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Antiviral Activity of Water Soluble Substance
from Elfvingia applanata
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Abstract—In order to find less toxic antiviral agents from basidiomycetes, EA,
the water soluble substance, was prepared from the carpophores of Elfvingia ap-
planata (Pers.) Karst. EA was examined for antiviral activity against five strains
of pathogenic viruses such as encephalomyocarditis virus (EMCV), vesicular
stomatitis virus (VSV) Indiana and New Jersey strains, influenza A virus (Flu A),
and varicella zoster virus (VZV) in vitro. Antiviral activity was evaluated by
plaque reduction assay. Among five strains of viruses tested, EA exhibited the
most potent antiviral activity against VSV Indiana strain with 50% effective con-
centration (ECs) of 0.104 mg/ml in Vero cells, and its selectivity index (SI) was
36.5. EA was also examined for the virucidal activity, antiviral activity in prein-
cubation on VSV Indiana strain in order to examine possible mode of antiviral
activity. Preincubation of Vero cells with EA did not confer protection against
VSV, however, prolonged exposure of cells to EA inhibited the replication of
virus dose-dependently. In virucidal activity, the titer of infectious virus did not
decrease significantly.

Key words - Elfvingia applanata. plaque reduction assay: antiviral activity:
selectivity index (SI).
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AL, Usui 5"¢ 32 B 25 JgTAol
dE FF9 BD-glucand Eeldled (1-3)-
linked-B-D-glucopyranosed 3H5 #7]¢ O-
6ollA 71x7F X 88 TP A Y-S En8la, Misa-
ki $¥¢ wjF@AA 28E f-glucand] gano-
deran$ £t F7te}, A P28 # g R T}
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of H]5o]& amplifier T A1 ¥ 43} 23 A
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feron(IFN)¢] 54L& zte 24 & fdo=z2N A
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Ao FE4EAE dFARRIY 539 HYA
ulo]# 2o thih IFulo]e 2EXAE plaque re-
duction assaydl we} $33At. E£3 dlo]
228 FA S THI| A SFAE R Hlol2 &
9] ZAd W Aldez 4 HuGAE, Anlol
HAAE 5 AAEY 1 AHE dJeER B
Sk wholth,

HE U

AEME - 2N AR Elfvingia applanata
(Pers.) Karst2] AHAE AFANU A Tt
Agatdoist uhers] wape] S ol AR
on, EFL FEUStm 3t HAESmA
Basigict, ARE AT S, AEsa 800
g% TFF 3512 90~100Ce] FEolA 8r]7E
F23 T, 24 A%, BF, FEARS A d
ZAo] B 22 (o] EAzl AdHS A AL
&3t

Al2} % 7]7|-Eagle’s minimum essential
medium(EMEM), fetal bovine serum(FBS),
Iscove’s modified Dulbecco’s medium(IMDM)
2 Dulbecco’s modified Eagle medium(DMEM),
trypsin-EDTA= Gibco BRL Co., crystal violet,
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-
tetrazolium bromide(MTT)+& Sigma Co., in-
terferon alpha(IFN alpha)+ Boerhinger Man-
heim Co. AFE AH&-31Th 718t Ak & &ulle
EF EE 1§ AIgE AT 7171 clean
bench(Green Yanghaeng), EIA reader(Mole-
cular Device), CO; incubator(Vision), inverted
microscope(Nikon), plaque viewer(Bellco),
freeze-dryer(Edward), rotary vacuum eva-
porator(Tokyo Rikakikai), autoclave(Han-
yang), centrifuge(Hanil), membrane filter
(Nalgene), PH meter(Fisher) & AH83t51tt.

ME % HO|HA-SFAEEE Vero AXE
(Kidney, African Green Monkey, Ceroco-
pithecus aethiops) ATCC CCL81, HEL299 Al
*(Lung, embryonic, Human diploid) ATCC
CCL137, MRC-5 AMlZ(Lung, Human diploid)
ATCC CCL171%&,

virus¥® encephalomyo-
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carditis virus(EMCV, EMC strain) ATCC VR-
129B, vesicular stomatitis virus(VSV, In-
diana strain) ATCC VR-158, vesicular sto-
matitis virus(VSV, New Jersey strain) ATCC
VR-159, Influenza A virus(Flu A, A/Equine/2/
Miami/1/63(H3N8) strain) ATCC VR-317, vari-
cella zoster virus(VZV, Oka strain) ATCC VR-
7958 AH&-8tict.

HNIZ U Hio|MAHHSE - Vero AlZ= 10% heat
inactivated(56C, 30 min) fetal bovine serum
(FBS), penicillin G, streptomycin ¥ am-
photericin BE #7713t EMEM2.Z w<d}ar,
HEL299 Alxse} MRC-5 AXE IMDM TE
DMEMe.z 37¢C, 5% CO, incubatorollA] sk
ste] ARg-st T AlE vbelg ae VZVE A 93ta
E% Vero AEZE SFHEZE AME3sE. MOI
(multiplicity of infection)7t 0.01 pfu/cell®]
Hlol ] 2d g Vero M)A v Fatar wjokeid o
25E #Hskd, nlolgjx9] 97ME plaque re-
duction assay”®= 243 & -70T °|3lolA
BasiH. VZVe A X34 dle]gA~E HEL
299 AEofA 1AIZE BiFe ¥, 2 DMEMS
ol 5o W@ o] vepd ul7kx] 2~3Ynjth
U] & ubiro} AA v oFstgith. Al 2] 70%
o] =4 trypsin-EDTA €02 A X334 u}
o|H2E "ojulo] AHEHIT vlelH~ FAE
< 10% dimethylsulfoxide(DMSO)E &3t
FBSE A@gg & 70T o|3ol A BH@3ls]rt.

NESHAE -sFAEd U AxXsAe
MTT reduction assay*ol wa} Al&stgct. Al
FRGH(3.5%10" cells/well) & 96 well plated]

T3t 5% CO,, 37TolA 24217t v edsld A
ZF2 4L 5 WiAE AAS 2% FBSE &%
} f2] 4 ¥ %] (maintenance medium: MM) =
£ 10% heat inactivated FBSE &#3 444
¥ 2] (growth medium; GM)Z #H31%% 20 mg/
mle] AE-89-E 6HAZ viS3] sl 100 w¥ &
B 48A13F MRt Alxe] MRS E113t
% 0.5% MTT &9 50 iy 7133 2717 of alj<F
st ZHEkel MITE AlAS R culture plate®
723 & DMSOZ AXulel AE formazan
crystalg 4313159 th. EIA reader® 570 nmell A
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FH=E FHstn dzed Hlmstey FE=rt
50% ZAa=e EA9 =% 50% cytotoxicity
concentration(CCs) 2 2 AlAFetsich.
EHIOIAAIE -EA9] 5%9] ulo]zfxe] it
ol ~&FHE plaque reduction assay™™
o wat Aldarar. AlERE5 (1x10° cells/well)
< 6 well platecll 53k 5% CO,, 37TelA Al
TS Ao AXEEE PBSE AFta <
150 pfu/well®] nto]l#2=gAg HF3}5 A2
FAF = E 1A e v, 0.5, 1.0, 1.5, 2.0,
2.5 2@ 3.0mg/mle] EA®} 1% agarg TH3
EMEM< 713t 3 wj&atsith. Plaquee] 344
agar overlay medium< ®oW i 5% formalin-
PBSE mAAIZl ¥, 0.1% crystal violet £42
2 dAlsle] plaque & At Plaque € W
zwd Hlmsle] upelg e FA1E 50%, 70%,
90% 72 JAsHE EAY F%< 50% effective
concentration(ECx), ECyq 3 ECgE 31
selectivity index(SD & Fnaje|H A& AE B 3}
AT}t VZVE £FAHEE MRC-5 A2 E AH&3l1,
agar overlay medium dtl4lel 10% heat in-
activated FBSE -3 DMEM2Z plaque®]
FAE W7 3~4Lnirt WA S vt FUT
HUYAIE - EASl gutola]~2he g 778
3l7] 95t} EAS Vero AlEsete] AwdAES
Katz §%'2] ol wah Algstslct. Vero AM=E
(1% 10° cells/wel)E 6 well plated] #F3taL 5%
CO,, 37CAA AEtES At EAS} Vero AE
2 3 Aujstrl fsted 0.1, 0.5 2 1.0 mg/ml
EAZ 353 EMEME welle]l ¥ 2t 79 1, 2 %
2477k Wi FatRTh. A AIRto] AU PBSE thz
T 2 A8E IR uiXE &Hd AAAG. F
150 pfu/welle] VSV(indiana strain) $9& H¥

S AEe FRHES 1Az sgsEr 1%

agarZ 7% EMEMZ 713t2 5% CO,, 37Tl
A ksl r}. Plaqueel 4=¥ agar overlay
medium-< WAL 5% formalin-PBSZ A2 &
TAAZ F 0.1% crystal violet 402 |43}
o] plaque & A%t o4 0.1, 0.5 % 1.0 mg/
ml EA®}t BF5% 1% agarE T/ EMEMZ vt
olHAE HEF SFA Lo B Avkign} A
o A#ggo M prolonged exposured group
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(PE)2.2 3o Aufjokel Autsl 3 BA AT
SHIOIZ AAIE - Aulo] 2] ~A|He  Barnard
09 ol wa At Adutole Az
VSV(Indiana strain)¢] €949 (10° pfu/ml ©]4)
€ 02,10 2 2.0 mg/ml EAS} %o n|g2 &
ek 5% CO,, 37TeIA 1, 2 & 4AIZHA wjks}
ATH LA iF F 2 EFdo] Folle 7y
7 ol2ze] & EAV} upolg]ze] Aol gk
< FA & 500~5,000 pfu/ml7kx] £35S uj
A2 3H3le] EAY FEE H488 g olH] 6
well plated] 349 Vero AEDE well¥ 200
e HEsa vl Y= e plaque $=2 =
skt '

d I

SHIOIHASH-RNA ulo|H2AZ  enceph-
alomyocarditis virus(EMCV, EMC strain),
vesicular stomatitis virus(VSV, Indiana strain),
vesicular stomatitis virus(VSV, New Jersey
strain) influenza A virus(Flu A), DNA sB}o] &
22 varicella zoster virus(VZV) 5% tj3t
EAe] ulo]8] 28 3E plaque reduction assay©ll
met Al Ao, EAE Fig. 1949} 2o 5%¢]
o] 2] zd] tidle] §#oER o2 plaque FH L
JA B}, Hlel#@ 2 F VSV(Indiana strain)ol

~&— EMCV in Vero celi

=0~ V8V (Indiana strain) in Vero cell
—W¥— V8V (New Jersey strain) in Vero cell
—- VZV in MRC-5 cell

=& Fju-A in Vera cell
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Fig. 1. Inhibitory effect of EA on the plaque for-
mation of five strains of viruses in Vero and
MRC-5 cells. Results are expressed as percent
with respect to virus control (VC) group without
EA. Each value is the mean+S.D. of quadru-
plicate determinations.
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W& ECye 0.104 mg/ml=A plaqued A A
FEH7} 71 Zrelda, VZVel tdt ECye 0.464
mg/mlE A 2 IS BHAY. SEAED
AH8-3F Vero Al X9 MRC-5 A 322 Z2]o) njx]&=
EAel 9% Fig. 29 ). Vero A1 Zl| thal 3.5
mg/ml, MRC-5 Al 2o ti&lxE 5.5 mg/miolA
CCxE JEMRI R, growing state®] <FH L
ek MEEAT stationary stated] <3 Eo|
R A ZEH L FefdglE 2ol & Bolx] g},
CCx% ECx2H5H AlXtd selectivity index(SI)
£ Table Io)x EAIE vle} Zo] VSV(Indiana
strain)ol] W& SI7} 36.524 714 39,
DNA ule]&] 291 VZVe| tig SlE 12.724 Hlm
3 g Yulelzl2aAnE Yt 199
RNA nloleize] gt Sle 1~22 Yehjjo] ¥e
BIE By

THIZA| EHlol2{AR DL - Vero M ZE 0.1, 0.5
2 1.0 mg/ml®] EAZ ¥#3% EMEMoIAM 1, 2 &
2407t Avdsln WA E AAG T AxTE
PBSZ A|A 3l dolgles EAS 943 A A%
+. Vero A XA 345E VSV plaque
A A= Fig. 39 2ok, 7% 9%9] agde
7} s=°] EA% Vero AEE Aug & Al&s}o
agar overlay mediumd] 435X EAZ ¥3
AlA #jFAle), & prolonged exposured group

o &

e 54

1.0

—®— Vero cellin growing state
=0~ Vero cell in stationary state
—&— MRC-5 cell in growing state
=0~ MRC-5 cell in stationary state
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OD (570nm)
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Fig. 2. Inhibitory effect of EA on the growth of
Vero and MRC-5 cells by MIT reduction assay.
All growing state cells were incubated at 37T in
MM and all stationary state cells were in-
cubated at 37T in GM.
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Table 1. Antiviral activity of EA by plaque reduction assay
Virus strain %lelt }?(tztecgfl (rgg/sril) ECx = é‘;‘i/ - ECq St
Fropbemrtiie ey Sy 380 i e s 13
Vel ot ey, S 320 g am ]
(Nequine/lg/fli/lﬁ(zlrfi;} 1?6;21{11?’3\18) strain) Vo™ S(t}it(igsiﬁrgy g?gg 1499 2099 2699 gg
eda st o Sy S8 g o ase 12

°50% cytotoxic concentration (CCy) is the concentration of the 50% cytotoxic effect.
PEffective concentration (EC) is the concentration of EA required to reduce plaque formation of virus

by 50%, 70%. and 90%.
“Selectivity Index (SI) = CCs/ECs.
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Fig. 3. Inhibitory effect of EA on the plaque formation of vesicular stomatitis virus (Indiana strain) re-
quires prolonged exposure (PE) to culture of Vero cells throughout. Extreme left sections in graph -
represents prolonged exposure to culture throughout, and the others were preincubated with EA (0.1,
0.5 and 1.0 mg/ml) to Vero cell for 1, 2 and 24 hr respectively, and washed with PBS immediately pri-
or to inoculation with virus. The sharp indicates that the value is significantly different from the
virus control (VC) group (’p<0.05; *p<0.01: *p0.001),
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Fig. 4. Virucidal effect of EA to vesicular stomatitis virus (Indiana strain). Virus suspension was prein-
cubated with EA (0.1, 0.5 and 1.0 mg/ml) prior to inoculation for the indicated time, and the virus titer
in suspension was expressed as plaque number formed in Vero cell.

9] e s eAIZIe] HeBte] kst ont, Wi
o EHE EAY s=ol HSAE felUA
23 sk

.

208\ d3 Elfvingia applanata AH3AA) 9] &
483 EAE HFAEE sl RNA Hiolz] 291
encephalomyocarditis virus(EMCV, EMC
strain), vesicular stomatitis virus(VSV, In-
diana strain), vesicular stomatitis virus(VSV,
New Jersey strain), influenza A virus(Flu A)
9} DNA ulo]#] 249l varicella zoster virus(VZV)
T 5% ulolglzd] Ui FuHlo|H2AHE
plaque reduction assayel wz} 48% Az
EAE ulolg]xe] 54& §3olEH oz odAsly
t}. ol EAVL Hlel# 29 48 dAldhe B4
$ HojZE A9EM, EAdle 34Ed 0 Az
HEZY 9 7t 7)1 2A0Y 3 ge gy E
Ag ¥Fsta Y Aoz Hyd vl U=
sarcoma 180 thgt g4 aas vehfo gz
o) e XAy AUk Y, Fae
IFN% E2& f53e 24 vaccinia virus® =
A g dAste Aoz FAHAT P £ i}

FA = B A2 gAHAYFE S/ Ao
BaEgon® olyg SIS v 2 Al
FEY AT fAIEE 2 7lEl A8 S UE

€ B4o] nlolgl 29 £4)¢ JASE Aoz A}
-R20=

EAE 5%9] dlolg]x F VSV(Indiana strain)
ol ti3le] SI7} 36.52 71 4819131, DNA Hje]
222l VZVd tid Sle 12.72 ¥ad $53 &
2 veEliith. 28y VSV(Indiana strain) <}
= 88 22 F9 upo]al 22l VSV(New Jersey
strain)& SI7l 1.82 @& &35 HY =, ol
gdurF o 7 7L ulo)zg| A9 strainAleldlE #4
A Eel oA AEd FEHE 7RG VSV
matrix @Al ol HEL 58.6%, non-
structural(NS) @22 34 6% L& U
e Aoz =g en ¥ = guloja 257
9] zlol= VSV fARAHo] THE Hlojgj2eh=
2] strain 7t @ Ao)E Yehln e
71R18ke Ao R AZ4En. Algulely~ F 713
E2 ECy(2.123 mg/mDE YEbA A2 EMCVZ
Al 5%2] wlol2ix F FAHA 23 =Henvelope)
< 4] g nlolgla®a EA9 #lolg AT
£ 9y #dd Aoz Agdry). £33 EAE
stationary state®] &34 £} growing state®]
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S Ll e 44 JAM FIHUE FolB
YehA]l gkgkom o= EAZY A9 34k o)
v ol ol dgE vXX] g ofu|siH
webx EAE wlolgl 2o F213g & ity
BA PEE AT ZN Fulo|HAAAE e}
WAl gethe AL 4 5 I
A7 Bad gRRERE 2 gulo|
2/ B4 24422 nlolgj vl SFEA T T
gt #A S AASAY WA AL AAdto ga
Futolel 28-S Uehlle Zoz deix g
Lentinus edodes AFEA|9] FEEL nlolg 29
dAstm WAL FAARoRRA P
Lentinus edodes KSLEQ079] #jk&E< KS-
2% IFN =285 B3l gule]|H 284S e
E Aoz 1nd v gtk ® =3 Shannon 5%
< t#E9 polysaccharidesy® 1EA}3}EHE]
B2 SFAEGS A8 B3] wjEo)] niolH
27t &FAE FAshs $H & AAToEZN T
Hlo]H A 84S vehlle AoE B st o9
2 ATENE B R 3to] EAS] gutolaimztg
FAE FHLA SFAE U G vl
2ol & JFAQ dgS AFet)h Vero AE
£ 0.1, 052 1.0mg/miel EAsH1, 2, 2402+ A
U] Fg A EtEe] 25 EAS 93] 417
I B4 plaque 8 234 EAS] ol
H)#H 5t plaque F7F AR gghont wjopA]
el HlFste] dolgls wlolglae] % ZhAady
i, A&ste EAE £FAE =E2AH L=
(PE group), EAY] w=%57tel wte} gafej&= o
E plaque 7} #4381, o8 @ A= EA7L
A FAIZE B SFA| Fol| FIFE Fo] A XS 7
Hpolgi 2 el H#SAY Lentinus edodes
KSLE0079] w|}5& &3} Zo] FujolyirA] B2
< FEFoEN Fuloly 289 E JeA &&
= ujste | wjokAlzte] AFE o9l Hloly &
9] ol A4 AL vielalx A9 E8A o]
7103 Aoz AlREn E=F VSV fed(10°
pfu/ml ©]”3)& 0.1, 0.5, 1.0 mg/ml EAS} &3
Ske] 1, 2, 4AI7E viekE 3 Folgls nol g ne)
< S A o wjFAIze] Aol wle) upelH
229 G A3 e, EAS] o H & stalA
T TG UA BATHA| e Aoz Hol EAE H

3o
A=

o
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el 9 VSVl 21884 & doA hiol
gxe] EAE AATLEN Pulelyd 2 RS
Uehfi#] fEthe 248 4 4t & EA= A
Hl Al &34 ol JFS FAL, vlolg xdl Ay
Argste] Belglshd WM S doA ulojyae 3}
F8E AATLEZAN FulolH 28 HE JehiA
2wk AujeEA)e] PE groupd] A3l & 4 9l
So| vlolgiav} sFM R FARF RN ARE
= d#He S F o 3 HAE AT
A 35 vepdtin & § o) weEbs e 3
F2 S | fisted Hiolaj o] 7} FA I

2 op

3 EAS & 2 EAS] BA0 & 4771 ¢
< Agsjojof & Ao 2 AbgHET}
| A4 A A e 84954 EAY gt
2A1Y ARE £3sle] B EACl = gutol g A4
Edo] 23] glon o] AL nlo]g e F4
< AAlete ThA i vtk Yo Aoz A}
259, EAE FASAA YA Fol7hsdl Ho
23S FASHE o AAtd U R YsEH | He
Askxl gHEAALS Holx] ggkernz oA
EH2A vlejg2g] FAE AAE ¢ e Al
& ol 2 2 /EE 5 Y-S AAET

R B

2 B

1. EAE 53¢ A1E ulol2fxd thate] SiFol&E
Ho2 plaque A& dAEEeH, VSV(In-
diana strain)ell W3t ECy= 0.104 mg/ml, Sl
36.524 7P S<=dlga, VZVel tidt ECy=
0.464 mg/ml, Si= 12.724 v)wd 55 P}
olHAEHZ U

2. EA%} Vero AlX2] Huj¥Ald A3, nHlo|g
20] ZFHe JAHA gkort, PE group EA
o] =T wat §FgEH R plaque Tt
Zastinh. dutelgl Al lojxe HlolEl
o] o] EA9 wxo Hl#atd fod A A
B33 =

ol2 =3
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