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Mycelial Growth and in vitro Ectomycorrhizal Synthesis
on Pinus densiflora Seedlings of Tricholoma
bakamatsutake in Korea

Sung-Min Jeon', Kang-Hyeon Ka'* and Ki-Sung Hong’

'Division of Wood Chemistry & Microbiology, Korea Forest Research Institute, Seoul 130-712, Korea
*Forest Mushroom Research Center, National Forestry Cooperative Federation, Gyeonggi 469-803, Korea

ABSTRACT : Tricholoma bakamatsutake is one of the edible ectomycorrhizal mushrooms as an allied species of Tricholoma
matsutake. This is the first report on physical characteristics of T. bakamatsutake strains collected from Quercus mongolica forests
in Korea. The pure cultures of these strains were isolated from the tissues of fruit bodies and the culture characteristics were
investigated under different conditions (media, temperatures, nitrogen sources). Most strains showed the highest mycelial growth
on potato dextrose agar (PDA) at 20 or 25°C. Two strains of T. bakamatsutake preferred the ammonium-form rather than the
nitrate-form as an inorganic nitrogen source. T. bakamatsutake showed significantly slower mycelial growth when compared with
T matsutake from a Korean forest, although the optimum culture conditions for the two allied species were similar. We also
tested the ability to form mycorrhizae as well as cellulase activity of T. bakamatsutake. All strains showed cellulase activity on a
carboxymethylcellulose (CMC) agar plate. The mycorrhizae on axenic Pinus densiflora seedlings were formed by two strains of T.
bakamatsutake after 3 or 8 months of inoculation. P densiflora seedlings inoculated with T. bakamatsutake had a much higher
biomass than un-inoculated seedlings.
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M = A7 SRR (1], YEANME o =Y 24 (Bakamatsu-
take)®}t HE}H[2]. T bakamatsutake= | (T matsu-
Tricholoma bakamatsutake Hongov= 515 (Agari- take)2} GHFZ Q] @] o| Ao] H|s=shH | $o|gky} vlo] 7

cales), $-°]3} (Tricholomataceae)l| 431= JATA H SHAl U] Wizl o] & 7S A &5 & JTH[3).
TS AA B 2 ASHTHOZE T bakamatsutake
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om, Fo] WAZF UA H& 4 dvkal 71estint(5). ©]
3t 7155 B A elUtl= T bakamatsutake?}
HHste] 21802 HFEUS Aolet 4T Ut

T. bakamatsutake= M0 Fe] 0| (Tricholoma matsu-
take), FU|2F F0] (Tricholoma magnivelare) “18]31 Ho}
z27}h, feprlol, 5r) SRl ASE Tricholoma
caligatum "3 A AAANA FRHeE 7EX7F vk
1 FHZ] Fold 4%l Fake WA T shtelthe].
St T bakamatsutake= DEANX 2P0 2 o8 7153
24 AT 300 <ol 8V ™ [7], T bakamatsutake
o] Wy 752 H]=2] ATCC (American type culture
collection)ell TEFE 0] 3= dejelth(8]. Fxolxl= T
bakamatsutake®] APAAS 7AZFst] 2lgo=2 st
ATk, o]t 7Ex] W FRIA] YEANXM= T bakamatsutake
o gk Ade]d S 2AKslAL, 1 2AE%0 Folote] A
BlE], 33 vl A7 o]n] AAH SR o] Fo|7] AH
olt}9-11]. 23V et S, T bakamatsutake &
XA Fo] spehke Baink Q1S ¥, H<7MA] T bakama-
tsutake’} TAEIATR= Hu % §l31, o]ol] thet A A&
= A9 l= dEidAch. t3s] 2012 993} 20131 8~9
ol = o] AAUF-HANAM T bakamatsutake”
HHAY3le] (Fig. 1a, 1b) o]5°l tigh e 2 A2)2] EAS
kst 4= QA HJT. olof] B Aol A T bakama-
tsutake= -F-2UpEtelA] 3 dolBR, kA V)Edh
A3 80 715E TP FolEle v "ol B =
M= T bakamatsutake®] 3= (7H4)S ko) A
ST B =R-e Telle) ARl SR el 35
=9 WA e 25 A 549 2ad dss,
cellulase 4, T FAHY 55 AlFsto] 21 S4S 9
31, MR ZALE B8 ZMole} ZaEel Folsle] v
% S48 Bl A0 olol o vhe-& Mwslaa sk

Mz 3 S8

7150| 2Fe| =4, 22| ¥ MBS FH|
7VE0|(T. bakamatsutake) = 20124337} 20134 8€¥
Fod 2ol T THT AZUEE (Quercus mon-

Fig. 1. Tricholoma bakamatsutake collected from Quercus mon-
golica forest in Korea. A, Fruiting bodies; B, Mycelial colony
grown on potato dextrose agar plate at 25°C for 60 days.
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golica)IX] FREATH. AR T AR Y] 22025
B oelet o, AMA Y] Eley EA) A
ITS (internal transcribed space) F7I1AE A4S B3l o
S TAst] @478 (Korea Forest Research Insti-
tute, KFR)o| 55 755 AM8-3}3it. KFRI 19813
1982+= 2012 99 Zoll, KFRI 2237 20131 89 2ol
123 KFRI 22537 2254% 20134 9 Zol 242 4=
gt Ao F 55 £ Aol ARSI tiAF 24
o] 5% HEUS 7] fIal AbHuR]ol| YR E(4°C)
ZFold 2} 755 potato dextrose agar (PDA) Hj=|ol|
Fstod 25°CollA] 2713t ShSEE §-, o] & THA] St st
of Zt Aol AR8-atTt.

DHEiX[e] ZF0| [HE TALYZE S ZAL

FAR ] FFHo| wE slEo] 57 (KFRI 1981, 1982,
2237, 2253, 2254)] AR 5438 &7] 23l potato dex-
trose agar (PDA; glucose 20 g, potato starch 4 g, agar 15¢g
per 1L), malt extract agar (MEA; maltose 12.7 5 g, dextrin
2.75 g, glycerol 2.35 g, peptone 0.78 g, agar 15 ¢g per 1L),
sabouraud dextrose agar (SDA; dextrose 40 g, pancreatic
digest of casein 10 g, peptic digest of animal tissue 5 g per
1L)s 7&-881A] 352 Adelste] A|ZAH(Difeo, USA)S] A
Aol whe} Beks AlgFete] A1FHIA] (pH 6.0)F A=
TH[12]. B3 sucroseE glucoseZ WA $H Modified Melin-
Norkran’s medium[13]°]] agarE F7Fste] ¥ wljA]Qd
MMNA (glucose 10 g, malt extract 3 g, (NH,),HPO,0.25 g,
CaCl,0.05 g, KH,PO, 0.5 g, MgSO,.7H,0 0.15 g, NaCl 0.025
g, 1% FeCl, 1.2 mL, thiamine- HCI 0.1 mg, agar 15 g per
1L, pH 5.5)& Ax3 &, 0|5 Aol AME3HATH( Marx,
1969). Z}z+e] BjA S 11PE71E T (121°C, 20 min)3F 3,
petri dish (bottom 85 x height 15 mm)°l| 25 mL¥ &5~
ste] sttt 2w =] o] Tl AFH (A7 6 mm)
< A FHESha, 25°C =2 wjgTlolA 60h3tE SuldF
St o] e EAS 2ARE -, tAE HolY
oA AR dFe] AV (HTHEe A4 AlQ))E A}
of ujA] 9] FFHEE o S vlwstHt.

2 HSj0f| M2 TAFYE S4 ZAL

TAFIHR] A 2 T A e 25
A= 2417 918 PDA HIA| (pH 6.0)2] Fdoll HEH
A4 6 mm)S VIR AEslal, 5EF(10, 15, 20, 25,
30°C)9] 2= AgE Z47te] 3R uj 7] Welx 60Uzt
ettt B9 271 (FELY A4 AeHE S-S
3,2 AR 1] 71 A= (HA AR, HE A
AL, A AFLE)E AH AT
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Melin-Norkran’s medium (MMN)[13]2] &F AJE-S A
sle] Jeon & [14]0] AAIEH Rl wt dAAgleo] ME T
2 45579 AAEIA (M, Mo, M1, M2)E Azt 24
< A3 8IR] M(IL 7% ) glucose 10 g, KH,PO, 0.5 g,
MgSO,7H,0 0.15 g, CaCl, 0.05 g, NaCl 0.025 g, thiamin-
HCI 0.1 mg, FeCl,(1% sol.) 1.2 mlol| 7124 (malt ex-
tract 3 g)¥} F-7184U [(NH,),HPO, 0.25 g]°] 5 ¥3}5
=2 A2k M vA| oA thiamin-HCL, malt extract,
(NH,),HPO, 0.25 g & ZAE st JEES 25 A9
& A (M0), Mo HiA]ol] 7180 ' (NH,)CIE 37}
Sk ulA] (M1), 18] Mo Bl F-7]2AAY S 2 KNOS
7R iR (M2)E A2 Azt 77128499 am-
monium phosphate [(NH,),HPO,], ammonium chloride
[(NH,)Cl], potassium nitrate (KNO,)= #i=]ol| Z}2} 0.25
g/LA FA3HA H7Fstaict.

A AR (pH 5.5, 20 mL / flask) F A1 (A7
6 mm &) A HE319. 0™, A= (KFRI 1981,
1982, 2253, 2254)= AA| AJE| 2 2522°CollA] 5647t Ll
P 2 7o) WA A3 D DZG0C, 22)
%, AF % (mg/flask)= S5 A A|FuiAER 4

WBSAT

TFE2] HAi4 Bl Ea (cellulase) A4 -5
2SS 28] 918) carboxymethylcellulose(CMC)
= 7142 AMESFAT. Kasana 5 [15]0] AAIEF 84 7
8 wiA]9] 2ol wet S/ 1Lell NaNo, 2 g, K,HPO,
1 g, MgSO, 0.5 g, KCl 0.5 g, carboxymethylcellulose sod-
ium salt 2 g, peptone 0.2 g= S35 TEH FA 8- 1]
Z¢] pH W3}l WE carboxymethylcellulase (CM-cellu-
lase) Bda EAKSE7] 9130 Jeon 5 [16]0] A|AFE Rl
wet ARl 455 AT a4 AAE iR =
Mo} HF pHE 5, 6, 7, 8F AL, 9710l agar 15 g

1 ekl 22 IEE I (121°C, 20 min)SHEL,
A% petri dish (55x15 mm)°l| BIX]E 10 mL¥ 55}
CMC agar plates A|Z3+ 5, viA| Tdol 2t 752 HF
A7 6 mm)yE VB HESAT. 25°CollA 8Lzt oF
HjoFgt -, wlj 2| o] Fdol] ARl Gram’s iodine solu-
tion (KI 2 g, I, 1g, 57 300 mL)S 1~2 mL¥] "ojre
HjAel] =A FAA &, Sl AR 2EEE A
o] A oF 2AI7F BRF A2 (25+2°C)0ll WAISHATE. v A] W
cellulase HIZ] G (G2 A4)F cellulase B4
Fel (EU S BEE 7, FHle) A3 (A2 47
SRS mm B9 234 1% KA

7REe] wFEe] # B8HE AP S8l Ka 5
(17]0] s3¥st F-8-7] W} vl (in vitro culture system)

& 5] Table 59} o] FFHEE A7|E Hro] o+
S Alwsiiint. 2012 S5 TR0 KFRI 1982
2013 3%0) A AR HEsto] 370zt wi el
o, 2013 5 @1 KFRI 2254 2014950 4t
AR R HEste] s7ie 3F ujeFeltt. vk 71k
Aelslale F dF B v 2o FUd 2ol
= S A=A 712 w2 Al (sieve, AiE A7 4
mm)E 53] F7A3 vRALE (decomposed granite soil)
2, ZAudE 72871 4 1.2 L)l o1F 22} 600 mL
A a1 7)ol BAEIA|Q] 1/4 PDMP (potato dextrose
broth 6 g, malt extract 0.75 g, peptone 0.25 g per 1L, pH
5.5)5 100 mL¥ J12A] £53 5, EFS 9081t A4S
7183 PDA BR[| A gt oRAZ] U (Pinus
densiflora) AAEE it Eo] @31 &7]9 BAlE o]
B3] FH o2 o]23IAT}. Sucrose ! glucose”} 3
7}l Modified Melin-Norkrans medium (MMN, pH 5.5)
oA oF 2570 3 viRFEE HAMIE AR TR F 5
mL¥ HEL 5, AE22 R tellr dA7IE e
(3,500 lux, 23°C)8IStH. A1 9] w2 S AL
317 913l S FET ABE} TS FHEIA e A
H (control)?] ¥2E F5E=F SHTE T4 R
g SR AS Bl T 348 775 FESIA
T AFo] AE Al nA= e AR 9
F AR XPe] o] (shoot length)E Z7d3):
5 (top; T)¢F A3 (root; R)S] AFHE A 4
T/R ratioS 7351t
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7kEolo 18] ZAES Fole YT dHE o
Aol HlaA =g, o] F 53] 7kEole Ao B =
g OE T Y 58S Hlagk A7 BA) &tk
[9]. ©]2} Zo] ThEole 259 A 54 A A7l Aok
o] W27]& AR, ofn] YoM ST (Quercus
serrata) 7 MU (Quercus glauca)ollX] BE 750]
52 Byl ATCC 525 slgled, a4 ¥sd
AEE 317} (for profit: $354)0l A= 1L ATH8]. °1& T
F9] v 3l ATCCONAM BRsh= wAef x| 2] RS
AV A, gaE AR Y] 23T e 2
g5kov, 0= g TR/ A Yelle d/e] A%
o P42l ey} Aol BT 23 o] gl A
Z 8A] U] T2 glucose (10 = 20 g per 11)3S-
1, A2 yeast extract, malt extract, peptone & 2t 7
o P AR 1~35F A= FE o] AATH8]. =
g 7kEele] AN FFE Folét ol HIE A wjA=
oPA|TE HARA] f ITEARR] H-S wafste] g
o7 ol§sh= 357t et 53] Ohtal2]= &% X



Table 1. Mycelial growth of Tricholoma bakamatsutake strains
on four different solid media

KERI Mycelial growth (mm / 60 days)

strain No. PDA MEA SDA MMNA
1981 42+1.0 0.0+0.0 1.7 £0.2 53+04
1982 252+05 00+00 1.0 £ 0.2 83+ 1.6
2237 9.7+£05 0.0+£0.0 0.0+0.0 55+0.1
2253 235+12 00+00 91+15 9.6 +2.8
2254 144+10 0000 7.6+03 71+1.0

"KFRI strain: mushroom strain registered in Korea Forest Research
Institute, Korea.

JRefer to Materials and Methods for the abbreviations of the
media.

?The bottom size of agar plate containing the solid agar medium
is 85 mm in diameter.

“Values (except for the size of inoculants, 6 mm in diameter) are
mean * SD of three replicates

ESFSh
18 4 A58 Hof FUTh

o]¢} 2 7hEo] uiF wiR Y] S a1 ste] eAe
2 Ao FRel Fido] MR tE TANIA A TS
o] 575 (KFRI 1981, 1982, 2237, 2253, 2254)= w3t A
%}, 5 7F EF PDAS} MMNAJIAE o] AAF o},
MEACIXN = & o] B3] 23kTH(Table 1). KFRI
19812] 73-%-, PDA (4.2+1.0 mm)9} MMNA (5.3+0.4 mm)
oA o A 7= el Zol7t §liTH(p<0.05).
KFRI 19815 A2t YHA] 43752 MMNAS|AHTH
PDACIA 2~38) A& o] o 2 A0, PDACIA
7P =2 o AFHE JER 5= KFRI 19828t}
MMNAE 49, 249, 7[E} vlEkdiso] dhrgo]
AR, EAavko 2 FAE pDAYMEY F AT
A7P7F H 2 Aoz ARG o|Hg AaE F3l
Hi A ] AaYRche gAY o] 71gole] AL A
ol Jlo] B 83 F3S 71F = UeS EA =HA
Th. ATCCOA A3k 7ol v viA]9] tii-oll=
FEF0] 20 g (per 1 L)X XEg|o] 9lom, B A+o] A]
SujA] F2] 32l PDA 3 ol9f FEoE Yo
¥3k=]o] o} 28y MMNASIE E£5=3°] PDART 1/
2 AA FiEe] A, AAYS X3k oY 2] v
Haso] 7kEold T FE Aslele 8cle= 2
|8 7T wiAE 4= glo] o AT 27171 PDA
olMET O 2 Aoz AzbE), Tal AEd B
9] vt EAT o] 7ol I I HEgF PDA U]
gt ofue}l IRl AE-S Bajlsle] gAhgdew
o] g3h= THo] o TAF Al FFE 717 A= F
£3) B 4% 9t} KFRI 22379] A9l 7 A& o] u
okt om, Bf w0l HIsl A% 753 viAY] FR=
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Zo] PDAS} MMNAOIATE o] ATt SDA HjA]
ole gAYy} dido] B EgEo] i, gAUQ]
dextrose”} PDAS] 28, MMNA2] 48] ©] ¥3teo] 03]
2oz B RSlal KFRI 22372 AYASHA] gt w3tk
KFRI 1981014} 1982 9JA] SDAOIA o Ao wj$- o
T}, webx 450 AFHIA] F PDAE -yt Aol
A TR 7150 suE v Ysle dloll 7 2§t vl
A= E 4 Qo
U] AH-ollA 7% 7 T Rselet 19 A
Zo])9] uiAE vl Edo] FARIAIE Blusktt. $2F
+ Jeon 5 [16]°] Wt AE Harsiit. 71ol9) 4
o] BF MEA°A= 8] At ¥ker, 7 a5
AF- TF5 H3F SDANA W8] B7gstA] 29kt PDAS}
MMNO||A F 75 B5F o] ARSI o, 7Is0]9] i
A8 Feolof| nisf| 23T}, PDA, SDA, MMNASIA 7}
Folo] o o] A7]= Foldll Hlsl 2+t 2~108), 2.5
Hll, 0.5~58] = AU}, =3 60 Bl & 7ol &
o|7} A3 7= (mycelial colony)d] FENH 54 vlal
St Ay, T F BT S 3 T uiRE AT e 9
Ao AR gkekom | MMNAOIA vk A] E8islar
TEZAR 149 52 A<] FJ35A] Ut PDACIA]
7Iole] e BN, G 3, A Fo] AL
A7} LS olFAY #F ol APEH oz EA)E o
ANo™, 7Fo] A7t B3 FEHE Adshe =
Fol A= vhH, Fo]o] 72 PDAIA v Al
A = IS Wy, 1 719 Aol Jlon) vl
2 ARl FE5 FA% T 7PEAE AR
S 2 AFsh= 5d0] Tt 7ksole] Bfolx o] =
= WE AR FFEL Fig 1(c)olA12}F o] PDA “gellA]
T52 YAt FolvkE AR THEe] 52 34
SIA] ket oo} o] IF7F TA AN F2FA

2 WS [HE FAFYE §d

Terahshima[9]= ¥+ Chiba HolA FH3t 7o) 5
£ GPY(glucose 20 g, polypeptone 5 g, yeast extract 5 g,
7Iet FrlER FAE e wiA)ell AHEsiaL, 5-35°C =
= 1ol 5w e 23, 5°C9) 35°CollMe ol A
& A eskem, 25°Colle o] A= sl
tal B3ttt ATCCO| 5549 57119 7o) d&
o] Ao X=FS F T§ado® she 7t 7] A
Hj Rl A wl g L= 220275F), 23, 25, 26'CATHS].

B Aol e 9 GPYY ATCCAlA ARSHE 7150)
AR 2 S (20 g per 1 L)°] AARSHAAE
T4} AZ7} 8o]g PDA #iAE AdElste] o] ujA|elA]
7k5o] 5 T (KFRI 1981, 1982, 2237, 2253, 2254)7} A}
A e 2% HIE AR 2 1455 5 TF
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Table 2. Mycelial growth of Tricholoma bakamatsutake strains at five different temperatures

KFRI Mycelial growth (mm / 60 days) Cardinal temperature (°C)

strain No. 10°C 15°C 20°C 25°C 30°C Minimum Optimum Maximum
1981 0.0 £0.0 2805 38+0.2 43 £0.6 0.0 £0.0 15 20-25 25
1982 0.0 £ 0.0 7004 9.8 £0.7 24.7 £ 0.7 3007 15 25 30
2237 0.0 £ 0.0 4.2+ 0.6 58+ 13 10.7 £ 1.3 1.6 £ 0.3 15 25 30
2253 0.0 £ 0.0 76 1.3 23.5+0.2 23.0+£0.7 6.6 £ 0.1 15 20-25 30
2254 0.0+ 0.0 4.7+0.2 6.6+15 163 £ 1.2 37x14 15 25 30

YAll strains were cultured on PDA plates (pH 6.0, 85 mm in diameter) at 25°C.
?Values (except for the size of inoculants, 6 mm in diameter) are mean + SD of three replicates

(10, 15, 20, 25, 30°C)2] 2= A 60Y7t ujst Ax}
10°ColE B 57 ASHA] 968kaL, 15~25°Collxle
EE o] A3t (Table 2). 30°Coll4+= KFRI 1981
ALgh 47t BT AR o, HEY (6 mm)S A2
I e =717} 1.6~6.6 mm=E A o] vl-$- wjeks}s]
o} o]9} & ARZRE], 7lEo] 557 AR 5 e
HA 25 & 15°Co|n, KFRI 19815 A28 v A] 47t
So] A F Ae L 25E 30°CUS & 5 ULk
Harvey[18]< &|AT4 dH=°] EY vAdEC]7] wE
o 259 A Aol 7hsd Hl REE 30°C F E
< 1 oJal7t & Roleke Aol AFsidiet, & A7
7KEo] o S AR EY rAEES] A 5S4
A 2R dth. 7 #FE] HA g E AR
A}, 275 (KFRI 1981, 2253)E 20~25°ColA], U A] 37
T 25°'CE YeR -gjuet Aol A 548 7Eol=
25°CollA] FA|aEe] o] 7 &t 21E & U
. KFRI 19812 760 5105 5 AR A0l 71 7]
oFstion], 718 25 M= 15~25°CE 71 S
T}, WhA KFRI 22532 20~25°CollA] v Al ATl =
717} KFRI 198180} oF 6vff T Z1om, Al@w5 5 7%
T2 o AEES et v 25 Jsle] tigh 7ol
o] A% 542 fEuetel YE TF7F IA =R &k
o}, T3k U] Aboll A R 7hEo) e Fol o] HA A%
&% B3 20~25°CE FASIATH16]. 1Y o] F dF
o] 71 25 Hfe A= gt 7Eo] T i
2 15~30°C31 HHA, 0l 10~25°CE AR RATE HA
o] A7} WS 4 e 25 ek TAE RS
T Ae 25 17 AL IAF AL BIl= ofHoh. 1
U, gukz o2 njAlEo] A o Sl _EE S
o] MAIH Aal] i 25 H9E Wske B
71[19] Wl o5 AMEA] WA A|7)e} TARAS] 71
A 25 He7F td TEo] 1S Ao = AztEn v}
Fo] #FE9 AT YR AHolA 8d T oY
Zool] WAL, Hest ol ) 7 d e A
AAE 99 Fo~10Y F<0ol ATt 71507 o)
Ho} oF 20~509 WA @A Flo 2 AGHE 2% 2|o]
7} 7= s fElvERe] A9 108 ETE 999 &%

7} 25 E7] ulidl] Foli-e 30°ce] 2o s, 7k
o] 10°C Aol thgk #-8-8o] wro} gto] AWgebA] e
Zo = ®olt},

A

B>
rio
10

| SF0| 2 FARME S
18 YA THEL EY &of ER)leh= )
Tt olg} R AASE7IA] Balisle] da
F = Q)= 58S 7EA a1 I}, Terashima[10]=
S B8l oA S 7o) o] A
2 AL 1 A, a7 FEEo
7] Axgo] 7 wiR|ol| A TAF Aol
o]5o] F7AAY Hal 5ol 22
ol s, e
gy Fejo Fr1diY
A A ATh20]. 7kl Y& o
Bt olg} 7] A4 o] gt 4=
FoM= Zak Fejo] A (4
KNO,, NaNO,) th= 455 Fejeol A4 (d: NH,CL,
(NH,),C,H,0,)°] &% nixlellA] dAFe] o] &2 Zo
2 A AT 10]. SEIUe) Al 3 Fo] 5
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S9) 79, ANANTH: g Fele] $r1Aa98
Z o] 8= Ao E Yeht(14] 19 SAF]] 7o) &

Sk s o] o] SrE wix|elA ol o & AY
A3} Ao)g} o =38}t B3}, Terashima[10]9] 9 A+
ZAvloj A} o] S-ue} Akl Mgk 7o TS

T AEw Fee] Ao wjAelN o 2 Aske SA4e

7H2 Aolg}t AZFEATt. o]l B AT ME 7kko] d5F
o] AA9 879S AR S8l M1} Mo Hij x|l A1 2]
A S vlaet A}, 71E50] 495 5 Mou oA K
o 718099 Fr)1d4ge] 25 EgHE vix] (M)olA
1.6~1.88) T EJTH(Table 3). &3 712409 glovt
F71d o] giAE M1z M2ulR|o| A 2] A ZRe Mo
vl A9} AU 11~1.28] BE %O, Mu[]A]
Hoh= 1.3~1.98] A% go} 7o) d752] A4l o]
FNAALETRE f71249 8757 & o B8 AS
& 5 AT Fr1dAde] A2 g2 M13 M2 F HiA|
o| o] A ES Hlwdt AT}, KFRI 19813} 19825 M2KH.
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Table 3. Mycelial growth and preference for nitrogen source of Tricholoma bakamatsutake grown in liquid media containing

different nitrogen sources

Mycelial growth (Dry weight of mycelium, mg/flask)

KFRI strain No.

Preference for nitrogen source

M MO M1 M2 M1 M2
1981 299+ 1.8 17.1 £ 0.6 203 £0.5 18.8 £ 0.2 o
1982 36.6 + 0.7 21.6 £ 0.7 28.3 +0.7 19.6 + 1.0 [ J
2253 282 +0.8 173 £ 0.7 21.0+13 20.6 £ 0.3 o ([
2254 27.1 £ 0.1 15.6 £ 0.3 17.0 £ 0.6 17.4 £ 0.2 [ (]

"Refer to Materials and Methods for the abbreviations of the media.

?Black points (@) indicate the preferred nitrogen sources (ammonium or nitrate form) on the mycelial growth of T. bakamatsutake.

“The above values are mean + SD of three replicates.

o} M1uj Ao A A o] FrolshAl ol At ETR= ¢
2y Fel9 AAYS ¢ F o83k Aoz A
KFRI 19817} 19829] o]t 5432 -gjufe} AbdellA] 4=
33k Fo] FFEo|Y EA Vo] dFE R F A
=, AR I Felo] A gigh o]8 5ol
O st A8 A723E (10, 14)3% LAG. ¥hA,
KFRI 225337} 2254+ 5 HjR|ol| A A&l -2l 3 2fo] 7}
AR F7)1A0Qo] Aojw MosiA| oM BT} FA|Zo)
= el o] F #5 EF FUAAYS e w e
s B4 Fejjo] 7| AAYS AEste] o83k Aol
gl ®B7)= ofH i

Ao XMAlehE HARSTES cellulaset} laccase®}

E NG IE59] AET A
) ANE Tk e T i
AR celluloseS AH-A}2] Fe =2 H3l5}le] o]-8sl= 54
L B3 dFTo) Z2h= o2 QaEo] g}, e £
A2 559 57} cellulase B34S YJeERH [16],
Folo] A= HiEoly AEZAE FAlFE & A=
BAE AR Zlo] B RITH21, 22]. Kusuda & [21]
Fo|7t 2] BAE o]8dt BAYS 958 5 e
HZ2E 72y Agsiar EAR] celluloseE: cellulase”}
WA oligosaccharides= &3l §-, oligosaccharide®]] Ex|
SH= B-1,4 glucosidic bondE B-glucosidase”| o202
B2 HE ESHES glucosed] FE|Z| Hrial B
33}, BB Terashita[22]€ $°]9] 71457} CM-cellu-
lase 8438 Yepdt . B s}, o]9}F 2] cellulasett
B-glucosidase B/do] Utk A2 Fol7t 54 545
Zkn Qo= ou|E siME = ok =g I T8k
T1FAEZRE BAYQ XS TR Kk A5
o= AEZQ T3 e RATINEALE At =
Ho] EAE o]§ 7Fse FHY JUdoR Myxo=w
Hgsl= s8] S Aoz AZ4H, o]t Ballai
59 D% T3 o] oAl H= AR 2750 uet &
2 Zlo 2 Azt HE 502 A U 7|1FAEY #

m
flo
02 i
X
T
i
i
o
oo
gﬁ
I 2

4 w90l A3] At el A A9 F
o] F& UL A E FolA] 'S AFsok 8171
wiel] EEEel aae] Akt &gdo) ke Aot &=
AP W AzulANA Al RS ARk Aol
HjAlol] $HE o] e BAaee] TRl wet Eall e

/o] M= th2 A vEhd Zloltt.

A Fol= AAA NN 71FAED} TS Bads
7] Wl 7154 jlole e AE BrFsd A
o7 AAEIT. 2y Hed niel o] FolE HIRg
A LT FFEC] cellulased} 22 F-94 54S
ske AR as Aete A2 HIS g =
=& Aok sPIAIRE Fole 7154 flo] A o
FAY AANL 5 5 ke IofE 2 Bk &
ole] ZAFS 7o) BEgh | TTA TolHA A8
Ao ZA Y Wz 77} e T Y SR o594
24 57 w3k o)} fAke Aot wE o] £ AT
A= °]E52] CM-cellulase BHS Algsl] =] 0] ¢
9] CM-cellulase B4 A3 7]&9] A A} [16]9} H]
WA

7l0] 233 (KFRI 1981, 2253)% pH 5-6 'H9]9] CMC
agar plate JollX, YA 37852 pH 6.09] plate 3]
A] CM-cellulase &/g°] 717 =A YRt SH, pH 8.09
HNers Erel ol isie AT vepic
(Table 4). 57+ % 375~(KFRI 1981, 1982, 2254)= CMC
agar plate®] 2= pH *HJolA] CM-cellulase /35 UEL
Wom, 53] KFRI 1982 2 pH HSollM & atF
R0 =2 84 248 YERY KFRI 22372 pH 5.0
7} pH 8.08] CMC agar plate| ], KFRI 22532 pH 5.0
A 242k a4 o] s YehA| S9itt. o S et
2o] CM-cellulase 73S YE= CMC agar plate®] pH
He7t gF #FE0l Blal Foe= 2 o] dFE°] cellu-
loseE ol wiol] =9 pHell o] ¥IZdstA vEE = 3
e oP|R siMEnt. 5 FFE F A FAo] ANk e
2 7P YA YERd 75 KFRI 225392 pH 6.02]
CMC agar plate ‘gl 4= KFRI 1982K.t} §4 &4Jo] 5.6
) SQIT}. o]= cellulose?} 22 ILFEA} B0 F=oi7
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Table 4. CM-cellulase activity of Tricholoma bakamatsutake
on carboxylmethylcellulose (CMC) agar plate with different
pH

KFRI CM-cellulase activity (mm)”

strain No. pH 5.0 pH 6.0 pH 7.0 pH 8.0
1981 7.6 £ 0.6 59+1.6 51+0.3 33+0.2
1982 141+0.1 144+00 103zx0.5 7.6 £ 0.1
2237 0.0 £ 0.0 121+ 1.0 5.6 £ 0.1 0.0 £ 0.0
2253 3.8+0.7 25104 1.6 £ 0.3 0.0 £ 0.0
2254 6.8 £0.1 8.4 +0.5 49+03 3.0+0.1

"Strains were incubated on solid agar media containing 0.2% (w/
v) CMC with different pH (pH 5-8) for 8 days at 25°C.

*The bottom size of CMC agar plate is 55 mm in diameter.

"The CM-cellulase activity was determined by the size (mm in
diameter) of cellulolytic zone only.

"Values are mean + SD of three replicates.

S7o KFRI 2253°] B} #FEHT YedS 855k
7AYol A oA Bl Ao = Azt

B Ao} FUgE o 2 Sl A8y At Ao
e o] 79859 CM-cellulase E/3°] pH 5.02] CMC
agar platedllA] HF o™, pH 8.0 7Mlers &4 &
Jo] ZrAsAaL, Al T 59 gk TF~= pH 8.0% plate
ol Al H5] B o] YeRA] @43ttt o] 94 7IEsh
7k&019] CM-cellulase 737} FAlSE S 02 Fole} 1
9] ZAFRN 7kEo] BT ArAE Bl o e vHe
Ao} 1 FAE7} CM-cellulase?] A 712 (cellulose)
o] FAUE pHO X1l e} FFS Wt As ¢
T AAE 3 CM-cellulase®] o) B4 F 75 BF
pH 5-6 T2 CMC agar platecl|A] YERG=H], O]F-2-2]
57} pH 5-6 F<12] agar platedl|A] 1 7o) st 7
¥} o] o]yt pH M NX = w72 TAF Aot A2
9] 4 ALt T EAUAN #olsle d#e] Aol
st 7)ol HAJA 88 21 Fo st H7] wiEo]
g} AZs, a4 ST HollHe 7o)} o]l 5 T

A T o5 7 A7t Joke A HIszgl o), Fo) o
FE9 vl 710l 9] CM-cellulase 8432 bz o 7 oF
3ttt 3k A2 pH 6.0%] CMC agar plate oA o] o
F=59] F4 EAul9) 7= 10.6~37.4 mm HS For,
7o) #FEE] G4 Y2 I7)= 2.5~14.4 mm B
At

== 84

2 Yamanaka 5 [23]2 A& AG5FHolA 3
o] 272} FUF-HX =3 Folo] F ZAF (71E0]
4359} T fulvocastaneum 1307)S UPFOZE in vitro 3t
7oA w2 F3S Al=skint. 1 A, Folo] g i
& AQslale 6 E5F AUF-(Pinus densiflora), 212
Y- (Quercus serrata), =7 AU (Qercus phillyraeoides)
Tt B3 TS 3445t oY 715 W7 A
AART in vitrod| A O Woh= A& Barsiglth. $-2v
2} AT RS ThEo] T 7|5 97 Fhu
el g o] A= g2 Aolet A=, A3 U
NME TR AUF-o] T B Aito] golst
7] el o] gk o]-f=Z I Pl AU FEE AR
=g

7}50] (KFRI 1982)= A2 oA dAgE d3d
T E7sial, 1 oA E Eelste] A
W b frel HEe A, oF 3784 el 100% it
< 34338}t (Table 5). KFRI 19825 HZ3F AUE By
o] 93-S SRtz St Ax, g AUF JiA] UlollA
T 3A A AE o FEE 53E Ze Fet 3=
SIS (Fig. 2a, 2b). A, = (main root)e] IF S
(lateral roots), Al (fine roots)©] 7434 = 2418 ujm
BE7} v1Ssl=o] QIA] a1 AL T o] gl F-¢
=, ol ZH=A] 72 Fo7F EAPEITE =41, S0l
oA 7 Al Ao} o S e @2 A-AS 7,
o] 71A] Beke] AltEo] i FEE vpAES}) P}
Eo] ool A=At s 797 BEE . o]

X

=
<

Table 5. Condition for mycorrhizal synthesis, mycorrhization, and growth of Pinus densiflora seedlings by Tricholoma bakama-

tsutake strains

D ight bi

Condition for mycorrhizal synthesis Ty WeIght dlomass

KFRI Mycorrhi-  Shoot length (mg /seedling) T/R ratio
strain No.  [ncubati zation (%) (mm)
fleubation Soil Medium Seedling Top Root
period

Control 3 months  Granite soil 1/4PDMP P. densiflora 0 (n=3) 313+£90 265+6.5 6.5+0.2 41+1.0
1982 3 months  Granite soil 1/4PDMP  P. densiflora 100 (n=3) 322+68 578+84 189+64 32+0.6
Control 8 months  Granite soil 1/4PDMP P. densiflora 0 (n=5) 394 +103 858+14 17.5+63 53+15
2254 8 months  Granite soil 1/4PDMP  P. densiflora 100 (n=5) 462 +59 161 +39.5 59.7+ 184 28+ 0.6

"Refer to Materials and Methods for the abbreviation and composition of medium
?Seedling growth of P. densiflora is expressed as shoot length and biomass (top and root) measured after 3 or 8 months
YA series of t tests were used to determined the differences between un-inoculated (Control) and inoculated seedlings

*significantly different values when compared with control (p<0.05).
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Fig. 2. Morphological characteristics of T. bakamatsutake (KFRI 1982) ectomycorrhizae observed on P. densiflora seedlings after
3 months of inoculation. A, External view of P. densiflora seedling inoculated with T. bakamatsutake (KFRI 1982); B, Enlarged
view of P. densiflora seedling root inoculated with T. bakamatsutake (KFRI 1982); C, Roots of un-inoculated P. densiflora
seedling by stereomicroscope; D, Ectomycorrhizal roots of P densiflora seedling infected by T. bakamatsutake (KFRI 1982).

Scale bar = 1 mm.

S A}, o] FAAZE AU
frEe| Be] 1S T4 2R TE3LE ol FeH,
2 SolA o Al Eeel Bl e APHEA
o] gto] A e AL BET 4= JATH(Fig. 24,
2e). T HEHA ﬂiiuﬁ 5ol Hedo| &
HRlou, i FHol= Heldo] #EE A &34th. KFRI
19829] FFo] AT FEY % o] 7|1A= FEFS L7
A3l 2z Fol (shoot length) Xl"ol"%g‘r A] OH«] 74? 5,

Aot 2|8
= dz—o}ﬂ B N+r H)3} H ﬂ’é}‘}iﬁ}. a1 Zéiﬂr, Al

Zo]= KERI 19825 &3 Al¥(31.3+9.0 mm)¥}
%‘d% 1A eFe x4 (32.246.8 mm) 5 93t x}

ol5 YERHA] 23SkTH(t-test, p<0.05). L2t Aube- -5
-4 Z]/‘]'H (shoot == top)2} A3 (root system)S] 71

2kO KFRI 19825 =3 Aldito] dizxwe) Z+2 Ok

2.2HH, 298] o & Ao E ZHF T (Table 5). ©]2]gk
I B8l Agdo] AT fHe] o] AR T *Ml
&&7].01] 13 Odzﬂ-— U]zl M) e 0194}\1-4_. PN BA= %E__g]
T/R ratioS ZAFSF A3}, KFRI 19825 FHE3 AldS
(3.2+0.6)%} IZET (4.1£1.0) Tt Folgk 2ol & B 4= QI
oh. ZAAA 2lE0] T/R ratio 1.0 2|81 8743t
= 54 g, T i Yol A vl Aol AR
I tiETt B AP AR oF 3-4v T HITSHA|
*ﬂ"‘o% 545 YeRl

I:

F—'U l-N'

m[ru m]o

2]} KFRI 19825 01%—‘ o 3 Ak Ue g v}
o7t apret wis sk As A A f8l

ARl Tald & TRE Aj=sE 710] 115 KFRI
22545 o]-&3t i S AlEsnt. g mjkr Ikt
o] AoJAA Fat vjg WellA] A f85e] A% 54

o] oJEA| Wslel=A1E ¢7] 3l w I 7S 870
Y2 Aste] AFstAct. o= S A 8701 ¥, KFRI
22549} AU F85 7 BAAES 100%AT

TS FE3HA] &S 23 KFRI 22545 HE3 A8

T2 AU 59 9|FS IS A7, Ankz o g A
o] tizxrol Blsl At Ashe] Ai7go] -k A
o2 RYo}. mgk 2] Ae-, e A8 e 2
S wm S29] 5717} HlawE 473k whd (Fig. 3a), KFRI
22545 &3 AFTAM e 2T ARE 5430] 9
= FP¥T oE} So] YRT) tha 7REoA|aL B
Ao JALS e Fo7h FEAA s e
o] Walx| = 5 KFRI 19820049} A 984 &
& YERATHFig. 3¢).

KFRI 2254% 1,;]5‘1 AU fFEE FERAES F3l
WS A}, AU 59 Beo) o] st Xds)
Al olFojH o, *ﬂl«l LT} ool ofs) BIgs)E o]

] ey e APFEAE B IR s =
Z AATH(Fig. 2d). YA 71&3 iz ] 0] 9=
ApolE A AR A3 ol F Ja Az 2
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Fig. 3. Seedling growth of P. densiflora and morphological characteristics of T. bakamatsutake (KFRI 2254) mycorrhizae after 8
months of inoculation. A, External view of un-inoculated P. densiflora seedling showing a poor growth; B, Roots of un-inoculated
P. densiflora seedling by stereomicroscope; C, External view of P. densiflora seedling inoculated with T. bakamatsutake (KFRI
2254); D, Ectomycorrhizal roots of P. densiflora seedling by T. bakamatsutake (KFRI 2254). Scale bar = 1 mm.

o], Ao} A|He] HF, T/R ratio 5= HlsHT.
2P R Az dole vzt AT BT SAA
02 FoJ3l 2}o)7}t glo] (t-test, p<0.05) KFRI 19822 3
Z3 A Aol M9} o] AU FH] Az Zo] A%
o= KFRI 22547} G 71X A 24T (Table 5). L&vh
AU RO AVFFo) Aalte] 115 KFRI 22545
HES AlFrol tiztel] vlal 22} oF 1.98), 3.4814 T
£ Ao F A0} KFRI 22547} AU 8.9 A3
Frol&kAl Z7HA1ZATE. TR ratio= KFRI 22445 HZ3H A]
o] v ETE 198 B A vEh AP el AP
7} #&@E ol FH sl s AEo] iRrE Tk Al
AN F O =S ¢ T UATh

HIE X2 TR 7kEo] #5E5 oz Hxa Z1esh
T A AFo)Z AN, AU 2.2 4% Dol o)
Z T A B 37REelu s/ ui ek Sl Fof gk
2ol YERH A 239ttt o= o A8 FauiePs Wi
FHA AR QIS AU fTEO AZ7} o] e
T = 7137 Ao w2 W o] 5 Holrtx|wt A
o] Azt o] Yepd Ax= siaddt. =3 JF 7,
AE A71, A 559 57 593 AdefolA] vl 71z
S gl F TS AIEE AL oA, BTy
Al B AN ] AAEo] v 7L AR o=
870l FrHAA T FA YERT ol B3l HIE AHA

Al oPA T, Tl WM s JA7IRE FE9
HIF71ZES S7HAI7IA A1 el XY AE A 33
o] fHo AA|Fo] S7Isith= AMS o 5 Rl
T/RES Bl 23, 371 v ol thx2a"a Al
7t Zpo)7t gllot, s7i v Fell= iz (5.3+1.5)
Ho} F8 HE3 AT (2.8+0.6)0014 T Bl YERUE=
738k ARTH(Table 5). KFRI 19822 HEJ W AUT 1
B ET} KFRI 22545 FEYH F52] T/R ratio’} S o]
fre wjdgIzte] ZojRe) wat woll HEE7] - ofd
Eej5o] Bol A= L, o7)o o] A st A
7L vt R 024 Aol F71s7] wiel AdthA]
OS2 T/RES HETEG Sl Zloj2} Yzt
FEvE Al 8 TkEe] dFEY dAHlE
CM-cellulase &4J0] Y odbA 159 A7) “dA
7157 ofd AU fHEE #S AT ole
Yamanaka & [23]¢] 917 AHelE YX|sh= o2 98
wzhe] 7kEo] wE BEgE AAART in vitroo| A 715
He7E O 4 o dvke 2 ot 7kSol7t 94
T TFelZ AT, 2% cellulase 493} 22 -
A2 EAS el o] gl 1E0] Xgk 350 &
$3IA Aolrlr] 918k G AE ot AyZtE)
S 7ot opU e}l B QAT EA dREC] BEE
A} 2 Fo2Rl EAS UElle idAEs 85
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matsutake)®] AT OE 28 713 AT HA 5
of Shjolct. B ATE Seltel ARFYI ST
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AT}, tie] 752 PDA HIA], 20 = 25°C2] Bl
2LoA o Aol =%oH, AT F 2= 159
ARl AR oy o] Fr1dAds o A
3. 7iole 2AER] Solof HAu Y 0] f+
AR 1E shv, AR £571 Solht o =9SO
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