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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 R eryngii were compared to commercial enzymes.
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TR WA

H] 502 Z8alal lom U Frixe wixE 7+
st ARSI gt WAL SMCERE] 84aFEAT
= FAHA, AF=E, o], WAL, =EEHAL,
oA Fol|A] =t (Ayala et al., 2011; Ball and
Jacson, 1995; Ko et al., 2005; Matcham and Wood, 1992;
Singh et al., 2003). =UlollA ¥ = B2 Al - AYike]=
SMCE= 2.¢o] AY {laL dAF &447 aagrdo] =
Hollol aAULS 913 vl T2 AR E AP &
ElEHAlS] SMCE laccase”} T2 WALl I3k 108
o =& A2HFS B remazol brilliant blue R (RBBR)
7} congo red?} B2 Q1FAL 0] GAllof| {8514 o]8E
T o] SMC 849 A3 A8 7heAe Bl FU
(Lim et al, 2012). Laccase F-3la A ks $siA
A, 8ol 5 HIES o83 At Azl o 2
W HPHol ARSE| AL 9101, lignin -8l A] WA= F)
ST AR RS oAlst 4R gLt A9
9] Ha1 JAtHCouto and Toca, 2006; Guo et al., 2005).
U] FARHAL TALES AZT 173,354E0] YLk L
o e} (Pleurotus ostreatus), Z=E}2|HAl (P
eryngii), "JO1HA (Flammulina velvtipes)> = U] F3XHHA
o] T WAl Ak 87%E ARGk Tt (Ministry of
Agriculture, Food and Rural Affairs, 2013). A58} A]4dA)
v gfjell wlet o]5 WA Aul Al Ak WAL g
- alA]9] ke A7E 2007+ E ool H Ao FHE
ATHLim et al., 2012). H= HA &M=L =9 8-S 9]
3l A2 WA F5 QAFAEER o] /P Bg=HA
=FFullo|Al (Hericium erinaceum), =E]TE7 P4 (Lyo-
phyllum ulmarium), =" =E}2|HA (Pleurotus cornucopiae),
A A (Lentinus lepideus), HE5CHA (Agrocybe) 5 TFF
2 wjslo) o i B AR o] 3715 2
£ AFolre =FF oA (H. erinaceum), =ET7}
SHA (L. ulmarium), =3 =EF=IHA (P cornucopiae), 3t
WA (L. lepideus), HESCIHA (A. cylindracea)H 52
SMCEHE thfst 5% buffers o]83e] SRR aAh
o] 3ga5 TARIGICH ol AF o84S AES)
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SMC 8 & SARMNEL F&

e, S, solm Al SMCE ¥ Al H
AE7lA 2 wgken, “E AL, s AL, Wl
FoHA, =TT oAl SMCE A7|% MAATAZESR
B o} AMEBIGITE. 5 bufferd G435 A}
© =ERHAZ o] Al] SMC 5 g fulcon FH] ¥
31 FZ buffer 25ml H7F § 2217F FRF A-2004 200
rpmo| A FESIATE. 55 buffer tap water, 1% NaCl,
0.05 M sodium citrate, 0.05 M phosphate buffer (pH 7.0),
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0.05M phosphate buffer + 10% glycerol, 0.05 M phosphate

buffer + 0.25% Triton X-100, 0.25% Triton X-100= 3%}
t}. 5% buffer SMC E5-&- H|Z}=Z 2 (miracloth, pore
size: 22~25 um)E 7231 10,000 rpmell A 10% F<F 4]
Eelato] SMC FHof &S A AL 58S SMC ex-
tract (°]&} SMCEZ 3= sfo Aol o]-8-313th.
SAEEHE

a-Amylase E484J2 SMCE 20 pl9} 375 4,480 pl
£ E8skaL, 20 mM 214t 98-8 (phosphate buffer; pH
7.0)°l =51 500 pl HLE-M (10 mg/ml)S 7| A= 75k
37°CollA] 5% &<t WAL &, B EEE 540 nm
gl A dinitrosalicylic acid (DNS) ¥l w2} =78}
A0 maltoseE FT2E FF 1 uMS E3lghke 3S 1
unit=2 3}l U/gE FAISIATE. Cellulases 7] 405F%
A 50 ploll 0.2 M sodium acetate buffer (pH 5.0)°l =<1
1% carboxymethyl celluloseE 7|&= 7}t 37°CollA
303 &< HRSAIZ] 3, ABAE SRIFS 540 nm el A
DNS ol w2} 743199 H glucoseE BTOE 1%
T 1 uMS Eefske 28 1 unitZ 3kl U/gE FA18H
T}, LaccaseZ/d-2> SMCE 100 plol| sodium acetate buffer
(pH 4.0)° =<1 0.5 M 2,2'-azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid (ABTS)E 7|2 = F7sle] 42004
58 B¢ WESAIZL F, 420 nm 9gollA] ABTSS] AHlE
S48 en 9 OD#ke] WstS unit® ol
XylanaseZ/d< SMCE 100 pl2} 400 ul2] 0.1 M phosphate
buffer (pH 7.0)5 &%3}3L, 0.1 M phosphate buffer (pH
7.0)0ll =<1 500 1] 1% oat spelts xylans 7|22 H7}3}
of 37°CollA] 208 &< WX F-, A3 LTS 540
nm 374 DNS el wet 7431997 D-xyloseS
FFOE 1E 9 1 uME B3leke As 1 unit® sfal Ulg
2 AT} B-glucosidaseZd S-S 215t 0.5 mM
p-nitrophenyl-B-D-glucoside(PNPG)E 0.5 mM sodium
citrate bufferol] =] 7]-A=Z 3199 p-nitrophenolS 3%
FOo 7 AMESl] 17 T 1 pME EdlEleE AS 1 unit=
kAl U/goZ FEAISHATE. B-xylosidase /92 0.5 mM
sodium citrate buffer®l] =<1 0.5mM p-nitrophenyl-B-D-
xylosideE 7]& =& &}, p-nitrophenols (FCE 1 &
1 uMS Ealehs AL 1 unit23kal U/go g2 BAI3ISIT
THlASEES bovine serum albuminS ¥FOZ 3]

Bradford(1976) ¥Hol 9Jste] AASITt.

SMC F&22| gMa

ERIHA, F=ERHAL, oA, mFa oA, =
BN AL, g AL, AL, HESoIAl T2
SMCE 25ul 3ml® 0.5% remazol brilliant blue R
(RBBR)Z ¥3}3l 3 ml®] 20 mM sodium acetate buffer
(pH 4.0)° Z7F8kaL 0~24A17F B2t A17HS GElsfe] wb
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3192 Spectrophotometer (Tecan SUNRISE, Austria)
9] 595 nm IFol|A] ST GANES (%) (A0-A)
/ A0 x 10022 A3} 21 A0= RBBRY F531¢, A
= whg el Fole ek

Zm o oz

FZ buffers “EI2[HA ¥ WO|HA SMCEREH &4
3|2

ZElHA, F=ERHA (RIE]), FolHAle] f-ajvet
SAEHAL Ao 88% AEAISHH TR AFsStA|2~Hld]
ofgh ¥ AR WALS ALk wiitol] BES Bl
Hj o} ApEA]) S Foll= 2, 357] AMIE 3FA] &=t
wEbA 78 3w R= 2hdd] BelEA| efar 7]Eoe] dF-
ol Qlom HAITARKIE A el A ste] 31O WA

El2]H AT oAl SMCOllX 35 buffer'd BA35-8
= Ao, SMCEHE AR arsE T2
I3k 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 5= 5= buffer2 3}
Z¥7ke] bufferoll A o-Amylase, cellulase, B-D-glucosidase,
xylanase, B-xylosidase, laccase 59 &S ZARIATH =
El2JHA SMCES] F% bufferd THA%S- 0.47 mg/SMC
g-0.89 mg/g®] A .21} oW Al SMCEOIA= 1.2~1.57 mg/
gO= 2uf oo} whajeo] EH It} (Table 1, Table
2). S=ERIHA SMCE®] B-oll= B4 o2 thizo]
055 mg/lg F=H ZAOZ Higo] “EleMAl ol
Alel| vlste] vk Tl $heks BATH(Lim et al, 2012).
53] el ol Ale] SMCEd 23k el dek

A} EA4EAo] Yol Qe Ao AL o] = 9] 1A} 0.25% Triton X-1000] Z3HE bufferol| ] &
ElHAlY] SMCEHE §4FF 7] Bale] A3 7kshke A7) AL, YA 32 buffer Il #2
A} 81532 v} AH(Lim et al, 2012). & AT = = F zpo)7} iUk

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) 0.5451+0.012 0.488%0.013 0.504+0.011 0.639+0.015 0.72040.015 1.206+0.014 0.896+0.018
Amylase 1.04040.025 1.137+0.022 0.970+0.024 0.84740.021 0.803%+0.019 0.891+0.019 104714+0.025
Cellulase 1.181+0.045 1.56740.033 2.165+0.052 .611£0.049 1.216%0.050 1.6821+0.056 1.418+0.039
B-D-glucosidase 0.32440.020 0.23040.021 0.283+0.025 0.53740.024 0.643%0.027 1.087+0.032 0.52040.043
Xylanase 11.15742.463  17.524%£2.996  17.3914£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 0.22640.036 0.449+0.039 0.014+0.008
Laccase 2.78442.261 1.5314+0.199 1.969+2.208 1.859+0.222 0.47140.041 0.614+0.098 2.1411+0.258

Extraction buffers: A, tap water; B, 1% NaCl; C, 0.05M sodium citrate (pH 4.8); D, 0.05M phosphate buffer (pH 7.0); E, 0.05M
phosphate buffer + 10% glycerol; E, 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) 1.2334+0.273 1.342+0.321 1.27440.335 1.335+0.332 1.152+0.256 1.260+0.240 1.571+0.296
Amylase 2.130+0.713 2.429+0.801 2.271£0.775 2.314+0.759 1.866+0.700 1.796£0.726 2.385+0.749
Cellulase 3.04440.556 3.29940.540 3.439+0.499 2.8151+0.506 1.682+0.423 2.82410.586 3.404+0.467
B-D-glucosidase 4.779+0.596 4.201£0.583 4.56210.599 4.36210.603 5.203+0.594 4.50710.558 4.33910.644
Xylanase 62.305+11.023 65.422+11.895 63.631111.124 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 0.340+0.063 1.049+0.067 0.946+0.069 0.987+0.060 1.082+0.085
Laccase 0.3584+0.033 0.37610.034 0.5551+0.029 0.873%+0.037 0.35440.035 0.449+0.026 0.939+0.031

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; E 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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= bufferol] W2 =E}H A} FoMA SMCES] a-
amylase, cellulase, P-glucosidase, xylanase, B-xylosidase,
laccase®] EAEAS FAS At “ElgHAl SMCEONA]
amylase&/d2 5Z bufferd = 0.8 U/golA] 1.4 U/g= 59|
st Fro k= §Ie ™ cellulase™= 0.05 M sodium cit-
rate (pH 4.8)°1A4 7P =2 216 U/gd] 438 B
xylanasex= 0.25% Triton X-100°A] 26.94 U/gOo 2 & F
Z(11.1 U/g)Et} 28] ode] && BT laccases &
F2oX 2.78 U/ge & 71 =8 418 B JtH(Table 1).
YoMl SMCE= =EFHAl SMCE®]| BI5tY laccase®
B ALl BE a4gAo] =4 vEhteH o= &
WAgdEe] B2 Aow SAEE U] HAS AL
2 AEEHAY. 53] HFolHAY SMCEQ] xylanasex= 5=
Z buffer'® 60 U/goll A 65 U/go 2 “El2]H 4 SMCER
oF qufoll A sHl e A4S Rtk FElHA
SMCE9] xylanase €432 5U/gl 2 HAlE|Ql7] w7
(Lim et al, 2012) *Wo]HA SMCE= xylanase”} 57320
2 Bo] A%t He B o= UERT

HEA O F= buffer SMCFEE9 43588
ZAFSE A3} H A 9] 3% buffere cellulase= 0.05 M sodium
citrate (pH 4.8)°|A1, &= xylanases= Tap water H+= 0.25%
Triton-X buffer’} %538t Ao = Jehtorn thE 49
A9 2 Holp) Bl

Singh 5 (2003)°] S =ERIHA (P sajor-caju) SMCZ
FE ggFasdihs A3 FE20S AR A9 5=
bufferd &4~ 3]4-32 50 mM sodium citrate buffer (pH
4.5)04 7P =A eSS ™ 53] B-D-glucosidase”}
27.4 U/gZ & FZ0| vlslo] 2ufo] §43)58-8 Rt
£ AFolA= B-D-glucosidaseZ/d©] =E}2] SMCE®}
oAl SMCEoNA 22} oF 0.5 U/gs} oF 4.5 U/gC 2 oE
el SMCEETH @A) W B8-S HY) ot cell-
ulase®} xylanaser B4 =& S48 Y. 53] E=
El2] SMCEY] laccase 8432 AE=€e}2|HA SMCE H.t}
oF 6oMll o)de] EAagAo] w2 Z10F YERT. Ballt
Jacson(1995)& 0] SMC] = bufferd G435&
< ZAFeE A3} 0.5 M phosphate buffer (pH 7.5)E0 &
F=3F SMCE®NA] 108] ©]’d9] xylanase /35 B vkl
Bk up it} 5=l ¢] 735 5= buffere] SMCE
£ ¥al 1502 TRAUOIXZ A3 & ALdTE
= AN AR IRbAQl S Hlgte] 2 719
27F e AoE UEh At 23S B3Ik (Singh et
al., 2003). SMCE 848 QAL 60°C o)/de] a2
A= SMC 847} eFd3l Ao 2 H31F v} I} (Ball and
Jacson, 1995). & Aol A= Z=€E}2] SMCE2S] HE7 |7k
W laccase@/dS FALIL Qlom wiE7MAE B4
of zto]E HolA] o HYF ardA o] FAEE Ao
2 3 A A (data= AABHA] 25).

Ctst A & Rall sSMCel S48 S

TRt M4 Foll A Aake sMCe] 484 BAS =
AbsE7] ffstd =l FoARHAIR] =Bl AL, St
HAL, SBo|HA T ol AL, =ERIZ AL, =
ERRHAL, ZHAL, HESOIHA 52 SMC 10 g2 = 30
mldl &8st 2417 E<F 200 rpmollA] FEEkAL LA
23te] e H-ES SMCEEH O 314 g-amylase, cellulase,
xylanase, B-xylosidase, laccase & EAEJS ZAISIATE.
“E}2|HA SMCEE a-amylase (2.37 U/g), cellulase (1.67
U/g), xylanase (91.5 U/g), laccase (2.97 U/g) 5ol g4s
Ho] b2 WAl 9] SMCES HlglY] 18 §48HS H
At (Fig. 1). =EFHAL laccase (8.1 U/g) ©l¢]ll a-
amylase (1.5 U/g), cellulase (1.25 U/g), xylanase (10.5 U/g)
59 Ao A=A ok WAl Fo] SMCE®] HIg}
of B2 A4S HA oAl SMCE= 7P =2
xylanase (153 U/g) 23S HHO9M o-amylase®} cellulase
= HwA =2 EAdo] YERGO Y laccase (0.4 U/g)e S
L FAS BAY. WESC] SMCEE laccaseE A28t a-
amylase (3.6 U/g)%} cellulase (3.2 U/g) /do] FAIg SMC
oM 7P A ettt BN AL cellulase €
go] 53] wjeksh 1 By EASAE FAIE SMCE
Hlgle] it olstE Uittt =ER S SRS &
ARG 37HA1] 717k0] oF 1009 H= A Q.F=d| ofrf
T AAF o= ke BB g G40 dAMT =}
AAFAAES CuA k= YRlo] 2 F AUS FoE AlEy
Ak, A A SMCEE cellulase 4 (2.73 U/g)©] B2
A UER oW thE 548e ofeiitt. mgtloly
Al SMCE= o-amylase (1.28 U/g)9} cellulase (1.76 U/g)7}F
o7t = A JEREAIRE xylanase?} laccase 8782 26.7 U/g
7 0.4 U/gO 2 m|ofale] Boldiigt 84 45 HolA|
AUt Fig. 2= 872 Al SMCEE ©]-8-3t RBBRY]
A F IS ATPEE AL Zlo|t). F-E}g] SMCE= &
AES- 47 S7E Hhg-o] AlEfEo] 6A|ZITHol] 50% ©]
’geo] gl go] Holtir} oAl Holl= 2hgh 100%] B4
BIE HYTE et 2 Al sjo]HAl SMCE= A1t
Bt E Aol G FHNE Ho|A| 4o} laccase TE©|
& Ax=E B AT =ETHE SMCEGIA = ¥ 5
AZE o] %o 14%2] B8-S Kot} 1224]Hol] E=E}
2] SMCE® A= gMd&-S Btk 18y =
SMCES] @88 teeee]uluc} HolAu] 6x)2k o
Foll @AE 7P AR O] 2443 8 65%]
v GAS-S Bt 2 HAIEE gaEol SlofA 71
22 laccase ALFFS Hl FEl2]HAl SMCEAIA 7
2 BAES B laccase’| B0l Q3 IS s
202 Ve

theksl Zsgo)ol|A] BAA| 2 laccased] 08 ATV B
H v} AtH(Claus et al.,, 2002; Devi et al., 2012). T+ =€}
AL wljFed Bl A =3} lignin peroxidase’™= RBBR
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Fig. 1. Productivity of enzymes in spent mushroom composts (SMCs) of different mushroom species. a, Pleurotus cornucopiae;
b, Pleurotus ostreatus; ¢, 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.

== Pleurotus cornucopiae
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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; F, Agrocybe
cylindracea; G, Lentinus lepideus; H, Flammulina velvtipes; Blank, Distilled water.

o] ghallo)] fasitiar By Bl 91Tk (Shin et al, 1997).
SMCE ©]-83t @M A= Lentinus polychrous HA SMC
oA E2]H laccased] ]38+ RBBR B4 a3} Bud nf
12 (Saranyu and Rakrudee, 2007) =E}l2]HA1] SMC
F=59] o] 8x: ¥y v} Tk (Papinutti and For-
chiassin, 2010). ¥ Aol A AASH = =ElE], =E]T}
SGHA SMCE®] S g 3o Feljrf= o} Halx|A] ¢33
ot

UHHH 0 2 Jaccase= wAPTL] AAE FAGEAE o]
8-3= phenoloxidaseZ 283} mono- ¥ Z&|¥E4
7179] ortho- ¥ para-hydroxyl group®|y} ®3F= o}wlS
22 0 2 AV5lE1H (Field ef al., 1993), ksl S+ v 7))
24 A8k 371G tiakkEo] EA1E 739 H
HsAd gd 9ol vk opet 22 Rk QS slekE
I AL AFSREES Hallske AoE Harxo] gt}
(Eggert et al., 1996). Tt 7|4 tiste] Fufuhg-S 1




ERl= 540 Q13 laccasew FH LS Aokl A AF
|5H, 53] 298 4 2 EBES

bioremediation AF4¥} 2] A A, AdH4 3 5o 2
A SO A7 ER|7} vl = (Couto et al., 2006;
Kunamneni et al., 2007)

sSMCe| LA 7Y

SeMA SMCES] 8484 tE A8shd ax
A3} vlwstr] $18k Trichoderma reeseiz B H-2]H
cellulase (Sigma, 1000 Unit/ml)®} P ostreatus’-E] 2] €
laccase (Sigma, 11 Unit/ml)E AM8-3FAT. Fig. 3(a)oll A<}
Zo] & 5= Fel]HAl SMCE 20 pl, 10 ul, 5 ple} 3
& cellulase (Sigma, 1000 Unit) 1 unit, 10 units 1%2]
carboxymethyl cellulose (CMC)7} 37} agar plated] &
AEZ 3L 37°CollA 2A1ZF RESAIZ]IAL 0.1% congo-red
5mlE CMC Bix]ol] 78t} G2Az1 3 1 M2] NaCl
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T8 84 A4S B WUie 29 F=Fe] SMCE9
cellulase BAL A8 cellulase®] 10 Ut BZA 3= halo
zones FAJSIATE. Fig. 3(b)= laccase 8435 Hlulsk A
© =2 0.5M 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid (ABTS)E #7133t agar plate®]] 3-8 laccase (Sigma,
11 Unit/ml)2} -8 laccaseS 108 3493 a4y} S
El] SMCEZ Zt7} 25 plS "olEg]al A-2dA 14)7H
W 3 a4 SS vl SiGinh. E=Fe] SMCEE= 3-8
laccase 0.055 Unit®} BZ3l= 254 £S5 AT HJ=9]
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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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cyclic aromatic hydrocarbons (PAHs)E A|AHsH=H| &
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© 2 aARARS 3131 ) (Gianluca et al., 2008; Guo et
al., 2005).
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