuged at 10,000 x g for 10 min. The
supernatants were then collected, and loaded onto a DEAE-52
cellulose column (1.5 cm x 20 cm; Sigma) eluted with 0.1 M
NaCl at a rate of 0.4 ml/min twice. The eluted fractions were
collected using an automated step-by-step fraction collector
and measured at 675 nm by the anthrone-sulfuric acid colori-
metric method for each fraction. Fractions that corresponded
to the high absorbance material containing purified polysac-
charides fractions were collected and lyophilized.

Measurements of carbohydrate, uronic acid, and protein con-
tents

The carbohydrate content was measured by the phenol-sulfu-
ric acid method using glucose as a standard (Dubois et al.,
1956). The uronic acid content was determined by the car-
bazole reaction using glucuronic acid as a standard (Blumen-

krantz and Asboe-Hansen, 1973). The protein content was
measured by the Coomassie brilliant blue G-250 methods
(Bradford 1976) using bovine serum albumin as a standard.

Estimation of molecular weight

The molecular weights of the polysaccharide fractions from
each strain were determined by gel permeation chromatog-
raphy, using a PL aquagel-OH MIXED column (30 cm x
0.75 cm; Agilent). The sample (50 pl) was monitored with a
RID-10A Refractive Index Detector (Shimadzu), using a mix-
ture of 0.1 M NaAc and 0.2 M HAc as the eluent, at a flow
rate of 1 ml/min. A standard curve with the elution volume
plotted against the logarithm of molecular weight, was con-
structed using the Dextran T standards (MW: 10, 40, 70,
500, and 2,000 kDa).

Determination of monosaccharide composition

Gas chromatography (GC) was used for monosaccharide
identification and quantification (Li et al., 2013). The sam-
ple (10 mg) was hydrolyzed with 2 M trifluoroacetic acid (2
ml) at 110°C in a sealed tube for 2 h, followed by drying to
neutralize the pH of the mixture through evaporation. Acety-
lization was performed with 10 mg hydroxylamine hydro-
chloride and 0.5 ml pyridine for 30 min at 90°C. Acetic an-
hydride (0.5 ml) was subsequently added for a further 30 min
heating, then the alditol acetate derivatives samples were
analyzed on a gas chromatography (Agilent 6890N GC; flame
ionization detector, Agilent) fitted with an HP-5 capillary
column (30 m x 0.32 mm X 0.25 pm). The column and in-
jector temperature were 250 and 270°C, respectively. The car-
rier gas was nitrogen (50 ml/min) with an injected volume
of 2.5 pl.

Identification of conformational structure

For identifying the conformational structures, the method of
Kraus et al. (1992) was followed with minor modifications.
Each 50 pl polysaccharide sample (0.5 mg/ml) was mixed with
350 ul Congo red solution (0.02 mg/ml), NaOH was added
to each mixture at 10 different final concentrations (0.05 M
- 0.5 M) to study the dependence of the Amax 0of Congo red-
glucan complex on the concentration of NaOH. The absorp-
tion spectrum of the Congo red-glucan complex at each NaOH
concentration was scanned from 400 nm to 600 nm and Amax
was determined with an ultraviolet-visible spectrophotometer
(UV-1700; Shimadzu).

Analysis of UV and IR

UV-visible spectra were performed on an ultraviolet-visible
spectrophotometer (UV-1700; Shimadzu) at 25°C in the range
of 200-400 nm, using a quartz cell with a 1 cm path length.
IR spectra were recorded in the frequency range of 600-
4000 cm™' (Nexus 470; Nicolet). The dried polysaccharide sam-
ples (2.0 mg) were mixed with KBr powder (spectroscopic
grade), grounded then crushed.

Effect of carbon sources on sugar profiles of polysaccharides

The liquid media for establishment of the sugar profiles were
the same as that used for culturing the strains of T. fuci-



Table 1. Chemical composition of PTF-M38, PTF-Y3 and PTF-Y8

Sugar profiles and structures of cell wall polysaccharides from T. fuciformis

Chemical composition (%, w/w) PTF-M38 PTF-Y3 PTF-Y8
Total sugar 78.09 + 1.12° 92.64 + 0.86" 88.12 + 1.02°
Uronic acid 13.99 + 0.24° 1.82 £0.57° 3.03 + 1.15°
Protein 0.52 +0.41° 0.16 + 0.88" 0.33 +0.98™

All values are means + SD (n=3); different superscript letters in the same row indicate significant differences between mean values of different samples at P < 0.05.

formis using carbon sources of xylose, mannose, glucose and
galactose with incubation at 25°C for 3-5 days. The strains
were collected then the cell wall polysaccharides extracted as
described earlier. The chemical composition of the purified
polysaccharide fractions was determined by gas chromatog-
raphy following the method described earlier.

Results

Molecular weight of PTF-M38, PTF-Y3, and PTF-Y8

The water-soluble cell wall polysaccharide fractions extracted
by alkali from the mycelial form was termed PTF-M38 and
from the yeast form was named as PTF-Y3 and PTF-Y8. A
calibration curve was obtained by using various Dextran T-
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Fig. 1. GC traces of cell wall polysaccharides extracted from T. fuciformis.
(A) Standard monosaccharide; (B) PTF-M38; (C) PTF-Y3; (D) PTF-Y8.
Monosaccharide: xylose (Xyl), mannose (Man), glucose (Glu), and gal-
actose (Gal).

series standards of known molecular weights. Based on the
calibration curve, the average molecular weights of PTF-M38,
PTF-Y3, and PTF-Y8 were calculated to be 1.24, 1.08, and
1.19 kDa, respectively (data not shown).

Carbohydrate, uronic acid, and protein contents of PTF-M38,
PTF-Y3, and PTF-Y8

The contents of total sugar, uronic acid, and protein of each
polysaccharide fraction are summarized in Table 1. For the
PTF-M38, PTF-Y3, and PTF-Y8, the total sugar contents
78.09%, 92.64%, and 88.12%, respectively; the contents of
total uronic acid were 13.99%, 1.82%, and 3.03%, respecti-
vely; the protein contents were 0.52%, 0.16%, and 0.33%, res-
pectively. The total sugar and protein contents of PTF-M38,
PTF-Y3, and PTF-Y8 were similar, but the uronic acid con-
tents were dissimilar.

Monosaccharide composition of PTF-M38, PTF-Y3, and
PTF-Y8

From the peak areas obtained by GC analysis (Fig. 1), the poly-
saccharides from M38 were composed mainly of xylose, man-
nose, glucose, and galactose in the ratio of 1:1.47:0.48:0.34
while PTF-Y3 and PTF-Y8 were composed mainly of xylose,
mannose and glucose in the ratio of 1:1.65:4.06 and 1:1.21:0.44,
respectively. Galactose was hardly examined in PTF-Y3 and
PTF-Y8.

Secondary structure of PTF-M38, PTF-Y3, and PTF-Y8

Glucan can bind with Congo red dye to form Congo red-
glucan complex. The Amax value of the complex is affected
by the structure of the glucan as the concentration of NaOH

510
505 F L ——n
" \\I—lh_.__.
E s00f e,
= Ny
5 495k
5] A
T 490 Ty 4
§ . \A‘Arl
485 ‘i“x‘_. e
\“\‘\‘NMN—
480 e
475 A 1 1 1 1 ]
0 0.1 0.2 0.3 0.4 0.5 0.6

NaOH concentration (M)

Fig. 2. Helix-coli transition analysis of PTF-M38. -s-, B-glucan; --, distilled
water; -a-, PTF-M38.
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Fig. 3. UV spectrum of PTF-M38.

increases. $-1,3-Glucan, exhibits a triple-helical conforma-
tion, when bound to Congo red dye, value of the Amax of the
complex varing with the concentration of NaOH. From the
results, shifts in the absorption maximum of Congo red in
the presence of PTF-M38, PTF-Y3 and PTF-Y8 were similar.
As shown in Fig. 2 (PTF-M38 only), an increase in NaOH
concentration results in a much higher An.x value for the
Congo red dye and B-1,3-glucan complex (as the control)
than that of the complex of Congo red dye and each of the
extracted polysaccharides. It can also be observed that the
Amax Value of the complex of Congo red dye and extracted
polysaccharide fractions were similar to those of Congo red
only. It can thus be speculated that the backbone of PTF-M38,
PTF-Y3, and PTF-Y8 were configured with a-linkages.

UV and IR analysis of PTF-M38, PTF-Y3, and PTF-Y8

The UV spectra of PTF-M38, PTF-Y3, and PTF-Y8 showed
great similarity. As seen from the absorption curve of PTF-
M38 (Fig. 3), there was no absorption at 260 nm in the UV
spectrum, indicating the absence of nucleic acid. Meanwhile,
it was found that the weak peaks at 280 nm could be attributed
to the absorption of proteins, which agreed with the results
shown earlier on protein content.

The main IR absorption peaks of PTF-M38, PTF-Y3, and

Table 2. IR analysis of PTF-M38, PTF-Y3, and PTF-Y8

PTF-Y8 are shown in Table 2. The results exhibited an IR
absorption spectrum characteristic of a polysaccharide, w1th
bands in the region of 3500 3200 cm* (O-H), 3000-2800 cm’™*
(C-H) and 1400 1200 cm™ (C-H). The bands in the region of
1740-1680 cm™' were due to the C=0 stretching vibration,
suggesting the presence of uronic acid. The bands in the re-
gion of 1150-1060 cm™ and near 960 cm™ were due to pyran
glycosyl. In addition, bands near 840 cm™ showed the pres-
ence of the a-configuration glycosidic bond.

Establishment of sugar profile

Xylose, mannose, glucose, and galactose were adopted as the
carbon sources. The results (Fig. 4) showed that the mono-
saccharide composition of PTF-M38, PTF-Y3, and PTF-Y8
were similar but exhibited different ratios. The sugar ratio of
PTF-M38, PTF-Y3, and PTF-Y8 also varied with the strains
and with the carbon sources.

Discussion

It is generally considered that the shape of a fungal cell is
determined by the form of its wall. Bearing this concept in
mind, changes in the cell wall structure and biosynthesis, or
changes in the arrangement of the cell wall composition should
accompany morphogenetic change in dimorphic fungi (San-
Blas et al., 1984). The fungal cell wall polysaccharides, signi-
ficant components of the cell wall, have been stressed to study
the evolutionary history of fungi and the classification of fila-
mentous fungi at the genus or subgenus level (Bartnicki-
Garcia, 1987; Leal and Bernabé, 1998). Many polysaccharides
in the fungal cell wall play roles in morphological change and,
consequently, are thought to be related to the phenomenon
of dimorphism (San-Blas et al., 1984; Holbrook and Rappleye,
2008; Klis et al., 2007; Dos Reis Almeida et al., 2014).
Therefore, it is highly important to determine the structural
differences between polysaccharides from both yeast and my-
celial cell walls. Polysaccharides have the highest capacity for
carrying biological information and differ greatly in their che-
mical composition, molecular weight, conformation, glyco-
sidic linkage, and degree of branching, etc. (Lee et al., 2010).
From the results in the present study, the structural differ-
ences between PTF-M38, PTF-Y3, and PTF-Y8 are in their
uronic acid contents, monosaccharide composition, and sugar

Absorbance peak (em™)

Vibration Functional Group
PTF-M38 PTE-Y3 PTE-Y8
3439.02 3447.85 3439.02 O-H stretching vibration, N-H stretching vibration -OH, -NH,, >NH
2882.45 2882.45 2873.62 C-H stretching vibration -CH,
1650.06 1645.64 1645.64 C=0 stretching vibration, N-H deformation vibration C=0 (-COOH), -CONH
1468.96 1468.96 1464.54
1345.28 1340.86 1340.86
C-O stretching vibration, C-H deformation vibration C-0, -CH, (-COOH)
1283.44 1279.02 1283.44
1234.85 1239.26 1239.26
1102.33 1115.58 1115.58 C-O-C stretching vibration C-0-C
952.15 956.56 965.40 terminal methyne rocking vibration pyranoid ring
837.30 837.30 841.72 a-terminal group C-H deformation vibration pyranoid ring
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Fig. 4. Sugar profiles of different polysaccharides produced by T. fuciformis.
(A) M38; (B) Y3; (C) Y8. x axis: carbon sources; y axis: monosaccharide
contents; z axis: sugar proportion of cell wall polysaccharides. Carbon
sources: xylose (Xyl), mannose (Man), glucose (Glu), and galactose (Gal).

profiles. First, the total sugar and protein contents of PTE-
M38, PTF-Y3, and PTF-Y8 are similar, but the uronic acid
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contents varied. Many biologically important polysaccha-
rides contain uronic acid within their repeating units (Garron
and Cygler, 2010). The different uronic acid contents in the
cell wall could result in various polysaccharides structures
and biological functions, which may contribute to the mor-
phological transition. Second, regarding the monosaccharide
composition (Fig. 1) of PTF-M38, PTF-Y3, and PTF-Y8, it
is apparent that galactose is specifically presented in the hy-
phal wall. The same case also happens in the Benjaminiella
poitrasii cell wall as the mannan content in the yeast phase
is much higher than in the mycelial phase (Ghormade and
Deshpande, 2000). Thus we can speculate that some mono-
saccharides may play important roles in the morphological
change during dimorphism. Finally, the sugar ratios of PTF-
M38, PTF-Y3 and PTF-Y8 varied both with strain and car-
bon source (Fig. 4). The sugar profiles indicated that their re-
lationship with the strains is not static and depends on the
environment to which the organisms are exposed. It appears
that the sugar profiles of polysaccharides probably represents
an averaging of the different types of polymers produced in
these systems and the relationship between strains and en-
vironmental factors (Khondkar et al., 2002). From the sugar
profiles of PTF-M38, PTF-Y3, and PTF-Y8, these polysac-
charide fractions exhibit differences in their monosaccharide
composition, which further influences their cell wall struc-
tures.

In conclusion, the aim of the present study was to ascertain
whether polysaccharides in the T. fuciformis cell wall differed
between the mycelial and yeast forms, a fact that might have
dimorphic relevance. From the results, the chemical proper-
ties and structural characteristics of PTF-M38, PTF-Y3, and
PTF-Y8 differ in many aspects: uronic acid contents, mon-
osaccharide composition, and sugar profiles. In addition, the
chemical compositions of cell wall polysaccharides are change-
able triggered by environmental factors such as carbon sour-
ces which further influence their cell wall structure. More sys-
tematical work to compare the mycelial and yeast cell walls
of dimorphic fungi is necessary and warrants further study.
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