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Antiviral Activity of Hot-Water Extract and Its Ethanol Precipitate of Phellinus pini Fruiting Body.
Lee, Sae Mi, Sung-Min Kim, Yoon-Hee Lee, Woo Jung Kim, Ye-Seul Na, Hyun Guell Kim, Jae-Hwan
Nam, Hyun Dong Shin', Doo Han Kwon?, and Yong Il Park*. Department of Biotechnology and The Biom-
aterial Fngineering Research Center, The Catholic University of Korea, Bucheon 420-743, Korea, 'Dept. of Envi-
ronmental Science and Ecologieal Engineering, Korea University, Seoul 136-701, Korea, ’Korea Research
Institute for Bioscience and Biotechnology, Daejeon 305-806, Korea — The crushed fruiting body of Alaskan
Porodaedalea pini (Brot.) Murrill (syn. Phellinus pini) was extracted in boiling water for 4 h with the yield of
20.5% in dry mass. This hot-water extract showed significant antiviral activity by inhjbiting the plaque forma-
tion in HeLa cells by coxackievirus B3 (CVB3) and also showed highest inhibitory effect against neuramini-
dase activity among water extracts of various mushrooms. From the water extract, the ethanol precipitate (EP)
and supernatant fraction (ES) were obtained through 75% ethanol precipitation with the yield of 43.3% and
28.3 % in dry mass, respectively. Whereas ES did not show any detectable level of antiviral activity, EP
showed significant dose-dependent inhibition of plaque formation by CVB3 in HeLa cells with an ECso (50%
effective concentration) of 0.45 mg/mL. The cytotoxicity on HeLa cells by EP was relatively low with the
CCs0 (50% cytotoxic concentration) of 2.25 mg/mL. EP also effectively inhibited neuraminidase activity in a
dose-dependent manner showing up to 75% inhibition at 1.7 mg/mL. These results suggest that the hot-water
extract and its EP of P, pini fruiﬁng body can be a candidate for the development of a potent broad-range anti-
viral agent against influenza virus(Flu) as well as CVB3. The major active component of EP was shown to be
a heteropolysaccharide-protein complex containing glucose as the main sugar residue with mole percentage of

79.8% and other sugars like galactose (19.2%), xylose (17%), mannose (5.8%), and fucose (4.6%) and a small
portion (12.7%, in mass) of protein.
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%2 & WAl [Porodaedalea pini (Brot.) Murrill] (syn.
Phellinus pini)?] APdAE Ge2vlA AFAH Gk
FAFr 7 o] 2 (Seoul, Korea)E 8] A3 RIgkon, i1z
Set AFERANQTAZIE 54 o} ARe) AHE3}
%t} Roswell Park Memorial Institute medium(RPMI)
1640, trypsin-EDTA, penicillin, streptomycin<- Gibco BRL
(Gaithersburg, MD, USA)oll A 9} 8}3L, 3-(4,5-dimethyl-
thiazol-2-y1)-2,5-diphenyl  tetrazolium bromide(MTT),
neuraminidase(from Clostridium perfringens)?t 5 714
3l 2-(4-methylumbelliferyl)-o-D-N-acetylneuraminic acid
(MUNANA)|[28], £ ©d-F(fucose, mannose, glucose,
galactose, xylose) 5~ X Sigma(St. Louis, MO, USA)
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B gaE U ojSE HEE MZ
W AAAE e gHoz Ade F A/ 94

ZEHE 200 goll 319 FFTE 7Fskd 100°ClA 4
A7¢ wuyslHA] 2813 Filter paper(Whatman #2)Z o
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ApFEET oeke FRAEEP)S] A ZZAE ZARP]
2%, HeLa A EZ 96-well plateel]l 1.0x10° cells/well®] 5
Eg BEFAL 5% CO,, 37°CoIA 24217} wfjokale] Al Ext
28 g2 & wjxF A AT 2% FBSE ITF3 A4
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2(1x10° cells/well)e] A E F F=H (0.1, 0.5, 1 mg/
mL)2 S5FZEE, ofghE A F QojAl AFFl AR (ES)
AAE AR (EP)S 242t #7138k, 150 PFUMwell®] CVB3E
EAloll AEAH L. 5% CO,, 37°C incubatorol] A 90% ZF
vlo]HnE A Ee] FFA7] F agar overlay medium(2%
FBS, 0.5% agarose &5 RPMI 1640)& M| E @3l 3
mL/wellZ 7}8F 3 37°C, 5% COplA 48217t visk ¥ agar
overlay medium& WU 5% formalin-PBSE MEE I
HAZ) F crystal violet® 2 G5l plaqued] -5 A4
o} Shjoleis BAE viral plaqued] FE 50% HAAT=
¥ P83 ABL 2EEF 50% effective concentration
(ECsp)2-E ehych.

A5F2E0) upolgla A oFAE AP St A
vjoF A13le] -9 Katz 52019 W<l wel, Hela cell
< 6-well platecl] WA EF3EIL 5% CO,, 37°Coll A 244
Zb wioksle] A XSS 92 F wiAE AAR L =
(0.1, 05, 1.0mg/mL) G5FEEH 2% FBSE T+
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A3 A)AZ o, 150 PFU/well?] CVB3 2088 %3}
3L 90F- 7t MlEel] FAAIZ] F A7)9) 7] wloks}al viral
plaque®| & w]w3lglv}.
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Influenza virus(Flu) 55 o], vlo]a|0] 2z} 246
vlo]®2 9] haemagglutinin(HA»} neuraminidase(NA)
A gystem S ©]8-3= ulolY Bl it Fulol A
B4 o H-E neuraminidase(NA) inhibition assay[24]2 %
ARBIETE NA B4 34 A3 Al G9x1E WA =}
ALA eloll, xeFF WA (H. erinacium), AR (C.
vesicolor), M (P linteus), AR E-E2X(G applana-
tum), FZVHAUL obliquus)®) AA) 95432258 FgA
F WA Ao} U e R Azl 72 WA A
FEE NA 32 4 A3)E 53 dlolgln FAS v
WAL, 7H pd Al vehd iRl E wiale) g4
FZ b FAAEEPK] el =R 54 A3 FHE
ZARIEE. NA E49 10 uL(2.5%x10° U), 0.2 mM9] 7|3
(MUNANA) 40 uL, =8 A8 (@5 F2E 5+ o
4 AAE) 10 uL= 40 mM sodium acetate buffer(pH 5.0)
of A7FstaL 37°CoA A 158 vkg-A17) ¥ 0.1 M glycine-
NaOH buffer(pH 10.4) 2.94 mL-S #7}sled vEe-S Z8 A
7|13l spectrofluorophotometer(Bio-Rad, USA)Z Ex. 360
nm/Em. 440 nmo| A fluorescenceZ &4l T4 A
HAFE 2ABIE. ARE HArlekA] g dRies &
3} fluorescence 2 100%E 3112, NAo| w3t %
A& A2 sialyllactose(Sigma)S ARE-5153c}.
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| Crushed Fruiting Body |

Dissolvedin D.W.

Extraction at 100 C for 4h
Filtration (Whatman No. 4.)

l Retentate l l Filtrate [

Lyophilization

| Hot water extract 1
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Fig. 1. Preparation of the hot-water extract and ethanol pre-
cipitate (EP) from the crushed Phellinus pini fruiting body.
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Fig. 2. Antiviral activity of hot-water extract of P. pini against CVB3 in HeLa cells. Antiviral activity was aééessed by the inhibito):{y
effect of the hot-water extract on plaque formation by CVB3 in two different ways, (A) when the hot-water extract and virus were treated
simultaneously to the cells or (B) when the hot-water extract and cells were pre-cultured before the addition of the virus.
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Fig. 3. Growth inhibition of HeLa cells by the ethanol-precipi-
tate (EP) from the hot-water extract of P, pini fruiting body.
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Fig. 4. Antiviral activity of the ethanol precipitate (EP) from the P. pini hot-water extracts against CVB3 in HeLa cells. Results were
expressed as relative percentage with respect to the control that was set at 100%. (A) supernatant (ES) after ethanol precipitation, (B) pre-
cipitate (EP), (C) precipitate (EP), where a, b, ¢, and d represent the different concentrations (0, 0.1, 0.5, and 1.0 mg/mL) of EP, respec-
tively. Values were the mean + SD. In pannel C, representative of independent experiments is shown.
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Fig. 5. Inhibition of neuraminidase activity by the hot-water extracts of various mushrooms and P. pini fruiting bodies. Each sample
of 1.7 mg/mL in ddH,O was used. For control, equal volume of ddH,O instead of sample was used. Fluorometric quantification was deter-
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Fig. 6. Inhibition of neuraminidase activity by the supernatant (ES) and ethanol precipitate (EP) of the hot-water extracts of P. pini
fruiting body. (A) The concentration of each sample was 1.7 mg/mL. As a control, ddH,0 without EP or ES was used. (B) Concentration-
dependent inhibition of neuraminidase by the hot-water extract and ethanol precipitate (EP).

£ 7ZH= DNA n}o]222l influenza virus S| % 3 $)5}
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918 HeLa M Z wicjuixlol] 3 79l JAE JA4 ¢
o] & Eol EP7} $84Y glucany S & 5= ¢S}, §H,
EPell= A2 #(12.7% in mass)o] X5t whi Al o] Ex)sh=
A2 Yeldth(Table 1). ©)3= EP7} &) whfal =
2R Sefe| =5 i3 el dFd 7hsAlel Sl A
Lz ARG, o, i o] ehpalEe] 3HehA
Aoz EAF=AE PR ko, FA) B dAlela
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Table 1. Chemical composition of EP from P. pini fruiting body.

Protein® Proportion of monosaccharide (mole %)°
(mass %) Fuc Gal Xyl Gle Man
EP 12.7 14 9.1 8.3 79.8 1.4

Protein was quantified by Bradford assay using BSA as a standard. ®The mole percentage of each monosaccharide in Fig. 7 was calculated
from the area of each peak on the HPLC chromatogram of acid hydrolysates of EP; the total area of all the significant peaks were set at 100%.

Fuc, fucose; Gal, galactose; Xyl, xylose; Glc, glucose; Man, mannose. The values were the mean of two separate experiments.

Standard
o 34
2 2 5
zZ
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a2
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200 225 256 275 30.0 235 35.0 375 40.0
Time (min)

Fig. 7. Monosaccharide composition analysis of EP from P, pini
fruiting body. Numbers represent the PMP-labeled standard
monosaccharides of 200 nmol each: 1, mannose; 2, glucose; 3,
galactose; 4, xylose; 5, fucose. EP sample (1%, w/v) was acid
hydrolyzed by 2 M TFA and the resulting monosaccharides
released were labeled with PMP as described in the Text and then
analyzed on a Shim-pack CLC-ODS column using HPLC with UV
detector at 245 nm.
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