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NEW GANODERMA TSUGAE VAR. JANNI EAE STRAIN TAY-1 AND

Bl OLOG CALLY ACTI VE BI OVASS AND EXTRACTS THEREFROM
WO-RERD1T@2 THE | NVENTI ON The present inveati on PEI/SGHEH®S/000277

to nedicinal nmushroonms, nore particularly to Ganoderna

mushroons and to a new and di stinct strain of higher

Basi di onycet es desi gnated Ganoder nma tsugae

var.j anni eae Tay-1. The invention further relates to

fruiting bodies, subnerged cultivated nmycelial bionass

and extracts from Ganodernma tsugae var. jann eae Tay-1

conprising various biologically active conpounds and

their use as dietary suppl ements, cosneceuticals, and

NEV t GANODRRYLHTHEAE A A Ri. THANEE Ade) SHRWIIN (Toh¥-1 AND

BACKGROUND OF THE | NVENTI ON_Mushr oons__or nmacr of [

BV LOGHCALTaY ok CIAVE BIOYEASS ARELISX TRAG e d HERREROM

of potent new pharnmaceutical products. O

approxi mately 15000 known species, 2000 are safe for

peopl e's health, and about 650 of them possess
FTEQHgkﬁﬁnﬁPIPﬁﬁﬂﬁﬂﬁﬁfé Wasser, 2002). Edi ble and

medi c1 nal “mushroons (rmacrofungi) not only can convert

t haHwgeesehgioeatibulrelaies i orERSnalasiushigvne, Morenpdrdodlarly to

but, nost remarkably, can produce notable L
Ganogleophammabmams ang fo mpesnangdidistingtediagn s dugher Basidiomycetes

.mycoco ceuticals. The nost significant. aspect .o
desiglRirAoGAIEEFTHG SHER VT ¢/ HRIAGe e Pl op BF 1 P VETOTy fitther relates to
-£r ea ro 1 SS|.0N -1 j.gmo . 0Si t
fruihE 2 YOURE, O BN Bl edi ORI P boRS) Snd, extracts  from
Garlddekinbenglddel ahr. efdmidhs Tayummpyedihar earidisgbiolégically active
food, health tonics and nedicine, feed and
compennids iandrtbeirarsd as aigiangt ®yplemdnise gesmeecaudicdls; and in the therapy
SUBSTI Tb[ E SnEET (RULE 26)t he environnment .
of sprrgphdissatqsclid «nsiiafisees’ with potent and uni que
heal t henhanci ng properties were isolated recently from
medi ci nal nmushroons and di stri buted worl dw de (M zuno,
1999; Wasser and Weis, 1999; Borchers et al.,

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
species, 2000 are safe for people's health, and about 650 of them possess medicinal
properties (Wasser, 2002).

Edible and medicinal mushrooms (macrofungi) not only can convert the
huge lignocellulosic biomass waste into human food but, most remarkably, can
produce notable mycopharmaceuticals, myconutriceuticals and myco-
cosmeceuticals.

The most significant aspect of mushroom cultivation, if managed properly, is
to create =zero emission of lignocellulosic waste materials. Mushroom
biotechnological products have multibeneficial effects to human welfare, €.g., as

food, health tonics and medicine, feed and fertilizers, and to protect and regenerate

l
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2004; Lindequist et al., 2005; Sullivan et al., 2006;
Moradali et al., 2007). Many of them are

wW@bawitelt i cal products, while others represeP€T/8G2008/000277
novel cl ass of dietary suppl emsnts (Wasser et al .,
2004) or "mushroom nutraceutical s" (Chang and Busvvell

2003). Several antitumgr pol ysacchari des, suc
the hetaFQuRRTY u@é?d?a&ﬁ%ltlrgrie?\‘ %@r&eé. Wib rRftteRte ande uguque health-

enhg%élgg Efo%%?t]‘l?s r1§er y f?% | ectlﬁlt' %d[@%;ﬂr Slisfirooms and

dlsthbhfeﬁr RerRvde ('M*Mﬁn@e%% SW@Jséld aBﬂOWe'i@fdl9’99q aBorchers et al.,
mushr oons. The potential of medicinal nushroons is

2004 pbimdegaish et ahp2G05; Sulliempetal.,| 20060 Madradal eslabP2007). Many of
evol ve into a, successful bjotechnol ogical industry faor

themypare mm@elgfcah preduGthdwhie @ithers Jeprasenty & GRVel e@ﬁwf dietary

suppfiine; d.‘@?‘”d ity He ROP4 Ry, bl a8t iy and
BusPUt, %0085, SR SR GBI HRREE Be L TR UANIBIATBans and

t’reat varl ous di sease at the en

the&%@@ﬁ:n{j cOmpAS{ear @. gal dyldehi@ns, ard aeldis PSgRicah tcohf)cumng uronic

i nvesti gate the nmechani sns of the health effects of
acidjusshwvetinas didtaryf fiber, lsctiese seildutritepeaaidsh hdvs beerrisolated from
the antitunor effects of hot water extracts from
medjeipal anushreemso r’ﬁ@p@@ﬁeggal vhanedicinad anusroesspisnenernous but

moftp iftaphEd O, B ESE GRou ER ot B hle ¢ Rhdctsul aEiSiogical

SJGSQ%} THuAE ﬁ%?d fruiting bodies of shiitake
indg hrotﬁé?{ent ?)rgus edodes) a water-sol uble antitunor
polMs@cﬁiaam@hroomhlrﬁyco&a% y hagrdeep hrd firmarootsint fahgl'$ eraditional
generic nanme of this room and denonstrat ed
usepantnd medieing tafrthe EartEastt Jor pertwains,i Ghinehe and aithenbealthcare
in mce and experi

viral tuno vel nment
PracHSRRE SIPIQITG. MU TaISNOFAS SRrPES Seasita Ik &t the,e of the

e
1963 B ERKAFMEE WRARARTEN R i Tl SR AR RbclBinisms of the
heamaeﬂac@rtsf meyirebins, THO firsSHIG8SIE] RseArdh dktoRERd the antitumor
affective in treating diseases |ike cancer, a range of
effentsc b Biod | watef eaxttractss frdmy paewembl musleoohe spegieantihe mam active
di abetes as well as in hel pi ngpati ent recovery fro

compipagpishpraysd tnder palysaechasides.b spgaibeally 4-P-glusans (Chen and
Sevi Sigef(l)(?}) Chihara and his co-workers (1969) isolated from the fruiting bodies

of shiitake mushroom (Lentinus edodes) a water-soluble antitumor polysaccharide,
which was named "lentinan" after the generic name of this mushroom and
demonstrated powerful antitumor activity, preventing chemical and viral tumor

development in mice and experimental models (Mizuno, 1999).

Mushroom Polysaccharides

Higher Basidiomycetes mushrooms contain a large amount of
polysaccharides, especially B-glucans. The literature (Chen and Seviour, 2007)
suggests B-glucans are affective in treating diseases like cancer, a range of

microbial infections, hypercholesterolemia, and diabetes as well as in helping
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beneficial to m ddl e-aged people, people with active
and stressful lifestyles, and athletes. The nechani sns
wobkooaotisen of b-gl ucans appear to depend on t hBCT/SG2008/000277
capabilities to bind to cell receptors, which are
known to include dectin-1, CR3, LacCer, and scavenger
receptors. The i mmune systen1|s stlnulated by
patbing FERONBEY rgne@wn@therﬁpé/ atyek radiqtherapys Beglueansfare also especially

B AT A L e TS s, s
athlefdd | PRO. mte an%?ﬁgrp& acﬁglq Ff ?‘ﬁﬁ{gahs oatk‘f))t 'd\éb&)(d on their

nsurpr|S|n sol u S appe

capabilRitg o blﬁﬂutﬁoééll radeptars, Sw‘hli@f‘ ai‘é"kﬁb%' ® RidfRde dectin-1, CR3,
(Wasser, 2002; Zhang et al., 2005; Chen and Sevi our,

Lacl¥#/ and Boawenger heveptbes. Bhe ifnhturesystémnawtiandatedsty B glucans’
pot ent nushroomderived substances with antitunor and
presenvendho antiguimny gffasteof Pegucdsl sesar tthbe irelatedf toothreir molecular

shroo do n attack cancer cells directly, but
We%gﬁ 'H@llty aénbt theolovemelsewlapyweight leatings, for example had

i Ry T GBSk P e s
d .
i OLASAREAR Fa h E ofY85, A5 B LPRE05: Chen

andoSewauit, Qge7jred| ci nal nmushrooms, such as shiitake
nushr oom (Lentinus edodes), I|ng zhi or reishi

(Galhdymamdm dnenr)the thﬁSk dmomal lanfl Tmexst tpegent mushroom-derived
verS| col (11 (Schizophyl | um comun
subgignees W ;Pé‘lt @ m%ﬁf tmgspwqpﬁft&%fofmachandes from

mu gg@s flq%tg%ckc&ﬂ'% gcgﬁ%] gﬁr;é g,bﬂﬁutgé#)%g%ﬁ%ﬁa %grdeffects
by idtaxahhgrmﬁ‘élteh@ﬁ{ﬁﬂm%rregpo?ﬁés irPfh@ Ho4ehroom was the
first polysaccharide extracted fromfungi shown to

exHinbiJapamt Ctlummr Rasssiayi and aKdreaassdvarar dlfferent polysaccharide
commercialized in Japan. Since the discovery o

antitenor fegs havediegn d&welomdmffoméhy M@h&bpdwsa@é’ﬁ@ha maleculture

e DL GHOH O A RTEONT et Ay RKe musRoo  (Lentinus

edouggg i ?tihﬁnélr %isﬂg Ghisddrha RRINSAL ngﬂ Pfzp&mg’z‘gk‘(’verszcolor)

in a popu ar Japanese extTract

spllfrg&llﬂﬂéSd&zqﬂfﬁht%b@ﬁm(:ﬁJe} omkitttry §sll&Rrpalypsre (Phellinus linteus),

and chaga or cinder conk (/nonotus obliquus).

As mentioned above, lentinan, a 1,3-beta-glucan polysaccharide fraction
extracted from shiitake mushroom, was the first polysaccharide extracted from
fungi shown to exhibit antitumor activity and was later commercialized in Japan.
Since the discovery of lentinan, several antitumor polysaccharide agents have been
developed and commercialized, using the submerged cultured mycelial biomass,
including the immunostimulating krestin, polysaccharide-K or PSK, present in a
popular Japanese extract made from Trametes versicolor (also known as Coriolus
versicolor), submerged mycelium; the polysaccharide-peptide or PSP, a
proteoglycan from Trametes versicolor widely used in China as anticancer and

immunomodulatory agent; and schizophyllan (SPG, sonifilan) a polysaccharide
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versi col or), subnmerged mycelium the

pol ysacchari de- pepti de or PSP, a proteoglycan from
wde@omias2 ver si col or widely used in China as aptT/8@00&D00277

and i nmunonodul atory agent; and schi zophyl | an (SPG

soni filan) a pol ysacchari deknown to suppress tunor

grow h, especially cervjcal Cantier, ext Eact ed from

knopgyitens B ac tUBET SBIOWABD FFPPUAIY offfifH@! ceAncelaf¥lagtad from
medﬁlglgl;%gg&a@%ghg%o%gyﬁgﬁ%%nﬁ%hé YRG0 P QiR EhiehE

_ _ rcal” Tesponse nmodif1erst
actyinédd antifibitt! QI EALCHARRINAES - refatdedoasi dablagidlaképonse

that they cause no :ﬁsgr m and pl ace no additional "stress
modfietshthab aatyivatehaumuablogited fespignses. Atiepbasicallyamieans that they
envi ronnment al _and bi gl ogi cal stresses; and the

have
causgone duasmy ard placeoro gdditionalsigss e dhe bodig ﬂ!?d’nge]@r thg) pody to

ada ol V5 QL PRyiBoThETEL ah @ BISIPL) BRGNS and DT BAVe nBRSpecific
actidf' SR RO 'Ebﬁ&,e&gfgég?ﬂ’% PORERR Tl MUBBRSEP s%ﬁ%@,sﬁ‘ﬁlucﬁng nervous,

val uabl e sour I oactive agents wth potent and

hormonajy endrésinnineadystenoy as wetlsas ¥pslatonydancwensder i ved
preparati ons and substances find their use not as
phar maceuti cal products (real nedicines), but

represent. a novel class of functional foods, dietary
M“W%ﬁé‘?ﬁyﬁpppkﬁ??'ﬁéeuti cal s" or "nutraceuticals". A
-y ¢ . . . ) pariial |y
TUMSRRA R £ S| R AREL BF BB BR el ith potent and

uniquechledisingl Lbebertfes.u Mose gmisbeyoraf dérivednpriepaadions \aidcsubstances
I's consumed in the formof capsules or tablets as a
finddheiraxsg notipp pbammaceutioal produets rral oredicines)d puarepregeint A novel
has potential  thergpeutic applications. Reguyl ar .intake,,
clasfayolonfaRtionthe 10RGINe HeEHon PSRN Re AlnmBAegtcar”  or
“nu{rg‘geru(ﬁlexlsi,ncreasi ng resi stance to di sease, and in sone
cases causing regression of a disease state. Ganoderma

| uey ehiishebrhanimtraceRftANBNY sefifed of parmilR: refedvéttHRd or dried
for their imunonodul ati ng, anticancer, and antiviral

biomasspiromi eithearttie anycalsiml odhé figitimgrbedy @f thé musheeomanchich is
by hepatitis B patients. The | so have,
conmlwe Hpptha ifgrmae &,apmlﬁbt%n{qbi@,s aha Higlyy yeeplement (not a

conF&itlcRaP fooT(BeJn% v%fnech@arsepottgx?tﬂil ?Her%f)gﬁlgcs a[%lications. Regular intake

may enhance the immune responses of the human body, thereby increasing
resistance to disease, and in some cases causing regression of a disease state.
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 anti-hyperlipidemic,
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
polysaccharides, proteins, well-balanced essential amino acids, melaniné, lipids
comprising essential fatty acids, triterpenoids, antioxidant agents, vitamins, and

other biological active substances. Also, dietary fibers belonging to glucans, chitin,
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Ganoder ma | uci dum products on the market. Hi gher

Basi di onycet es nushroons contain a | arge anount of
w@oloysemechari des, proteins, well-bal anced essert1/862008/000277

am no acids, nelanins, |ipids conprising essenti al

fatty acids, triterpenoids, antioxidant agents,

vitam ns, and ot her. biol ogical_ active substances.
andaheteropplysaccharifese iaclyding jperyinoys gsuhstances,c fiemircedlydoses  or

polyihRidREy pify ASEREEE I53ns AR soatl FRishiiRiRy R AR Gapable of
absgr"bb?g%‘ Bilef ac'i\li% OTUSDARIAR mM¥r&ls 4 §hé fiﬂl%?ﬂixl?e,oc{nd ttthues can act as

bing bile acids or hazardous materials in

cardinbstatidsremd devdledsbuarioas kands efpoisoningost ati cs and
decrease varjous kinds of poisoning. The safety of
nusheowstetyafenushrops-ha targ supplemesthisreidaneed dugugh the
Wi I

fOlltBSPVIGI}ngg(iﬂngla” Jl%glgg)ggltn% 8{)3: d’@ﬂi mftx?g?nl%\é?or yglpgir ?}%SH?AO%Si té{sed for
prodith n%&%&?%@p%@ﬁﬁ?@%ﬁﬁcgﬁgmﬁ Cofrhdrcldt agrﬂtnot gathered in

gathered I'n uarant eei ng pro

the indRI){ tHusGalaraiteéing pRoper identiflvati@i ahd pups, ashddbBerated products,
meani ng in many cases genetic uniformty and al so

mednéng fint many ceasse raeactio mmformitydiandr alse yoengfit jto conservation of
. shr oo are easily propagated vegetatively and, thus
biouER 1Yo h SSHENNS ke AyLE nropasalell NEehtiyely $1} tBHS keep to
I t e, . L he. genet i i,0 ' i st .
onel e P AU 8P BE En AP ORIRIERL A ShEL ARk and
bio@H¥ehitall tonsiRencyeiayl e eneckBadAfdrma lcofiigtrabRipeds € of time; and
capable of growing in the formof nycelial biomass in
(iii)smbmy eddde ant truedisinah dnushneoms faze capable wf groyirdgiinthe form of

for standardi zed production of safe nmushroom based
myeglial AiQmass, in arged tadrey @nd ot eigs agprojisyg future for

shro S dj S I
starRARP BB Fide b et BN Al bRt Jhese are
advﬂhﬁgésogﬁn &%&g’s RARIRSomUbERl GERTy applenidfls RO¥Ph@Rd to herbal
nodul at ors of NF-kB activation pathway that plays
preparatiomsal roles in a variety of physiol ogi cal and
pat hol ogi cal processes. NFKB is related to the
pronotion of cell proliferation, inhibition of

BioRIRUGR B P SRS el o712 S e
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
enhancement of tumor metastasis and angiogenesis (Aggarwal, 2004). In addition to
its role in activation of immune cells, NF-xB within the malignant cell is a major
modulator of the tumor response to inflammation. Inhibition of NF-kB in cancer
cells leads inflammation-induced tumor growth to tumor regression. Extracts of
several fungi were screened for their ability to interfere with the NF-xB activation
pathway. Higher Basidiomycetes mushrooms e.g., Marasmius oreades, Phellinus
linteus, and Coprinus comatus as natural sources of low-molecular-weight bioactive

substances are able to affect the process of tumorogenesis through the direct
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its role in activation of imune cells, NF-kB within
the malignant cell is a major nodul ator of the tunor

wo emporEe2to i nflammation. I nhibition of NF- kBPETISG2008/000277
cancer cells |eads inflammation-induced tunor growth
to tunor regression. Extracts of several fungi were
screened for their abjlit

bloggageyal s NEkBwaCtivAIoghal tispdk f@%&gegﬂ%ﬁ?\%&?& he review

o, I j.u r . - Ph ' [.i.n
conffls all SV ARMA e oB REN i il pPlaBfites Wb t0 modulate
the |a@ﬂ/vﬂ?|cﬁCNFﬂ{B,%hg RentdrRBratiny @hék PotémeAuser & AV diffi-cancer
affect the process of tunorogenesis through the

agedtsriacthbrapikilyg edwvencing: fibkd &éBmad¢dulat therapgt pubbshedBby Petrova et

ki nase conplex | evel. The, review conpiles all
al. AVAR)-abwentyasiy spRCise ANCINAMIE Hasndawim fadwsl s furdyo have

to,.modul.ate th cthvi by of  NE- t d nst ragi .
propfaify et asfeqef RENELBY i{cridh (Stivar, A8 PR Ao, 2005;
ZailiRah & Y1 280 Pe@vh behd, Rfogyp! ecul ar _therapy, .

publi shed by 'Petrova et al. "(2008). Twenty-si x species

I nclSemner huShroeeey havd besndioimdeo pobsuss dntamtiovaidant activity due to

properties that affected the NF-kB function (Sliva, )
the Zgencyudnantiexidiiieagentpesch 2si Havonasds, garotepopls; and phenolic
Pet r qv t al., 2008). .Sone,.nushroons. have been found ..
conpupeLey & TS PERELA SLOT GAD, SHRRLSTERIS AG (i pGdAR et for
profyl AN RARERS S LINIORI iS85 RaRIGE
antMaxhrédant cenIh@Teniré kndwiheo Haveninttn@homotulatory properties.
preventing or reducing oxidative damage caused b )
Theoxingjari vmmsenapotentiationi eifectsvuehr disse capidve t sihstancgs e include
. known to have jnmunqnodul atory properties. .The mj.or .
Hllt?%ﬁﬂiﬂ&bo?‘é‘ﬁ%‘ﬁéﬁno H? gfqné%tf’go’(‘iflct E@@g Cgtei GeUGtD: é{‘f c@lterative
. . oni oi . . : o
conigI e A b ablfvarhin BEAELAI, Qts R RERL EPAS To cells, B
cellpamBvRiphagdd RAldNacERs) Afd hakikdlskilel (19K wells aDifféfent profiles
cells, Tccells, B cells, macrophages, dendritic
have debs obserded ant melatioktd theractivledcimtene Dells. &oamt polysaccharides
profiles have been observed in relation tqQ the

he .
actiyatej B ey andnmaeropbages, bubmet Jorgids cvils pthess gimulate all three

B cgel |l d .macr.ophages,.. but t cells, while others
ok Fhspls LSRR A ARDlaoh bt dobeils SR BacrtifheesabUFhSt of B
ti T | S a : obn@f
co R PP RO B & TRE sty oters 2 T
respoS@ONs theapstticldercasé 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.

Mushroom products are known to affect inflammatory processes.
Macrophages stimulated by mushroom products release several inflammatory
cytokines such as IL-1, IL-6, IL-8, and TNF-a, and NO, all of which directly induce
tumoricidal activity in macrophages. In other cases, mushroom extracts have been

shown to assert anti-inflammatory effects by inhibiting the production of NO,
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response. In the particular case of b-glucans, despite

the structural and functional simlarities of sone of
wo beooi4bey differ in their ability to elicit PEI/S62088/000277

cellular responses, particularly cytokine expression

and production and in their effectiveness agai nst

ecific tymrs. Mishroom prodycts are known taq_affect

PGERS Mlarbfina® y I NFor a8 gleRS- Swmasadgé%r agen ardd-hy administered
mlcrrushroomproducts rel ease several inflanmmatory

Sytokines such as I'L-1, IL-6, I1L-8, and TNF-a, and NO,

al BeRfdewhihelt Héd %@taaétdry KpP1drHEmS | ﬁh&ﬂko&ﬁtdeﬂvbm pfeparations
macr ophages I n ot her cases, mushroom extracts have

maybaeo behmed asmaisiaéahd am;mece\fticahpmdnrcys EWVhasser <t lay., 2000, 2001;
i nhibiting the production of NO PGE2, IL- | b, and

Wassggs- 2002 h@&talnﬁluBawall n2e9Hp r%geéxaaml% paeparations containing
ad d h d
meiZi b b SC RySin BRI AL LR R0RF aRAEHED o1 <o e

used as natural and cosneceutical products (Wasser et
al ., 2000, 2001; Wasser, 2002; Chang and Buswel |,

Gend@OGhnollermexanpl e, preparations contai ning nelanin
may be used for skin protection against UV _sol ar

r adrenadsmnaGenBs Giasster mkG @W&l@rweﬁe KaPelyporales,  higher

Bas|GOROFIGRI & GEPRE EIVECHEh EEB U PUSHot PRBTpRGranEi that is
pririiAg c}%aE%fteh?e bl THE bYm 8Pt g&ﬁﬁ M1 eh Q! dcbnulate,

general |y echinulate,

basid@ssparess IMoss GaModbrrka RPICIETRAre RREY Q@rﬁb&: weicyomorphologically
vari abl e macronor phol ogically and |a

andriack morq;hoﬂphgiqgtaldhsmmmmenemw dssa CAgsquons,e@nhm@xonomlc
riier taxon c studjes in th enus have cr.

studiginin &6, 8ﬁ9\’ﬁ)3§"fh Sheate Haawaw USeBRINES Paﬁg*m resulted in

larg%{?’%u%#sé{f u%ps%%hfaeé p&ez:glngggtf 31 r?({] jdet CQEH{I s%%g{sb gln[ﬂakmg species

identifidadidh! ih 'tlﬁ@%ﬁh@'v@rtuaﬁpye‘i sﬁf)leGESﬁééﬁészBf L@@ﬁbdewma used in
Oiental folk medlcmerefer to "Ling Zhi," "Chi hi ,

Onéﬂta]n(blﬂmadlc‘inﬂ nefeCitd Ling Amg @hi Z'hiZ,; “Zing 'Chi,” “ng Chih,”
"Rei shi OOO year, mushroom " " spiritual

“LingtQ@hcy Zi ;%h; ‘Misishbom 69, ODHTrue@ramts;!rom” hélethi AE swpiritual

poten'cty,ey anHr gM’Jﬁsﬂroom of Immortality” in the Chinese literature and have

traditionally been labeled Ganoderma lucidum in the scientific literature. However,
there is now accumulative evidence that most species reported as G. lucidum in
most studies were wrongly identified (Moncalvo and Ryvarden, 1997; Moncalvo,
2005; Wasser et al., 2006).

In recently published illustrations of Ganodermataceae in China, Wu and Dai
(2005) included | 77 Ganoderma species. Over the years, at least 166 laccate
Ganoderma species have been described worldwide, of which at least 48 names
have been, at some point, considered to be synonyms of others.

In a review on medicinal mushrooms, Wasser (2002) presented a long list of
higher Basidiomycetes mushrooms containing antitumor or immunomodulating

polysaccharides, among them 7 Ganoderma species described in the literature. The
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traditionally been | abel ed Ganoderma | uci dumin the

scientific literature. However, there is now
wa@emonoui4et | ve evi dence that npst speci es reporPemdSe@x0£:000277

l ucidumin nost studies were wongly identified

(l\/bncal vo and Ryvarden, 1997 Moncal vo, 2005; Wasser

ol S P A B bRl
in Jltuq':@r}ﬁg E? Sfpx%ﬁcﬁfs cé%/ BFech Giﬁ&i’l i &1@&%50&86 As to their

accate no erma spe ave een ESCH

cheﬁﬁ&éldwureofth@/;qdwsa%h&ﬁ ! idifRieR (AVECRESHD wé}te B-(1-53)-

some poi nt dered to be synonyns of others.

glutw@ehegluoan aadimamaigatacsdglooars andaks polysa&dhayides ed@ﬁtf@éﬂ in G.
a long list of higher Basidionycetes nushroons
tsugasnweleraraginggiucan god giucqg@ﬂmﬁ@mdm ating

o VARSEA200D ) discIBrefhat apsassapds bave Heet doestigpted in both
the ffﬂﬂﬁﬁ igddidiea Cﬁc{ ﬁi%eP? J‘Ioé'aﬁg ernth ?sj& 5..U§Q@éngg§1cans with strong
mycel Fum . and 1 n cu (FleUangderma Lougac  arren pheans wi

antitir@onadiicities! weresobtanieel. from 11a Wher!sohibdéiagdl 15 water-insoluble
structure, the polysaccharides identified in G

fradtions dentrastade fiong | G>2yugag! froitingn (bgkimsaﬁNang et al., 1993). Water-
solybie ?fr%?é%gs;% R NN £ KR AN W
man g Sree. PRI SR FRelt if%Chéﬁﬁgﬁmﬁéggi BrolpifErqiiaining p-
(1—9‘% gl?@grgser i thsugﬁﬁ‘ereﬁ?vgﬂggkﬁ%can%)n\fﬁér iﬁfx‘?&% water-soluble

unor ac I'vitres wer al ne

polyfatehiarfdds Ulefe addrateed\afrSin- IS @udale niy: ceﬁhhp%d examined for

extracted from G tsugae fruiting bodi'es (Wang et al.
antih®8G8) cffdétseors Santrima fli8Acin omise ¢(Ahang sedl., 1994, 1999). The three
protei n-cont ai ni ng. gl .ucogal act ans associ at ed with
actijg cehafigescoRfained wergata lycasdiratene copplex segtaining 9.3%

proffi Bl pe %&%ﬁ@i‘/ﬁ%&ﬁ %{‘C'O%%F% o WRhRRL BRI @ tucan-
profl XORAGABRTIAMEANHEY OSHAT ARAGH: ah"8 GIyLAUBAREHY EBMDRR with

and ex m ne t|tu ects on m 18

glucvse as (Hd aragn ebm@bnentla&ﬁﬂasswﬁ&)d witharrabinese, agdrinose, xylose and
pol ysacchari des obtai ned were: gl ycan- proteln
galag:@cpqﬂ XOMPATISO | ofy agtizges Wlatqrtgoiutdn dpelysaccharides obtained from

frui Betg %B? | aCH(l:)bC% 1'11911e showed” %1at thoggn om the dfrﬁ t{nogs %ody were
glucogalactan-protein complexes, but those of the mycelium were homoglucan-
protein complexes or a heteroglycan composed of mannose and xylose (Zhang et
al., 1994).

Wasser et al. (2006) recently published a study focused on the examination
and comparison of wild growing samples of Ganoderma sp. from China, a fungus
of the genus Ganoderma, which has very important medicinal properties as a
producer of hundreds of biologically active substances. Examination and
morphological analysis of the wild growing samples of Ganoderma sp. and their
comparison with specimens of Ganoderma lucidum complex, including G. tsugae

and G. resinaceum, showed that it is close to G. tsugae but differ in some features
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conpl ex containing 25.8% protein; and a gl ycan-protein
conplex with glucose as the nmain conponent and
was®ooiated Wt h arabi nose, mannose, xyl ose aneCT/SG2008/000277
gal act ose. Conparison of active water-sol uble
pol ysaccharides obtained fromfruiting body and
mycel i um showed that those fromthe fruiting body were
frorgl the dga‘r a&t%alm%ﬁe mgelén{ﬂ wakhemisdentifisdeasc n@Wevanety of the

la“%yt?é?%aw?s@ﬂge% b RPP R e SRR (Shang et

A h%tpég*%%4@???%%0%%%}5@%%%%Es%ﬁgaﬂ"med

from Gdn&f@ﬂmﬁugaﬁmaﬁ SiaRhideeN OfiRIdNGn e shmerdatdbyasante applicant
fungus of the genus Ganoderma, which has very

andi mpatienng theestineé mventors pe i thespresend appbdate@r. of
hundreds of biologically active substances.
Exam nati on and norphol ogi cal analysis of the wild

ma sp. and their conparison
SUMW spe ?%?Iﬁgamﬁm [ uci dum conpl ex, i ncluding
G Thserkagset the ﬁ1€§érﬂ dfeeHtiors Ra¥RY tohRhelv an® diStRRE strain of
to G tsugae but differ in some featuresfromthe type
Gammleemiaaimwhrdam) uyaelerintt wsagat hear. i jdmniddei sttaias Taynlgwherein
variety of the latter taxon and desi gnated Ganoder na

identefiggh sy ghe steaimi taw 1, Hdak hasc oeer mme %eClBEHtr%nWlth the

CerfRRlER, Bof heimpliicRite; (CE) Tt B, LhfBox 85167,
350§aA® Ytr&@HIE TARPNefRMandsd oHEOEIdbRE 3B, tﬂﬁ)§ 3tff?der the Budapest

inventors as in the present application.
TredtyEon MwENTtefodtionabRecogition oft the Ipepssinodt szmurgamsms for the
relates to a new and distinct strain of Ganoder ma
Purpesesof dlatentProcrduse, anduasassigned;the Mceé‘eBS,tIBQii% Tay 1,

herein i ntlfled s the strain Ta t ha

B Arelehtspert i Tt HEVERNON BT ol A Qigmess of the

Ga%@% regﬁaers J%@kﬁ #E‘??:?]%L f}aﬁcﬁ 111:> %c%égéms and

biolegitallyt sugivBushdpeates fiRhiding rprbfeﬁ?nd ﬁbﬁ flﬁadslsémﬁﬂ amino acids and
Recognition of the Deposit of M croorganisns for the

carbrlydoates and fRsthencomposmguyidgmensd peds mckiigressentiad fagy acids,

CBS 120
minerals, Famn antioxidants and other biologically active agents. The biomass

h'rs

can be obtained from the submerged cultivated mycelium or the fruiting bodies of
Ganoderma tsugae var. jannieae strain Tay-1.

In a further aspect, the present invention relates to extracts from the
Ganoderma tsugae var. jannieae strain Tay-1 rich in nutriceutical agents and
biologically active substances. The extracts can be obtained from the mycelium or
the fruiting bodies of Ganoderma tsugae var. jannieae strain Tay-1.

In still another aspect, the invention relates to compositions comprising the
biomass or a freeze dried extract from the Ganoderma tsugae var. jannieae stréin
Tay-1 for use as nutriceuticals or dietary supplements, for skin protection or for
therapy, and to such compositions formulated into food products, beverage

products, pet food products, and cosmetic products.
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I n anot her aspect, the present invention relates to a

bi omass of the Ganodernma tsugae var. jannieae strain
wdadaga1msrh in nutriceutical agents and bi ol ogPCESG3008/000277

active substances including proteins rich in essenti al

am no acids and carbohydrates and further conprising

vitamns, lipids rich in essential fatty acids,

m neral s, melanin, antioxidants and other biologically

[ . Wet e obtained fromthe
B%Eﬁﬁﬁm‘?&ﬁ@?ﬁwﬁ@m the fruiting bodies
SOHEIMBsHEWE A1 MR Tron@ BHY @1er SideA(Fig. [ BX) lnd hr\rlé‘w from the
fur er aspect, the present invention reI ates
hyneettophotes (thmﬂﬂ)eoﬁwxbtﬂmtmh basudjematarof JGmmdemza tsugae var.

strain Tay-1 rich in nutriceutical agents and
Janmje@g.ogi cal |y active substances. The extracts can be

ol s A ORF, of o, St e odidH) Em hature) of
Gam};l,grts,?g&e\% ]bdn%?edenVe”t' on relates to conpositions

conpri si lonass or a freeze dried extract from

t heF@artndaBrahbws dG@notimaj BgLa8r. Suhimiene Taltude fion Petri dish
use as nutriceuticals or dietary supplenents, for skin
withpaalé cagap medtium (Figa stAp and staghosn yphae oofpwegatative mycelium

o SRS S Lo
b B 0B 8 B A Rt

mydeﬁ)un@foiC WFanodeime bagad ofmt @nfiedeavd dREBnioF UBAEINY Bioreactor
janni eae. Fig. 2 shows basi di omata of various shapes

tecl(rmhbg)ea-lpmparauqn mftstarmi)ard)ag&mmodmrfm Reguighigh; b- spores or parts
var. SB shows erma tsu e var..

of frujtin 3%.95%\@ Brart ised (b prPAGOn o ?\ﬂu}fs; £ a'gl erayPgti dish;

S e o
o- 0RO Sy AN IR it AL SR B s
cult§Fe’3‘|fe @fnocuﬂrﬂné"@ﬁlﬁhﬁ in 2 5ONANE SIS dy@alr ﬂ’@khg-dﬁ’élﬁggeﬁl%tlon of
t hé productl on of subnerged cultured nycelium of
pre-Gaouutemsecul twega &- vartivgteomiof dmmogdmzete myyoelial biomass in 2 L

bi or eact_or . o . . . .
Erlenmeyer flasks; i - homogenization of mycelial biomass for inoculation

fermentor medium; j- growth medium for fermentor; k- cultivation of mycelial
biomass in fermentor; 1- harvest of mycelial biomass; m- dried biomass
formulations for dietary supplements (DS), pharmaceuticals and other products.

Fig. 5 shows a general view of mycelial pellets of Ganoderma tsugae var.
jannieae strain Tay-1 CBS 120394 after 5 days cultivation. These pellets are
homogenized and used as inoculums for culturing in a 2 L Erlenmeyer flask.

Fig. 6 shows high magnification of the vacuolated hyphae with clamp
connections of mycelial pellets of biomass of Ganoderma tsugae var. jannieae
strain Tay-1 CBS 120394 after 5 days cultivation.

Fig. 7 shows homogenized mycelial pellets of biomass of Ganoderma tsugae
var. jannieae strain Tay-1 CBS 120394 in a Petri dish before use as inoculums for

culturing in a 2 L Erlenmeyer flask.
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technol ogy: a- preparation of standard agar nedia for

Petri dish; b- spores or parts of fruiting body which
waemonsae f or preparation of culture; c- cul t UPET/S8G2008/000277

Petri dish; d- nuseum culture on agar slant in tube;

e- mcroscopi c exam nation of nmuseumculture; f-

pre-inoculunms culture _ in 250 nL Er| enneyer fl ask;

horfigers Ahovenths yeelishooiomass pellattraf Ganoderma fsugae var.
. [tivati j d l,i al [ in.2,.L .
jamit, SRy L RS PR ROELT vk o RERS cultiation in a 2 L

r inoculation fernmentor nedium | - growth
Eﬂ%‘e{g‘fﬁnﬂfagg fermentor; k- cultivation of nyceli al
bi digs9 showehaevdseed wet mhaceled tbiomasy ofl Gahodérommmssigae var.
~ m dried biomass fornulations for dietary supplenents
Janipgy strpinakayat &BP d30394nd ot her products. Fig. 5 shows

a neral . vi ew of el.ial pellets . Ganod t sugae

18, 1shius ot e edp v B bio g ol omgderia sugae
var.%hhie?ﬁ@"strgﬁl TdN9SEBBA030E a?lregf gayzed and used as

irnocul uns for culturing in a rienneyer fl ask.

Fi Figh 19henewhi ghcustaed f hgstideovitH dlivapvesntdctibas of mycelial
~ hyphae with clanp connections of mycelial pellets of
biomasmek &andd o trgra vias.jgasicaarstraimiayda€Bsy 1 203D4Taffer17 days

£ CBS 120394.after 5 days cultivation. Fig. 7 shows
0 fHB@i"b‘g‘éﬁPY%tborhycel ial pellets of biomass of Ganoderna

ts e r.. kaani rain Tay-d 0394 |
et 1 Bhotsk B FERMER oBeflol emimited Goato figfh Gagoderma
r eLtrk: o i
tsugaci e /RRIERE Mo Tl Tifhshfodfi (50, 10 TERRL ptts Bt fRATon).
CB¥ig2A394depictethd '#BYNMR speogum offl thevatiktare iof &he? thannan,
Erl enmeyer flask. Fig. 9 shows harvested wet cel i al .
galaﬂtmalyi/ Eluamdyerhwolemgabraghen @%rﬁ@pha@)@t@% rsizeyexclusion
CBS 12%}8{4 Fig. 10 shows final product dried
chromplegrIYY bi ormss of Ganoderma tsugae vzr. janni eae

StERE 14 WiolysH foft'spELtri R 601081 40 theliifl: o Eanoderma
V\g yp Wi E C ?

sho vacuol at e e anp connections o
tsugteGRIrl fmnice st ThyBanoder ma t sugae var. janni eae
strain Tay-1 CBS 120394 after 7 days
Fig. 15 shows reporter inhibition activity of a mycelial diethyl ether extract

of Ganoderma tsugae var. jannieae strain Tay-1 (W01) and of a mycelial ethyl
acetate extract of Ganoderma tsugae var. jannieae strain Tay-1 (WO02) in
transfected MCF7 breast cancer cell line. Controls: PAR (parthenolide), an inhibitor
of IxBa phosphorylation, and MG132, an inhibitor of IkBa degradation.

Fig. 16 shows the effect of different concentrations of the extract
Ganoderma tsugae var. jannieae strain Tay-1 WO2 on MCF7 cancer cell viability.

Fig. 17 shows a Western blot analysis of SDS-PAGE separated cancer line
proteins specifically probed with anti-IkBa, anti-pIkBa, and anti-tubulin antibodies
(control), showing the effect of the mushroom extracts of Ganoderma tsugae var.
jannieae strain Tay-1 (W02), Leucoagaricus birnbaumii (LB12), Tricholomopsis
sulphureoides (TS03), Pleurotus ostreatus (POO1), and Schizophyllum commune
(SCO1) on IxkBa degradation after 10 min TNF-a stimulation. Extracts were applied
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of fungus cultivation. Fig. 12 depicts the 1H NWR
spectrum of purified b-glucan from Ganoder ma t sugae

WO 20090816t eae strain Tay-1 nmushroom (D20 , 40)PCPRar008/000277
parts per mllion). Fig. 13 depicts the 1H NWR
spectrum of the m xture of the mannan, gal actan, and
gl ucan (void volune fraction of Sephadex G50 siz

e
to cangeiueslbHneh funkl syn apdythe effecy was Lompaged ta/the effect of 10 min
bsor pt.j,0 ectrum of 0,,001% el agi. n_of. Ganoder ma
treof R AL D T AIRHE 8, vl ori, T ks ors SlEHIE 58, PAR and
r i Aldat Vi y
MR Shect VRl Wity b Sffcds U 2l Reallh@iS{extracts and
conti@ys)lareVfiesertod a3f foldsnye ehe detmtiblimerprisionx Beastubwlin is a
Ganoderma tsugae var. jannieae strain Tay-1 (W2) in
house-ki¢spiag: otz whigte destelt daceat vasy| aacprding derthe dreatments and,
th PAR (parthenoli de%];1 an .i nhi bi tO{. of h .
U B FEYR S 3 PARTOPrOel] Topiessnting the gegiragy ofreach experiment
pro{,{ggaplegradati on. Fig. 16 shows the effect of different
concentrations of the extract Ganoderna tsugae wax.

j arfigedB8 shiohai ) Westerh HIGR aanl f SBIS-PAGEktparated cancer line
viability. Fig. 17 shows a Western bl ot anal ysis of

progis ppaHiicalbpmiobed cuitle eanti-phdBprantibiodisss phewing ah¢ \effects of
robed with a Ba, anti-plkBa, and anti-tuhulin

-
mu Pp%cﬁXé@Ctscg?ﬂW{éwas FRPRg VAhe/dPRelq Sfaip play-1 W02 and

SCHESPRYRAR, St SV SEASE LB pRotg Rkl coripitis®fiGyich 5 min
TNFLA SOR PRI E&Y 0P hHE 8RIrdas iﬁgfﬁﬁx?ared) 1EHe TRt of )TI\(I)IE] -a alone

ostreatus (POOd ), and Schi zop m commune (SCA

as welBas de gl dffecto vfabhablslised, PARGnd MG 132, adspectively. The level
Extracts were appliedto cancer cell lines for 10 mn
of thahousp=kegrfing conizel protgin tebuliroistshevwar ndeig. 7. 10 ni n

t t t wWth TNF- | | | t ffect

of gD, oW dlie a5t oh masoont s3Rats; (angderna tugae var.
PO PR s f -
janfide  SBRR Kiy-1, WOE dRE Vs Brbeldfits (FPRE S UelPGability of

diffefsnd-datbet ¢ell Exes @S SoAiparibeh Ao tthé ffedt bf parthenolide (PAR). The
house- keepi ng protein, which |evels do not vary

congeutpatiinscpfiparthenolide atengives inmdVl, whersas ¢beesteacte cascemtrations
controJ] protein representing the accuracy of each

are iy 4giMmhent

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a new strain of medicinal mushroom
Ganoderma tsugae var. jannieae, namely Ganoderma tsugae var. jannieae strain
Tay-1 deposited under the Budapest Treaty with Centraalbureau voor
Schimmelcultures (CBS) as Accession No. CBS 120394.

In one aspect, the present invention relates to a biomass of the Ganoderma
tsugae var. jannieae strain Tay-1 of claim 1 rich nutriceutical agents and
biologically active compounds including proteins rich in essential amino acids and
carbohydrates and further comprising vitamins, lipids rich in essential fatty acids,

antioxidant agents, minerals, and melanin. The biomass also contains triterpenoids.
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provided. Fig. 18 shows a Western bl ot anal ysis of

SDS- PAGE separated cancer line proteins specifically
w@e@bedr46t t h anti - pl kBa anti bodi es, show ng t heCESGH0$/800277

of mushroom extracts Ganodernma tsugae var. janni eae

strain Tay-1 W2 and Schi zophyl | um commune SCO 1 on

| kBa phosphoryl ation ip. conparison.w 5 mn TNF-a
St Hugﬁ? i‘%ﬂh‘mﬁmee&t H@f E%‘Wéaséx’csr qbtaing efycsliume of the
t F- S I t e effegts. of
ol Vgl BB Seth' TR by LR, Bl may be
obt#ihed B dudivRIdHEShS gtrﬁﬁmlrs@bnw&gé&bmtﬁ&mﬂ hitriefit SRRAW)
in Fig. 17. Fig. 19 shows the effects of mushroom
extinaanoshékembledineent sthgdeomass iy abtairedefronr tienfriidinglbodies of

\é{)Z d Formes fonentarius FFO4 on cell viability of
the @sz’é’ﬁﬂ tugqedar gappiepe sE3i hay-dnpari son to the

ef f-qct rt.h i.de { PARo, Th Qncent rati ons, 9f, .
aremS e B UIDEAS, b abRarAgrs inErdFiRL 2B aPAtt 37% proteins
of eSS nA/celili, 8 Hhe %Tﬁigﬁéhi@ﬁw A3s Hs @bout 80%
THE T'NVENTI ON The present invention i1s directed to a
carbuhydsatesiand abouek% iprateimsusfithe dny Geeigiter ma t sugae var .
j anni eae, nanely Ganoderma tsugae var. janni eae strain
Taylhe d@ﬁb@ix@@éan&rﬂm digmassp evcluree dogh wpelysaccharides and .
Cent r,aal pureau voor Schi mel cultures (CBS) as
mor}%sggglgq SNo. CBS 120394. In one aspect, the present

| yaise 16 HRAatChaidl RISl 1B FRUANS' TRetbaY 98 Gtucan,

var.” nieae’s n - clarm
galdtts) §fiinaf2And ORftin® AERGhRObERI VP 2RIcaKE HaOERAAMOr and
Including proteins rich in essential” ‘am no acids an
imnoaidmbédulatihg spaticulatlytifghusestinihlatory activaidsnand Ithe pessence of
rich in essential fatty acids, antioxidant agents,
the pohysageharidesdmakesa the biothassbob e newl sGaimosubyeetsof the present

B AR TR A ——
conffogs AL ERS R ATE L Ine TGS ABRFYn s 1

previdit hid ere@ncatder, virt] diRdbeés such a8NOINS ! dighdiesiHBRRtdisd438s, blood
bi omass is obtained fromthe fruiting bodi es of

pressure, and as hypocholesterolemic agens to treat high cholesterol conditions.

Chitin, also present in the biomass, is an important constituent of dietary fibers.

The monosaccharides found in the mycelial biomass include glucose
arabinose, xylose, mannose, galactose and glucosamine. The fruiting bodies
monosaccharides apparently lack galactose, but further include rhamnose. All these
monosaccharides are important for the health. In addition, mannose has been shown
to prevent the adhesion of bacteria to tissues of the urinary tract and bladder, and
glucosamine is known for treatment of osteoarthritis and to rebuild cartilage.

The mycelial biomass proteins are rich in alanine, arginine, aspartic acid,
glutamic acid, glycine, histidine, leucine, isoleucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tyrosine and valine. The fruiting-body
biomass proteins consist of the same set of amino acids but lacks methionine. Thus,

the proteins of mycelium contain 8§, and those of fruiting body contain 7, out of the
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the Ganoderma tsugae var.janni eae strain Tay- 1. The
mycel i al bi omass has about 50% car bohydrates and about
wW@Zpi1matei ns of the dry weight of nycelium apdr/s&mos/000277
fruiting bodi es bi omass has about 80% car bohydr at es
and about 16% proteins of the dry weight. The
carbohydrates.in the biomass include hoth Lo .
Riaa] QenBp jagids; HHeoRBsovalia, axalensine, deucipe dustidine, lysine, and

1 P6e
argtlel THEPIBfaNE B MAEBRRkn{ BRI RRSiRR iEirpporiany dictary
supPRORIE dub 16 HHCHRSeARVST tAB préteRricH T ST ARiHb Akid’g.

particularly immunostinulatory activities, and the
pr &sgamimsdound an phé¢ ysyetihhbiotess ma&lade the vitaonss B, ,0B,, B;, Bs,
the new strain subject of the present a&gl i cation

Bo, i} i0rf s Qogpros AaP teeratane, rang pionP-ergogiceale hhe fneitingdwdy biomass
. di, diti [ i ch st t i ng. of. the .

Vitami GmByE G £, e Grind Gty SHasatincgpmins in the
ord gg?%ﬁeg?lg aé%%s\é'%ﬁ%%% '\Igﬁg@g(zfr %Hﬁgtggﬁa@h%aﬂ@%ﬁﬁﬁ’with food

addRMRY oAt BRI tRERIWiCarAERNSirce GdmRlerMadSusdtovfSjBirdéae biomass
conditions. Chitin, also present in the biomass, is an

andi epwadtancontains highidevelsfofdimpartgnt ivikansns They may be used as

nmonosacchari des found in the elial biomass include .
nutigeellieals Aandarn By, bgya ,tqmtgtya s%r}da baveragssprogugts as dietary

ucosam he. The fruitdHn Qdi e n cchari des
suplsHRE b Seryd BS i gE SR FBRERST m i Le
rhermoaR cehth] bidiReR FOMPFBES Mipidsdfifclddifig! fRROFABNhcidS" palmitic
the health. In addition, mannose has beén showi to
acidyralgiendcid hkineldhreacidp stehribacid®and pabmitoksiciasid fThehfuiting-body

~urinary tract and bl adder, and gl ucosamine is known .
biomgss eeraprisesnlipids 1neluding thefatty ackdspalmitiepeid, gleic acid, linoleic
.cartil age, The cel i.al .bi Ss .protejns ;are rich,in .
acid Rl R ot SR 2Pt RS BieCtolibadhuf gfiknrSom in the
| vei = cin i 2 e .
o] PR o 0ok N A g ST Bra 4 e pstroom i
made/ eviRlefie bgntle iresdiree dihthef éssehtidlguiatiyratédofmBsacids palmitoleic

roteins consist of the sane set of am no acids but
acid, salaidiaracidi and Hsolefhacid. tFhe |atier gives vse tg dla¢ iommaga-6 series of
ol e R o SR SR i et cn
meljnﬁpin%uﬁljo%rtiéseé{&hnfs ﬂ'[{hﬁ{;i, dﬂlé?&bilfty,sﬁ&ﬁleaﬁﬂﬂy and the activity of
membrane bound enzymes.

The mycelial biomass comprises minerals, both macroelements and
microelements, including aluminum, copper, iron, potassium, magnesium,
manganese, phosphorus, silicon, sodium, titanium and zinc. The fruiting-body
biomass comprises similar minerals but is richer in calcium and lead. Iron
deficiency (or "sideropenia") is the most common known form of nutritional
deficiency and may cause anemia with symptoms including fatigue, pallor,

irritability and weakness. A daily dose of Ganoderma tsugae var. jannieae biomass

endows an excellent source of iron and other minerals.
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argi nine. The biomass of the present invention thus

constitutes an inportant dietary supplenent due to the
we@emserae2 of the proteins rich in essential amP@DSG2008/000277

acids. Vitamins found in the nycelial biomass include

the vitamns B B2, B3, B5, B9, Bl2 , C CB

pro A- b- carotene and pro- D ergostero

uAs Shewpdeyeipila the examplas, fhe W‘Fﬁlﬂiﬂs@l@fmlt% begdy biomasses

of @?&“ﬁéﬂ P FRTOR ckBiprire ElsEn Yol DMl oxidan
agehﬁatanﬂaﬁ'eg-@ad&ﬁa*s@éi/e‘ﬂglﬂk ggﬂtsaﬂeldnyﬁsc&ﬂ%akfbte&lon against

these vitam ns. Since Ganodernma tsugae var. | ahni eae
phobo-aghgsofithe sk, rarticulardgtprbtects tie dkéw €isn gblar Y rradiation, and

vitamins they may be used as nutraceuticals and/ or may
alsqproteets gainst slgniags doniaiernaly ergsmé daesed by i @maleg yadiation, and

ma, BB R vedwE N, RO, BRie el Biv °<‘>{{a‘hp i carboxylate and
i
phep DS FRS Moug} PhRBIE SoRBUh RN o Bids i oxidant

actiVityj ti ng- body bi omass conprises |ipids including the
fatty acids palmtic acid, oleic acid, |linoleic acid,
st daranethesiagpentdthe [psesent invsngion Tk dnteatewoaicpr@gearf@r producing

f d th h he .f f th t
@%érét in, vifay gﬁnéﬂéﬁyﬁac&haﬁda‘i PPRgsasEar s pcoiR messential

g?lq_g e fandNni

unsa at eg‘gﬁat t )@&aﬁ é&%aﬁﬁﬂéﬁ}s&a&ﬁac' ?I?ée?%b@esc f%‘t’én dhlgher

Bas@didni;tcetbbem@lslﬁ‘ébﬁl Gdodepintetsu ?&zéf edar! i@mhib&e tshﬁm T ﬁ' 1 (CBS
omega-6 series of pol yunsaturated fatty aci ds,

IZOBﬁé)armd Frocessi cunopndingp hultivatidg thief mushmoeit Gtmddeame tsugae
properties. pernmeabi | ity

S ui flexibili
var gigin{ae SRR ki ae/ylaZd%Mg(b%‘%y@ igGumeIRsq chltirergn nutrient media,

o5 ¢ PR SRR B SS DRT 5 fop i e g pro. and

dryi‘h%pzﬁﬁi grihfg; sal@ baGihssMintGEEREpOWaLr. TRRNSRferred embodiment,
osphorus, “silicon, sodium titaniumand zinc. The

the f nutrient gmbddy used nfoE's cultmmtmge shei mushroom nisr aff stltwtfollowmg
is richer in calciumand lLead. |raon_deficiency

compgsiigngshiof distilled waterh alucasgmb. Ok AinPersene.of- 6 yeast extract,

R e e o S,

The invention further relates to a pure submerged mycelial culture of
Ganoderma tsugae var. jannieae strain Tay-1.

In yet another aspect, the instant invention is directed to a composition
comprising a biomass rich in nutriceutical agents and biologically active substances
obtained from the mycelium or from the fruiting bodies of Ganoderma tsugae var.
Jjannieae strain Tay-1 CBS 120394.

In one embodiment, the composition is formulated in an oral solid dosage
such as, but not limited to, a fine powder, capsules, tablets, caplets, and sachets.

The composition for oral administration may be used as a nutriceutical
composition as a dietary supplement, vitamin supplement, dietary fiber supplement,

protein supplement, amino acid supplement, fatty acids supplement, and mineral
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irritability and weakness. A daily dose of Ganoderna

t sugae var. | anni eae bi onass endows an excel |l ent source
w@boobooreand ot her m neral s. As shown herei n i nP¢TIRG2008/000277

exanpl es, the mycelial and fruiting-body bi omasses of

the strain of the invention conprise nelanin, phenolic

conpounds, anti-oxidant_agents and free-radica

ands MIGEIRICTAEN: SURPIEManE) A6 te ofiee PEessingE cof ithe AicRutical and

i3 40 b e IS iR, B3, ber acviies
incla@aig mimuAcRARulafory Hndr idlocRHI3RPolERIS Bffebié. | ONI Zi ng
radiati on, and nmay serveé to sequester potentially

t oxIrc amoéther i embotlhmentghtliet scaapdimitigh ator ahel phmnadsi cmay be

. hydroxyl groups.. Phenglic conpounds are known to

mccpmgéaé%%’f@mula@ﬁ mo@ fad pradyct for huaaRegonsypwtion, e cereals,

. resent . hnvention is directed . to a prgcess . fo

ice BeBRTM RN onibea  pR R FOnbanT & AR5 Bl food nrgducts
mwséﬁﬁﬁﬂitigﬁsﬁorﬁpﬁﬁﬁgn&e PIGRAdS Fha?HISY KE fBfmulated into a
essential fatty aclids, mnerals and m croel enents from

cosinetibeprodasi ducinasear saquusty golutican qrbdy tEeans upaste,v &otion, spray,
janni eae strain Tay-1 (CBS 120394), said process )

suspenspt, f1ovelerc dispexszan, glvener einémeno nkheapissenseaof melpnin makes

. Janni eae,strain.Tay.1l S..120394) .1 pn subner . .
the ot PESHRY BENEAFIRh LRl OtGeLRARE kit ot} UaF {1 gadiation and
phopéa%qﬁgs of medi ci nal mushroom fromthe culture broth,
and dtyi ng and grinding said bionmass into fine powder.
| n [argoptief ypeed thetinstaneiny entitie i§ direcridt to@dianodeehla extract
for cultivating the mushroomis of the follow ng
havagnpiotigicalractiyity coimpfising hn sdtract off Fanedarvos sugae var. jannieae
15,0- 25, 0; peptgne - ast extract, 3.0; KH2PO4,
stragn E?yﬂizﬁmgl%ﬁ?- %gd%()ﬁé , 0.5. The invention
furgh r u [ . £ .
VTR0 Ghe KBRS Bk URTRLAGERAUSSH B, S Godis of
Gardily e tsaghe Shr. fahfiddesdtamt TajvENMdrWkangpléivyeek@sctich ¥ith an
conposi tion conprising a bionmass rich in nutriceutical

aquegessadvertdpiufedably batl Watenct i ve subst ances obt ai ned
fromthe nyceliumor fromthe fruiting bodies

) of .
GanByangther seighadipgnt, jthe, rxdet 45 rebtainedy fronpghe mycelium of
Gandderms: tsugae var. jannieae strain Tay-1, preferably from a pure submerged

mycelium culture, which is concentrated, dried, and ground, the resulting fine
powder is subjected to organic or aqueous solvent extraction and the solvent is
removed by freeze-drying. About 10 g dried biomass is obtained from 100 g wet
biomass, which results in about 7g freeze-dried extract. The organic solvent may be
ethyl alcohol, ethyl acetate and diethyl ether, or a mixture thereof. In preferred
embodiments, the organic solvent is ethyl alcohol or ethyl acetate.

To obtain an extract rich in nutriceutical agents the biomass is preferably
extracted with 40% ethyl alcohol or hot water. The extracts resulting from
extraction of the biomass with ethyl alcohol or water differ in their nutriceutical
agent composition. These extracts may be used separately or in combination to

obtain different compositions of nutrients and biologically active agents.
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In one enbodi nent, the conposition is fornmulated in an

oral solid dosage such as, but not limted to, a fine
w@owwder746rapsul es, tablets, caplets, and sachepcr/SGhes/ 000277

conposition for oral adm nistration nay be used as a

nutriceutical conposition as a dietary suppl enent,

vitam n suppl enent, dietary fiber supplenent, protein

suph? @biHp amexteectdaavang Jigh ansinexidank agd degegeadical scavenging

act 9 thE Bithass P Brudfe iy e fe R SiRER R aRip S8BT
bi OAQ&irﬂﬁfglnﬁb thé’reasﬁ%rki’,stﬁG Greddni SRverdt¥ESfelates to a composition

conposi tions have ot activities 1ncluding
havingrbivdegicatud caitvityyconmpridipg aaleskrast ef Guaoierned fsaghs vat.fannieae
anot her enbodi nent, the conposition or the biomass nmay

StramTﬁMdoASQﬁsélO@dﬂﬂd;Bﬁl B394 nt o a food product for
Ihiuk nf‘ogglﬁﬁ#% 1<tg.1'1 8124}’ f?grﬁainngr{) gféa?lgq Isélf\elal_(lztr %%{?Cg% %(gfeous extract,

q i s ¢ o .

o B e B! i A A Ak TRy it may

condptiseCipralisr amdquial parts g€the different ex@at®, | otion, spray,
suspensi on, powder, dispersion, salve or ointnent. The

pr e3edefined abevedpn the beamasse the sompiositionockoprising the freeze-
. benefici al or otecting the ski.n from sol ar.
drictEEiEACt Suvahe USP AL ofthel chraResifieR o sege. dricfjecxtract may be
incf5HAE8 NGRS 0 BRI i et
GaNTIefroEzet GidkBex tYddt is campl&aly whterisblubly add ARGESSERSolved in

No. CBS 120394. In one e odi nent, the extract i s )
an ajpecaiussalufion providintg mitrient!daddd esergy diadodbanean beipackaged in

ar. jannie strain Tay- 1, for exanple by extraction

botﬂ\ﬂﬁ Wraﬁa%uigﬁs IRADFORS | ﬂmseffevthﬁq wrﬁ&dev&@@er.agpﬁ particularly
e odi . the exiract | btai ned.fromthe. .

encf1ohde b BRERL, XBlnristiNg aBehPh O MRl il jannicae
strain Pyel eARBLsid NB.a0BS € 2%30aergad PB&’s‘iﬁlly' Bfﬁe?uidg‘x'é(ﬁents and

whi ch is concentrated, dried, and ground, the
additesssl t i ng fine powder is subjected to organic or

aqueous sol vent extraction and the solvent is renpved

by Asedwavnyherein. inawuexamaplesdthe biglpgieak activity miaeagderma

z‘sugfareo r\parl. Oj%n%ie\/\a%t strain Tay-1, particularly of an extract thereof, include a

nuclear factor kB (NF-kB) pathway modulating activity and/or anti-oxidant activity
and/or free radical scavenging activity and/or anti-radiation activity and/or metal
ion scavenging activity. Thus, it may be used for treatment of an NF-kB-dependent
disease, such as cancer (e.g., breast cancer, lung cancer, chronic myelogenous
leukemia, prostate cancer and glioblastoma), immunologicél disorders, septic shock,
transplant rejection, radiation damage, reperfusion injuries after ischemia,
arteriosclerosis and neurodegenerative diseases.

The invention further relates to a process for producing an Ganoderma
extract comprising an extract of Ganoderma tsugae var. jannieae having biological
activity, wherein the biological activity is nuclear factor kB (NF-kB) pathway

modulating activity and/or anti-oxidant activity and/or free radical scavenging
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bi omass, which results in about 7g freeze-dried

extract. The organic solvent may be ethyl al cohol,
werdwhiaeet at e and di ethyl ether, or a m xtur ep¢ieGE0$/000277

In preferred enbodi ments, the organic solvent is ethyl

al cohol or ethyl acetate. To obtain an extract rich in

nutriceutical agents the biqmass is.preferably

activityr A egagii« lata%l @@Hwty andegrdne I%tscwgrng a¢tivity, and the

proffyibitst pulhAflne SRUSRRLBE PRt G R Facliode strain

TaRIgUBS ‘PW)tlh%ﬂbm-EFg%?iecﬁﬁiré JalfutiByt MRS Bdlating the resulting
separately of in combination to obtain different

biomasy of inhushrsomf fromt the end taraubeothi by doyinglangd grindiug said biomass
. gents To obtain an_extract having high anti-oxi dant
mtca e ppwisler ddnetnis sslbm@qw wtiexiragtion ang ifeeae dryisg. -

e extract d with thurell
e B Bkl Corftin sCrendils it Sl kddn to possess
the’ ﬂl@éc%ﬁ/lﬁé% PfC %H?Rﬁiddtfb% hﬁ&f)d(}@y@t@étﬁﬁi C2hoRsickyl tfasis, anti-
conprising an extract of’ Gano ma tsugae vat.| anni eaé
hypetteasion Tayd inhibitiegsplatel doaggelsatictDdaé to the inhibidden of @hzymes
may contain an organic solvent extract, an aqueous
suchrasrzrgalactosidase hchol¢steroh swnt:ham, ng[otbmlhn@r)gacntmgaanuyme etc.

R T e
N T T R R

con‘féi‘{fﬁﬁSthQJbrﬂ{a fs‘i@ﬁé Safl rjaﬁgze?z’ét JtAfh THY1 Bfas not measured in the
I ncor porated into human food products,” pet food

instanodpplicationd therenstnc rgason itot assuifieethiat dkeisestohin eldes not contain
extract is conpletely water-soluble and may be
signifigantly edlffqmtn la‘cﬁ!%o@% teiseIpenQids peomparasy to other Ganoderma

utrie r drinks that can be packaged in
mu P?F‘és&eé?r?@%fﬁgl @%¥ Aentions thus further provi de
bevEaGa%enteot tévﬁl‘l AEWY pé n?l'i@éﬁtéw B¢V le?96fowing non-limiting
conprising an extract o Gano t'sugae var.
Exarﬂpﬂegeae strain Tay-1 Accession No. CBS 120394, and
possi bly other ingredients and additives. As shown
herein in the exanpl es, EXAMPLESgi cal activity of

Ganoder na -t sugae var. j anni eae strain Tay-1,
particularly of an extract thereof, include a

Example 1. Characteristics of the variety Ganoderma tsugae var. jannieae

The variety Ganoderma tsugae var. jannieae has the following
characteristics as described and depicted in Wasser et al., 2006:

(i) Basidiomata: as depicted in Figs. 1-2.

(i) 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. Stipe about 1-2.5 cm in diam. The pileus covered by thin laccate
crust, slightly radially wrinkled and regularly concentrically zonate, diamine brown.
The pores 5-6 per 1 mm, of normal G. tsugae appearance.

(i#ii) Section. Cutis 50—120 um thick, hard and brittle. Context indistinctly

two-layered. Upper layer wood-coloured to ochraceous buff, rather soft. Lower

18



10

15

20

25

30

nucl ear factor KB (NF-KB) pathway nodul ati ng activity
and/ or anti-oxidant activity and/or free radical
weemyenysng activity and/or anti-radi ati on actPET/6§2008/000277
and/or netal ion scavenging activity. Thus, it my be
used for treat rrent of an NF- kB- dependent di sease such
as. cancer (e st . cancer @% cancer, oni c
r

layen is| QshEarsQus ﬂ)ggf(@ﬁ; epPE%’Y‘btp;en@Hﬁ )éﬁgmerous accate deposits,

[ I ¢ shock,
radfly GREF NP b YL R SRR BenRERE S0
| N Casis aHS'ﬁ{enhéé‘rHﬁ on%msﬁhg &Ifl RIBE GARS! SF Filébeystidia 45-100 x
neurodegenefative di'seases. The invention furt her

9-llepat,esmytoid (tack dsrewinorto mlowst iblarkyn besadigeclavate to narrowly
ext ract conprl Si nghyn extract of Ganodernma tsugae var.

cla‘faamw AT thioyiallad, feut ¢aﬁ¢ratglate\m!90@wwdlﬁ@ccur

BT el i OHERVSE BRI ol Told (fBherative hyphae
2049txvaisy pif) hhe- denea Ll ﬁ%nsﬁﬁﬁr@hﬁ%ﬁcﬁdtvéﬁdbea%&r septae,

ant i -radl at’ion acti vi ty and/or net al scavengi ng
slightlyi biahghedyrstlddm prastoasczingnpkéletas hyphhe i4B1209x 3.0-7.5 pm,
celium of Ganoderma tsugae var.janni eae strain Tay-1
NG

g brandmd) thig svmim glea re_gnl@rl!w éemttadutclar@iﬁssfénn@ng hyphae

2-%_@?1&%2” BT migg D ool TGRS A (AR e e 06 URipkgvalled.
Apifaﬂﬁ g??lﬂo‘fﬁe%é e§ hof %y?ﬁ%a %‘?ﬂ bRd srﬂ}kl)ﬂfﬁgd SKLIR h¥Phae were

reeze d erma roons contaln

obstvicteLpepali hﬁ)hfab a&:ry’dtlﬁnkDGWB Ot @mpiasdiesss bidikhing, seldom septate.
bi oactivities of antioxidation, hepatoprotection,

Arbonidomn tskeletalshyphas, 5GrR0 hy?péfi Qngmo rlong1 dhickkwalled nsgalght with

hg,he%g%qgﬂr(gggt ' Onagﬁve bEs 3% reiiadng OF § Grown of a
tree?r e gé@!oﬁ’rg% Slﬁgﬁé % r om g Raég@ﬁle i ¥ We)(pes of hyphae are

inah§RAdt ed to exhibit cyt ot oxi c act|V| ty agai nst tunor
cells (e.g. Lin et al., 2003). Although triterpene
c ¢vy) dusidiospesand eBpmes palgamrovan, (8j098.8+-b2 xt5.G-h4 Tiay; average
1 not neasured in the instant applicatjon, there

9.6 % brfh 1B SEYIG0n SQTIRESRUTES Wik &/25Hol85: OWgids GRlpng, germ pore

L T R e—

oS 1 10 S ) VR S8 i
between the two layers, endosporium rather thin. SSI (D x 100/L) = 50-80%,
average — 66.7%. SI (L/D) = 1.2-2, average — 1.5.
(vii) Mycelial 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 outline of the colony are even; mycelium at the
margin is raised. Several types of hyphae are observed.

Vegetative mycelium of the center of the colony. Skeletal hyphae — 4.8-8.0 pm

in diam, thick-walled, cylindrical or slightly attenuate towards the septa, clampless,
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Exanpl es. EXAMPLES Exanple 1. Characteristics of the
vari ety Ganodernma tsugae var.janni eae The variety
w@Eanodensrn t sugae var. janni eae has the fol | ow@msG2008/000277
characteristics as descri bed and depicted in Wasser et
al ., 2006: (i) Basidiomata: as depicted in Figs. 1-2.
External habit. Basidi omata pedicellate

alm(@gg HBprasghesh i Iregwingly. septaty. Gereraive dvivéaeiZetrs.0 pm in diam,
i Bl BFNES e By" il 0 bl SRR SgHBE above
almbbe ,epflely)e/ gépta%lsﬁl%dséwohei o gref&aﬁee q{e)ﬁ)t?-tac k! Widditled. Binding

radi a wr i nkl ed and regu y conc rically zonate,
hyp#uathiok ob tlowwalléd; sponghy braGched, 312-/010 1@ i diatm| Ldéeral hyphae
t sugae appear ance, éHi) Section. Cutis 50-120 mm
Létmncin diging thingweled,t dichotyneusly braachingndiurthermore, abundant

s 5 e SRR BB S50 FERE S BBt o
e B2 A YT BSHAIOh RYALTEBIBL ASE S EPES v anc

bindiagsleyphas esimilay to Gbses frory theicdaten ofC@rd:%'l(ﬁtij A 6bserved. Also,
. dense | ayer of pileocystidia 45-100 x 9-1 1 nmm )
thinawglled 4 543 xi2&B2wemtantigulas cellp land iy stidiad i thinvealkedeutriform

t . W | , tri t hi n- | ed,
terryBg] Bl et PEAD ST BRI 98 of s -tk @nasiomorzes
el | .
r A SRR U (TR K fna A1
b iR ' -hed,
B S O - 7. 5
mmievertydler-dgy-bidimoiteds. Colarky whild, edensepiwitte goheentyic zones,

septated, clanpless; binding hyphae 2.0-5.0 mmin
TeveIsumy u g6fa MYCGIHUN eyt dense; sppnngielbhiim-thg center,

I ck-~ t el s of .h ae .l ater al
suoh PR om0 BB B VR PUBE R fichvoven,
outlPEPRaNah ¥vER] rﬁxgé‘lilﬁn At eré?ﬁ‘af%lnqé #led2r anchi ng,

sel dom sept at e. boriform skel etal hyphae 50-80 x

3. Pegetd¥ivermytaign tolfith& cenier lofdhes tcofonghtThe tlajorbtypesiof hyphae

short thin, dichotom cally branching hyphae (rem nding
(skedetaly gengtatives binding, and lateral) are observed. However, the number of
clamps and staghorn hyphae greatly decreases; they are difficult to find. Chains of
thin or thick-walled not branched hyphae 2.4-3.2 x (4.0)6-10(14) um and a lot of
misshaped thick-walled vacuolarized cells 19.2-28.8 x 7.2-9.6 um occurred.

Vegetative mycelium of the growth zone. Same types of hyphae as in the one-
month-old culture are observed. Moreover, staghorn hyphae appear and aged
vacuolarized cells appear while the number of culticular cells decreases (Fig. 3B).

According to the present invention, from the variety Ganoderma tsugae var.
Jjannieae a new strain was isolated and characterized and was deposited under The
Budapest Treaty with the Centralbureau voor Schimmelcultures (CBS) under

Accession No. CBS 120394.
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tree) at the apex and attenuate at the other end are

present. Al types of hyphae are inanyloid. (vi)
w@amvdimaspor es. Spores pal e-brown, (8.0)8.8-1 BCRSG2008/000277

5.0-6.4 mm average 9.6 x 6.4 mm inanyl od; sone

spores with vacuol es; ovoid, oblong, germ pore

noti ceabl e, truncate or protruding; apiculus |ateral,

Exampl¢ 2. Suluserged) eultivation ofmyceligl bigmasy of (ranedern@ tsugae
mnthick, with rathe i de. shor noj .crowded pillars
varg Qe sirain JavPh e betioonsd Yo ARLIFRRNAT . s
D . / — - 0, a 0 =
1 A G eases R BRoRr Tof e rocheRn f yibmereed
culfired t yrydelyuml @fc Wdnoderm&oltsagye What. e jarisese , usiognfermentor or
. (Fig. 3A), with faintly outlined concentric zones,
blOéQ&ﬁg)rdwml%Y-devel op wel | -di scernabl e sectors.

SRS B B R USRS hfniom, (50
prog?gﬁrp{}ﬂudgg% Qubd M"&llﬁfregp@wﬁ{)' ony are even; nycelium

e nargin 1s raised. Several types of hyphae are

obskfusédin cvtwed @)i-ve ntemhdédinteulture (OprterPrefinbbglums culture
colony. Skeletal hyphae - 4.8-8.0 nmin diam thick-
(IIhat-P daocwymis attueea(l Vor—s1 Fepmadnjatizon edtired Vowar ds t he

TB0RnaRbCaR B o e b AL 160 SN SR Nandard agar
M a 3 .

e B POSDGI oA B8 AL SEREm MLEs 1L g 1V, and

ferrhenmtiof Ghedingm Qte e Museian uMRes afeedevdlepéd ofthgar slants in
Bi ndi ng hyphae thick or thin- walled, strongly

tubés; antdmeetdiade 20lt0rasrare rdevielopedLen agait slaptshimetube§ amPétri dishes.

diam.  thin- walled, dichotonously branching. )
Prepppewlamsoand ingeuhuns, culluces e denGlopsd 1a falguaeyes dlpsks using a

t t C V (A i . t
roud SRS BsuRentaBu GRS arg GBI BB S BEnot BiBho Mo (New
Bruh¥Ridae SEBgtift s USAYERB! Y€ élﬁﬁ'p;{iéd‘%ﬁﬁ hRARReRtatIbh 2¥or the
to those fromthe center of a col ony are observed.
meadusementhiandial lcontr8b-of5 agit@tder3 2 temperature | pH, aidsodverndxygen
cystidia-like thin-walled uniformtermnal cells are
congeatsatian () 4anddfopd.16 nm cell's al so occur. H1ike

AP RRRE 5% SRR ARk ERRest 0 i Blo%hted by one
to three week old mushroom mycelium from the Petri dish. Five-to-six pieces (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;
MgSO,7H,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
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- of the,jame &y

types of hyphae and vegetative nycelial structures are

i nanyl oi d. Seventy-five-day-old culture. Colony white,
wa@lenns®17462 t h concentric zones, reversum unchaneersG2008/000277

Aerial nyceliumvery dense, cottony, felty in the

center subfelty with pronounced hyphal tufts near the

. of the Petri dish, interwoven, qutline of margin
(FI%“V %n6) @b of sapie Eﬁék%fr@nhthescqlaarg der migrgseanis @@servatlon of
cuh?#c f}’ m of the center of the colony. The nmmjor types

ae (skeletal, generative, binding, and |ateral)

alker Qﬁé e¥6Rd 1ﬁ9¢‘iﬁﬁﬁi‘s cilfife THEWMISmASs FoMAe ddt pre-inoculums

staghorn hyphae greatly decreases; they are difficult
cultlme f(peﬂetsl:lmamshcnﬁogdmzecbr(ﬂgu ak- et | 301 seodndy asaigech Waring

hyphae_2.4-3.2 x_ (4. %&MM) mm and a | ot of
LahW@QﬂéEé@qeﬁ (Waringz U ineculatedin 22|y Haglocgntpming 00 mL

7. 2-9, G%EOCCUHed Veget ative nyceliumof the growth
pes of hyphae as in the onenonth- old

cul e SRFV, t
and B P SABET SF /Gl AR MCi BUIRAS (HAIRRD, PRRE) were
hongogenizad ard eid o 1decmleﬁmmlﬁﬁe dor GidjwthAa aofedindgtor ¢Bidiko 2000

lE)‘resent invention, fromthe variety Ganodernma tsugae
10 LaNew Brwassvick Sowentifi, L3S A) weith 19 d af seorking volume on the same

B T S P SRR were
RS o7 A1, BT 02 i

Antifodfip@sedivas polyprapylehé glycol 2000; 4% NaCGH rmlet%flli@:B ka@ere used
and fernentor Fig. 4 shows the general nmet hodol ogy fo

to cohroppdduct i on of subnerged cul tured nycel i um of
Ga ode e var,, janni eae Usi rmentor or
AL, pifeg eylm?f?é @P&pﬂgéhéﬁweaﬁr R} Bdlgcreased

0 SS%Jepsﬂ)ng/gg ebt TS %h*&ﬁ%useﬁﬁ” ATFETE bPB.0 BtNEP S ungus

groJ;v'EH %ﬂQdQﬁhetMﬂe@ﬂ% it)itloﬁ VHSanx‘éﬁ%& t9120¢F bﬂnhuﬂi%n after 48 h
(1 -> I nocul uns cul ture V)-> Fernentation culture

to 3()(7)1'meh°£ﬁheI 48/ hetheaaitecnfl aemtmrrmﬂﬂm mediunswds imreBeli to 0.4, then

roduction: standard agar
(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
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.
Jjannieae 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
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medi um (steps | and I1), liquid standard inocul uns
medi um (steps 11l and V), and fernentation nmedi um

W@ s0ep1M$2 Museum cul tures are devel oped on agetT/sGzn08/600277
in tubes; internmediate cultures are devel oped on agar
slants in tubes or Petri dishes. Pre-inoculuns and

i U cwltures are—devel nnnrl n—FErle Ry er fl acsks
T s UT LIL| \v3 T =T TGO

u;j‘f.uewd-_r_g_t_ﬂ’i[\/ % m,p"o ml‘?fﬂpnm‘f/}’/ neyl iR PMQ o Biomass, g/l
deveaflper i %0F ef med® or | Bi of | -2000_(New BQUnshi ck10.5
Sci diéBi f| c,06.0SA] tPat | s equibped with i 33 runent bt3on
f oDQ, dessoleebonygerent and/ or control of agitation,
tenperature, pH, dissolved oxygen concentration (pq
2), and foam For the first pre-inoculuns culture, 250
m Erlennmeyer flask is inoculated by one to three week
ol d mushroom nyceliumfromthe Petri dish. Five-to-six
EXW&@ (Isolatiom ph Riglreanc fyom, driedy fratiting, bodies ef Gunoderma

p the edge of th lgﬁryptate were transferred into the
s“%‘f %’f’eflfé @®Yelit on the flask wall into small

?s&@%%@sﬁﬁ%ﬁmg%ﬁtﬁg (;rﬁ‘lﬁgt egn&fé}% %ﬁgélﬁr J nmeae strain

Ta)f ﬂai‘skrﬁg hikalifg opdciiid Q}trattioh. Defdingst )gl’ﬁdﬁﬁtWSS KRSt 'éf'ﬁmently

Fungal i nocul a were grown on synthetic nedi um

isolateds by thoiking fdilued fsalﬂmwawd caorm{)nle.ﬂt Vsl hlkaline extraction, f-
distilled water): glucose, tgept one, 3.0; KH2PO,

glugar; gallwtmonnd anannanyBexre mte@, Wi ytbastwoeIattCaWleB:tS) in minor
Phosnﬁ_ eil ts were sterilized separ ately

quapgfy, Brglugan gyay gihasactenized dy mcaduanalms; dretylation,

acel 8 AERMEE3BethcBBY 1§ OUmeah@) bAve'gh fegtfir Btanched
strlfc E'VVll‘i'l% ih e('rFa i hatd (gs()rlsls]cmgj oﬁ s va f 4 Hh‘?‘?b %f&%})yranose

e cu m cr 0scopli
resﬁuéé With §i8¢ chiifis LRRSREAnS I lﬁ)ld)? hfé'??sﬁtached to
fromthe first pre-inoc Iums c tur pel was

O-thoinsugennomdsddehgrides ofthe méinssghagnds usi ng a V\aru ng
Laboratory Bl ender (Waring, USA) and inoculated in a 2
L flask containing 700 nL of the sane nmedium After

| tivation, nycelial biomss (pellets)
Maqufzﬁsagéﬂagﬁgﬁ Hormogeni zed and used as i nocul uns
Cul 3 ¥ierlePlil PPNy "Hafid %Y RRAR Ypebirh Wer ré¥Pfed using a Varian
Inova 500 spectrometer (Varian, USA) in D,O 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),

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 NaBH; (~5 mg, 1 h), neutralized with acetic acid (0.3 mL), dried, and
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10 L, New Brunswi ck Scientific, USA) with 10 L of

wor ki ng vol une on the sane synthetic nmedi um nenti oned
w@bmye1746ni ti al paranmeters of cultivati on wer eP@ESG2008/000277

follows: tenperature 270C, pH - 6.1; agitation -100

rpm aeration - 0.2 v/v/mn. Antifoam used was '

L R N R
MeORY, SRl deb e o GOEST el Pt e ShPRRAS RO E(0-5TGL. 100
°C, 30 may)9 driclandWiabzed s IAQhidr CBrbrflato RPh§REAIC Pdn an HP1

agitation was increased to 200 rpm then aftéer 48 'h to
capHB0y roolnmAf(86 m 480.25 mmmg with @ fidmecomzation détector (Agilent 6850

nmedi um was, i.ncrea .to 0.4, then (after 72 h) to 0.5
chrmmr%p%#&l%w% iy pdepperatyReaapdient gf éﬁ%% gk 10,460 °C at
4° /Ejﬁnof wet biomass (Fig. 9) or 11.3 g of dry biomass

(? i'g: 10) achieved on day 7 of fungus cultivation. The

corplrt i BteiR! deft@misdtidny 22 DoBici ot edsday Tab! Groln Pierce
Vacuol ated hyphae with cl anp connections of “nycel i al
Biotichmakeyd(fUSRhwde nsed acoogdiag\tarthe suppliet'adnsERfStibae394
after 7 days of fungus cultivation are depicted in
Fi delighromatography wafexcaralledmlﬁrm‘s&phma-éa (85 m x 95 cm),

o EFL BN FaruiAE the PYRLARER 3eplq el PH 25grml pyridine
andNY 38D K¥&Plif BL k}%@érﬁgb OﬂﬁeoélupﬁtgerSﬁ%lfeBQ?? dr itfhctive index
fruiting bodies of Ganoderna tsugae var.j anri eae

detestorai n Tay-1 Pol ysacchari des were isolated from

Ganoderma tsugae var. jannieae strain Tay-1 using
al Kamioneexshange ¢heoragtogeaphiyowas Dperforned iwngucelvmiaof DEAE

celtffeRy (i) waehih ot Hal MRk g iebriveiss dhaciaple was
) ! 0 Wi t
appHBA 3 ler? 4 BRACA 0l e 24Pty 0,25 M N (508 th b then 1

M NACY it trégdneestidiy 0CTEN NalCl arghotsvss desattby bgtdisysis.
acetolysis, and NVR spectroscopy. It was found to have

an 3.2 tMethiylation anehs®s The sample ofi the pdlgsaceharidhi42+43 mg) was
diss%?\pes(’f iSnt Me%S?)f (1*?(_) 1rnf;g), p%%de?é(li _I\f';f(SIi-Invls(fgsd ag(ligf ?Bgl()r ?r?g%? ?he 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
pblysaccharide was extracted with chloroform, extract washed with water 3 times,
and dried. It was then hydrolyzed (3M TFA, 100 °C, 1 h), reduced (NaBD,),
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,SO4 (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.
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resi dues with side chains consisting of
b-1-6-gl ucopyranose oligoners, attached to O-6 of sone
wonessmehari des of the main chain. Mterial s BEDSG2008/000277
Met hods 3.1 General Methods 1H and 13C NMWR spectra
were recorded using a Varian I nova 500 spectroneter
(Varian, USA) in D20 solutions at 40 OC for the
Ungreteptesdbys herganic \mctrncta@@mgmdsmlwdmgiueqsezQﬁntppmta@s atetylated

o e SR B AR v
dlsﬂgﬁgmg@yzﬁt@ﬁ)hg Nay&® sgﬁﬁgtri)(y (?'p?g dd tgmwél%oe{[ﬁacted with

ear auser e spectiroscop

chlgfoforg, td @vé%ef}ﬂéted F&Sl’?sa(d&ﬁhﬁd@nltcmafd@ce l@ted with 0.1 M
uantum correl ation and HVBC (rmultipl e-bond CH

Meod¥a an aMie] apt iana zddfby NMMR Hand ougshylatjoooafteanbyrohydride

redigor DIy BOPSBR), She Srlyss O EvLeiis 4t pobsasstyrides to
redéé'iﬁé‘)sugi 81%: thé dOhcohiila *19 \@Bgvéﬁﬁl n’ &P g[(g{dl oaﬂ:e‘a%s (borohydride

er a streamo e residue was

redﬁ’étﬁﬁp|d«fﬁd acBrylict) (9 P dthadard e ietist Wot r21nb¥=&§é'4p()l‘yﬁ_%accharldes

my, 1 h), neutralized with acetic acid (0.3
conthiinmg, aldosbspketased, deoXyadﬁ)asmanddmteﬂnndbhexnsgs and other related
dried twce with the addition of MeOH, and the residue
Sugiffs acetylated with acetic anhydride (Ac20 (0.5 ni,

é'cﬁ) %0%%3&9’5’%% (6%@[8%’1 aﬁﬂ@%%é{%ﬁ#?@‘% c@ﬁl%l%g Gapoderma
tsu%zgov(@ Cjﬁz:ﬁ?n%dté"ogp gg%weg&g?vl %H a@é Al?ﬁhﬁg%g t/fe E'EOHA@ufF,e M, repeated |

3 tigies)ariéth@hol lek@ract wiik liscafdedt0 OC at 4 C/mn. For
protein determnation 2,2 bicinchoninate assay kit

fr thlelemamdal \Ua$cmmw§yv1(m$n)mg/arsatcus@dLat%°r di mgS times), the
t he su %I&J i nstruct | chr omat ogr aphy was
solutigny ya cqpGARed yseva(p?rasﬂqa Qndhe sagary ESpBRRALOr to ~1

L SRR GRSt 240 B AR AR LI 00 o

10 hlig, &nitARiged BN GOV EpAYIoR phabe 36pdrion, NIGErI8Y@Cirited 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 pB-glucan.

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 p-glucan, galactan, and mannan.
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Ani on- exchange chr omat ogr aphy was perfornmed on a

columm of DEAE cellulose (15x5 cm), washed with 1 M
wNaOb/oeme t hen wat er. The sanpl e was appl i ed | PCTIRGENN$/000277

and eluted with water (500 nl), 0.25 M Nad (500 nm),

and then 1 MNaCl for regeneration. 0.25 MNad extract

was desalted by.dialysis. 3.2 Mthylation analysis, The

sanfplBIager oh éh?) ar%&&e resifue from svafﬁlj exfactians was peyed n 0.01

M ARGOL ST PEIRSTSAR Ve Bdl P in

sanRAWE( as hﬂéﬁné%ﬁn%txwﬁngtﬂ g(@g)for 30 mn, excess Mel

was Tenoved by air Stream Wwatef was added (5 m),

nmet hyl at ed pol ysacchari de was extracted with

chl oroform extract washed with water 3 tines, and
Regmlted. 1t was then hydrol yzed (3M TFA, 100 0C, 1 h),

ot SRt BERThinaRER aBRESsac e e ﬁ%ﬁtfe%gpf thewhiglg Adshroom

Sn?g éo@éfét@bgﬁut edJ @\k:é th pyél di ne H?\ﬁgg%‘_)?§ &;%lg%é%tgsf showed

glu@crshyzdfd gmcwanﬂrédmdth(eh@smc)tweﬁhﬁommgérumlus%rbytwight. Other
was kept 30 mn. at_ 100, and then evaporated to
momw@lwdmwryu@trédiqgi incaralhamodntssol ved i n acetic

i ST SIS oS ed crtgateds by A Fmctign ottt 86, muishrooms

usu‘%ﬁ( ﬁfé{] sﬁé?:ﬁ'ﬂ Vé'gdgg aféé%é{f&tge@ﬂy Esﬂmgginct?}éé r#@%i‘é‘»hs 088594 ethanol,
andt ithess . émame@t ety , tiffe§avith ebféﬂh gt wAst aiPx@dcoMvids  dialyzed,
a- gl ucose pentaacetate; acetylate

dep&tcgnlquugmgcsﬂvagmjemcmb (Seviagt etealt,r B3B8 dcangcentrated, clarified by
oyl S MRS 55 o
o FGRCKERAY, ST BB, Y SRR e, 9%
manribste D905 e RB 2A 8% J@Mo%ﬁﬁﬂ:h‘&lrﬁ& lagid (BCA?EEﬁlhatlon of the

bor ohydri de reduction to prevent peeling).
proteyd cohtent showed 3286 sif qasteam c(ppsshlylgfawﬂrestudasd) oAmon—exchange

reduci ng sugars and the concom tant _.conversion
andgizg-etlusion chrematagaminy of theclreezecdriedprasdyat (dlssolved in water)

atign). i s a standard nethod to anal yse
yw@ﬁ&bsi\ %r% W&an.cont ai ni ng al doses, ket oses,
de Gf‘ﬁ’eaﬁ&‘ﬁ%‘ﬁsof AP0 F FLATARN G ¥ Q3 AR cAbA Has rt?éa?éc?gssentially

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,
deproteinized using Sevag protocol (Sevag et al, 1938), clarified by
ultracentrifugation at 40,000 rpm, and freeze-dried. The product had a dark brown
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sugars. 3.4 lsolation of b-glucan. Powdered dry

fruiting bodies of Ganoderna tsugae var.jannieae ( 1
wg)oowerse2 washed with boiling 85%EtCH (5 L, 3PCT/SG2008/000277

repeated 3 tinmes) and ethanol extract was di scarded.

The remai nder was extracted wth boiling water (5 L,

100,. 3 h, 5 tines), the solution was dialyzed, )
COl%rony\é‘ﬁFFYat‘és&dbfﬂ&Pé’E)oP&qcﬂwFﬁtm tWies raffeawteévg%ra@laﬁacchande

it bt AT S R i s
solARIN ShEWELE thatt B-gme%gi WRNdiRFibRRASEt%2RA Kith q{]acltir(r)éls, g}g]pdprently

wat er -l ayer tre n the same way one nore t

highiereamtedilare thdse gluvan aounsiaatedgin eleen éifb@ibit@ﬁé! idnideghdiyer chains
ani on- exchange chromat ography, yielded 1.5 (0.15%9
remgineg- i miuhon-k@ltherqrolymcharséswme famdimestly dm thatpsecipitate.

oA Sl R o A
IR 0t S e i o

DEAgn@siRdiodey Mestt 6f thedbidwon coldiOREs adsdrb3d ¢ file column packing.
Sol ution was di al yzed agai nst runni ng wat er,

Twe dinacsions a0 £ glueanl were gisokated: sduital ofelwad Withpmiatér) exhd acidic
yi el ding 28 gr was di ssol ved i n wat

' 0 am(Z.Sfﬁ. |t at er
(retgined inatercaisk elptedguitth 4211 D6 1) Jhseeapsithap setgntiom o4 B-glucan

s T R bisoBfos OF Shatifelldeiie RS RIFRAL i yepy Jay gmouns
P B A AR MG g il AR DEAE

sorfenbOEacH fravtidn,. fexdifled ahd tmongievinéd, o Ge-6BPoritography gave two
b-glucan, as well as 500 ng of a mxture containing
frachogs wgain, rgtdined and nontretamedn Thugustansionodf tthe glucan is non-

e D Tl WA o
s SRRSO o LR Pl SRR Pl gy oo

extrd&iG Wadtdegn of nonosaccharide content of the whole
nmushr oom usi ng conpl ete acid hydrol ysis and gas
chrfdopeitien afftiie atnalintdr aftercthaictsarkh oxeer extraction was treated

using the procedure described by Yap and Ng (2001). It was frozen in liquid
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 séme 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,SO, (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
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gl ucose and gl ucosamne in the respective anmount of 6
and 3% by wei ght. O her nobnosacchari des were

wo dwopifsred in smal |l anmounts. Sawnm || dust -1 i kKeCpsazi®s/000277
prepared by destruction of the dry nushroons using a
hi gh- speed bl ender was defatted by boiling in three
portions of 85% et hanol, and then extracted three

progdycta¥asymagnly di-lianadhice yieldwasad o. \Baglugam waseturther purified by
.deprqtein zed using,Sevag pr.pt | (Sevag et al.,
Aoy ,an§8r‘f§1é(ﬁ{l?t§t%w,hycqsa(?qsgfl@%‘i)%ﬁo‘iﬁ't racentrifugation

at 40,000 rpm and freeze-dried. Minosacchari de
anal ysis (CGC of alditol acetates) showed the presence
3.6 ®W@hu©osme Bphrhachivin, ofiférnpolaacchari@d. f SE@Séclusion
and 1% xyl ose. Bicinchoninic acid (BCA) estimation of
chramatograpthyi of thermiturestiopelysa2antepstvedd a (wosd nmullgcular mass
. averestimat.ed) ., Anjop-exchange and si ze-excl usjo
dlStEﬁPB%tCG&FHBEytthWbﬂ@ PERAERION rRRRE Of &iﬁp@@dwéégh (3449-10000
[ L8l . Ihe porti f
Da)t F]Tgmgbﬁlﬁlérs&c%agﬁgs }Ne\rfF in\e/g%cé?d gr)k(;t'l‘rfegc nglp]'g vvagf ci';lrggtdeia), galactan

(@]

renmal nder o
(G BRO bt (VT84 MM A Py ol g so0

Da. PHer gthét o pelymers hadskstinslyl High€&assldcaldpehdsses dnd ke eluted
it was boiled in 5% NaOH 0. 05% NaBH4, filtered,

closedouthieovid eplumei ofetdergolumine Thegi wers pod abtaivedsinvan individual

reci pi.tati on.occurred; the precipitate was repove
stat ity Gy Gsd BHRORhEViE bep et BoRcc R s 1k Shawile H-NMR
: . . : ondi LN . I gaye
sredith o fabfrl a5 A BIEafoRLLEERS o gt Canc of
the ﬁraaﬁmsio&ftﬁ@owvémﬁldoé&&aﬁﬁ?ﬂ{axﬁaﬁ,rrﬁlhctgﬁpa&m Rican (Fig. 13),
glucose (it was not analyzed further). The neutralize
showdhedifferentsordpaunydsapresantns dimt tved fadcbgns.

r ot o- evaporation, deproteinized using Sevag protocol
(Sevag et al., 1938), clarified by ultracentrifugation

Exople% SRR o B ERS Hit soBherh GHBSHR B5eRumer cos
N A S A
ORI ] g S RS g o
Gargidevna Gogueavad junnidve piraioi fiayek essingidvatenr NaOH or H,SO,4
extrg?t?(l)IESDominant B-glucan was most efficiently isolated by boiling the
mycelium in diluted sulfuric acid at a pH of 1.5. B-glucan and other polysaccharides
were characterized by chemical analysis, methylation, and NMR spectroscopy. The
B-glucan had an irregular branched structure similar to the B-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 p-1-6-glucopyranose
oligomers, attached to O-6 of some monosaccharides of the main chain. However,
the amount of 4-substituted glucose was significantly lower in the glucan extracted
from mycelium, and the content of 6-substituted glucose was higher. Other

polymers included a-1-6-galactan and mannan.
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remai ned in solution. Oher polysacchari des were found

nostly in the precipitate. Ethanol precipitation was
wmoedoonsae f or | arge-scal e pol ysacchari de i sol ap@D8G2008600277

product was further separated by ani on-exchange

chr omat ogr aphy on DEAE-cel | ul ose. Mst of the brown

col or was adsorbed on the col um packi ng. Two

fractions of glucan were isolated: neutral (eluted

Redfftsy V5 Sl e} Sl s bl o bBisc AT ot Glapny of
alditdl SieBate) O P LEREBE I Friffihd DAt laAivEllfum of Ganoderma

group(s), present in very |ow anounts per - one

tsuguel Yy afnindededsrain diay-1 Wasrperformedginudifferevitshydealysis conditions:
retai ned on a DEAE sorbent. Each fraction, retained

(I)Q%CnH@lr'éMrﬁﬁl 1&9° &5 dAtonihe Belpinn was dilutgsl 1:1 with water

SRS bR AT LAl 00PN 210854 nh AR TP - 120°, 4
h; (?}qpﬂw A a§ yn(g%ﬁ; H2bhse T ﬁy%aggsmd?pk qab ()J{S’Fﬁé}ésﬂlts are

ot s cont ai né protern.

showinehdl sble 13- Elowain wWhivh péECehtexie a@ltulafed/\ﬁ@nﬂG@/@eak integration
portion of the remminder after ethanol and water

areaesalatacqﬁodntam@ inpsitnlstanderdhg t he procedure descri bed

o TRty ngﬁﬁﬁo L lemonstie signafica dfjsroices inmonosaccharide
con&‘ﬁ't '115 ént l@d}&gyﬁ Ro gﬁ[g)‘i‘lsaglﬂ%s@l F(t’}f;cg tcegl{eﬂ? vhHe& BSm 5%

|cI cou feez

to Ii)%t faﬁMng@béaﬂﬁ@U GRN &dntent atied tiROMS 08X té %! %@fcan be
the pol ysacchari des. However, nothing was extracted in

explawed \harydlf&rcmpmlubﬂﬁypmf)ﬂm rsamp,l!espm tdiffarent achds. The highest
r ermai pder after et hanol and wat er extr ction was
determiped ; gupntity ngf ( the aponpsacehasides patllt dpes,. motsreﬂ@réaﬁhe real

Con%g‘ﬁjf aqu'no% té‘?bi&}s\ﬂ%ég%’%b d?%mvﬁl%g)"%}‘fbﬁ ‘%@quéﬁéj alyze d

de e §idthf Pudbse ROnRIN 3P |OWEE RE Ble MmFR¥BIME ofparing to fruiting
1938), concentrated, clarified by ultracentrifugation

bodads of0GaRter e tsagae @areﬁtmieifel strhin Thag- yrbud ghicosawlined girtents is
browni sh col or. NVR showed that sone protein and/or
hlghlqrp i1dne; Wg\alrts for galagtase sztrm unq@uéls #hthatTrie spaeRtatighsin fruiting

uca t he 2% b-glucan was
bOd'felfrlf H%Fy lﬂﬁ‘f’l% Q%F 9 o arpsgé\@hange chr omat ogr aphy as
descri bed above.
Table 2 . Relative amount (%) of monosaccharide of the fruiting bodies and
mycelium of Ganoderma tsugae var. jannieae strain Tay-1 in different

hydrolysis conditions.

Source Conditions Xyl [Man [Glc | Gal | GlcN
Fruiting bodies Conc. HCI1 0.8 |05 28 0 1.8
Mycelium Conc. HCI 0.7 5 0.7 |5
Fruiting bodies 2 M HCI 0.9 18 0 0.2
Mycelium 2 M HCI 1.5 7.5 0.7 |08
Fruiting bodies 3M TFA 1.2 13.7 |0 0
Mycelium 3M TFA 1.2 |1.2 5 0.8 |05
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; GIcN, glucosamine
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3.6 Separation of the b-glucan from ot her

pol ysacchari des. Size-exclusion chronmatography of the
worzoov0rB6Df pol ysacchari des showed a broad nol BECUEG2008/000277

mass distribution covering the whole separation range

of Sephadex G 50 (500-10000 Da). Three pol ysacchari des

were detected in the mxture - glucan (G c), gal actan

( Gdior, 1@&@1qmmfa@o(m¢gharrdﬁg i yselizan <pfa({} erma tsugae var.
Jonf B A B e SERD, 55 8550s T LA, i o e
extﬁ?ﬁge% Gt 68ilfHeCRatdr é’gh? rﬁlvgir‘]l%l nl? \ll/ﬁfg Otfnafeli’ﬁll Cv% Eﬁkn boiled in

wer e not ~obtal n st at e,
dilueed ¥,86),d~0104t M, pH adjlastedaodt. efor®hy sairc h¥y Nde)cH f(ﬁlOIZ h. The
shown). 1H-NVR spectra of the fraction containing the
prommtwaem: dialyzad and drgd.cAdld exmactions gave dhel modugfe containing
fractl of the V@éﬂ vol une cont ai ni

pro@éqx a(}:-g anag@ia@qag mrgcoqg}nn% Qﬂnqt? agid gxtraction was

corfiGRAEE ISV RRT B alidibe Falef i 2R L e q'?‘%?‘;?lsge freatments, the

dryrmg&hbwn&id&Béf 1RO38Ms RROTPY,NBE Hféleﬁgldéﬂ* rwélgﬁﬂ L3Re starting

strain Tay-1 Pol ysacchari des were isol
matenblrélrlwmomhaamhaﬂdmoniplommfwé‘sinhﬂe rwahatsqxfgﬁm wdreated cells,
janni eae strain Tay-1 using wate
whightipdicatesntherpresenraet OBI@hﬂxahpumSp%mccaﬁnﬁ@s emobybly residing

by boiling the myceliumin diluted sulfuric
ms‘QE%&e%etelPa pH of 1.5. b-glucan and ot her

pol ap | j o

B B RC BR  Sa IE A6 AR, rEEIpRAAGR M R precipitate was

disdardéd/call pradusr wereethdnase f;iame@flgdaﬁidnL@tdhaﬁgéldhirématography,
to the b-glucan isolated omfruiting bodies, with

which gareiametteal frastins; eampesedfmpstly of ga tap andimannie &vith some
gl ucopyrangse resi dues wt 1 si de chaj ns co Si sgl ng of

glugan a gth@e SPPHEHSS and angsilie draciionpibe pusiteded-glucageFinally,

PolxssfaCEﬁ%ffEeé? Vi et 5 WPk igh ?‘FSﬁ{?%faP%PVFW% Yield of
b2 O Bk AW O T A0Ekeh D cRPLE e 00 Do

ubs Itute cose was
similaF t&'qR4t &f lth«3613 'ué&ﬂ b5 AERANELR- ﬁﬁﬁiﬂgt Bodles Some of the B-
Monosacchari de anal ysis (acid hydrolysis and gas

glucdiy wanpasdiabbhlosotludhgidiadysiacet at es) of the cells of
the fruiting bodies and nycelium of Ganoder ma
As with the fruiting body in Example 3, 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, with a-fucose branches at O-2.

Example 5. General chemical composition of Ganoderma tsugae var. jannieae
strain Tay-1

The chemical composition of Ganoderma tsugae var. jannieae strain Tay-1
was determined in the mushroom fruit bodies and mycelium. The following
contents were examined: lipids, vitamins, polysaccharides, monosaccharides, amino

acids, fatty acids and minerals.
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tsugae var. jannieae strain Tay-1 was perforned in

different hydrolysis conditions: (1) Cone. HO - 37%
woighog/o1@62 15 min., then solution was dil uted BCTS@2008000277

wat er and hydrolysis continued for 1 h at 100; (2) 2M

HO - 100 4 h; 3MTFA - 120, 4 h; (3) HF-TFA -

anz(édrous HF 25, 1 h, then 3M TFA, 120, 4 h). The

r esOur seswlts dervanstrate Tthet eneshsepwufruitn boies hanse myoeliym have
. are calc ted . f.rom GC peak integration area relative
sigfigenife AHHErah JupEmCR L catp S RS, LS ToRRlE s, ShaWothat the

| [ 3

muBEIBEE ek, B AR (3, My BRI SordeP RRRRERS 6F a wel
balgdeda@ki&. (G c) content varied from5%to 10% and

gl ucosamne (G cN) content varied fromO0.5 to 5% This
canG@eodexplaai tsegaeyvati f faaméeae sssraibi (Tiayyl ofs tmeh in  important
samples in different _acids. The hi ghest determ ned
nutgiGeiitical ,agsnis godn Do LICRASS | AoExEReY frogdge nBrsPERqracmay be
a . C d |
forklfu ) AP ASOICRAR. Rl ANSIRARRACHLUAAS? sylefbnss for o
well DaRinced dibe ofVfoe! dlifitA10pMposed Dae ftoUFDIAGNAOHTES rédulations,
Ganoder ma tsugae var.janni eae strain Tay-1, but
nutgjtentmah composisions ritannos bhilgbeled fohelinealilor snédical purposes, but
gal actose are unusual inh that its concentyatiqn in

they (Gan; indicate dhe contenje af theycorgposition Jegarding yatagyag,, minerals,

Jabl e 2 Rel atj 9 n 2a[ | f e
profd) gy T2 s HBHRh 4 sPbrSRPRRAE | e RS Fooa
LaBéi’ith_ 6UdeEFppendit rB,TaVHQ%I/i;[‘ "k gneNbr MEkcellyst Source Of" s

conditions. Xyl, xylose; n, mannose; G c, gl ucose;
defiged, asgabdutto that camtdn 2% corsaotnef-thie Dady Maloe (DV) to describe

ol ysacchari des, ngcel i um of Ganoder ma tsg%ae var.

projeamyitagaings minasalsagictaryfiberaempetassjupder rpigrges, amount. "Good
t hapol, i t hen, ted with boilj t €, 100

Souft 85 nConAT eV bR RS i PobeBbnt et Fove-19%
bl - M'h%' dy ] w5 ), fir 8 :

of t%? Wﬁ%&)’f?@%ﬁu{eﬁh@tﬁ ee}pjr 0 u?t’s %x/et?ae’ fa {/uzseaygﬁgned as

prodii¢te that ohtagud [0t dransregaivibet¥ pri eefieednce @micint Ng
protein, b-glucan, galactan and ot her contam nants.

Thellyd daidy anmtake off resdiciael mushregms continely used en Nasth America,
FuthhS ata%e Pl BLNE i8%he A5Aenr 34 Wb lch i S8R atent to
30-90 g wet biomass and approximately 2.1-6.3 g mushroom extract. Thus, the

results below show that a similar dosage of Ganoderma tsugae var. jannieae strain
Tay-1 fruiting bodies or mycelial biomass or extract would bestow the consumer

with high levels of a range of important nutrients.

Material and Methods For each of fruit bodies and mycelia, three samples were
used for the determination of every quality attribute. The éxperimental data were
subjected to an analysis of variance for a completely random design to determine
the least significant difference among means at the level of a=0.05.

The proximate compositions of fruit bodies and mycelia of Ganoderma tsugae

var. jannieae, were determined according to the methods of AOAC (1990) (James,
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dry insoluble residue of the cells was 30% of the

original weight of the starting material. The
woessechar i de conposition was cl ose to that pET/5Gm08/000277

untreated cells, which indicates the presence of

tightly bound pol ysacchari des, probably residing

i nside the cells. NaCH extract was cleared by acid
1993) e dilisi thaemass oid thendryting; ppdiese apdsmyicebiumgavas Arepared by

roduct s wer hen .separ.at ed ani.on- exchange

conBEATAIS YR, MERrERRE 0L SbsRe P aRM et T on

C"PHé’OﬁF&ei@iDS«%fésy Rhergfihagt BY A RN o tL*b\ﬁﬂm?et al. (1951).

glucan and other inpurities and an acidic fraction of
Carbbhydratesf + edad-dgtenmamed Biyndid ynethod ysfafntbeis edesalw€i956) and

urified bX si ze-excl usi on chromat ography. Overall

Var@aaqtta ebal. @Qﬁ)can was 3% The glucan had | ow

nol ecul ar-wei ght centered at 5000 Da, simlar to that
- of the b-glucan isolated fromthe fruiting bodies.

t _ 0. B 1 .

51 o Maniig DTiclend), MRS, (GO SRtMahBiel fily (Misg o lorge variety
of gptonpothat anshdel dested gwithcfoad additivedcantainidgethese vitamins.

co-extracted wth the b-glucan. The galactan fromthe
Ganpdestauisugesl vath dawtinee bigmassuand axtragcts gontan digh lavelsdof some

- |.i.nked

vitaeh{38 o THRORBRRSTY 5 PHvAdeRlcs BeallT SHERGE Gfareiph By (thfamine),

&ﬁﬁfﬁ% 5 lgThem : SKRP i 1o d ;
B, sugalé’ ﬁ%)a?3 E‘Jﬁgﬁﬁﬁe%e&gp}rdgﬁémgf%g@ ’ j%h gﬁgﬁgjrﬁxggmz &fo@lamm), C
(ascoPbiearid), Pro-&f (Hebiogiotdtie) | BrodBe eY@isteroB Hide@g (WHif@inbne).
Tay-1 was deternmined in the mushroomfruit bodies and
ny celid contefs eoffatanuns ny tho fitvghbedive asd éndhe mextelium are shown

) i.pi dg, vitam ns, polysaccharides, nmpnosacchari des, )
in Wﬁ%gaé?’lwmﬁ A Q.fem&lvs@da%wlateg. wypgwm while the fruit

t . 0 . U] ' [
bodf R ROTRicPrb Rl TRy S, p IhFSe et Sk, 1 8. The
amoldift JTPLEs139). tintesIBAWn! ffdit boldResTVRRIAP U #5SX 1ifks 16%s, and B, is
most of the nutritionally inportant conponents of a
2.9 wrhé¢sh lsarthan idineyceliGan odgamin (Byydsachatively) atmmidaae in mycelium

strain Tay-1 is rich in inportant .
(0.2 mg/100 g) and almost absent from fruit bodies (only trace amounts). Beta-

carotene (a precursor of vitamin A) also dominates in mycelium: found in amounts
greater than 2.6 times that of fruit bodies. The only exception from this tendency is
vitamin B,, which is present in fruit bodies at 2.7 times higher levels than in

mycelium. Nicotinic acid (niacin) was not found in the mushroom fruiting body.

Table 3. Vitamins content of submerged mycelia biomass and fruiting bodies
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proteim)conmtnts, citnjzoshowanim dFable ud tthavdngselamd agouahulatesf 50% of
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Besides B-glucan, galactan and mannan (see Examples 3 and 4 above),

1d

T TI1
S

tot

another polysaccharide, chitin, is present in fruit bodies in considerably greater
amounts than in mycelium. We found 18.4 % dry weight of chitin in the fruiting

bodies and 8.9% chitin dry weight in cultivated mycelium (not shown).

Table 4. Total polysaccharides and protein content

Mycelium | Fruiting bodies
Content, % of dry weight
50.0 80.0

37.0. 16.0

Carbohydrates

Protein
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Car bohydrates - was determ ned by the nmethod of Dubois

et al.

(1956) and Varbanets et al.

(2006) .
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Glucosamine is present in considerable amounts in both preparations.

However, its quantity was measured by different methods, and it is hard to compare

the data for mycelium and fruit bodies.
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aci d conposition Analysis of ami no acids shows that 17
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(1 33 SRR AT e ek 2P 0L TG heif et for

tyro8iné2ieSdBeumulated in mycehum in greater quantities than in fruit bodies.

Essential amino acids that cannot be synthesized de novo by the orgaﬂism
and thc?refore must be supplied in the diet include the following ten amino acids:
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine,
tryptophan, arginine, and valine. In addition, the amino acids cysteine, glycine and
tyrosine are considered conditionally essential, meaning they are not normally
required in the diet, but must be supplied exogenously to specific populations that
do not synthesize it in adequate amounts.

The biological value of the analyzed mushroom proteins is extremely high;
The proteins of mycelium contain 8 out of 10 essential amino acids: threonine,

valine, isoleucine, leucine, methionine, histidine, lysine, and arginine. The protein
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5.4 Lipid and fatty acid composition Fatty acids and, particularly, essential fatty
acids such as the omega-6 fatty acids, play important roles in the organism. Palmitic
acid is known to possess antioxidant properties and oleic acid is known to decrease
the development of atherosclerosis and lower serum cholesterol by diminishing
oxidative stress and inflammatory mediators while promoting antioxidant defenses.
The fatty acids are usually present in the mushroom in the form of esters with
glycerol (triglycerides).

Mycelium is richer in lipids: 10.2% versus 4.4+0.20% (w/w) in mushroom
fruit bodies.
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triglycerides:Ci6:0 palmtine, C 8:0 stearine, and

G 8:2, linoleine. It also produces |ess abundant fatty
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bodi es. 5.5 M neral conposition. The piGuatent, Hutatakmethyl esters

ClzaOeMgtesftlcned as all the inorganic el epfrents or inorgani C
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Clawaains@nﬂzttadecanoic dcid (rﬁbaﬂlcofmd)hese nutrients, ands.13

CI s T B eI O T 1 87 vat el 5 7o

L ow _m ner ncent rat nay lead to_an

Unidesstfiedent in a function dependent oh_the mi ner af.’

To{a[on deficiency, for exanpl e, may caum{) iron 100

cCI T,LI.T ald Tl IIJC I IIVCD UDI " UUITIT WS
Corf TR Forf Thaip B de RPLC Tife OF I SBIOTA D ag
titanium alum num iron, manganese, nagnesi um
cal cium sodium potassium and phosphorus; other
macFloeimyestigaed suishovomsgnthicsizes meost asuialrlhtty aeldsmarthe form of

ni ckel , .cop zing, brom ne,, rubidium
theg@g]y@ﬁpdg%&mq}mltme Cis. stearine, and Cg.,, lmoleme It also produces

less abundant fatty acids such as C,4.;, palmitoleine and C,s., elaidine. A high
nutritional quality of the mushroom is made evident by the presence of unsaturated
Cis:2 linoleic acid, which belongs to the indispensable (essential) fatty acids.

As shown in Table 8, both quality and quantity of fatty acids differ between
mushroom fruit bodies and mycelium. The fatty acids of fruit bodies are dominated
by unsaturated C,g., fatty acids, namely, cis-9-octadecenoic acid (oleic acid)
(43.0%) and trans-9-octadecenoic acid (elaidic acid) (28.13%). Elaidic acid is
specific to the fatty acid composition of fruit bodies.

Mycelium and fruit bodies differ in fatty acids also by the presence of Cyg,

palmitoleic acid in mycelium (4.23%) and its absence in fruit bodies.
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arsenium selenium strontium yttrium thorium
silver, mercury, cadmum tin, indium iodine,

wo aovbhemean cerium  praseodynm um and neodym uPCT/SGE08/000277
m neral conposition is also different in the fruiting
bodies and in the nycelium (Tables 9 and 10)

preparations. |n fruit hodies, silicon, gnesi ) )
5.5aMmexahcompgsition, dThe miperalnytisninage deliped ag.all the inorganic

elen'g\lﬂprgﬁo?hgg%gg?c:;%g%ﬂ&g;%gﬁ%ﬁ%@&@%%%&reﬂifé? A%i Ar8s ﬁuﬂﬂﬂ nutrition

is dbRCerrRAN 182 aNdrgShic UMitACAtsMACAIRS WaRire sHBIRE Spotdssium, chloride,
pot assi um and sodi um than the fruiting body. _

caldvhng gplesphatealsalfate, magregshony srofn] atvippef) zinsy lthanganese, iodine,
chlorine, nickel, and copper (Table 10) are present in ..

selegium, BRd paelabdemun; Ganadgmra Evedat\ar- Joomeds Srmntlay-1 fruiting

re, found only in.trac unts..or were. bel ow the
bod{Eird) wMiyR ArricR g5 BT Bnfints? oy BBy tiefore a very
highhefRfoRI%ALR. | 1 submerged nycelia bi omass and
frurting bodies of Ganoderna tsugae var. janni eae *
el eAbnérnd]lbu el omliyerah conecrgrationuniasy, 1édd ¢b eneminpairment in a
out si de the sco&% of measurenents Gal lium germani um

fungtien dependeat omi they minerahtlremdeficiencynforn example, may cause iron
d fsi.l ver, nercury, cadmum tin, indium iodine,
NN ANGH @ceri um praseodynmi um and neodymi um wer e

pr eﬂ%“i% eiti%ﬁ%ﬁenﬁlsﬁfﬁ%évyhg atnlagrpz{énc?éﬂ ﬁfﬁcp&glelﬁ%{lﬁ% HPloxides:

detecta ruliti exc strontiumt

siliéoig Utitinddg alofénim, tiaen,f mirhgatesbOodiagndsianpl@ldum, sodium,
Anti oxi dant and free-radi cal scavenging activity of
potassiumay candl qphiospheaisyyetber umaesaeleentsf solfir1 20d94hlorine; and

.Ga{loderrra .tls( gae var. . janni eae st{)ghn T?%aéié noderma .
micrQE|gREN S RICKels SAPRHe PIEHRE i THOK Y EA0HUP+ SEiantum,
SGL.Eeer f i Qxl t a ee- {,C . .

arsdfiys NoTRIRH, sopiin AR o MyEE Ut AR Y Bhdmium, i,
indi®e dollie, vtz QRriug, praRodyat @l ahd ukbdyidrhqui d)

and ethyl acetate. The yield of exfracts received from
Theushinerad Gompesities isi glsdf differehty inlethen fmdting) tddees and in the

sol vent _used. Materials and, Met hOderu' . . .
mycelium (Tables 9 and 10) preparations. In fruit bodies, silicon, magnesium,

aluminum, iron, and titanium dominate.

Table 9. Mineral composition of submerged mycelia biomass and fruiting bodies of

Ganoderma tsugae var. jannieae

Mineral
elements in | Quantity, mg/100 g dry weight
oxides
Mycelium | Fruiting bodies

Al 11.6 177.8
Ca 0.7 7.9

Fe 160.2 254.6

K 406.0 57.3
Mg 1521.8 631.5
Mn 8.5 24.8
Na 53.4 24.5

P. 15.3 1.83
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6.1 Organisns and cultivation conditions. The inocul a

were prepared by growi ng fungi on a rotary shaker at
wds@npmsi n 250 m flasks contai ning 100 nlL of PCT/SG2008/000277

synthetic nedium (g/L): glucose, 15.0; peptone, 3.0 g;

KH2PO4, 0.8; K2ZHPO4 0.2; MgSO™4 7H20, 0.5; and yeast

extract 5.Q—lnitial nl—l of the nedia-was 5. 8-6.0.

After 5-7 days & culfivdB28n, |nycel1804el lefs were

har vest ed and hdiogeni zed’9%7 t h |a_ \\ar il6%4] abor at ory

bl dvidesliunddocengdates whdrcviabgnesias p@&[ssnﬁﬁi, and satlium than the

25-270C on a rotary shaker (150 rp in 2L Erlenneyer
fruiting diedyc dangianesey cplciem, ph@sxﬁmm éTabler&)dusulﬁlr Thdorine, nickel,

andnléi%pu@rp (%8?)% ihg%ﬁ%i)résgﬁézn %ﬁ CO%%%%OOI% gP T tégrggmoun s. Some
e 55 Sofhd S RSl BN bOBHEL AL imico

5 medBumimaaswas harvested with filtration and dried at
500C to a constant weight. The dried nycelia were
mlled to a powder formand freeze-dried as were the
Tableutle Micrpelaserds i sulimerged arycelid bipmabs fand fewiting bodies of

solvents (culture,li UI ds, ethanol,, and ethyl acetate)
were used to ext?%ﬁf’l" i éﬂigflﬁﬁﬁd{‘(f”’ﬁ‘b"mounds from

t he mushrop [1a.lh ascepndin rit t he
first stagaiiptgstemebe 'GRRGARS w16y A dnbjengy 1
culture liguid (1 g/10 Migelimm §0&euitimg bodiest ¢r bat h) .
After extrpctiomg i nsof ubt@.5ctonpounds *%kre separ at ed
by centrifpugati gy at 6D0G> g1 L5 [m n anek t he
supernatanf wasdg rtrafed pRrOUGh Vhatsen TiTler paper
N 4. Filtrgate WHE Eva OTH gu.,. Tre TEb,L,‘JUEb afft er

centrifuga re—extratg a1y efi—arotary
Shaker at 450+ at 207 DIS et hannlo)puf\OA amd

subsequent |y wi A et hy nr"a-ism“ el Aft pr2 A)(t ractii on, the
sol utions pere &&ntriflgen02f% | trated. *and the organic
solvents ip theGextracis xB2¢ evapor at¥d. 6.4
Antioxidanf ActHgty Assay0.2Phe |anti oxtdant agtivity
of the mushroom gxtracts wps detfer m negk accordling to

the b-carofene pheachi fg Hgyhod [described by

o

[CALLER %A l_\/

La >05* **
Nd >05* *E
Ni 0.17 0.1
Pb 0.24 24
Pr >05* **
Rb 0.33 0.05
S 0.638 0.232
Se >0.1*%* *k
Sn >05* **
Sr >0.1* 0.78
Th >03* **
Y >0.1* *k
Zn 5.6 5.5

* elements found only in trace amounts; ** elements outside the scope of measurements

10
Gallium, germanium, arsenic, selenium, strontium, yttrium, thorium, silver,
mercury, cadmium, tin, indium, iodine, lanthanum, cerium, praseodymium, and

neodymium were present as trace elements in the mycelium but were not detectable
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Velioglu et al. (1998). A reagent m xture containing 1

nm. of b-carotene (Sigma) solution (0.2 ng/m in
w@bkdoonoiser M), 0.02 m of linoleic acid (Sigma)PenscGiog000277

nm. of Tween 80 (Sigma), was evaporated to dryness

under a nitrogen stream and 50 nL of oxygenated

distilled water was addﬁd to th? m xture. To determne
in f5uiting hodyexcept srpptjumshat sacugulated gaore 1nithe fruitinghody).

0.2 m of nmushroom crude extracts with different

concentrations (2-8 ng/nL) were added. Pure nethanol

or water (0.2 nlL) was used as a control, whereas the
Ex#plk 6¢ 0N itic¥idant lande fdeORRTic 4N Sivening 4efility of submerged

b-carotene. All these m xtures were then incubated at
culai®ed fmyceliuim teatfamt nofl GBS A20394| Gunodermdhsugae var. jannieae

absgrbance of an aliquot ( 1 nL) of these solutions at
Stml!FOT was nonitored by a spectrophotorreter at 20 nmin

n@ati}orﬁe {n\éa nl{{# i ﬁ{n glggg%gm S(}lsg%l%gg@?d( cﬁ{gﬁﬁgns and
scr&'n@é%f Hﬂtlé)élﬂ&lt((@APBn@ ff‘e@fr%ﬁ:ﬁ? sdﬁ%ngﬁl%dca%ﬁcft? el“hree different
standard and cal cul ated according to Equati on

solvent{ aveng tisedEfpratxtractioh) etilaaok:water (cultire rlmiuld)oamd athyl acetate.
absorbance at tipe O, b - absorbance at tine t, and t
The ynekt gﬁ@streeﬁs reseiregafromomusiroogpbiogmssepsignidicanty depended on
th f nti oxi dant activity (AA) was calculated in
elsgvrq,g Sfezapercent inhibition relative to the control,
usi ng Equation (2): AA= [(Rcontroi-RsanPi e)/ Rcont roi ]
100 Equation (2) 6.5 Scavenging activity on 1,

Malterdals hvayMethedsr vyl hydrazyl (DPPH) radicals. The
scavengi ng activity of the ethanol and water extracts
fromthe nmushroom on DPPH radi cals was neasured as

f ol An .al i quo 0.5 ni DPPH.r adi cal

(S bhelradnistas dadh eialiivarian gandigons. The Thogua fyere hrepared by
e A L A 15 i S8 290, B (O 0 L of
syntifetid mbdiuadfe/f): fhroselsty. @%pﬁéﬂ@'?O%‘S IGHSRO}, 008 ; KIH904 0.2;

reaction mxture was vortex m xe room t efper at Ur e
Mg&a1 7th®, @b%caﬂdayﬁmt ¢xtoat SAﬁsIrmaalepIIh ofdtie imexdialiveetse.§-6.0. After

520 h
5- 75(&_3'@@ etgrrxgrggllija{ll nqle?st were hralfI\E]es\tAé and homogenized with a
Waring laboratory blender.
Submerged cultivation was carried out at 25-27°C on a rotary shaker (150

rpm) in 2L Erlenmeyer flasks containing 1L of the synthetic medium. The medium
consisted of (g/L) glucose, 20.0; peptone, 5.0; KH,PO,, 0.8; K,HPO,, 0.2;

MgS0O,7H,0, 0.5; yeast extract 5.0.

6.2 Biomass dry weight determination. After 8 days of submerged
cultivation, mycelial biomass was harvested with filtration and dried at 50°C to a
constant weight. The dried mycelia were milled to a powder form and freeze-dried

as were the culture liquids.
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Inhibition of free radical by DPPH in percent (I %

was cal culated in follow ng way: |% (Ablank- Asanpl e/
w@bdoankuex 100 (Burits and Bucar, 2000) where H)/sa2008/800277

t he absorbance of the control reaction (containing all

reagents except the test conpound), and Asan'pi e is the

absorbance of the test conpound. The val ues of

i nif-Bilixterction: el fgﬁ? cliffereaty SfﬂchentSh@u\l/@rc? &igyids, ethanol, and ethyl

centrati qn C u 6Extrat|onr sults
aceRO TR Aseloho SHBRC s ARl bRt 3k | B8 ighroom
il B S
my{Pllal RladisNIRORNaRNy MORE MRIRUGR, The WIRT hudsSUiARted 3 h
with i apliuag | liqutidaglolg/1@ndLetdty80UC ioat @. watdrt bath).| iAdterdextraction,
) (lwater) appeared to be the nost appropriate sol vent
msor blet Granpeundscvernseparated ibybeanteifegagionsat ¢0¢ Be 15 min and the

o3 b, B, TGP, RSP PRE T e were

eva &fa ive than culture liquid and it showed 16.5%
|eI ‘of extract. Finally, the extraction of residual

bi onThe wisiduestdfidr ceaai ?@tl@ﬂﬂ@\/ﬁé ¢xtfdctedd HUeifg73 h on a rotary
Ant i oxi dant properties of Ganoderma tsugae

shakegratj Idfnipsa et 8%tC aviths ethanok(&9% pand aubssaqﬂcmdry @dHoetbyhacetate.

eae we observed, 40.7, A7. and

t sugae var n
AR EIREARR, the SRS mieFe SEOEIESh Hitgetesh Andyh jrganiz ygivents
el When t he et hanol extracts
mtl?egxﬂ;?{w% dagjr%‘r;r%tb?'suéae var. janni eae bi omasses were

tested, 42.1, 50.8, and 59. 3% anti oxi dant activity was

observed at concentrations of 2. 0, 4.0, and 8.0 ng/nm,
reépféeinti@iqanfrﬂetiw?mphwﬁ obhefantibzidant iactividgrmif the mushroom

pot ent i of. extracts obt ed from nus om bj onpasses
ex“ﬂﬁ”—‘ts e EFFIF‘@ @ﬁ?o@&&%&r}%ﬁ%el%%@@aﬁ? egmtb escribed by

T N N T -

soluttﬁy‘d%ez Yrg/nﬂ 3pchRASfoM, 6.03 Iﬁpaf Biné] <0 a&id (S3&a)Thnd 012 mL of

wat er and et hanol extracts, respectivel y.
Tween 80 (Sigma), was evaporated to dryness under a nitrogen stream and 50 mL

of oxygenated distilled water was added to the mixture. To determine antioxidant
activity, 4.8 mL of reagent mixture and 0.2 ml of mushroom crude extracts with
different concentrations (2-8 mg/mL) were added. Pure methanol or water (0.2 mL)
was used as a control, whereas the blank contained all mentioned chemicals except
B-carotene. All these mixtures were then incubated at 50°C for 2 h to form liposome
solutions. The absorbance of an aliquot (1 mL) of these solutions at 470 nm was
monitored by a spectrophotometer at 20 min time intervals. Butylated
hydroxyanisole (BHA) (Sigma) (2 mg/ml in methanol) was used as the standard.
The bleaching rate (R) of B-carotene was ‘used as the standard and calculated
according to Equation (1):
=In (a/b)/t Equation (1)

where: In - natural log, a - absorbance at time 0, b - absorbance at time t, and t —

incubation interval 20, 40, 60, 80, 100, or 120 min.
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6.8 Free radi cal scavengi ng properties of Ganoderma
tsugae var. janni eae extracts Free radical scavenging

w0 200000€746f t he known nechani snms by whi ch ant i orCTIsG2088/000277
inhibit |ipid oxidation. DPPH, a stable free radical
vvith a characteristic absorption at 520 nm was used

,ilg}g‘eug%tggxq I&ﬁ%t&g& é&g :Y{Lja?slsga fgtfe@alpe(:t est,egfgﬁt aR(?qorlce:ernt inhibition
0 ctivity at the
relaglgg\ggﬁ?e Iﬁlgﬁ @Slﬁgﬁ/ﬂ%&ﬂﬁ%gw concentrations of water
SXAAC(ROGARIGLIRAGL] W 100 | nCTERARAGN (B 0 | Hcf easi ng
a

concentrations a it decreased (38.6%.
When t he et hanol extract from mushr oom nycelia was

eval uated, the activity_ increased from21.9, 39.9 .
SFG"%’Q%“&!"’(’M enol,d—dm@nyé2ﬂuc'gfllwdrgzyﬁ!DPPIﬂ radicals.

The:rggs n%' ve%ﬁ v1 f Q{%gtg%?ﬁ (?1 é’\'/égrt % 3%&%?3@8 mushroom on

DPP‘HCx%HidM@ Has Qﬁ@é&qﬁéﬁstﬁﬁaﬁe Nﬁ”ahqh@i” Bf @a§ RP8f OSFE @M DPPH

hi gh anti oxi dant activity and free radi cal scavengi ng
radieal €Signad)sinangthaidl osaseaddéditto id tevaytube wich ds nal gsforhushroom
source for safe natural antioxidants.

metharelyoyi water exiraciindditfgrent eapessitrations 6} Sﬁe%gﬁn&adMethanol or
waBE 38 i SRR P e FruSTQRT SHnBIc A Ah cONETh S Tpagtion mixture

P S b

1mn2edi@l@I)S afer amipdhpi by iwehsirinpatah. S20F et with! a npetiro hotometer
extract, pH was adjusted to 2 with concentrated

Inhibitéor: of fueearasticai oy PHlain pespentatlet)f wasncaleslatedin dfollowing
by centrifugation for 15 mnutes at 600Cy. The

Walr eci pi tate was diluted in 2% NaOH and used for

furlt,)wA a}@ n g%d’ ‘ciz&o]{qjeThe quantl(?(lrﬁg g@hﬁghp 2%3)

deter adsorptio nm 1’n

whei® @GDLnkO@hHé Qﬂﬁirbﬁndb%Me%oﬁﬁjol RiadtibR 'chﬁitﬁ’ﬁmn% he rez%%:nts except
absorption of the UV and visible [ight of t 0. 001 -

the Ggst eosplound) ramdaﬁsamegmﬁhe abserbencd ofithedtestscompeund. The values

ctrophotomster '‘Specord. M 40" (Cermany). |R-spectra
of ighbriamERsCalFlatsdob i WS GRNCANTRAIONEEXUASE-i mat ed
usi ng a spectrophot oneter "Specord M 80"

Results
6.6 Extraction results

The extraction of antioxidant compounds from dried and milled submerged
mushroom mycelia of Ganoderma tsugae var. jannieae was performed with water
(culture liquid), ethanol, and ethyl acetate.

Culture liquid (water) appeared to be the most appropriate solvent for the
extraction. It solubilized 65.8% of the material from submerged mycelium of
Ganoderma tsugae var. jannieae. Extraction with ethanol was less effective than
culture liquid and it showed 16.5% yield of extract. Finally, the extraction of

residual biomass with ethyl acetate showed just 4.1%.
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(CGermany). The quantity of paranmagnetic centers (PM)
was estinmated using a radi ospectroneter "Varion E-1

WA 20000U869 with Mh + in powder MO as st andar dPCTS@2008/000277
Mol ecul ar wei ght was estimated by gel filtration on a
sor bent Toyopearl HW (Japan) in 0.25%LiOH at a flow
speed of 0.5 nml/mn. Photonetrical detection was nade

ntigxidant propertiesraf| Ganpdermeitsyigaevas. ﬂmmdamsxtmgcfa

calipratjon plot | ibration curve was buil
accoaVAT eliagkifran Canatsmetugas Vandaanege (15 glserved 40.7,
e oo t r

47 A Bkt T At Y A RSB 2T G a8 me/mL,

respdtRel). Whih @hé @tianed Leﬂtfﬁctb | fi@midst Ganode?liskPae vaBSannieae
applled to the colums, and to estimate el ution

bionsissesewersotestedp éadl, 59.8, ande §9.3%6l antiexidanbactinityewas @bserved at
dext rans | ecul nmass 0, 70, 500 kDa
congeptrationsy ‘;’%8 }g g& ﬁ%@ﬁcﬂ‘?éﬂéi}iﬂl ns were )
ap pﬂl@ dc CS% S afitih 1& Hztdtﬁf‘ o le% t‘@ﬁﬁbtam d from
ecu efer i ned.

estl rrate hem he ho ITassS was

muél%bﬁﬁbldrﬂ&séﬁbdlﬂf fbd Aeffetent sol]xeﬁtsl\@icﬂw thae |tﬂéTWiit§r extract has
were identified by a qualitative reaction with KvhO ,

the H2gliest anttosd@itachvityRb enn¢entra¢mpfb(] mo'mder e det ect ed
in the extract ob by the foll ow ng netho
3ubmeif & & rp vaICE HOTA Hang [HEGENET- jaspiegemsA.3 and 3.7 mg

extiAchf ﬂamief%%f‘d%"e}*nrﬂl %%Frs%t%” fsfENiy e oxnausL oY Y

The extract was cooled until receiving a negative test
for phenolic conpounds, and then centrifuged for 15
6.8nTre¢ andital3Saienging hropertiesl ¢fo|Guploeleohayisagde vt gannieae
detected using the Folin-Denis chem cal reagent (10%
extMM (W V), 2% phosphonol ybdenic acid (W v), 4.25%

boor Bretofadieal veetang: \e: BF dbf GTyH spbeliihisms by which
antg(fu‘}r@§y ?‘ﬂu@@ él%lds BfﬁaﬁBHhﬁ PIE LS ta b e ARGy g@th a ch?racterlstlc

0] po ysaccharl des detect] on,

absgfptivid Adr $20vael | was asedpltacsdiyntie aaaiéarrtcatvahgmgS efifects of
of 1 M NaOH was added, and the tube was tig htlé
Gavodmrewr tfgaeavarl ganwage pfaﬁra@tm"ﬂhﬁ: rwater leatrapk showad 66.3% of

600C for .an hou t he cel |
scavenging activity at the concerﬁ}'/ tion mg/ml. At low concentrations of water

extract, scavenging activity increased with increasing concentrations and at 9 mg/ml
it decreased (38.6%). When the ethanol extract from mushroom mycelia was
evaluated, the activity increased from 21.9, 39.9, 50.0, to 65.9% at the 0.5, 1.5, 3.0,
9.0 mg/mL, respectively, and highest activity was shown at 9.0 mg/mL (65.9%).
This example shows that submerged mycelium of Ganoderma tsugae var.
Jjannieae possesses high antioxidant activity and free radical scavenging potentials

and indicates that it may serve as a good source for safe natural antioxidants.

Example 7. Analysis of biochemical composition of melanin and phenolic

compounds of CBS 120394 Ganoderma tsugae var. jannieae strain Tay-1
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was m xed several tinmes during the incubation by

inverting the tube. The extract was centrifuged for 20
worzovabereat 8000 rpm The phenol - sul furous et MOTSGZH8/000277

used to detect and eval uate the pol ysacchari des

obtained as follows: One nml of supernatant was pl aced

into a 20-nL tube, 1 nL of 5% sol ubl e phenol was

added, and the supernatant was thoroughly m xed. Five

0f co rated sulfuric acid was added quickly to
Mﬁmﬁgggsuaﬁgpﬁ)g?qgﬂ?gw th constant, but slight, shaking.

They, q%wa&rbmjsmmamaﬁlﬁrwésoemdaedffréﬁﬁmﬁeﬁal biomass by
placed in a wat'er-bath at 25-30C for 10-20 m n.

hydvbbsis mn2¥t Na@ét solutibarfor i huyra irs pdwtiling Iwn:tem’aathr After cooling
(wavel ength of . 490 nm_using 5 mm cuvettes.

the extract | pH avas %ﬁust@ddp Amﬁuc@nqemrétpmpér The rﬁpagﬂlas% pigment
n  of

wa Jebiafes” BRIS he Jhguig % BpirTRERP 1B cho.bisbbis & Bb0e. The
pre@fglt‘aﬁev\r‘ﬁlcﬁﬁitéﬂ Rh 2% NaOH Qﬁﬁué@%@ﬂﬁ%@%&lﬁlﬁ ﬂ%%ﬁon The

r.jannieae Strain Tay-1 In order to check it

quantigyreftraclanin aak adttémuineCBY ﬁﬁ@ﬁﬂﬁl@d’@d&imtlbﬁwmo nm in a
var. janni eae strain_Tay-1 belong to the nel anin

Spegv@nl@otomegwwﬁlgg \neeaém@ql@wka The abgerption: e the Haseand visible
ligfo ot ofid’ EO0TLT | 4 nsRRAR , SRIERFHE o fein codated “using a
Ao S TR B0 e i o o

tabledt withc BN Whi hedtiehdtdd dsiagr &spé@rdphot@setehat'S étfbrd M-80”
pi gnment extracted from CBS 120394 coul d be di ssol ved

(Garmaoyl NChe@uantifye of gmtr@magmm y@ﬁmaﬁ@ﬂﬁ.‘ét wasestinutiet using a
fhe m xture wn.to ligh
radiosBEC g e %rlaﬁzﬁqfl 52 f‘i5§AB&1 2 oli PPBERT Mraé as standard.

preci pitated. The m ni num quantity of KMhO4, required
to make the m xture colorless, was 13.0 mol /g

el 2piMolethedy v@et‘éhﬂﬁ/a@esﬁﬁ@téﬂ eDfi kPt Sh Waoebeaf ARy opearl

to the 0.01% al kali sol ution of he pignent, a

HW | (Qagen)i ke Q2 ¥6i pi®HE, i atnawAewobpesds ed. 0 Af tnelt/mine Photometrical
addition of a saturating amunt O FeC , the

detention; masamadg; 3 ff8anay and the molecular weight was rated using a

calibration plot. A calibration curve was built according to dextrans — 40, 70, 500
and 2000 (Blue dextran) kDa (Fluka). To estimate the molecular mass of melanins
the gel-filtration method was used. To determine the zero volume blue dextran
(2000 kDa) was applied to the columns, and to estimate elution volumes
corresponding to defined masses of molecules, dextrans with known molecular
mass (40, 70, 500 kDa) were applied to the columns. Then melanins were applied to
the columns and the elution volume was estimated for them. The molecular mass

was determined against the calibrating plot.

7.3 Melanin pigments were identified by a qualitative reaction with KMnOy,,
HzOz, and FCC13.
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Mel anin content in the biomass was determ ned at 1.46%

of dry weight. The nol ecul ar wei ght of the pignent
wWeplEnes is in the range of 40 - 45 kDa, as BGI/BGHO&000277

by gel filtration, 7.8 Spectral characteristic of

mel ani n pi gnent of CBS 120394 The UV spectrum of

var - fbhnellc somponmiRywers detpsiack ndnt PGS, 19ptained by the
follp énal?ﬁ? gﬁ{}%gggﬁrﬁl]c 1% gkr:ﬁlgﬁ%nwagqinew tg%@.lﬂ(f ggé@%}tﬁfﬂy frozen in

liqiEdnaeeEeR ein‘élugﬂﬁaé’céﬂ eﬂl@ﬁ@ﬁlﬂ@%?t’!(ﬁ%neﬁaﬁoﬂ fo¥ UBHinStes in a
behavi or as descri bed above all us to identify it

boihsg awvaterrbathe| Ehe rextiacd kasermoblad unnbaaa:aivmgnaenegatrve test for
CBS 120394. The bi omass of CBS 120394 cont aj ned
phepohio conpoungs, pﬁ%’éﬂw@lﬁp&eﬁgh@ﬁﬁﬁ dar be rmlpgtsesQataﬁ&Q& 1pie| Mono- and
por el TBES, Rt SR PR B (R PIEAR 10
AH Y, E‘gﬁéfn i ATHS
Nazzz{)‘lr act ) \j\.zliaj’/s %Pgs ed ?ir%%\(}leltq{foa\é?%%z%h ujrfrgﬁ br eg?t? G‘QEN )g er

cell line.Material and nethods 8.1 Miushroom
cultivation and bi omass extraction. A pur

cu kil spectzalaucosurevrontuitho absmmnéefethwo Bhd vishle light)

werf GyifnaRel i Bhdhmroimeler T8ty N2 cRtbRghod or

0.5 liter Suslo (an aqueous malt extract b0|Ied Wi th
hops), 0.5 liter distilled H2O, 0.5 g peptone, 0.5 g

yedsé Fott pelpsaccharidestetectivas, 100 g oMgﬁ@énd dry mycelium was

(anhydrous), and 1 g streptonycin; pH - 5.5 Five

placeyciata al20dindkbenStnl af di MrNeOH wtassdded, mﬂ the tube was tightly
with 100 Yeas

|ated in 250. M fl.ask Ext
cloieaeﬁgmﬁl%#veé SeHofnat if 3 heitostat ) GRGLLF a3 houp dhe mycelium

n ' n 2
ARl AR BT 1L FRun LAY Pl Y g e v
was ¢erifuged Fo20 eninlfeska8edo @ﬁmawh@tp%ﬁolsﬁﬂhﬁbuﬂndmms used

tenperature. When the grown nyceliumfille
to detect and evaluate the polysaccharides obtained as follows One ml of
supernatant was placed into a 20-mL tube, 1 mL of 5% soluble phenol was added,
and the supernatant was thoroughly mixed. Five ml of concentrated sulfuric acid
was added quickly to the supernatant with constant, but slight, shaking. The
solution was incubated for 10 min, mixed, and placed in a water-bath at 25°-30°C
for 10-20 min. Measurements were taken using a spectrophotometer (wavelength of
490 nm) using 5 mm cuvettes. As a control, a mixture of 1 mL distilled water, 1 mL

of 5% soluble phenol, and 5 ml of concentrated sulfuric acid was used.

Results
7.7 Physicochemical characteristics of the melanin pigment of CBS 120394
Ganoderma tsugae var. jannieae Strain Tay-1

In order to check if the pigments extracted from CBS 120394 Ganoderma

tsugae var. jannieae strain Tay-1 belong to the melanin group, pigments were
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out the culture nedium the whole flask content was

honogeni zed, divided into 2- liter flasks (containing
wd20098E46edi UM, and put on a rotary shaker (Qrdi/6@2008/000277

Shaker Incubator, MR C., Ltd., Israel) for 10 days at

27C and 140 rpm for bi omass production. The obtai ned

bi omass was washed twice with 1 L of distilled water

subjeqted; to gevsrabitests krsgd amtheglsigochspmcali chamsderisiics of melanin,

as PRk BRI SR, SR P RSO BRI Sotor tos
I | ; . .

G UL S, NE0L KOV ing bR L5 g merction

withdted;.of 1 g: 10 ml. Culture liquid (CL) was al so

extracted wth et{l:\%lé acetate in the ratio of 1 L gCL):
5001k resulfs|shawedathat thenpignagny| exgractesl frog (RS dR§3M could be

aisyAEH 8 \ERRCRE: PR oo e Tyefhanchoal Vs Aiied, the mixture
chafiged (SHOE fh, FOWIEND LRGN briog M, B S ity became

coleniédsaatiddgrecipHagsta Thel wirdigium Guahtiy 6f KMIMOI&Yuiréd o make the

_final concentration of 50 ng/m and kept at - 700C.
migure @dorlessumaarld.0 mmeolfgimelatineast cancer cell line

NE VB LS mengh felle @gﬁbﬁwsﬁeﬁgé ef@‘é%oe%lé’wof&% alkali
solfforeBf B piaridt: o PRRIR b biBoH S bBRTT R AR e addicion

of dEMitatingiahiount @ Fe ','ﬂ%%&@gﬁia@émfshpﬁ@m@d.h, 10% f et al
cal f serum (FCS) and 1% PenStrep (penicillin +

st rMetaomy confent enthe®iomasswiabidetdrmingi ghh.46P6 of diy wsight. The
oujs, MO USA), i.n the concentratjon of 1 ng/nL.
mOE‘aP pwgghtsﬁ%mlg@sny ﬁﬁﬂ’é’i@&eés{s n ﬂ’@ob@f’&eo‘i’é“pmdé'ﬁ kDa, as
. ' genous | eukema (CM.) a gift fromDr.
estlg{at%%ggéft’iméglro%any)’ 9L (rat glioblastoma), and PC3
and DU145 (human andr ogen-i ndependent prostate cancer)
cell lines, obtained from ATCC (Rockville, ND, USA),
7.8 vipectedlscharacter isticarf melaRil/pighéfit of GBS 20394,

L- gl utam ne, supplenmented wth 100{9 FCS and 1%
Penkite &Y spestram\ef: abserptipn iof GOG LY melaniy af feamedesma tsugae

varJianiiede Sitain 14y 15 ddbifted if M. 4 i Rh e nipe ¢ & inclined line,

which is typical for melanins of fungal origin.

Thus, the study of Ganoderma tsugae var. jannieae strain Tay-1 pigment’s

behavior as described above allowed us to identify it as a true melanin.

7.9 Phenolic compound content in CBS 120394.
The biomass of CBS 120394 contained 2702-2903 mg phenolic compounds
per 100 g absolutely dry biomass.

Example 8. Ganoderma tsugae var. jannieae extract as a potential modulator of
the NF-xB activation pathway
The activity of the mushroom extract was tested in vitro in a human breast

cancer cell line.
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8.3 Luciferase reporter gene assay. Transfected MCF7

cells (4c | X4) were seeded in 200 nL of nedium using
wOsmeil46pl ates. After 24 h, nmushroom extract SPEE$62008/000277

added in several concentrations: 10, 25, 50, and 100

ng/mL. Control wells were: solvent-treated wells (1%

of DVSO); parthenolide, an inhibitor of |kBa

phosphoryl ation (Signma- Al drich, St Louis, MJ USA);

n g/[;] 2 n . nhi bitor of |kBa degradation

Ma?&%fu B‘iﬁ'@?ﬁ% ggn D ego, CA, USA). After 24 h,
| UC8. TENIASRrd M Lubtivition 8R4 Bioth RS eRFEQIH. W ph?e hyRelial culture
manuf acturer's instructions using a mcroplate

of Gunvdewer sugaAvahganhizabexad olstainedeafter, béag snaintained on Suslo-
Austria). The extracts' reporter inhibition was

Yeast sxiiactd gas (§Xﬁ)eﬁﬁor}d@| Lahayatorigshapais) npdsam: eempesed of: 0.5

e Sub o AN SRS AR IR B0 3 B Ao, 05

pep‘f('nﬁ;b'd 5ty C\J/ghé’ceeitf%?awlé V\g ru@'ipg N/F%%pt ﬁifﬁi? s) and 1 g

plled s (2c reate

strept@ancia; i racd. S IFive lmyaahal: elisksatwithsa afiatheter @b 5 antl, were
5 mg/nL. After 24 h, cells were collected, stained
lnowlatedom%@ b Hasksy Wéths WQmlorYqast Bxtragh(YEunediam containing

(e/HfEb5 TBeckenaih 7St Ehiao/COats Labiraifrigbasegh). 3: peptone, 2,

h el = P
KHGROPLUS, RLITSY, 0F ShgeMES0RORE02S( PR PAGE S wer
inciiwdted saecdetayvhakéestsioahy Rinpergtune. Whenithé gEb\ﬁfYomycehum filled
FCS-cont ai ni ng nmedi um Twenty-four hours later, cells

out\the @uktumomdann,edlevwhhlemrskapqmmtngamhmtogcnmedndmded into 2-
litet PGS GRS ol B bediom) <Bid Btk 0 Aaatdy sGakesi Orhizal Shaker

e S LA TP, BT 8

prolii@tich. TIRS BB&inMEblomAR! Was WRlsRed AWES Wath IVE‘S(ifeﬂisﬁlled water,
times with cold PBS, and Iysed with 50 ml of cel

dnddysgreumxﬂlﬁlﬁl@ra Tine powders eindsdiy Rlegimtdl Jeqedl, p(ﬁtxohs,ueanh one of
USA), suppl.emented with 0.33% of PMSF
Whlebh\a_fﬁ§/|qafﬁaﬁgﬂdstluﬁ%ﬁynesr p%épd@}n with ong ef thetfellowing organic

solx%)e§i?sg Eﬁruiziirﬁnmd Clﬁrae@? e@@asag IK/)E (%IUAS!%’ %%?lkzt}cgteﬁe (EAC), and diethyl

' eth&ocv@m (R HeCRRi 006 | %’i 193HP | GanKe c}fq&&ketygg&dacg\é leREacted with

i 0-Rad DC protein say (Bio-Ra Hercu
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-
Aldrich, St Louis, MO, USA) to a final concentration of 50 mg/ml and kept at -
70°C.

8.2 Cell culture. The human breast cancer cell line MCF7 (ATCC,
Rockville, MD, USA) was transfected with a NF-kB responsive reporter plasmid,
NF-kB-LUC (Clontech, USA), connected to a luciferase responsive gene.
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USA). Equal anounts of proteins (30 ng) were separated

usi ng 12% SDS- PAGE, transferred to a nitrocell ul ose
waoressbneme2 ( Schl ei cher & Schuel | Bi oSci ence Grbp{T/SG2008/000277

Dassel, Germany) and subjected to Western anal ysi s.

Anti -1 kBa or anti -pl kBa anti bodi es were used fol |l owi ng

the manufacturer's instructions (Sant a

Trapsfectedhrellpgyere meaintamask dn REMI dA40 UBE}ilumaNgﬂ”t L-glutamine,

ARS8, B 5Sh S PRy oniitin +

strepgcgij?ﬁﬁs UL | 1'8”§ﬁﬁlb'i‘6hb°0$$%mlhﬂdﬁ‘&ﬁa|s't s, WP[FSA) in the

ng”in each l1ne was confirmed by stripping and

concemtratidd 0f 1 whi/mbnBaf3el 85 Bub Wbl rQBallymﬂimxdyte(sSarlworﬁtmy model
Bi ot echnol ogy, Inc., Santa Cruz, however

of qimomcanydpgbn@telepkamm (CMdy) mglfsﬁ)onw\@g idﬁﬂystﬁecﬁwnany) 9L

e L e e e
cankir) € cSfNfhid be)ﬁéglﬁ ng%? @k\)’iﬂE' N OIUSS;:%F’ 8§«Fere also

cell Tines I'nc rea cance?) Ba

maiB€diné® in RBMY 1540 eyddiem withdbghaimine, lﬁﬁﬂpﬂemﬁnt@\/lv)ith 0% FCS
(rat glioblastoma), and DU145 and PC3 uman

andalr%rRegémepd €polncenne gmws timadupaidifesd mmbetou a3/ Caiths 5% CO,
wWere see ed m of nmedi um and nmi nt ai ned
é@dﬁ“ﬁgeﬁﬁ'\é‘?ﬁ?(o 3’ Eé‘&‘?‘ﬁﬁ@d Drugs were then
added as follows: 1% DVSO, parthenolide, in the
concentrations of 20, 10, 5, and 1 nM and Ganoder ma

t SUDIELY@ferab@Pop&IEr BERE aSdy. TrAndfbeled WICHT célld ens10*) were
of 250, 1}2%5" 50%25 gn r%)rrL. I matinib ¢Relo)

seeded ae260 WD of me:thugl, fusmgt 96}aterhbplllatasf Afdr;24 h, mushroom extracts

Novartis, Switzerland), in 10 nMand 1 was ysed as
werg gllad; i, sevesRh PRICCNYAtioRE B2 e, 444%0 aug/mL. Eoftol wells

et SOl TR, 8 SRy b hSTEER e of

phorﬁg o tfon @?gﬁiatﬁldri&mstt hSusk AMOE WA | el 1(/1@ B2 > an in inhibitor of

ter g assay are presénted as an average f

IxBof degaadation (Calbidchemt, SantDiego sUA, UBADVMERev24 hehuciferase levels
received fromthe cytotoxicity assay were_ cal cyl ated
wer@sd@amr@dvemé@mgeﬁ%tj@ maaufastuen s -insteugtians\R§ing a microplate

lumclwﬁI o %ﬁ Jtai)teco Enﬁq.a.tggergﬁd %l[&,gléq Al I ?Hal X)%t?gcts reporter
inh{bTEER W3S ekPrdsBEd A pER Pelative tothat of DMSO treated cells.

8.4 Cytotoxicity assay. To evaluate the effect of Ganoderma tsugae var.
Jjannieae 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 with 0.4% trypan
blue solution (1:1), and counted using a hemacytometer. Solvent-treated samples

were used as a negative control.

8.5 Sodium dodecyl sulphate-polyacrylamide electrophoresis (SDS-PAGE)
and Western blot analysis. Transfected MCF7 cells (2x10°) were seeded and then
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extracts' effects are presented as folds to only TNF-a
treatnment for 5 mn (for p!'kBa) or 10 min (for |kBa),

wo empoci4srel y. Results 8.8 Ganoderma tsugae vaPCT/SG2008/000277
janni eae strain Tay-1 extracts inhibit NF-kBnedi ated
reporter activity. The extracts were eval uated for

their abjlity to inhibit the reporter activity in the
Starvpg rayesiEbl Wit 0.5V £ CaRRINNG cedihe T wealy-four hours later,

upl.i.c | fear - ort ng \assay,resul tad in
cellf Beres Sobse s BT TRERL O BRRRTRE Yo iRl B bResence of
appY6pridt@ NEBRBAtraTH6R DTt crudXihasirdomMekefacts. A solvent-treated
denonstrated reporter inhibitory activity by nore than

sa owdhased \asr & regatiViOcofbbBE and rppsitiveanontdl? inErded samples
extract bot h, of which were active only in _the highe

treagesh wath lQ\ﬂliM i pasthenobde o5/ MG 13Rotrspestivalyohglls mase harvested,

h 2 ext.r.act d hjgher_ poteanti i nhi Qi td-n 6
wastd 3RS Sl E oGP Snd RS o B Mt s LR s it <10° celts
(Si@ﬁ&tmﬁch,hestet%?s,SM_@Et@SN)Pfsufpﬂléxﬁé‘r{t §VéJiﬂ&ato.5>5% brePMSF

esults are depicted 1h Fig. 15.°8.9 E? ect of W2
(phéylatiytsulfemd ftuoride), dmh Y eeftbsthimoreadaynd phasphacdsednhibitor

cell viability, The effect of the W2 extract (EAC
coclsails a(¥igmarA rStcdiouis;j M| iUSAMaBretom ¢aneentmfions of the

s et RS S pE S SR o e S frdutes,
S gt '
USATPSERRGSIL s 1 B0 8 e bl 50 SDS-PAGE,
trarsfared3(’a nitestelldiosengeibeand Bthldeltrt& rSohnsilBibSeience@GmbH,
more than 70% and the |ow cytotoxicity (less than
Dasgeky Gefmam), and subjectesk toreWestemn anadysasct AatithdBa or anti-plkBa

actjvity is d t to the di £ kil f 1h
ant Balcky Wesp  wobOflawane et snariiastaers, ppictions (Santa Cruz

. r hyiLn [ ' [ r .
BiolgthhOfiy. i St Grlley €A G5 Tk BUGRs ik Ai0atized by an
ECL dé9afionakit (Amiérdas, StHeaNetheRdnds P¥ddordingOtd théBaamicturer’s

p-1kBa |l evels. IkBa i's a negative regul ator of the
instNictions p Bhé equal iy dfisampleloaldmgineeach line was confirmed by stripping
and reblotting with anti-beta-tubulin antibody (Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA); however, a portion of blots (mainly for plkBa) was
confirmed by Coomassie Brilliant Blue gel staining or by Ponceau Red membrane

staining following the blotting.

8.6 Cell line sensitivity to parthenolide. A variety of cancer cell lines
including MCF7 (breast cancer), Baf3/p185 Ber-Abl (B-lymphocytes, a laboratory
model of CML), 9L (rat glioblastoma), and DU145 and PC3 (human androgen-
independent prostate cancer) were used. Cells (2x10°) were seeded in 2 ml of
medium and maintained for 24 h as previously described. Drugs were then added as
follows: 1% DMSO; parthenolide, in the concentrations of 20, 10, 5, and 1 pM; and
Ganoderma tsugae var. jannieae extracts, in the concentrations of 250, 125, 50, 25,

and 5 pg/mL. Imatinib (Gleevec®, a drug for treatment of CML; Novartis,
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regul ated by its degradation in the proteasones. TNF-a

is knowmn to be the classical activator of the NF-KkB
w@emapopsot i ¢ pat hway. Therefore, in the presertT/SG2008/000277

experinment, it was used as a control treatnent,

according to which the activity of W2 nushroom

extract could be estimated. Qur prelimnary data have

SW’ééftrb?él:DsWebO M afdnleﬂ%sw??r u%ﬂda%ﬁgwomlmk@altr&h dor the CML cell
. | | kB
lind? CENGNEET 4R ekl B 3815, RO RS e using, the frypen blue

exc(mik%r{‘ﬂ{emddfor 10 m n caused the h| ghest | evel of I|kBa
degradation, and the treatment with 10 nmM of MGL32
caused i nhibition of IkBa degradation. Also, a 5 mn
treatnent with TNF-a caused the hi ghest | evel of |kBa
pho%ﬁh%ﬂwtmlwal)ém Reasults feam theyduplieated dueifgrase reporter gene

assh BRePBS AR 3 i dyear b off el et Eeamw Yess the DMSO
vah%%f Pfka P(ECCY% ﬂBrd hl%ZC)? gf%@; vh—j:re PR a8 ‘%Iaﬁ}%)lé‘values

mn treatnent, |tsefect on

verikahp lsomehatﬂemd value)ashial maseﬁed&s a fegative oaabITHe analyses
to the cells. The results, as depicted in Fig. 17,
of tb@an@mrat blots Har IyBa andi péKthrbNQISeﬂf gesponse |teBthe mushroom

n the hi concentratio
CXtRi\‘;mSch &r%é’r%ﬁﬁﬂ‘é‘r 8% 1p1'st 19e OBKY ﬁﬁ‘q&f trﬁ%ﬁ“%r%’érnw}l&‘i yénin (for
r S that W2 exerts a node of

pléa??ggeg%r%qf& H@ﬁl)t ﬁ&?@& ‘Feg%rt henol i de (PAR), nanely,

af fecting | kBa phosphoryl ati on. However, W2 appeared

to be a stronger inhibitor of |kBa degradation than
Resuilts ot her nushroons tested: Leucoagaricus birnbaum i

(LB 12 -nycelial ethyl acetateextract), Trichol onopsis

sul phur eoi des (TS03- nyceli al et hyI al cohol extract),

t us ostreatus (POO. diet hyl etheg ..
8.8 adlia RGN Jai<qs, SR Loy grraggh dRhipit. NF-xB-
mediatéd Y @,ttgle;,cﬁﬁtzact) In order to prove the
phospho yI ation hibitory activity of W2, it was
t esFhedextsacas Wtk edloated ffop thdiBabiliey € inHib mhd: sepointenadtivity in
that W2 acts as a strong inhibitor of |kB
the gnapsisrtedyM&ih ohraast eamcer exlhbinpt The duplcate é@mémsq -feporter gene

assapya;elsH&ﬁcg}u? Etg ?e cotn tilg) ou%%i%%tﬁaéagfia %pb\‘}ﬁ%‘@%f Ok isie strain
Tay: § 4R @& cié2 whide El@hl%ﬁ?mﬁte& FeporféYinhititdry ActivR) tifidore than 40%.

These were the W01 (DEE extract) and W02 (EAC extract), both of which were
active only in the higher concentration used, 100 pg/mL. However, among them,
the W02 extract showed higher potential, inhibiting the reporter (luciferase) activity
by more than 70%, and was therefore selected for further evaluation. The results are

depicted in Fig. 15.

8.9 Effect of 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
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survi val dependency on NF-kB pat hway. Cancer cel
lines vary in their dependency on the NF-kB pat hway

wo 00090627 survival . Parthenolide, a NF-kB i nhpdi/662008/000277
was used in order to evaluate the utilization of NF-kB
pathmay by various cancer cell lines for their
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parthenolide (1, 5, 10, and 20 mV) and with the
sel ect ed nushroom extracts. For each cell |ine,

8.10 'EFeanse WY . Ghhbdérvnd twieddécoar! janniddecd@hif T4 Cextract on
determ ned as well as the |1 C50S of each extract 't ested

IxBd-and ptERBa Gevedequent |y, the effectiveness of the
fungal extracts on each cell |ine was considered
r ellxBiov @s tao negatied fregulatdr phirthe eNbtkB epasshwayeandirits levels are
cell |ine. Due to the fact that dlfFeren cancer, c
v

I
regulated by its degadation dn the pgpte@a@mcw 4118 KBOBB: 18 bregle classical

actiflpsErhe N5 ProBppoPrineBinudh Tfeic. Hhé préissf Sxperiment,
it \?ﬁs[e rl%ﬁ__% 4%%2’%?{1 b1 R eft‘?{ﬁff&t)ﬁ@ﬁga lwlYibﬁbiHe géf iR of W02

s showe at t oratory no

musHybomBaiticpt &3 dBsy esfilbhatedas t he nost sensitive cell
line to parthenolide, with the |owest IC50 (3.2 nM or

0. Mumnpraliniinaifhidatackive estalslishedethe ddnetocsbef tlnzmgessin IxBa and
sensitive also to the two extracts tested (Fig.

19).
phosphordk Bae(pdxBe) leesls do rssponsei t@eg"Nﬁbasstlmulatlon Results showed
andr ogen-i ndependent cancer_cel| line, appeared to be

that {NH-gatreatgend  (10v nginal) ptar ¢ HE mein gausedlotheohigdest level "of IxBa
dogGiaRha SR RE GEAET BT YS! M 34 cobtidh ihibigion of IxBa
degrad?i%on'_gvl\eov s n%%ntsreﬂg{én? %vﬁ Exrc%%tsesd thef fng?lest’ level2 of IxkBa
phosphorylation, and the treatment with 10 pM of parthenolide significantly
inhibited IxBa phosphorylation. Therefore, in order to check the effect of W02 on
IxBa degradation, it was applied as a 10 min treatment, and for checking its effect

on IkBa phosphorylation, it was applied as a 5 min treatment to the cells. The

| results, as depicted in Fig. 17, demonstrated that W02 had a strong effect on IkBa

level in the higher concentration used (200 ng/ml), which could be compared to the
effect of parthenolide. Therefore, it was suggested that W02 exerts a mode of action
similar to that of parthenolide (PAR), namely, affecting IxBa phosphorylation.
However, W02 appeared to be a stronger inhibitor of IkBa degradation than the

other mushrooms tested: Leucoagaricus birnbaumii (LB12 —mycelial ethyl acetate
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showed a stronger activity in all the cell l|ines used,
except in MCF7 with 1C50 of 220 ng/m . In 9L cell line
wo bopymeeXt racts exhi bited al nost equal ef f eceer/661068000277
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Chang S.T. and Buswell J.A 2003. Medicinal mnmushroons-
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of partenolide (PAR) which was used as a control, and on ‘the other, to that of
another active Fomes fomentarius mushroom extract, FF04. The latter was obtained
after extraction of the culture liquid of Fomes fomentarius with ethyl acetate and
also demonstrated a strong inhibitory effect on IkBa phosphorylation in the
luciferase reporter gene assay (data not shown).
Five different cancer cell lines, MCF7, Baf3/p185 Bcr-Abl, 9L, DU145, and
PC3 were treated with increasing concentrations of parthenolide (1, 5, 10, and 20
puM) and with the selected mushroom extracts. For each cell line, independently, the
ICso values of parthenolide were determined as well as the ICsos of each extract
tested (Fig. 19). Consequently, 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 ICs, 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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7. The mycelial biomass of claim 6, wherein said carbohydrates include
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8. The mycelial biomass of claim 7, wherein said polysaccharides
include soluble in water, low molecular-weight B-glucan, galactans, mannan, and
chitin.

9. The mycelial biomass of claim 7, wherein said monosaccharides
include glucose, arabinose, xylose, mannose, galactose and glucosamine.

10. The mycelial biomass of claim 6, wherein said proteins are rich in
alanine, arginine, aspartic acid, glutamic acid, glycine, histidine, leucine, isoleucine,
lysine, methionine, phenylalanine, proline, serine, threonine, tyrosine and valine.

11.  The mycelial biomass of claim 4, further comprising the vitamins By,

B, B3, Bs, By, B3, C, Qq, Pro-A-B-carotene, and pro-D-ergosterol.
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activity. 34. The conposition of claim28, rich in
waoredoaninae2 35. The conposition of claim 34, forPCT/SG2008/000277

protecting the skin fromsolar UV radiation or

internal organs fromionizing radiati on danage. 36.

The compgqsi tion .of any of clai 8-35, fornulated,in )
an Gial b mycghialbientass of chaim hé‘%‘%ﬁ%ﬁlﬁm%ﬂg ids including
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aci¢apl ets, and sachets. 38. The conposition of claim 36,
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Ganoderma_ tsugae var. jannieae strain Tay- 1 Accession
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varTB Lo el RGeSt of AR HiE ok lERE 4t L5 ofor use in
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var.] anni eae strain Tay-1. 45. The extract of claim

44,17bt al'lielionias of ¢laing 2sob B8P bbetned fo v Gulting Body of the
46. The extract of claim45 as a freeze-dried extract
Ganplexmaatdugne Yate/dnsidasitragn dagpls: (i) concentration of
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19. The fruiting body biomass of claim 17, wherein said carbohydrates
include polysaccharides and monosaccharides.

20.  The fruiting body biomass of claim 19, wherein said polysaccharides
include soluble in water, low molecular-weight B-glucan, galactans, mannan, and
chitin.

21. The fruiting body biomass of claim 19, wherein said
monosaccharides include glucose, rhamnose, arabinose, xylose, mannose, and
glucosamine.

22.  The fruiting body biomass of claim 18, wherein said proteins are rich
in alanine, arginine, aspartic acid, glutamic acid, glycine, histidine, leucine,
isoleucine, lysine, phenylalanine, proline, serine, threonine, tyrosine and valine.

23.  The fruiting body biomass of claim 17, further comprising the

vitamins B, B,, Bs, By, C, and carotenoids.
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47. The freeze-dried extract of claim46, wherein said

organic solvent is selected fromethyl alcohol, ethyl
waembaiaenr diethyl ether. 48. The freeze-dri eRCBESG2088000277

of claim47, wherein said solvent is ethyl acetate.

49. The freeze-dried extract of claim47, wherein said

soI vent i S efw% al cohol 50. The freeze-dried extract
24- ai nihes frugking hodys biemass, 06 laisn| Vi nfurther ygamaprising lipids

inclgxép}gnge e “dg?n%zﬁ {Ela?cﬂ,gol%ff frugl ng% edaf;ﬁ tgtggrtlc %Rid and
elaidRRqgi tion of claim51, fornmulated into a food
product.53. The conposition of claimb51, fornulated
i nt25.a BEwe fiaging bodydiiomass ob4laiithé7 ¢ funteesi ¢onprisihg minerals
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f or nu 1 ed |

f d 5 56.
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one of cl.ains 42 10

t t
bi 83& c‘§|00§&¥qsmly CowDgites Do ek pwﬁier fidalGgcnts and
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ty and% ee ra |cal scavengi
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31. The composition of claim 30, for use as vitamin supplement, dietary
fiber supplement, protein supplement, amino acid supplement, fatty acids
supplement, and mineral and microelement supplements.

32. The composition of claim 28, wherein the nutriceutical agents or
biologically active agents are polysaccharides including beta-glucan, galactans,
mannan, and chitin. ‘

33. The composition of claim 28, wherein the biologically active agents
have immunostimulatory or hypocholesterolemic activity.

34.  The composition of claim 28, rich in melanin.

35. The composition of claim 34, for protecting the skin from solar UV
radiation or internal organs from ionizing radiation damage.

36. The composition of any of claims 28-35, formulated in an oral solid
dosage form.

37.  The composition of claim 36, wherein said oral solid dosage form is
selected from a fine powder, capsules, tablets, caplets, and sachets.

38.  The composition of claim 36, formulated into a food products.
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61. The extract of claim®60, wherein said
NF- kB- dependent di seases are sel ected from cancer,
w0 mownol4eni cal di sorders, septic shock, transpb@mnsG2008/000277
rejection, radiation damage, and reperfusion injuries
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neurode enerative diseases._ 62, A process for
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owder which I's su d to so vent extrac

NoaOBSf120894. dryi ng. 63. A process for producing a
bi omass rich in pol¥saccharides, nonosacchari des,

pr dtXki nslheesesdract apt a¢latie 42i debtaipedafions | thes Sfewiting] body of
acids, mnerals and el ements from hi gher

Ga’%‘iﬁ%ﬁ m'%‘feré}’alﬂﬁ lgom Ganoder ma_t sugae

varggq j @ r [

corpy s%@%?%t.@?ﬁﬁlg“‘?f bl fbie Be gREHuRl BF Bdioderma
tsug’aécﬁdrlﬁinnwdérmﬁain% thhe rrushr oom Ganoder ma tsugae VOX.

] anni eae strain Ta -1 (CBS 120394) in submerged '

cul4ur e The extradteoft clabui4d, absained ifram tahpureesuliménggd mycelium

bi omass of edible fungi fromthe culture broth, and

culiyr ?fl ng and grl ndi ng said biomass into fine povvder

Theagr 0O effral gf’&%ﬁ 5 890 HgHE d@gﬁh&@é&r%@g{xﬁg by the

medi a for iamTs

follf)%hg’\é’te'i’o@ gl‘? 'Hb%%éﬁﬂ_rﬁibx{ of lth@fsugl'néﬁge'd RYCERLS' dulture; 81) drying

gl ucose, peptone, 3.0; yeast extract,

the KldAE¢dtratd;. Qii) gﬁHﬂﬁifg the. &suh@gcﬂﬂe pa®den]. (5v) &&raoquuthe ground
subner ged nycelial culture of Ganoderma tsugae var.

powdgs Wit an orgagie or agueoyscedventpandi{v) removing the solvent by freeze-
drying.

47.  The freeze-dried extract of claim 46, wherein said organic solvent is

selected from ethyl alcohol, ethyl acetate or diethyl ether.

48. The freeze-dried extract of claim 47, wherein said solvent is ethyl
acetate. ‘

49. The freeze-dried extract of claim 47, wherein said solvent is ethyl
alcohol.

50. The freeze-dried extract of claim 46, wherein said aqueous solvent is
water.

51. A composition comprising a freeze-dried extract as defined in any one
of claims 47 to 50.

52.  The composition of claim 51, formulated into a food product.
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53. The composition of claim 51, formulated into a beverage product.

54. The composition of claim 53, wherein said beverage product is an
energizing beverage product.

55.  The composition of claim 51, formulated into a pet food product.

56.  The composition of claim 52, formulated into a cosmetic product.

57. The composition of claim 56, wherein said cosmetic product is
selected from an aqueous solution, a gel, a cream, a paste, a lotion, a spray, a
suspension, a powder, a dispersion, a salve or an ointment.

58. The Ganoderma tsugae var. jannieae extract of any one of claims 42
to 50, wherein said biological activity is nuclear factor xB (NF-kB) pathway
modulating activity and/or anti-oxidant activity and/or free radical scavenging
activity and/or anti-radiation activity and/or metal ion scavenging activity.

59. The extract of claim 58, wherein said biological activity is NF-xB
pathway modulating activity.

60. The extract of claim 59, for use in treatment of an NF-kB-dependent
diseases.

61. The extract of claim 60, wherein said NF-kB-dependent diseases are
selected from cancer, immunological disorders, septic shock, transplant rejection,
radiation damage, and reperfusion injuries after ischemia, arteriosclerosis and
neurodegenerative diseases.

62. A process for producing a Ganoderma extract having biological
activity, wherein the biological activity is NF-kB pathway modulating activity
and/or anti-oxidant activity and/or free radical scavenging activity and/or anti-
radiation activity and/or metal ion scavenging activity, said process comprising:
cultivating fruiting bodies or the mycelial biomass of mushroom Ganoderma tsugae
var. jannieae strain Tay-1 (CBS 120394) in submerged culture in nutrient media,
isolating the resulting biomass of mushroom from the culture broth, drying and

grinding said biomass into fine powder which is subjected to solvent extraction and

' freeze drying.
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63. A process for producing a biomass rich in polysaccharides,
monosaccharides, proteins, essential amino acids, vitamins, essential fatty acids,
minerals and microelements from higher Basidiomycetes medicinal mushroom
Ganoderma tsugae var. jannieae strain Tay-1 (CBS 120394), said process
comprising: cultivating fruiting bodies or the mycelial biomass of the mushroom
Ganoderma tsugae var. jannieae strain Tay-1 (CBS 120394) in submerged culture
on nutrient media, isolating the resulting biomass of edible fungi from the culture
broth, and drying and grinding said biomass into fine powder.

64. The process of claim 62 or 63, wherein the nutrient media for
submerged cultivation of mycelium is of the following composition (g/L of distilled
water): glucose, 15.0-25.0; peptone, 3.0; yeast extract, 3.0; KH,PO,, 1.0; K,;HPO,,
0.2; MgS0,.7H,0, 0.5.

65. A pure submerged mycelial culture of Ganoderma tsugae var.

Jjannieae strain Tay-1 (CBS 120394).
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