Korean J. Food Sci. Technol. Vol. 33, No. 1, pp. 122~127 (2001)

Fpu|uA RHURZRE 223 S50 54

A4 -

AT ATIAQTE, HEA

KOREAN JOURNAL OF

GANE YOI

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

e

al
=

o

SRS

=20

o]zo*
LT

NEFEh

Biological Activities of Substance Extracted from
the Fruit Body of Formitopsis rosea

Ho-kweon Chung and June-Woo Lee™

Biomaterial research center, Charmzone Co.,
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This study was conducted to investigate the characteristics and biological activities of the substance extracted
from the fruit body of Formitopsis rosea. The substance was extracted by hot water and then it was separated
high and low molecular weight fraction by ethanol precipitation, The high molecular weight fraction was found
to be a proteoglycan composed of glucose, mannose, galactose, xylose, fructose, ribose and amino acids. The
amino acids of proteoglycan were mainly threonine, isoleucine, glycine, aspartic acid. Anticomplementary activity
of the high molecular weight fraction was higher than that of the low molecular weight fraction. And also, the
high molecular weight fraction enhanced phagocytic activity and nitric oxide production of macrophage. In enzy-
matic lipid peroxidation reaction with ADP-FeCl,-NADPH, the lipid peroxidation was inhibited 82.4% and 86.6%
by high and low molecular weight fractions, in nonenzymatic lipid peroxidation reaction, it was 83.0% and

84.6%, respectively.
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G435t32A; s =yo] &3] o] Fon, H2de
HAAE e R AA|gsle] P2 polysaccharide-K(Kres-
tin), Lentinus edodes25-8 223 lentinan® 2 Schizophyl-
Ium commun©|X E-2gt schizoplyllan(5>°] Hay A L 3
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Formitopsis rosea= 7873 3} (Polyporaceae) FHjH]H]
A& (Elfvingia)dl] &3hs HACR thdAl FEA|WAREGHo
2 FHAA 5‘_;53}57_ Ae Aoz IRt ZH2 wWdg
i HE ~dgd, 39 A9E o9y HEspt &

T3 AN ZEO] AL, AL T, EA=
8~9X5~6 umZ FFoln, FxR= Hi‘s‘éom AR
FZAoItd®, Al tigk Are F2 WY - P
el & A7t FRE 01F QLO‘/]'(Z) e B ¥
< A7t o]FA 0111 B2 Ao, ol ATRE AFE
T oJopEo R sidte] Hy-g Aot

A 2 Ao e HIHA AR B 5E A#Ake
Rz EFL B3l olEe &, wd 7 F o E
A3 opueite]l A& 2SI}, Formitopsis rosea®] %]
e golur] fEiMe e 27] vhe-S TR &
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2 Ao gl AFA] NE E85E 7KH tiaAx2e
o] Bofste Eled @48 1] E2< nitric oxide,
tumor necrosis factor, B A2} TAH|Ee] EAlslel BeHo] ¢l
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B Aol Mg MRS 2B WA (Formitopsis rosea) At
AANE o] L3lStt T FFE 9% sulfuric acid®} phenol,
streptomycin 2! penicillin, LPS(E. coli 0127:B8), IFN-y,
NaNO, 52 Sigma(USA, St. Louis MO), @& Ao
bicinchoninic acidBCA, Pierce Co)E AFE3l%ct SEME
HlkS 3 streptomycin, penicilline, RPMI 1640, DMEM
(Dulbecco’s modified eagle’s medium) B3] 2 fetal new
born calf serum< GIBCO(Grand Island, N.Y)A}, mTNF-o
ELISA kit(Factor-Test-X)= GenzymerHUSA, Cambridge MA)
ZRE 7St AMESITh 7E AR 5F9] Aok
AHE-sHATE.
dEEsE ¥ SEME
Mousex= 8~10 F# 2] 20~25 g1 ICRAl -$4, ratst= 230~
250 g9 S-DAl Ao ASEAANA FYhste] AREEIH2
W, FEY ARG 270R AFUTEY 25 242C FE
E 55~60%, light cycle 1271704 23k AAHNE FX319
o, u¥ Algel E& FAR FFskith Moused &7
A 9} Raw 264.7 HAM 2] WX 2= 10%2] FCS7H
X3¢ DMEME A&t peti dishE ©]&3te] 2~3Y v}
o} Altiste] FHA Aol ARSI

Azel =X

WAl AAAES 1xX2eme) 2712 @S] 100i(wiv, %)
9 2% 718 110°CellA] 308 59t 23] W &8, 75um
ol A& A3 AL Ho} |5%OR FEt 25
of 3ule] oet&-S slall 2447 T AT TS A4E
ZE dAslHT. HAES A £ vls] 783 AlA
B Yy s2= B 597k AL g
SR emGEar £3), 4E4e w5 2 FH7AZR A

2 494 AAtFg. ).

o, cHHE 3 hexosamineo| Mz
39] ¢3RS phenol-sulfuric acid ¥ 2 A3 on] o

52 hexosamine®] $E-E Belchere] WHHbVo 7 2435}
.01, 2-amino-2-deoxy-D-glucose-HCl(Sigma Co.)& ©]-&3}
o de HEIdonre 45t

,
[}

WA FFE BCA BHY YFAHS ALgale] 2k,
[}
O

FoE ¥ olo|ite] &4

FAY 2437 98 AlE 10mgS 0.1 N HClo &34
A E FAAZ T, 1000CAHAM 5A17F B)E THRREIAL
Zow, o37)o) 3] ethanold 7Vl 4°CollA &= =

| Fruit body |

Extracted with DW(10 Vol.)
at 110C for 30 min. (2 times)
Filtered by 75 pm mesh

Supernatant

Concentrated by evaporator (1/5 Vol.)
Added the EtOH (3 Vol)

Standed for 24 hrs

Centrifuged at 3,200 x g for 15 min.

‘ Supern;_n_az]

Concentrated by evaporator (1/5 Vol.)

i Precipitate l

Dialyzed with cold
water for 5 days

Lyophillized Lyophillized l
High mel. Low mol.
frac. frac.

Fig. 1. Procedure for preparation of the fractionations from fruit
body of Formitopsis rosea

T QaRdse de NS FAARNUL. o)A
S 1mLe pyridine] &31A]7]2 0.2 mLe] hexamethyl disi-
lazane®t 0.1 mL®) trimethyl chlorosilane2- 718FaL 80°CojlA
3087 WEAIA T BEgd Fo] @2 gas chromatography
(Shimadzu GL 9A)E o|&-3l] E4stslon, 4= o
23 74t} column; 3% OV-17(80~100 mesh Shimalite) 3 mm(D)
X3m(L) borosilicate glass packed column, column temper-
ature; 150~180°C, gradient; 1°C/1 min, detector; frame ion-
ization detector(FID), detector temperature; 190°C, injection
temperature; 190°C, flow rate; carrier gas-N,(50 mL/min),
combustion gas-H,(60 mL/min), air(60 mL/min). ++/go}7] =4k
BHe A8 4mgd 1mLe 6N HClHl 8347, A28 &
A3k F wEEle 110°CoA] 24417 Ft TR AR §
Lee 5o] Whyo] wheh £4E HAIET.
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=xtE &8

B23S Sepharose CL-4B column( ¢ 2.6 cmX 52 cm)ol| A
fraction volumeS 2mLE 3} chromatographyS 2310,
Zo] #¢loj= phenol-sulfuric acidH & ©]8-8te] HAAIA
490 nmollAl FHEE =G5 Bx 4L 9% 2%
EAZE Sigmaite] dextran(2,000 kD, 500kD, 124kD, 9.3 kD)
S AMESITH

sEXgde &3

R FHLE Lee 529 WHE o] &3l S43on,
3o Ak 71517] f8led, complement®l hemolysinl] ™
3 g4 971E Zsl] A olgsiditt vhEES 70uL
9] 0.5M EDTAE 718l ®be-& A7 5 400X goll X
SEZF Q4] st ol AL 541 nmoll FREE
23390 FEA DAL gz UM FEA SEEEG0%
of total complement hemolysis; TCH50, %)2] 2] & (inhibi-
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tion of TCH,,; ITCH,,%)Z YeER}AT).
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L8993 AlEre] 248 Jemnedt Nordin'Ve} Wl w}
2t Y3 Mouse 5SFIEIE 1722 319 20 mg/kg FE9]
AEE A% 5UTF Bl Fosia 5o Ad & 1x10
M SRBCE B7 A8l HYAATY. 59 3 mouseE X
AMNZIZL 8BS FEfste] WWe] Hank’s balanced salt solu-
tion(HBSS)l| ¥ 3 #fste] BIZAZE FEAIZ] 2L 400
XgolA 57 94EEst] Aol o)g3isith. £8nEA
ANEZFLE 2337 8 B3 E 0.1 mL(1X 108 cells/mL)2};
0.1mL9 10% SRBCE 0.7% agar£&% 2mlLe| &%3}la]
1.5% agar 71A3 3 FdaA £F3 F 37°ColA 6027
22 A ZT o rlol BAIZA 10%2] guinea pig serum=
25mlA 7Fsted 37°CellA 3087 wEeAZl & agulely
AEZFE AT

Elalsol 53

A58 Kanari 509 ¥ w2} carbon clearance rate
24 2439t 20mghkg 552 ARE E7hfo] A& 5
U7 T3, 2487 & mouse?] ZHAM carbon F-&
ol (Perikan drawing ink 17 black 3mL, A4 95 4mL 2
3% gelatin 4mLe] &3NS 025 mL/mouse® FASIL 3%,
6 2 97 Fol kepdHolA 30ulLE AEF 2A) 3mLe
0.1% Na,COZ 713to] £3AZ ¥ 675mmol FF=E
ZA 3} t). Carbon clearance ratex= o} 2joll oJ3] A4ks}

ok,

(t,—t;)(1/2)0D;
2 = OD, - 0D,

t,=Initial time(min)
OD,=t, 14 ¢] OD%:
OD,=t,141¢] OD%k

Mouse &zt CHA|M[Z2| 2|

Mouse £7F QHAEE e A4 mouse] 3%2)
thioglycolate broth(Difco Co.) 2mLE E7] T3tz 6
5, Bo2RY Eeste Aol ARSI tiyA e
EEE 10mLe] Ca*, Mg*-free HBSSE E7} W2 F¢3}
3, moused A3t F=E JPEA EE UL FAPIE ol¢
gto] AZE Hol 200X gollA 5EZF YRS 23 whE
AA AT Held AEE DMEMS 28-A17A petri dishol
¢t incubator(5% CO,, 37°C)IA 2417+ E<F wj<k
SHTh WiYF & AdEo] uRag AEE AAY F, 10%
FCS7} &-7¥ DMEM HIA & n¥sle] o)E AF Z3Z o
et ARE-SFSATE.

Nitric oxide®| &3

AN EZRTE QA== NOE FH57] 98, 96 well
of WAMEE BF3}aL, 281X B9t & wiksie] w]EE A
ZE AASAL ZF welle]l A8 F NZEF 10pgE )3}
of 37°CellM 5% CO, 3slolA] 24217k B3t vl & 5, NO A

’%-& Ding 5] #PHo| w=t ). 7=k, 100 pL
o] ujoklzt 2| Griess reagent(1% sulfanilamide, 0.1%
naphthylene diamine dihydrochloride, 2.5% H,PO,)& 7}k
A-2oM 108 5 ¥RAIZ] ¥, 540 nmellx] ELISA(Bio-Tek
instrument, Inc. Ceres UV. HDi)E °©]&sle] S33%T}E NO,
9] FEE sodium nitriteE ©]-&3fd ol FFEZHE X
% 202 445 Zgaqch

TNF-02| &4

Moused] 8% % tiAZ #FE W] TNF-o] FZ
multiple antibody sandwich Y& ©]83t solid-phase ELISA
WHE olgRor, M APAHL Lee'¥9 LT W
HoZ AAEAT ¥ FAF A2olA 107 F<t A8t
T 30% ool ELISA readerE ©]-&3}d 450 nmollA] &%
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Microsome®] E2]8} in vitro X2 #2343} A5 &4
& Kiso 579 WS o] g3t AF #td Je=
Ohkawa 592] WEg o]83l A% malondialdehyde(MDA)
Fe FAAUT. BEEHEEA 1,1,3,3-tetramethoxypropane
(TMP)E o] &30 A|BUle] MDAZS AZslslon, As|
&2 thalel st ALtalsitt.

MDA of control ~ MDA of sample

Inhibition(%) = MDA of control

x 100(%)

SHXE
E AgoM e EAATE HaXLtEFOAE YERYS
], Fold AAE Student’s t-testz Q13T
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eI Al AR 2EE Ao TERlel AEA B3] 4
&3 slstd 248 Yot FAF= Table 13 2o} WAl &}
ARE AEsle] 1009 B 7138 110°ColA] 308 < &
F FE5T IEA 2 HERY] &2 247 04%9 3.6%%
o 2z} AE2 B FF T2 7+ 41.0%
28.0% o1, vMAL 39%9} 32%% FAMEUTE Hex-
osamineS VEZ} EENA 11.7%E Bol TRIZ o] &
I @ Ho] N-glucosidic ZFE S o|F= dHTITHA A
o7 FAEY HEA BEA g2 FF L Jeid
AL AR A2 R SAHIAY AR 7 f=
AEo o Az FHH.

Table 1. Chemical composition of low and high molecular fraction
extracted from Formitopsis rosea

Total sugar Protein Hexosamine  Yield

Sample (%) (%) (%) (%)
High mol. frac. 410 39 11.7 0.44
Low mol. frac. 28.0 32 - 3.60
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Table 2. Monosaccharides composition of high molecular fraction
extracted from Formitopsis rosea

Monosaccharide Content(%)
Arabinose 0.9
Ribose 2.6
Xylose 7.8
Mannose 12.2
Fructose 2.8
Galactose 12.1
-Glucose 33.1
-Glucose 28.5

Table 3. Amino acids composition of high molecular fraction
extracted from Formitopsis rosea

Amino acids Content(%)
Aspartic acid 9.0
Threonine 21.3
Serine 6.5
Glutamic acid 64
Proline 33
Glycine 10.0
Alanine 7.1
Cystein -
Valine 34
Methionine -
Isoleucine 114
Leucine 9.8
Tyrosine 37
Phenylalanine 03
Histidine 1.8
Lysine 37
Arginine 23

TdeEe 24

e AR =R T A 289 AT &
A A= Table 29 2} O AAE2 glucose?t 55 ©o1F
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HOERYE & & AdAdrh E A BEe] 9YR A
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Fig. 2. Molecula weight pattern of high molecular fraction
extracted from Formitopsis rosea

Table 4. Anticomplementary activity of low and high molecular
fraction extracted from Formitopsis rosea

Sample ITCH,((%)
Low mol. frac. 29+1.7
High mol. frac. 30.0£7.1

Krestin 14.0£2.3

Krestin: Obtained from Coriolus versicolor (Kurea Co., Japan).

FoiAE Zow LT, wEbA] FhEHA e IR
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glucosidic AFS ©)F= BHE F2E a1 e Ao
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Spll s AAARYE 229 T84 289 g @
A% patterns AF A 2749 peakrt VFERE O™, F peak
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2} B-FAE 300%, AEA TS 29%9) EAA 4%
& vehTh dubdo s Rz Ogirt BAAE @4
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Table 5. Hemolytic plaque forming cells assay of high molecular fraction extracted from Formitopsis rosea

Sample Spleen cells (107cells/mL) PFC (10°spleen cells) PFC/spleen (109 Stimulation Index (S.I.)
Normal 2.30+0.8 23+2.1 0.54+0.2 - ‘
Control 2.35+0.7 6.1£3.7 2.13+0.8 ) 1.0

High mol. frac. 2.39+1.2%* 3.6+2.2* 2.33+1.5% 1.1
Krestin 3.83+0.3 6.0+0.4% 7.10+4.3% 33

Normal: not immunized with SRBC, Control: immunized with SRBC.

*: Significantly different from the normal P<0.05.
#: Significantly different from the control P<0.05.

Table 6. Phagocytic activity of high molecular fraction extracted
from Formitopsis rosea

Table 8. TNF-o. production of low and high molecular fraction
extracted from Formitopsis rosea

Sample Carbon clearance rate (t,,,, min) Sample Nitric oxide(M) TNF-oupg/mL)
Control 10.6x4.2 Control 3.9+0.7 740£15
High mol. frac. 7.2+1.6 Low mol. frac. 3.240.5 521£135%*
Krestin 9.2+2.0 High mol. frac. 8.2+0.8 1505+312%*
Each value was represented as mean +S.D. of 5~6 mice. Lipopolysaccharide 53.6£3.5%* 5485+123*

Table 7. Nitric oxide production of low and high molecular
fraction extracted from Formitopsis rosea

Sample Nitric Oxide (UM)
Control 3.1+0.2
Low mol. frac. 3.2+0.1%
High mol. frac. 5.0£1.0%*
Krestin 3.0£0.3
Lipopolysaccharide 41.5+1.1

*: Significantly different from the control, p<0.01, **: P<0.05.

SIHAA S

HAl AAA Y] 32 B3 Eo] mouse®] A Ao T
A= GEE AEI] 95k, antigen®ZEA SRBCE A&
sto] A A= Table 591 UYERNATE SRBCE FAKS)H
A e oM e Uiz vlasted 39919 stimulation &
I+~ ioil_tt] SRBC 5X107cellsE FAIgH wollA= Atk
& ukes e o= o zAEL ol e A

= -5’: P oFR7E 2] A WA #SE effector
B H]E-OJ TE o F/MIHEOEA vt adjuvant®] 715

HA Z}éliﬂiyrﬁ 23 odF Ego] Az v
A= FFE AHEI] A8t carbon clearance rate(t,,)E
24 0}03] Table 6ol JePSITH A dFE FAT dx
oAM= 1068202 YePGor, 2R krestin 20 mgrkg
S T o) 7283 92802 yep) uiA OEF ¥
oAZoNAM tiAA R o] FUEE & F UUTh '
A2 AAT hE Ao 2EA PR 2T s F
NNBE, vRAs WAAZEE SESA o AxE
W EdES Byl 9t ¢ 5o WY 84e JE
We Aeg FHgoRM Az g3 dFS HES
JA; sk

*: Significantly different from the control P<0.01, **: P<0.05.

Table 9. Effect of low and high molecular fraction extracted
from Formitopsis rosea on Ascorbate-induced lipid peroxidation

Formed

Sample malondialdehyde Inhl(llnltéon%R)atlo
(nM/mL) -
Control 389«1.1 -
High mol. frac. 6.6+0.3* 83.0
Low mol. frac. 6.0+0.1* 84.6
Krestin 10.8+04* 722
Butylated hydroxytoluene 2.8+04* 928

*: Significantly different from the control, p<0.01.
Each value was represented-as mean+S.D. of two experiments.

Nitric oxide A&

FE2} 9 AER X &7} Raw 2647 A EF)A NO A4
o plXe EFE Yolry] flsted 43I AF= Table 7
of Yeligith o Az 782} B ARA 2FeA NO A
Aol 79 gAY vl YEhve Aoz ZAFEIT.
2 M Zo = mannoset B-glucan2] 82 EA7F HALE]
Foujen B Aol Az 3EALe] 79 mannose?t B-glucan
o] 3ol ERolE EFsIaL NO9| A4 o] ww|gh
i vehdezn tigRol ogt tiAAEe] EAslele

el B % 3 Huhe 723 53 Zdse
Q.E AzrEet

PURE AP

NO ¥ TNF-a ¥Ms

g4zt giaAzd digh 9 Loty 9k, 3%
thioglycollate(TG)E £7F FU 3 mouseZFE E7F t2A]
EE sl 7t 232 A sl NO ¥ TNF-aE &%
3 A= Table 83 ZAth A} 28] 79 NOSH TNF-
oo AL gz wsl 24z 218 2 2009 SUHE
Bou AR A4 3y Ziske AFE vEh
Ak
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Table 10. Effect of low and high molecular fraction extracted
from Formitopsis rosea on ADP/NADPH/Fe*-induced lipid pero-
xidation

Fomed Inhibition ratio
Sample malondialdehyde (LR.. %)
(nMmL) ’
Control 47.8+2.0 -
High mol. frac. 8.4+0.1* 82.4
Low mol. frac. 6.4+1.1% 86.6
Krestin 8.2+0.8* 82.8
Butylated hydroxytoluene 5.6+0.3* 883

*: Significantly different from the control, p<0.01.
Each value was represented as mean+S.D. of two experiments.

X&E S oS

AR 9 A ER B xAAE A S-S zAbe
71 915kl 7F microsome®] A|EE 78 3 AAAE MDAS
FE =3 ZAE Table 9 2 105} 7H2). Ascorbic acid9}b
FeSO. 0l ©Igt mA LA AARNE} fite] A9 gznie
mL% 38.9nM2] MDAZ A AZHL, 282 9@ AEAE=
ZA7F 6.6 nM/mLF} 6.0 nM/mLe] MDA /%S Bgom,
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