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ABSTRACT

Coriolus versicolor (syn. Trametes versicolor) is a kind of medicinal fungus used in traditional
Chinese herbal remedies. Two substances extracted from the intracellular mycelium by submerged
fermentation, polysaccharopeptide (PSP) and polysaccharopeptide Krestin (PSK), are currently being
studied as possible complementary cancer treatments. The herb (Scutellaria barbata) is a perennial
native to southern China and the entire Korean peninsula. In traditional Chinese medicine (TCM), this
herb is used as an anti-inflammatory, diuretic, and antitumor agent, especially in liver diseases such as
hepatitis and hepatocellular carcinoma. Since little information has previously been reported thereon,
the purpose of this study was to compare the production, chemical properties and immuno-regulatory
activities of ePSP from Coriolus versicolor local-strain LH1 submerged fermentation of the medium
with/without the addition of trace amounts of liquid Scutellaria barbata extracts (SBE). The results
suggest that there are significant differences between ePSP-Cv (without the addition of SBE to the
medium) and ePSP-Cv-SBE (with SBE addition). The mycelial biomass, production and productivity
of ePSP-Cv-SBE from Coriolus versicolor strain LH1 with the addition of SBE to the medium were
higher than in the control (without SBE addition). There was a significant difference in the
composition percentage of monosaccharide in the polysaccharide of ePSP-Cv-SBE and that in the
ePSP-Cv. The arabinose content was 3.89 mg/g in the ePSP-Cv-SBE; however, arabinose could not
be detected in the ePSP-Cv. The production of NO, IL-1 and IL-6 from macrophage RAW264.7
induced by the ePSP-Cv-SBE was higher than in the ePSP-Cv without LPS (lipopolysaccharide)
treatment.

Key Words: Coriolus versicolor, Trametes versicolor, Scutellaria barbata, polysaccharopeptides,

fermentation, chemical properties, immuno-regulatory activities
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V(e PSP PHEET N IL-1B W IL-6 V5T 9%El > O fYEE
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( phy-tosteryl-p-D-glucoside ) wi.'éji#’iif,[i [35, 11, 14,
41,40]-Dai &~ [9] 7] BTl H22 AV -+ i 3 A2
F VPR LA T 2R RO (SRR -
R VP IE I 2 IERE ol & ?’Jifll§5‘7u i PR
FITPFIRRS! fiede [’“‘ﬁ'[‘i‘: [1] yu@gﬁﬁ*ﬁ
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Coriolus versicolor LHI (f{#§7 Cv) %"«\Elfﬁﬁﬁjw'ﬁ )
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1. ARl

JFj Cv 784 5 PDA if" & Fll %%ﬁl (4.0%

glucose, 0.3% 0.15% KH,PO, * 0.15%

MgSO,7H,0) ¥+ 150 rpm @@%ﬁiﬁfﬁ%fﬁ (25°C) iﬁfﬁ%
53
2. F RSSO SR B

4 #38 (Scutellaria barbata) E%FF‘M?EWFHI%FW’ vz
B AR 100 g Yt IL RO 7f 0 2 2 /PR YA > RS
VRS P AT 100 mL - T S5 A % Uik (Salvia
barbata extract, SBE) > SBE i D“Ifﬁéi Y 95% JlifE > 24
] Eﬁiﬁ%ﬁ%&? [ 3,783 xg ~ 30 Y iEE S > B P EL A AL
58 2[5 polysaccharopeptide-Scatellaria barbata, PSP-SB )e
3. FEPERNE Fe“ﬂ‘fﬁ%b;ﬁ’iﬂl'ﬁ LTI

SEFE PR %g [ 910.5% (v/v) SBE 8 - '),
Y 10.5% (v/v) SBE ELEFIA - 20 L s PRAEA I 51+ - ot
i 150 rpm -~ 3pj%EEN lvvm - 3EE 25°C HELYE
pH 5.0 « i dr A= VETFE % 0 JRJRR]] 3783 xg ~ 30 53
s et [}“I[f gu95% THEE! fa?@f;,’ii? 4°C Jj¢

peptone,

A1 24 7] Eﬁi%ﬁ FIRSES S RSl o g S
T 9w 9t % P B ( extracellular  polysaccharopeptides,

ePSP-Cv) o [[iplbf ZgLFl N P Rl 3 2V 22 1
It %k I] ePSP-Cv-SBE ( extracellular polysaccharopeptides

Scutellaria barbata extract ) FLI}J & F g AR TVREE
F I RIS oPSP-Cy fy ¢+ TP SR
B It LR [10]
4. i "iﬂliﬂ‘fﬁ%mﬁg' 2k %If[hﬂ%llﬁﬁ

}Hh Eﬁiﬂﬁé ePSP-Cv ~ ePSP-Cv-SBE » PSP-SB /3 []]
10 mg 1#,11‘5 1 mL nfE'ﬁnJi"fﬁ # 3l DMEM ( Dulbecoo’s
modification of Eagle’s Basal medium ) f[1> “[1* 100 units/mL

Ty sk 100 pg/mL FaMksk - RERWES - 5V HEEE]

0.22 pm VEVIFGHIE - [ PR g A E TR - By
?ﬁ”DMEM ARG RN FCES EING =L

5. SUEIE I

(D #ﬁr TR SE ) AOAC (1995) [5] ik 534 -

(2) H'l*?ﬁ){ﬁ*ﬁé% SiAT L S TR, (AR~ 45
P~ TIEER ~ AR T (Rl A,E'l JRE - 2V 0.5¢
TRBE 9 2P R4 " 5 mL 2M = TR

(trifluoroacetic acid, TFA) » % 100°C 7Hﬁ [l'}}ﬁ;’ﬁfj 3
fFhEEFRE 16 ) Eﬁ » ALTRESRAE o ~MEARAT 80°C
HbLEfizE > P S mL S s J“iﬁ‘,ﬁjﬁf—, J IN NaOH i
E= % I 045 pm ERERGEIRCY 0 ') HPLC

(JascoPU-2080 Plus) 73 A7 §otnb 55 o ffli =53 it
E% SUGAR SP0810 ( Shodex, 8 mmx300 mm ) » i
£% 0.8 mL/min » F2EAAfEIEL S BES s o

(3) FTIR [l 53 7 ¢ 1 {fa 557 98 00 3 B, ( Fourier
transform infrared, FTIR ) 55 7%l %FF' iR KBr
BRI AT 24 1 PSS (1:100) B
IJETIR 5347 » HLEEaEip 500-4000 cm! > A,
?%’.2 em™ ﬁ?ﬁ% » E- j’?ﬂﬂ%‘fﬂ‘ﬁﬁ 3275 o

6. ,%\E"iéfi*‘fﬁ%?s’r %p’ﬁ#z‘?ﬁﬂp
YELDIE T RAW264.7 (ATCC TIB-71) [ [ 1A flh~

%Wﬁﬁ’?ﬁc PR 1o © 57 DMEM iﬁfﬁ,%glﬁ lﬁ%*’ip 10%

F‘,if &% 100 units/mL ?‘ =k % 100 pg/mL Gk > e

AT 5% CO, » 37°C ISR AL - 24 5P wB 2

U 0.5 mL Ak (2x10° cells/mL) > Wi 24 | B A

FESTHIOE T 025 mL A £, 250 pg/mL fiY ePSP-Cv -

ePSP-Cv-SBE * PSP-SB F|“[I* 0.25 mL DMEM > ?F’J?%‘i‘?l £

I mL - LPS (lipopolysacchrides ) ##filli [

ePSP-Cv-SBE * PSP-SB 0.25 mL JfF |

29[ % ePSP-Cv -
1% 025 mL .V L
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(20 pg/mL) > {F&iﬁg?ﬁ £ 1 mL o 10. FEFFT
LU S5 | s e U By iR Statistical Analysis System 6.0 ﬁﬁ\"ﬁ%’%."? 73
HOE T A Y RAW264.7 ') MTT ( 3-[4, o I')] ANOVA %75 (Bl ;57 > '] Duncan’s multiple

5-Dimethylthiazol-2yl]-2, 5-diphenyl-tetrazdium bromide) 7
TERIRSE SRS 06 T HR B S TRV £
» MTT RS IR 57 R R
&\ ¥ (dehydrogenase ) iﬁ‘[‘%ﬁﬂﬁf HIEA E'ﬁ‘ﬂiflli A
Y 62.5 pg/mL ¥ U ePSP-CvePSP-Cv-SBE * PSP-SB>
A48 [ R A 30 WL MTT « A0 2 /| [ i
R0 DMSO ( dimethyl sulfoxide ) » I') ELISA 5347

%

1x10* cells/100L/+™

% (Bio-Tek, pQuant™) J[E 570 nm VL fift > I') 5
PEESD O.D. LR > BUER= fik -
8. NO A
AR RS 06 LB ARl 2SRRS4 1x10*
AV o BT SPETR LPS » 57 48 [
VAR R 96 S0 Ui TRV Greiss F9] (1%
sulfanilamide/ 0.1% NED(N-(1-naphthyl)-ethylenediamine)
/5% H3PO, ) K4 IE 5] 15 55 &8 I') ELISA 55 #7( Bio-Tek,
uQuant™) J* ODsyg nm JEIE A ffl » I JST) (sodium
nitrite ) S [FAZVERIRSf SR - B WERZ EIH -
9. AR MV
AV FEET 24 TR BRI D AR 8
1x10° {lfaf & o 55155 pjap CPETHRL S LPS > 0T 15
%ﬁl%@z’ﬁlJJmJﬁﬁﬂ}?ﬂ% £ 1 mL - K7™ 3 E”«]Eﬂ“ﬁ%ffl
(5% COy, 37°C) [l 48 /| [ > Y- AFVo e » 1l
5 -80°C T7AE T i aiAr I sk o) VAR A o
PIFy 3 A=k ELISA PR HETRpIA
Wk o $25 ] mouse IL-1B (e-Bioscience )
(e-Bioscience ) > mouse TNF-a ( e-Bioscience ) ]iﬂi’ (=3

Pkl DY D4

s st
== A

~ mouse IL-6

1. iﬁ%ﬁl ‘J.\‘J[If[’dﬁé“[‘;—r?“r_ﬁ}ﬁélm?%@ Rl

range test it~ I RS 1574 B! (p<0.05) VE=4E -

QIR i e H%?fg‘vﬂwl“'%%ﬁlflléfﬁlmﬁ KRR
ZPETs (ePSP) W4 R VHYE
BB AR S TR B 2P B
& %V B | A SN ePSP-Cv-SBE & I -
ER NS R R v U N N
ePSP-Cv » {F /] W3 [ikfyfel  JVjfleV ePSP-Cv-LBE - Tavares
W8 [30] PO IFD i INETLH R 25 8 FE 5 3 4
P1 (yeast malt extract) Wf,%ﬁlf[ gt 3.8 gL fanh
0.70 g/L ePSP> £l ¢PSP §§I§L‘£¢fﬁ‘}zt&f$o£ﬁﬁ CuiZ * [8]
i S
HI STHIHEE] 8.9 g/L = 10.6 g/L Psfiid o 5 ePSP & &1 53]
B 115 H11.32 g/L » i AP 1 ePSP-Cv-SBE £ (% -
FIP] AOAC [5] i A4 A58 SVl — qe(=5p
# HEA A1 38.10% 1 B 16.27% R

FIB = Ff[!,—l— Wr-74 % ATCC-20545 1{J

El S
E17]

ort

M-

6.75% ~ 755 fﬁ10.71% BE;@aﬁéfﬁz&n% ) %ﬁﬁ#)&ﬁ“‘ﬁ
PISRE 2 RICEE S S RBAA TS &

(scutellarin ) ~ 7r 2t =k (apigenin) ~ 4 =%13k (luteolin) ~

E-1-(4V-hydroxyphenyl)-but-1-en-3-one [5] B R R
( protocatechuic acid ) -~ acacetin-7-diglucuronide *
luteolin-7-diglucuronide [34] I f4F ,ﬂﬁf‘?}%l[ e

Es ?’Jiﬂ‘fﬁﬁﬁl YRy RS SO R i"“@*ﬁ?ﬂiﬁﬁ
BIEET s 4 Fs ?V?rfzj/iiﬁﬁp? AR PRI
% i A oS gl F"TA FT'J ol (LY & BHET I l/ﬁrgggz}*a?f’m
R H/—%"ﬁ—j o

4 WTEl K ePSP 4

-

~Jugt FEETR RV & R 0V RS

Jargt 2pEts ik AL AR S VR (/L) | W9t 2EEIEEN (L) | 4 F EINES S

ePSP-Cv"” & 2.38 0.61 0.26 P
ePSP-Cv-SBE™ 0.5% A 153 Tk 3.70 1.37 0.38 !
ePSP-Cv-LBE™ 0.5% Hpfel Juifk 3.71 1.66 0.45 Lin et al., 2008

?:5 DRL R Jagh 2P/t BT
2 SIS ALY S 109
*3 ¥ T{l#— S H TV 22T Ja gt

*4 TR kTR %qﬂ'ﬁ FW‘
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SREE RIS S E AR LN S RN I i [ER g S HIENS 72

(Z) ST ST F 1658 2PER VR &
1. Ggf f@f‘rﬁa

SRS VE ORI R AR SV o
SRR ] ppqu YRR E R 2
ePSP-Cv-SBE jif 1FT /1 £l 15.6% % ePSP-Cv jirf 17 (3 &l
13.8% HIT o~ 455) PSPV i VIT B B1H9EL 15% [39]
ﬁﬁ'¢ﬁ?%d/PSKiL*%wL
(3. #E ePSP-Cv-LBE 157 1 r@r‘rﬁgﬁaﬁz ePSP-Cv 71
L7 £ (170« )2 PARIERT 2 SRR LY 1
[ ﬁ'ﬁj%‘l‘:b [16] -
2. M A5

S BRBRLIE AR A AR VR L gt
LR R el SPETS D B RS P 3 A
Pt ePSP-Cv-SBE = ePSP-Cv I Hf ik~ n% 5% L »
ePSP-Cv-SBE [ 1# /M /1 £ 60.64 mg/g KT (4" ePSP-Cv
- 82.27 mg/g * ePSP-Cv-LBE ' 80.06 mg/g: ePSP-Cv-SBE

BT S B 28-35% [31] « 25

)

£ B

flﬁ‘l

2. &Y [l

E, BELE LJ[I# R (SN
e 4 s SR l’?’Fr”,iﬁJPﬂi
LN AR (%) EINEE S

ePSP-Cv’! 13.I8 +0.3 Lin ¥ * [17]
ePSP-Cv-SBE™ 15.6+0.3 FPE
ePSP-Cv-LBE"” 22615 Lin £7* [17]
PSP-SB™ 19.0 +0.7 F P

ﬁ% SR HIE S G G A R L

RIE ﬂ“ﬁféi 21.38 mg/g H[JHHH, E,’ ¥ ePSP-Cv .V 8.67 mg/g

% ePSP-Cv-LBE [ 9.29 mg/g : ePSP-Cv-SBE [ ] %F% T El
£ 6.66 mg/g P {Xh> ePSP-Cv .V 8.18 mg/g ; ePSP-Cv-SBE
HI7H$‘3? > E1ET 7.43 mg/g EJ[J%T%",F( %+ ePSP-Cv 7 0.87 mg/g ;
ePSP-Cv-SBE Hlﬁfr’ﬁﬁl;{ﬁf[; f3 89 mg/g > F {9E=ET Judt
LTSI (REJE] o 4 ePSP-Cv-SBE % ¢PSP-Cv-LBE
J BUPEAZ S o ePSP-Cv-SBE V4 5™ 0 F| bl iy 4 1
¢PSP-Cv-LBE : ¢PSP-Cv-SBE .V #i 4 (%4> ePSP-Cv-LBE
% ePSP-Cv » R ePSP-Cv-LBE * ePSP-Cv 4 |Eﬁ§ﬂ§”ﬁﬁ’ﬁ
i e Tavares 7 [30] [ [y T ﬁﬁf’lgﬁl (fﬁﬁ%?%%ﬁlb
[R5 1 3 30k )if’, S5 PRESLE Esp r %%FIE} fid
95% o f'1 ePSP-Cv-SBE 75} T’TH'I,_/]EWE%X”F’?E"W? PSP-SB »
PSP-SB ] £ 1= 1518 0 (17 10.78 me/g ~ % T Ph({771.00
mg/g ~ FIFFH{{T 15.45 mg/g > == ePSP-Cv-SBE [l 18 5kt
60.64 mg/g ~ & 5‘“}}%[#,‘21.38 mg/g ~ ] ;ﬁ%[ﬁ 6.66 mg/g ~
HHI7.43 mgle I ({389 mee £ 5T 4
A BN AE Y IV il ePSP-Cv [I%‘fﬁi"ﬁ&f‘ﬁj%é@

7o

I o
1526 55 A
3FTIR [ 347
F|5| FTIR 53 #7 ePSP-Cv #{1 ePSP-Cv-SBE #1Zl 7 3419+

1641 1 1078 om™ i 7[RI syl (UPTRI1) > Ng »

Chan [24] #5555 PSP piJ FTIR ﬁ%‘y' F [1E 3 — WigE 1078 cm™!
AT e S
It Yang % Zhou [39] fi11%5) PSP iU FTIR ﬁ‘?w‘lrﬂ HIio:

3400 ~ 1650 ~ 1050 * 893 cm i # [¥%.-OH ~ -NH, ~ C-O0-C

2R AR R R T pﬂiqk . W p-glycosidic SRS « 7 930 + 1038 ~ 1078 M
*3 15 Jp?ﬂ‘anﬁ’ TORERE I S5 Tt 2piTs W» ”
4§t i 161 e fE 1 221117 Pglycosidie FTfEH A [27]

=V *‘ﬁ%ﬁl FIEp ‘J['a” BRIV IV Ju gt ST A AR ST FIRERD B P
PSR /g rati
e - HTpHAS émggra io) _ e
TP EER kG ERG e 5 {1

ePSP-Cv"! 82.27 8.67 8.18 0.87 n.d.” i
ePSP-Cv-SBE™ 60.64 21.38 6.66 7.43 3.89 L
ePSP-Cv-LBE™ 80.06 9.29 1.92 8.73 n.d. Lin £~ [17]

PSP-SB™ 10.78 71.00 15.45 n.d. n.d. e

PSP-LB" 4921 17.06 n.d. 1.33 32.40 Lin 5"~ [17]

iit DL SR SR SR Y D g S
*2 n.d. 7 [

I[P AL VAR b 2D S gt 2PETs S
4T fpA R TUIRATI 2 A9t 2
ﬁ$ﬁ%%ﬁ%'

*6 ﬁpﬁl f;,ﬁgﬁﬁ °
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[ / N T\, cPSP-Cy-SBE
5™ | f - AN
v/ - - PSP-SB
/ -
o™ / ' o
Sl Wtepsp-Cy
8
’é e
@ 60} i 'X.
s | .l'l / |
b= I
E o \\ /
3 I
N/

40.0:
4000.0 3600 3200 2800 2400 2000 1800 1600

Wavenumber (em™)

I400 1200 1000 800 600 500.0

[

DB G RTE N RBI T Y 55 35
XN - TE ] %E’J@q—& -/ FTIR ﬁ%ﬂﬁ

lﬁ' 1.

EiS
1078 cm™!

FI1= 7 i el pl I, 893 em” ﬁgr’ (EE)
RIS E) BI—3) glycosidic FRTHLY g
7 - Yang 2 Zhang [38] #5[1{fit!: 905-876 cm1 R TE]

B-D-glucose V[0 > 7 1100-1010 cm ™' &5 pyranoside
= (I T s o furanoside F) T I o A PEAAS
1100-1010 cm" sl #-6i ¢ | PEEEPR L 2F - Mata 5
[20] 534 A UHRRDT] FTIR v+ V] 1146 cm’! Al

| glycosidic H5if it - Rau 37~ [26] |l C
versicolor ATCC 200801 I Jaf % J<HIF’“J Ml (1—-3) £
= GEARFRER [ Co BT B—6) bl Bt
B BT 2T PRI pA—3) ERY
i o

) - efREE=. 550 LHIL %%EHI? 4R Uk
T B I BT A BT S (SRR g ’?’?ﬁi‘b?ﬁ
[REAE Y 55 d i@ > ]| iﬁf i P@Tﬂ# PSP-SB -~
ePSP-Cv-SBE 45! 7] B(1—>3) PRV + Puaitf «
(= ) ePSP-Cv ~ ePSP-Cv-SBE % PSP-SB [ @%Qﬁip &
Y
L BFZIER1S RAW264.7 Aot iy
Z/[Iqigll 2 B4
fiJ ePSP-Cv ~ ePSP-Cv-SBE #{I PSP-SB » i 48 | 1 2 A Af

El—.L

fRilE

ePSP-Cv A1

IS RAW264.7 1917 62,5 pg/ml

et < 5REF101.3 £14.041303 £ 11.9 % 120.6 + 17.0%>
RS 534 (p < 0.05, Duncan’s multiple range test) £ a > 2
P TR VPO R R YA
2. SfIRAIY RAW264.7 54 NO I fy4%

IR AR S L 4 e gt %
TS 3 o RS % PIRESHTE SR T P

D
<

=
S
—e

1)
=]

o
S
e

60

Cell viability (%)
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