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Antioxidant and Immunological Activities of Polysaccharide Extracted
from Cultured Mycelia of Schizophyllum commune

June-Woo Lee

Department of Hotel Culinary Art and Bakery, Kyungbuk College

ABSTRACT To examine the biological activity of polysaccharide extracted from cultured mycelia of Schizophyllum
commune, we determined anti-complementary activity and nitric oxide production as a measure of immunological
activity, anti-lipidperoxidation and hydroxy radical scavenging activity as a measure of antioxidative activity, tyrosinase
inhibitory activity, anti-microbial activity, and transdermal flux of polysaccharide extracted from cultured mycelia of
S. commune. Polysaccharide extracted from S. commune activated the complementary system and produced nitric oxide
in RAW 264.7 macrophages. Antioxidant activities as malondialdehyde values were 49.5+0.7, 39.7+1.7, 39.2+1.2,
and 2.6+0.5 nM/mL for control, extracellular polysaccharide extracted from S. commune (SC-EP), ultrafiltrated poly-
saccharide extracted from S. commune (SC-UP), and butylated hydroxytoluene, respectively. Hydroxy radical scavenging
activity (ICsp) of SC-UP and mannitol were 3.32 and 1.66 mg/mL, respectively. Tyrosinase inhibitory activities of
SC-UP, arbutin, and kojic acid were 19.9%, 31.8%, and 99.0%, respectively. Anti-microbial activities of SC-UP appeared
to be low, and transdermal fluxes of SC-UP were 0.47%, 0.73%, and 1.20% after 3, 6, and 9 hr, respectively. These
findings suggest that polysaccharide extracted from S. commune has potential immunological and antioxidant activities.

Key words: immunological activity, antioxidative activity, polysaccharide, Schizophyllum commune
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T7F 5o $kth3,6-11). o5 & TEHA Hlgojdoz i
B krestin(12), 1WA A A ZH-FE lentinan(b), v}
A )l o 2 BE] schizophyllan(13)3} A8 A A}
A ZHE mesima(14)7} AlFstEo] 3¢ 2 HAR A=
A o]go] Har = AA oIt XmbH A (Schizophyllum
commune Fr.) 8 Od-F+ B-(1,6)0] x4 B-(1,3)-

glucan %5 7FAH, glucose 3709 17| X% +Z2=
Zb= AAAd 222 YA T13). EATFY F Oﬂ up2h
Al o] A3te gdRoln g-1,3, B-1,4 H B-1,6

o] Agto] EAE FXE e AoZ RIuFICHT,11-
13). &y 45 AW viHe g5 B-1,3 glucan
il = B-1,69 S3HE 7 9o, o]g
g S0 A F Abolol oJal Aol AolstAl vERt
ArH15,16).
X ut A 7H(Schizophyllaceae) X uFH A4
(Schizophyllum Fr.) o2 Z+& Kol THLE n|Agt
Eéi dofolth. #5H 7kl 24 94 2 AT 1
52 UrEY &), 277 Foll SAstE WA Bx) Rg
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guinea pig® B EEldte] ARgSRlth A9
T2 WYY = b w Yok (Seongnam, Korea), E7]
= AEEA AEFE AFESgl e, WA= antisheep
hemolysin(Difco Co., San Jose, CA, USA)S AF&-3}9i ).
AN ZAE 9F barbitale Merck AFDarmstadt,
Hessen, Germany), gelatin®} MgClo= Sigma AHSt. Louis,
MO, USA)°] 21-& AH&-3t3itt. RPMI 1640, DMEM(Dul-
becco's modified Eagle's medium) ¥j#] 2 fetal new
born calf serum< GIBCO AHGrand Island, NY, USA),
streptomycin % penicillin, LPS(Z. coli 0127:B8), IFN-
¥, NaNO; %<& Sigma A}, mTNF-a+= Genzyme AHCam-
bridge, MA, USA), 96-well tissue plate®} 100 mm pet—
ri-dish+= Falcon Inc.(Franklin Lakes, NJ, USA)o| A
AL, 7|EF AlFES 55 B 17 o9 A%k o]

=T TR A
sheiek.

MEZZ HH

Mouse?] EZ A A EZ U RAW 264.7 ti A E= H-=+
A AERZA DF SS SR, MEFS A MAEAE
streptomycin(100 pg/mL)¥ penicillin(100 U/mL)o] 3t
% DMEM®| 1 M HEPES buffer €<% 10 mL, sodium
bicarbonate 3.7 g 2 &&43} A]X fetal bovine serum
10%(v/v)E AL83t o™, A ¥+ petri-dish® ©]-8-3}¢]
2~3dwtt} Al v Fste] ARESIT) WS BE A9
JoIA COz MlY71E o] &38}e] 37°C, 5% COq “dEfolA
RS d=2

£
23k A potato dextrose agar(PDA, Difco
Cool Al 27.5°C, 10 &<t w3t & &4 2ol FAH
Z o] g3ttt AlAuiA o] B F FAAES HIF TR
g 3ke] 100 mLe] A WA 7F Eo] = 500 mL-E 4+t
EokAol ¥ar 27.5°CelA 109 Sk wjdasitt. 2 &
100 mLe] HA] vjFg 7] A7k $8 500 mL wi4-&
baffled 47F Zetx30] 10 mLE FHE3dhe] 27.5°CelA

B thgiel a2 wel 84 1335

120 rpme. 2 693 & wjgete] S wjg o w o] 83}
ATt e T m S oSS 5 L EEx(Kobio-
tech Co., Incheon, Korea)oll 5%(v/v) A HZ3sla,
working volume 3 L, ¥F5% 150 rpm, §71% 0.5 vvm
o & 3fo] 27.5°ColA 643t #iFe HAAE 2 Al
zo o] &3t} ol ghE E(SC-EP)2 A vhH A AALA

2ujEEe] ol ehSS H7F3E & 2447F Bt HFX)Ehe] A A A

7 A& A8t T4 AxeA. FAAWA

IP)& A mp Al ARA] w RS Al ato] o

Eo| 10% NaOH &9 5ulsF 7

F=ota Wxte 2 Fskp

7hete] AAES FAstAL 54 Azl koo #at
= AR w gl 3ufe] &

< 7Fsll 100°Coll A 2417 E<t F=&31aL, 7,000< g0l A 20

w3 AR ato] Aozl s el o FHmembrane,
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Somny Leld e 93t wde] AF
A oY Rt R on(16), NGO WA 5
AR ASE GRRIF 05-2%3, FA fol DR

0.1% Welel Aoz A A TH8). AnPHAE FAA] 8l &
FEE oehe H3(SC-EP)& 0.32%,
AU E-2(SC-1P)2 0.19%, §-2]o] 3} ¥2(SC-UP)
2 0.26%, T A9 G dFH(SC-NEP)+= 1.63%% A2
2 B3 ouk(16), A stE e dZFAAe] go]d 7
BARE aEste] E ATlA AHEE g RE ot
HE(SC-UP)E T2z 33T

v

23| g0l £3

HA #42 Yamada 5(19)9] WS WPste] 5743}
itk Ald¥el 150 ule] GVB* buffer(0.15 mM CaCls,
0.5 mM MgCly, 1.8 mM sodium barbital, 3.1 mM babitu-
ric acid, 141 mM NaCl ¥ 0.1% gelatin, pH 7.4)¢} A&
50 pl(250 pg/mL)E 7138 v}, 50 ul9] guinea pig com-
plement(100 U/mL)E #7}3te] 37°Coll A 30871 B4
71 5 GVB* buffer2 7}al B.A2 H%F %7} 1 unit/mL
HA 2ARegrt. =AY BAETES 1.0 unit, 1.2 unit
2 1.6 unit F A ZF Alg o] B3 F oJ 7]l antisheep
hemolysin(2 MHU/mL)¥} &%2] sheep red blood cell
(5x10° cells) & Eqato] 2o A 30827+ 24121 SRBC
2 mLAS 7bekal GVBY buffer® #H% £%< 5 mLZ
ZA38le] 37°CY &0 A 601t RESAIZ T 0.5 M
EDTAE 7}étal Z3ste] whg-& A ths 400 g
Al 5E7F AR Bto] e -5 541 nmol| A

ANE AL
FTHEE SAHAY. BA e FAdL dFERTY total com-
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plement hemolytic activityol] t3F A &SI TCHso, %)%

EABT

Nitric oxide2| &H

PAAEZZHE A= NOE F4317] #1814 96
wellol] Q2 M XS EF31aL 2A17F 5QF A vl &Fslo] v H
2 A EE AT AR ) O R R EES
Z} wellell 10 pg/mlL =2 7}3Fe] 37°Coll A 5% CO» in-
cubatoroll Al 24A13F F<F vl ek & NOE 4383t ol
2 A Zo o3 A== NOE Ding 5(20)2] Wl upgh
Attt 7kEFskY 100 uLe] s SN 3 5% Griess
reagent(1% sulfanilamide, 0.1% naphthylene diamine
dihydrochloride, 2.5% H3PO)E 7}8}o] A4 108 &
oF WkS-AIZ1 % 540 nmolA ELISA reader(Bio—Tek
Instrument, Winooski, VT, USA)E o]&3&}o] 433t}
NO; 9] F=+ sodium nitriteE ©]&35}e] ol FF==

o -1
BE EF FAS Aetel S95d

2t homogenate?2| £2|

Microsome< Kiso 5(21)¢] W wpel A} 7+
3 pentobarbital 2 P} ¥ AFHE JfE3 50 mLE& F
A712 50 mM Tris—-Cl buffer(pH 7.4) 30 mL= portal
veinoll A sttjA oz Folo] FejUe®=s AFE A3}
ALt o] F +& HEse] 50 mM Tris-ClzF 150 mM KCl
o] g&% buffer(pH 7.4)2 M &3tz 2A Aol Homo-
genizer(Polytrone®, PT 10/35, Luzern, Switzerland)S
o] gste] W slollA FAstE AASIT d A ES
8,000Xgoll A 2027 YAlwE] ¢ & FeHE Ik A
SN2 105,000%goll Al 60F B9 2942 E A &
A FEs dFHoR deAA dld ] v%27}F 20 mg/
mL A 24t &8 microsome -70°Ce]
StHA A HAe wap A5t

In vitrod| 2| X|& ntitst R A
Microsome= ©]83 in vitro A1 4 H4ks} qt
= Kiso 5219 Wil wpef vlasz A2 it
9814 ascorbic acid(AsA)$} Fe®, &A% #|
= ADP, NADPH$} Fe’' & o]-g3lo] x4 atsls
At A A H4qks) Ohkawa 5(22)°] #Hel F3}
Y7232 1,1,3,3-tetramethoxypropane(TMP)<S ©]-&
sto FFESAE At A5 A|d kst (malondi-
aldehyde, MDA) &< SA43t) &gt X4 2abksl A
Blee v A o ® FASHIT
Inhibition _ MDA of control—MDA of sample
(%) MDA of control
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Aruoma(23)2] Wl we} 2-deoxy-ribose method=A]
hydroxy radical(OH-)o| €3 2-deoxy-ribose®| frag-
mentation 9 WHS AFESF T 7HEFSHH potassium
phosphate buffer(20 mM, pH 7.4), 2-deoxy-ribose(2.8
mM), A&, hydrogen peroxide(2.8 mM), EDTA(0.1 mM)
o #3}8+E A]7] ferrus chloride(0.02 mM) 18] i as-
corbic acid(0.1 mM)E H7}Fste] ¥h-3-& 7|A385IT). ol A
G2 FxoA 37°CE 1A &2t vhEA R o, Bhg
T35 % 5.6% TCA 0.5 mL< 2% TBA(0.05 M NaOH¢]
Ql A1) 0.5 mLE H7Fske] 100°Col A 207 A
. 917]9] BuOH : pyridine(15:1, v/v) 3 mLZ 7}38] &3t
sta A4 g &, 2% AT HES F3H 532 nmelA
FHEE SA488Y. 50% JAIEEICs0)= A&
50%7F F| =5 3t EA] =2 JoEH, o] ICx #=
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2 upH Al F-8 ohdF2] v § 3= [shihara 5(24)9
WS o] &35kl kel HA 15 uLE 96 well plate

of ¥a, 0.1 M phosphate buffer(pH 6.5) 150 pL, 1.5
mM L-tyrosine &% 25 ul, 2,100 U/mLel| af@3}= Al
tyrosinase(0.05 M phosphate buffer, pH 6.5) 7 pL= 4
3 30°Cell A 1023 932121 &, A 5] &= dopachrome
9] %S microplate reader® AF&3F] F3F% 490 nmoll
A =A39 ) Tyrosinased] 3k Al &(%)& o} 29
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g¥ FHato] W THF 1 mLlel ¥4tk Alge
7o w2 2uiH S EGITh BE AlRE EAt
o] &35t g4 E AF7F EodE ZF AlH Tl A
T ol Al 55°C JE= FA ¥ 3 Jd Mueller-Hinton
agargs 13.5 mLA ZF3lo] vFAlel & & & 4]0
Ft}. olg A 3te] HFE A FEEE7}F 20~0.078 mg/mL7}
HEE AR 107 o] B wAE Axsta, F At
Adl el A 74 Dar 1124 AAs T o=
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gt BAo] 5ol = HH ol 7 AFSS ATl
o WIS 37°ColA] OF 18~24412F W F Herow 3
Zsto] Aol oAlE FAA s=E MICE Attt
DRENES £3

Ak A ff TRl I FEES S48] flske
Aol AHEE 92 guinea pig A FALENE 9]
ale] ALE-3FITE Y= guinea pige WE &I} v
T AbelQl T ) R IS HEste] EFvE sUR
A —4cCol A YEr sl I o] 243t A3
2708 Aws] e 4ES 955 0.9% NaCllw/v) &
ol 303t AR F Aol ARgEHTh Tl =
A& T 2ol AAlsksith A AelH guinea pig YW=
AFAA fol Sl A th, Al =9 A=
1 mLE I3 9jo #ajsto] QAR 3} Fol MujFow
o d &olo] ANE Hslo] F TS FHsAAH
Sz

2 Aol BAIAE = Student #testE o]-§3FR L,
AV FHLEEZANZ TAFD oW Pvalued T+

e AR

-

Za @ a3
Hi gdst S0t
S. communed] A WMFEZFEH FE3 OFHIL B
AA A stell A= FES A A7= Table 17 2
ok A Al v kA A o] fE ohE el dRA G
A4 35 AL W AEF(SC-EP)o] 8.9+0.3%, A
AGF(SC-IP)E 14.7£1.7%, SF FF o723
2 232 (SC-NEP)
2 52+0.7%% YEbgt) 9 2B A Z ALR3F krestin
£ 16.2+1.7%% ZAEATH F& 2 Az PHS 298
o] dolzl XA A frel tRRE 2AAE 843
= o FE e
HAAA oA HAA = G228, WA F22G nfo]e] 2~

)

Table 1. The anticomplementary activity of the polysaccharides
extracted from the cultured mycelia of Schizophyllum commune
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Nitric oxide MMs

S. communed] W FHAAZEE EEE {7 RAW
264.7 A EF)A nitric oxide A5l nXE &29E =
g8k A= Table 29} 2k X|npHAl A wiFEo] &
T F= Ao A R (SC-UP)= 12.8+£0.7 uM
o] NOZ A= Aoz AU, A dxzEd= AL
43 [FN-y$} LPSol M+ 42k 33.4+1.7 uM¥} 35.1+1.5
uM= Yepstth gl A A Z 24 B2 IFN-y9} LPSel <]
3 gdshe A A 2= NOE A48k, old #Hl¥ NO&=
G AL, gulolg) s~ F gFF A8 b A oE Has)

RTH1). o]} o] A BT 2t Ao ALY X
Al 8 EA Rl s AAEHE NOE Aol
A okt Mo 248 fEd Aoy, 1215 oz e
HE 58 (T3] 2210w HANEIES S4d3Hx]7]

g 7bek F, W ELA PH O FEA7 44H MDA

Table 2. Nitric oxide production of the polysaccharide extracted
from the cultured mycelia of Schizophyllum commune in RAW
264.7 cells

Samples ITCHso (%) Samples Produced NO (uM)
SC-EP 8.9+0.3 Control (media) 0.7+0.1
SC-1P 14.7£1.7 SC-UP 12.8+0.7°
SC-UP 10.2+0.8 IFN-y 33.4£1.7
SC-NEP 5.2+0.7 LPS 35.1£1.5
Krestin 16.2+1.7

SC-EP: extracellular polysaccharide extracted from S. commune,
SC-IP: intracellular polysaccharide extracted from S. commune,
SC-UP: ultrafiltrated polysaccharide extracted from S. commune,
SC-NEP: native extracellular polysaccharide of S. commune,
Krestin: protein-bound polysaccharide extracted from Coriolus
versicolor.

RAW 264.7 macrophages (4X10° cells/well) were incubated for
24 hr in DMEM containing a each sample (10 pg/mL), IFN-y
(10 U/mL), and LPS (10 ng/mL). The cultural supernatants were
collected and assayed for NO production.

Each values are represents the mean+SD of three independent
experiments done triplicate.

Significantly different from the control at P<0.01.
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BHT }*

SC-UrP % *

SC-EP }— *

Control }H

0 10 20 30 40 50
MDA (nM/mL)

Fig. 1. Effect of the polysaccharide extracted from the cultured
mycelia of Schlzophyllum commune on ascorbate-Fe* " -induced
lipid peroxidation in rat liver microsome. The incubation mix-
ture consisting of 1.0 mL was composed of a sample in DW,
83.5 mM KCl, 37.2 mM Tris-HCI buffer (pH 8.0), 0.2 mM as-
corbate, 10 uM FeSO4-H,0O, microsomal suspension (protem
2 mg). After incubation at 37°C for 20 min with ascorbate- Fe’,
the lipid peroxide was measured by the method of Ohkawa et
al. (22). Results are expressed as the meantSD of three experi-
ments. *Signiﬁcantly different from the control at P<0.01.

o2
o

A= Fig. 19 2o tl272 mLe 44.6%
DAE A eH, Avpi A ﬁ%x] Wl 2]
A2 £2(SC-EP) % UF A &2(SC-UP)
} 28.940.7 nM 2 26.5£0.3 nM9] MDAE A}
LY T e s ARg BHTO A1 A #5413} o
94.2%% A Yepst o UF A2 Z8(SC-UP)2

A o] o Ales A Fikstel] ti AAls
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=
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Eoﬁ
N}OZ@
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AT A S AIRE 45 AL el

A 288 Ao A

ADP-NADPH-Fe**'2 QE = x|& 1
s A8 el el R B &}om o}oq

A A wf < A Sl A FF o' A e B UF A2

tlo

3le] A& thdFol microsomes 713k & AAlEl MDA
Fs FAF AdE Fig. 29 2ok T dxddAE
mL% 49.5+0.7 nM2] MDA7} A E Qo v AL

+0
Hl| & o %“F % olekg Az 3 (SC-EP) ¥ UF A
H3(SC-UP)2 7+7} 19.8%9} 20.8%2] A2 ¥}4tsl A4
AA &S YEPNATE vl AR ol ehe ] 8(SC-
EP)¥ UF A el td-7(SC-UP)9] 45+ FAHsE X2 apat
st A &S YERNRTE 2T microsome®l o]g A& A4k
3} NADPH cytochrome P-4503 NADPH(ADP-Fe™)
7} #edali= EAA 23} ascorbate-Fe? 7} #o s H]
FAZ ko og) o HETH21). A7) AFRERREH A

HN

o

BHT }ﬂ

SC-upP %

SC-EP }— *

Control P

0 10 20 30 40 50
MDA (nM/mL)

Fig. 2. Effect of the polysaccharide extracted from the cultured
myceha of Schzzophyllum commune on ADP-NADPH-Fe’'-in-
duced lipid peroxidation in rat liver microsome. The incubation
mixture consisting of 1.0 mL was composed of a sample in
DW, 83.5 mM KCl, 37.2 mM Tris-HCI buffer (pH 8.0), 1 mM
ADP, 10 uM FeCl3* 7H,0, 0.2 mM NADPH, microsomal suspen-
sion (protein, 2 mg) After incubation at 37°C for 20 min with
ADP-NADPH-Fe”', the lipid peroxide was measured by the
method of Ohkawa et al. (22) Results are expressed as the mean
+SD of three experiments. Slgmﬁcantly different from the con-
trol at P<0.01.

P AL Bl AR ] ohE e &4 FEel o8] dalE
A kskE 042%1%}03 Wk opal vjgaHel XA
Akslel] Oigtk A SS A e Aom 2AEQou R X0}
AL Bl ot ARA Trﬂl Udie AEY £ A E BE
oz dAE JdTE I 5 & Aoz ARG

OH radical M7 &3}

Aot A AR B ES FEte] 288 e OH
radical #|A &3+ Table 33} 2t} v FAA] 8] gE9]
g4 & UF A £3(SC-UP)¢ OH radical 1A &3}
o] that ICs502 3.32 mg/mLE FALE AT E3F Lutd o
2 OH radical AlA a37} 953 oz I3l mannitol
9] ICs02 1.66 mg/mL=E VERSTE o] ¢} o] XnbAl
g e A WelA AAAE] x3E FIIAT] =
2 4# % OH radical AlA o= A= 330 A

A
o

9_
=

Table 3. Hydroxy radical scavenging activity of the polysac-
charide extracted from the cultured mycelia of Schizophyllum
commune

Samples ICso (mg/mL)
SC-UP 3.32
Mannitol 1.66

The incubation mixture consisting of 1.0 mL was composed
of a sample in DW, potassium phosphate buffer (10 mM, pH
7.4), deoxyribose (2.8 mM), hydrogen peroxide (2.8 mM),
EDTA (0.1 mM) chealated ferrous chloride (0.02 mM) and as-
corbic acid (0.1 mM). After incubation at 37°C for 60 min,
add the TCA (5.6%) 500 pL, TBA (2%, in 0.05 M NaOH) 500
pL and then heated for 20 min at 100°C. Each reaction mixture
was add the BuOH : pyridine (15:1, v/v) solution 3 mL, vortex-
ing, centrifuge at 3,000 rpm for 10 min, and the supernatant
was measured by spectrophotometrically at 532 nm.
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Table 4. Tyrosinase inhibitory activity of the polysaccharide ex-
tracted from the cultured mycelia of Schizophyllum commune
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Table 5. Antimicrobial activity of the polysaccharide extracted
from the cultured mycelia of Schizophyllum commune

Samples Tyrosinase inhibitory ratio (%)
SC-UP 19.9
Arbutin 31.8
Kojic acid 99.0

Sample concentration: 1.0 mg/mL.
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Samples P. acnes P. acnes P. acnes
ATCC11827 ATCC11828 ATCC6919
SC-UP 10.0 10.0 10.0
SC-NEP >20.0 >20.0 >20.0
CFX (ug/mL) 0.2 0.790 0.790
DMSO (%) 100.0 100.0 100.0

DMSO: final 10%, CFX: Cefotaxime (Claforan).
MIC: minimum inhibitory concentration.

Table 6. Transdermal flux of the polysaccharide extracted from
the cultured mycelia of Schizophyllum commune

Time course Transdermal flux (ug/cmS-hr)

After 3 hr 47.2 (0.47%)
After 6 hr 72.5 (0.73%)
After 9 hr 120.5 (1.20%)
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