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ABSTRACT : Recovery of a-amylase (EC 3.2.1.1), lignin peroxidase (EC 1.11.1.14), laccase (EC 1.10.3.2), xylanase (EC 3.2.1.8), B-
xylosidase (EC 3.2.1.37), B-glucosidase (EC 3.2.1.21) and cellulase (EC 3.2.1.4) from spent mushroom composts (SMCs) of
Pleurotus cornucopiae, Pleurotus ostreatus, Pleurotus eryngii, Hericium erinaceum, Lyophyllum ulmarium, Agrocybe cylindracea,
Lentinus lepideus, and Flammulina velvtipes were investigated using different extraction buffers. The maximum recovery of the
enzymes was mostly detected in SMC extracts with tap water and 0.25% Triton X-100 by shaking incubation (200 rpm) for 2 h at
4°C. The xylanase (152 U/g) and laccase (8.1 U/g) activities were the highest in SMC extracts from F. velvtipes and R eryngii. In
addition, high enzymatic activities of a-amylase (3.6 U/g) and cellulase (3.4 U/g) was detected in SMC extract of A. cylindracea.
Futhermore, cellulase and laccase activities of SMCE from P eryngii were compared to commercial enzymes.
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o] QIFAME TS AFst ofrlo}, 1, v 5 A
AA ZF Aol A Thdg MAle] 2180 = Auj=]ar k.
4 71 SAHEEA] 3oL, dlsl A
ARRS GI3pL AM AFAZFoZ T &
AR1E Al Aol ARE-E= HiA|AY
38, F4 5 T o Hx
0]52 cellulose, hemicellulose,
lignin & fra= FAE ] Aot =ERHAL] 1
Al BA = ¥ AP E TS HET - 30~40
do] TAF A 8 1099 e] AHA = S AA
A E Felelet], AHAE FEekaL Fe wiAE
3} 3 vl A] (spent mushroom compost, |3} SMCE %)
ZhaL 2t} SMCe HiAIE Tdshe 713e] ARl
A7} AR B AAE BalE] ekl cellulase
xylanase & lignin 3| 84 59 HHENGAE A2
= plelel 71AE Baloln FURe Frad e
SMC Yol AL ks B AR EAT) thy e
3 e Ao 2 FFET JHjdlAe SMCE 5=AHS, E



THFE WAl

H] 502 &83lar glom Ui FrlolAe wiA=E 7
alo] ARG IE gt Al SMCERE §4F2AF
< FHA, AF=ER], &Fol, A, =ERIHAL,
oAl FollA] 3=t} (Ayala et al., 2011; Ball and
Jacson, 1995; Ko et al., 2005; Matcham and Wood, 1992;
Singh et al., 2003). THolX] ¥ B= BA] APf = Ak
SMCE 24| A9 flar dAF &7 aagrdo] =
Holdlo] aALkS 918 vil9- 2 AEE AdE. 2
el AlS] SMCE laccase”} T2 WAl 13} 10m]
o =2 AAHFS B remazol brilliant blue R (RBBR)
7} congo red} 22 QlEAA0] GAllo] {831 o2
T 3] SMC 849 2j1E A8 7Fsds B F300
(Lim et al, 2012). Laccase H-3l a4 tEAILHS 2J8hA
A, #30] & PIABES o] 8g A Azl og 7
0 HPHol ARRE AL )10 lignin 3l A] WSS #)
ST TAE AR JAlste] A2 aaitel 29
E°] T3 A (Couto and Toca, 2006; Guo et al., 2005).
U] SARHA SRS AT 173,354 0] ALkE 3L
Qlom “elWAl (Pleurotus ostreatus), ZL=E}2]HAl (P
eryngii), "YOIHA (Flammulina velvtipesy2 =U] F4HHA
o] F WA AARFY] 87%E AXSFAL T (Ministry of
Agriculture, Food and Rural Affairs, 2013). A58} A4
i Shtel] whet o5 WMAle] Al Al ArkEE WAl 75
T v R]9] ke A7 2007+ E o)do] H A= FgE
UTHLim et al., 2012). HE HA AHIRLe] =8 S-S 9]
sle AR HAL F5-9] A o] i HgEwA
=T O|MA (Hericium erinaceum), =BT FEHAL (Lyo-
phyllum ulmarium), == =E}2]HA (Pleurotus cornucopiae),
APHA (Lentinus lepideus), HESOIHA (Agrocybe) & THF
g HAle] W B SRR A o] S7tstar vt
£ A= =g oA (H. erinaceum), =BT}
SHA (L. ulmarium), ==8=ERJHA (P, cornucopiae), 3t
WA (L. lepideus), HESCIHA (A. cylindracea)H 52
SMCEHE] thd3t 5= buffers o83t H2Ta a4
9] &S AR CH o9 AIF o84S HES)

At

Mz 3 S8

k>

SMC =8 % SEIdHzL FE

A, 2=, BolmAl SMCE H Al H
AE7PNA EF wekon, “ER AL s AL, wd
FolMAl, =TT olM A SMCE 7% MAATAZY
& Wo} AT 5% bufferd G488 FAL
= =ERIHAT FolH A ] SMC 5 g fulcon FHO| ¥
a1 3% buffer 25 ml A7} & 2717 B<F A2004 200
rpmol| A ESIATH. = buffere tap water, 1% NaCl,
0.05 M sodium citrate, 0.05 M phosphate buffer (pH 7.0),
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0.05 M phosphate buffer + 10% glycerol, 0.05 M phosphate
buffer + 0.25% Triton X-100, 0.25% Triton X-100= 3}51
t}. 5= buffer SMC NS H|2}=E 2 (miracloth, pore
size: 22~25 um)E A=31 10,000 rpmoll A 108 F2F U4
Eelete] SMC TAES A AL F5HE SMC ex-
tract (]38} SMCEZ )& so] Aol o]&-s}3it.

SLEYHE

a-Amylase E484J2 SMCE 20 plo} 357 4,480 pl
£ &slaL, 20 mM {14F 95891 (phosphate buffer; pH
7.0)°l =21 500 pul SLEN (10 mg/ml)S 7|12=E H7Fs)e]
37°CollA 5% &<t WA F, A SEE 540 nm
el A dinitrosalicylic acid (DNS) ¥Hel w2} S5}
FOo™ maltoseE T OE B9 1 uMS H3llshke A& 1
unit23}al U/g2 FAISIAT}. Cellulasew 37| E4F=
A} 50 plell 0.2 M sodium acetate buffer (pH 5.0)°1 =<1
1% carboxymethyl celluloseS 7]14= F7}ate] 37°CellA
30 B RESAIZ] &, A3 E SIS 540 nm FHFellA]
DNS HHol wa} 43190 glucoseE HTOZ 14
T 1 uME Balleke S 1 unitZ kAl U/gE FAIHA
t}. LaccaseZ4d-2 SMCE 100 plol sodium acetate buffer
(pH 4.0)°ll =<1 0.5M 2,2'-azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid (ABTS)E 7|Z2Z H7}sle] Ao
5% Bt REAIZL -, 420 nm IgellA] ABTSS] 2kslE
S o £ oDgke] HStES unit® A oetitt.
Xylanase®&d< SMCE 100 pl®} 400 ul©] 0.1 M phosphate
buffer (pH 7.0)& &%3}3L, 0.1 M phosphate buffer (pH
7.0)°l =1 500 ul2] 1% oat spelts xylans 7|2 = H7}s)
o] 37°CollM 208 S HEAIR] F-, B BS540
nm JPgellA] DNS el w2} S438190.2™ D-xyloses
EFOE 17 F 1 pM= Halldhs 21 1 wnitE Skl U/g
2 EAIBIAT. B-glucosidaseBd 5785 913+ 0.5 mM
p-nitrophenyl-B-D-glucoside(PNPG)E 0.5 mM sodium
citrate bufferol] F¢] 7|2 Z 3} 91 p-nitrophenolS 3
TOE ARSI 1R T 1 pMS HEllskE A 1 unitE
3lal U/geZ EAISHAT). B-xylosidase €432 0.5 mM
sodium citrate buffer®l] %<1 0.5mM p-nitrophenyl-B-D-
xylosideE 7]&Z 3}, p-nitrophenolS EFTOZE 1E T
1 uME Eafsle AL 1 wnitZ3kal U/ge 2 A3
T ESEES bovine serum albuming ETOE 5]

Bradford(1976) WHol oJsle] 245t

SMC F&E°9| gMg1t

ERAL, SER AL, SolHAl, g lolmA, =
BRI AL, =g AL, S AL, BE Sl mAl 52
SMCE 25puls 3ml® 0.5% remazol brilliant blue R
(RBBR)Z ¥3F3F 3 ml®] 20 mM sodium acetate buffer
(pH 4.0)°l H7I3laL 0~24A17F Bt AIZES: GElshe] wk
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531921 Spectrophotometer (Tecan SUNRISE, Austria)
2] 595 nm I SASFATE BAEIEE (%) (A0-A)
/ A0 x 10022 A1&31921 A0E RBBRY ¥4, A
© ¥RAEe] Eugs Yehd

it & 03

& buffer “EI2|HA X HWO|HA SMCESEH g4
3|8

LERHAL, F=ERHA (RE)), ol Ale] -2uiet
SAHHAL AAkEe] 88% ISt - AbssiA|2Hlo)
ofgt ¥ A= HALS AAkslr] witel] BE-S HAlTe]
vk} ARA] AS Foll= 2, 3577 AuE SHA] Rt
b 8 3 w1 hdd] BElEA] A 7o) I
ol lom HATARIE wijA] 30l H2Fste] gl O THA
A} G4Ao] Hol e Ao g FHHL o= E-
EljAle] SMCERE G455 2 Béle] A} 3
A3} 9352 v} QAT (Lim et al., 2012). ¥ AFoME =

el AT oAl SMCAIA FF buffer'd BA3)T&
= Ao, SMCERE SAEs|ais FE3]
$3ld tap water, 1% NaCl, 0.05M sodium citrate (pH
4.8), 0.05 M phosphate buffer (pH 7.0), 0.05 M phosphate
buffer + 10% glycerol, 0.05M phosphate buffer + 0.25%
Triton X-100, 0.25% Triton X-100 52 3= buffer® 3}
Z¥7}o] bufferoll X a-Amylase, cellulase, B-D-glucosidase,
xylanase, B-xylosidase, laccase 52| B35 ZARITH =
E}2]HAl SMCE®] 5% bufferd T2 0.47 mg/SMC
g-0.89 mg/go| Ao} Bo|HA SMCE A= 1.2~1.57 mg/
g = 2ul] ool wheo] HEERITH (Table 1, Table
2). Z=EHHAl SMCE®] 7-F-oll= Bz os o]
0.55mg/g F=H 2= Hiso] ZEemAly} sPolH
Alol] mlgte] vk Tl FHgES WATH(Lim et al., 2012).
53] =l At solmAle] SMCES X3hd S dF
o] 3147} 0.25% Triton X-1000] ¥E3HE bufferdl] A <
7¥h= ZAFAI7E ARMaL, YA 2 buffer Tl #-2
Q1 2fo)7} iict.

Table 1. Productivity of lignocellulytic enzymes from SMC of P. ostreatus by different extraction buffers

Enzymic activity (Unit/g)

Enzyme Extraction buffer
A B C D E F G
Protin (mg/g) 0.54510.012 0.488%0.013 0.50410.011 0.63910.015 0.72040.015 1.206+0.014 0.896£0.018
Amylase 1.040+0.025 1.13740.022 0.97040.024 0.8471+0.021 0.803%0.019 0.891+0.019 10471%0.025
Cellulase 1.18140.045 1.56740.033 2.165%0.052 .611£0.049 1.216+0.050 1.68210.056 1.418+0.039
B-D-glucosidase 0.32440.020 0.2304+0.021 0.28340.025 0.537+0.024 0.64310.027 1.087+0.032 0.52040.043
Xylanase 11.15742.463  17.524+2.996  17.391£3.510  12.616£3.122  12.185+3.227  19.115%£3.592  26.941+4.015
B-xylosidase 0.01140.005 0.011+0.005 0.01040.005 0.324+0.026 0.22610.036 0.449+0.039 0.01440.008
Laccase 2.78442.261 1.531£0.199 1.969+2.208 1.859+0.222 0.471£0.041 0.614+0.098 2.141+0.258

Extraction buffers: A, tap water; B, 1% NaCl; C, 0.05M sodium citrate (pH 4.8); D, 0.05 M phosphate buffer (pH 7.0); E, 0.05M
phosphate buffer + 10% glycerol; F, 0.05 M phosphate buffer + 0.25% Triton X-100; G, 0.25% Triton X-100. The results are mean (+S.D.)

of four replicate samples.

Table 2. Productivity of lignocellulytic enzymes from Flammulina velvtipes SMC by different extraction buffers

Enzymic activity (Unit/g)

Enzyme Extraction buffer
A B C D E F G
Protin (mg/g) 1.233+0.273 1.342+0.321 1.274+0.335 1.335+0.332 1.152+0.256 1.260%0.240 1.57140.296
Amylase 2.130+0.713 2.429+0.801 2.271+0.775 2.314+0.759 1.866%0.700 1.79610.726 2.385+0.749
Cellulase 3.04410.556 3.299+0.540 3.43940.499 2.815+0.506 1.682+0.423 2.824+0.586 3.40410.467
B-D-glucosidase 4.779+0.596 4.201+0.583 4.562+0.599 4.3621+0.603 5.203+0.594 4.507+0.558 4.339+0.644
Xylanase 62.305+11.023 65.422+11.895 63.631+11.124 62.238%£12.012 60.713£11.905 60.448+11.854 64.427£12.008
B-xylosidase 1.152+0.092 1.065+0.082 0.34040.063 1.049+0.067 0.94610.069 0.98740.060 1.082+0.085
Laccase 0.358+0.033 0.376+0.034 0.555%0.029 0.873+0.037 0.354+0.035 0.449+0.026 0.93940.031

Extraction buffers: A, tap water; B, 1% NaCl; C, 0.05 M sodium citrate (pH 4.8); D, 0.05 M phosphate buffer (pH 7.0); E, 0.05 M phos-
phate buffer + 10% glycerol; F, 0.05 M phosphate buffer + 0.25% Triton X-100; G, 0.25% Triton X-100. The results are mean (+S.D.) of
four replicate samples.
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FZ bufferdl] W2 “El2|HAlz} Bo]HAl SMCES] a-
amylase, cellulase, B-glucosidase, xylanase, B-xylosidase,
laccase®] EAEAS ZARH A3 =Ele]H]Al SMCE9IA]
amylaseZ/JS = bufferd Z 0.8 U/gollA] 1.4 U/gZ 59|
kS F-2] 3= §I%12 ™ cellulase= 0.05 M sodium cit-
rate (pH 4.8)°1A4 7Fg =& 2.16 U/ge] 84S HA
xylanasex= 0.25% Triton X-100914] 26.94 U/go 2 & F
Z(11.1 U/g)RT} 2v)) oPde] 43& BT laccase= &
S0l 2.78 U/ge 2 71 =& S48 HUH(Table 1).
oAl SMCE= =EHIHA SMCE BI3FT laccased
AE ALl BE aAago] A e e o= ©
MAAAFO] B Zog SAEE Alo] HAS A
Z AEHAY. 53] oA el SMCEY] xylanasew 5+
Z bufferd 60 U/gollA 65 U/go 2 =El2]HA] SMCEXR
o} gufoll A sH =2 EAEAAS B S-ElEHA
SMCE®] xylanase &3 5U/gl 2 HIE|7] wfFol
(Lim et al, 2012) *Jo|HA SMCE= xylanase”} 5349
2 Ho] At = Ao E YERT

ARHOZ F= buffer SMCFEEQ] 843485
ZAeE Ay} & 9] 3= buffere cellulase= 0.05 M sodium
citrate (pH 4.8)°14], I xylanase™ Tap water = 0.25%
Triton-X buffer’} 453+ Ao & UeEto thE §49]
B9= 2 oAt glie

Singh 5 (2003)°] S =El=]HAl (P sajor-caju) SMCZ
FH e 93 FE20S AR 23 3=
buffer &4 3)42E 50 mM sodium citrate buffer (pH
4.5)°1A 7 =74 YER o™ 53] B-D-glucosidase”}
27.4U/g2 B F=o| vlslo] 2ule] G43]48-5 B},
B AFolX= B-D-glucosidased”d o] =E}2] SMCES} 33
oJHAl SMCESIA 2zt oF 0.5 U/g} oF 4.5 U/gO 2 &
e} SMCERT dA3] vk 848448 BRI o cell-
ulase®} xylanase™ Hlu% H& A4S BT 53] F=
E}2] SMCEY] laccase 842 o E=El2]HAl SMCE ®Hth
oF 6oHl] o] BAE/Yo] F& A0 E YERIT Ball}
Jacson(1995)2 0] SMCS] F= bufferd G438
S ZARE A3} 0.5M phosphate buffer (pH 7.5)X.t}t &
FZ=3F SMCE®IA] 108 ©]/d2] xylanase 8438 HATIAL
Rugk vt it} AF=EE]9] 79 = buffero] SMCE
Bal 107 SRAVCIAR A3t & BAITE
ZAFe A3 AREARIl 'S Histe] & 19
27} gle Zo=E vEh Aukd 23S B (Singh et
al., 2003). SMCE 48] QP42 60°C ©]/de] a0
A= SMC 847} oFg3l Ao 2 Ba1H v} It} (Ball and
Jacson, 1995). & ATl A= Ex-El2] SMCES HE7|7t
¥ laccaseFAS ZAI 9o 7R A
o Aol 1ol e} HT FAGH] AALE AL
2 24 ER1EAtH(data= AABHA] ).
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Clekst A Z |l SMCe| EAEM EX
Thekst HAl oA AakE SMCe] B4 EAS %

ARs7] f1ate] ] F=RAAHAR] e WAL, F=Ef]
HAL, SolHAT S Fg oAl “EIR AL, ege
ERIHAL, A, HESOIHA 5] SMC 10gS & 30
mldl] &35t 2A17F &2 200 rpmollA FESIaL YA
23] A5 HS SMCEEHOZ 3} g-amylase, cellulase,
xylanase, B-xylosidase, laccase & EAE/JS ZALSIATE.
E}]HA SMCEE a-amylase (2.37 U/g), cellulase (1.67
U/g), xylanase (91.5 U/g), laccase (2.97 U/g) 5°] &=
Kol & WA F9] SMCEY) Mgt 118 4848 B
Atk (Fig. 1). E=E}IHALS laccase (8.1 U/g) °]19]dl a-
amylase (1.5 U/g), cellulase (1.25 U/g), xylanase (10.5 U/g)
T &Ao] 1 EH oY T HA F SMCE HIst
of e GASAS BT} WolMAl SMCE= 7HE &2
xylanase (153 U/g) &3-S B2 o-amylase$} cellulase
T v =2 EAo] YEREO Y laccase (0.4 U/g)e S
L 448 BAY. HESC] SMCEE laccaseS A|2|3t a-
amylase (3.6 U/g)9} cellulase (3.2 U/g) &/Jo] FAIg SMC
ZollA 7 =2 YRS, “EIRE AL cellulase &
Ho) Z3] Hlotaim) L vlel AABAE A SMCES)
Wale] B olshe epde), SEIRlke: TRUE &
ARAFA 71200] F 1009 A A5k ol
= AR Yo BaRaELe] 4] AR A
AL T S BRlo] B 4+ UL AR AET)
AT AR SMCEE cellulase 4 (2.73 U/g)©] Bl H
A vehd o tE aagde ofslglth. e wolH
A SMCE& a-amylase (1.28 U/g)%} cellulase (1.76 U/g)7}F
oF7F A JEFEAITE xylanase$} laccase 8732 26.7 U/g
7 04 U/gO = mlofsto] Soldvhgl a4 245 HolA]
U} Fig. 2= 8572 HAl SMCEE ©|-8-51> RBBRY]
SIS ARPEE ZAGE Aolt), E=EE] SMCEE &
ARG 4AF SHRE] HEg-o] A&k o] eAlZITH ol 50% ©]
o] gl go] ooz} oAz o= £ 100%2] B4
B Btk 2eiv s Al oAl SMCEE Alte]
Bt E Ao G gARE HolA] 9o} laccase O]
A2 AdE FAHEAT. =ERE SMCEAIA = v 5
AT o] %ol 14%2] BE-S Holthr} 124]71tel] =€}
2] SMCE®} BAeh= GA&-S ®Hth 12y =gl
SMCE®] BX&-& e =Ele|HAl R T HolA|r 67t ©]
Soll G F7PL AlEtE o] 24417 AHEAE 65%°]
e eSS BT ZF HAIEE GAlEol SloA 7Y
32 laccase BAFFS Bl F=El2|HAl SMCEAIA 7
ERIS-S B laccase’} B0l Q3+ 9T =
10 = UER

sl Zgojo A BAAR laccase] o8 A7 B
= 8} A} (Claus et al., 2002; Devi et al., 2012). B=3F =€}
Al vl FedHo| 4] =23 lignin peroxidase’™= RBBR

L Hir gE
o flo rlo
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Fig. 1. Productivity of enzymes in spent mushroom composts (SMCs) of different mushroom species. a, Pleurotus cornucopiae;
b, Pleurotus ostreatus; c, Pleurotus eryngii; d, Hericium erinaceum; e, Lyophyllum ulmarium; f, Agrocybe cylindracea; g, Lentinus
lepideus; h, Flammulina velvtipes. The results are mean (£S.D.) of three replicate samples.
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Fig. 2. Decolorization of Remazol Brilliant Blue (RBBR) by extracts from spent mushroom composts (SMCs) of eight
mushroom species. The RBBR decolorization in SMCE was monitored at 595 nm absorbance using a spectrophotometer. A,
Pleurotus cornucopiae; B, Pleurotus ostreatus; C, Pleurotus eryngii; D, Hericium erinaceum; E, Lyophyllum ulmarium; ¥, Agrocybe
cylindracea; G, Lentinus lepideus; H, Flammulina velvtipes; Blank, Distilled water.

9] ebllo]| faslttar B g vl Qoh(Shin et al., 1997).
SMCE ©|-83+ &A= Lentinus polychrous M4l SMC
oA E2]H laccasedl] 23k RBBR B &3/} HuH nf
2. (Saranyu and Rakrudee, 2007) =E}2]HAle] SMC
FE=E9] go]8 % By E v} AT (Papinutti and For-
chiassin, 2010). ¥ A7MA AAISE =3 =€lg], =E|YF7}
Sl SMCES] A Ele] Bl ol sl slak
o}

URFA O 2 Jaccasew AV AAE AAGFEAZ o]
83= phenoloxidaseZ 285l mono- ¥ Z&|#=4
7179 ortho- & para-hydroxyl group®|4} *3= oWl
2182 0 & A58 (Field et al., 1993), AF3F $- vl 7))
24 M55 g0} tALEe] 24 B9
Sl 21 T T ohz) B e ARaEE
7 A AeIFES Feshs AeR Haso] 9k
(Eggert et al., 1996). TF43H 7|2l thato] Sufnh-g-S v}



E= E402 Q18] laccase= FH S AFgiEolol| A A}
|EH, 53] 299 74 B EYRES Al 4, Bt
bioremediation AF3¥} 2] A|A, 74 1) 5o F
ZA] SolA A ER7F w9 =TH(Couto et al., 2006;
Kunamneni et al., 2007)

sMcCe| &y FEH

ZERIHA SMCEY] B48S TE 83kd 84
g3} vy 918k Trichoderma reeseizF-E F-2]E
cellulase (Sigma, 1000 Unit/ml)} P ostreatus5-E] E2]¥
laccase (Sigma, 11 Unit/ml)E A3}t Fig. 3(a)oll X<}
Zo| & 3= Zel|HAl SMCE 20 pl, 10 pl, 5 ple} 24
4 cellulase (Sigma, 1000 Unit) 1unit, 10 units 1%<]
carboxymethyl cellulose (CMC)7} 37} agar platedl] &
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Fig. 3. Comparisons of enzymatic activity of spent mushroom
compost (SMC) extracts from Pleurotus eryngii. (a) cellulase
activity on CMC medium represents with halo zone size; C,
commercial cellulase (Sigma, 1000 unit/ml). (b) Laccase acti-
vity on ABTS medium represents with green zone size; 1: com-
mercial laccase (Sigma, 11 unit/ml) 25 pl, 2: commercial laccase
(Sigma, 1.1 unit/ml) 25 pl, 3: P. eryngii SMCE, 4: Distilled water.
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al., 2005).
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