NOVEL -GLUCANS ISOLATED FROM HIGHER BASIDIOMYCETES
MUSHROOM GANODERMA TSUGAE VAR JANNIEAE FIELD OF THE
INVENTION  The present invention relates to polysaccharides isolated
from mushrooms and, more particularly, to novel highly soluble in water
f3-glucan isolated from the higher Basidiomycetes medicinal mushroom
variety designated Ganoderma tsugae var. jannieae and, particularly, from
a new and distinct strain thereof designated Ganoderma tsugae var.
jannieae strain Tay-l. BACKGROUND OF THE INVENTION Mushrooms
or macrofungi represent a major and, as yet, largely untapped source of
potent new pharmaceutical products. Of approximately 15000 known

NOOWEES, R OI0RCASHI O PRTHEISHRON, G HER BSSIDTOMY CETES
possess medicinal properties éwasser 2002).  Edible and medicinal
mushrooms (mMSHRSINM GAN ORI RMA TGN AR DR E
biomass waste into human food but, most remarkably, can produce
notable mycopharmaceuticals, myconutriceuticals - and
mycocosmecenticals.  The most significant aspect of mushroom

FIEbveoTHEanagRapesRerly, is to crate zero emission of lignocellulosic
waste materials, Mushroom biotechnological products have multibeneficial
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al., 2004; Lindequist et af., 2005; Sullivan et al., 2006; Moradali et al., ‘
Gapeierynmangast Yaouwanéephatmicdasichl products, while others represent
a novel class of dietary supplements (Wasser et al., 2004) or "mushroom
nutraceuticals" (Chang and Buswell, 2003). Several antitumor
Iéac arides, such as hetero-P-glucans and their protein complexes
BA@.&V., %@E&YH&Q? EF@MEH&%% containing uronic acid) as well as
dietmrystibssnle SinmaRnskiiarpgeidat haypjbeamEalatos mmgenedisiaphed
- mushrooms. The potential of medicinal mushrooms is enormous but '
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mushroom mycology has deep and firm roots in fungi's traditional uses in
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cospelatatiarides, specifically P-D-glucans (Chen and Seviour, 2007).
Chihara and his cp-workers (1969) isplated from the fruiting bodies of
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foodMizahb +d999 addusbaesine Febmasgeftdesers, and to protect and regenerate

the environment. Pharmaceutical substances with potent and unique health-

enhancing properties were isolated recently from medicinal mushrooms and '
distributed worldwide (Mizuno, 1999; Wasser and Weis, 1999; Borchers et al.,
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Polysaccharides belong to a structurally diverse class of macromolecules,
in which polymers of monosaccharide residues are joined to each other by
glycosidic linkages and have the greatest potential for structural variability.
The involvement and importance of polysaccharides in tumor and cancer
treatment were first recognized more than 100 years ago when it was
found that certain polysaccharides could induce complete remission in
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2005). The anti-tumor effects of 13-glucans seem to be related to their
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appear to be stronger immunostimulators than insoluble ones (Wasser,
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mushroom-derived substances with antitumor and immunomodulating
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Lentinus edodes - shiitake mushroom, was the first polysaccharide
extracted from fungi shown to exhibit antitumor activity and was later
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antitumor polysaccharide agents have been developed and
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that activate immunological responses. This basically means that they
cause no harm and place no additional &ress on the body; they help the
body to adapt to various environmental and biological stresses; and they
have nonspecific action on the body, supporting some or all of the major
systems, including nervous, hormonal, and immune systems, as well as
regulatory functions. Mushroom dietary supplements Mushrooms

represent a valuable source of bioactive agents with potent and unique -
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Ganoderma lucidum dietary supplements, for example, are valued for their
immunomodulating, anticancer, and antiviral properties and are used
during remission of cancer and by hepatitis B patients. They also have
antihyperlipidemic, hypotensive, and hypoglycemic actions. There are
more than 60 brands of Ganoderma lucidum products on the market.
Higher Basidiomycetes mushrooms contain a large amount of
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hazardous materials in the intestine, and thus can act as carcinostatics
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controls: (i) the overwhelming majority of mushrooms used for production
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of mycelial biomass in submerged cultures and thus offer a promising
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£33 n mor metastasis and angiogenesis (Aggarwal, 2004). In
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asidiomycetes mushrooms e.g., Marasmius arcades, Phellinus linteus,
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receptors that mediate biological responses to 13-1,3-glucans have been
characterized on a molecular level: CR33 expressed on neutrophils,
monocytes, and NK cells, and less present on macrophages, and
dectin-1, preferentially expressed on macrophages over granulocytes,
while absent on NK cells (Hong et al., 2004; Chen and Seviour, 2007).
The grass (1,3:1,4)-P-D-glucan consists of an unbranched, unsubstituted

glucose chain with two distinct linkage types that are arranged in a
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Mushroom constituents are known to have inununomodulatory properties.
The major immunopotentiation effects of these active substances include
mitogenicity, stimulation of hematopoietic stem cells, activation of
alternative complement pathway, and activation of immune cells such as
TH cells, Tc cells, B cells, macrophages, dendritic cells and NK cells.
Different profiles have been observed in relation to the activated immune
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cells, while others stimulate all three types of“cells. Lentinan is a stimulator
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anti-infla tory effects by inhibiting the, pr ion of NO, PGE2,
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preparations may also be used as natural and cosmeceutical products
(Wasser et al., 2000, 2001; Wasser, 2002a; Chang and Buswell, 2003).
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evidence that most species reported as G. lucidum in most studies were
chags rfiyfinstionall dorsiscadierattidsrypiemients100 7 vsivcalicaldd(Chang and
BY¢GRRIENBH3! wAQRE) <t a1 1D GEEENTY published illustrations of
Ganodermataceae in China, WU and Dai (2005) included 77 Ganoderma
specidsingshsiogie putasentifahds poefascher Gartioblyr mefispd extsantioe dried
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(i tes mushro containing. antitumor or immunomadulatin
o e s A ot PR e e
miiteretinancehéhpoinsnookarispewesedduhd ihdhedruibay badsbeshyiniftgeasing

reg#e%gé%%d@ycggu% nd in culture medium of the various pea les of

Cinal mushroonac A (P& MmN e SHESHY SR qaate.

identified in G. lucidum were 13-(1->3)- glucuronoglucan and
mannogalactoglucan and the polysacchérides identified in G. tsugae were
arabinoglucan and glucogalactan.  Wasser (2002b) discloses that
polysaccharides have been investigated in both the fruiting bodies and
mycelia of Ganoderma tsugae. Seven glycans with strong antitumor
activities were obtained from 14 water-soluble and 15 water-insoluble

fractions extracted from G. tsugae fruiting bodies (Wang et al., 1993).
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Reference is made to the patent application entitled "New higher
Basidiomycetes medicinal mushroom Ganoderma tsugae var. jannieae
strain Tay-1 and biologically active biomass and extracts therefrom"”, filed
on the same date by same applicant and mentioning the same inventors-
as in the present application. SUMMARY OF THE INVENTION The
present invention provides a low molecular weight P-glucan composed of
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tsugae a est ére , more particula
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tro Ery'#x urpioses or a eh r{%lce{:1 lﬁlrlg %ngtlasslfa SR, %ﬁ:ﬁﬁ% e of
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for use as nutriceuticals qQr Iements, as an additive
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smetic rodu ts. F DESCRIPTJON OF THE FIGURES Figs.
fGiiovig, Sonire rev&f FtHOV GRS (UMY 08 SHstroraRs diged for

prydoetiop bdididfaig: sippineiity ate diasidiaoataméicia 94and adbgadRred in
tl\llea {vfﬁ} 3se guaranteeing proper identification and pure, unadulterated products,
meaning in many cases genetic uniformity; (ii) mushrooms are easily propagated
vegetatively and thus keep to one clone, the mycelium can be stored for a long
time, and the genetic and biochemical consistency may be checked after a
considerable period of time; and (iii) many edible and medicinal mushrooms are
capable of growing in the form of mycelial biomass in submerged cultures and thus
offer a promising future for standardized production of safe mushroom-based
dietary supplements. These are advantages of using mushroom-based dietary

supplements as opposed to herbal preparations.

Biological activity of medicinal mushroom substances
Fungal substances are known as modulators of NF-xB activation pathway
that plays critical roles in a variety of physiological and pathological processes NF-

kB is related to the promotion of cell proliferation, inhibition of apoptosis, and the
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Fig. 2 shows basidiomata of various shapes (collection from nature) of
Ganoderma tsugae var jannieae.  Figs. 3A-3B shows Ganoderma
tsugae var. jannieae culture in a Petri dish with malt agar medium (Fig.
3A) and staghorn hyphae of vegetative mycelium under scanning
electronic microscope (S EM) (Fig. 3B). Scale bar - 10 gm  Fig. 4 shows
general methodology for the production of submerged cultured mycelium
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microscopic examination of museum culture; f-'pre-inoculums culture'in

e mgkrmﬂmmiﬂa_sikxdgcmmmh 6 prenorocegurss@ulthirrdets of
s%%%ﬂbeﬁgm?@e&s&égdﬁgx&s&ai@ﬂg?ﬁ?%nﬁ@r%e%e%v” DORENSENAs S vation
homogenization of mycelial biomass for inoculation’in fermentor medium:
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i ntor:1-Aarvest of mycelial biomass;, m- dried bi ss formulations.
R ok MRS, DA AT TR RS R Bt
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janoni train Tay-1 CBS 120394 after éﬁ ltivation. _ Fig.
R e AP A DA AL R I R gk Tevel The
revieme ctimpsled nil/eehibpld|dgaobhioredcinal Gasladermmtsalgsittasknown to
jannieae strain .Tay-1 120394 after 5 days cultivation, .Fig. 7
e B LN Pt P Riental i as novel
antircimoaiegemty ainthotedidlB Sdi20304 fiekl Betriokshlbethegapsepadlished by
IJintcgculurrtls I)(:Tr{ggg in_g in a 2 L. Erlenmeyer flask. _ Fig. 8 shoyws the
ot 2L oS RS A0 A C e iy ere
f6in8 (2h3Aprbperteiantm o fioagus the RS filnatidh. EleANE0T: fagkn and
ig. 9.shows harvested wet mycelial biomass of Ganoderma tsugae var.
c&ﬁ@%téﬁ%f@éé?@é@%‘wﬁﬁ ak2%08Ms final product dried
pulverized hppreany GBRPIBHER (pHifacaKar s@uedeSrainI a¥y-1 S§31-p-
120394 after fermentation. =~ Fig. 11 shows vacuolated hyphae with' P
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glaRRIEERA@RTBYHIE B e BRI, miR¥SySURAURHAHIBRIAR natural
killer (NK) cells. Two membrane B-1,3-glucan receptors that mediate biological
responses to B-1,3-glucans have been characterized on a molecular level: CR3,
expressed on neutrophils, monocytes, and NK cells, and less present on
macrophages, and dectin-1, preferentially expressed on macrophages over
granulocytes, while absent on NK cells (Hong et al., 2004; Chen and Seviour,
2007). The grass (1,3:1,4)-B-D-glucan consists of an unbranched, unsubstituted
glucose chain with two distinct linkage types that are arranged in a non-repeating,
but nonrandom, fashion. The (1,3:1,4)-B-D-glucans are components of dietary
fibers that are highly beneficial in the prevention and treatment of serious human
health conditions, including colorectal cancer, high serum cholesterol and
cardiovascular diseases, obesity, and non-insulin-dependent diabetes (Braaten et al.,

1994; Brennan et al., 2005; Chen and Seviour, 2007). (1,3:1,4)-B-D-glucans have
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Fig. 12 shows a flow chart describing the procedure for isolation of the [1-
glucan from Ganoderma tsugae var. jannieae fruiting bodies biomass or
mycelium.  Fig. 13 depicts the 11-1 NMR spectrum of purified 13-glucan
from Ganoderma tsugae var. jannieae mushroom (D20, 40) (PPm, parts
per million). Fig. 14 depicts theNMR spectrum of the mixture of the
mannan, galactan, and glucan (void volume fraction of Sephadex G50
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chromatography-mass spéectroscopy (GLC-MS) chromatogram of the
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peaks could not be positively identified. Fig. 16 shows the HSQC
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aﬁ’, Yl@ﬁsﬁ%csﬁajeteérb u&é‘&e‘)'re Tg(li}écsa Ar&AbY sigﬁgnét %\93 |ﬁ'ﬂ3ﬂ§§y bodies and
s(ibteagied isuktaestl doydetits & fe(afdd) . frorfked, msidie thaishtisom, a higher

anosaccharide is link an indjcated paqsition qf the othey .
RGP ROt S AHE i, 10 TN hadived from he
fruikiniitHedidsy ainDénaRB oafRReCChidhaRA the ANJirgéed Sasikpant ahalasuka,
1-3, 1-4, and 1-6 indicate HMBC correlations between anomeric protons
1978 SiuzpBiYiag ©5segHtaY ach-aheHn Asredstamertaat S nedium
pb@&aegapmmaﬁmmmg;mang%mvalféa-iﬁEmﬂ&%%mw}mﬁéaphyuum

spectrum of (3-glucan. Peaks correspond to sodium [M+23] and )
camEsr K Numgto Fdc K sk s 1973 Msasheps ot druBuneadiasinin the

tREAIRRE PHERSELIGNNSMIy siifhalf %G&%&%;%g‘é'rﬁigqggﬁg%ﬁg& HEm the

i
13-glucan from Gan ermgtsugae var. jJanniea odies

fraitisigr bodie o etusradwiangemicdroindaenneredib lcumnalrdm ybéisakn et al.,

p ect . The supmerged cultivated mycelium contains less of
R T LSS R e ooy & o SRRiR ket of -
1dbdesirBsjgluespyrahels irdiduts suhbtibetion paiiked siddelgiicosesome of

residues in.the polymer. T-Glc, terminal glucose.  Fig. 19 depicts 'H
ﬂﬁ@%ﬁé&?&%@ﬁ AEHREd SLBHREPYSEW8S parts per million). Upper

spectiMishgbirarcbnditakiimcienkisotaies ave diathfivitiodadissplep@tics.
Tﬁ%ectrum: glucan in final fraction isolated from submerged cultivated

cBIRIAY. mEunoRoteRtiaiaR nsHEFthntfiidhesk oY SHiptaessqidtsinde

nRtbEERIPCthiRAH e héshiiapoidticiatdi aR Bé ale tditidn(\WP bl @Athtive
of a mycelial ethyl acetate extract of Ganoderma tsugae var. jannieae

cpRIgrTeRs PRV iandh sty ation &f dmmre eclisirnch pRuerlltndisorells, B
cald MéerbpRagsinRlteHief HaBaARortatiens. Diffdrent ﬁm{‘(@sﬂlﬁ%f%n

of different concentrations of the extract of Canoderma tsugae var.

obsaiedingrlationdy- thewoti e ormungwellscSemapmlysaccharides activate B

cells and macrophages, but not T cells, while others stimulate all three types of
cells. Lentinan is a stimulator of T cells and macrophages, but not of B cells. Some
polysaccharides might promote a Ty, response and others a Ty, response. In the
particular case of B-glucans, despite the structural and functional similarities of
some of them, they differ in their ability to elicit various cellular responses,
particularly cytokine expression and production, and in their effectiveness against

specific tumors.




Fig. 22 shows a Western blot analysis on SDS-PAGE separated cancer
line proteins specifically probed with anti-KB; and anti-tubulin antibodies
(control) showing the effect of the mushroom extracts of Ganoderma
tsugae var. jannieae strain Tay-1 (W02), Leucoagaricus birnbaumii (LB
12), Tricholomopsis sulphureoides (TS03), Pleurotus ostreatus (P001),
and Schizophyllum commune (SCO01) on Ix13a degradation after 10 min

TNF-3.%4 jon S were lied tg ca celldines 0

i A (L RS WS DR 18 IRt IR RO, procegses.
Ma¢raphrgesalssitewdatede bys tmsheeffe gisodiictnirdismssestveAR mftimmatory

respectively. iti ly: effect Il tre nts (extracts

R Y T, L NGt AR S Snduce

tBaeritatalliacisvaty ou seakeliagepr deothevhiskelersishdoonoexemcts have been
ing to the treatrpents and, thys, can ser S a control protein

e BT A AOEy TR TR R IR MR ot o,
ROW2 stern Bloarah dAdisioin £ DS~k edpamtegeaes i & PSosdinsistered
n%oc%cifically probed with anti-phcBa, antibodies showing the effects of

mushroom extracts Canoderma tsugae var. jannieae strain Tay-1 W02

and IBésidss hthkimusenamdixtaBC Qlippleinehis] phadpbonyldénneid preparations
LLomy Saorigon with 5 minuﬁe%éNF-a stimtulag\(})ér;. xtragts effect ar ol-

B30 OF BT SR aAd e mesratcal Ripducts (pVasser skabs F900uR00L:
Wigsser, 200 anChivligland BRspet\a0y3 Y I ieendbit) @ hpdrfibRe Bbtdaining B-

control protein tubulin is shown in Fig. 19. = Fig. 24 shows the effects of

BhicAns GET IS AR STERBS: fo dsrelgrale disaling 9h shallaws pbiasipRs. an pprtial

tasihEsBamicne Atpa e fefi@don cell viability of different cancer cell lines
in comparison to the effect of parthenolide (PAR). The concentrations of

parthenolide are given in ItM, whereas the extracts concentrations are in
GGl gD DESCRIPTION OF THE INVENTION In one
aspect, the present invention relates to a f3-glucan having the structure as

defin&irredeinm e Karst Gangdempatiogns.infehmaraless hisbrscBasidio-
nyelabl)at I8 4&@9&@%eﬁsyt@f%&lhﬁa%wsgrpmw%ﬁméxQQ%ﬁmly

In a dried state, the O-glucanis an odorless white powder and it is highly

chyeprsigedvabar plhsdutonmatiprovef aguetawblsowaidedat gemerally  echinulate,

i . . | .
bRSBRRRANC ost AN 3G LIS BT IR ARG Ly
anddagk guitwsmeorpledoginalsdistinatévondss. 1A3-aacnnd@denciin katlier taxonomic
r residu ring.. at some of the 6- positi side .
st S QT Bale e e TR ol ol A Bl ot in
langely anbipesipepeisshighimitaticinl ad iwieeti ficatioreisygterhsomaking expesies
. solution.at high.concentrations,, .As shqwn hereinin t xamples, the, .
iR VR et My ihautbl el oh Tatedii o in
Ogiematdolsidudcimethefeatio GLing. 7y 25Chi6Zhi, ; 0:Bivgh€hisubijeizig dCtah,”
«methylation.analysis. .., .The,13-qlucan of the invention,may be obtained,
lll;?)lrl X %hple_,z&r the I}ﬁﬁﬁgf" Bas]igigﬁa/c‘é%rs mgﬂf&ﬂ?ﬂmuﬁ?&n‘?éﬁwal
péianggermd tShpishrsamjamisaadMatisgeriat e ZHmgsdnlineatupiciaderhve
embodiments, t 3-glycan of the inyentiqn is obtained from dried frujting .
t’%@&%‘?@?fFSﬁ?E&%}Fé’ﬂﬁ%j’éﬂ K2 Ay T SRSt ém&rrﬁgwg%tégs 1
ngdNeasRilaRe ayideateStha0abt spéicdersgiind hayem, ARY&4A in most

processes can be used far obtaining the f3-glucan from the dried biomass
stidie, iWﬁ&b%?@g?asfléeamﬁf@rﬁnga%ae eaﬁ.%sﬁm@g@,slﬁa?ﬁ;mnf@gs 2005;
Whé6%4 al., 2006).




According to one embodiment, the P-glucan is obtained from the dried
fruiting bodies of Ganoderma tsugae var. jannieae strain Tay-1 CBS
120394 by a process comprising the following steps: (i) washing the
dried fruiting bodies with ethanol, preferably with boiling 85% ethanol, 3 or
more times, and discarding the ethanol extract; (i) extracting the
remainder of the fruiting bodies with boiling water, 5 times or more,

subjegtin tfract ialysis, shaking with a solvent mixture.of
ch o RRASHRAEC AN SPTaRadb o ERBA W and
Ren@Hhinchedtih g ThE amattarlay espedibsth® santiespdaentanbetiste] Gdaccate
eeze-dryin ive crude 13-glucan that is,purified .Accordin
SRR O R ek B RRd OTRAA R wnidlE SETER B names
lotyeabreed, fab sortinepebiigt;] duinsidesedbfofhétiygdindisobdBarsoderma tsugae
var. jannieae .strain Tay:1 CBS 120394 hy a proce icted in Fig. 12 ..
compa%i%éetwg‘?oﬂgv{/? r‘%glg%%aﬁs?‘“s%ov‘\’/‘assrﬂ%ﬁ%@@%ﬁrﬁfﬁ ﬁ%nbeéi(%eiong list
ofiithghtivaBadi diosiyraity witkhvoding GattasingrmitiRumomor éninmesomodulating
discarding.the ethanol extract..and i) extractjn e solid remainder
RS A e ARt e 5 A PSR L dre The
pobchdolearzkiswededoundianbxifiadtiop bottiespitintoSnbivrditdiHéelium, and
.NaBHA4, filtering, neutralizing the alkaline extract with HC1 to a pH of 4, .
i DA DIFATLD B AINY CBSCHRD. o GPpCcnal SRRy (A to their
oﬁeﬂﬂcﬂizﬁﬂlsﬁl%ioﬂléopﬂglyﬁééhﬁﬁﬂé?@ﬂ&éﬁiﬁ'ihdfﬁﬁtmema\ﬁéﬂyqﬁ(1—-)3)-
mixture of chloroform and isoamyl alcohol (Sevag protocol), . .
ghicuronoskicaniardmannegalaciagiigam anddhe-prlvsas hatides idswificsidn G.
dighésERSRIBIhNEIRind gCoEHAIREHNG the brown water solution

containing the P-glucan to centrifugation and purification by

anion¥ae3eargO&hbdiscdesepihate rplysacshordgs hangidserdryastigated in
betting WiloNa eoiREOWRE Ryleha MENRILAPia ,tségbéfe%%ﬂ'ga;g%mlwwim

neutral fractions eluted with water and acidic fractions eluted with

SeNE asiibimernecthatiesovepre -ehtainsidnfeomoithtvigiapnglubly. aod 45 water-
o e N B e SUIGTR WS WAL h 199
VésiwesebibieteagBonsiuvencispopteimsdiitaimingeglvieag biastmss assacintng with
AR hFI00KEI USRI AIC RAE IR RebNeh EB bR Rt ing

process comprising wing steps:
B-(1—>3)-glucans with different protein content. Sixteen water-soluble

polysaccharides were extracted from G. fsugae mycelium and examined for
antitumor effects on Sarcoma 180 in mice (Zhang et al., 1994, 1999). The three
active polysaccharides obtained were: a glycan-protein complex containing 9.3%
protein, with a heteropolysaccharide composed of mannose and xylose; a glucan-
protein complex containing 25.8% protein; and a glycan-protein complex with
glucose as the main component and associated with arabinose, mannose, xylose and
galactose. Comparison of active water-soluble polysaccharides obtaihed from
fruiting body and mycelium showed that those from the fruiting body were
glucogalactan-protein complexes, but those of the mycelium were homoglucan-
protein complexes or a heteroglycan composed of fnannose and xylose (Zhang et

al., 1994).




(i) washing the dried fruiting bodies with ethanol, preferably with boiling
85% ethanol, 3 or more times, and discarding the ethanol extract; (i)
extracting the solid remainder of the fruiting bodies with boiling water, 5
times or more, treating (twice) the insoluble residue from water extraction
with boiling 0.01 M H2S04, filtering, and removing the precipitate by
centrifugation; (ii) subjecting the solution to dialysis, concentration,

treatmgRLwith 3, SQHRIE) %ééﬂ%?g%lﬁm%%%”%tﬁﬂé’ %8%9-!@%@';3%9 g}%ﬁ}@am

protocol), ultracentrifugation and freeze-drying, to giv
apdooeanttaidenr ah atild grosone dampleserf GangdesubjeptifignhEhimaya fungus

O A SRk e oy S R 3 -

peoduaerwivh waredrigisovwéd biplogisallyN activandubstinyescdizainipation and
0 edoy idi ti eluted with 0.25 .
A S HA ) S e
cgaphasiyx Gopetimens tof anpdeiiind Ratbwacehglex yiopllizeG. tsugae
freeze-dried). ing,ta a further embodiment, t -glucan is
o e e R Al ey W S s
figmcthe tare pimisedad G, TaugdeCB $ 420804 dentifialineonewiditiety of the

ction as descpibed for the fruiting bodies. In another aspect, the
lager%rs?g)rﬁ f?ﬁ\?gr%eg ’isa|f’(%{e"éa%légggnv?%%éﬁfgﬁeggmprising a f3-glucan of

the inkefetiemce  isT iIneade mipo Shion prsemdrisipys] iadtieglu eanittédh & Nexentidgher
B1a i(E)e ucs?éjs as, i&ugi%ghjék%%l %(l)alposi ion aI?ne or together, WithtthheJi, 1
nu rleﬁg, for example, agents havi céng EICEES Vgﬁ'éff‘éess amn fay
amd lsitdogiclsl] flavtine bisniaso phd ki aaaschidrefesnt) dileik bit ehethanaotate by
of the inventjon are

and/or yitamins and minerals. The compositiong of
SRS ARRIRPRS ARG EAH RS Dis e rVSHEE R DRSS b aPRUER el
to, a fine powder, capsules, tablets, caplets, and sachets. These
osjtign ain standard excipients and pharmaceutical
§ mgé rr g&ﬁ%@'gé%se methyl cellulose,
carb%@iﬁagmqﬁvmﬂ)ﬁ?ggbm@mw wmmwu;gﬁﬁs.gmm&ﬂqa&d of

agents. The dosage of the composition to be taken by an individua

a hankhoperstresis tidh-hekhland fntifdinkedRigheepp wapaghresidues bearing, at

reco ndgd far healthy.adults are 109 to 200 daily. In chronjc
S e ST s A R e L L SHE
stardfesd:conditions, the amount is even higher and may reach from 1000 to

2000 mg, or even more, daily
B-D-Glcp-(1-[-6)-B-D-Glep-(1-Jo-1
-{-3)--D-Glep-(1-]10n-{-4)-B-D-Glop-(1-Jn-[-3)-B-D-Glep-(1-sn-[-4)-B-D-Glep-(1-]s-
B-D-Glcp-(l-[-6)—B-D-Glcp—(1-]0-1J

wherein Glcp represents a glucopyranose residue and n is an integer equal to or
larger than 1.

The B-glucan of the invention has a molecular weight lower than 10,000 Da,
centered at about or lower than 5,000 Da.

The B-glucan may be obtained from Ganoderma mushroom, particularly from
Ganoderma tsugae and varieties thereof, more particularly from dried fruiting bodies

or from submerged cultivated mycelium of the new strain Ganoderma tsugae var.

10




The compositions of the invention may also be formulated into food and
beverage products including bread, cereals, ice creams and fruit drinks.

These health products can improve the health conditions of the individual

and prevent or treat diseases and disorders as well documented for

ii-glucans and as described below. The beverage food product may be an
energizing beverage product further containing other components such as
TR, HAAMATSTHRAP I ZRISRACHINGS IKE- culnd R GAMPIREIASRMANERG voor
the O-glucan of the invention may be also formulated into a pet food

Wf@@{%d&&ﬂcﬁpnﬁé@bﬂﬂdﬁc&o- _Bmoﬂé H9Ab34MReADtRErecht, The
NQM%HQ,”&P'@%%QBi@?2’0’0@,‘%%PMQ%GH&%E%%%%@%&%@M

into a cosmetic product such as an aqueous sol , a cream, a

Recagnitiostiehths Hepgsin of Dicranganispovide the Bispessionf RatentdPorcedure,
A4 %Qf%\%HtNo. @Bgn%[gmbodiment, the compositions of the invention,
I

preferably in an oral solid dosage form or as a beverage product, are for
use adiaegsestippientientslso rétateth ey eonipuditientsahprisingeaibf; ghean

ositions comprising the 11- glucan of the invention are indicated for
fgggl\]/s%n |olﬁu%l}l(fﬁ‘éqr}§%if gfg éeu\eler Is(ﬁg%%s%esl}t%ﬁggr%r%&é?ﬁ/ %gﬂgl%%ﬁ rodugits or
bemeragak autiforrthatapy, cang ositiocis @anppsiziogst fiertR: Bitechintof fed products,

big‘\/eentignr%aﬂc e ugtefl f(ﬁr stig:u(la%tion f the immune system and are thus
GEETr BRIV RE P RAETSE A o“r"Fé‘a‘?lS'ﬁnefgﬁ‘g‘ﬁ tumors in the

treatment of cancer patients receiving such treatments. These
it G [ resjsiance, to microbial agents and are
Bﬁﬁs@#ﬁ@%ﬁ%&iﬁeﬁﬁ%@ infections, e.g., bacterial,

parasRigsorhArd Bréhotigns vieolutuig themppdmsdedaiglidianandisisic \Hom

infection. In the case qf HIV infection, the P-glucan, in addition to
e ARG P S i 12 b eieKgied - brsidiomatn, oh rigredrera inreas var.

jankgetien, also seems to interfere directly with viral propagation. In
another egabodime t, the compositions comﬁqrising the 13-glucan of the
invenfiltfh castovsskesidiomata o xarieus, shaper ecpllsstignniramenatire) of |

GeRIeaLeR dT s aaRae! jammdaological disorders, septic shock, transplant
rejection, radiation damage, reperfusion injuries after ischemia,

arteribiieti\dBoshousoiedernisugsagenirarireciptagesn Betri dish
wile ‘R R a8 IR UNEAT (S, COAPARIIGR ('ﬂﬁeﬁyjpﬂghe PR 0L Anycelium

cancer such as breast, lung, bladder, colon, gasStric tract, prostate or Skin

%@ﬁ%ﬂﬁﬁt&ﬂmﬁmﬁ@ﬁml\@ Qo &Biffeale batogkihen with
ant'twrrgwwe@%en&éx Qﬁ@tﬁmq’mlr?:Hég%?dﬁétr&ﬁr%gﬂﬂm@%gf{hlmred

and Erbitux. e low molecular'weight 13-glucan of the inven

myeehRBLE cﬁ@a@lﬂm oishigne oV ancdaporesed Usingofsamenthrcierisioreactor
teeanafa@y@fa'.?%g%ggﬁgﬁe& SRR RRAT HR(Rh 3B ot (0RC) SBBIES'SH Blares

and of'énha acid Ing cdpacity ensuing improved ‘
ofhiipting kedsrvibiclicastiused. foh@sepamtipo sifionttunes do odlurederc Remiagish;
t sed.for trea of hypercholesterolemia and prevention and
B SR A O liseum
cutueeiobchreaBis@ruinmo multarg dant@50disk d3denmeyler dtmtheg-chobadienénition
he compgsition comprising the 13-glucan of the.invention is useful for.
o B R e SR PR Tl e m 2 1
Eﬂ*ml:mi_;aernfbihh_ss_patimmogeﬂmmvelﬁtimywlﬂammdmaﬂbJSUﬂmwdﬁ&l in
fe;?rllle?ﬁlggr]%‘eocﬁﬁlrlr@ Itjl[] ggr%werll%%ium for fermentor; k- cultivation of mycelial
biomass in fermentor; l- harvest of mycelial biomass; m- dried biomass

formulations for dietary supplements (DS), pharmaceuticals and other products.
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EXAMPLES Example I. Characteristics of the variety Ganoderma tsugae
var. jannieae 19 The variety Ganoderma tsugae var. jannieae has the
following characteristics as described and depicted in Wasser et al., 2006:
(z) Basidiomata: as depicted in Figs. 1-2.  (it) External habit.
Basidiomata pedicellate orthopleuropodal (Figs. 1-2). Pileus dimensions
varying between 7-20 cm in diam, the thickness varying between 0.5 and

2 cm. f5308 3R\ L 2ene il B MR AIAYSAREER NN AL c8ae var.

crust, slightly radially wrinkled and regularly concentrically zonate, diamine
Jerdipae tRaiRdras 5 EBsel 203R4 dfterordayseultivgtiemappearance. (i)
Sect'%‘lg.c%t'§1§§%v}2fﬁgmr{{y§4ﬁﬁl%ﬁ’oﬁ“9fbﬂ{é'eva%88ﬁ>éh"I{?ﬁﬂgé?“%ith clamp
two-layered. Upper layer wood-coloured to ochraceous buff, rather soft.

qosRRGieRe ok Berlied awdlestioh e rfwraperrtratesusg e wateowgicae
éﬁ‘&ﬁﬁ%ﬂqgﬁ)ﬁﬁsli@mrﬂﬁ?%edam%%ﬁﬂﬁ}’ered’ concolorous with the

dense Zone.  (iv) Cutis. Hymeniderm, consisting of dense layer of

pileodyigidia w50 bemagepirechrmpotlighpellstovaf thiaimsst elaGldyoderma
ly.la ; Iy-€lavateqar telfo in-wall

e S A I R A HerGRY e as
inpendums futcdtwringserc?dulislhymicyer 70 (>) x 3-5 gm, thin-walled,

with t, S Ve S sli branche

celdon i ol TR A B B RO 2 P uge var
Jwraivokesirahickayal doBRot 203Madfteeptakes, ofafopasschltidatpmyiphad L
E%%Q'@‘Q i&fiam, much branched, branches often tapering, thin- or

LA

part from these types of hyphae lateral and modified
skeleEighybkbewschervbsted et Liajeridlypionease iy titfandderhn gmgdae var.

.diam, branching, te. Arboriform skeletal .hyphae 50-80 x
J %51-?6 Sg%rﬁl,qéf;%'t %%svlzgg%traight with abundant short thin
dichoRignit@lshbvanfihil ploducadrftehpuliiiized dwinas of Tdmedkati Bugae
Japex and attgnu aﬁé@ gﬂz@d Q?Fre resent. All types of hyphae are
MaAfViofge S BYs S Sies SEREBFEOR: (8.0)8.8-11.2 x
5.0-6Fignt lahiage 9acuofatedrhyplamyiaeh SsimspSRoigRNMibhy aTURISGelial
bovoid, %?I&n ,(?erm pore noticeable, truncate or pritrudin?éa iculus
18Pe93T, Hel dﬁ%ﬂ CATSBRE STt e SRR Y - L B2 B it rbikr idlays
of dlli@uveddti wdtiyh. not crowded pillars

Fig. 12 shows a flow chart describing the procedure for isolation of the B-
glucan from Ganoderma tsugae var. jannieae fruiting bodies biomass or mycelium.

Fig. 13 depicts the 'H NMR spectrum of purified B-glucan from Ganoderma
tsugae var. jannieae mushroom (D,0, 40°) (ppm, parts per million).

Fig. 14 depicts the 'H NMR spectrum of the mixture of the mannan,
galactan, and glucan (void volume fraction of Sephadex G50 size exclusion
chromatography).

Fig. 15 depicts a gas liquid chromatography-mass spectroscopy (GLC-MS)
-~ chromatogram of the methylated alditol acetates obtained from B-glucan. Labels
indicate substitution position of the glucose residues in the polymer. Unlabeled

peaks could not be positively identified.
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between the two layers, endosporium rather thin. SSI (D x 100/L) =

50-80%, average - 66.7%. S| (L/D) = 1.2-2, average - 1.5. (vii) Mycelia!
Characteristics  Thirty-day-old culture. Colony white, dense, downy

(Fig. 3A), with faintly outlined concentric zones, some colonies develop
well-discernable sectors. Mycelium forming concentric zones and sectors

is denser than the mycelium on the rest of the surface of a colony. The -
outlingeg g SAINPY BIE FRHCTIHERIIMALIPSIMAIRISHRIRCLRINRER) and
types of hyphae are observed. = Vegetative mycelium of the center of
dBE| thstesiaiciedrtmpltinde Hogr® ogmlatidigrspenivk ofidlied-gllivwiriGignals

SF SHUBEBUETNEIe NS U SerR, e SRS MRENGEHOR i

regUlarly septate. Geénérative hyp
tiedaach ddr regstantmenpthtéLinkthdibueatantis dhis mahatacoharaleaisdinked to

ry septa, seme. sections of generative hyph re,scledfie .
A paaR, S0 T TR BT ORIt S R0 i
henesakblyphdeid Sibstitirtad diy ativithevaiiedosictiotadeatsiyehirmtichtiedposition.
Furtheymore, abundant stagh e are observed in the center.of the
e T e M SRR oA vpiprs
agek akbymidiag anshagdpcgsidic atirbandtbinslirrdry phiaked rsifaiale tedorg to
frﬁg the center of a colony are observed. Also, thin-walled 35-45 x 28-32
G 7 e8P eystidia-like thin-walled utrifonn terminal cells are
presethZfi%@epiL«%sMIoﬁleHﬁ@éS%@@&uﬁl R ARBHIOPOASScBiFespond to
abundant in all parts of the colony. Chlamydospores and aleuria not

spstiver. M9 Bk sasdhppmstun dVadelataddnegediabels sheveumber of hexose

3R nearc3BYRINYsE highier!d culture. Colony white, dense, with
concentric zones, reversum unchanged. Aerial mycelium very dense,

cottorigfdif/shotve wethglatson alalysiitto Htbe Sugleedriiona Gusdapan tisegae
g Petri dish., interwoven, outline of margin even, mycelium af the
vmnq ja%yége. e SR SEV OB Tus‘ﬁr%"t‘ﬁ‘e @é’ﬁ’{%? SHhectrd b)n Sa}p parom

argin Is raised. egetative mycelium o € CO
subajergep esudfivatptaenfsictienal (gppar atpeethingind hendubiecegpdreultivated

observed, However, the number of clamps and staghom hyphae gyeatly,
SRR onfRlR e R R R e, ML 2 cnd 3.6-
substinitet] glypbse fesidnd x [(4R)6-idi¢die usutatichadat pdsiisahepest glucose
thi&k-wallﬁld vaci:uolari(zge&}cells 19. -2%2 X 7.2-9.6 pm occurred.
rﬁ{?leélgtga!ﬁlvew i of 8’@?% B me types of hyphae as in the
onenKigihtoldigpites € HrBIMTE apRtaMAT 8y pursiRANGIBHIVEN §SHADARRS per
and aged vacuolarized cells appear while the number of culticular cells
ltHRh sERRPAgSRRSrum: glugadiry tEnAle fiRction: inokiterbriTorandricd fruiting
bMéIé@HJ%P@g&fmﬁﬁ.Sgﬂﬁﬁd/ﬁ{-ﬂﬁﬂ%ﬁé}ﬂ?&a’i&'@ﬂdﬂﬁ&m@&éﬂl Uflivated
a

characterized and was deposited under The Budapest Treaty with the
myecliibureau voor Schimmelcultures (CBS) under Accession No. CBS

1203 BXPRBIGs TephiteR ShEf O WAHAR, P auGGHRL R ATe55 Qher extract

Ganoderma tsugae var.jannieae strain Tay-1 in Erlenmeyer flasks and
ofagreederma ugar staswintmdege rdiainnTeadd OWEY ¥antheHroysttinlofthyl
aGHRD RIGER CHI G JBYGR %géeeéﬂ.oﬁ%mé‘até‘ $HaMm Phyl3WS) YR "MCE7

fermentor or bioreactor technology.
cancer cell line. Controls: PAR (parthenolide) and MG132, an inhibitor of IxBa
degradation. '

Fig. 21 shows the effect of different concentrations of the extract of

Canoderma tsugae var. jannieae strain Tay-1 WO2 on MCF7 cancer cell viability.
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The general scheme of mushroom submerged culture mycelium (SCM)
production includes 5 steps of culture growth: ~ Museum culture (1) ->
Intermediate culture (1) -> Pre-inoculums culture (lll) -> Inoculums culture
(IV) -> Fermentation culture (V). Three types of culture media are used
for SCM production: standard agar medium (steps | and Il), liquid standard
inoculums medium (steps Il and 1V), and fermentation medium (step V).

Museyrg CofUIRMAre WRePRLPRAINISISNSIR PRES: 'Eéﬁé?%?éii%cer line

cultures are developed on agar slants in tubes or Petri dishes.

PspEeiRd SiRsificaly nsbet ek amtirdsBare ans amshatbwie ratibedies (aertol)

shoREh3 FREAETIEDREL tnE SHIGREHR L cHIUES B ASYS RS DS r@? V¥ nieae
Biotlo 2000 (New Brunswick Scientific, USA) that is equipped with

satpuneitkion Yi0dhe rhercensaniswsanbivthsentiol &t Bditiorlricholomopsis
SEPIRERIES. CS0BPINGRLALY USHLRLC PRI RO SLIALL IR Efmune

the first pre- inocultims culture, a 250 mL rlenMeyer flask i moculated by

(868 b anrsBu deeratintioncaiicon? i d&rstimiatioptExishct iwertoapplied
' t 0 e Q on th eo
t8 '8&?6%@61] ﬁHys'rgor?ggpﬁengl?rtg ?%Hgn%e HILAY wi c%n Oqg?h effl ﬁf 10

agar plate were t nmeyer
mmutmt@@manqomdeﬁ‘téﬁmaéaee abevaliraber tfegeffadts pﬁlmm{)mysedi,aPAR

W ulate L rIen eyer flagks filled 100 ml
Wjﬁ #H r%sj%%#%in? d%f:{ﬁnggl’lﬁbcu vc\érepg%ﬁ \3{ e:% acts and
comdxdilsin aro rppissiedf ﬂseférwsa\fcmglequaenmntm(gidpmﬁsimlIﬁbw&tﬁr&hn is a
gluc se ZEO lp%‘gtone 3 fP{P .0; K2HPO4, SO47H20, d,
gf e%< osgﬁe ate s%lfls e‘?‘@'s%%?cf é’élgs tgg;atments an
t{Signaa-Addvicias Gt dantie] Mﬂtwﬁkprgmmgtlmlmﬁam@ﬂ&m fexplssiiient
carri %out on a rotary shaker at 160 rpm and 27C for 6-7 days. At the end
PaE cu fifvation (Figs. 5-6), 1 mL of sample is taken from the culture for
microBimp @3 sbswwaﬁUBwémlﬂlditeaﬂMWS onFSDYPAEELSEh AR Waisser line
lture the bj SS fr mthe rst pre-jngculums cylture (pellets) was
PFRIGH, SRESEHEETS, BRPPse il e i aniipasies aBuise iR iEisers of
n{mam LbSﬁaa@daaa@u@%ad isdghd Napk faniRingudif iNlaRitheo2 and
dium.  After 5-7 days of cultivation, mycelial biomass (pellets)
ngi %&; YR SEP LronuLgda R hesebnHRtion iR CCRMBREWRR iWED S

niRRRSMNKRIOSERHAAY ExNesRIHESURK SRS v B Wil Ot Blr-o

working volume on the same synthetic medium mentioned above. Initial

aloneanatelsastiehy sfieatief cenmitowed2mBerad MOIA2; mapestively. The
1e36158P e ndA%RER, @Hﬂ&a%&éf\‘( Eglﬁnﬂfagswmgg 9
n ed to control

polypropylene glycol 00; 4% NaOH and 4% HC1 were
pH. Figndhighoyys &QI@M@MS@WM&M |danesdermalisgite var.
a%gggss% = t{1 k t.constant autom Iy at lev
I 6.0to favo&%w %Hngi%pg?oﬁ% ter 2 eagﬁlée of agl at?g?nl NES Hlty of
dnffcreds%@o&@ﬂlrpnqstmmmﬂpm@h to ﬂm)erﬁfmt AftpartBenolide rERAR]). The
f the me |um s mcreased tqQ 0.4, then fter {2
v?‘n%%%gn g ma>?|lr1nz!1 y|e ycel*1 i‘c‘)iPnea{E%S CB%LCSP\/&S‘F”“’“S
arbionpémIFig. 9) or 11.3 g of dry biomass (Fig. 10) achieved on day 7 of
fungus cultivation. The conditions of the cultivation are defined in Table 1.
Vacuolated hyphae with damp connections of mycelial biomass of
DEEAGLED D ESCRI PRGN OFEIDE BNWRROfter 7 days of fungus

cultl\iatlon are depicted in Fig, 11.
n one aspect, the present invention relates to a f-glucan having the structure

as defined hereinabove.
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Table 1. Mycelial biomass production of Ganoderma tsugae var. jannieae
strain Tay-1 in submerged culture as a function of time Time, h pH DO, %
Aeration, v/v/min RPM Biomass, g/1 0.2 0 6.14 100 0.2

The B-glucan of the invention has a molecular weight of less than 10,000
Da, centered at about or lower than 5,000 Da. In a dried state, the B-glucan is an
odorless white powder and it is highly soluble in water producing a brown aqueous
solution at high concentrations.

In another aspect, the present invention also relates to a B-glucan having a
molecular weight of 5,000-10,000 Da or less, composed of a backbone structure of
B-1-3- and PB-1-4-linked D-glucopyranose residues bearing, at some of the 6-
positions, side chains of B-1-6-D-glucopyranose residues, which in a dried state is a
white odorless powder highly soluble in water producing a brown aqueous solution
at high concentrations.

As shown herein in the examples, the B-glucan of the invention has terminal
3-, 4, 3,6 and 4,6-substituted glucose residues in the ratio of
1:0.75:0.25:1.6:0.1:0.6, when subjected to methylation analysis.

The B-glucan of the invention may be obtained, for example, from the higher
Basidiomycetes medicinal mushroom variety Ganoderma tsugae var. jannieae
(Wasser et al., 2006). In more preferred embodiments, the B-glucan of the invention
is obtained from dried fruiting bodies or from submerged cultivated mycelium of
Ganoderma tsugae var. jannieae strain Tay-1 CBS 120394.

As described herein, several processes can be used for obtaining the B-glucan
from the dried biomass of fruiting bodies of Ganoderma tsugae var. jannieae strain
Tay-1 CBS 12039%4.

According to one embodiment, the B;glucan is obtained from the dried
fruiting bodies of Ganoderma tsugae var. jannieae strain Tay-1 CBS 120394 by a
process comprising the following steps:

(i) washing the dried fruiting bodies with ethanol, preferably with boiling
85% ethanol, 3 or more times, and discarding the ethanol extract;

(ii) extracting the remainder of the fruiting bodies with boiling water, 5
times or more, subjecting the water extract to dialysis, shaking with a solvent

mixture of chloroform and isoamyl alcohol (Sevag protocol), concentrating,
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centrifuging, treating the water layer with the same solvent mixture, and freeze-
drying to give crude B-glucan that is purified.

According to another embodiment, herein called “alkaline extraction”, the -
glucan is obtained from the dried biomass of fruiting bodies of Ganoderma tsugae
var. jannieae strain Tay-1 CBS 120394 by a process depicted in Fig. 12 comprising
the following steps:

(i) washing the dried fruiting bodies with ethanol, preferably with boiling
85% ethanol, 3 or more times, and discarding the ethanol extract; and

(ii) extracting the solid remainder of the fruiting bodies with boiling water, 5
times or more, treating (twice) the insoluble residue from water extraction with
boiling 5% NaOH-0.05% NaBH,, filtering, neutralizing the alkaline extract with
HCl to a pH of 4, and removing the precipitate by centrifugation;

(iii) subjecting the neutralized solution to dialysis, concentration, treatment
with a solvent mixture of chloroform and isoamyl alcohol (Sevag protocol),
ultracentrifugation and freeze-drying, to give B-glucan of dark brown color that is
dissolved in water;

(iv) subjecting the brown water solution containing the pB-glucan to
centrifugation and purification by anion-exchange chromatography, e.g., on a
DEAE cellulose column, and eluting with water followed by 0.25 M NaCl; and

(v) recovering the neutral fractions eluted with water and acidic fractions
eluted with 0.25 M NaCl, subjecting them to size-exclusion chromatography, e.g.,
on a Sephadex G-50 column, to give purified B-glucan that is lyophilized (freeze-
dried).

According to a further embodiment, herein called “acidic extraction”, the B-
glucan is obtained from the dried biomass of fruiting bodies of Ganoderma tsugae
var. jannieqge strain Tay-1 CBS 120394 by a process comprising the following steps:

(i) washing the dried fruiting bodies with ethanol, preferably with boiling

85% ethanol, 3 or more times, and discarding the ethanol extract;
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(ii) extracting the solid remainder of the fruiting bodies with boiling water, 5
times or more, treating (twice) the insoluble residue from water extraction with
boiling 0.01 M H,80,, filtering, and removing the precipitate by centrifugation;

(iii) subjecting the solution to dialysis, concentration, treatment with a
solvent mixture of chloroform and isoamyl alcohol (Sevag protocol),
ultracentrifugation and freeze—drying, to give B-glucan of light brownish color that
is dissolved in water;

(iv) subjecting the brown water solution containing the B-glucan to
centrifugation and purification by anion-exchange chromatography, e.g., on a
DEAE cellulose column, and eluting with water followed by 0.25 M NaCl; and

(v) recovering the neutral fractions eluted with water and acidic fractions
eluted with 0.25 M NaCl, subjecting them to size-exclusion chromatography, e.g.,
on a Sephadex G-50 column, to give purified B-glucan that is lyophilized (freeze-
dried).

According to a further embodiment, the B-glucan is obtained from the
submerged cultivated mycelial biomass of Ganoderma tsugae var. jannieae strain
Tay-1 CBS 120394 by alkaline or acidic extraction as described for the fruiting
bodies.

In another aspect, the present invention is directed to a composition
comprising a B-glucan of the invention.

The composition comprising a B-glucan of the invention may be used as a
nutriceutical composition alone or together with other nutrients, for example, agents
having antioxidant activity such as carotenoids, flavonoids, tocopherols, ascorbates
and mixtures thereof, and/or vitamins and minerals.

The compositions of the invention are preferably formulated in an oral solid
dosage form such as, but not limited to, a fine powder, capsules, tablets, caplets, and
sachets. These compositions may contain standard excipients and pharmaceutical
acceptable carriers such as cellulose, methyl cellulose, carboxymethylcellulose and

hydroxypropylmethylcellulose and lubricating agents.
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The dosage of the composition to be taken by an individual will depend on
his/her health condition. The dosage of B-glucan recommended for: healthy adults
are 100 to 200 mg daily. In chronic conditions, the daily amount will be higher,
usually double or more. In critical conditions, the amount is even higher and may
reach from 1000 to 2000 mg, or even more, daily

The compositions of the invention may also be formulated into food and
beverage products including bread, cereals, ice creams and fruit drinks. These
health products can improve the health conditions of the individual and prevent or
treat diseases and disorders as well documented for B-glucans and as described
below. The beverage food product may be an energizing beverage product further
containing other components such as vitamins, flavors, stabilizers and the like.

The composition comprising the f-glucan of the invention may be also
formulated into a pet food products, e.g., dog and cat food products.

In one embodiment, the composition comprising the B-glucan of the
invention may be formulated into a cosmetic product such as an aqueous solution, a
gel, a cream, a paste, a lotion, a spray, a suspension, a powder, a dispersion, a salve
or an ointment. |

. In another embodiment, the compositions of the invention, preferably in an
oral solid dosage form or as a beverage product, are for use as dietary supplements.

In other embodiments of the invention, the compositions comprising the -
glucan of the invention are indicated for prevention or therapy of several diseases,
disorders and conditions.

In one embodiment, the compositions comprising the B-glucan of the
invention can be used for stimulation of the immune system and are thus useful as
adjuvants to chemotherapy or radiotherapy of tumors in the treatment of cancer
patients receiving such treatments. These compositions can also increase resistance
to microbial agents and are also useful for prevention and treatment of infections,
e.g., bacterial, parasitic or viral infections, including human immunodeficiency

virus (HIV) infection. In the case of HIV infection, the B-glucan, in addition to
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Isolation of is-glucan from dried fruiting bodies biomass of Ganoderma
tsugae var. jannieae strain Tay-1  Polysaccharides were isolated from
Ganoderma tsugae var. jannieae strain Tay-1 using alkaline or acidic
extraction. Dominant 13-glucan was most efficiently isolated by boiling
diluted sulfuric acid at pH 1.5. Using alkaline extraction, 13- glucan,

ARASIARAIBRTER eHRIRE B S THAE RIS B SIS v
migtiionialsp scetusyisi sntenig e iR sthevtithscoplypiopagatiound to have an

irregular branched structure with the main chain consistin fP-_l-g- and
151 oA R e R AR D B iy of he

iiB-dnfielcanher aped oo lig reatraemt sfcheN FoxB-alepanient disease selected from
(ggr?cnecg,s af:n(irrﬁ%rril%?osg?gatlhedlrgc%i e?sr,]aisrépth{lcatgﬂgéﬁ,art]gn'\ggfgr%dSrejection, radiation
damage, reperfusion injuries after ischemia, arteriosclerosis, osteoporosis, and
neurodegenerative diseases. In one preferred embodiment, the composition is used
in the treatment of a cancer such as breast, lung, bladder, colon, gastric tract,
prostate or skin cancer, leukemia or lymphoma, either as sole treatment or together
with antitumor drugs such as the monoclonal antibodies Herceptin, Rituxan and
Erbitux. .

The low molecular weight B-glucan of the invention administered as a
composition or incorporated into food products is capable of lowering levels of total
cholesterol and LDL (“bad™) cholesterol and of enhancing bile acid binding
capacity ensuing improved hypocholesterolemic effects. These compositions and
food products may thus be used for treatment of hypercholesterolemia and
prevention and treatment of cardiovascular diseases and disorders such as
arteriosclerosis and coronary artery diseases.

In another embodiment, the composition comprising the B-glucan of the

invention is useful for controlling blood sugar levels and reducing glycemic index

in Type II diabetes mellitus patients.

The invention will now be illustrated by the following non-limiting

Examples.
EXAMPLES

Example 1. Characteristics of the variety Ganoderma tsugae var. jannieae
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3.1 General Methods 11-1 and 13C NMR spectra were recorded using a
Varian Inova 500 spectrometer (Varian, USA) in D20 solutions at 40 C for
the polysaccharide with acetone standard (2.225 ppm for 1H and 31.5

ppm for 13C) using standard pulse sequences COSY (homonuclear
correlation spectroscopy), TOCSY (total correlation spectroscopy; mixing
time 120 ms) and NOESY (nuclear Overhauser effect spectroscopy;
mixingytime S), te ear.sin tum_corelati .
and HgI\I;lI%QC %ﬁ%le-ﬁ%ﬂsco?%%onﬁg%ti %’gggaf{o}r aIHoa%-izEtﬁ:%ugﬁgg wing

ebaagteristics aF desnnhed andrdenittedrialWasstnetmdly2886haride (0.5 mg)
was hygrelyzad iz mk &épﬁ%&fiﬁ%i%??f@. acid (TFA), 100 C, 2 h),

followed by evaporation to dryness under a stream of air. The residue was
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ith. aceti j : dgi d I l..) was added. The .
e e, eyt 3 308 48, B MR varyine
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it st Cu S EIG DCIRR Ra i BT CORaet Aiincuy
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matbeitdenst Y ubee haetlaparede g detdotons withtendenshaoge
chromatogr was performed on. a colJumn of DEAE_ce]lulose. (15
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or regeneration. 0. extract was desalted by dialysis.
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et foF 30T dRisdefrd. wath 3hae sty cliene gt ahavsr Gysey septae,
stighietyl GraméhedeibidainchnaivsmesinsidgMaaicK iRt Uit eMoiRITS im,

extract washed with water 3 times, and dried. It was then hydrolyzed (3M

regulariy,brenched, thigkauailadanes asgulady sortatednalamalgsscbiding hyphae
2R3 3R Qi) it bamhEhedVbrdniedBaeh piaTk Ui or thidkdwalled.

Acetolﬁ/gis. Glucan (80 mg) was dissolved in water (1 mf), diluted with

ARt Sor dheio), Resaeétibyphng dlatrsal and dmedifiel nskyletale hyphae were
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dryness. Acetyl glucan was dissolved in acetic acid ( L), coole
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chloro . Unexpectedly;

- hour it was extracted wit form 3 time organic
tegiraktheoneinerti@tignaaiabthe pdmnandtate pacsetylasdlitypes of hyphae are

iigolpglysaccharides were not extracted by chloroform. To extract them,
NaC1 was dissolved in the aqueous layer to saturation, and products were
extrééicBsidivsoesioinptesgrate duetytgtéRi()8I@satcharilo—G dvam, average

cetylated wit M MeONa in MeOH and analyzed.hy NMR and
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aldoses, ketoses, deoxyaldoses, and acetamidohexoses and other related

sugars. 3.4 Isolation of Aglucan is ca&%ied out by different procedures.
The alkaline extraction is schematically depicted in Fig. 12.




Powdered dry fruiting bodies biomass of Ganoderma tsugae var. jannieae
(1 kg) were washed with boiling 85% EtOH (5 L, 3h, repeated 3 times) and
ethanol extract was discarded.  The remainder was extracted with
boiling water (5 L, 100, 3 h, 5 times), the solution was dialyzed,
concentrated by evaporation on the rotary evaporator to -1 L. This solution
was shaken with 200 InL of chloroform-isoamyl alcohol (10:1) for 10 min,

GERELHIRR FORRRP RS PRRmSRRACR RN e IBY ST FRAS LNshR0%,

same way one more time, and freeze-dried to give crude 13-glucan that

bﬁﬂﬁé@b%ﬁ(mﬁék&ﬂahge‘ Srbregragephyd yielded 1.5 g (0.15%) of

é},;g%‘,@ghal chigi Qb ihglpsoluble residue from water extraction was
olled with 5% NaOH - 0.05% NaBH4 (5 L, overnight, repeated twice).
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did not give good results: NMR of the Et3H precipitate and solution
showed that 13-glucan was distributed between both fractions, apparently
higher molecular mass glucan dominated in the precipitate, and shorter
chains remained in solution. Other polysaccharides were found mostly in

the precipitate. Ethanol precipitation was not used for large-scale

polysaccharide isolation. The product was further separated by
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nitrogen, lyophilized, and extracted again with boiling water. Although
there is no description in the original article, it could be assumed that
freezing destroys cell walls and thus facilitates extraction of the
polysaccharides. However, nothing was extracted in this way, except
some proteins. A portion of the remainder after ethanol and water
extraction was extracted using the method described for 13-1,3-glucan
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(INII%Cl—egSInoculums culture (IV) —> Fermentation culture (V).

Three types of culture media are used for SCM production: standard agar
medium (steps I and II), liquid standard inoculums medium (steps III and IV), and
fermentation medium (step V). Museum cultures are developed on agar slants in
tubes; intermediate cultures are developed on agar slants in tubes or Petri dishes.
Pre-inoculums and inoculums cultures are developed in Erlenmeyer flasks using a
rotary shaker. Fermentation cultures are developed in fermentor Bioflo 2000 (New
Brunswick Scientific, USA) that is equipped with instrumentation for the
measurement and/or control of agitation, temperature, pH, dissolved oxygen
concentration (p0O,), and foam.

For the first pre-inoculums culture, a 250 mL Erlenmeyer flask is inoculated by

one to three week old mushroom mycelium from the Petri dish. Five-to-six pieces
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(5-7 mm in diameter) from mycelium growing on the edge of the agar plate were
transferred into the Erlenmeyer flask and cut on the flask wall into small pieces to
increase the number of growth points of mycelia. Mycelium was inoculated in 250-
mL Erlenmeyer flasks filled with 100 ml of defined synthetic medium. Fungal
inocula were grown on synthetic medium consisting of the following components
(g/L of distilled water): glucose, 25.0; peptone, 3.0; KH,PO,, 1.0; K,HPO,, 0.2;
MgSO47H,0, 0.5; yeast extract, 3.0. Phosphate salts were sterilized separately
(Sigma-Aldrich, St Louis, MO, USA). The cultivation of inoculated flasks is
carried out on a rotary shaker at 160 rpm and 27°C for 6-7 days. At the end of
cultivation (Figs. 5-6), 1 mL of sample is taken from the culture for microscopic
observation of culture purity.

For the second inoculumss culture the biomass from the first pre-inoculums
culture (pellets) was homogenized (Fig. 7) 2 x 30 seconds using a Waring
Laboratory Blender (Waring, USA) and inoculated in a 2 L flask containing 700
mL of the same medium.

After 5-7 days of cultivation, mycelial biomass (pellets) (Fig. 8) were
homogenized and used as inoculums culture for growth in a fermentor (Bioflo 2000
10 L, New Brunswick Scientific, USA) with 10 L of working volume on the same
synthetic medium mentioned above. Initial parameters of cultivation were as
follows: temperature 27°C; pH - 6.1; agitation — 100 rpm, aeration — 0.2 v/v/min.
Antifoam used was polypropylene glycol 2000; 4% NaOH and 4% HC! were used
to control pH.

Initially, pH of the medium was not controlled. However, when it decreased
to 5.2, the pH was kept constant automatically at the level of 6.0 to favor the fungus
growth. After 24 h, the speed of agitation was increased to 200 rpm, then after 48 h
to 300 rpm. After 48 h, the rate of aeration of the medium was increased to 0.4,
then (after 72 h) to 0.5 v/v/min.

The maximal yield of mycelial biomass was 113 g/L of wet biomass (Fig. 9)
or 11.3 g of dry biomass (Fig. 10) achieved on day 7 of fungus cultivation. The

conditions of the cultivation are defined in Table 1. Vacuolated hyphae with clamp
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connections of mycelial biomass of Ganoderma tsugae var. jannieae CBS 120394

after 7 days of fungus cultivation are depicted in Fig. 11.

Table 1. Mycelial biomass production of Ganoderma tsugae var.
Jannieae strain Tay-1 in submerged culture as a function of time

Time, h pH DO, % | Aeration, v/v/min RPM Biomass, g/l

0 6.14 100 0.2 100 0.2

24 5.8 28 0.2 100—200 0.8

48 5.8—6.0 19 0.2—0.4 300 3.5

72 6.0 17 0.4—0.5 300 6.0

96 6.0 14 0.5 300 7.9
120 6.0 18 0.5 300 9.5
144 6.0 20 0.5 300 10.5
168 6.0 22 0.5 300 11.3

DO, dissolved oxygen

Example 3. Isolation of B-glucan from dried fruiting bodies biomass of
Ganoderma tsugae var. jannieae strain Tay-1

Polysaccharides were isolated from Ganoderma tsugae var. jannieae strain
Tay-1 using alkaline or acidic extraction. Dominant B-glucan was most efficiently
isolated by boiling diluted sulfuric acid at pH 1.5. Using alkaline extraction, B-
glucan, galactan and mannan were isolated, with the two latter products in minor
quantity. The B-glucan was characterized by chemical analysis, methylation,
acetolysis, and NMR spectroscopy. It was found to have an irregular branched
structure with the main chain consisting of p-1-3- and B-1-4-linked glucopyranose
residues with side chains consisting of B-1-6-glucopyranose oligomers, attached to

O-6 of some monosaccharides of the main chain.

Materials and Methods
3.1 General Methods 'H and C NMR spectra were recorded using a Varian

Inova 500 spectrometer (Varian, USA) in D,0 solutions at 40 °C for the
polysaccharide with acetone standard (2.225 ppm for 'H and 31.5 ppm for °C)

using standard pulse sequences COSY (homonuclear correlation spectroscopy),
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TOCSY (total correlation spectroscopy; mixing time 120 ms) and NOESY (nuclear
Overhauser effect spectroscopy; mixing time 200 ms), HSQC (heteronuclear single
quantum correlation), and HMBC (multiple-bond C-H correlation; optimized for a
5 Hz coupling constant).

For monosaccharide analysis, the polysaccharide (0.5 mg) was hydrolyzed
(0.2 mL of 3 M trifluoracetic acid (TFA), 100 °C, 2 h), followed by evaporation to
dryness under a stream of air. The residue was dissolved in water (0.5 mL), reduced
with NaBH4 (~5 mg, 1 h), neutralized with acetic acid (0.3 mL), dried, and
methanol (1 mL) was added. The mixture was dried twice with the addition of
MeOH, and the residue was acetylated with acetic anhydride (Ac,0) (0.5 mL, 100
°C, 30 min), dried and analyzed by Gas Liquid Chromatography (GLC) on an HP1
capillary column (30 m x 0.25 mm) with a flame ionization detector (Agilent 6350
chromatograph (Agilent, USA) in a temperature gradient of 170 (4 min) to 260 °C
at 4 °C/min. ‘

For protein determination 2,2"-bicinchoninate assay kit from Pierce
Biotechnology (USA) was used according to the supplier's instructions.

Gel chromatography was carried out on Sephadex G-50 (2.5 m x 95 cm),
column (GE Healthcare) using the pyridinium acetate buffer, pH 4.5 (4 mL
pyridine and 10 mL AcOH in 1 L water) as the eluent, monitored by a refractive
index detector. 4

Anion-exchange chromatography was performed on a column of DEAE
cellulose (15x5 cm), washed with 1 M NaCl and then water. The sample was
applied in water, and eluted with water (500 ml), 0.25 M NaCl (500 ml), and then 1
M NaCl for regeneration. 0.25 M NaCl extract was desalted by dialysis.

3.2 Methylation analysis The sample of the polysaccharide (2-3 mg) was
dissolved in Me,SO (1.0 mL), powdered NaOH was added (~50 mg), the mixture
was stirred for 30 min, 0.5 ml of Mel was added, then the mixture stirred for 30
min, excess Mel was removed by air stream, water was added (5 ml), methylated
polysaccharide was extracted with chloroform, extract washed with water 3 times,

and dried. It was then hydrolyzed (3M TFA, 100 °C, 1 h), reduced (NaBD,),
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acetylated, and analyzed by a Varian Saturn 2000 ion-trap GS-MS instrument
(Varian, USA).

3.3 Acetolysis. Glucan (80 mg) was dissolved in water (1 ml), diluted with
pyridine (10 mL), and acetic anhydride was added (10 mL). The homogeneous
mixture was kept 30 min. at 100°, and then evaporated to dryness. Acetylated
glucan was dissolved in acetic acid (10 mL), cooled on ice, and Ac,0 (10 mL) and
H,S0, (0.5 mL) were added. The mixture was kept three days at room temperature,
poured in cold water, after one hour it was extracted with chloroform 3 times.
Unexpectedly, organic extract contained only a-glucose pentaacetate; acetylated
oligo/polysaccharides were not extracted by chloroform. To extract them, NaCl was
dissolved in the aqueous layer to saturation, and products were extracted with
chloroform, to give acetylated polysaccharide. It was deacetylated with 0.1 M
MeONa in MeOH and analyzed by NMR and methylation (after borohydride
reduction to prevent peeling). The hydrolysis of glycosides and polysaccharides to
reducing sugars and the concomitant conversion to alditol acetates (borohydride
reduction and acetylation) is a standard method to analyse polysaccharides
containing aldoses, ketoses, deoxyaldoses, and acetamidohexoses and other related
sugars.

3.4 Isolation of Bglucan is carried out by different procedures. The alkaline
extraction is schematically depicted in Fig. 12.

Powdered dry fruiting bodies biomass of Ganoderma tsugae var. jannieae
(1 kg) were washed with boiling 85% EtOH (5 L, 3h, repeated 3 times) and ethanol
extract was discarded.

The remainder was extracted with boiling water (5 L, 100°, 3 h, 5 times), the
solution was dialyzed, concentrated by evaporation on the rotary evaporator to ~1
L. This solution was shaken with 200 mL of chloroform-isoamyl alcohol (10:1) for
10 min, centrifuged at 10000 rpm for phase separatibn, water-layer treated in the
same way one more time, and freeze-dried to give crude B-glucan that purified by

anion-exchange chromatography, yielded 1.5 g (0.15%) of B-glucan.
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Half of the insoluble residue from water extraction was boiled with 5%
NaOH - 0.05% NaBH, (5 L, overnight, repeated twice). Extract was neutralized
with concentrated HCI to a pH of 4, at which point the maximum of the precipitate
was formed. Precipitate was removed by centrifugation (10000 rpm, 30 min).
Solution was dialyzed against running water, concentrated to 1 L volume, solution
was lyophilized, yielding 28 gram (2.8 %). It was dissolved in water (200 mL),
centrifuged at 40,000 rpm, and the B-glucan was purified from solution by anion-
exchange chromatography. B-glucan was found in water and 0.25 M NaCl eluates.
Both neutral and acidic fractions were separated by size-exclusion chromatography
on Sephadex G-50 column (2.5x80 cm) to give 3 g (0.6%) of B-glucan, as well as
500 mg of a mixture containing B-glucan, galactan, and mannan.

A quarter of the insoluble residue from water extraction was boiled in 0.01
M H,80, (5 L, 4h, repeated twice). Extracts were dialyzed and further treated in
the same way as alkaline extract, yielding 5 g (2%).

3.5 Results Standard determination of monosaccharide content of the whole
mushroom using complete acid hydrolysis and gas chromatography of alditol
acetates showed glucose and glucosamine in the respective amount of 6 and 3% by
weight. Other monosaccharides were identified in small amounts.

Sawmill dust-like powder prepared by destruction of the dry mushrooms
using a high-speed blender was defatted by boiling in three portions of 85%
ethanol, and then extracted three times with boiling water. Extract was dialyzed,
deproteinized using Sevag protocol (Sevag et al., 1938), concentrated, clarified by
ultracentrifugation at 40,000 rpm, and freeze-dried. Monosaccharide analysis (GC
of alditol acetates) showed the presence of 56% glucose, 4% galactose, 5%
mannose, 1.5% fucose, and 1% xylose. Bicinchoninic acid (BCA) estimation of the
protein content showed 32% of protein (possibly overestimated). Anion-exchange

and size-exclusion chromatography of the freeze-dried product (dissolved in water)

yielded 1.5 g of B-glucan.

27




3.61 3.80/3.97 C 104.274.7 75.7 80.1 76.3 61.5 -3,6-Ole H

The portion of the solid remainder of water extraction was treated essentially
as described by Mizuno et al. (1995) with some modifications (particularly,
temperature of extraction was increased as it leads to better yield): it was boiled in
5% NaOH-0.05% NaBH,, filtered, solution neutralized by conc. HCI to pH 4.
Massive precipitation occurred; the precipitate was removed by centrifugation. The
precipitate was insoluble in water but could be dissolved in alkaline conditions. It
gave no signals in NMR spectra. Quantitative monosaccharide analysis showed the
presence of a small amount of glucose (it was not analyzed further).

The neutralized solution was dialyzed, concentrated by roto-evaporation,
deproteiniied using Sevag protocol (Sevag et al, 1938), clarified by
ultracentrifugation at 40,000 rpm, and freeze-dried. The product had a dark brown
color. Widely used ethanol precipitation was attempted for polysaccharide
purification, but it did not give good results: NMR of the EtOH precipitate and
solution showed that B-glucan was distributed between both fractions, apparently
higher molecular mass glucan dominated in the precipitate, and shorter chains
remained in solution. Other polysaccharides were found mostly in the precipitate.
Ethanol precipitation was not used for large-scale polysaccharide isolation.

The product was further separated by anion-exchange chromatography on
DEAE-cellulose. Most of the brown color was adsorbed on the column packing.
Two fractions of glucan were isolated: neutral (eluted with water) and acidic
(retained in water and eluted with 0.25 M NaCl). It seems that retention of B-glucan
is due to the presence of unidentified acidic group(s), present in very low amounts
per one polysaccharide chain. Therefore, glucan was weakly retained on a DEAE
sorbent. Each fraction, retained and non-retained, on re-chromatography gave two
fractions again, retained and non-retained. Thus retention of the glucan is non-
specific, and both products are identical. They had identical NMR spectra (not
shown) and contained ~5% of protein. Overall yield of B-glucan from NaOH
extraction was 0.6%.

A portion of the remainder after ethanol and water extraction was treated

using the procedure described by Yap and Ng (2001). It was frozen in liquid
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nitrogen, lyophilized, and extracted again with boiling water. Although there is no
description in the original article, it could be assumed that freezing destroys cell
walls and thus facilitates extraction of the polysaccharides. However, nothing was
extracted in this way, except some proteins.

A portion of the remainder after ethanol and water extraction was extracted
using the method described for B-1,3-glucan isolation (Storseth et al., 2005): the
material was boiled in 0.01 M H,S0, (pH 1.5), filtered, dialyzed, deproteinized
using Sevag protocol (Sevag et al, 1938), concentrated, clarified by
ultracentrifugation at 40,000 rpm, and freeze-dried. The product had light brownish
color. NMR showed that some protein and/or lipid impurities were still present.
The product was mainly B-glucan; the yield was 2%. B-glucan was further purified

by anion-exchange chromatography as described above.

3.6 Separation of the B-glucan from other polysaccharides. Size-exclusion
chromatography of the mixture of polysaccharides showed a broad molecular mass
distribution covering the whole separation range of Sephadex G-50 (500-10000
Da). Three polysaccharides were detected in the mixture — glucan (Glc), galactan
(Gal), and mannan (Man). The maximum of molecular weight of the glucan was
about 5000 Da. The other two polymers had distinctly higher molecular masses and
were eluted close to the void volume of the column. They were not obtained in an
individual state, but only as a mixture with two other polysaccharides (not shown).
'H-NMR spectra of the fraction containing the purified glucan, as depicted in Fig.
13, and of the fraction of the void volume containing mannan, galactan, and glucan

(Fig. 14), show the different compounds present in the two fractions.

3.7 Analysis of the structure of B-glucan.
Monosaccharide analysis of the isolated B-glucan showed the presence of
glucose (~90%). Measured protein content (bicinchoninate method) was ~5%.

Methylation analysis of the glucan showed the presence of terminal, 3-, 4-, 6-, 4,6-
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Interpretation of the 2D NMR spectra of the glucan in Table 2 showed the
presence of variably linked B-glucose residues. No clearly defined repeating units
were observed. Because of irregular structure, interpretation of 'H 2D correlation
spectra was difficult; assignment of the proton signals — but no sequence
information — could be deduced. Substitution types of the monosaccharides were
deduced from HMBC spectra (Fig. 15) (Duus et al., 2000)

The signals of all B-glucopyranosides with the substitution types determined
by methylation were observed (with the exception of low abundant 4,6-
disubstituted glucose residues). It was impossible to determine the arrangement of
differently substituted residues in the main chain.

The lengths of the side chains were determined using acetolysis, which is
known to break only 1-6-linkages. Treatment of the acetylated glucan with Ac,0O-
H,S04 led to isolation of a-glucose tetraacetate, identified by NMR, and of the
acetylated main chain of the glucan. This result can be interpreted as a confirmation

of the presence of oligomers of 1-6-linked B-glucose in the side chains, whereas the
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where n is an integer number > 1. |

The different components represented by capital letters in the representation
of the B-glucan structure are as follows:

A-  B-D-Glcp-(1-6)

B-  B-D-Glcp-(1-]0-1

C-  -[-3)-B-D-Glcp-(1-]10n

D-  -[-4)-B-D-Glcp-(1-]6n

E-  -[-3)-B-D-Glcp-(1-]5n

F-  -[-4)-B-D-Glcp-(1-]n

The B-glucan is characterized by high solubility in water giving a clear
aqueous solution, which becomes brown at high concentrations. The lyophilized
dry B-glucan is an odorless white powder.

The signals of all B-glucopyranosides with the substitution types determined
by methylation were observed. It was impossible to determine the arrangement of
differently substituted residues in the main chain.

The lengths of the side chains were determined using acetolysis. Acetolysis
is known to break only 1-6-linkages. Treatment of the acetylated glucan with
Ac,0-H,S0, led to isolation of a-glucose tetraacetate, identified by NMR, and of
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the acetylated main chain of the glucan. This result can be interpreted as
a confirmation of the presence of oligomers of 1-6-linked 13-glucose in the
side chains. Various preparations of [3-glucan contained different
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a-1-3-mannan (marked with stars in Fig. 16). Other samples (not shown)
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B-glucan has an irregularly branched structure with the main chain

consisting of B-1-3- and B-1-4-linked glucopyranose residues with side chains
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Example 4. Isolation and characterization of 13-glucan from submerged
cultivated mycelium of CBS 120394 Ganoderma tsugae var. jannieae
strain Tay-1  Polysaccharides were isolated from submerged cultured
mycelium of Ganodenna tsugae var. jannieae strain Tay-1 using water,
NaOH or H2S0O4 extraction. Dominant fi-glucan was most efficiently
isolated by boiling the mycelium in diluted sulfuric acid at a pH of 1.5.
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ehofeBleal e 4 e pertial i 0 i Spfiet R eplnGii o pvera
hitaiie hdéztbwcdnditiook. pEhee hisrarmiealdatatadsfronll Garpdaknatagugtionvar.
.area relagive to internal.inositol standard.. The results in Table 3 | )
S R SR RE Vb A LRSS ALY, DRECB ILSTRRYgeion using
oaiffamniniyEQbE B e OruBiaRSs Glnipre (Glc) content varied from 5% to

10%, and glucosamine (G1c14) content varied from 0.5 to 5%. This can

be explained by different solubility of the samples in different acids. The .
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the real concentration of the monosaccharides, which can be even higher.
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ThNiting bodies biomass of Ganoderma tsugae var. jannieae strain Tay-1

mushroom, and glucosamine is higher. The results for galactose are
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polysaccharides were characterized by chemical analysis, methylation, and NMR

spectroscopy. The B-glucan from submerged cultured mycelium had an irregular
branched structure similar to the p-glucan isolated from fruiting bodies, with the
main chain consisting of B-1-3- and B-1-4-linked glucopyranose residues with side
chains consisting of B-1-6-glucopyranose oligomers, attached to O-6 of some |

monosaccharides of the main chain.
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Source Conditions Xyl Man Gk Gal GleN Fruiting bodies Conc. HC1 0.8
0.528

One can expect that the Ganoderma tsugae var. jannieae glucan have high
biological activity because it combines structural elements of several active
polysaccharides: it has alternating f-1,3;1,4-linkages in the main chain as in the
glucan from plant cell wall, and branches at O-6 like fungal glucan or lentinan. It

also has low molecular weight, which is beneficial for bioavailability.

Results Monosaccharide analysis (acid hydrolysis and gas chromatography of
alditol acetates) of the cells of the fruiting bodies and mycelium of Ganoderma
tsugae var. jannieae strain Tay-1 was performed in different hydrolysis conditions:
(1) Conc. HCI - 37% HCI, 100°, 15 min., then solution was diluted 1:1 with Water
and hydrolysis continued for 1 h at 100°; (2) 2M HCI - 100° 4 h; 3M TFA - 120°, 4
h; (3) HF-TFA - anhydrous HF 25°, 1 h, then 3M TFA, 120°, 4 h). The results are
shown in Table 3 below, in which percents are calculated from GC peak
integration area relative to internal inositol standard.

The results in Table 3 demonstrate significant differences in
monosaccharide content in the different hydrolysis conditions; glucose (Glc)
content varied from 5% to 10%, and glucosamine (GIcN) content varied from 0.5 to
5%. This can be explained by different solubility of the samples in different acids.
The highest determined quantity of the monosaccharides still does not reflect the
real concentration of the monosaccharides, which can be even higher.

The overall glucose content is lower in the mycelium comparing to dried
fruiting bodies biomass of Ganoderma tsugae var. jannieae strain Tay-1
mushroom, and glucosamine is higher. The results for galactose are unusual in that
its concentration in fruiting bodies is very low, or it seems to be absent, whereas the

mushrooms contain significant amounts of easily extractable galactan.
Table 3 . Relative amount (%) of monosaccharide of the fruiting bodies and

submerged cultivated mycelial biomass of Ganoderma tsugae var. jannieae strain

Tay-1 in different hydrolysis conditions.
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0 1.8 Mycelium Conc. HC1 0.7 5 0.7 5 Fruiting bodies 2 M HC1

Source Conditions Xyl |Man |Gle | Gal | GIcN
Fruiting bodies Conc. HC] 0.8 (0.5 28 0 1.8
Mycelium Conc. HCI] 0.7 5 07 |5
Fruiting bodies 2MHCI 0.9 18 0 0.2
Mycelium 2 M HCl 1.5 7.5 0.7 10.8
Fruiting bodies 3M TFA 1.2 13.7 |0 0
Mycelium SMTFA 1.2 1.2 5 08 0.5
Fruiting bodies HF-TFA 0.5 50 0 3.2
Mycelium HF-TFA 1.4 10 0.5 1.2

Xyl, xylose; Man, mannose; Glc, glucose; Gal, galactose; GlcN, glucosamine

4.1 Isolation of polysaccharides. All experiments were as described for the
fruiting bodies of Ganoderma tsugae var. jannieae (Example 2). For isolation of
polysaccharides, mycelium of Ganoderma tsugae var. jannieae strain Tay-1 was
washed by boiling 85% ethanol 3 times and then extracted with boiling water for 8
h. The insoluble material was then boiled in diluted H,SO,4 (~0.01 M, pH adjusted
to 1.5) for 8 h, or in 5% NaOH for 12 h. The products were dialyzed and dried. All
extractions gave a product containing protein, B-glucan, galactan and other
contaminants. The yield of acid extraction was comparable to the yield of alkaline
extraction. At the end of all these treatments, the dry insoluble residue of the cells
was 30% of the original weight of the starting material. The monosaccharide
compoéition was close to that of the untreated cells, which indicates the presence of
tightly bound polysaccharides, i)robably residing inside the cells.

NaOH extract was cleared by acid precipitation and the precipitate was
discarded. All products were then separated by anion-exchange chromatography,
which gave a neutral fraction, composed mostly of galactan and mannan with some
glucan and other impurities and an acidic fraction of the purified B-glucan. Finally,
polysaccharides were purified by size-exclusion chromatography. Overall yield of
B-glucan was 3%. The glucan had low molecular weight of <5000 Da, similar to
that of the glucan isolated from the fruiting bodies. Some of the glucan was
probably lost during dialysis.
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0.9 18 0 0.2 Mycelium 2 M HCI 1.5 7.5 0.7 0.8 Fruiting bodies

4.2 Analysis of the structure of pB-glucan from submerged cultivated mycelial
biomass of Ganoderma tsugae var. jannieae strain Tay-1. Monosaccharide
analysis of the isolated PB-glucan from mycelium of Ganoderma tsugae var.
Jjannieae strain Tay-1 showed the presence of glucose (~90%). Measured protein
~content (by the bicinchoninate method) was ~5%. Methylation analysis of the
glucan showed the presence of terminal, 3-, 4-, 6-, 3,6- and 4,6-substituted glucose
residues in the ratio of 1:0.75:0.25:1.6:0.1:0.6. The amount of 4-substituted glucose
was significantly lower - and the content of 6- and 3,6-substituted glucose was
higher - in the glucan extracted from mycelium compared with the glucan extracted
from the fruiting bodies (Fig. 18).

As with the fruiting bodies in Example 2, two other polysaccharides,
galactan amd mannan, were co-extracted with the B-glucan. The galactan from the
mycelium had the same structure as galactan extracted from fruiting bodies with o-
1-6-linked galactopyranose in the main chain and with a-fucose branches at O-2.

NMR spectra of the glucan from submerged cultivated mycelial biomass
was similar to the spectra of the glucan from dried fruiting bodies (Fig. 19).

Thus, one can conclude that B-glucan from mycelium and from fruiting
bodies of Ganoderma tsugae var. jannieae strain Tay-1 has the same overall
structure with some quantitative differences, e.g., lower content of 4- and 4,6-
substituted glucose and longer side chains of B-1-6-linked glucose. Molecular mass
of the isolated pB-glucan is below 10000 Da with broad molecular mass distribution
centered at ~5000 Da. The glucan contains no additional components except

glucose, but seems to have different reducing end residue.

Example 5. Ganoderma tsugae var. jannieae strain Tay-1 extract as a potential
modulator of the NF-kB activation pathway
It is widely accepted in the scientific community that the active component

in mushroom extract that have immuno-stimulatory and anti-cancer activity is
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3MTFA 1.2 13.7 00 Mycelium3M TFA1.21.250.8

comprised largely of fB-glucans (Lull et al., 2005, Luhm et al., 2006; Chen and
Seviour, 2007). The molecular mechanism by which the B-glucans exert their
activity often involves the NF-xf pathway as already mentioned above (e.g.
Kataoka et al., 2002). The activity of the mushroom extract was tested in vitro in a

human breast cancer cell line.

Material and methods

5.1 Mushroom cultivation and biomass extraction. A pure mycelial culture of
Ganoderma tsugae var. jannieae strain Tay-1 was obtained after being maintained
on Suslo-Yeast extract-Agar (SYA) (Conda Laboratories, Spain) medium
composed of: 0.5 liter Suslo (an aqueous malt extract boiled with hops), 0.5 liter
distilled H,O, 0.5 g peptone, 0.5 g yeast extract, 17 g agar-agar, 0.5 g MgSO,
(anhydrous), and 1 g streptomycin; pH — 5.5. Five mycelial disks, with a diameter
of 5 mm, were inoculated in 250 mL flasks with 100 ml Yeast Extract (YE)
medium containing (g/liter): glucose, 10; yeast extract (Conda Laboratories, Spain),
3; peptone, 2, KH,PO,, 0.8; Na,HPO,, 0.2 and MgSQ,.7H,0, 0.25. The inoculums
were incubated on a rotary shaker at room temperature. When the grown mycelium
filled out the culture medium, the whole flask content was homogenized, divided
into 2-liter flasks (containing 1 L. YE medium), and put on a rotary shaker (Orbital
Shaker Incubator, M.R.C., Ltd., Israel) for 10 days at 27°C and 140 rpm for
biomass production. The obtained biomass was washed twice with 1 L of distilled
water, dried, ground into a fine powder, and divided into 3 equal portions, each one
of which was extracted three times per 30 min with one of the following organic
solvents (Frutarom, Israel): ethyl alcohol (EAL), ethyl acetate (EAC), and diethyl
ether (DEE) in the ratio of 1 g: 10 mL. Culture liquid (CL) was also extracted with
ethyl acetate in the ratio of 1 L (CL): 500 ml ethyl acetate. The total of four crude
organic extracts were obtained and named as follows: W01 (mycelial DEE extract);
W02 (mycelial EAC extract); W03 (mycelial EAL extract); and W04 (CL extract).
All the extracts were diluted with 99.9% DMSO (dimethyl sulfoxide) (Sigma-
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0.5 Fruiting bodies HF-TFA 0.5 50 0 3.2 Mycelium HF-TFA 1.4

Aldrich, St Louis, MO, USA) to a final concentration of 50 mg/mL and kept at -
70°C.

' 5.2 Cell culture. The human breast cancer cell line MCF7 (ATCC, Rockville, MD,
USA) was transfected with a NF-xB responsive reporter plasmid, NF-xB-LUC
(Clontech, USA), connected to a luciferase responsive gene. Transfected cells were
maintained in RPMI 1640 medium with L-glutamine, supplemented with 10% fetal
calf serum (FCS) and 1% PenStrep (penicillin + streptomycin), and G418 antibiotic
(Sigma-Aldrich, St Louis, MO, USA), in the concentration of 1 mg/mL. Baf3/p185
Ber-Abl (B-lymphocytes, a laboratory model of chronic myelogenous leukemia
(CML), 9L (rat glioblastoma), and PC3 and DU145 (human androgen-independent
prostate cancer) cell lines, obtained from ATCC (Rockville, MD, USA), were also
maintained in RPMI 1640 medium with L-glutémine, supplemented with 10% FCS
and 1% PenStrep. Cells were grown in a humidified incubator at 37°C with 5%

CO; in air and fed twice a week with fresh medium.

5.3 Luciferase reporter gene assay. MCF7 transfected cells (4x10%) were seeded iﬁ
200 pl of medium, using 96-well plates. After 24 h, mushroom extracts were added
in several concentrations: 10, 25, 50, and 100 pg/ml. Control wells were: solvent-
treated wells (1% of DMSO); parthenolide, an inhibitor of IxBa phosphorylation
(Sigma-Aldrich, St Louis, MO, USA); and MGI132, an inhibitor of IxBa
degradation (Calbiochem, San Diego, CA, USA). After 24 h, luciferase levels were
determined according to the manufacturer’s instructions using a microplate
luminometer (Anthos Labtec Instruments, Wals, Austria). The extracts’ reporter

inhibition was expressed as percent relative to DMSO treated cells.

5.4 Cytotoxicity assay. To evaluate the effect of Ganoderma tsugae var. jannieae
strain Tay-1 extracts on cell viability, the trypan blue exclusion method was
applied. Cells (2x10°) were treated with the crude organic extracts in the
concentrations of 125, 25, and 5 pg/mL. After 24 h, cells were collected, stained

38
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glucosamine 4.1 Isolation of polysaccharides. All experiments were as
described for the fruiting bodies of Ganoderma tsugae var. jannieae
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times and then extracted with boiling water for 8 h. The insoluble material
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It is widely accepted in the scientific community that the active component
in mushroom extract that have inununo-stimulatory and anti-cancer
activity is comprised largely of P-glucans (Lull et al., 2005, Liihm et al.,
2006; Chen and Seviour, 2007). The molecular mechanism by which the
P-glucans exert their activity often involves the NF-1c13 pathway as
already mentioned above (e.g. Kataoka et al., 2002). The activity of the
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5.5 Sodium dodecyl sulphate-polyactylamide electrophoresis
(SDS-PAGE) and Western blot analysis. Transfected MCF7 cells (2 x105)
were seeded and then starved overnight with 0.5% FCS-containing
medium. Twenty-four hours later, cells were supplemented with TNF-a (10
ng/mL) for 10 min in the presence of appropriate concentrations of the
crude mushroom extracts. A solvent-treated sample was used as a
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among them, the W02 extract showed higher potential, inhibiting the
reporter (luciferase) activity by more than 70%, and was therefore
selected for further evaluation. 5.9 Effedbf W02 Ganoderma tsugae var.
jannieae strain Tay-1 extract on cell viability. The effect of the W02 extract

(EAC extract) on cancer cell viability was




evaluated by using three different concentrations, 125, 25, and 5 pg/mL.
As shown in Fig. 21, the W02 extract, in all tested concentrations, was
not toxic for the cells and exerted a growth inhibitory effect lower than
30%: Considering the high reporter inhibition (of more than 70%) and the
low cytotoxicity (less than 30%) of W02, it was assumed that the extract's
activity is due not to the direct killing of the cancer cells but to the
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the NF-K13 pathway. 5.10 Effect of W02 Ganaderma tsugae var. jannieae
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strong effect on IKBa level in the higher concentration used (200 Ag/mL),
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tiecHpowes, MCF7, Bat3/p185 Bcer-Abl, 9L, DU145, and PC3 were treated
with increasing concentrations of parthenolide (1, 5, 10, and 20 gM) and
with the selected mushroom extracts. For each cell line, independently,
the ICso values of parthenolide were determined as well as the IC50s of
each extract tested (Fig. 24). Conseque‘i‘@ly, the effectiveness of the
fungal extracts on each cell line was considered relative to the effect of
parthenolide on the same cell line. Due to the fact that different cancer
cells exert different stability, the ICso values obtained for parthenolide as
well as for the extracts varied. However, in all cell lines used, except

MCF7, W02 extract showed stronger effect on cell viability than the FF04.
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2. The P-glucan of claim 1 having a molecular weight of less than 10,000
Da. 3. The P-glucan of claim 2 having a molecular weight of about or less
than 5,000 Da. 4. The P-glucan of claim 1, obtained from Ganoderma
tsugae var. jannieae. 5. The P-glucan of claim 1, obtained from dried
fruiting bodies of Ganoderma tsugae var. jannieae strain Tay-1 CBS
120394. 6. The P-glucan of claim 1, obtained from submerged cultivated

myceliyge! SANOCHRAGHIIREN 3D 12D0ERE LHiRdAntaY - 4feBS 2 @3Rdderma
7. A composition comprising a P-glucan as defined in any of claims 1 to 6.
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The composition of claim 9, wherein said oral solid dosage form is )
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dOR RRDRPENeROh I QT Sa P UGS FHR P QR BRIO5HIOE7 12. The
composition of claim 8, formulated into a pet food products.
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13. The composition of 8, formulated into a beverage products. 14. The
composition of 13, formulated into an energizing beverage products. 15.
The composition of claim 8, formulated into a cosmetic products. 16. The
composition of claim 15, wherein said cosmetic product is selected from
CL AW gqueous solution, a gel, a cream, a paste, a lotion, a spray, a
suspension, a powder, a dispersion, a salve or an ointment. 17. The

1 chinpodiiernorampeses gifciaimackheneosiictive £ Saletin@ad pdhikhbnked D-
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e composition of claim 18, for use as adjuvant to chemotherapy or
glucopytiness sesybies: Ploiae LoICIHE composition of claim 18, for prevention
and treatment of bacterial, parasitic or viral infections. 21. The
composition of claim 18, for treags! human[mn deficiency virus
(Hl%fection. 22. The compostiitTiloger:ai cg cggygmg}?ﬁ%ﬁ ment of an
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wherein Glcp represents a glucopyranose residue and n is an integer equal to or

larger than 1.

2. The B-glucan of claim 1 having a molecular weight of less than 10,000 Da.

3. The B-glucan of claim 2 having a molecular weight of about or less than 5,000
Da.

4. The B-glucan of claim 1, obtained from Ganoderma tsugae var. jannieae.

5. The B-glucan of claim 1, obtained from dried fruiting bodies of Ganoderma

tsugae var. jannieae strain Tay-1 CBS 120394.

6. The B-glucan of claim 1, obtained from submerged cultivated mycelium of

Ganoderma tsugae var. jannieae strain Tay-1 CBS 120394.

7. A composition comprising a -glucan as defined in any of claims 1 to 6.
8. The composition of claim 7, for use as a nutriceutical composition.
9. The composition of claim 8, formulated in an oral solid dosage form.

10.  Thecomposition of claim 9, wherein said oral solid dosage form is selected

from afine powder, capsules, tablets, caplets, and sachets.
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selected from cancer, immunological disorders, septic shock, transplant
rejection, radiation damage, reperfusion injuries after ischemia,
arteriosclerosis, osteoporosis, and neurodegenerative diseases. 24. The
composition of claim 8, for lowering levels of total cholesterol and LDL
cholesterol. 25. The composition of claim 24, for prevention of
cardiovascular diseases. 26. The coggosition of claim 8, for control of
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patients.

12. Thecomposition of claim 8, formulated into a pet food products.

13.  Thecomposition of 8, formulated into a beverage products.

14.  The composition of 13, formulated into an energizing beverage products.

15.  Thecomposition of claim 8, formulated into a cosmetic products.

16.  The composition of claim 15, wherein said cosmetic product is selected from an
agueous solution, a gel, a cream, a paste, a lotion, a spray, a suspension, a powder, a
dispersion, asalve or an ointment.

17.  The composition of any one of claims 7 to 10, for use as a dietary supplement.

18.  Thecomposition of claim 8, for stimulation of the immune system.

19. The composition of claim 18, for use as adjuvant to chemotherapy or radiotherapy

of tumors.

20.  The composition of claim 18, for prevention and treatment of bacterial, parasitic or

viral infections.

21.  The composition of claim 18, for treatment of human immunodeficiency virus
(HIV) infection.

22.  Thecomposition of claim 7, for use in treatment of an NF-kB-dependent diseases.

23.  The composition of claim 22, wherein said NF-xB-dependent diseaseis
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selected from cancer, immunological disorders, septic shock, transplant rejection,
radiation damage, reperfusion injuries after ischemia, arteriosclerosis, osteoporosis, and

neurodegenerative diseases.

24, The composition of claim 8, for lowering levels of total cholesterol and LDL

cholesterol.

25.  The composition of claim 24, for prevention of cardiovascular diseases.

26.  The composition of claim 8, for control of blood sugar levels and reduction

of glycemic index in Type Il diabetic patients.
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