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Interaction between Lentinus edodes and Trichoderma spp.

Young-ju Kim" and Jyung-Ki Chai"*

YDepartment of Forestry Graduate School Chomman National University

ABSTRACT : Mutual growth limitation was obser vation when the two antagonistic fungi was come in contact with each
other. Brown line was formed 2day after contact with Trichoderma spp., and then, green spores formed overnight. The
laccase activity of L. edodes was stimulated when this fungus wsa co-incubated with Trichoderma spp. for a few daysin
liquid media. In sawdust-rice bran nixtures, outstanding broun line developed when the two antagonistic fungi co-
cultured. The pH of the substrates changed from 5.5 to 4.5 after overgrowth, suggesting a difference in the degradation
ability and the preference of thetwo fungi for thelignocellulose material.
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Kawamura et al. 1980; Tokimoto 1982; Badham
1991). EAu WA} 22 lignocellulose 7)Aol A Aful
H = T A gto] Trichoderma spp.2 AU LS
o T 7o HERYol FawAldte] osf 2o M
7} FAE 31 laccase 59 polyphenol oxidase?] E4Jo]
ZolA= AL 98] & A AH(Tokimoto 1980, 1982;
Savoie and Mata, 1999).

ekt 7ol 98 1| ¥ = laccases HEA 3FeHE
= ARAA ggst A7 & (polymerization) %
El=3} (depolymerization) A1 71t} (Coll et al., 1993).
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et atslgtd g a2 FlE Y polyphenols 83
o] hyroxylZl oA stue] AAE A AA T EEA
aryloxyradicals® FA st =il A= S3E o Brown,
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YME®IA] (2% malt extract, 0.2% yeast extract) & =%
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WA g § 121 o astabtr)elA 2021 Bttt
YMEA#®|A]of| A 7] wljekd FAlAT HELS SmmO=E
wojuo] HEe T 25E1TCE 24 % 2]l dufok
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YMEA (2% malt extract, 0.2% yeast extract, 1.5%
agar) #MiA1 & 7|2l A 2 A8kl YMEAUIAI S ZA) 5
F121°CE) agat7]olA 208 J &= 2ts & Petri—
dish(#7 87 15mm)ell 10~15m7A %= FF3ak ek wiX]
7} 59 Petri—dishell FAIMATTE] #F2] A4 =
3mm %% (Cork borer No.1) Z #lo] A5k, 25£1TC
2 23t g2 7] oA kst

FUEF 59 v)AdS 1022(w/w) 2 283 & &
S 65% % A5t A EE ZABIITE o] g A ZAE Al
25 AP DO24mm XL120mm) o] 24g(wet weight)
SR8t A (B.D., 0.21) b $ WHE 3k 121°C
o mtak 7ol A 3023t Akt Aol Bt wiA
© YZ0570) § eEFe 7] widkd xawAAS 7
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A 71 ajekE A AFE-E 3mm e E dojujo] HF
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= A 717 vl oks F WA 72 syringe filter (0.2um)

o] &-3}o] cell-free culture (Iml)E AF&-&tt
cell-free culture 1mle} ABTS (2,2'-azino—bis— (3—
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AL 9ol AFshe] 393 AjFst & syringe filter (0.2
um) 5 o] €3} cell-free culture (1ml)E 3 3}
laccased] A =& FA 5t

UMM wARE S8 flEl YME|A| oA 25
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Ak FAREFE] AP HAREE 86k Slet
o] YMEAHIAZ 7| Euj#] 2 Agsto] YMEA®|A o] 7]
ik BIHAAL 7F2 FAE 8mm JEE o] F
Z3&}a1, 7] vjok® Trichoderma spp. w2 ¥#%2 3mm %
L2 gojjo] JFd F, #AblY 252 5, 10, 15, 20,
25, 30, 35CE 2H% F27]oA mawWATS 159,
Trichoderma spp. ©= 547 vjoksld s A £ 55
S8kt

A FARETE] AReF #H A pH W 9lE 5]
Yl YMEA®IA] o] 1IN HCI¥} 1IN NaOH=Z pHE 4.0,
5.0, 6.0, 7.0, 8.0°] H=F F7sto] viA & AT
pH7} 24 w27} 5% Petri—dishel 7] wf¥ 3%
WMAIAS] #ES 8mm AERE wo] HFEsa, 7] ek
Trichoderma spp.it2] & 3mm JEE wojuo] %
F3 & T IWHA AL 1597, Trichoderma spp.= 5%
2k eFalaA] pHell 3 dARS RS AT
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Fig. 1. Changes of laccase activities in culture fluids of
Lentinus edodes.

Activities of laccase was determined by measuring the
absorbence at 436 nm, using UV-Vis Spectrophotometer
and presented as colorimetric unit(CU).
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Fig. 2. Laccase activity and protein concentration in the
liquid culture media during the cultivation of L. edodes.

L. edodes was cultured for 36 days.

Trichoderma spp.0f| 2Tt ETTHA 9| laccaseQ| R=
£ Ao M= Trichoderma spp. &l WE E1H
9 laccase 59 AEZ ol 1z YME HiA|of Hje
= T Al v kMol Trichoderma spp.2F 23U &
(Quercus serrata wood chip) & * 23} laccase?
vl gl v X & &S AR 43 Fig. 3.9 &gkt
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. S & 4 AUAATH(Table 1,2, Fig. 4.).
5 40 B Trichoderma spp.7} =W A 2] AL Y2 Y=gt
3 a [ o whet ZAA AL o) FaUt. F BT AL
'*rz ;2 | ’EE’;‘CE;ZQ Trichoderma spp.2] TAHITE] o] &3 U A|ste] o] 538}
% fg E— WA Trichoderma spp.2] #AMAE vl2 Zwef P45
810 _— St (Fig. 4.).
=== T o s Ag el A] Yehts #H3E) FejA wshs =
Control WC TI T2 T4 Ts5 Ti2 IR A} hR|E = Trichoderma spp.2l &5l u}
Origin of Laccase Inducers g]_ g;tzl,g 7‘(]-0]% q_E]_\;ED]_ T12-°/] 7(:)]% J\:‘JL__Ty_H.]/\—] oﬂoo]:;‘_:,f-
Fig. 3. Induction of extracellular laccase of L. edodes by AFe] o7t 6 ol d A5 7&*—'13]1 A& FEsHA X
Trichoderma spp. ot 99 o]t A tAAdE et 18, %
oAl tigk AGA Y E= E]-% Trichoderma
OA|(SHE) B HH I &4 SAE 3 Byl spp.(T1,2,5) ol v]af wekeh(Fig. 4.). B3 T49] 49 &

T WAl eo] Trichoderma spp.&F TR S w A 5 A weF 717ket ATglo]l T4 HAF 12 AEkH] &
= AsAgx o WS xAlE] el YMEA A< 3R om 235]8 o g3l ASo] AA Feh= A= e

T T E AEs] A e AZTh % tH(Table2, Fig. 4.).

T AR JFBs Ao o] tiAAS 7]
TO 2 7 e A SR APYE] g £ 20| A5 A& AHIMQ| Laccase 24 1t Hot
FE A= AR yErsth kAW Trichoderma 2 ATA e ot T #R7F AR X slA A E =
spp. KU} Al o] FAMAo] Fof ® A A== A interaction zone= A7 A, B, C9 3%& (Fig. 5) 2.2 4
o % Yetwen F #o dAE He 5 29 FE Hol TS A9 laccase THS S sFo] A

Trichoderma spp.= L. edodes® #AF 912 gAsl= 7 3}¢} laccase ] A& AT T (Table 3.).

Table 1. Production of pigmented barrages and overgrowths during confrontations between mycelia of L. edodes and
Trichoderma spp. on agar media

Brown line formation at contact o Growth of Trichoderma spp. on
Mutual limitation of growth

with basidiomycetes
Age of
L.edodes 3 6 9 12 3 6 9 12 3 6 9 12
Trichoderma spp:

T1 + + + + + + + + + + + +
T2 + + + + + + + + + + + +
T4 + + + + + + + + - - - -
T5 + + + + + + + + + + + +
T12 - - + + - - + + + + + +

Each data was examined at 3 days after Trichoderma spp. inoculation and presented as + (detected) and - (non-detected).

Table 2. Brown line moving with apex of Trichoderma spp

Days after Trichoderma spp. inoculation

Trichoderma spp.

6
Tl + +
T2 + +
T4 - - -
T5 +
T12 -

L. edodes was pre-cultured for 6 days before Trichoderma inoculation. The stability of brown line was examined at 3, 6 and 9 days
after Trichoderma inoculation and presented as + (brown line moving) and - (brown line stable€).
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Fig. 4. -A : Formation and moving of brown barrage with the apex of Trichoderma (T1)

L. edodes was pre-cultured for 6 days and Trichoderma(T1) was challenge-cultured for 3(a), 4(b) and 6(c) days,
respectively. Brown line(a) was formed 2 days after contact with Trichoderma and green spore was formed overnight.
Trichoderma covered over the mycedlia of L. edodes and brown line moved backward and diffuse brown zone wasformed (b,c)
B : Formation and non-moving of brown barrage.

L. edodes was pre-cultured for 6 days and Trichoderma(T4) was challenge-cultured for 3(a) and 10(b) days,
respectively. The vegetative hyphal growth of Trichoderma (T4) was inhibited before contact with L. edodes and
stimulated to generate so many green spores(a). Brown line was so stable that brown zone couldn't formed (b).

C : Lateinduction of brown barrage

L. edodes was pre-cultured for 6 days and Trichoderma(T12) was challenge-cultured for 3(a) and 6(b) days,
respectively. Brown line couldn't be found in 3 days but the vegetative mycelia of T12 invaded into the mycelial mat of
L. edodes, close to the disc-inoculant of L. edodes (8). Diffuse brown zone was formed in 6 days, very closely to the disc (b).

Fig. 5. Production of brown barriage by L. edodes and over-growth of Trichoderma spp.

Inoculanats : L(Lentinus edodes), T(Trichoderma spp. ;T2)
Sampling for laccase activity detection : A(L), B(Brown areain interaction zone), C(non-brown areain interaction zone)
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Trichoderma®) Foll &#lol e 2] A
laccase & (CU) BYCOA A9 s=0]t} BX 92 &
IHAle] ZAao g ZAE BAZAN Trichoderma spp.2)
AL Aol A FE Al C 219> Trichoderma”t
BIHA L ARSI E st Ao F FO] HAPL A
ste o= FElEo] AU AR E3re ot A A
& ARkl le Aot maumAle] &JEl HH]E]
1%l laccase®] &&Fo] 7M=& B A9 Trichoderma
spp.2] el &3 Al o] A=A g ofqlo] 4
sk 4= Qlt} AT C X9 Trichoderma spp.$F %119
S7F M2 EFste] EAsks A ellA €] laccase FEFE
=2 A0 7 YRt olg st A3 32 9 laccase
7F AAN Aol QoA TR0l HA XEE AlA

gt

Table 3. Laccase production by L. edodes in antagonistic

o] pHE ZAe} 0™ 1 A3b= Table. 4.9} 39k

EUHA ] FAE EESHE A9 (L) 2] A9 wiA2] pH
W= 4.3~4.4 A=} Aa49l Trichoderma spp. 2
TAPE X3 A9 (T)S T129 T13S AlLstus
pH 55~6.72 WA o T129 T13E 4.5~5.00%
TR ] el e} FAFEFGIT ofu, - Agto] o] &
s G (T+L) Q) 4% pHiE F Aol zhs M99
S A EE YERATE (Table 4).

Table. 4. Local modulation of substrate pH by Trichoderma
spp. in interaction zone

confrontations between mycelia of

Trichoderma spp L. edodes and Trichoderma spp.

zone

Trichoderma spp. Day 10(4 d after treatments)
A B C

T1 0.071 0.130 0.101

T2 0.071 0.125 0.096

T4 0.047 0.136 0.081

T5 0.089 0.114 0.085

T12 0.078 0.091 0.086

T T+L L
T1 6.8+0.01 5.4+0.02 4.4+0.01
T2 5.4+0.01 4.6+0.03 4.3+0.01
T4 5.6+0.03 4.8+0.04 4.4+0.01
T5 5.7+0.03 4.7+0.04 4.3+0.04
T12 4.8+0.02 4.4+0.04 4.3+0.02
T13 3.7+0.04 4.1+0.01 4.3+0.03

L. edodes was pre-cultured for 6 days before Trichoderma
inoculation. The laccase activity (CU) was examined at 4 days
after Trichoderma inoculation.

5480 A=HS BHU AR pH FHt

oFol|A] Abw B ule} o] T129} T139] 739 FrAl 9
TAPYSE AA AdisA ¢FaL over—growingS dhH= A
o2 yepstth sHAE owf) W AE] laccase FE&
& t}& Trichoderma spp.2| 1713} AFo]&kx] 9kttt o]
of & ¢1+o| A= interaction zone2] -9 E AgarvA|

L. edodes was pre-cultured for 6 days before and pH was
determined at 3 days after Trichoderma inoculation and
confrontation area was presented as T(Trichoderma spp.), L(L.
edodes) and T+L (Brown zone). pH is expressed by the average
and standard deviation of 5 replicates.

SEHHXI I A RS B Bt

n| 7ol H7he ZF U (Quercus serrata) & RFvlA] of
XA WA Trichoderma spp.d) A28 A}
A7} Fig. 6.7 29tk L1 AE 7217+ 3(A), 6(B), 9(C)
cm A= 7] wjeFst Eyhul =)ol Trichoderma spp. & A%
sholth B Aol Al Al wtALE] vk R =
AFiQle] Trichoderma spp. & WS Wl 2419 XA
= A&l 28l A 2-3Y FHE A

Fig. 6. Challenge culture of Lentinula(right) and Trichoderma spp.(left) in lignocellulose substrate (Legend : L. edodes was pre-
cultured for 3(A), 6(B) and 9(C) cm in sawdust-rice bran mixtures(in the ratio of 10:2, w/w and moisture content was
65%) before Trichoderma inoculation. In all treatments, outstanding brown line was formed and the mycelia of L. edodes
grew over the mycelia of Trichoderma spp. in afew days after contacts.)
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Trichoderma spp.2] ¥AF 9= A4S 3+90.2H, agardl
Ao etE EEl F ol A e A J"l‘ﬂ/“i‘o]
Trichoderma spp. #AF $12 A& 3stt}+= Badham
(1991) &] A4 7o} LAt

3k Table 5.9 231, T125 A|9|3+ Trichoderma
spp.oll o3l A wabiA 9] pHE ¢F 5.0~6.09] 3 9]
olm :maumAle] sl Hf-E vix 2] pH= oF 4.0~4.52]
HOE Yepstt e, o] AR vhA] A&
A3 F-91 9] pHi= oF 4.5~5.52 W2 e 814
T A gk AIZH(OF 23 F) o] AU L. edodes®] 9%
T A= Trichoderma spp.d] A 12 AAS =4 9]
F-9]9] pHE= oF 4.3~4.82] H9 = vebilt)

Trichoderma®l &&°l 4&glol ZE A FolA
laccase 44 (CU) 2 9emP6emy3em 0] Tk o] A+
Azl o, L. edodesoll 23l E1]E R laccase?]
st&Fo] 71 L 9cm A9 =, brown zone<
Trichoderma spp.2] el 83t L. edodes®] &=t
GOolARY, Trichoderma spp.9] “d&o] &2l uf EiiH
A3t 9] laccase s B @ol fishs 202 yEhst

Tableb5. Local production of Laccase by L. edodes in
antagonistic zone

Brown line formation at interaction zone

Trichoderma spp.

3cm 6cm 9cm
T1 0.160 0.201 0.200
T2 0.154 0.190 0.202
T4 0.149 0.160 0.167
T5 0.155 0.160 0.175
T12 0.163 0.173 0.190

L. edodes was pre-cultured for 3, 6, 9cm before Trichoderma
inoculation. The laccase activity (CU) was examined at 2 days
after Trichoderma inoculation.

EFAUIAMC| pH H
= 5l 7HEd Aol B
7ol 7t FhlA et Chai (1999a) of] W=, ©]
8t 2712 Trichoderma spp.2] Z71474& FXA|#A
Ao W AR5 7FeA ok S|k, Trichoderma
spp.8] TARE Fel SAA RS A WeliskA sk
ok A RE L. edodest= WAl ol 74 w|Zke] gheke] A
Al ZFaglo] st AF-E&-S YERATE

T3 L. edodesel 913t ZAARS] F2H =T T
= 71" 2] pHe AHd3(pH 5.5 4.5) 3= Aoz dHA
81t (Chai et al., 1999b). o] & 3 L. edodes?
lignocellulose w3l5AS &ttt v7to] H7ME &
W =)ol A sl L. edodest BHF AFol o] A H
Bk obet Fe] HAMEH S FAl EallshAA o

ARl B A A-EE wld Ao 4T 5 9k

(]

}4

g13]4] 2(4) 2004

Table 6. Local modulation of lignocellulose substrate pH by
L. edodesin interaction zone

Confrontations between mycelia of

Trichoderma L. edodes and Trichoderma spp.
PP T T+L L LT
T1 6.5+0.03 5.0+0.01 4.3:t0.04 4.3+t0.04
T2 5.9+0.03 5.2+0.01 4.1+0.04 4.4+0.01
T4 6.1+0.01 5.1+0.02 4.3+0.01 4.4+0.01
T5 5.8+0.01 5.0.+0.04 4.6+0.01 4.6+0.03

T12 4.2+0.01 4.6+0.01 4.3+0.03 4.4+0.02
T13 3.7¢0.02 4.0+0.03 4.4+0.01 4.1+0.01

L. edodes was pre-cultured for 6 cm and Trichoderma was
inoculated. Confrontation area was presented as T(Trichoderma
spp.), L(L. edodes), T+L(Brown zone) and L/T(L. edodes over
Trichoderma.)
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