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ABSTRACT

The ectomycorrhizal basidiomycete Tricholoma is one of mushroom groups that cannot
be cultivated artificially. To use this mushroom as applicable resource for food production,
it is necessary to obtain information about their mycelial growth properties in various
environmental conditions. This study investigated the mycelial growth of four domestic

'.) isolates of Tricholoma species (T. bakamatsutake, T. fulvocastaneum, T. matsutake, T.
Chock for terreum) at different physical and chemical conditions. The optimal physical conditions for
updates their mycelia growth were found to be a temperature range of 20~25°C and a pH range of

4.0~7.0 in dark condition. The growth of T. matsutake was retarded at high temperature
@ OPENACCESS (30°C). Tests to determine the chemical factors that affected mycelial growth showed that the
PISSN : 0253-651X four Tricholoma spp. grew 1% saline. T. matsutake grew in up to 2% saline. In the presence
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amylase and B-glucosidase were detected only in 7. bakamatsutake and T. fulvocastaneum.
The results of the present study allowed us to determine suitable or harmful environmental
conditions for the mycelial cultivation of the Tricholoma spp.
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2 71of| o] &Y 5= Tricholoma bakamatsutake(7145:0]), T. fulvocastaneum(7-AAHLE40],
7H>‘), Tm&tsut&k@(J—O]) T. terreun(%:0]) 5 ©|tHFig. 1, Table 1). U] 7F2] 2] o)< \_—r—%LH

3§ ROl ARt B ARUA] 220 2 RE 42 Relel 2102 FYAATH) (Nationa
Institute of Forest Science, NIFoS)of|A] Al gHIbc, 2of w50] 1Q]of . BlolS- QJs) A2 uke 7}
potato dextrose agar (PDA)°Y| B & #AIS £75}0] Kim S{8]2] HlHoj| ul2} genomic DNA S &
2]5}21 PCR-S- 4~3Y5}0] internal transcribed spacer (ITS) region2 ZZ3}It}, 225 DNAS] 97|
A EEAL ufE 24 (Macrogen, Seoul, Korea)ol] 2]g]sto] 4:38513131 Aojzl 7|xH2 nl=;
National Center for Biotechnology Information (NCBI)2] GenBank DNA T|o]E{t|o] A0 525
Tricholoma Z15-2] 7)A€ <l Blast program (https://blast.ncbi.nlm.nih.gov/Blast.cgi) 2 2 73
Slo] GAMES BRI5IQICE BAH 42 T, terreum voucher C 59300 (EU653300), T. matsutake
(AB559004) 5+ Z}7F 100% B7 1M E FARE S UEtdjo] BAESHA 0 2 55| F59-S A
QUSIaL FAMYE Aol ARSI o1 52] FAE ITS region ¥7]4 %2 GenBankol 555132
™ 555 9= Table 10]] H|ASH3ACE.

T5-0] ZA] Al HioF AlSS- Q]5}41=PDA (BD Diagnostics, Sparks, MD, USA)S- A x4
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ol 24 27402 L7l pH 622 HIA|E 273t T 90 mm 2|7 HEZ] FA| of 25 mLA J&F
Eoto] ARSI 7 HE2 HEE ol FF 7P FE-S 6 mm 272 cork borerE- O]
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AP Bl Al B T 25°C g7 1ol 657l et 2 -a8sl itk HAMY S S22 digimatic
caliper (Mitutoyo, Kawasaki, Japan)Z- 0] 8510] H[E 2] A] SIHOZ Ho|= F&o| 712 /\ﬂi 2]
74 do| & Z7sIRlt). S H F 3te] g st gl Aa w2 AE T 2491 6 mme] E-
o|9] Zt& AlelstaL Alet {2} & slof 2FH 02 FAPY Zo] Aukgre AUch AL sukEo
2 434513l
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4%9] $ol4 o] Bej2el 2oloHel WY 548 7] SIs) L= 10, 15,20,25,30°C 23]

PHE4,5,6,7,8 37, 2 G5 TA} §7 2210] 221 Aelelel W5 BAFIS 29 i
51t pH 27 HiA] = pH =4 7|(istek, Seoul, Korea)Z- 0|85} PDA Hi%|7} pH 4, 5, 6,7, 8 7
o] E]%=2 | N-Hydrogen chloride standard solution (Daejung Chemicals & Metals, Siheung, Korea)

7} 1 N-Sodium hydroxide standard solution (Daejung Chemicals & Metals)S g0} 211 Ht &

Fig. 1. Photos of the fruiting bodies of the four Ziicholoma species collected in Korea and employed for
the isolation of the cultures used for this study. A,Tricholoma bakamatsutake; B,T. fillvocastaneum; C,T.
matsutake;, D,T. terreum.

Table 1. Fungal strains used in this study

Species Source Collection site nga:ﬁa‘sccs;isiﬁsjo'
T. bakamatsutake NIFoS 2236 Hongcheon, Gangwondo MF421111
T fulvocastaneum NIFoS 3095 Seogwipo, Jejudo MF421112
T. matsutake NIFoS 1681 Hongcheon, Gangwondo MF421113
T terreum NIFoS 1268 Seoul MF421114

ITS, internal transcribed spacer; NIFoS, National Institute of Forest Science.

The Korean Journal of Mycology Vol.46, No. 3, 2018 273



Kangetal

pH AJBA| S AkR51o] pHE THA] Bolsiglom T st uijx|7} 27] Hof tha ZAste] kxg)
=% 5*“2‘?“*1 oF 271 el Aol SUR ujx) HAHE PHFol We XfasielT, F =
7= 7] (DS-11BL; Dasol Scientific Co., Hwaseong, Korea)oj|A] &l

1,300 lux2] o] A& -9x| =] = 2 ujoragict. x]2)st 2H 222 Q9o
A A S-S olst & 1 AukE B25}o] 2= ohpH, A 52 315HA] olox e 4
XS o] o5t Al3lo] 28519tk afek 7 29l that 24 A 2| Alal Eool )
AR R, FT4, 18] 1 5oke oo 2 vi] 24 A] olFol FAMIEE ZALISY
150l A= JBHHE B(Sigma-Aldrich, St. Louis, MO, USA)S 0.5%, 1.0%, 1.5%,

2.0%, 2.5%, 3.0% =2 AFESINL Sa< o] 22 HlA, 7HEE, 1, ', ©1R4(As, Cd, Cu, Pb,
Zn) 5 57FA] o] 0] 27} &3]0 Q1= 1,000 ppm EF-EH(Kanto Chemical, Tokyo, Japan)Z- O]
23] 50 ppm =] $74L, ok Arzlof ALpRA A ZH o] ol Y WA S BA o2 AL E|1

QU= Abamectin 1.8% (Romectin, YouWon EcoScience, Yongin, Korea), Acetamiprid 8% (Mospilan;

o
Wi
B

r
ok
)

8

rlo
2 o
N

(J‘l

_EL

0:|:
o
rug’h Am

I‘I’N

Kyungnong, Seoul, Korea), Emamectin benzoate 2.15% (Eipam; Syngenta Korea, Seoul, Korea),
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HMEL|GA S HEL avicelase, amylase, Bglucosidase, CM-cellulase, xylanase, pectinase,
protease 5 77}A] £F2] §4E chromogenic plate assay 7|HO 2 £351THI]. HiA] A2
0.19 yeast nitrogen base without amino acid (Sigma-Aldrich) S 5dot 242 0 2 0|-85}11 Z}7}0]
7140l ik B4R Z219S floiite 0.5%2] thE TS 085t 7| AR oA
avicelase+=avicel (Sigma-Aldrich), B-glucosidase+=D-cellobiolse (Sigma-Aldrich), amylase-+= starch
from potato (Sigma-Aldrich), CM-Cellulase+= carboxymethylcellulose sodium salt (Sigma-Aldrich),
pectinase= polygalacturonic acid (MP Biomedicals, Santa Ana, CA, USA), xylanase:= xylan
(Sigma-Aldrich)& Z}Z} 0|85t} A (chromogenc reaction)2 2Jet JA71EL 0.5%
Congo red (Sigma-Aldrich)Z, 143} A|7]7] 213141 1.5% bacto agar (Difco, Detroit, MI, USA)= 3}
7 78l ARBIACE. Protease 74-9-= 10% Skim milk (Fluka; Honeywell Specialty Chemicals,
Seelze, Germany)2} 296 bacto agar (Difco)E- 0|85tk AJ&Fet g4 HHX]_J Zo)o]| AlSH-S A=
35 25°C Uo7 o] 6% LU F AT 0 2 lafo vl 23] B2 2% Flol o]
S ErSHclear zone) Q] S ZALSIILE A= 4 Hlj 2o HES0] 3 ‘_%E}Q «“y» BHES o)}
912 Bl
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ﬂl. al IP

Al feuehs At dekz Qlsto] 2rjA| ol A o AR o.g 7] 20] 2} 2 2131 Qli=FA]
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7HEkRlo] E|ITh FAIH 45:20] ol 2] A FAMYE %= T. terreum?} 20~25°C, U A]
3%-2 .525°Co|AtHFig.2, Table2). 2|2 A2 &= 2710\ A T. bakamatsutake, T. fulvocastaneum,
T. matsutake S5-& 0] o]z e 1 o|&}e] 48k T, matsutake?| T AlEE SJefj2 Wo|
PRI 7. terreum®] @50l of) Gt 1) gtehFig. 2. 10°CON T, tereumzt

Fig. 2. Colony morphology of Tiicholoma spp. grown on potato dextrose agar at different temperature
conditions. A, T’ bakamatsutake; B, T. fulvocastaneum;, C, T. matsutake; D, T. terreum; 1, 10°C; 2, 15°C;
3,20°C; 4,25°C; 5, 30°C.

Table 2. Mycelial growth of Tricholoma species on PDA at different physical environmental conditions

Conditions T’ bakamatsutake T. fulvocastaneum T. matsutake T terreum
Temperature 10°C 29402 27+0.1 73+0.1 NG
15°C 78402 34+02 152+0.0 222+05
20°C 163+1.3 9.7+£03 241+1.0 274+0.6
25°C 195+05 162+1.7 285402 272419
30°C 36+02 85+05 NG 88+0.5
pH pH4 8.8+0.8 255+12 289+02 182+0.8
pHS 212415 260+23 359+0.6 254+04
pH6 21.6+1.0 203+27 324+£15 256+1.6
pH7 20.6+12 35+13 26.7+1.1 273+1.1
pHS8 184405 NG 151+14 255+04
Light/ dark light 73+1.7 24+03 194+12 149+13
dark 13.9+0.7 217+13 319+0.7 272426

PDA, potato dextrose agar; NG, no growth (0.0 +0.0).
Mycelia length =mm.
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[12], -2 2Pet2/d 72 Suillus luteus?} 7V e S50l WWd 442 7RIt Atek= o]
S BItH13]. 78)(Cu) o] 20] 3 viR|ollAt= H] 71A] FolHAlRF BE FAPY o] 7] Al
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2} T. terreunm= 79] A&l ¥kx] agkt) H(Pb)o] EgkE FHAE T, fulvocastaneum?} T.
matsutake=gAPYA0] A2 A= R] 2L9FO ™ T, bakamatsutake= Z=- AN T, terreunm=
o] Ao E19ICk. T, matsutakel= o}2(zn)o) e A5 0] 7V HolStO ™ T bakamatsutaket T
fulvocastancum= TFE £o14 2 B2} 21340] Ho3ick. o] st 2 1) o] 547} S0l
2 o] S0l tigh UVd Aol 2lo]7} a-& & 4= AUk o] obd W7ol Hlste] 2148
T AFeE7IEE, S 22 5 ade e =2 5= TR 4= ArH14]. =5t op iAol &
0] Z2Jo] ek H7k ZARICHS, 16].olo] ek ok R islel F34 - Ao
73 770N Fo QAE 7HA|AL Q= HE 2 tol|A] of Rl FAAE o8 AR Sa4% Udel]
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A & L= 515 ol2jol H]Sol4 o2 njAEo] G= 71xl= Bak ltH17, 18]. S0l
5= 4% T emamectin benzoate” | 271l BiR|ojl A AFY o] #13]] =] ATHTable
benzoater= AZA0|HA] B AISA| 24 Tl 2 AUEA S JiAllel] &7 Q1L go]
4 E7} i OPIZA Proctaim®'E AHESE o] Slo] AN oflE 207 5 gl Ao
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3). Emamectin

Table 3. Mycelial growth of Tricholoma species on PDA supplemented with different chemical factors

Chemical factors T. bakamatsutake T fulvocastaneum T matsutake T terreum
NaCl concentration (%) 0.5% ++ +H+ + ++
1.0% ++ ++ + +
1.5% + - + -
2.0% - - + -
2.5% - - - -
3.0% - - - -
Heavy metal ions Arsenic (As) + - +H ++
Cadmium (Cd) - + + +
Copper (Cu) ++ ++ ++ ++
Lead (Pb) ++ - e +
Zinc (Zn) + + ++ ++
Pesticides Abamectin 172+02 244+24 33.0+09 33.0+0.6
Acetamiprid 160+14 19.1£12 340+35 204+12
Emamectin benzoate 69+£12 189+14 256+05 18.1+£2.6
Thiacloprid 149+12 11.1+1.1 29.8+42 24.7+0.7
Control 20.8+0.5 203+1.7 324+15 256+1.6
PDA, potato dextrose agar; —, no growth; +, 0 to 1/3 length of control growth; ++, 1/3 to 2/3 length of control growth; +++, 2/3 to 3/3 length
of control growth.

Mycelia length = mm.
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partial cds 2 EAIE]QIC}, o] £-0] S| Alol| cellulose E3l S H-2]7} EE235t cellulase EA40)
TR EA7 S| A] @2 Aot} FF A cellulase®] EA o -5 A% 417] flsirt= B4
S 2Z0l|M T. matsutakeol| A A2 7%= cellulose F-27F2] vt g 48 do]| gt A3
7+ 2 st} tEo] TS 715t FABAIE /g skt of2|et 34 E50] o] R0
Tollx] MaEelEAe] E/do] o] e 202 Z]ohect. kA in vitroollA] o] F <4y
ol HFERE A g A SYS B QloiM = dAH R RE Ao gAY S F=S
Aldolu f=E A (inducers) & Zr= A I Qohrkal 7.

2 Gt Sold 35 ol 83 invino 0 2 2 22| wjoF27) % 55t 270l i)
8& ZARFOZH, Tt Ae] B4} 23 QRlof| wiet gk A sl 7T dojut A F APESH
AGEES o2 ok ke AMdo] =25l Wb o] 5 -5 o|8-5Ho] Q1S Al AL HY
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Table 4. Extracellular enzyme activities of Tricholoma spp. on chromogenic media with different substrates

Extracellular enzyme

Species Amylase Avicelase CM-Cellulase  B-glucosidase Pectinase Protease Xylanase
T bakamatsutake - - - + _ _ _
T fulvocastaneum + - — + — _ _
T. matsutake - - — - _ _ _
T terreum - - - — - — _

+, Activity detection; —, No detection.
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Qe

QYT BIAER] F0|(Tricholoma): w2 AAY Q15 Afeli7} o] o 2| %] kil 9l o, AJ&4Ql
Ao 85 floiitE s e 2 0l|M HAMIR /8 S 11 E5ke SL7FHdaiE]ofof gt o]
et 2 A= oA A2 RE] o4 B2ldt 459] Tricholoma bakamatsutake (714:0]), T.
fulvocastaneum (FZAAHNE40]), T. matsutake (4:01), T. terreum ((F5-0]) 25 ] 22| %], 3}514
7NN FAPYE B/ S ZARIRTE 4% B FAPY ol Aeket E2] 4 2 0 24 2|4 v
FE7E 27 2=7F20~25°C, pH7H4~7, Y ik 22091 212 ERISKSITE T. matsutake'=30°CO]
A FAPY o] 3 - RIgteh 5482 BRIt FAMY ol n|x|= 2kl 4 ZAFAat NaCl
FLE2710lA 45:2] Tricholoma 25 1.0% 555 7HA| Aol 7455ttt T. matsutake=2.0%
S M= FAREo| 7H53IRIT) 24591 FFEE(50 ppm 5-) 7} 52F2] emamectin benzoate
o] 271 iRl A U] 7}A] ol o] FAPE o] 7H Eho] AsiElth= A ERIsIoirt S84
7-2](Cu) 01250 ppm FL)0] TR BiA|olA = 4 Lol o BF FAPYo] A2 Aal=|A]
QLotth. T. matsutake'= emamectin benzoate 2]0f THE A 7Fx] AgAlol thsid AR A7 A
O UFERR] otth N2 Q| § A= T. bakamatsutake®} T. fulvocastaneumTH 2B 2] of| A Amylase,
p-glucosidase 52 TAZ/dS HICE & A A= 4% £o|& o=2] wARIl A = 7
et e xS T2 T4 oM FF -8 itel o] FH Al o7 Z|tETh
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