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ABSTRACT: The edible ectomycorrhizal mushroom Amanita javanica is a valuable species protected by forest law in Korea.
However, basic characterization data on its use as an important forest resource has been limited. This study was performed to
determine mycelia growth characteristics of the domestically isolated Amanita javanica strain NIFoS 1267 on potato dextrose agar
media under diverse culture conditions. Physical factors temperature, pH, and light, as well as chemical factors salts, heavy metals,
and pesticides were examined for their effects on the growth of the mushroom strain. The mycelia of A. javanica strain exhibited
optimal growth when cultured in dark at 30°C in media with a pH of 5-6. Normal levels of growth were observed in media
containing up to 2% saline. At a heavy metal ion content of 50 ppm, mycelial growth was not affected by arsenic ion but was
affected by cadmium and lead ions. In the tests performed with two pesticides used in Korean forests, the growth of the mushroom
strain was not affected by the presence of abamectin, but was inhibited in media containing acetamiprid, emamectin benzoate, or
thiacloprid. These results are expected to facilitate artificial cultivation of A. javanica as a new commercial product.
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QF o] HFg Afate] AE vt 3AA AR
AL 7He #72A SAE 5 80% oo 2=
IATAE 2 Ak, AE el #+F7F A FH
o W} dZdS IA YA (ectomycorrhizae)d} 4
AN A+ (arbuscular endomycorrhizae)2 2 F-F-E o}
(Sylvia et al., 2005). Leccinum 2 SuillusS} 732 2]+
o= shte] B4 &9 A= FA sk v Amanita
of 7r2 o] QAT Yo R tekst AE &
A d2S 343t} (den Bakker et al., 2004). &Fd 5
AEAQ WA R dHzl AEo] e FldA= &
HZ WA F oF 35% At AT WAeE gy
A Qe olol] &sh= Ae d2e MEWAF (Ramaria
spp.), LEMAF(Boletus spp.), 2T (Lactarius spp.),
A (Amanita hemibapha) 5 S 4 AH(Ka et
al., 2011; Jeon and Ka, 2015).
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bl A WA Sl opAe] 218 e oFg WAl ZA
Aoz Fo3 Yrkez FE 93 QIth(Boa, 2004).
ol AAshs Ao BaE F 1,900 F9 A F
A8 ks AR A AL oF 400F oA o=
ToAA AR AFANNTE 7hsgk WA AA) 4
Ao g AufEs WAL B /e Fo AUA &=t (An
et al., 2019). 218713 e oA Al L] -y AjulE
AalM = B2 A3 JurF g tE e 53] et $
73 Z700AM dAA A E o] tigk A AR} uk
A dosith, =dEAHALe EFTFeE EWA F
o] Wo| X3}¥= Amanita &9l &8t TS javanica
ot} o] &of &Hal= WAL EA A& 77 2
HAA Y =P E 53 EAS ks 248n4lo)
2} QA FZoltH(Oda ef al., 1999). o] WAL 7|59
s}, AHANE], 19148 AFEE Tl 53] FHeksAY A
HAEA g 2 AAA - Z314 - sk
o} $-x4¢l nErt Had Ak
1829] 20 we} g gk SHAHES
Lpo|th, et ofF] o] wiAle] REF o8 sl o
3k 78k AT A7 E v)$ F=3 Aol

olo] w} ¥ A7 FolM s I Il

)

SAl 2F % HiX| MEHY

B Ao AME 5 NIFoS 1267+ =yAtd4she)
ANA AlF vttt o] #E AHEE 4 W AHolA =
Ak =g AHA 2o 2RY &5 e
aolth. B¢ e gFo A9 ARE szt
Potato Dextrose Agar (PDA, BD Diagnostics, Sparks,
MD, USA)ell Aeas 23 wjget § dAke 75k
<=3k genomic DNAE FZ3IAUtH(Kim et al, 1999).
%3 DNAS F3°= internal transcribed spacer
(ITS) regions PCRES F3J3te] T3 S3%E 971
AE B4 vl 24 (Macrogen, Seoul, Korea)ol] 2] 2|3}
St BAE A7IAM<Ee v]=2] National Center for
Biotechnology Information (NCBI)2] GenBank DNA
databasecll Xl @714 E FALEE Slsiint. £41E 47
gL DNA database®l EASH= Amanita javanica
(accession no. LC056766)$}F 100% 35402 UERfo] &
AHETH o R FEUS SRlstal Ao ARt
AE ITS region A714E2 GenBankol] TE5H3E
MF4211012 5E331th.

=T FAR S 54 B leF 232 PDA HiA|
2 AT HA pHE 4ER pH 608 A5l
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m¢<l Petri dishol] 25 mL% g EF3F vljA]
S ARSSHAITE. B3 HFEO o] & FAMAIS] #F 7F
gl B2S A7 6mm cork borersS AREE| Auhs)
71 agar plugE HEYoZ AR theket §
oAl MH A ¥l A|F-2 BT 25°CollA 65

|

BN odd

Petri dish Sl A= 4F9] 729} A= 4
=339, MY 3 72 7=t AlZZ o)A
HESIE HE:Ye Zol(6 mm)E S 7kolA Al

o]

Zl
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digimatic caliper (Mitutoyo, Kawasaki, Japan)& A&
o

%
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Ciekst g9l X2| =A

=R FARS] EEE 8]l % A 54
< YolH iz 2%, pH, B/ Z70NA v gste] FAMY
&S A vt 25 202wl Wt
10, 15, 20, 25, 30°C Z27l°] H&=5 4435, pH 271
Wizl = pH =4 7] (Istek, Seoul, Korea)E ©]&3] PDA
wjz]e] pH7} 4, 5, 6, 7, 8 71| H%=E 1 N-Hydrogen
chloride standard solution (Daejung Chemicals & Metals,
Siheung, Korea)3} 1 N-Sodium hydroxide standard solution
(Daejung Chemicals & Metals)S g0 243ttt 3/
Z71e YF5o] A= w7 (DS-11BL; Dasol Scientific
Co., Hwaseong, Korea)E A3} 25°C &%=, 1,300 lux
F A E S gERALe TS FANA wiA] HAAE
TUR A HE Aidste] e s widksiit. z+
ZF Aedk =23 adlel mE FHAe aAME 24
glstar shehz a]loae] A 54 A3 485t
S35t

sisby @7 e9le] 24 AAe g Y £
7FeAol e B, TS, s MiAE AFE o A
718 AL =R Al FARE HES] M-S
Ak, o] 4¥-& PDA HiA|, pH 6, 25°C, 4ZA

>

Fig. 1. Photos of the Amanita javanica fruiting body(A)
collected in Korea and colony morphology(B) of the culture
A. javanica NIFoS 1267 isolated from the fruiting body. The
culture was grown on PDA medium at pH 6 and 25°C for 6
weeks.



718w 2o g sl dE 202 HASsETt
0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%7} E|=% Sodium
chloride (Sigma-Aldrich, St. Louis, MO, USA)S Hjx]¢j|
H7tste] st 545 270 7K FEE ol
H]4(As), JI=EE(Cd), T2 (Cu), H(Pb), °FdZn)
1,000 ppm 3-8 (Kanto Chemical, Tokyo, Japan)S %
57t 50 ppme] =Z=F PDA ujR|o] H7lsted A=k
oh E3 woF 2% AA v AAFe gt A
of TEHo] AME+E  Acetamiprid 8% (Mospilan;
Kyungnong, Seoul, Korea), Abamectin 1.8% (Romectin;
YouWon EcoScience, Yongin, Korea), Emamectin benzoate
2.15%
Thiacloprid 10% (Calypso; Bayer Crop Science, Seoul,
Korea) 47FA|9] &S 7}7ke] FoF 3|AtellA] AREA] A
sl e ATt Hes wjRol Hriete] Azt
ATH MY T A 89l AR e PR #AH A
ol(mm)E Alo] Ztz}e] sofe] gk WA A=E et
At

(Eipam; Syngenta Korea, Seoul, Korea),

M=Z2g4 8d S8 ZAl

2 EA RS HEsllslen Folsle 491 avicelase,
amylase, B-glucosidase, CM-cellulase, xylanase, pectinase,
protease 5 77HA 72 G4AE O R S ZAMS
AUTH. BAo] ML) FH] F4o] YRt wo = Al 9
3= A g1 4 = chromogenic plate assay 2
2 ZAMITH(Kwon et al., 2007). ¥iA] Azt 71de] A
29 2 &A2YE chromogenic plate assay Holl 7]&¥
wgol wet Fde 7188 e FAA MM Fdsted At
§3l3th. A4 yeast nitrogen base without amino
acid < 0.1% T%

carboxymethylcellulose

B¢l avicel, D-cellobiolse,
sodium salt, polygalacturonic
acid, xylan 52 0.5% =2 27 ARS-sHTh. 91714
o1 congo redE 0.5% FEE ARESINT Thild 7)del
skim milk= 10% F=2 ARSIt 84 A4 A%
gk 34 718 wiR e e =g J4E HE
g 5 25°CollA 6 7+ Mg & ok wiA] A S o
ZF FHol| Fr3l(clear zone)o] EAHH M E]aA &
ol e Aoz st

Xz SA X2

ZAF A5e A 2= IBM SPSS Statistics 20
program (Wisplinghoff et al., 2004)& ©]-&3}t}. F4
2l s 7t 87 89l ol mE A% dol 2
3} AF = One-way ANOVA #4102 7}7ke] 271 A3}
Zre] s %k & AAFEA OS2 Duncan 3785 ©l
Stk A= 95% o] oA L8 AS5E
gJate] M Aol OaFde A vaEg F LS 4
HAE Y98l grouping 3T

o=

EREZFHALS ) IEUAoL AEt(Java)oll A e
H o] % oprofoll A gt o]Q]ol = Y&, T, Bl ol
A EAekes AoR2 d#F th(Sanmee er al., 2015). ©]
HALS 218o] 7hssithal dH A dov R/ 54
A 9ol lFFHer Aufste] Yikelz) e AR
ale obg gle AAolth. o] HAle] Ko Lol FES
FEH R AR F25 7HA]7] wZol] 2 doti=
757 Bol 5 %ol A SAsisth. vt ITS
tDNA region §714M ¥ 7wto 2 BAA AFREF A7t
oFoAHA F o WA F FES T T de 7Int
o] AN EATHOda et al., 1999). B AFNME FA] &
FE ARE =GN 459 ITS 971448 4 4
37} GenBank DNA database © 55 =<9 =ghd7F
WA #eF H7IMde] AT SRt = e
< el tigk 53 fEe] 97149 ARE gHsls]
T} ol FFolE 5 ool e o] 2o uf A
sl &8 7 J& AR AdH

o= EEA $olA =oE A #Tt HA #AE
S oAl 2ARE A3 2= 27CME 10°CelA
53+ 03mm E AL =FA AASHL 30°CoANA 713
7ol EUTh(Fig 2, Table 1). Amanita spp. dAF= 4
HH2 o 2 20~25°Co] 2L=$ho] HAumYg 0w oy
A DAY A. javanica$t A. melleiceps= 1910 2L
B3 ITHKa er al., 2014). 53] L= 27o] ZLo
s Ao &g 1o g Yested, ol UiF
21 A2 WAL Folf #APE 25°CollM = 7HE
A AgS Bolu 30°CollM = ol AFEEE el
Eht A A (Kang ef al., 2018)9} v]ws)] 2 o 2
Toll AFEE =HEHA e 24 A4S 7

Fig. 2. Colony morphology of Amanita javanica NIFoS 1267
grown on PDA at different physical environmental
conditions for six weeks. Temperature conditions, A-1: 10°C,
A-2: 15°C, A-3: 20°C, A-4: 25°C, A-5: 30°C; B. pH conditions,
B-1: pH 4, B-2: pH 5, B-3: pH 6, B-4: pH7, B-5: pH 8; C.
Light and dark conditions, C-1: Light, C-2: Dark).
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Table 1. Mycelial growth of Amanita javanica on PDA at
different physical environmental conditions for six weeks

Conditions Treatment Mycelial growth

(mm)
10 53 + 0.3
15 16.4 £ 0.1
Temperature ("C) 20 31.3 £ 04°
25 374 +04°
30 47.7 £ 03"
4 13.7 £ 3.5°
5 52.2 +1.5°
pH 6 52.6 +0.8°
7 423+ 14
8 26.6 + 1.0°
Light / dark Light NG b
dark 421+15

NG: no growth (0.0 £ 0.0), Mycelia length = mm.
*: The results are different by Duncan’s multiple range test (p<0.05).

Aoz AlgHEY, o9} e Ax= 30°ColA 7 HA
7S RYE EzZAle] A9 (Han and Ham, 1999; Ka
et al., 2014) A9} fAFsITh, webr] SZWAFo 22
HAES 2d8l2 A3 QA= 004 718 = 7]
wito] 2 7EX|7F ol Zo R o AXITh BEgl #AR] Al
7 Aoj¥gto] olyel 75 Feldl= vl 2o wE 2}
o7} UeRsth A2l L5t Eold4E Sl FAL W
wl3}A] Ak o] Rokw slelst =7} AATHFIg. 2A).

39 pH A E pH 4 A= 13.7+£3.5mm=E A
ol A =3 pH 5 9HE 52.2 + 1.5 mm, pH 6 °ll
A+ 52.6 £ 0.8 mm=E dAMIAS 5193 Duncan £49
A3} pH 5 ¢t pH 62 frolm|sHl 7P & A4S vet
Wt o] Az WAl BRI B A7) pH S A
A 22X A (Sou et al., 2011)9} v]52d Axtz o
eEbgth. #52 el pHYT 4-5 2719 30 34
Aol AR BoFo] At 22 FH|, pH 6-89] A&
‘oAl A ge] fAte] FEI7F AFEX] THA 9F o] AR
OZ W Lol FAL MEEYH 2 EYo)
#2E A THFig. 2B). ol#d BH5e @Al #AL
Yeile F 7K e & 2dA wiEs AP 52
3 vwA A717 & 78 S BISSEATH(Sou ef al.,
2009).

B2 HAlo] 22 AEoA -2 wAle] Ao
Al w9 Fogh YIS wX7] wZe] FEA] uiA|
ol9jell MAlS Aulslr] g 94 37 O ZA] wlj¢-
Zagk AERIAE BRI E U TH(Bger, 1962; Esser et al.,
1971; Jang et al., 2015). =FGZH A F52] dAFKE 3
o] §lE 0l 42.1 £ 1.5 mm & AAASIIA N 5

AE 1,300 lux 3 279 3HAqAE A A3k 2
St THFig. 20). Wb SZ2WMA dAE Bl 2d33s] |
s A S-S QA= o]l 4AQl A=
AlgET) oPde] AdE B u Al A o
AFE 918 B8l 3L &%= 30°C, pHE 5-6, %
< gl 271o= ety

(FEEE 0%)914 57.4 £ 0.5 mme] FAF S B

AREL 2.0% SE7AE g v)eksix| 7t FAL)
$2 4.1+ 03 mm=E 7F53I5 . o83 232 2 o)
] o] & SN E e uAle]
702 AAZIG. #59 FH T3 FEo

3
=4
e 2dddMee g gl de e F54

i
N

Bt e 9] P2 ASHATHFig. 3A). ol € &
o] Al A Gl 2E# 2~ ZAYS AARITH
THEG 21 oM 4 F&ole 3 v
A7t g2 YERth vA(As) o] 7 24

739 FAF AL 60.4 + 2.0 mm ZA FHETF FA
A48 573 £ 0.7 mm 9} Zol7} §le A2 E o HlA
= A AFeE 9T 73R e o2 ekt
(Fig. 3, Table 2). 7-2](Cu)®} ©}4(Zn) ©]& 27 A=
247} 412 + 1.4 mmé} 49.4 + 1.3 mmEA 2 JFS =
A= FAE Ao Wl a9lo =z 2R8-3kal 3lo] 9l
=tk 53] 7I=5(Cd)& H(Pb) o] Z7X= FA
7} A8 S A Epth dA AEFEH W MARF

Fig. 3. Colony morphology of Amanita javanica NIFoS 1267
grown at 25°C for six weeks on potato dextrose agars that
contained NaCl(A), heavy metals(B), and pesticides(C). NaCl
salinity concentration, A-1: 0.5%, A-2: 1.0%, A-3: 1.5%, A-4:
2.0%. Heavy metals, B-1: As, B-2: Cd, B-3: Cu, B-4: Zn.
Pesticides, C-1: Abamectin, C-2: Acetamiprid, C-3:
Emamectin benzoate, C-4: Thiacloprid.



Table 2. Mycelial growth of Amanita javanica on PDA
supplemented with different chemical factors at pH 6 and
25°C for 6 weeks

Chemical factors Treatment Myce&alln%)r owth
Control (0) 57.4 + 0.5"
0.5 418422
o 1.0 30.1 £ 1.3°
cNoi?iit:Er?“Z) 15 194 % o.Bed
2.0 41+0.3
25 NG'
3.0 NG'
Control 57.3+0.7°
[As] 60.4 +2.0°
Heavy metal ions [Cd] NG b
[Cu] 412+14
[Pb] NG*
[Zn] 494 + 1.3°
Control 52.6 +0.8°
Abamectin 49.6 +1.9°
Pesticides Acetamiprid 25.0 + 1.3°
Emamectin benzoate 332413
Thiacloprid 29.9 +2.0°

NG: no growth (0.0 £ 0.0), Mycelia length = mm.
*: The results are different by Duncan’s multiple range test (p<0.05).

o] FE& AL 71Ee] F Ft=EOlRE s A o= A
Ha ok 2y 2 AFelA tE S35 ol A
AFE ZHNNE =g AMA g FAPE St
7] wEoll &% AAA oA thE FE50] o= H=
SAEEA AAE B8l 2 9888 AR e 2
’do] Uthar ApE L

ok 274 3= Abamecting H7FeF A =@
DZFHA O] FAMEAL 496 + 1.9 mmEA FA7] 27
oA FAMIF 52.6+0.8 mmé}t E T Z}o|7} fidtt.
W 752 JEH 02 AR Dr) wiwlsie A3y v
o] & o] ol f1% o2 o] X9-X|A A5kth(Fig.
3C, Table 2). T2 3%F9] ¢ 7oA = FAjg] 7ol H]
3 BE #59 AAo] Ant AxE A Aol A A
SHETE. ol AFA F AUt slE oLl H5el4
© 2 nAYEd] 7]X|= B (Walter ef al., 2007; Zhang et
al., 2009)¢} -2 A2 AAZIG, o] 22 A= & of
A ] Ao AREEE S EUA HAES 2 FF
of wet =AY S AT F IS AR
At E T Wb o]2d GHAES A&7 AT A
T AHOlA MAle] AR S Hsljshs 80o= =g
& Aoz ApRHL.

S @] A AR 54 195

HhAUES- Ol Chromogenic media assay & ©]-8-3}]
avicelase, amylase, B-glucosidase, CM-cellulase, xylanase,
pectinase, protease 52 MAEL] g FAS AR A3
A F5E AP 270 ofd 84 S
UERRA] odtt. o2 & o 5284 71dE Esliste] o]
S3le T8 We Zo 7 AL HT. PDA HiA| 279
A WA L9 A9l 459 Trichoderma atroviride,
T. citrinoviride, T. harzianum, T. longibrachianum<} Z}
b 2] v otHe wl =REAHA 459 FAE =
T olE 4% gl HAY AFo] JA =3 tH(data not
shown). WEHA QIFHRF A] o]& #7 ol Folst
oof 3HS o < AT

2 AFe =S9GN FFE AREete] B8R uS
o) me HA A =71 2 3 g4 gl gt
WS in vitro 3ol ZAFSIII dAE ol 84 %
ZAollA] FA A HAY AMEEEAE Fetstitt.
ol 71 FYHYE o2 WA FFE ol & A
(Kang er al., 2018)S} =Fo]7} &5 SIS 571 AL
H o] ENE 5 A vl L AAA g Aol
Tgo]  ZAoR AAZIT

A O
= i

SN E (Amanita javanica) =X AFIHO
2 HIWT e A8 7S JAF2Ad wAlold, F
83 AL o2 &8s Qe 7|2A% B4 AT
o gt A5= FE3E Ao}, o] £ A= = A
3 oRMA AAAZFE g =FDZHAL NIFoS
1267 IFZ5 ©]&3t] PDA HiA| AollA &4 Q91 (&
%, pH, ) s}HAQ 81 (A, T8, )0l =
A 548 AT HA 9 B4 e o=
7} 30°C, pH7} 5-6, X102 wjfo|e of =7k
WAL #9] #ARIRe] 7P 2 202 Yyt 3
&7 QoA PR 2.0% = A7 wAFFe]
A Aol 7hsslth. 50 ppm TR FHEE o]
7oA Bl A (As) o] &8 =Tl F52] gAY
BEFE FA G JF=HE(Cd)% | (Pb) o] #A
7ol E7FsetA stlth. =l Aol ARSE AL e 2
71| &) 73-%-, Abamectin H7F WA oAM= =RbEZE
WAL A=) FAE Al FaFo] 1A Acetamiprid,
Emamectin benzoate, Thiacloprid7} Z7Fe ®j=] &-7]
M A Aol BF o A8 HAoh & A A=
FT FAH S S N2 Ao 2N
A JIFA Aol Ego] 2 Zo=® ZiE

M9 =

B A= TR oA G ARY (FHAHE: PI012619022019,
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Aol ozl FastdEHTh
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