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Enzymatic activities related mycelial browning of Lentinula edodes (Berkeley) Sing.
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ABSTRACT : Shiitake mushroom (Lentinula edodes) is usually cultivated on the oak log. Log cultivation of this
mushroom is getting difficult to get oak logs and has a weak point of its long cultivation period. Recently sawdust
cultivation is getting increase. It isimportant to make mycdia browning on the substrate surface. This browned surfacein
sawdust cultivation plays an important role like as artificial bark of the oak log, which protects the other pests and
Suppresses water evaporation in the substrate. The period for mycelia browning is so long that the sawdust cultivation of
Shiitake mushroom can not spread wel into the mushroom farms. The development of methods for the rapid mycedia
browning isquiterequired. In thisarticlewe would like to discuss about the enzymatic activitiesrelated mycelia browning

and sear ch themethods of cultivation period reduction.
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¥ 11 (Lentinula edodes (Berk.) Sing.)+ &, 710l &4
Fo IFH7 U AL el A B sk ARt
(Leatham and Kirk, 1983; Oki &, 1981; Tokimoto =,
1980) ©. & 3= A¥ (Imai, 1938; Kobayasi and Shimizu,
1951), &=, F'dobE vl%&sto] JJr%OHrﬂ‘JOP 7HA] %
W 05} x| o] ] uFEls BlAlo|th 2, sk o1 jul
T FEol Ao e AFE AgEe & HAoE 5
9} AakEFo] 5243] Al 3 Qlof FH < AlAIA Q1 MAIAL
Ao Fox= FA vk i+ F5 A Es
o]-g-ato] Aush A& oA FARYE7]7o] o] 3 H
AE st E 1d o) A8 x a1, Aulr]te] A%k 5
Wolul Al Aol tist WA e R 3|¢& % vr) &
ghelow ma Aulg 5] Fort Wi e gk
7} ole 9] 50l o YA vk ek H2 FEE ol
f38F 1 Au7r A2 Z7)ska 9= A skolt) (Ando,
1974; Diehle and Royse, 1985; Royse, 1985).
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a7 v IR = v B e QR s
& @ 9 QleyHe] FAE =S A7) Sl
T3tk Adaor askd 22 9F-F7]9F HFHAIA
T e o] LAEA 3 ¥ ohdet WA FETTS
oAt WA S ok sk vk 1elvh 18] FREA
Hjell A A o] AE f15ke] 100404 15097k vl
HHA SR FHE SR US  AZIS ete,
E7klA = R Qlsto] Aldn] 9] ot 2o} ujekd o 2
B 5o AR 1990 25H 22stE skl
H|8lo] o} 7EA| I A=A 0 2 F7te] st mXIE ol
ot webA sﬂ%‘# AEiA] viA] o] DS FHZIA7| A
Aol W g5 270 AL 5 Sl AR s
o] HAs] JﬁLﬂL iz Agolrh aelA A, 2], =
&= 5 dAMY el Befshs S8 A9 F o w st
AHE S ATE2 wol JdHo glon, of7]A4]
T RA ] HH T A s e EAAES AR
ato] B FhAlEE P A o2 sk A7) 7he &

FA17 5 9l WS Bt 5
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of elal ofdelM x| Eavt
A Al 2= k= (Singer, 1961)
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Hzxe] Bil % F=2 Sung FEAIH(960~1127)
Wu San Kwungell &Jsto] Hx= Aujd 7150 St
(Chang &, 1987). Wang Cheng(1313)< "Book of
Agriculture ol A 71211 s Auol] thete] 7|58 5
Z=ol| A vl E 1t} (Chang & Miles, 1987). 1 & o] &
st A Hl 7142 1500 A4 1600 Afolef] A= 02 A7)
% o] (Singer, 1961; Lou, 1981) &AM F&4 5= 2
shAl =itk o] We] A7) EAE o] &-8te] Al
Helerw 2719 Auls XA A2 50l o] 4)s)
HhH o] AL2-¥ 1t (Singer, 1961). Ex}bof| 93k A3
Ao Eekste] W AujrtEo] FFo] w=d
5o 27VE AER =50 o]dek= WHORE FAE
8 A3+ th(Singer, 1961). Kitayama(1920) &= 414
02 H dAE AP EL &4 kst S
3k8lem, Mori(1943) = At Yir-# 710l AFE Bl
ot FuAlEH S 2olseld Mori 5, 1987). #71E
AMZ2L 5 AYPA7IE S 52 T g E Al
Wl 7hestAl sted A9 d A S HAAAY F5
stA gjE= Al71E ek stk (Campbell &, 1987).
AE-E o] &35 A LF A FeA dE5e] B4
ol yep At i AvlE 2k thAmAE AdztsiAl &
A=t el Aard A E Yol 23E AAksH |
Zol Hzol Fi-s o]gst Ay olt} (Passecker,
1933). 2 % w4l 9% A= 119 84 5S4
A7) &l wAHE HASHE o R o] FojRlnt
(Nisikado and Miyawaki, 1943).

sharoll A= o] A ) A ekE-(1790) 2] M A ol &
of, 11, Bol tht 7] Fo] 3= A SR Ko o] A]7] o]
Aell 3231 59 Aol AMEHAE Aew AztE (@
%, 1987). Earof thsk ol FAul= 1905 A=) Auf
7F Hzea & o (F 5, 1980), 1 ¥ RAFNE
O] =g A7 E DA E A (1995) oA A 53kl
3L 1956 =R A=l Fte Edste] 059 x1d
A0 7)ol FRE A H o gt Auy 7]
=& JHste] A7) e 7]k, 1957).
2] vhebe] smanEt Aol #ek A5t 1984 97
EATANA HEO A7 AFME o 5 5 (1987)
& 4 kg AAONA FbE S 22 F
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1989olli= FtAE #52 57] 3% 5 S5
A =k 1991AEFE ATl E 222421 A
Hi71e] A77F AlRE T, S SR E o] &gt
®a F Aol At FF o= A 5359 4k 657}
A= Tk, 1991; 1993; 1994). ®a1o] Ae4 E4
& XA7F 18~28CollA] Wofatal, dAPLS A ehA|&

T 5T, H1 3ALE 32T, dAPES A2 22~26T
2}1 8kt (Tokimoto and Komatsu, 1978). Tokimoto
9} Komatsu(1982) = X151 9Fof o3t 2= A3

1 ol

= ZAFSE vh 25CelA 7Hd 8k, 2a1

o E9] o] wE WA B 10T
2xge] @t Hom, AT Fo =
AAFES 15T oA Foth WAl 9] #4842 10~18T7F 52
Aoz 2deyA t}(Ohira & Matsumoto, 1984). TAHY]
S A7 DAY 7 7EA = 309 elA 129 =Tt
22 % (Han %, 1981; Miller and Jong 1986), ©] ) #j
SN A, WA G A, WA ] o, Tl St
AL 2% ol wet J3e P=vhs Bt vk
(Royse, 1985). wtAHF 717H8 A A 3F8lS wl WAl
D= S7FsHA gko mAle] A7)} FRFo] 7
sttt &gtk (Han 5, 1981; Royse, 1985). o]+
AR 9] B A el A 9] =2 a4 B HAAdES
B2 s Fro b ZdE Holgta &3tk
(Royse, 1985). w#AF7}F o Zpgk $-of] uljx]= ¢k 3] 4
S HA 552 Fels Bolx oA "ok #A) G
% AdsstA g o® Ak 717 Lojur Al Hm o] w g
F71E wAFE o e g dFoln A A 2 AV ' W=
Zlolth(Royse, 1985). 717 /3 =W vl x|z Ho] 24
Ao o] Hm o= A WA Hol Ak &
A eS GA s Eo mix] A5 HA A o
At Ebe] 7] ] HAd) vl e S
WA skAL wj A Yol UGS MR 7= ol aksterA
B SA sox wiA ] Aish=s sttt &
A tH(Chang %5, 1987).

XIE FHOE A u el FAREA S
S5S, 1A (&2 Ua), a9 7 i 5
59 Fx(E=elA wiieka 3HE AHE-st
HEANGEAN W7)E, B, A LE 55 A
{, 1994). dEA = w5 AR 2A (E
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AT} /i, 1995). A F5-& o] &-8ko] YuhrH Al
= 1§ A FHEAE S ARSehE ko] o H| A
gk 370 5 ofe]ellA] BEabE A Zﬁl%}‘}iﬁ‘rﬂ o]-g-s}
W FYg T ol ek Aok visst e WAl ¢
2H& & 4= 9lrkal 3131t Ohga &, 1993). FRhl Aol &
7S A7 A A LUk v Eels wAl
AEE U2 soldts Bax 3loH (Togashi -+,

1995), 955 8 kgoll W71& 2 kg E3ol v]35to]
w9 8 kg + W7 0.8 kg + TFA B(Lof|A Atz
= 543 A 1.2 kg A2 wiA &= 262.3 g ¢
345.6 g0 & A S5A A a@UF AN @ i,
1995). Yoneyama 5(1993)2 3%2 %1 #4F5 o]&
sto] FANIA] Shul ek, ek, MAID A 255 7}
7+ 2] A2 A3 #5E R A 2oz} A e
o o, Aabdol =9k #e] A bl k-l
F—w A Y] &= 22T -25C—-13CE 3t9S 4%
WA AAakeko] b wekthar sk $eluetel e &
WA ATES T2 230 A 2YS gElste] Ay
ShAL AR A o] WA g g o djste] Algste] gkt
AR S SO FHANLE- 52 el vikE 7t
sha glom (v 5, 2006), 2 MAFHS o] &3 F

Aufof of 3t 9-1;?7} ettt (o] 5, 1998; o] 5, 2006).
3. 519 A

HaE BAE RFele] JPAOR o §aks WS
=
=

702 EAERel cellulosed} ligning T2 E3|8l=
Aoz 4 A k. Cellulose?] Faljoll odh= 73l

= 2 1=

exo—1,4—p—D—glucanase (exo—cellobichydrorase),
endo—l,4—B—D— glucanase (endo—cellobiohydrorase)
9} p—D—glucosidase°]™ ©]Z1& wAMEA 5 EnlE Tt
(Wood and McCrare, 1979). ©]32 cellulose® &4
Yo7 o] gato] AP} A7 o= of Hrkal &3l
o RIAFAE FEoA #FS FAdsHAA] Ake Aol
U AFLE SAdsA Qs AT
(Leatham 1985b) HEgh W AR5 47 0] 9l H= cellobiose
A+l @ 291 quinone oxidoreductase”} cellulose 3l ]|
o TSPE}IL 59 21} (Erikisson, 1978; Wood and
McCrare, 1979) Pleurotus ostreatus Fr.e< ©] &47}
Ao 7 EAsHA] ko, a1 AA] EAEkA] ok A
o7 EAA o= Aoz wuEoe] gtk (Ander and
Erikisson, 1977; Leatham, 1985b). Zu-5 FyHal %] o
A TAPER 27l
HE I, FTedE
D— mannosidase 52 cellulose®} hemicelluloseE 3
sk @A) wol EH|E gl ow, D)ol endo—1,4—8—
D—glucanase, f—D glucosidase, S—N—acethyl—-D—

hemicellulase®} pectinase’} =
laminarinas, S—D—glucosidase, f—

glucoseaminidase, acid—phosphatase®} hemicellulase

Eub Aol glo] Azt A aadg 93

o] aAgdo] =9ttar B3k th(Leatham, 1985b).
Glucoseamime 9] &2 T A} THA S FZo|A] B
AT Srtetd oy ASE = A A S-S
glucoseamime?] S Y=t} 513 tH(Tokimoto and
Fukuda, 1981). o]+ &2 49 glucoseamime®] A X H o]
4719 AAAE BN 7= ATF-EZ Y polymerE &
Ast7] Wl Roew dHA dvk(Madelin, 1956;
Wessels, 1965). %3 A2 o] 2AYA] ZF ZEu) o
A& cellulase 9} xylanase?] 9717 S7hEthy X5
tH(Tokimoto &, 1977; Ishigawa &, 1983). o] & &4 9]
S7hHe Ehs FiRAOR ThERaste] e gad
& Ao EM A e el Fast s A s
t}az 333 th(Tokimoto and Kawai, 1975).

WA B S St o8k ligning] #al|o] #s= a4 v
A E-o] Bt A 29 49 lignin—peroxidase, Mn—

peroxidase®} laccase?] 3FC0 2 dElA ¢loH ol&&
phenoloxidaseg}11 &= $to} (OKEF 2} JI[4, 1992). X1+
o] & &A% Mn—peroxidase®} laccase®to] #H] &= 7

° 2 d& A 3tk (Winkelmanm, 1991). Leatham(1985a)
& 33 APE A o v UlellA] 2l d o) el AE
15 55 dojupr] Aldgom 150472 ulj kol A
oF 40%°] Bl1do] EaH AT 319 2 ligninolytic
activity+ glucan®] 37} 1= & o gja1d2 Ba%=
FH 12 o]Fojftta 331tk Phenoloxidaseol:= 714 9
Sol/d 3t A éﬂ Al (inhibitors) &] AR&-efl whe} 3FF= ]
x| o5& BF Ak4 )4 (Oxygen—dependent) ©|
] 7-2] 7} 738 (copper —containing) ¥ glycoprotein®]t}.

Tyrosinasex= oA 4] == phenoloxidase 2]
©]™ monophenol oxidase®} catechol oxidase?] &
=tk 18la 37150 COZke 98] 1 4ol
Hohar skt (Mason, 1957). Tyrosinases 4%
X3E gt st Mzl dAlE gl %0
934 <t extracellular phenolic substrates+ o—
quinones FA3sH7] 918l AbshE ™ A} 5879 W
A AstE AWl ABSAE JAs= quinond} WHS-SHF
(Mason, 1955; Hackman, 1959). 152]&2] o2} XL
o] YA o = k] F R I A oA &} H] =St 7]
20 2 lignino] @k ¥ 3k h(Higuchi, 1959;
Northcote, 1972).
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AR A7 E S 5 e Rt ole A5 &
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FE gAs] aEAel = ] TaE d-
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o= HEi =shH o] FEA] Aol dojut= Aol tist
o B2 AF7F RuEo] 9tk (Gongs, 1993; 1994).
N (1985) & U TALS} Trichoderma v+ SH vl o)
A A ket s W =2 M) AFA AFHFEY
AL A Ao g Aol dojibu o]wf Zhw R O]
polyphenoloxidase &42] &8 o] F43] o} 37} v
ORI A EAFAE St = A4S YERQIth Y B
st om watk F% o 21 WY Trichoderma %
o] FA S ul FAN: Ao R uE gty ol
Al AW FXA)7]E= E4E phenoloxidasehal 3197

ou] ofdl BHALH Faiol BoTHL stk 25

=5 SR gl o= S0 M AS LERATE()MA,
1975; f2F2, 1980). AHdA 2] A% T S5 dnrlo] o]
FolAH o]uff ZHef| #ojsl= &4+ phenoloxidasedt
3191 1 ethyl alcoholell €8] A€t} &9tk (Gong
%, 1993). AWl #H]E = phenoloxidase B+

A ez e A3k 92 ™ (Kummar and Flurkey,
1992; Perry et al., 1993; Turner, 1974; Wood, 1980a;
Vamos— Vigyazo, 1981) ¢]& &4 % tyrosinase’} ¥
ALe]l ZHsle] #esttl= X3 (Yvonne 5, 1994)7F Q)
o Folo A st FHS 24 VY—glutanyl—
hydroxybenzene®l tyrosinaseZtg2] A=z okio] =}
AAZE ARAGE HER o] A& JdazE |
melanineS 43t} (Yvonne 5, 1994). Wahd-& 1o 7|
of 9e] #¥sh= HEF AeriA 245 e A
of gzl o] BE3kAo|), 2Rl Hepd el -
A, b, el e mwo] 7] Fofl R EEHNS
o WHAeh= Aol w=e] 9y, ZY, 95, weY,
oA #Z= ™ (Lerner and Fitzpatrick, 1950; Bell and
Weeler, 1986), A FoM & A4, 3, A4 529 D& A
3IA1717]1 % S (Chen &, 1991). Hehd o] Agd2
% tyrosinase®] ZH-&-of| 9Jsfo] o] FolA|= Ao % HIlE
o] 9t} (Korner & Pawelek, 1982). #ehd o] A 4
tyrosinase®] &gt WMo FoJst FHA}e] Fet A=

tyrosinase, laccase$} peroxidase 5°]™ 9]

NaTsh

=90 3]9]
= =,

O S EA 2HE doivty By
St (Mayer and Harel, 1979, 1991; Vamos—Vigyazo,
1981; Mayer, 1987; Robinson, 1991). °]& 452 H

1980 F-AAF A3 7ol =YE o] A A
TAA Adkst 2R E Flght} Kimura®} Takashi(1993)
1, 8—dihydroxynaphtalene 4] =412

= APl Alternaria alternata w2)

S ES =l

EEERERE

ki

Eldxd g3 559 A8

. EIHA (ARG ZIHA(RAX)

o TUFHke) FHAO®) FEF(ke) FTEA® TUH(ke) FTAAO® FEF(ke) FTEAO)
1990 - - 3,616 28,970 333,370 524,466 1,000,062 22,961,620
1991 - - 2,008 17,552 651,819 1,402,900 863,663 25,177,689
1992 35,163 75,422 3,616 29,168 1,204,820 3,750,626 704,031 18,309,274
1993 - - 8,631 83,503 514,308 831,527 595,632 13,186,096
1994 55,980 96,972 51,344 492,265 866,124 1,538,129 415451 11,117,270
1995 - - 126,152 729,267 495,341 867,274 601,364 13,921,933
1996 2,706 147,041 30,792 682,690 836,846 2,314,658 324,782 8,731,639
1997 20,300 58,598 7,264 96,342 1,297,629 3,201,437 322,104 8,195,374
1998 3,200 7,006 6,195 34689  1,135716 2,024,324 367,077 8,605,391
1999 56,822 99,882 18,712 136,493 1,040,844 2,421,849 392,266 7,475,323
2000 58,751 95,086 267 702 1,079,030 2,638,685 226,099 4,997,190
2001 50,946 77,580 67,726 222,888 811,901 1,832,030 191,429 4,109,925
2002 7,740 15,601 36,506 136,523 905,383 2,344,744 254,560 4,168,998
2003 - - 12,205 51,416 999,565 3,214,578 362,090 6,350,315
2004 114,639 213,531 610 1,385 1254196 3,843,191 234,644 4,581,775
2005 334,525 665,046 1,444 11,130 1,079,975 3,380,877 349,342 4,859,118
2006 639,009 1,667,000 476 9,000 892,912 3,719,000 197,262 3,390,000
2007 262,872 613,000 1,893 27,000 1,159,397 5,236,000 345,568 5,745,000




ke

A

L= FARE A AP EdHo o HAdA A
A 5= (wild type) 2%E cDNA complementation®
S Eaf 2] Bk vk vk Kupper (1989) &= #-2w
F330)3#Ql Neurospora crassa®l S W FALZ
A Z+E ¢cDNA library 258 tyrosinase §dA} E9)
primerE ©]8-3}0] tyrosinase FAAE F8 AT ©]
]l Fujita 5 (1995)2 Aspergillus oryzae M| X o &
H] %= tyrosinase® 8] FAISH] opn| At G714 LD S
LA sto] o] EthE PCR primers Al &8} o
protyrosine At melOE #28Fth. < Liang™}
Pardee(1992) = TEE9 life cycleold AEAUWY
genomeHfoll B8] 3l= iRt 7HC] geneo] Al7]A 0 ®
S0 R ofdA BEANL ZHo|} 7| AEA o
% mRNA9} Tl g 2 W 5] =7} 5fof, o] o} Zho] HA44h
regulatory circuitryoll 412l &+ (abnormality) < 3§
2] 2]Q1 W3} o= oy AdElof e 2kl €] 7|27t H= 9
AZ9] shtetar Aelth wepA] zpo] & vrehdjo] Hd s
© AR Eelel 5L olef 2ol Fad =T
2 JEA S olalsk=dl A @Algt & = o] mRNAE
g &led v)wsts W S 2 RNA diferential display 2=
7]o] AHE-E AL Tt

5 ZE ¥ Hy

Felvtehe] Ba AR Be F mu At 1,959
o9, AEI YA 23592, 71331 AYAkEF 2,044E 9
=l EAGNA EarE A= obA7H] AR 5 %
elwks AHshaL gls Beolvk (AFEA, 2007). %319
FEYAGS B ® 13} gk AdxRnd] $£EF]
N o] Hlste] BRI FETE Tl niste] |
A A2 AL B F vk Ao w FibAuel] A
Aol thgk w2l olalE AAl Aol HEAIA Fi
Al 717E GHAT A A BlopH o2 FiA) 7
T o EAME AT FAo] v ARIE
S THA o At g 9lo} AvlEA] ARl £E
o] 7hsste|et Azt
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