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CHAPTER |

Introduction

Mushrooms have long been attracting a great déahterest in many areas of
foods and biopharmaceuticals, and are regardedopslgy or effective medicines
used to treat various human diseases, such as itlsepahypertension,
hypercholesterolemia, and gastric cancer [44-45Z1-

The medicinal property for which mushrooms haveerb most extensively
investigated is their antitumor activity. Most diig research has been conducted
in Japan. Whole mushrooms of several species areltacts from them have
been reported to have an antitumor effect. Amongsdhspecies ar&. lucidum,
G. frondosa, Lentinus edodes, Phlebial radiata, Pleurotus citrinopileatus, and
Schizophyllum commune [38-39,40,49,64,103]. The antitumor studies coiehlic
with mushrooms thus far are very interesting and stow a potential for
providing therapeutic control of tumor. It is, howee, difficult to say whether
mushrooms could have preventive effects againstotuwhen consumed as part
of the diet. Further epidemiologic and biologicaksearch is needed to clarify the
role of mushrooms as preventive and curative agents

Some common edible mushrooms, which are widelynsemed in Asian

culture, have currently been found to possess xddtat activity which is well



correlated with their total phenolic content [14Another mushroom,Paxillus
panuoides, was found to contain twg@-terphenyls which showed potent inhibition
effects lipid per-oxidation[101]. These findingsggest that the edible mushrooms
might be a potential source of phenolic anti-oxtdarHowever, investigations of
anti-oxidants derived from lesser-known edible masms, which are produced
by artificial cultivation methods, are still relagly rare.

Recent studies on exo-polysaccharide from mushsobave demonstrated many
interesting biological activities [45]. There areveral antitumor agents produced
from mushroom extracts such as Lentinan frobentinus edodes [15],
Schizophyllan from Schizophyllum commune [85], and Krestin from Coriolus
versicolor [63], which are presently commercially available.

Many investigators have exerted their efforts cdtivate this mushrooms on
solid artificial media rather than submerged cu@ty71,73]. Because it normally
takes 6 months to complete a fruiting body cultume solid state fermentation,
many attempts are being made to obtain useful laellmaterials or to produce
effective substances from a submerged mycelial ult[81,88]. Submerged
cultures give rise to potential advantages of higheycelial production in a
compact space and shorter time with lesser chamdéesontamination [23,97].
Although several investigators have attempted ttainboptimal submerged culture
conditions for mycelial growth and exo-biopolymemroguction from several
mushrooms, the nutritional requirements and enwramal conditions for
submerged culture have not been demonstrated exfn$18,50,52-53,68,83].

Morchella esculenta, a wild edible mushroom, is a Ascomycotina fungus



belonging to the genus Morchellaceae, and the Yamillorchella (Fig.1)
[6,72-73,80]. Morchella esculenta is low in calories, sodium, fat and cholesterol,
while rich in protein, carbohydrate, fiber, vitamsirand minerals. These nutritional
properties make more a attractive food stuff thgaricus bisporous in the many
countries [66]. There are no reports on cultivatmnthis mushroom in Korea.

Pleurotus nebrodensis Inzenga originated from the Gobi Desert in the bimg
Autonomous Region of China which makes it more aflé for arid climates.
This mushroom is by Chinese called Western Paradi$déte Garnoderma (Fig.
2). In recent years, Jinxin Mushroom Corporationmitéd has successfully
introduced this whiteGanoderma to the Beijing market. To find it wild in nature
is extremely rare and when something is scarces iprecious. So this is the
reason for the name, Western Paradise W@iamoderma. As shown in Fig. 1-8,
it is shaped like the traditional Chinese medicitganoderma, but its color
white, and more importantly it is rich in nutrient& unique feature of the white
Ganoderma mushroom is its fat and thick layer. According tite examination
report of the Chinese Food Examination Center, eviBanoderma contains
14.7% protein and the content of vitamin C, D andisEseveral times higher
than in other types of mushroom. The content ofygadcharide in white
Ganoderma reaches 19% and has the ability to strengthen ittune system
[35]. Although there have been many reports onediffit Pleurotus genus, there
are no reports on cultivation and biological atiéad of Pleurotus nebrodensis
Inzenga in Korea.

Therefore, the objectives of this work are toedmine the optimal culture



conditions in liquid-state fermentation for prodoot of Morchella esculenta, and
to investigate the effects oPleurotus ferulae various extracts on viability of
human cancer cell lines and antioxidative activity screening the substances

containedPleurotus nebrodensis Inzenga.



Fig. 1. Fruiting body of Morchella esculenta



Fig. 2. Fruiting body of Pleurotus nebrodensis Inzeng:



CHAPTER 11

Literature Survey

[I-1. World production of mushroom

Mushroom science is the discipline that is comedr with the principles and
practices of mushroom cultivation. As is true inyabranch of science, it is
essential to establish the facts upon which prlasipcan be derived for future
developments of the discipline. Consistent productiof successful mushroom
crops will be built upon scientific knowledge andagtical experience [7].

There are at least 12,000 species of fungi thah de considered as
mushrooms with at least 2,000 species showing wsridegrees of edibility [10].
furthermore, over 200 species of mushroom hae bmwlected from the wild
and utilized for various traditional medical purpssmostly in the Far East. To
date, about 35 mushroom species have been cuttivammercially and of
these, about 20 are cultivated on an industriales¢dable 1). The majority of
these cultivate species are both edible and possesticinal properties. However,
two of the major medicinal mushrooms, viGanoderma lucidum and Trametes

(Coriolus).65 spp. are distinctly inedible.



Table 1. World production of cultivated edible amgedicinal mushroomsn

different years (Chang, 1999b)

1981 1986 1990 1994 1997
Fresh Wt  Fresh Wt  Fresh Wt  Fresh Wt  Fresh Wt
x 10° x 10° x 10° x 10° x 10°
speces M wMome s aMe e
900.0 | 71.6 |1,227.0| 56.2 |1,420.0| 37.8 |1,846.0| 37.6 |19559 | 31.8
Agaricus
bisporus/ bitorguis

180.0 | 14.3 [314.0| 14.4 |393.0| 10.4 |826.2| 16.8 |15644| 25.4
350 | 2.8 |169.0| 7.7 [900.0| 23.9 |797.4| 16.3 |875.6| 14.2
Auricularia spp. 10.0 | 0.8 |119.0| 5.5 |400.0| 10.6 |420.1| 85 (4853 | 7.9
Voloariella volvacen 540 | 43 |178.0| 82 |207.0| 55 [298.8| 6.1 |180.8| 3.0
Flammulina velutipes | 60.0 | 4.8 1100.0| 4.6 |143.0| 3.8 |156.2| 4.7 |284.7| 4.6

Lentinus edodes

Pleurotus spp.

Tremella spp. - - 40.0 | 1.8 |105.0] 2.8 | 54.8 | 3.2 |130.5| 21
Hypisizygus spp. - - - - 26| 06 | 270 | 1.1 | 742 | 1.2
Pholiota spp. 170 | 13 [ 250 | 11 | 220 | 06 | 142 | 06 | 555 | 09
Crifola frondosi 0o o - 17002 2388 03 [331] 05
Others
ou 12 | 01 | 100 | 05 [1394| 3.7 |49093| 4.8 |5184| 84
ota
. . 1,357.2[100.0 [2,182.0 [ 100.0 [3,763.0 | 100.0 | 30.5 | 100.0 100.0
ncreasing %

73.6 725 25.4




Overall, the world production of cultivated edibhnd/or medicinal mushrooms
was recorded as 4,909.3%1@ons in 1994 increasing to 6,158.4%1h 1997
with and estimated value in excess of 14 billion d&lars [11].

Mushroom cultivation is a worldwide practice (Tal?). In percentage terms,
output yield of the leading 10 species cultivatedds up ¢ 92% of total world
production of these six species, vi&garicus bisporus (31.8%); Lentinus edodes
(25.4%), Pleurotus spp. (14.2%), Auricularia auricula (7.9%), Flammulina
velutipes (4.6%), andVolvaridlla volvaceae (7.9%), made up 87% of the total
production. It can be further observed that by l4®94, of these six species
only Agaricus and Pleurotus were cultivated worldwide to be joined in 1997 by
Lentinus. The other three of the major six species are gralmost exclusively
in Asia [11].

World production of mushrooms over the last twecatles has shown a
phenomenal pattern of growth (Table 1), with a BesS increase in tonnage.
While the white butoon mushroomAdaricus bisporus) still retains the highest
overall world production, its relative contributioms decreasing due to the
dramatic increase in the other species, \‘ientinus and Pleurotus in particular.
In 1981, Agaricus production represented 72% of world production byt 1997
this had dropped to 32%. Overall, world productiminmushrooms is increasingly
being dominated by species that are both edible fen@ medicinal properties.

It is pertinent to note that world production ofushrooms is now dominated
by China with over 64% of total production. Chinashbecome a major produce

and consumer of both edible and medicinal mushrooms
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Furthermore, China is also the major producer tlef non-edible medicinal
mushrooms, e.gWolfiporia (Poria) cocos (10,000 tons) andsanoderma lucidum
(4,000 tons). At least 10 new species of edible nmdicinal mushrooms have
been brought into cultivation in China in recentagge and although as yet on a
small scale, the potential, especially for mushreoafi medicinal value, is quite
significant. Because of their historical backgroundthe use of wild mushrooms,
both as food and in Chinese traditional mediciniégsjs to be expected that
China will continue to develop methods for cultivat of an increasing number
of, as yet, uncultivatable mushrooms for mediciexiploitation. The traditional
acceptance of mushrooms in herbal medicine and xjpareling pharmaceutical
industries, will ensure that China will continue fee a major exploiter of
medicinal mushroom technology [96]. China is alsgebting heavily in fermenter
technology for growing mushroom mycelium of meditirspecies.

Historically, mushrooms were gathered from thddwibr consumption and for
medicinal use. China has been the source of manyy eeultivations of
mushrooms, e.gAuricularia auricula (600 AD), Flammulina velutipes (800 AD),
Lentinus edodes (1000 AD) and Tremella fuciformis (1800). Agaricus bisporus
was first cultivated in France in ¢ 1600 whilleurotus ostreatus was first
grown in US in 1900. While mushroom cultivation n@pans many centuries, it
is only over the last 2-3 decades that there hasen bmanor expansions in basic
research and practical knowledge leading to theticre of a major worldwide
industry [7].

The cultivation of Agaricus bisporus is an outstanding example of a

_11_



biotechnological enterprise that challenges the liped skills of industrial and
biological technologiesA bisporus cultivation in Western countries has achieved
its current pre-eminence in the mushroom industrisscause of a solid
foundation in basic scientific research in all a$pe of Agaricus biology
(genetics, physiology, biochemistry), bio-procegshhology and, above all, the
use of modern management principles [8]. This fatiod made possible a
highly technical approach involving the creationdantilization of specialized
equipment and advanced engineering technology. eNRdaricus bisporus is a
highly tasty and nutritious mushroom, it does nppear to have been used for
any specific medical conditions. However, much @meéntal knowledge has been
acquired in recent years which will be of consitdga value for other

cultivations.

_12_



[I-2. Mushrooms as functional foods or dietary deppents

Functional foods come in a plethora of name formg. dietary supplements,
natra- or nutri-ceuticals, medical foods, vita fepghharma foods, phytochemicals,
mycochemicals, biochemopreventatives, designer sfoahd foods for specific
health uses [31-32]. Such complex designationsdcowll be an impediment to
their rightful maturation ad consumer acceptanc82]l There continues to be
much confusion over these names especially in tmntercial world. However,
the term dietary supplement (DS) is now being maviglely accepted and
recognised. The term DS was formally defined by W& administration in 1994
as a product intended to supplement the diet toam#h health. A DS includes
one or more of the following dietary ingredients:maneral, amino acid, vitamin,
herb or other botanical; or it is a dietary substamsed to supplement the diet
by increasing the total dietary intake and is idemh for ingestion in the form of
a capsule, powder, soft-gel or gel cap and notessited as a conventional food
or as a sole item of a meal or the diet [20].

Functional food science is now considered as @ ph nutritional science in
which the primary objectives are to maintain googalth, improve homeostasis
and to create the conditions for disease risk réalucIn this way it should be
seen to be quite distinct from the medical and mplaaeutical sciences where the
objectives medicine seeks to eliminate diseaseerathan to fortify the patient.
In essence, functional food science aims:

1. to identify beneficial interactions betweere thresence or absence of a food
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component (macro-nutrient, micronutrient or somilinon-nutrient) and a specific
function or functions in the body;

2. to understand their mechanisms so as to suppmotheses to be treated in
protocols relevant for human studies. This will uieg multidisciplinary research
programs containing the expertise of scientific tqpegns including biochemists,
nutritionists, the medical profession and processhriologists.

Functional foods are set to play an increasinghportant role in national
efforts in developed nations to curtail medical engliture and also to improve
the dietary habits of the populace. Consumers aeorhing increasingly more
health conscious and discerning in the types ofd$udfs that are purchased. It
is now not possible to overlook the critical roleat diet, including functional
foods, can play in general health and wellbeing.n\idypes of cancer can now
be linked to inappropriate diets. In contrast, taguconsumption of fruits and
vegetables (now viewed as classical examples ofctifumal foods) are now
considered as essential ingredients in cancer ptieve programmes [82].

Mushrooms have long been valued as highly tastg autritional foods by
many societies throughout the world [7]. Early lihdtions, by trial and error
built up a practical knowledge of those suitable et and those to be avoided,
e.g. poisonous or even psychotropic. In many pafsthe world, especially
Europe, wild mushrooms are regularly collected amkd directly as a main
source of food or added to soups, stews and teashfdoms are considered to
be a good source of digestible proteins with proteiontent above most

vegetables and some what less than most meats dkd m
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Protein content can vary from 10-40% no a dry ghkibasis. Mushrooms
contain all the essential amino acids, but can beitihg in the
sulphur-containing amino acids, cystine and meth®n[5,9]. Fresh mushrooms
contain 3-21% carbohydrates and 3-35% fiber on w eight basis. Thus, a
considerable proportion of the carbohydrate of musims consists of dietary
fiber which cannot easily be digested by humans atich function essentially
as dietary fiber; in this was the calorific valué mmost mushrooms is low.

Mushrooms probably contain every mineral presi@nttheir growth substrate
including substantial quantities of phosphorous gmtassium, lesser amod
calcium and iron. Mushrooms appear to be an exdellsource of vitamins
especially thiamine (B, riboflavin (B), niacin, biotin and ascorbic acid (VitC).
Vitamins A and D are relatively uncommon althougbvesal species contain
detectable amounts db-carotine and ergosterol which converts to activiamin
D when exposed to ultraviolet irradiation. Whileude fat in mushrooms contains
all the main classes of lipid compounds includimgef fatty acids, mono-, di-
and tri-glycerides, sterols, sterol esters ad pholgpds, levels are generally low,
around 2-8% of dry weight [5]. Without doubt, ediblmushrooms in fresh,
cooked or processed forms are a nutritionally sputasteful food source for
most people and can be a significant dietary compbrfor vegetarians [5]. In
China, the term Yakuzen is generally used for niedic food dishes of
mushrooms.

However, in the Orient several thousand years, dgere was the recognition

that many edible and certain non-edible mushroomsldc have valuable health

_15_



benefits [1,33]. The edible mushrooms which denratest medicinal or functional
properties include species dfentinus (Lentinula), Auricularia, Hericium, Grifola,
Flammulina, Pleurotus and Tremella while others are known only for their
medicinal properties, e.gGanoderma and Trametes (Coriolus) - these are
definitely non-edible due to their coarse and haedture or bitter taste. The
historical evolution of usage of these essentialbarce, forest-obtained medicinal
mushrooms would most certainly not have been aslevhmshrooms but as hot
water extracts, concentrates, liquors or powdersl arsed in health tonics,
tinctures, teas, soups and herbal formulae.

These mushroom dietary supplements are used stxdn in traditional
Chinese medicine in various combinations, oftenhwither herbal products, to
treat many medical conditions. A limited number dfighly purified
polysaccharide compounds derived from certain niglicmushrooms are now

being used, particularly in Japan, as pharmacdugicede products.
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II-3 Extraction, development and chemistry of a#itcer compounds from

medicinal mushrooms

[1-3-1 Extraction, fractionation, purification anchemical modification

There is a broad similarity in the various methddlat have been developed to
extract the anti-cancer polysaccharides from mushrdruit-bodies, mycelium and
liquid media [62].

In the initial step dried mushroom powder or niyoe is repeatedly heated in
80% ethanol to extract and eliminate low moleculeeight substances. Crude
fraction 1, 11 and 111 are obtained from the remginethanol extract residue
by extraction with water (100, 3h), 1% ammonium oxalate (10Q 6h) and
5% sodium hydroxide (80, 6h) in that order (Fig. 3). Further purificatioof
the polysaccharide are achieved by a combinationiedfiniques including ethanol
concentration, fractional precipitation, acidic @patation with acetic acid,
ion-exchange chromatography, gel filtration andn@ff chromatography (Fig. 4).

There is a growing interest in increasing theivagt of medicinal mushroom
polysaccharides by various chemical modificatiom&l gerhaps creating a range
of semisynthetic compounds not unlike the penitilitory. Chemical modification
can be achieved by oxido-reductohydrolysis (Smithgrddation) and also by
formolysis. Some positive improvements in activitpve been recorded but it is

still at a very early stage [62].
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Fig. 3. Fractional preparationof polysaccharidefrom mushroom
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Polysaccharide extract

lon-exchange chromatography
DEAE-Cellulose column
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O—> 1 M NaCl elution
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Toyopear | HW-65F
o Gel filtration
Affinity chromatography Toyopear | HW column
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(a-glucan) (B-glucan)
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Fig. 4. Fraction purification of polysaccharidesby chromatograpt
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A recent study by Yap and Ng (2001) [99] has eshbd a more efficient
procedure for the extraction d@¥-D-glucans fromLentinus edodes (Fig. 5). The3
-D-glucan was isolated through ethanol precipitatiand freeze-drying in liquid
nitrogen. Purity testing, using a carbohydrate ysisl column, gave 87.5% purity.
From a commercial aspect this method is less tiomswming, more efficient and
of relatively low cost when compared to the origif@zhihara et al. (1970) [15]

and Mizuno (1999) [62] methods (Table 3).

11-3-2 (3-D-glucans

The basic[3-D-glucan is a repeating structure with the D-gheconits oined
together in linear chains by beta-bonds). (These can extend from carbon 1 of
one saccharide ring to carbon 3 of the negxt-8), from carbon 1 to carbon 4
(B1-4) or from carbon 1 to carbon BX-6). Mostly there is a main chain which
is either B1-3, B1-4 or mixed B1-3, B1-4 with B1-6 side chains. The basic
repeating structure of #$1-3 glucan with[31-6 side chains is shown in Figs, 6
and 7.

Not all 3-D-glucans contained in fungi exhibit anti-tumoritay. The extent of
occurrence of this activity seems to be influendsd solubility in water, size of
molecules, and thdé3-(1-6)-bonding system in thé-(1-3) major chain. Some of
the water insoluble3-glucans are soluble in dilute alkali and then csimow

marked anti-tumor activity [3].
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Lentinus edodes (fresh fruit bodies) 100g
Washing and drying

Homogenization with hot water (100C)
Boiling the homogenate

Extraction with 95% ethanol in cold (4C)

Precipitation

Precipitate Supernatant
|
Freezing with liquid nitrogen

|
Lyophilisation

|
Extraction with boiling water (100C)

Centrifugation to remove insoluble matters

Clear liquid Insoluble matters

Precipitation with equal volume of 95% ethanol in cold overnight (4C)

Repeatedly centrifugation

|
Lyophilisation

|
Lentinan (325 mg)

Fig. 5. New methodfor extractinglentinan from Lentinus edodes
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Tabel 3. Comparison of two methods of preparatidn BD-glucan from
Lentinus edodes

Characteristics of methods Method of extracting lentinan
Chihara’s New biochemical
method method

Number of days taken to prepare extract 14 5
Requirement of sophisticated equipment or Many None except
rarely used chemicals liquid nitrogen
Cost of preparation High Low
Total yields from 100g of fresh mushroom 4 mg 325 mg
Percentage concentration of lentinan in 96.03 87.50

extract produced (%)
Purity obtained 99.23 87.65
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Fig. 6. Primary molecular diagram of mushroom 3-D-glucar
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Fig. 7. Molecular model of the right-handed trigpiral helix

of anti-tumor active 3-D-glucar

_24_



Individual species-derived3-D-glucans have unique molecular structures [65]
and it has been surmised that the higher orderedactstes (triple helices) of
high molecular weight(3-D-glucans could be responsible for the considerabl
immunomodulatory activity [56]. Only higher moleaul weight molecules
apparently form triple helical structures which argtabilised by the (3
-D-glucopyranosly branch units [74]. There is goexdidence to propose that both
Lentinan and Schizophyllam are active only whenytlexist in a single helical
structure [74].

Where polysaccharides are produced by fermentapoocesses it is much
easier to then harvest at optimum production poimssis already practised in

other fermentations such as with anti-biotics.

11-3-3 Heteropolysaccharides and glycoproteins

While water-soluble3-D-glucans are widely distributed in mushroom segci
many species also contaig-D-glucans with heterosaccharide chains of xylose,
mannose, galactose and uronic acid which can beactet by salt and alkali
treatments. Other species can contain polysacaxpegtides or glycoproteins
which are polypeptide chains or small proteins tdiclw polysaccharide3
-D-glucan chains are stably attached [4] (Fig. 8).

Hot water extracts fronGrifola frondosa, the Maitake mushroom, contain the
D-fraction which appears to be a highly active -@amcer agent for both animals

and humans [37,57].
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The D-Fraction is obtained from the hot waterderuextract by deproteination.
Maitake D-Fraction contains mainly-D-glucan with 1-6 main chains and 1-4
branchings together with the more common 1-3 méiairs and 1-6 branching.

Ganoderma lucidum, the Reishi mushroom, contairf$-D-glucan in hot water
extracts together with glucuronoglucan, xyloglucan, unannoglucan,
xylomannoglucan and other active heteroglucans apbtein complexes.

Purifications involve using salts, alkali and DMS6D0].

[I-3-4 Active hexose correlated compounds (AHCC)

This is a proprietary extract prepared from the-caltivatio of several
Basidiomycete mushrooms includingentinus edodes, Trametes versicolor and
Schizophyllum commune grown on rice [27]. However, there is no data lade
on the exact species complement or on methods effapation. It is apparently a
hot water extract following enzyme treatment, ande textract contains
polysaccharide, amino acids and minerals and iflyobso-available. The glucans
present are stated to have low molecular weight5,600 daltons and are-1-3
type. These details are surprising since typicédly molecular weight material is
normally inactive anda-glucans have minimal immuno-potentiating activity.

However, ther have been limited studies and tepsuggesting an interesting
level of efficacy against hepatocellular carcinof@2]. Ghoneum (1998) [26]
found that a derivative, arabinoxylane, derivednifrahis fermentation increased

human NK activity by a factor of 5 over two months.
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[1I-3-5 Dietary fiber

High molecular weight compounds excreted withaligestion and absorption
by humans are called dietary fibers. Mushrooms aontietary fibers belonging
to B-glucans, chitin and heteropolysaccharides (peatineubstances, hemicellulose,
olyuronides etc), making up as much as 10-50% & dty matter.

Much of the active polysaccharides, water solubteinsoluble, isolated from
mushrooms, can be classified as dietary fibers. (f3eglucan, xyloglucan,
heteroglucan, chitinous substance) and their prommplexes. Many of these
compounds ave carcinostatic activity and by phydiemical interactions they
will absorb possible carcinogenic substances argtehatheir excretion from the
intestine. Thus, mushrooms in general may have ngmoitant preventative action
for colorectal carcinoma [59].

While most attention has been given to studiematestration the medicinal
effects of the polysaccharides from single mushrogpecies, several studies are
suggesting that the human and murine immune systeams be given greater
stimulation by using mixtures of polysaccharidesnifr several proven medicinal
mushrooms [27,78,92]. A complementary effect ofheatushroom component on
enhancing immunological function can be expecte@mfr mixed medicinal

mushrooms extracts.
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[I-3-6 Terpenoids

Certain terpenoids and their derivatives havenbémlated from mushroom
species from the Polyporales and Ganodermatales havé been shown to be
cytotoxic. At least 100 different triterpenoids avween identified from fruiting
bodies ad mycelium ofGanoderma lucidum and G. aplanatum and include
ganoderic, ganoderenic, lucidenic acids- and sewgpaaoderals (for references see
Wasser and Weis, 1999b). A cytotoxic tricyclic sewgpene, illudin, isolated
from Omphalotus olearius and Lampterimyces japanicus shows interesting
anti-cancer  properties.  Furthermore, the semisyictheilludin  agalog,
6-hydroxy-methylcylfulvene (HMAF) has inensity pile6 of a tumour growth
inhibitor. HMAF is undergoing phase | human cliniddals and could well be a

promising new anti-cancer drug [95].
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-4 Anti-oxidant, anti-inflammatory, free radicascavenging activities and the

ageing process

A wide variety of pathological damage, such as ADNcarcinogenesis and
cellular degeneration, related to the ageing psocasd ageing itself can be
caused by reactive oxygen species (ROS) producedsumyight, ultraviolet and
ionising radiation, chemical reactions and metabgiocesses. Furthermore, there
is a vast accumulation of studies that implicateygen derived free radicals such
as superoxide, hydroxyl radicals and high energidams such as peroxy nitrite
as mediators of inflammation, shock and ischenpeffeision injury [19]. There
is also growing evidence to show that production ROS at the site of
inflammation can contribute to tissue damage [7Biterventions against ROS
could exert beneficial effects on inflammation asiock [29]. Several mushroom
species have been studied for anti-inflammatory andi-oxidant activities [89]
and patents have been established for these u$dBes

Extracts of G. lucidum can apparently remove the hyperoxide radical betle
to be a main factor in the human ageing procesg, [&8Bd the ageing mouse
model [67]. In a clinical trial with 30 elderly pple Ganoderma lucidum extract
(GLE) was given oral 1.5 g 3 times daily for 30 sayinterleukin-2 and
interferon (IFN) production by peripheral mononaelecells (PBMC) ad NK cell
activity in vitro were respectively measured. Prdthn of IL-2 and IFN were
significantly increased after GLE treatment. Suesuits could suggest that GLE

is a possible treatment to raise the cellular imohamical activity in ageing
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people [86,87].

A Ganoderma lucidum polysaccharide GLB7 decreased the production of
oxygen free radicals and antagonised the respyraboarsh induced by PMA in
murine peritoneal macrophages [54]. Such obsemsticould imply that the
polysaccharide-induced inhibition of oxygen freedicals in murine peritoneal
macrophages play an important role in the antirageeffect of Ganoderma
extracts.

PSK in a cell-free system consisting of hypoxamixanthine oxidase rapidly
guenched the superoxide radical, a property noteshdy Schizophyllan [75].
PSK further repressed the mimetic activity of sop&lte dismutase (SOD) and
promoted oxidative stress relief for cancer-bearingsts [47]. PSK also gave
protection to macrophages from lipoperoxide accatuh and foam cell
formation created by oxidatively modified low-dewgsilipoprotein [100]. This
protection is believed to be due to the inductioh @ene expression of
anti-oxidative enzymes [13].

PSP shows similar scavenging effects on supezoxatid hydroxyl radicals
[34]. Significant superoxide and hydroxyl radicalagenging activities have been

demonstrated for several mushroom anti-tumor pobtsaride [55].
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CHAPTER 111

Materials and Methods

[lI-1 Liquid cultivation of Morchella esculenta

I11-1-1 Strain

Morchella esculenta was obtained from Manyang Edible Fungi Research
Institute (Sichuan, China). Cultures were maintdinen PDA (potato dextrose
agar) plate. Plates were inoculated and incubate@5& for 7 days, and then

stored at & .

l1I-1-2 Inoculum preparation

Morchella esculenta was initially grown on medium PDA (potatoes 4.0L,g/
dextrose 20.0 g/L and agar 15.0 g/L) in a petiidiand then transferred into
the seed culture medium PDB (potato starch 4.0 ajid dextrose 20.0 g/L) by
punching out from the 5x5 mm of the agar plate waltwith a sterilized cork

borer. The seed culture was grown in a 300 mL flasktaining 100 mL of
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seed culture medium at 25 on a rotary shaker at 100 rpm for 7-8 days, and
then homogenized at 10,000 rpm for 30 sec. The 5%) (of mycelium

homogenate was used as a inoculum.

I11-1-3 Culture condition

I11-1-3-1 Flask culture

Flask cultures were carried out in 300 mL flagiantaining 50 mL of basal
medium. The basal medium was made up of the fotigwiable 4 components
(in g/L). Medium were sterilized at 121 for 15 min. The pH was adjusted to
the desired value by addition of either 1IN HCI oa@H. The flasks were
cultivated on a rotary shaker (Model HB-201SL) undgpecific conditions for 8
or 12 days. All experiments were carried out irplitate to ensure the trends

observed were reproductivity.

I11-1-3-2 Jar fermentation

The fermentation medium was inoculated witt% (v/v) of the mycelium

homogenate and then cultivated at@5%n a 5-L jar fermenter (Korea Fermenter

Co., Korea) under specific conditions for 8 or 1aysl The temperature, pH

and working volume were maintained at‘@5pH 6.5, and 2 L, respectively.
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Table 4. Composition of media used in this study

Medium Composition (g/L)

PDB Potato Starch 4.0, Dextrose 20

YSB Yeast extract 4, Starch 10, MgSOy - 7H,O 1.5, KH2PO4 1.0

Malt extract 10, Glucose 10, MgSO, + 7H,O 1.5,
MGB
KH,PO,4 1.0

GPB Glucose 10, Peptone 2, MgSO, - 7H,O 1.0, KH>PO4 1.0

BG Beef extract 10, Glucose 10, MgSO, - 7H,O 1.5, KH>PO4 1.0

Sucrose 10, NaNO; 2, KH>PO; 1.0, MgSO, + 7H,O 1.5,
Czapek
KCl 0.5, FeSO,4 + 7H,O 0.01
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Based on the flask cultures, a batch culture gugiptimally designed medium
with a Jar fermenter was carried out for 12 dayke Tculture conditions for a
jar fermentation are as follows; temperature’C25agitation speed 200 rpm, and
aeration rate 1.5 v.v.m.. The pH of the fermentativas controlled at 6.5. All

experiments were carried out in triplicate to easueproductivity.

l1I-1-4 Analytical methods

Mycelial growth in a solid medium PDA (potatoed 4/L, dextrose 20.0 g/L
and agar 15.0 g/L) on the effect of temperature veamluated by visual
measurement of the average increase of the fungabnye along two
perpendicular diameters [25].

Dry weights of mycelium were obtained by cengifig samples at 3,000 rpm
for 15 min, washing the sediment three times witktilled water, and drying to
constant weight. All supernatants were collectednd athen the crude
exo-polysaccharide was precipitated with the additiof 4 volumes of 95%
ethanol. The precipitated exo-polysaccharide waleated by centrifugation at
3,000 rpm for 10 min and then dried to remove ngdidethanol at 60 (Fig.

9.).
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Fig. 9. Experimentalprocedurein this study
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llI-2 Effects of anti-cancer and anti-oxidant froRieurotus nebrodensis Inzenga

I11-2-1 Materials

Pleurotus nebrodensis Inzenga fruiting bodies (PNF) were obtained from
Culture Ground Kaya-Backsong (Chungnam, Korea). Pdtfained was washed
four times with distilled water, and dried with drg oven at 6@ for 1 day

and then powdered using Wiley Mill having partideze 300 mesh.

[lI-2-2 Extract preparation oPleurotus nebrodensis Inzenga

About 500 g of dry powdered PNF was extractedhwii000 mL of 95%
ethanol or methanol using soxhlet apparatus at réemperature for 8-10 h. The
extracts were evaporated in a rotavapor. The residas dissolved in distilled
water, and the solvent was evaporated and lyophilizand solid mass with a
yield of 3-5% was used as ethanol extracts Pbéurotus nebrodensis Inzenga
About 100 g of dry powdered PNF was extracted w00 mL of hot distilled
water using soxhlet apparatus at 100for 2-3 h. After standing overnight at
4T, the solvent was centrifuged and the supernatamse evaporated and
lyophilized, and solid mass with a yield of 12-13%as used as hot water

extracts ofPleurotus nebrodensis Inzenga
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I11-2-3 Cells and culture

Human lung cancer cell (A549), cervical cancell §HelLa) and colon cancer
cell (KM12C) lines were obtained from Korean Celul@re Bank and cultured
in RPMI-1640 medium (GIBCO RBL) supplemented witlD%d (v/v) of fetal
bovine serum, 100 U/mL of streptomycin, and 100mU/of penicillin. Cells
were maintained at 37 in humidified atmosphere with 5% GQCand were
subcultured twice a week. Cells were incubated @, Gncubator at 37T in
humidified atmosphere of 95% air and 5% LCOr varying periods of time with
or without Pleurotus nebrodensis Inzenga extracts and different concentrations of

Pleurotus nebrodensis Inzengaextracts.

[lI-2-4 Cytotoxicity assay

The viability of the cells was determined by MTaBsay [84]. MTT assay is
based on the optical measurement of a dye form&zan MTT by mitocondrial
dehydrogenase. Human cancer cells were cultureRBWI-1640 containing 10%
FBS and then 2xfOcells per well were added on 96-well microtiteratpk.
After addition of various concentrations ®feurotus nebrodensis Inzenga extracts
into each well, the 96-well plate was maintainedCfd, incubator (37C) for 2
days. After the cultivation was completed and RPM#0 was removed, 58
of MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl etrazolium bromide) and 200

w of fresh RPMI-1640 was added on a 96-well plate.aiAg the plate was
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maintained at C@incubator for 4 h to give formazan formation. Theantity of
formazan produced can be regarded as an indicdtorelb density or viability.
After dissolving the formazan in 15QL of DMSO (dimethyl sulfoxide), the
absorbance at 540 nm was measured with Microplatgoréader (Labsystem
Multiscan Multisoft, Finland). The results obtainedere presented as percent of
control values. The control values were determirfemm cultures with cancer
cells growth in the medium without angleurotus nebrodensis Inzenga extracts
and considered as 100%. Subsequently the grow#s raf cancer cells treated
with hot water or ethanol extracts were calculated percent of control value

and plotted.

[lI-2-5 Radical scavenging activity test by TBA et

Anti-oxidant activity was measured with TBA (tbarbituric acid) by the
Wong et. al., method.

Rats (300 g) were anaesthetized with ether aedbifain was quickly excised,
placed immediately in ice-cold saline to wash iteefr from blood and
homogenized in 0.1 M tris-HCI buffer (pH 7.4) usingomogenizer. After
homogenization, lipid was separated by centrifugatat 3,000 rpm for 10 min.
Each sample was added to a solution mixture of vaater or methanol extracts
(10, 20, 40puL) and 100uL of FeCk (10 mM), respectively. The mixed solution
was shaken in a water bath for 24 hours atC 37The solution was then mixed

with 0.3 mL TCA (trichloroacetic acid) and 0.5 mlf 4% TBA (thiobarbituric
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acid), and boiled in the water bath for 15 minuts100C. The solution was
centrifuged at 12,000 rpm for 10 minutes and theAT&lue was determined by
reading the absorbance at 532 nm. The inhibitiotivigc was calculated against

the TBA value of the control when added FeGhly.
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CHAPTER IV

Results and Discussion

IV-1 Flask culture

IV-1-1 Effect of temperature

The effect of temperature on mycelial growth bforchella esculenta was
investigated using PDA medium with 7 days cultivati The culture temperature
was controlled at 20, 25, 30 and ‘@5 The results were presented in Fig. 10.

Mycelial growth was the highest at the optimal tenspure 2% .

IV-1-2 Selection of basal medium

The effects of media composition on the myceligfrowth and
exo-polysaccharide production oMorchella esculenta were determined with
several media.

Batch cultures were carried out in 300 mL flagiantaining 50 mL of the 6
different media (PDB, YSB, NGB, GPB, BG and Czapdky 8 days. The

mycelial growth and exo-polysaccharide concentnatiovere shown in Fig. 11.
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Among 6 different media, the mycelial growth anexo-polysaccharide
production were very good with BG, GPB and Czapekdim The highest
mycelial growth and exo-polysaccharide productioerev obtained with a BG
medium and they were 3.1 g/L and 0.8 g/L, respeltiv

Therefore, it was concluded that the best mediiem both mycelial growth

and exo-polysaccharide production was BG medium.

IV-1-3 Effect of initial pH

To determine the effect of initial pH on mycelialgrowth and
exo-polysaccharide productionMorchella esculenta was cultivated in a basal
medium (BG) with different initial pHs (4.0-8.0) ia flask culture. The mycelial
and exo-polysaccharide concentrations  were predenh Fig. 12. Mycelial
growth and exo-polysaccharide production were @eed when the initial pH
was 6.0-6.5. The optimal initial pH for mycelial ogrth was pH 6.5. At the
initial pH 6.5, the maximum mycelial and exo-polgshaaride concentration were
3.56 g/L and 0.85 g/L, respectively.

Hashimoto and Takahasi [30] reported that theim@t pH for Pleurotus
ostreatus was 6.2-6.5 and Wolport [94] reported that theiropt pH ranges for
mycelial growth of basidiomycetes were 4.0-7.0. Togtimal pH for mycelial

growth and exo-polysaccharide production fréforchellla esculenta was 6.5.
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Fig. 12. Effect of initial pH on the mycelial grawtand exo-polysaccharic
production of Morchella esculenta in BG medium at 2% for 7

days
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IV-1-4 Effect of surface aeration

Effect of surface aeration on mycelial growth wstsdied with various culture
volumes of basal medium in 300 mL flasks which wesdleaken in a rotary
shaker at 100 rpm for 8 days. The working cultuotumes of 50, 100, 150 and
200 mL were tested. The mycelial concentration vmsasured and shown in
Fig. 13. The flask with 50 mL of BG medium showelde thighest mycelial
growth (3.67 g/L) and exo-polysaccharide producfiodh g/L), while the volume
of basal medium higher than or lower than 50 mL wsktb lower mycelial
growth and exo-polysaccharide production. Theseultesindicate that adequate
surface aeration is essential for both mycelial wiino and exo-polysaccharide

production.

IV-1-5 Effect of shaking speed

The viscosity of the culture media increased wuttmlly due to mycelial
growth and the accumulation of exo-polysaccharidgfficient mixing for
increasing mass transfer would be vital to enhamogcelial growth and
polysaccharide synthesis. The effect of shakingedpen mycelial growth and
exo-polysaccharide production was investigated gusshaking incubator with
50-200 rpm. Mycelial culture was carried out in @03mL flask containing 50
mL BG medium at 2% and initial pH 6.5 for 8 days. The results were vaho

in Fig. 14 and the highest mycelial growth (3.94)gaAnd exo-polysaccharide
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production (1.12 g/L) was achieved at 100 rpm. laswbelieved that higher
shaking speed would be favorable to the myceli@wgn and exo-polysaccharide
production with increased mass transfer rate. Hewewhen the shaking speed
was higher than 100 rpm, the mycelial growth and-palysaccharide production
decreased and this could be due to a detrimentattebf increased shear stress

on the mycelium.

IV-1-6 Flask culture using optimal culture conditio

The mycelial and exo-polysaccharide concentrationltured in a flask culture
were measured and shown in Fig. 15. The myceliae wgmown under optimal
culture conditions for 12 days. The optimal cultwenditions for a flask culture
are as follows; temperature 25 shaking speed 100 rpm and initial pH 6.5. Fig.
15 shows the change of mycelial growth and exogamgharide concentrations.

In a flask culture, it took about 9 days to reachaximum mycelial
concentration and the cells were grown rapidly leetw 3 and 8 days. The
maximum mycelial concentration and exo-polysacdsanproduction was 3.98 g/L

and 1.10 g/L, respectively, after 9 days.

IV-1-7 Nutritional requirement

IV1-7-1 The effects of carbon source
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Fig. 15. Changes of mycelial growth and exo-polghacide productionwith

flask culture at 25°C and initial pH 6.5
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To find a suitable carbon source for the myceligrowth and
exo-polysaccharide production Morchela esculenta, cells were cultivated in the
medium containing various carbon sources, and eacbn source was added to
the BG medium at a concentration level of 1.0% jwier 8 days. Among a
carbon sources were tested, fructose, sucroseshstmd glucose were favorable
for mycelial growth and exo-polysaccharide produttitable 5).

With the addition of fructose, the highest myakligrowth (4.2 g/L) and
exo-polysaccharide production (1.2 g/L) were obsdrvKim et al.[46] reported
that the addition of glucose and fructose resulit@dmaximum mycelial growth
of Flammulina velutipes and the addition of sucrose resulted in highly ACE
inhibitory effect. The pappern of exo-polysacchariggroduction was consistent
with mycelial growth inMorchella esculenta. Park et al.[69] reported that good
mycelial growth was closely related to the proteound polysaccharide
production.

The effect of fructose concentration on the mgtel growth and
exo-polysaccharide production was added for a gkicconcentration ranged from
1 to 10% (w/v) in flask cultures. As shown in Fi@6, the highest mycelial
growth and exo-polysaccharide production Mbrchella esculenta were obtained
with a fructose concentration of 5% (w/v). When ctase concentration lower
than or higher than 5% (w/v), mycelial growth amxb-@olysaccharide production
decreased. Therefore, it was concluded that thémaopt fructose concentration

for both mycelial growth and exo-polysaccharide dorction was 5% (wi/v).
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Table 5. Effect of various carbon sources on the mycelial growth anc

exo-polysaccharide production ®forchella esculenta

Carbon Mycelial dry
_ Exo-Polysaccharide (g/L)

sources weight (g/L)

Dextrin 2.1 0.41
Fructose 4.2 1.20
Glucose 3.0 0.70
Lactose 2.1 0.45
Maltose 2.8 0.58
Mannitol 2.5 0.53
Starch 3.1 0.73
Sucrose 3.3 0.81
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Fig. 16. Effect of fructose concentration on the celial growth anc

exo-polysahccharidgproduction of Morchella esculenta
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IV-1-7-2 The effects of nitrogen sources

To investigate the effects of nitrogen sources tbe mycelial growth and
exo-polysaccharide production, batch cultures weaeried out in 300 mL flasks
containing 50 mL of the BG medium with 1.0% (w/vj final concentration of
various nitrogen sources and 5.0% (w/v) of fructo$be mycelial growth and
exo-polysaccharide production were shown in table 6

Among 6 different nitrogen sources were added th® medium with various
combinations, the mycelial growth and exo-polysaccle production were very
good with peptone plus NBI, yeast extract plus beef extract, peptone plus
NaNQG; and peptone plus beef extract group. Also, thecefbf combinations of
malt extract on the mycelial growth and exo-polgsacide production were very
poor. With combination of peptone and inorganicragien sources, mycelial
growth and exo-polysaccharide production were Emitly increased. These
results suggest that peptone and s8Hmight contain necessary components in
the mycelial growth and exo-polysaccharide prodauncti

Optimum initial concentration of peptone plus M ration [(w/v) of 1:1] for
mycelial growth and exo-polysaccharide productioerav determined in a flask
culture. We added peptone plus MXH with various concentration 0.5 to 5.0%
(w/v) in a media containing 5% (w/v) of fructosedachecked mycelial growth
and exo-polysaccharide production for 8 days. Aewshin Fig. 17, the highest
mycelial growth and exo-polysaccharide production Morchella esculenta were

observed with a 4% (w/v) peptone plus XOH and they were 7.52 g/L and 2.74
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Table 6. Effect of various nitrogen sources on the mycelial growth anc

exo-polysaccharide production ®forchella esculenta

Nitrogen sources My.celial dry Exo-Polysaccharide

weight (g/L) (g/L)
Yeast extract 6.17 2.20
Malt extract 1.52 0.55
Peptone 4.18 1.52
Beef extract 5.43 2.00
Yeast extract + Malt extract 4.95 1.73
Yeast extract + Peptone 6.02 2.15
Yeast extract + Beef extract 6.73 2.41
Malt extract + Peptone 4.73 1.81
Malt extract + Beef extract 3.02 1.14
Peptone + Beef extract 6.32 227
Yeast extract + NH4Cl 5.39 1.96
Yeast extract + NaNO3 6.21 2.23
Malt extract + NH4Cl 0.97 0.22
Malt extract + NaNOs3 0.83 0.30
Peptone + NHyCl 6.91 2.58
Peptone + NaNOs; 6.67 243
Beef extract + NH4Cl 4.52 1.60
Beef extract + NaNOs; 3.25 1.27
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Fig. 17. Effect of peptone and NEl [ratio (w/w) of 1:1] on themycelia

growth and exo-polysaccharid¢gproduction of Morchella esculenta
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g/L, respectively.

The mycelial growth and exo-polysaccharide préidac increased with the
increase in the peptone plus M concentration up to 4.0% (w/v) and then
slightly decreased at the higher peptone plussx@IHoncentration. Therefore, the
optimum concentration of peptone plus MH [ratio (w/v) of 1:1] was 4.0%

(Wiv).

IV-1-7-3 The effects of mineral sources

The influence of mineral sources on the myceliggrowth and
exo-polysachcaride production in a medium contgn% (w/v) of fructose and
4% (w/v) of peptone plus NUEI [ratio (w/v) of 1:1] was investigated for 8 days
cultivation. Mineral source was added to the mediaima concentration of 0.15%
(w/v). As shown in table 7, MgSC 7H,O and KkHPQ, were found to be the
best mineral sources for mycelial growth and exlygaxcharide production. The
best result of the mycelial growth and exo-polysacce production in the
medium containing BHPO, and MgSQ- 7H.O was similar to a effects of
various inorganic salts on enzyme production Aspergillus japonicus [12].

In general, phosphate have been used as a Igffeeiagent and potassium is
important minerals involving the cell structure; gnasium cation may stimulate
biosynthesis of the fungal cell and affect its peavility. When ZnS®- 7H;0,
MgCl,, MgSQ and NaHPQO, were used, mycelial growth and exo-polysaccharide

production were slightly decreased than those oftrob Therefore, the optimum
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Table 7. Effect of mineral sources on the myceligrowth and
exo-polysaccharide production dorchella esculenta

Myecelial dry
Mineral source ) Exo-polysaccharide (g/L)
weight (g/L)

Control(none) 7.53 2.78
MgSO, 7.21 2.65
CaCl2-2H,O 7.82 0.75
ZnSO4-7H20 243 0.14
MgCl, 6.57 1.35
MgSO,-7H>O 10.2 3.52
Na,HPO, 7.36 2.01
FeSO4-7H>O 8.44 3.22
KoHPO, 115 3.83
KH,PO, 8.96 297

_58_



mineral sources oMorhcdla esculenta were KHPQ, and MgSQ - 7H:0.

IV-1-8 Jar fermentation

IV-1-8-1 The effect of agitation speed

The effect of agitation speed on the mycelial wdlo and exo-polysaccharide
production was carried out in a 5 L jar fermenter different agitation speeds
for 7 days. Aeration and pH were controlled 0.5.m.vand 6.5, respectively.
Fig. 18-1 ~ 18-3 shows the time profile of mycelial growth and
exo-polysaccharide production at different agitatispeeds. The agitation speed
was controlled from 100 to 300 rpm and it signifita affected mycelial growth
and exo-polysaccharide production. When agitatigreed was increased above
200 rpm, mycelial growth and exo-polysaccharide dpobion decreased. It was
due to higher shear stress induced by the impedigitation, which had an
negative effects on growth of mycelia. Maximum nligdeand exo-polysaccharide
concentrations were achieved at the agitation spE#e@00 rpm, and they were

7.36 g/L and 2.92 g/L, respectively.

IV-1-8-2 The effect of aeration rate

The response oMorchella esculenta to intermediate levels of dissolved oxygen

was investigated using jar fermenter. Fig. 1 19-2 showed the time profiles

_59_



polysaccharide (g/L)

Mycelial growth (g/L)

Exo

Fig.

Il Mycelia gronth
[ Bxo-polysaccharide 100 rpm
4+
3_
2_
1_ I l
N
0 1 2 3 4 5 6 7
Time (day)
18-1. Effect of agitation speed on

the mydeligrowth anc

exo-polysaccharide production diorchella esculenta in jar

fermentationat 25°C, pH 6.5 and 0.5 v.v.m.

_60_



Il Mycelid growth

[ Exo-polysaccharide 20 rpm |
or— M |_I
4 5 6 7

0 1 2 3

(o]
I

polysaccharide (g/L)
IS

Mycelial growth (g/L)

Exo
N

Time (day)
Fig. 18-2. Effect of agitation speed on the mydeligrowth anc
exo-polysaccharide production diorchella esculenta in jar

fermentationat 25°C, pH 6.5 and 0.5 v.v.m.

_61_



Mycelial growth (g/L)

polysaccharide (g/L)

Exo

Fig.

Il Mycelid growth

641 [ Exopolysaccharide 300 rpm

5_

4_

3_

2_

1_

oM

0 1 2 4 5 6 7

Time (day)

18-3. Effect of agitation speed on

the mydeligrowth anc

exo-polysaccharide production diorchella esculenta in jar

fermentationat 25°C, pH 6.5 and 0.5 v.v.m.

_62_



I Mycelid gronth

[ Bxo-polysaccharide  0.5wm |
ol M |
4 5 6 7

1 2 3

(o]
I

polysaccharide (g/L)
IS

Mycelial growth (g/L)

Exo
N

Time (day)
Fig. 19-1. Effect of aeration on the mycelial grbwand exo-polysaccharic
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of mycelial growth and exo-polysaccharide produttio a jar fermentation at the
different aeration rates of 0.5 and 1.5 v.v.m.. tAtiin speed, pH, temperature
were 200 rpm, 6.5 and 25, respectively.

Maximum mycelial growth and exo-polysaccharideduction wee observed at
the 1.5 v.w.m. of aeration rate and they were 784 and 3.11 g/L,
respectively. The increase in aeration rate resultsthe increase in oxygen
transfer rate, which lead to an increase in mykteligrowth and
exo-polysaccharide production.

In the jar fermenter, the fermentations were ecied to oxygen limiting
conditions. It should be noted that the limitatioh oxygen transfer during the
fermentation was also due to the increase of viscasf liquid resulting from
the accumulation of extra-cellular polysaccharideven though, the oxygen
transfer co-efficient was not measured during ttisdy, this parameter should be

decrease significantly during the course of thenémtation.

IV-1-8-3 Comparison of basal medium and optimal imedin a jar fermentation

The mycelial growth and exo-polysaccharide cotregipns cultured in a 5 L
jar fermenter with a basal medium were measured simavn in Fig. 20. The
optimal culture conditions for a jar fermentatiorre afollowing conditions;
temperature 2%, agitation speed 200 rpm and aeration rate 1.5mv.vThe pH
of the fermenter was controlled at 6.5. The maximunycelial growth and

exo-polysaccharide production were obtained after days and they were 8.17
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g/L and 3.54 g/L, respectively (Fig. 21).

Based on the flask culture, a batch culture ushpgimally designed medium
(5% of fructose, 4% of peptone plus MH [ratio (w/v) of 1:1], 1% of KHPQO,
and 1.5% of MgS®- 7H,O, w/v) with a jar fermenter was carried out for 12
days. Fig. 21 shows the change of mycelial growtid aexo-polysaccharide
concentrations. The mycelial growth and exo-polghadde concentrations were
the higher after 11 days fermentation and they wg@e2 g/L and 5.24 gL,
respectively.

The exo-polysaccharide concentrations were rapidtreased in paralled with
the growth rate ofMorchella esculenta and the product formation is associated
with mycelial growth. The vyields of mycelial growtland exo-polysaccharide
production of jar fermentation with optimal mediumere increased 20% and

32%, respectively, than those of basal medium.
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IV-2 Anti-cancer and anti-oxidant activities oPleurotus nebrodensis Inzenga

extracts

IV-2-1 Cytotoxicity of Pleurotus nebrodensis Inzenga extracts on the human

cancer cell lines

The effects ofPleurotus nebrodensis Inzenga (PN) extracts on the viability of
human cancer cell linegn vitro system were demonstrated. When A549, HelLa
and KM12C cancer cells were incubated with variozsncentrations of PN
extracts which separated hot water, the viabilith 3 cancer cell lines was
measured by MTT assay and shown in Fig. 22.

Cervical cancer cells (HeLa) and colon cancedsc€éKM12C) were slightly
sensitive to PN hot water extracts, slight inhdsitirate of HeLa and KM12C
were 71% and 73%, respectively, at the treatmen8 ohg/mL. Also, when lung
cancer cells (A549) were incubated lower than 4 mhg/of PN hot water
extracts, slight growth inhibition rate (less th&3%) was observed. However,
treatment of 6 mg/mL of PN hot water extracts wamiBicantly inhibited to the
A549 cells and cell viable decreased to 38%.

When Ab49, HeLa and KM12C cells were incubatedhwé mg/mL ethanol
extracts of PN, the viability of HeLa and KM12C lselwere slightly decreased,
while the growth of A549 cells was inhibited at centrations over 4 mg/mL

ethanol extracts of PN (Fig. 23).
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The differences of cytotoxic effects of ethanwldahot water extracts of PN
were significant. These results suggest that ethartracts of PN have cytotoxic
substances, which activities are more potent these of hot water extracts of
PN and A549 cells were most sensitive to the cyiot@ffects of ethanol extract
of PN.

Thus, cytotoxic substance containing in ethanatragts of PN should be

characterized and identified for the developmentanfi-cancer agents.

IV-2-2 Anti-oxidant activity of Pleurotus nebrodensis Inzenga

oxidation is essential to many living organicg fine production of energy to
fuel biological processes. However, oxygen-centorede radicals and other
reactive oxygen species, that are continuously ywmed in vivo, result in cell
death and tissue damage. Oxidative damage causedreby radicals may be
related to aging and diseases, such as atherasislerdiabetes, cancer and
cirrhosis [28].

Although almost all organisms possesses antias®idsupplements, or foods
containing anti-oxidants, may be used to help tlwndn body reduce oxidative
damage [98]. Because the thiobarbituric acid (TB&ethod is simple and
sensitive, and it has a higher correlation with seey evaluation results as
compared with other methods, it is the most widae§ed method for measuring
the development of lipid oxidation [70].

In this study, the potential anti-oxidant acyvitof Pleurotus nebrodensis
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Inzenga (PN) has been assessed based on the TB#odnet

Using the TBA method, the methanol extracts freMd showed low (0-14.6%)
with various concentrations. In the care of watextrazts, however, high
anti-oxidant activity showed 37.43% at 40 (table 8 and Fig. 24). Obviously,
the anti-oxidant activities of PN the two extraetéth regard to the anti-oxidant
activities of methanol and water extracts, the wadgtracts were better than
methanol extracts. These anti-oxidant activities BN would provide on of

pharmacological backgrounds for its use in folk wiee.
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Table 8. Anti-oxidant activity of hot water and tm&nol extract fromPleurotus

nebrodensis Inzenga. The values are mean + SD, n=3

1 2 3 AVR STDEV MDA %
NA
0.053 0.036 0.035 0.041 0.01
(supernatant of rat’s brain)
1. FeCl; (10 mM) 0.496 0506 0.512 0505  0.01 100

2. FeCl;+BHA (50 ug/mL) 0.08 0.077 0.081 0.079 0.00 15.71

3. PM 10 uL 0.508 0.567 0.492 0.522 0.04 100
4. PM 20 pL 0412 0482 0491 0462 0.04 91.42
5. PM 40 uL 0461 043 0403 0431 0.03 85.41
6. PW 10 uL 0423 0364 0378 0.388 0.03 76.90
7. PW 20 pL 0353 0338 036 0.350 0.01 69.37
8. PW 40 uL 0316 0.323 0.309 0.316 0.01 62.57
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CHAPTER V

Conclusion

Morchella esculenta, a Ascomycotina fungus belonging to the genus
Morchellaceae and the family Morchella, is low imlaries, sodium, fat and
cholesterol, while rich in protein, carbohydratébef, vitamins and minerals.
These nutritional properties make more a attractieed stuff than Agaricus
bisporous in the many countriesPleurotus nebrodensis Inzenga is shaped like
the traditional Chinese medicinegGanoderma, but its color white, and more
importantly it is rich in nutrients. Especially, ethcontent of polysaccharide in
Pleurotus nebrodensis Inzenga reaches 19% and has the ability to strengthe
immune system. Although there have been many repornt differentPleurotus
genus andMorchella esculenta in agricultural and genetic areas, there are no
reports on cultivation and biological activities Bfeurotus ferulae and Morchella
esculenta in Korea.

Therefore, the objectives of this work are toedwmine the optimal culture
conditions in liquid-state fermentation for prodaot of Morchella esculenta, and
to investigate the effects oPleurotus nebrodensis Inzenga various extracts on
viability of human cancer cell lines and anti-oxida activity for screening the

substances contained Pleurotus nebrodensis Inzenga.
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Optimal culture conditions for the mycelial gtbwand exo-polysaccharide
production of Morchella esculenta in flask cultures were determined@he optimal
temperature and pH oMorchella esculenta were 25T and 6.5, respectively.
Among various media tested, the best medium forh botycelial growth and
exo-polysaccharide production was BG medium. Thaskfl with 50 mL of BG
medium at 200 rpm showed the highest mycelial gnoand exo-polysaccharide
production. Under optimal culture conditions, th@ximum mycelial concentration
and exo-polysaccharide production was 3.98 g/L arkdD g/L, respectively, after
9 days in a flask culture. The best carbon sourees Wuctose with 5% (w/v)
for mycelial and exo-polysaccharide production Mbrchella esculenta. Among 6
different nitrogen sources were added to the nmedwiath various combinations,
the mycelial growth and exo-polysaccharide productivere very good with
peptone plus NECI, and the optimum concentration of peptone plid,® [ratio
(wiv) of 1:1] was 4.0% (w/v). Also, the optimum remal sources ofMorhcella
esculenta were KHPOy(1.5%, w/v) and MgS©- 7H,O(1.0%, w/v). In conclusion,
the optimal medium compositions fdvlorchella esculenta were % of fructose,
4% of peptone plus NKI [ratio (w/v) of 1:1], 1% of KHPOs and 1.5% of
MgSQy - 7THO(w/v). Jar fermentations were carried out to opénthe culture
conditions for mycelial growth and exo-polysacctariproduction ofMorchella
esculenta. The agitation speed was controlled from 100 to 3@bn and it
significantly affected mycelial growth and exo-psdgcharide production. It was
due to higher shear stress induced by the impedigitation, which had an

negative effects on growth of mycelia. Maximum niigdeand exo-polysaccharide
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concentrations were achieved at the agitation spEe@00 rpm, and they were
7.36 g/L and 2.92 g/L, respectively. In the caseaefation, maximum mycelial
growth and exo-polysaccharide production wee aehiewat the 1.5 v.v.m. of
aeration rate and they were 7.54 g/L and 3.11 gdispectively. The increase in
aeration rate results in the increase in oxygemsfex rate, which lead to an
increase in mycelial growth and exo-polysacchargieduction. Under optimal
culture conditions, the maximum mycelial growth anexo-polysaccharide
production in a 5 L jar fermenter with a basal roediwere obtained after 10
days and they were 8.17 g/L and 3.54 g¢/L, respelgtivBy using optimally
designed medium, the highest mycelial growth ando-molysaccharide
concentrations were the higher after 11 days fetaten and they were 10.2
g/lL and 5.24 g/L, respectively. The vyields of myakel growth and
exo-polysaccharide production of jar fermentatiorithwoptimal medium were
increased 20% and 32%, respectively, than those ba$al medium. The
exo-polysaccharide formation is associated with ehigt growth of Morchella
esculenta.

The effects ofPleurotus nebrodensis Inzenga (PN) extracts on the viability of
three human cancer cell lings vitro system were demonstrated. Cervical cancer
cells (HeLa) and colon cancer cells (KM12C) werggldly sensitive to PN hot
water extracts, slight inhibition rate of HelLa akdM12C were 71% and 73%,
respectively, at the treatment of 8 mg/mL. Also,ewhlung cancer cells (A549)
were incubated lower than 4 mg/mL of PN hot watetraets, slight growth

inhibition rate (less than 83%) was observed. Haxeweatment of 6 mg/mL of
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PN hot water extracts was significantly inhibited the A549 cells and cell
viable decreased to 38%. When A549, HeLa and KMX&ls were incubated
with 6 mg/mL ethanol extracts of PN, the viabiligf HeLa and KM12C cells
were slightly decreased, while the growth of A54@llsc was inhibited at
concentrations over 4 mg/mL ethanol extracts of Phese results suggest that
ethanol extracts of PN have cytotoxic substancehjchw activities are more
potent then those of hot water extracts of PN anB49A cells were most
sensitive to the cytotoxic effects of ethanol esttreof PN. Thus, cytotoxic
substance containing in ethanol extracts of PN Ishdoe characterized and
identified for the development of anti-cancer agent

In this study, the potential anti-oxidant acyvitof Pleurotus nebrodensis
Inzenga (PN) has been assessed based on the TBAodneUsing the TBA
method, the methanol extracts from PN showed lowl4(®%) with various
concentrations. In the case of hot water extrattswever, high anti-oxidant
activity showed 37.43% at 4@L. The anti-oxidant activities of PN the two
extracts with regard to the anti-oxidant activitie§ methanol and hot water
extracts, the hot water extracts were better thaathamol extracts. These
anti-oxidant activities of PN would provide one pharmacological backgrounds

for its use in folk medicine.
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