Journal of Cancer Research Updates, 2019, 8, 29-41 29

Effect of Intracellular and Extracellular Mushroom Polysaccharides
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Abstract: Introduction: Mushroom polysaccharides play an important role in nutraceutical and functional food because
they act as biological active modifiers. The aim of the present work involved the production, purification and partial
characterization of intracellular (IPS) and extracellular polysaccharides (EPS) from several basidiomycete strains. Such
polysaccharides were used to investigate their effect on growth of human carcinoma cell lines.

Methods: Mushroom polysaccharides were produced from several basidiomycete strains by submerged and solid state
fermentations, assayed for superoxide radical scavenging activity, purified by gel filtration chromatography, analysed by
FTIR and their effect on human carcinoma cell line was investigated by MTT method.

Results: Mushroom polysaccharides have revealed scavenging activity in the range of 22 — 81 % for Po (s) and Pe (2),
respectively. FTIR analysis of polysaccharides showed absorption bands characteristics of these biological
macromolecules. IPS inhibited cell growth of HelL a in the range of 16.8 — 27.01 % for Po (s) and Ga (1), respectively.

EPS inhibited cell growth of HelLa, A459, A431 and OE21 in the ranges of 3.08 — 92.2 %, 13.8 — 97.4 %, 14.7 — 93. 8%

and 25 - 94% for Il (1) and Ga (1), Ge (1) and Ga (1), Il (1) and Ga (1), Le (1) and Ga (1), respectively.

Purified preparations of polysaccharides confirmed the growth inhibition of these biomolecules.

Conclusion: The present results strongly suggest growth inhibition of human carcinoma cell lines by mushroom
polysaccharides and it will require a future research to understand its molecular mechanism of action.

Keywords: Polysaccharides from basidiomycete strains, submerged and solid state fermentation, FTIR, gel
filtration chromatography, Superoxide radical scavenging and cell growth inhibition activities, human carcinoma cell

lines.

INTRODUCTION

Basidiomycete mushroom strains have been known
since ancient times to grow on agro-industrial wastes
producing high value products such as enzymes,
polysaccharides, lectins, vitamins, lipids and several
secondary metabolites [1]. Among these biomolecules,
polysaccharides have been shown to play a major role
as biological response modifiers (BRM) in several
clinical disorders such as cardiovascular, HIV,
diabetes, cancer, neurological and immunological
disorders [2,3]. Traditional Chinese Medicine (TCM)
has been used for many thousands of years to treat
several disorders in Asian populations and more
recently in western countries [4,5]. TCM compositions
are very complex since they contain several
biomolecules such as polysaccharides, saponins,
flavonoids, polyphenols, and polypeptides [5].
Mushroom polysaccharides are one of the most
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important bioactive molecules of TCM compositions
such as Cordiceps sinensis, Ganoderma lucidum,,
Lentinula edodes and Hericium erinacius [4,5]. On the
other hand, complementary and alternative medicines
(CAMs) have also exploited the use of mushrooms
which are widely used for treatment of several diseases
[6]. The bioactive substances of mushrooms in CAMs
are polysaccharides which play crucial roles as
immunomodulators in cancer immunotherapy [6].

Basidiomycete mushroom strains produce a
heterogeneous mixture of several polysaccharides of
different sizes, structures and either bound to proteins
or in free forms [7]. On the other hand, several
published reports have highlighted that the production
of mushroom polysaccharides is dependent on several
factors such as microbial strain, nature of fermentation
media, growth conditions and submerged or solid state
fermentation [8,9]. The purification of such
polysaccharides in homogeneous preparations is of
crucial interest to investigate their structure-function
relationship [5,6, 10,11]. Although intracellular and
extracellular  polysaccharides (IPS and EPS,
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respectively) from mushrooms have exhibited important
medicinal properties, there are only two reports in the
literature about the cytotoxic activity of purified
polysaccharides from Pleurotus ostreatus on human
carcinoma cell lines [12,13]. Moreover, there are also
few reports about physico-chemical properties of
mushroom polysaccharides from some basidiomycete
strains mentioned in this work such as FTIR and
superoxide anions scavenging activity [10,14]. As far
as the literature is concerned, there are no reports on
growth  inhibition effects of all mushroom
polysaccharide strains described in the present work.
On the other hand, the present work investigated
several substrates for production of mushroom IPS and
EPS both in submerged and solid state fermentation
since different and novel polysaccharides may be
obtained [15]. Regarding the literature, there are no
reports about the effect of all these mushroom
polysaccharides on all these four human carcinoma cell
lines HelLa, A459, A431 and OE21. Therefore, the aim
of this work consists of production of these
polysaccharides from several basidiomycete strains
grown by solid state and submerged fermentation.
Subsequently, such polysaccharides will be purified
and partially characterized regarding their
physicochemical properties. Purified polysaccharides
will be used to investigate their effect on growth of
human carcinoma cell lines in vitro.

MATERIALS AND METHODS

Materials

Potato Dextrose Agar (PDA) medium and yeast
extract were purchased from Oxoid (Hampshire,
England). Milk whey was supplied from a local
manufacturer. Glucose, benzamidine, phenol,
Coomassie Blue G-250, urease, xanthine, phenazine
methosulphate (PMS) and nitro-blue tetrazolium (NBT)
were supplied by Sigma Chemical Company (S. Louis,
MO, USA). Sephacryl S-300HR was purchased from
Amersham Biotech (Sweden). Hemoglobin, 3-(4,5 —
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide
(MTT), peroxidase and xanthine oxidase were obtained
from Biozyme Laboratories (Gwent South Wales, UK).

Human carcinoma cell lines HelLa (Cervix), A549
(Lung), A431 (Epidermis) and OE21 (Oesophagus)
were obtained from European Collection of Cell
Cultures (ECACC). The following basidiomycete strains
were obtained from ATCC (USA) and CBS-KNAW (The
Netherlands): Bjerkandera adusta ATCC® MYA-263™
(Ba) Ganoderma applanatum ATCC® 32586™ (Ga),

Ganoderma carnosum CBS 561.96 (Gc), Irpex lacteus
ATCC® 44428™ (l) Lentinula edodes ATCC®
28760™ (Le) Piptoporus betulinus ATCC® 62783™
(Pb), Pleurotus eryngii ATCC® 36047™ (Pe), and
Pleurotus ostreatus ATCC® 56761™ (Po). Straw,
wheat and rice husks were supplied by UTAD (Vila,
Real, Portugal). All other reagents used were of
analytical grade.

Production of Polysaccharides from Mushroom
Strains by Submerged Fermentation

Mushroom strains (i.e Bjerkandera adusta,
Ganoderma applanatum, Ganoderma carnosum, Irpex
lacteus, Lentinula edodes, Piptoporus betulinus,
Pleurotus ostreatus and Pleurotus eryngii) were grown
in potato dextrose agar medium at 25 °C and
subsequently, they were transferred into liquid seed
culture medium. The culture was grown in 500 mL
flasks containing 100 mL of culture medium as follows:
Boiled wheat water with 40 g L-1 of glucose and 5 g L-
1 of yeast extract at pH 6 (Medium 1). Boiled wheat
water with 40 g L-1 of glucose and 5g L-1 of tomato
pomace at pH 6.0 (Medium 2). The culture was grown
in an orbital shaker at 25°C and 150 rpm for a week.
The culture content was then transferred to a 2 L
Erlenmeyer flasks containing 500 mL of the same
culture medium for production purposes. The culture
was grown for another week under the same
experimental conditions.

Production of Polysaccharides from Mushroom
Strains by Solid State Fermentation

100 gm each sample (either sawdust or rice husks)
was placed in an individual bottle and water added to
give moisture content of about 85%. The bottles were
autoclaved at 121°C for 20 min and were inoculated
with 5% (w/w) spawns of Ganoderma carnosum,
Piptoporus betulius, Pleurotus ostreatus and Pleurotus
eryinge [14] in triplicates. Gypsum and limestone were
used to guarantee optimum pH favoring mushroom
growth. The bottles were incubated in an incubator at
25°C until full colonization of substrate. Subsequently,
the bottles were incubated at 16°C under light for about
10h/day with a relative humidity of 95% for 2 weeks
[16].

Isolation of Intracellular and Extracellular

Polysaccharides

Basidiomycete biomass was separated from the
fermentation broth by suction in a Buchner funnel as
mentioned previously [17]. Four volumes of 95 % (v/v)
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ethanol were added to the filtrated to precipitate the
EPS. The polysaccharides were recovered by
centrifugation (30 min, 10 000 rpm) and the precipitate
was suspended in 5 ml of 50 mM phosphate buffer pH
6.5 containing 1mM benzamidine. The mycelial
biomass suspension was incubated at 100 °C for 2.5 h
to release IPS. The mixture was filtered by suction and
the filtrate containing polysaccharides were recovered
the same way as the EPS.

As far as fruiting bodies of mushrooms are
concerned, they were ground in a grinder and
suspended in 3 volumes of distilled water which was
incubated at 100°C for 3 h. The suspension was
centrifuged at 10.000 rpm for 15 min at 4°C and the
supernatant containing the polysaccharides was
recovered and kept at — 20 °C.

Protein and Polysaccharide Assays

Protein quantification was carried out by Comassie
blue dye binding method whereas polysaccharides
were quantified by phenol/sulphuric acid method using
the polygalacturonic acid as a standard and
respectively [18,19].

Purification of Polysaccharides by Gel Filtration
Chromatography

EPS from Ga (1) and Po (1) were purified by gel
filtration chromatography on Sephacryl S-300-HR
column (1x100 cm) which was eluted with 50 mM
phosphate buffer pH 7.0 at a flow rate of 30 mL/h.
Column factions were analyzed for polysaccharide
(Az00), phenol sulphuric acid method, protein (Ayg) and
Comassie blue dye binding method.

HPLC Analysis of Polysaccharides

HPLC analysis was carried out by using Shodex
column with 0.01 % (w/v) sodium azide as the solvent
at a flow rate of 1 mL/min and at 80 °C. IPS and EPS
extracted as described above, were injected (20 pL)
and peak analysis was carried by UV and Rl detectors.

Determination of Superoxide Anions Scavenging
Ability

Superoxide anions were determined in mushroom
extracts by the spectrophotometric measurement of the
reduction of nitro blue tetrazolium (NTB), according to
the method described by [20] with some modifications.
Each sample (25 pL) was mixed with 80 uM phenazine
methosulfate (PMS, 25 pyL), 625 uyM dihydronico-

tinamide adenine dinucleotide (NADH, 25 pL) and 200
MM nitro blue tetrazolium (NBT, 25 yL) prepared in 100
mM sodium phosphate buffer pH 7.4. After 5 min at
room temperature the absorbance was measured at
550 nm (microplate reader Bio-Rad 680). All
absorbance measurements were carried out in
triplicate. Ascorbic acid and BHT were used as positive
controls and the scavenging capability to superoxide
radicals was calculated following the equation:
Scavenging Ab”'ty (%) = [(Acontrol - Asample)/ Acontrol] *
100 %, where Aqontral is the absorbance of the negative
control and Asampe is the absorbance of the tested
samples or standard at 550 nm.

FTIR Analysis of Polysaccharides

Infrared spectra were recorded jn a Bruker Tensor
27 FTIR spectrometer at 2 cm resolution. FTIR
analysis of IPS from Ganoderma carnosum (s) and
Pleurotus eryngii (s) as well as EPS from Ganoderma
apllanatum (1) and Pleurotus ostreatus (1) was carried
out in a Bruker Vertex 70 in KBr pellets in the range of
5004000 cm™.

Effect of Polysaccharides on Growth of Human
Carcinoma Cell Lines In Vitro

Colorimetric assay based on 3-45 -
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide
(MTT) method was used to analyze the growth of
human carcinoma HelLa, A549, A431 and OE21 cell
lines in 96-well microtiter plates containing a suitable
medium supplemented with 10% fetal bovine serum
and gentamycin. For cell lines A431, A549 and Hela
cells were grown in Dulbecco's Modified Eagle's
Medium (DMEM) containing gentamycin and 10% fetal
bovine serum (FBS) whereas cell line OE21 was grown
in RPMI (Roswell Park Memorial Institute medium)
medium, supplemented with FBS, penicilin and
streptomycin.

Suitable concentrations of polysaccharides (i.e
undiluted, 1:2, 1:10 and 1:50 dilutions) were added to
each well containing 5.5 x10* cells per well and the
cultures were incubated in CO, incubator with 5% CO,
at 37 °C for 48 h. The initial concentrations of these
IPS and EPS from several mushroom strains are
mentioned in Table 1. Cellular viability was quantified
by the addition of 20 pyl MTT (5 mg/ml) to each
microtiter wells and after 4h incubation, the supernatant
was removed and 200 pyl DMSO was added to each
well to solubilize the precipitate. The viable cells of
human carcinoma cell line was quantified by measuring
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Table 1: Assay of Intracellular and Extracellular Polysaccharides, Sugar and Protein (mg L'1) of Biomass, Culture
Supernatants and Fruiting Bodies Produced in the Present Work

IPS EPS
Mushroom
strains Polysaccharide Sugar Protein Polysaccharide Sugar Protein
(mg L) (mg L) (mg L) (mg L) (mg L) (mg L)

Gce (s)* 3.25+£0.21 1.15 - 0.03+ 0.002 0.08 -
Pb (r)* 6.71+ 0.53 2.29 - 0.31+ 0.021 0.18 -
Pb (s)* 5.40+ 0.37 1.86 - 0.09+ 0.001 0.10 -
Ge (n)* 1.45+ 0.11 0.55 0.32+ 0.029 0.18

Pb (1) 8.33+ 0.63 3.13 14.15+1.25 36.38+ 3.55 12.70 70.71£ 9.25
Ge (1) 12.94+ 0.91 4.66 12.00+ 1.01 45.54+ 4.91 15.80 67.86+ 6.27

(1) 2.06+ 0.27 0.77 9.02+ 0.79 1.83+ 0.190 - 95.90+ 9.01

I1(2) 5.96+ 0.61 2.35 17.90+ 1.53 - 26.08+ 2.52
Po (1) 0.84+ 0.10 0.66 8.89+ 0.69 14.29+ 1.53 5.40 106.49+ 10.27
Pe (1) 2.73+0.29 - 3.87+0.37 3.60 26.08+ 2.27
Pe (2) 3.68+ 0.33 4.59 11.90+ 1.51 3.68+ 0.35 - 39.09+ 4.25
Ga(1) 20.78+2.09 7.25 9.95+ 0.93 11.35+ 1.24 4.50 26.82+ 2.54
Ga (2) 12.50+ 1.01 4.53 4.79+ 0.47 - 37.87+4.20
Ba (2) 42.20 £ 3.25 14.35 4.42+ 0.39 42.54+ 4.53 14.70 36.33+ 4.41
Pe (s)* 0.46 £ 0.03 0.53 24.0+ 2.55 . - 19.80+ 2.45
Po (s)* 0.76x 0.21 0.63 18.81+£1.75 - 58.71+ 5.90
Le (1) 6.16x+ 0.21 2.42 35.90+ 3.09 50.81+ 5.52 17.50 26.08+ 3.23

Ba - Bjerkandera adjusta; EPS- Extracellular polysaccharides; Ga - Ganoderma apllanatum; Gc - Ganoderma carnosum; Il - Irpex lacteus; IPS — Intracellular

polysaccharides; Le — Lentinula edodes; Pb - Piptoporus betulius; Pe - Pleurotus eryinge; Po - Pleurotus ostreatus; r- medium with rice husks; s- medium with straw;
1 — Culture medium 1 with boiled wheat water, glucose and yeast extract; 2 - Culture medium 2 with boiled wheat water, glucose and tomato pomace; * - mg/kg

fruiting bodies; --- Not detected.

the optical density in a microtiter plate reader at 560
nm. These results were expressed as the inhibition
ratio (¢) of human carcinoma cell line growth as
follows: ¢ = [A—B]/ Ax 100%

A and B are the average number of viable tumor
cells of the control (i.e either culture medium or starch)
and test samples, respectively. Normal cells were also
used to investigate the effect of highest concentration
of polysaccharides on cell growth in vitro. All assays
were carried out in triplicate.

Statistical Analysis

SigmaPlot 12.0 (2011-2012 Systat Software inc.)
was used to draw graphs in this research work.
Experimental results are means of three parallel
measurements and the results are presented as mean
values + standard deviation (SD). Correlation and
regression analyses were performed with the Excel
software 2013 package (Academic License, Microsoft
of Portugal). Correlations were considered statistically

significant at p < 0.05 according to Tukey HSD and
Scheffé test.

RESULTS

Mushroom strains were grown in culture media 1
and 2 as well as by solid state fermentation and the
levels of carbohydrates, polysaccharides and proteins
were determined as shown in Table 1. IPS levels were
in the range of 0.46 + 0.03 to 42.20 + 3.25 mg L-1 of
culture medium for Pe (s) and Ba (2), respectively. As
far as EPS are concerned, the data presented in Table
1 has revealed levels in the range of 0.03t+ 0.002 to
50.81+ 5.52 mg L-1 of culture medium for Gc (s) and
Le (1), respectively. As far as SO scavenging activity of
IPS is concerned, ascorbic acid was used as positive
control exhibiting activity of 85.89 + 9.20 % (Table 2).
Mushroom IPS have revealed scavenging activity in the
range of 22.08 + 3.06 to 81.13 + 9.07 % for Po (s) and
Pe (2), respectively (Table 2). On the other hand, IPS
previously concentrated by precipitation with ethanol
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Table 2: SO Scavenging Activity (%) of IPS from Mushroom Strains by Using Several Dilution Factors. Ascorbic Acid
(AA) (200 pg mL'1) was Used as a Positive Control

Dilution SO Scavenging (%) SO Scavenging (%) SO Scavenging (%) SO Scavenging (%)
Factor 11 (1) Po (1) Pe (2) Po (s)

Neat 56.83 + 3.06 50.07 £ 4.01 81.13 £9.07 22.08 + 3.06
1:2 39.25 £ 2.01 36.54 £ 4.07 68.78 £ 7.06 17.7£1.27

1:4 15.39 £ 1.02 31.73 +4.02 39.26 £ 4.01 ND*

1:16 4.28 +0.39 8.58 £ 0.92 11.42 £1.07 10.65 £ 1.01
1:64 ND* ND* 11.68 £ 1.06 9.17 £0.95

Pe (s) Ga(1) Ga(2) 11(2)

Neat 63.42 £ 4.05 67.22 £ 7.02 76.57 £ 6.01 50.50 + 5.09

1:2 51.30 £ 3.02 45.71 £ 5.06 50.66 + 4.03 27.72 £ 3.07

1:4 25.37 £2.14 23.87 £ 3.05 20.46 £3.12 14.85 £ 2.06
1:16 1.13+0.13 4.79+0.52 4.62 £0.55 5.06 +0.74
1:64 4.64 +0.31 ND* ND* 1.65+0.16

Pb (s) Pb (r) Gc (r) Ba (2)

Neat 70.78 £ 6.03 68.83 £ 7.04 73.43+£ 6.04 76.57 + 8.01

1:2 54.70 £ 4.06 59.21 £ 6.03 55.39 £ 5.09 63.53+ 6.06

1:4 24.80 + 3.08 27.23 £3.17 30.13 £4.13 21.78+ 2.07
1:16 12.23 £1.02 48.78 £ 4.01 10.08 £ 1.03 6.60 £ 0.71
1:64 419+0.37 16.45 £ 2.26 545+0.33 3.47 £0.49

Ba - Bjerkandera adjusta; Ga - Ganoderma apllanatum; Gc - Ganoderma carnosum; Il - Irpex lacteus; Pb - Piptoporus betulius; Pe - Pleurotus eryinges; Po -

Pleurotus ostreatus; r- medium with rice husks; s- medium with straw; 1 — Culture medium 1 with boiled wheat water, glucose and yeast extract; 2 - Culture medium
2 with boiled wheat water, glucose and tomato pomace. * Not detected.

Table 3: SO Scavenging (%) of IPS from Mushroom Strains which were Previously Precipitated with Ethanol. Several
Dilution Factors were Used and Ascorbic Acid (200 pg mL'1) was Used as a Positive Control

Dilution Factor Ba (2) (1) 11 (2) Pe (2)
Neat 61.96 + 7.08 48.55 + 5.411 80.86 + 9.01 48.24 + 5.09
1:2 42.05+5.18 37.48+4.04 39.22+4.13 37.32+4.02
1:4 24.52 + 3.07 28.81+3.03 38.45 + 3.00 18.60 + 1.61
1:16 23.93 + 2.11 12.33+1.04 23.71+£2.02 8.97 £0.92
1:64 3.42+0.29 11.82 £ 0.21 8.71+0.77 1.43+0.19
Dilution Factor Ga(1) Ga (2) Po (1)
Neat 80.99 + 7.02 65.92 + 5.05 50.07 + 6.00
1:2 34.91+4.13 50.72 + 5.05 36.54 + 3.07
1:4 32.89 + 3.02 30.24 + 3.11 31.73+3.95
1:16 22.50 + 2.05 20.69 + 2.28 8.58 £ 0.72
1:64 8.79+9.39 6.33 £ 0.60 ND*

Ba - Bjerkandera adjusta; Ga - Ganoderma apllanatum; || - Irpex lacteus; Pe - Pleurotus eryinge; Po - Pleurotus ostreatus; 1 — Culture medium 1 with boiled wheat

water, glucose and yeast extract; 2 - Culture medium 2 with boiled wheat water, glucose and tomato pomace. * Not detected.

exhibited levels in the range of 48.24 +5.09 to 80.99
+7.02 % for Pe (2) and Ga (1), respectively (Table 3).

Fractions containing IPS and EPS from Lentinula

edodes were characterized by HPLC which revealed

UV and RI peaks with retention times in the range of 6 -
13 min (Figure 1).

EPS from Ganoderma apllanatum (1) and Pleurotus
ostreatus (1) were isolated by precipitation with alcohol
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Figure 1: A. HPLC analysis of IPS from Lentinula edodes. B. HPLC analysis of EPS from Lentinula edodes.
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Figure 2: A. Chromatographic behavior of EPS from Ganoderma applanatum on gel filtration chromatography packed with
Sephacryl S-300 HR and column fractions were monitored for polysaccharide and protein content by the phenol — sulphuric acid
and coomassie blue methods as well as for protein (A2s0) and polysaccharide (A200) concentrations. B. Chromatographic
behavior of EPS from Pleurotus ostreatus on Sephacryl S-300 HR column and column fractions were monitored for
polysaccharide and protein content by the phenol — sulphuric acid and coomassie blue methods as well as for protein (A2so) and
polysaccharide (A2q0) concentrations.
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Figure 3: A. FTIR spectrum of IPS from Ganoderma carnosum grown on straw culture medium. B. FTIR spectrum of IPS from
Pleurotus eryngi grown on straw culture medium. C. FTIR spectrum of EPS from Ganoderma applanatum grown in culture
medium 1. D. FTIR spectrum of EPS from Pleurotus ostreatus grown in culture medium 1.

and were purified by gel filtration chromatography on
Sephacryl S-300-HR column (Figure 2). Column
fractions were monitored for polysaccharide and
protein content by the phenol — sulphuric acid and
coomassie blue methods as well as for protein (Agzgo)
and polysaccharide (Ayy) readings. The data
presented in Figure 2 has revealed that the highest
concentration of EPS were found in column fractions in
the range of 30 to 40 in both chromatographic runs and
therefore these were selected for investigation for their

potential growth inhibition of human carcinoma cell
lines in vitro.

Fourier Transform Infrared (FTIR) spectroscopy was
used to investigate the structure of such
polysaccharides (i.e IPS extracted from Gc (s) and Pe
(s), and EPS from Po (1) and Ga (1)) which revealed
some characteristic absorption bands of these
biological macromolecules at appropriate frequencies
(Figure 3).



36 Journal of Cancer Research Updates, 2019, Vol. 8 Martinho and Karmali

8r 100
ab aa bc bcd b ac ad
30r a a a b c d e ¢
< . 8or
< 25} 2
c <
S §
] I s |
2 20 5 60
£ =
= =
s 15| s
3 : w0l
fe)] =
= 10f =
Q
© o
20 f
5F
0 ul £ I:IIE N H L |:| o B
Pe (2) Ga (2) Ga (1) Po (1) Po (s) Gc (s) Pb (s) Gce (r) Pb (1) Gc (1) (1) Ga(1)
A B
100 | abc abc dbc bc be de abc ab abeade 100 L.b abe acd be abd bece abc bde
—~ 80f a Y
S S
S s i
5 60 E 60 F
£ £
£ £
3 40 3 4f
o o
3 T
o
20 } ‘ © o}
1. E . . Al i1, E , E ER L L e LR L
Gc (S) Pb (S) Pb (1) Gc (1) ] (1) Po (1) Pe (1) Ga (1) Pe (2) Le (1) m(s) PB (r) PB (S) GC (r) PB (1) “_(1) PE(1) Ga (1)
Cc D
100 aab bbc abc acb cde bbc ccd dde bc abc cde
. 80Ff M
X
s — —
K]
8 60 |~ M
<
£
£
; 4}
=]
T
(&)
20F
0

ec (s) PB(r) PB (s) oc () PB (1) IL(1) PO (1) Pe (1) Ba (2) Ga(1) Le (1)
E

Figure 4: A. Cell growth inhibition (%) by addition of IPS at 1000 ug/mL and 200 ug/mL to the HelLa cell line (Dotted and open
columns, respectively); mean of friplicate values and error bars are represented. Values with different letters were significantly
different (p < 0.05) according to Tukey HSD and Scheffé tests. B. Cell growth inhibition (%) by addition of EPS to HelLa cell line;
undiluted, 1:2 and 1:10 dilution of EPS samples. (open, dotted and dark dotted columns, respectively); Gec (s):37.5, 18.75 and
3.75 ug/ml; Pb (s) : 90.8, 45.4 and 9.08 ug/ml; Ge (r): 326, 163 and 32.6 ug/ml; Pb (1): 36.38, 18.19, 3.63 mg/ml; Gc (1): 45.54,
22.77 and 4.55 mg/ml; Il (1): 1.83, 0.915 and 0.183 mg/ml; Ga (1): 11.35, 5.675 and 1.13 mg/ml, respectively; mean of triplicate
values and error bars are represented. Values with different letters were significantly different (p < 0.05) according to Tukey HSD
and Scheffé tests. C. Cell growth inhibition (%) by addition of EPS to A549 cell line; Gc (s), Po (1), Pe (2), Pe (1) and Pb (1)
inhibitions were obtained from left to right with undiluted, 1:2 and 1:10 dilutions; Gc (s):37.5, 18.75 and 3.75 ug/ml; Po (1) :
14.29, 7.15 and 1.42 mg/ml; Pe (2) : 3.68, 1.84 and 0.36 mg/ml; Pe (1): 3.87, 1.93 and 0.38 mg/ml; Pb (1): 36.38, 18.19 and 3.63
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mg/ml, respectively; the remaining EPS from Pb (s), Il (1), Ga (1) and Le (1) were used from left to right with a 1:2, 1:10 and 1:50
PBS dilutions (open, dotted and dark dotted columns, respectively); Pb (s): 45.4, 9.08 and 1.81 pg/ml; Il (1): 0.915, 0.183 and
0.036 mg/ml; Ga (1): 5.67, 1.13 and 0.26 mg/ml; Le (1): 25.40, 5.08 and 1.01 mg/ml, respectively; mean of triplicate values and
error are represented samples. Mean of triplicate values and error bars are represented. Values with different letters were
significantly different (p < 0.05) according to Tukey HSD and Scheffé tests. D. Cell growth inhibition (%) by addition of EPS to
A431; From left to right: undiluted samples, 1:2 and 1:10 dilutions are represented; Gc (s): 37.5, 18.75 and 3.75 ug/ml; Pb (r):
313, 156 and 31.3 ug/ml; Pb (s): 90.8, 45.4 and 9.08 ug/ml; Gc (r): 326, 163 and 32.6 ug/ml; Pb (1): 36.38, 18.19, 3.63 mg/mli; Il
(1): 1.83, 0.915 and 0.183; Pe (1): 3.87, 1.93 and 0.38 mg/ml; Ga (1): 11.35, 5.675 and 1.13 mg/ml, respectively; except for
Gc(s): 18.75, 3.75 and 0.75 ug/ml, which is also from left to right to a 1:2, 1:10 and 1:50 PBS dilutions, respectively; Samples are
represented as open, dotted and dark dotted columns, respectively. Mean of triplicate values and error bars are represented.
Values with different letters were significantly different (p < 0.05) according to Tukey HSD and Scheffé tests.

The effect of polysaccharides from several
mushroom strains was investigated on potential growth
inhibition of human carcinoma cell lines by using
different concentrations of polysaccharides (Figure 4).
Therefore, IPS inhibited cell growth of HelLa cell line in
the range of 16.8 — 27.01 % in the following decreasing
order of mushroom strains : Ga (1) > Ga (2) > Po (1) >
Pe (2) > Po (s). On the other hand, EPS inhibited cell

polysaccharides on cell growth in vitro which revealed
no growth inhibition of normal cells (data not shown).

Effect of Purified Fractions of EPS on Proliferation
of Human Carcinoma Cell Lines

EPS were purified by gel filtration chromatography
and the effect of chromatographic fractions was
investigated on cell growth of two human carcinoma

growth of HelLa, A549, A431 and OE21 in the ranges of
3.08 -92.2 %, 13.8 —97.4 %, 14.7 — 93. 8% and 25 -
94% in the following decreasing order of mushroom
strains, respectively : Ga (1) > Pb (s) > Gc (s) > Pb (1)
>Gc(1)>Ge(r)>11(1); Ga (1) >Po (1) > Pe (2) > Gc
(s)>Pb (1)>Pe (1)>Pb (s)>1l (1) >Le (1) > Gc (1);
Ga(1)>Pb(1)>Pb (s)>Pe (1) > Gc (r)>Pb (r)> Il
(1) and Ga (1) > Po (1) > Gc (r) > Gc (s) > Pb (s) > Pe
(1) > Ba (2> I (1) > Pb (r) > Pb (1) > Le (1),
respectively (Figure 4). Normal cells were also used to
investigate the effect of highest concentration of

cell lines A549 and OE21 as shown in Figure 5. As far
as Po (1) samples are concerned, column fractions 31
to 42 were selected whereas Ga (1) column samples
fractions 33 to 42 were used due to high levels of
polysaccharide exhibited in data represented in Figures
5A and 5B, respectively. Moreover, these EPS
samples were also concentrated by precipitation with
95 % alcohol as described in Materials and Methods
and these concentrated samples were represented as
Po (1) pp or Ga (1) pp (Figure 5). Similarly, normal
cells were also used to investigate the effect of
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Figure 5: A. Effect of column fractions from gel filtration chromatography of EPS from Ga (1) and Po (1) on growth inhibition of
cell line A549; fractions described as pp have been purified by alcohol precipitation after gel filtration chromatography. Samples
are represented as open, dotted and dark dotted columns, respectively. Mean of triplicate values and error bars are
represented. Values with different letters were significantly different (p < 0.05) according to Tukey HSD and Scheffé tests. B.
Effect of column fractions from gel filtration chromatography of EPS from Ga (1) and Po (1) on growth inhibition of cell line
OEZ21; fractions described as pp have been purified by alcohol precipitation after gel filtration chromatography. The legends are
the same as in Figure 5A. Samples are represented as open, dotted and dark dotted columns, respectively. Mean of triplicate
values and error bars are represented. Values with different letters were significantly different (p < 0.05) according to Tukey
HSD and Scheffé tests.
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chromatographic fractions containing purified
polysaccharides on cell growth in vitro which revealed
no growth inhibition of normal cells (data not shown).

DISCUSSION

Highest concentrations of IPS were obtained from
Ba (2), Ga (1), Gc (1) and Ga (2) whereas high levels
of EPS were found in Le (1), Gc (1), Ba (2) and Pb (1)
(Table 1). Polysaccharide levels reported in the
literature are highly variable because they are
dependent on the nature of mushroom strain, growth
substrate, culture conditions and either submerged or
solid state fermentation. For instance, there is a report
which described polysaccharide production in the
range of 0.12 to 42.24 g L-1 in submerged fermentation
whereas there is another report mentioned
polysaccharide production in the range of 4.5 mg/g and
1.05 mg/g of solid substrate in solid state fermentation
[21, 22].

As far as SO radical scavenging activity is
concerned, Table 2 has revealed highest activities for
Pe (2), Ba (2), Ga(2), Gc (r) and Pb(s) which exhibited
SO radical scavenging activity in a concentration-
dependent manner as reported previously [23]. In order
to investigate the effect of time on SO scavenging
activity of IPS extracts, absorbance measurements of
reaction mixtures were carried out at 5 minute intervals
for 30 minutes. It was found that SO radical scavenging
activity did not alter significantly as a function of time
for all IPS extracts (data not shown). Regarding IPS
that were previously precipitated with ethanol, the
highest levels of scavenging activity were observed in
Ga (1), I (2), Ga(2) and Ba (2) which are not in
agreement with Table 2. This discrepancy may be due
to the fact that these are crude extracts and therefore
there is precipitation of other secondary metabolites
which affected SO radical scavenging activity.

Different retention times were obtained for
intracellular and extracellular polysaccharides in HPLC
as far as UV and RI peaks are concerned (Figure 1)
which are similar to those reported in the literature
[17,24].

The chromatographic behavior of EPS from
Ganoderma applanatum and Pleurotus ostreatus
suggests the presence of at least two polysaccharide
peaks as well as several protein peaks (Figure 2). The
data presented in both chromatograms exhibited
highest polysaccharide levels in column fractions 30-
40 which were used to investigate their effect on cell
growth of human carcinoma cell lines.

IPS from Ganoderma carnosum grown in straw
culture medium (Figure 3A) exhibited some
characteristic absorption bands at appropriate
frequencies. A strong band at 3420 cm™ due to -OH
stretching vibration is observed which can also be
accompanied by the extension of the -OH group
belonging to the H20 molecule. A band at 2973 cm™ is
due to C-H group vibration which suggests the
presence of carbohydrate rings. The absorption band
at 1632 cm™ corresponds to vibration of the carbonyl
group (C=0) of amide | whereas the band at 1435 cm’
is due to C-OH in plane bending. The stretching band
at 1095 cm™ in FTIR spectrum suggests apparently the
presence of C-O-C bonds found in glucan molecules
[25, 26]. Absorption bands highly overlapped in the
region of 1200 — 950 cm-1 (mainly due to C-C and C-O
stretching vibrations in pyranoid rings) suggested
apparently the presence of polysaccharides as the
major component [25, 26]. FTIR spectrum of IPS from
Pleurotus eryngii (Figure 3B) exhibited absorption
bands at about the same frequencies as in Figure 3A.

FTIR spectra of EPS from Ganoderma apllanatum
and Pleurotus ostreatus revealed similar bands as well
as an additional absorption band at 515 cm™ and 526
cm” (Figure 3C and D), respectively due to the
presence of a-glucans [25-28].

The effect of IPS and EPS from several mushroom
strains was investigated on potential growth inhibition
of different human carcinoma cell lines in vitro (Figure
4). Therefore, IPS inhibited cell growth of HelLa cell line
in the range of 16.8 — 27.01 % and the highest
inhibition was observed for Ga (1) (Figure 4A). The
data also revealed that cell growth inhibition is
dependent on the amount of polysaccharide present
since different dilutions were used in the present work.
Moreover, cell growth inhibition was also dependent on
the human carcinoma cell line used. On the other hand,
EPS inhibited cell growth of HeLa , A549, A431 and
OE21 in the ranges of 3.08 — 92.2 %, 13.8 — 97.4 %,
14.7 — 93. 8% and 25 — 94%, respectively and the
highest inhibition was obtained for EPS from Ga (1) in
all cell lines (Figure 4B-D). The most surprising result
in the present work was the most powerful inhibitory
effect of EPS from Ga (1) on all human carcinoma cell
lines (Figure 4). This EPS exhibited the highest cell
growth inhibition of over 90% in all cell lines. The data
presented in Figure 4 has revealed that cell growth
inhibition is dependent on several factors such as the
nature of mushroom strains and human carcinoma cell
lines, IPS and EPS concentration and the composition
of the growth medium used for mushroom strains.
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Therefore, some EPS from two mushroom strains (Ga
and Po) were selected to carry out purification by gel
filtration chromatography (Figure 2) in order to
investigate their effect on cell growth of two human
carcinoma cell lines A549 and OE21 as shown in
Figure 5. Some purified column fractions exhibited a
significant cell growth inhibition of both human
carcinoma cell lines in the range of 20-55% and 10 —
60% for A459 and OE21, respectively. These results
are lower than those obtained by using crude EPS from
both mushroom strains (Figure 4) which may be due to
the dilution of column fractions as well as the removal
of other secondary metabolites and polysaccharides
involved in synergistic action on cell growth inhibition
(Figure 5). As far as literature is concerned, there are
only two reports in the literature about growth inhibition
by purified polysaccharides from Pleurotus ostreatus
on human carcinoma cell lines [12,13]. From the
literature search, the authors did not find any reports
about the effect of all IPS and EPS from these
mushroom strains described in the present work as
well as all human carcinoma cell lines used. Moreover,
no published reports were found in the literature about
all culture medium used for growth of these mushroom
strains. However, there are several published works
about the inhibitory effect of  mushroom
polysaccharides on growth of human carcinoma cell
lines [29-31]. which are in general agreement with the
data presented in this work. But it is difficult to compare
these published data with the present work since
different human cell lines, extraction procedures,
mushroom strains, culture media for mushroom growth
and different submerged or solid state fermentations
were used.

Further work is required to carry out experimental
planning of mushroom production of IPS and EPS
extract preparations as a function of nature of solvents,
pH of solvent, time and temperature of incubation of
mushroom extract in order to obtain the highest yield of
polysaccharides. Moreover, a detailed purification of
the crude mushroom extract must be performed by
using chromatographic techniques such as affinity, ion-
exchange and gel filtration chromatography.
Subsequently, the purified polysaccharide preparations
must be analyzed for their potential cell growth
inhibition of human carcinoma cell lines in vitro. On the
other hand, secondary metabolites and
polysaccharides responsible for growth inhibition must
be identified by analytical techniques such as FTIR,
quantitative NMR, HPLC and GC-MS. And finally, the
molecular mechanism responsible for growth inhibition

of human carcinoma cell lines must be investigated in
detail by using molecular biology and immunochemical
techniques such as apoptosis.

CONCLUSIONS

IPS and EPS were produced from several
mushroom strains by using either submerged and solid
state fermentation. Mushroom polysaccharides have
revealed highest scavenging activities for Pe (2), Ba
(2), Ga(2), Gc (r) and Pb(s). FTIR analysis of
polysaccharides revealed absorption bands
characteristics of these biological macromolecules at
appropriate frequencies. IPS inhibited cell growth of
Hela cell line in the range of 16.8 — 27.01 % for Po (s)
and Ga (1), respectively. EPS inhibited cell growth of
HelLa , A459, A431 and OE21 cell lines in the ranges of
3.08 -92.2 %, 13.8 —97.4 %, 14.7 — 93. 8% and 25 -
94% for Il (1) and Ga (1), Gc (1) and Ga (1), Il (1) and
Ga (1), Le (1) and Ga (1), respectively. Purified
preparations of EPS from Po (1) and Ga (1) by gel
filtration chromatography confirmed growth inhibition by
these biological macromolecules on A549 and OE21
cell lines.

The present results strongly suggest that most
polysaccharides exhibited growth inhibition of human
carcinoma cell lines in vitro which will require a detailed
future research to understand its cellular mechanism of
action.
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Ba = Bjerkandera adusta
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BRM = Biological Response Modifier

EPS = Extracellular polysaccharides

f

Ga

Ge

IPS

Le

= fruiting bodies of grown mushrooms
= Ganoderma apllanatum

= Ganoderma carnosum

= Irpex lacteus

= Intracellular polysaccharides

= Lentinula edodes

MTT = 3-(4,5-dimethylthiazol-2-yl)-2,5-

NBT

Pb

Pe

diphenyltetrazolium bromide
= Nitro-Blue Tetrazolium
= Piptoporus betulinus

= Pleurotus eryngii

PMS = phenazine methosulphate

Po

SO

1

2

Pleurotus ostreatus

medium with rice husks

medium with straw

Superoxide anion
= Culture medium 1

= Culture medium 2
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