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Optimization for Production of Phellinus linteus Mycelia
with Anti-Complement Activity
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To produce the functional food materials from edible mushrooms, hot-water extracts from 70 kinds
of mushroom mycelia were examined for anti-complementary activity and Phellinus linteus showed
the highest activity through the complement fixation test. The maximum production of Phellinus
linteus mycelia with anti-complementary activity was observed in culture medium containing
soluble starch 3.0%, peptone 0.3%, yeast extract 0.4%, MgSO,- 7TH,0 0.1%, K;HPO, 0.2% and in
the culture conditions controlled at initial pH 7.0, 30°C and 150 rpm by the rotary shaker. In
addition, the maximum production of mycelial dry weight was 15 mg/mL after 18 days under the
optimal conditions, and anti-complementary activity was reached to 88% in 5 L-jar fermenter.
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ORE AAE Bo] o853 tHLeest Bang, 2001]. WAl A
28 BZL Lentinus edode ZHE 83} letinan[Lee 5,
20091, Schizophyllum commune2 2 5-E2] schizophyllum[Alam
%, 2010), Grigfola frondosaZ ¥ 2|3 grifolan[Croan %,
20041019 o5 39t &3} Tsukagoshi®t Ohashi, 1974; Chung
S, 199418 tEo] FulolzA EA[Yamada 5, 1986; Song
T, 1995], 333 HA[Lee 5, 1997] 2 T 73l &4
[Kiyohara ¢} Yamada, 1993]= 22 itk vjAlelA Eejgh
g 49 F2E p-D-13-glucose?] Ha)+%0)] B-D-1,6-
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D-mannose
o FHloltHIang 5, 2009;
Padilha 5, 2009; Kalyoncu &, 2010].

YN (Phellinus linteusye EF3HE0=2 A5 w
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=
H(Hymenochaetaceae) TS (Phellinuspl] &ahe W75
7O 2 g9tEo] vlg- 98 HALE 9 tidol A
THChoi 5, 1996]. FFHN(P linteus)] A I 2=

o 99k, A, Aol 2AY, A9 59

Uflkekawa 5, 19681 I3l 719 v & AU S o
P o HY7)5 PelE Bt nem

U Aoz
AFEE, YRAEE, FEY, 2SS s s
22 sk ZAo2 4eA UHKim F, 2003; Kim 5, 2004;
Orange®} Ballas, 2006].
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459 B2 2 AE. 2 wlolx IduA FYFFE Al
W3] Q8 BagFEEYsin AREFsATs) 500050 F
F AAEERFCEA, A7Iepin B4 e 20959 75
£ U= PDB (potato dextrose broth) HjJoll 25°CellA] 25
A7E WAk wlg F, AR A FRA) 0] Hol
W A4TE AR AEsl o] AEFTE A9 widEA
o HigE Bl Wi dede] AAE G U 7
HA Aol Hojd #5788 FAFFFE 9.

FAAD. S AL 93 WA= PDA (potato dextrose
agar, Difco, Sparks, MD)E. 319]o0] wiHA] S41%q vAl
TFE HEI}A 30°C, 747 g ¥, EARQHRE 8
mm)E HiAde] #AME punchingdld AZE disk SHE FF
o= AN

AR B g, gEA) 849 3F widxde HE
&7] 9% Wil PDBE 7|EHXE 3led 200 mLE 500-mL
baffle flaskel] €32 27| pH 7.0, 30°C, 120 rpmollA] 747+ uY
A T). Fermentor(F) olmiolQ, FAME, S wjoke 5-
L ¥zl working volumeS 2LE 3} 479} TU3 §7
2794 Mgt

TAHF 3. AR S 103~105°Ce] A=A 7
2 7z% 21/d-f(Whatman G/FB, Maidstone, England)ol]
HE A8 10mLE o33te) 287 ARAZ] F, desiceator
olx WY Fo] BAS o3 de] FYHF FAL Aol &
A o 7z AHF (mgmL)22 s

FRA BHEAY FE. AR PuA SHYEAL 2
&7} $isted wjokd AARHIRZE 5,000 rpmollA] 3087 QAR
gt 4FAe sl doxl FAAIE o) #X| (whatman
No. 42)% AFAZ] ¥, SHTE 33 AAslz 5474%E 3
Arh. $27%28 FAHIE aluminium oxidest $A =HApAREE
o ¥ol sty d4FES MTHE 3 &, d4lEe
(5,000 rpm, 308, FAATIKIE), AR)EIA dojd JeA e
FANZE @A EFFEES FEA 9 AER o)
B8t

YHA A9 4. FRA &4 Mayer[196112] HPHo
w2t YT A4 A (NHS, nomal human serum)
3 2% gelatin, 3mM Ca®, 10mM Mg*7} &4 GVB*
(gelatin veronal buffered saline, pH 7.2)34 A|EE Z}Z} 50
pld &3l 37°ColA 3087 Azl &) o] HRgallo)
GVB™E 350 plA 7I8lal o2& 10~1008]2 A< 349315
v} o371l 750 uLe] GVBHel o] 73t HBT(IgM haemolysin
sensitized sheep erythrocyte)E 250 uL¥ 7}l 37°C, 1A17¢
B vheAIZl F, PBS (phosphate buffered saline pH 7.4)8
25mLE 7FSEAL 3,000 pmell A 1087 A EEE Aol
5 412mollA SIS

PrA 4L ITCH,, & 45 £8 AA]& (Inhibition of
50% Total Complement Hemolysis)® LFERYIT}.

TCHSQ of OOHEOI—TCHW of sample «
TCHs, of control

100

ITCH;, (%)=

Periodate A3}, EF F2E 20mg #3519 acetate buffer
(pH 4.5, 10mL) £3IAZ1 &, 50mM NalO, 5mLE 713t
o 4oCe GANA 397 AsAFT) o] W] ethylene
glycol SmLE 718 A7 B9t Ao IA|g F, T4}
NaBH, 20 mgS 713l 1A17F ZEkAIZ e 0.1 M acetic acid®
3l &, B4 9 gAAZs duA 898 ARG
[Yamada 5, 1984].

Pronase A&, €4 325 20mg2 F38l9 10mM CaCl7}
" TrisHCl bufferpH 79, 20mL)dl &322 3,
pronase(20 units)E 7151 37°CollA] 48A17F WH-g-AIF T o] Wk
SHL 100°ColM 5ETE 1Y, whe-E AAAZ F, dAE
sl A AFAE B4 2 FAMZRS guA 84 2
Bt Yamada &, 1984].

dn ¥ &

P AFse] Ad, A YAFEs Ads] 98t
o BFAF 50 35 AAFERTNA EF T 209F9]
TFE PDB HjAGA 25°C, 25U7F wjdsle] Hdoizl @AM
& 9555 T ¥uA 24 SsIiti(Table 1). 22
FEA B 7 F, P linteus’t FEA EAo] 653%= T}
& a5 vasie] £ o 7P Hojd AL & & dnen
FHEFFE AARHAUT ‘
B g7t Akshe uA 849 EAE delsp] 8 @
254 pronase A 2|9} periodate A15}E 3 &, HA
& 23819cHFig 1). = 23} pronase® HEE A=
Al vasied xolrt W WA periodate® AHSA|Z1
ANEwe gBA @40 A Zagel et P linteus7t A2V}
54 @49 BAE ol 7klEe 2oz FHUAT

Baqle] G& NEAF P linteus®) FEA BT FAR
A&l v gagde 932 HESV] 918 PDB WA &

e iy

Table 1. Anti-complement activity of hot-water extract from
mushroom mycelia by liquid culture :

Inhibition of TCHs, (%)

Mushroom
Flammulina velutipes 333
Ganoderma hicidum 40.3
Grifola frondosa 56.1
Lentinus edodes 30.2
Lyophilum cinerascens 454
Phellinus linteus 65.3
Pholiota nameko 332
Plewrotus osteratus 453
Pleurotus sajor-caju 243

*Cultivation was carried out at 25 for 25 days in PDB medium.
*The anti-complementary activity was assayed at concentration of 1,000
mg/mL.
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Fig. 1. Comparison of anti-complement activity to periodate
oxidate and pronase digest of hot water extract with Phellinus
linteus Mycelia, The anti-complementary activity was assayed at
concentration of 1,000 ug/mL.
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Fig. 2. Effects of carbon sources on mycelium growth and anti-
complement activity. Carbon sources of 3.0% (w/v) were added to
potato dextrose broth (PDB) medium. Cultivation was carried out
with rotary shaker controlled at 30°C and 120 rpm for 7 days. The

anti-complementary activity was assayed at concentration of 1,000 pg/
mi.

29 3.0% F7FsR 30°C, 120 ipme] 2ANA] 747 wjeke
F, A SFFEE % A 248 2AEItHEg.
2). 71 A3 soluble starch’} 72%9) 7V =& 3= 843
TAH] AS4.7 mgmlys BHon el 3 thgaollA
FRA A3 AR gl B4 Ul AL & 4 itk
ol& P linteus?] TAH Aol U glucosed] EAE B3
Lee 5[1995]9] A3tsl frAlet HES VERNILH soluble
starch 3.0%7} E7#ol2} B 7% Song S[199517] e} &
A3kt

A4 G Sd2oZ 30% soluble starchE F7Hst 7]
BHR]o Ztzke] Frle, f71e] AYS Frlele] dRA &
23 AR K viRle YFE AES A= Fig 37
ok ARA 842 peptone, sodium nitrate, ammonium sulfate
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Fig. 3. Effects of nitrogen sources on mycelium growth and anti-
complement activity. Nitrogen sources of 0.3% (w/v) were added to
PDB medium containing 3.0% soluble starch. Cultivation was
carried out rotary shaker controlled at 30°C and 120 rpm for 7 days.
T}ga;: anti-complementary activity was assayed at concentration of 1,000
pg/mL.
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Fig. 4. Effects of yeast extract concentrations on mycelium growth
and anti-complement activity. Cultivation was carried out 30°C for 7
days in PDB medium containing 3.0% soluble starch and 0.3%
peptone. The anti-complementary activity was assayed at concentration
of 1,000 pg/mL.

o7 FAM] AS2 peptone, sodium nitrate, ammonium
chloride®] €0& B4°] EUTh. 03% peptone HF7HAS
g 7H 2o FuA B4(713%) AR ABS(G.1 mgmLyE
vehiigion o)e] Az Song S119951°] B3k P linteus
o] MEz7ANA peptoned] At ATFL & F A
Choi E[1996}& P linteus®] AE2ANAM 718488 A5
QlALZ 2183l yeast extract F7PF ASo] FrEITA B
23159t} o]l yeast extract®: 0~1.0% FTEE Zeldle] IR
A A vRE 93 AES A3KFig 4) 04%2] F=ol
A 82%9] FEA FAI 13mgmLe] FAR B82S VYRR
th &9 CN ratio7h ¥BA] Al viAle ¥FE HESV]
23 soluble starch T=F 1~4%1A A% (peptone)2- 2. C/
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Fig. 5. Effects of inorganic salts on mycelium growth and anti-
complement activity. Cultivation was carried out at 30°C for 7 days in
PDB medium containing 3.0% soluble starch, 0.3% peptone and 0.4%
yeast extract. The anti-complementary activity was assayed at
concentration of 1,000 ug/mlL..
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Fig. 6. Effects of K,HPO, concentrations on mycelium growth and
anti-complement activity. Cultivation was carried out at 30°C for 7
days in PDB medium containing 3.0% soluble starch, 0.3% peptone,
04% yeast extract and 0.1% MgSO7H,O. The anti-complementary
activity was assayed at concentration of 1,000 pg/mL.

N ratiog 5~40 M2 2R3N FEA E43 A BS
< A ZF soluble starch 550 we} JuA A F
e By ¥ 7} soluble starch FE2 CN ratiod) B3 3
7] e%kem soluble starch 3.0%, peptone 0.3% H7} A(C/N
ratio 10) 75%2] Aol FHA E4& e thdata not
shown).

7199 9%, EA] S I A8 A Fr)g
Tt Bl J3e AES] A8l 42 0.1%2] 5o
A 7194 AES HAuR o) Fbeia). 2 43 Fig. 500
Ao} 7ol Mg¥, F¥® Zn*5e] E7t Al §EA 843 A}
A Aol IRt Ca¥, Gt E MnPollNE FAK] A
o] Zadhe AFE vEMIUT Mg? 371 Aldle FEA)

Cultivation time (days)

Fig. 7. Time course of mycelium growth and anti-complement
activity in jar fermentor. Cultivation was carried out in PDB medium
containing the optimal component ratio under the following condition;
working volume 2 L, impeller speed 30 rpm, 1 vvm, 30°C and initial
pH 7.0. The anti-complementary activity was assayed at concentration
of 1,000 pg/mL.
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the 23t fARE 43S VeRiich Al Aol KHPO,
£ ATP A2kl "439 942 484 2lem Choi S[1996]
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(15 mg/mLyS HFT} '

ool AE AASERE P linteusd] FRA Aake] wjx
Z7& soluble starch 3.0%, peptone 0.3%, yeast extract
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Al & ik

PAJAES} wjGAIZe) F% B a5 A 84 2 7
A S A AR s, wukR B agA]
o] dEe AR MR E AMElY AEsSgh Aldes
£ 10~40°ColN ZARE A3} 30°ColA] FRA] o] 92%=
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guA 4L s A3 RA B40] 653%E ek A
A (Phellinus linteusye 183Gt B #5271 Aikshe &
BA #e] BAE wotely] 8l pronase A 2]9} periodate 4F
32 AF 27 pronaseR A3 AEE FA et Blasld
23o)7} YW WhA periodate® AFBINZ] AlF= FRA| Aol
A 7p4Fe wel P olinteus7t AR dRA A EA
= ool 7IRlEle A0 FHHACE FRA Yikg 3 F
2 v]YE7ALE soluble starch 3.0%, peptone 0.3%, yeast extract
0.4%, MgSO, * TH,O 0.1%, K,HPO, 0.2%, 27] pH 7.0, #j¥
2% 30°C ¥ T 150 pmel ). 3719 H A vzl
Al jar fermentorZ 18Y MUBIAE W 88%S] IRA BAF
15mg/mLe] AR B5-& Jehigich

Key words: anti-complementary, Phellinus linteus, mycelia

k]

=28

Alam N, Cha YJ, Shim MJ, Lee TS, and Lee UY (2010) Cultural
conditions for mycelial growth and molecular phylogenetic
relationship in  different wild strains of Schizophyllum
commune. Mycobiology 36, 34-39

Chihara G Maeda Y'Y, Suga T, and Hamuro J (1989) Lentinan as
a host defence potentiator (HDP). Int J Immunother 5, 145-154.

Choi JH, Ha T™™, Kim YH, and Rho YD (1996) Studies on the
main factors affecting the mycelial growth of Phellinus linteus.
Kor J Mycol 24, 214-222,

Chung KS, Kim SS, Kim HS, Kim KY, and Han MW (1994)
Antitumor activity of Kp, a protein-polysaccharide from
mycelial culture of Phellinus linfeus. Yakhak Hoeji 38, 158-165.

Croan SC (2004) Conversion of conifer wastes into edible and
medicinal mushrooms. Forest Prod J 54, 68-76

Hamuro J, and Chihara G (1984) Immunomodulation agents and
their mechanism, pp. 409. Marcel Dekker, New york.

Ikekawa J, Nakamishi M, Uchara N, Chihara G and Fukuoka F
(1968) Antitumor action of some basidiomycetes especially
Phellinus lintenus. Gann 59, 155-157.

Jang SA, Park SY, Lim JD, Kang SC, Yang KH, Pyo SN, and
Sohn EH (2009) The comparative immunomodulatory effects
of B-glucans from yeast, bacteria, and mushroom on the
function of macrophages. J Food sci nutr 14, 102-108

Kalyoncu F, Oskay M, Saglam H, Erdogan TF, Tamer AU (2010)
Antimicrobial and antioxidant activities of mycelia of 10 wild
mushroom species. J Med Food 13, 415-419

Kim GY, Han Mg Song YS, Shin Y1, Lee HJ, Moon DO, Lee
CM, Kwak JY, Bae YS, Lee JD, and Park YM (2004)
Proteoglycan isolated from Phellinus linteus induces toll-like
recepteors 2- and 4-mediated maturation of murine dendritic
cells via activation of ERK, p38, and NF-kappaB. Bio/ Pharm
Bull 27, 1656-1662.

Kim GY, Oh YH, and Partk YM (2003) Acidic polysaccharide

isolated from Phellinus linteus induces nitric oxide-mediated
tumoreicidal activity of macrophage through protein tyrosine
kinase and protein kinase C. Biochem Biophys Res Commum
309, 399-407.

Kiyohara H, and Yamada H (1993) Chanracterization of IL-2
production enhancing and anti-complementary pectic polysaccharides
from Kampo. Phytochem Res 7, 367-402.

Komatsu N, Okubo 8, Likumoto S, Kimura K, Saito GG and Sakai
S (1969) Host-mediated antitumor action of schizophyllan, a
glucan produced by Schizophyllum commune. Gann 60, 137-
143.

Lee HH, Jong SL, Jae YC, Young EK, and Eock KH (2009) Study
on immunostimulating activity of macrophage treated with
purified polysaccharides from liquid culture and fruiting body
of Lentinus edodes. J Microbiol Biotechnol 19, 566-572

Lee HS, Kweon MH, Lim WIJ, Sung HC, and Yang HC (1997) An
Anticoagulant Polysaccharide Isolated from the Alkali Extracts
of Coriolus versicolor. KOREAN J FOOD SCI TECHNOL 29,
369-375.

Lee JH, Cho SM, Ko KS, and Yoo ID (1995) Effect of cultural
conditions on polysaccharide production and its monosaccharide
composition in Phellinus linteus L13202. Kor J Mycol 23, 325-
330

Lee IW, and Bang KW (2001) Biological activity of Phellinus spp.
Food Industry and Nutrition 6, 25-33.

Lucas EH, and Ringler RL (1957) Tumor inhibitors in Boletus
edulis and other holobasidomycetes. Antibiotics and
Chemotheraphy 71, 1-4.

Mayer MM (1961) Complement and complement fixation in
Experimental Immunochemistry, Thomas Publisher (2nd ed.),
pp. 459-461.

Ohno N, Suzuki I, Oikawa S, Sato K, Miyazaki T, and Yadomae
T (1984) Antitumor activity and structure characterization of
glucan, extracted from cultured fruit bodies of Grifola
Jfrondosa. Chem Pharm Bull 32, 1142-1151.

Orange JS, and Ballas ZKK (2006) Natural killer cells in human
health and disease. Clin Immunol 118, 1-10.

Padilha MM, Avila AL, Sousa JC, Cardoso JV, Perazzo FF, and
Carvalho CT (2009) Anti-inflammatory activity of aqueous and
alkaline extracts from mushrooms(4Agaricus blazei Murill). J
Med Food 12, 359-364.

Song KS, Cho SM, Lee JH, Kim HM, Han SB, Ko KS, and Yoo
ID (1995) B-lymphocyte stimulating polysaccharide from
Phellinus linteus. Chem Pharm Bull 43, 2105-2110.

Tsukagoshi S, and Ohashi F (1974) Protein-bound polysaccharide
preparation, PS-K, effective against mouse sarcoma 180 and rat
ascites hepatoma AH-13 by oral use. Jpn J Cancer Res 65,
557-560.

Yamada H, Kiyohara H, Cyong JC, Kojima Y, Kumazawa Y, and
Otsuka Y (1984) Studies of polysaccharide from Angleica
acutiloba. part 1. Fractionation and biological properties of
polysaccharides. Planta Med 56, 163-167.

Yamada H, Nagai T, Cyong JC, Otsuka Y, Tomoda M, Schimizu
N, and Gonda R (1986) Relationship between chemical
structure and activation of complement by an acidic
polysaccharide, plantag-mucilage A, from the seed of Plantag
asiatical. Carbohydrate Research 156, 137-142.



