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ABSTRACT

Objectives: Lentinus edodes is an edible mushroom with a variety of beneficial effects such as antitumor, anti-inflammatory, antioxidant,
and immune-modulatory activity. This study was carried out to evaluate the antimicrobial activities of Lentinus edodes extracts against
oral-related bacteria.

Methods: The antimicrobial activities of this extracts were investigated against S. anginosus, S. sobrinus, S. aureus, S. mutans, S. ratti,
S. sanguinis, A. viscosus, A. naeslundii, and A. actinomycetemcomitans by the disc diffusion method, minimum inhibitory concentration
(MIC), and growth inhibition.

Results: Ethanol extracts had no antimicrobial activities, but acetone extracts showed antimicrobial activities against 4. viscosus and
A. actinomycetemcomitans and ethyl acetate extracts had effects against S. aureus, S. sanguinis, A. viscosus, and A. actinomycetemcomitans.
Conclusions: The inhibitory effect of Lentinus edodes extracts was investigated on the growth of A. viscosus. Ethyl acetate and acetone
extracts showed 90% and 77% inhibitory effect, respectively, against 4. viscosus for 24 hrs. Ethyl acetate extracts had MIC of 25.0 mg/ml
and acetone extracts showed MIC of >25.0 mg/ml.
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= HIRESE AL Ujof] TRt A I ARs
o] Higlof gtk HlrAoR, FYXHES HAaA=
lentinacin(eritadenine), FAHETNE YUEFY+= lentinan(f
-1,3-D-glucan), AH|tjolA BlER] D& A= o] 2o &
TE £ F= ergosterin 50| FEA UYL FZofz,
HEUHALY] ethyl acetate =252 S. mutans 73A|aol
et et 771 8HE FET 2R 5= S
mutans©] gt FLAT} Fo| HILE PO,

TP fl9F o] U guet S. mutans THE: 018510
A Sl it atakg T BANo] AE7HA] Hal
7] wizel, 2 Atoll M et ARlgdeds 7
FIHAZ o] SR FET o %, Mo HaPdo] At
M-S FASko] 2|olAl= Qulo|| oldk= S mutans,
Streptococcus  anginosus(S. anginosus), Streptococcus
ratti(S. ratti), Streptococcus sanguinis(S. sanguinis), S.
sobrinus, Actinomyces viscosus(A. viscosus), Actinomyces
naeslundii(A. naeslundii), 7732 &1} el ZA5= AAF
AR A3 AR olF BHUY dAHe FEAe

Table 1, List of strains used for antibacterial experiments

Staphylococcus aureus(S. aureus), XF2%2to]| To{dl= A.
actinomycetemcomitans S0l 21835}, FIHA Q] JL7hA|H
of gt A IA auE Bk} gk

Aol AN AlE EAUMALE ARt AlFoA S 4
S Al BAE ARSI Bafslo] A alelct. st
of ZH|8F EHAl 7R Z5E] acetone, ethyl acetate 12]
1 ethanol 5 37} {7802 FE25& At &
IHA 71 40 gofl acetone 400 mlS €3l 150 rpmoj|A]
T2A7E FQE aHksto] 2ESkGlon, o]F ofi}Slal rotary
evaporator(EYELA  A-1000S, Tokyo Rikakikai Co,
Tokyo, Japan)Z 7F¢ 5=3)0] acetone2 W%F AATFS
. SU3 WH O 2 ethyl acetate®} ethanol 252 7247}
Azt =5 FEE2 DMSO(Sigma-Aldrich, St.
Louis, MO, USA)°|| 50 50 mg/mle] F=2 UAsHA ot
2o] A2 AMGSIICE

Ao AMEE 5= S, sobrinus(KCTC 3308), S. aureus
(KCTC1927), S. mutans(KCTC3065), S. ratti( KCTC3655),
S.  sanguinis(KCTC3284), A. viscosus(KCTC5531), A.
naeslundii(KCTC5525), S. anginosus(KCTC3983), 4 4.
actinomycetemcomitans(KCTC 3698) 5 41744+ ojj s}
= 929 HFEA, B n]RWEAYAE|(Korean Collection
for Type Cultures, KCTC)o||4] £9F Htol AL2-5]31TI<Table
1>. S. sobrinus, S. aureus, S. mutans, S. ratti, S. sanguinis
52 Brain-Heart Infusion(BHI, Difco, Detroit, MI, USA)

vl X0, A. viscosus, A. naeslundii, S. anginosus, L A.

actinomycetemcomitans 5~ Trypticase Soy Broth(TSB, BD

Microorganism KCTC No. Media Temp (°C)
Streptococcus sobrinus 3308 BHI 37
Staphylococcus aureus 1927 BHI 37
Streptococcus mutans 3065 BHI 37
Streptococcus ratti 3655 BHI 37
Streptococcus sanguinis 3284 BHI 37
Actinomyces viscosus 5531 TSB 37
Actinomyces naeslundii 5525 TSB 37
Streptococcus anginosus 3983 TSB 37
Aggregatibacter actinomycetemcomitans 3698 TSB 37

BHI: Brain-Heart Infusion, TSB: Trypticase Soy Broth
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Co., USA) Hlix]of 7F3to] 24417t 531 37C 714 w7
(5% CO2)llA] s3I

3. FE=9| Ed &8

FuHA FEE PP Haa FAR(disc
diffusion method) o2 %3} 0m?) HujjoFole St
£ 0.12 YrEo] 0.5 McFarland ®&F E&(QF 1.0x10%
CFUmNE =A% %, Aol AMESIGIchk wjekd oF
1.5x10° Alit-& v]2] FHIS agar plateo]] =23t £, 7 5
ZE2 1.5 mg/disc2] X2 paper disc(® 6 mm)o] 30 ul
2 F zste], =S plate ol W2AX] thE, 37°C
CO; incubatorof| ] 24A17F vfjefste] disc F99] clear
zone A SEE solsky 11 A28 2Ash dxE
S 2 DMSOE ARgsiglon, 771e] A9 33] HhE 24
Stk

4. 014= d=X6H Sat

A. viscosus 2] A n|= TUWA 2EE0| o5F
A7) §Jl HAERR] 3] (broth dilution method)
Aeigich LS SR 0.10] HES 2}
ARESIATE 96-well plateo]] 100 pl vjoFolS B35t
T, FUHA FEHS H7Isk] 2527t 25.0 mg/mlo
A 0.048 mymlZld] HEE 2 wjH dzoz 3|4so]
37°C CO; 1ncubator0ﬂ/\i Hi ST 0~ 12A17H71A] i<k
SHHA 600 nmoflA FFES 57
Korea)slo] FE1HA —irz o] A A 7\1 OHEJ—]~—
spelssich. 48 of

> N

KR
=
KN
=
o

5 D422 ¥= XMollg £ A F|AYSXeHS=(MIC)
=X
= o

A. viscosus©l| et EUHA FEES - AL A
shae MK HAOR ZAsTE o 100 ul
of FEES 2-fold @A 34T FEES F9sto] 37°C
CO; incubatoro|A] 24 A7t 8ljoF &, 600 nmol|A] SF =S
25k A% AR T Ao Halsk

Inhibitory rate (%) = {1 - (treatment-treatment blank) /
(control-control blank)} X 100

E3E AL x«]OHO S E3) :r,!.g] _E/UO] 0-17—]1,]— Aol
90% AL Holt mZ MICHAYLA G EE,
Minimum Inhibition Concentration)2 43} th

Adl- Qa2 - QEfXl / ETHA 201 =E20| LM St SkREnt U Actinomyces viscosusOll THEH MK Sat o 737

fom, Az SAZAAT= PASW Statistics 18.0

(SPSS Inc., Chicago, IL, USA)& ©]-43}o] ANOVA test

¢} Tukey's multiple comparison 5o[|4] p<0.05 +~FC =
2 ol8e AT

1. BTN RS20 HTUY

Acetone, ethanol ¥ ethyl acetate 52| 37|82 >
S5 BUA FEE0 ARl iRt FetadE tA
= IS o] 8sto] 95| ARl thsto] 2AKSIGS
m, o]zl AE <Table 2>of UERHGITE FamAle]
ethanol FE&Fo|A= BE A F3o| tjste] FatAdo]
e PtoL), acetone W ethyl acetate F=Eo|A =
959 LA = S. aureus, S. sanguinis, A. viscosus, X
A. actinomycetemcomitans Eoﬂ/ﬂ P ERIT 5
Atk Acetone F+EE2| - 4. actinomycetemcomitans
(7.0 mm)o] ojjste] okt AL H O, A viscosus(9.7
mm)of] e v F2 FHBAAS UERHSITE  Ethyl
acetate FEEolAE FAIE FAAE= YUSHARL S
aureus(7.3 mm), S. sanguinis(7.3 mm), A. actinomycetem-
comitans (8.3 mm), A. viscosus(9.0 mm) =02 24

o] Z7leh= A el 4= itk £ AQ] acetone F
ZE7} ethyl acetate FE5-2 A. viscosus©l| T3t A3-#]3]|

slo] 217)7} k2 @) wle) 2A b,

Table 2, Antimicrobial activity of extracts from Lentinus edodes

Extract solvents

Strain Acetone EtOH  EtAc
S. sobrinus - - -
S. mutans - - -
S. ratti - - -
S. sanguinis - - +
S. anginosus - - -
S. aureus - - +
A. viscosus ++ - ++
A. naeslundii - - -
A. actinomycetemcomitans + - ++

-2 no inhibition(<6 mm), +: slight inhibition(~ 8 mm), ++:
moderate inhibition(~ 10 mm). EtOH: ethanol, EtAc: ethyl
acetate

2. A. viscosus 70l Cigt MexsH S0t

tjAa SARHES E3] FIIHA acetone SEE} ethyl
acetate F=E9] YFIAAS ERIsI o, o] HiEgoR

=

acetone =53} ethyl acetate 50| 4. viscosus 2]
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Aol mA= FFE ARG AL acetone T3
& Y ethyl acetate F+E55 52 25.0 mg/ml, 12.5 mg/ml,
6.25 mg/ml, 3.125 mg/ml, 1.56 mg/ml, 0.78 mg/ml, 0.39
mg/ml, 0.19 mg/ml, 0.09 mg/ml, ¥ 0.048 mg/ml 52| ¥
TEER 34 Hristo] wiokshHA 1241 B¢ FEES
SAst9.0m, o] Fol A viscosus2] BRA | atE g
olsteict. 1 AykS <Table 3>3} <Table 4>of z}zF ek
Bibi=g

<Table 3>} <Table 4>0f Hlule} Zro] FuHAl =
SES WVRE ZF uigoll N 529 w0l whet thefgt
AEAN2E-Z Ul ITh A9 ethyl acetate $+5
22 W) e dagol o] PshA FAm ek
Ethyl acetate F&52 Ml Z7]o= o] S4lo] tha:
7Fste] o] AsAs) AE HolA| ggteu, 25.0 my
mlQ} 12.5 mg/ml 7-9-ofl+= vljoF &, 2A17HLE 50% ©]A¢
o] A=A anE 21 4= ql8len, 25.0 mgml &=

ol iz AA HiFAIZIR] 12A17F F4F 2] FAlo] A W
AER] oo g EIMAY] ethyl acetate F+E&50] 25.0
mg/mlof Al A. viscosus ] AH&AA o 73t At QISS
& 4= QAT Ethyl acetate &2 7ol +42] 4
< AAlBks BE Helon, W2 oA tha oFgt
A ads deilgled, FE29 =7t 6.25
mg/ml Bt} t] S5 djxtEo o9 F4 oA st
3A S74=ES: EaHA acetone FEEOAE W2 &
ToflA o] FAlo] fiRFET: o FURINeH 125
mg/ml oFe] FEoA= tig7]olA tiRdty} H]asto]
A. viscosus & & ASAA| avE RISk

3. Di¥=E M= Moig 8 R ZAMSMeHs=(MIC)
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Table 3, Growth of A viscosus added with ethyl acetate extracts from Lentinus edodes. Values are presented as mean=SD,

Concentration O. D. at 600 nm

of extract Time(hrs)

(mg/ml) 2 8 12
0.048 0.23+0.02° 0.35+0.02° 0.48+0.06° 0.52+0.02¢
0.09 0.23+0.02° 0.36+0.03° 0.44+0.03¢ 0.51+0.04¢
0.19 0.22+0.01° 0.37+0.03" 0.44+0.02° 0.49+0.02¢
0.39 0.25+0.06° 0.37+0.03° 0.460.02° 0.52+0.03¢
0.78 0.24+0.07° 0.37+0.04° 0.45+0.04¢ 0.55+0.04¢
1.56 0.26+0.09° 0.32+0.03° 0.36+0.02° 0.60+0.03"
3.125 0.2440.07* 0.26+0.03° 0.33+0.02° 0.40+0.04°
6.25 0.21+0.08" 0.18+0.02° 0.33+0.03 0.37+0.05°
12.5 0.13+0.03° 0.08+0.03° 0.09+0.03° 0.09+0.06a
25.0 0.04+0.05 0.05+0.05° 0.06+0.05° 0.07+0.15°
control 0.25 0.36 0.51 0.57

abed\lean with different letter on the bars are significantly different by Tukey's multiple comparison(p<0.05)

Table 4, Growth of A viscosus added with acetone extracts from Lentinus edodes, Values are presented as mean=+SD,

Concentration O. D. at 600 nm

of extract Time(hrs)

(mg/ml) 2 8 12
0.048 0.26+0.01° 0.35+0.02° 0.43+0.02¢ 0.510.02¢
0.09 0.22+40.03" 0.35+0.02° 0.44+0.04¢ 0.49+0.01¢
0.19 0.2440.00° 0.38+0.01a 0.53+0.05° 0.59+0.04¢
0.39 0.2140.02° 0.37+0.01° 0.53+0.05° 0.58+0.01¢
0.78 0.2120.02° 0.35+0.01° 0.49+0.03¢ 0.59+0.02¢
1.56 0.19+0.01° 0.31£0.01° 0.47+0.03¢ 0.63+0.04¢
3.125 0.15+0.01° 0.2740.02° 0.49+0.04° 0.68+0.07¢
6.25 0.10+0.01° 0.16+0.01° 0.35+0.04° 0.39+0.04°
12.5 0.06:+0.03° 0.10£0.03° 0.15+0.05" 0.17+0.06°
25.0 0.10+0.01° 0.13£0.01° 0.20+0.01¢ 0.22+0.02¢
control 0.28 0.44+0.01 0.55

abed\lean with different letter on the bars are significantly different by Tukey's multiple comparison(p<0.05)
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ZE3} ethyl acetate FE52] A. viscosus ) gt S+
e MICE S4ste] 71 Zlsksith #aHAl
acetone ! ethyl acetate FE52] 4. viscosus©] T3t s
Ades 2447 = SAstelen, 1 AE <Fig. 1>}
<Fig. 2>°| Z+Z} YelQlct. Ethyl acetate $+&&2 25
mg/mlof| A ZIL 90%, 12.5 mg/mlofA 74%2] S A 5|
22 nglon, Srrk WA oldol uet 4% AsE E
e 943 HaEo] 6.25 mg/mlofA= -110%7H4] s}
T B 57t wobwA Astel 0.09 me/ml e
= 20 %9] Asfes e ATHp<0.05).
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Inhibitory rate(%)
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=150 -

Fig. 1. Effects of ethyl acetate extracts from Lentinus edodes
on the grown of A viscosus, L1: 25 mg/mi, L2: 125 mg/m,
L3: 6,25 mg/ml, L4: 3125 mg/mi, L5: 1.56 mg/ml, L6: 0.78
mg/ml, L7: 0.39 mg/ml, L8: 0,19 mg/ml, L9: 0,09 mg/m,
L10: 0.048 mg/ml. Values are presented as mean=SD,
a,bMean with different letter on the bars are significantly
different by Tukey's multiple comparison(p{0.05)
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Fig. 2. Effects of acetone extracts from Lentinus edodes on the
grown of A viscosus, L1: 25 mg/ml, L2 12,5 mg/ml, L3:
6.25 mg/ml, L4: 3125 mg/ml, L5: 1,56 mg/ml, L6: 0.78
mg/ml, L7: 0,39 mg/ml, L8: 0,19 mg/ml, L9: 0,09 mg/ml,
L10: 0.048 mg/ml, Values are presented as mean=SD,
a,bMean with different letter on the bars are significantly
different by Tukey's multiple comparison(p{0.05)

Acetone FEE2] 79 o A& A3&0] 12.5 mg/ml
NA TT%E, 90%2] |t S #3)-&-L ZH= ethyl acetate
FEEET 32 PJFEAS B Ethyl acetate 5=
T} 1% 57} JolwA AL A s)8o] -105%7}A
Hasitph ¥ W2 sEoAe o] st A4S gl
g = ATHP<0.05). FE1HA] ethyl acetate F=ZE0 A
MICE A& Adfes Sl 24X vk F, o] S40]
9] YehHA] 982 25 mg/mlz AAsHloH, AH5A sl
Ae Fol o5 SIsHITE Acetone FEEOA 2aS
Al sEel MICE >25 mg/mlZ ZALERIch

£z o ot

Aol stz <la) 7o) sk 2715 glom)
22 b ARl TR A4 AR Aok 5}
AFdgtole). A|oRpAFe] Ut 2= thEAQL S mutans
£ H|&5t S sobrinus, S. sanguinis, A. viscosus, X S.
salivarius 5°| 9Jon, XAy} THE HOo=2E 4.
viscosus, S. sanguis, A. actinomycetemcomitans, X Por-
phyromonas gingivalis 0] Tk olet 7F W Alate] A%
= oAsto] 7Eehe 2] =26karA} chlorhexidine@t 22 Y
AE olgsigiont, FAle] Wiy Fakgo= AAIE Al
o 4 e A A A7t ghds] A EIL Q.
olofl & A= S mutansg R 9F0] AORAT it
A 25t Helet Foll 28sto] FAHA) 95| AR
of et FFEA L A. viscosus©| Thet A A IS
dopH Itk

Hirasawa £299] &Lo]| s1H, S. mutansol] ot F1
HAl ethyl acetate 559 sdar| ikl RislHo
w, ESF AHEA Ol B g4, Park $2V& F 1Al acetone
FEE0| S mutans©| hsto] FtAIE LFERPANL ethyl
acetate F=ZEoA= FFEAo] glvkr BHuskgict & Al
o]l A Ekelst AT}, acetone, ethanol, ethyl acetate =5
TFOA] S, mutans©l ThRt e 21T 4= glglom,
ethanol &5 959 7dwtol| s 24 HolA| 3t
t}l Acetone FEENA A actinomycetemcomitansI} A.
viscosus©]| T3l AAE-S FRI3IN L ethyl acetate FE55
oAM= S. aureus, S. sanguinis, A. actinomycetemcomitans,
A. viscosus®| sl g UERSITE ey oR A
ZrRol wheh A HAEkso] deiritks g5 B
e} o), i ALY Gty ERF A7) B A
H] 5o Apol& Qlsf S. mutansol| gt FFg/do] tha o
27 Yyehd Aoz AlaEct)l ESE polyphenol, alkaloid,
terpenoid 59 A& EZo] PSS UEER
deA qlom, FEgujo] wet ol AT EEY
ool th=A yehte s gufjof weh FuHA 2559
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T Alatoll theh =t
7] opes),

2 Aol AL Aol whE o] SAE Felgt
of 9J31H, acetone &=} ethyl acetate 5= I
& FEollA ARE Tl whep o] FAlo] EdshE
W, s vlwste] BEAH LIS Holx) Q. o
WHoE we BiEo] 2EFIINE thade] uls) 2o
5ol AN, Azto] Aol ufet BEA Ft
Hobe 559 718 4ol 9 Aes St
e} Po), 2 ATFOHE A HE WSl 29
IS FUAT= 259 v]A] Awo] =3 2es 4
ZFEIT}. Acetone FEES 6.25 mg/ml oJAFY] FEoA tf
A 9 FAlo] BEEQ oL, 12.5 mg/mle} 25.0 mg/ml
S0l FEEIN U AHA9 T el
3] 25.0 mg/ml FEE R W& 12.5 mg/ml l"—Eoﬂ
A 54 “Xﬂ anrt EL-— =7 "}EH)I AE T2t w2
ETHR FE20) B, ofe] A4S nE 450
o BUE 24 apelo] et Az Ak,

FEHALY ethyl acetate FEES WS FroAE 2
AeA Fa7F YEREAL, 3.125 mg/ml~25.0 mg/mlof|A]
o] SAE A AT ESE 25.0 mg/ml FEofA
A. viscosus®] FAlo] Aol WA ¢k= AoRE Yeht
MIC el BUT S Ho] Fglonl, Eueie)
ethyl acetate FEE0| H2 FENA 4. viscosusol T3l
e AR BT Sls S Ao

S. mutansol| et WA FEE0| PPl Wt
At ofn| Hargo] gloipeh, Aupom & koA
gAa3 3RPHE E3lo] ALY acetone U ethyl
acetate F==ol|A S. aureus, S. sanguinis, A. viscosus, A.
actinomycetemcomitans D A. viscosus®| gt A}
A. viscosus®] QLA A5 F7IE Rl o, ol
ER 22| Aol$AZ Bak ozl AFUL FU
Sk Aol At s Holae on] Qe Adt
olck weh gfom EIvAomNE FAIEe FEn
15 et 5488 gelstolop & Zlojn|, gufjo we}
~aule Aeigy e BUS el W BAGE AT 5
o] slofof 3 Holck

o] Tk Ukt Aow 4

O::

A
me o WL L

x2

>

J

R

H ALofas FHAIS acetone, ethyl acetate

ethanol 59| Bz FEsto] 950 FAlRte] gt et
T AsA avkE AR Adke v 2tk

1. faa SbHE FollA FEIHALY] acetone &

o M= A. viscosus®}: A. actinomycetemcomitans 5

oA FHtEAS UERHQLL, ethyl acetate 5o
A= S. aureus, S. sanguinis, A. viscosus, A.
actinomycetemcomitans 5ol A LA e-S &ols}

O, A. viscosus®} A. actinomycetemcomitans 5

o tjal) Aoz thh =2 FFTAL K]

2. EHALY acetone 51} ethyl acetate ===
A tha 73t @48 vEbd A. viscosusol] TiEl] EaL
WAL 3220 Al Aol Wt # 34 o] B
ZAFSE AL acetone =&} ethyl acetate FE&
2 12.5 mg/mle} 25.0 mg/ml ‘=& thar]ol 4
viscosus®] gt Zyst ABgAE| 28-S eI

3. EUHA acetone &7} ethyl acetate &5 5
A 242 T7%(12.5 mgml), 90%(25 myimDE &
= A5 Allee Uitk A5 Asiles F8l 2
2 S AFEE(MIC)E ethyl acetate =Z5o]|A]
25 mg/ml, acetone FEEO|A >25 mg/ml FO=2

FAFE I

AR oF FIHA Q] acetone F+E=} ethyl acetate
&5 59| S aureus, S. sanguinis, A. viscosus, A.
actinomycetemcomitans, A. viscosus®|| gt LA 8| W
A. viscosus©] Tt 9] F4] AA GINMIC)7} o< 2
olgko 24 FIIHAl acetone ===} ethyl acetate 23
go] Aohg-4lza} A= 5o mTp} UL Ao AR
Hrk
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