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Immobilization of Cellulases from Fomitopsis pinicola and
Their Changes of Enzymatic Characteristics™!
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Formiptosis pinicola KMJ812¢ll ]38l At ZEAHE A4 Falash EFAZA v]g- E4do] o
53] B-glucosidase®] E/Jo] o} g Aer&o] . & A7olM= F. pinicola KMJI812 241t cellulase S
A sl W FAEA0] wstel st Ao AAREl whE ] B9 RS dEsly. wAls st
&l cellulaseZA 61.7%9F B-glucosidaseBA] 64.4%= -3 Duolite A568= A AQaF T 143} G40
HAE-2 = cellulasest B-glucosidase 49 79 B5F 55°CRA 8RR E%on, 4 pHE
cellulase®@/d-2 4.0019132, B-glucosidase@ 3 4.5 cellulaseZA o] G-l AWk =84 S A9} vlaate] ozt
A7 o2 wgkatdtt, & st Sas 50°CelA T2A1F Foll 98%<] &S FHlskal ol em, 50°ClA
83] AHE Foll 50%7d ko] FEdE eI

ABSTRACT

Cellulase from Formiptosis pinicola KMJ812 is an efficient cellulose degradation enzyme
complex, especially with a high A-glucosidase activity. In this study, the change in enzymatic
characteristics by immobilization and the reduction of immobilized enzyme activity by repeated
usages were evaluated using cellulases from F pinicola KMJ812. Among tested four resins, Duolite
AS68 resin had the best enzyme activity yield with 617% cellulase activity and 644% 4-
glucosidase activity during the cellulase immobilization. The best reaction temperature was 55°C
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for both cellulase and g -glucosidase activities which were higher than the unimmobilized soluble
cellulases. The best reaction pH was 4.0 for cellulase activity which was a little more basic than
a soluble form and 45 for g-glucosidase activity. The immobilized cellulase activity was remained
98% of the beginning activity after 72 h incubation at 50°C and 50% of the beginning activity after

eight times usage at 50°C.

Keywords: immobilization, Duolite AS68, cellulase, 8-glucosidase

(RS =

ARl o] s ol gt wet diA| U R] Al
B Falo] RopAa At (Aristidou and Penttila,
2000; Zaldivar et al., 2001). A1t 7He Ao
24 cellulosic material Aol A 718 &5-31H
g AEe oFo] FAHoA I Tt ol WEA
A AAE S e AF EAlo] AF9) H|
s, FAl AT2dshEAlE oF7A7E o)4ts)
gae] A4S =9 F vl Ao giA A=
7} w3 9JtH(Claassen et al., 1999: Chengzhou
et al., 2004, Lin and Tanaka, 2006). Cellulosic
material®] E4-F 3ol o] &5 & cellulaseT 2H87]
Ztoll w}2} endo- B -1,4-glucanase (EG, EC 3.2.1.4),
exo- 8-1,4-glucanase (CBH, EC 3.2.1.91) ¥ £~
glucosidase (BGL, EC 3.2.1.2D) % 7IA 2 &F
W o5 HHAEA FEAQL ZHE 93 cellu-
loses X=gFoz A3stch(Bayer et al., 1998;
Dincer and Telefoncu, 2007). 2=t} A LziA
AE U] Hia il 24 5 A4S 5~
glucosidase®] Aol oFste] A G 40~
60%7} cellobiose® 4 ¥ (Duff and Murray,
1996). 53] cellobiose= EGS} CBHO &azt&S
st A Aslste Ao G ek wEhA cel-
lulose®] &A% Bty Fol G A&S HAdist
3171 $1814% cellobiosett TF &2 AEE 9] 4-1.4-
oligoglucosidesZ glucose= A2A7]:= B-glucosidase
o] F718el H7p7b s (Duff and Murray,
1996; Tu et al., 2006).

dnkg o2 cellulaseE2 415%4F] (Tenkanen et
al., 2003), A=2] A7} (Andreaus et al., 2000),

S

HZ A A4 (Viikari et al., 1998) 52 o1& &4
Lopoll A de] ARE-E a1 glvk(Macario et al., 2005:
Kim et al., 2007; Choi et al., 2007). &a¥g &
AALGel e EaNEEA Y] AAY qFdE A
cellulaseE 14 stal7] A&t of2] 714 WHHE - 718
Aol 2]k 314 8}(Kajiuchi and Park, 1992), poly-
metric matrixell 2]g+ 3174 3} (Karube et al., 1977),
87 FAlol 9 1783H(Woodward et al., 1984:
Chim-Anage et al., 1986) - ©] Har¥ T},

B Ao AM&3 2491 Formiptosis pinicola
KMJ812Z -5 AJ4k3t cellulase 2849 Hid
vho} o - =& o] A Tl Ea EiA|
ZAM(Joo et al., 2009; Lee et al., 2008; Yoon et

E53] 7]¥9] w2 B-glucosidase T4
EAHE FBE £ 2 B-glucosidased] T4 o]

=9k THJoo et al., 2009). o]9} & uEg & A
)

A
A

ol
==

ox,

of| A ¥Rk Formiptosis pinicola KMJ812 (KACC
number: 43358)& AH&-3FATE ©] A& potato dex-
trose agar (PDA) ®l#](Sigma’}, St. Louis, MO,
USA)ell gEate] 28°Coll A 443 whFs - 4°Col
Al Bekitt,

olu] Wy nle} o] F. pinicola KMJ812Z5-E
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2ol 9|3 Fomitopsis pinicola 2 cellulase®] 1A 3}e} 1o & §AEA W3l

st 24N cellulases % 7}= endo-8-1.4-
glucanase (EG, EC 3.2.1.4)2] &4do] 944 U/mg (Yoon
et al., 2008), B-glucosidase (BGL, EC 3.2.1.21)¢]
g4 o] 1420 U/mg (Joo et al., 2009), exo-£-1,4~
glucanase (CBH, EC 3.2.1.91)¢] &4o] 26 U/mg
(Lee et al., 2008)& z+a it}

pol

2.2. XM H{ =

Potato dextrose broth (PDB) i 1 (Sigma*h) 100 m¢
o| F. pinicola KMJ812& &3 & 28°Col A 443tk
HjFate] dujeFd o2 Agatdt. 52 & wjdz
TASAE WA (A 282 ofgfol] 7]) 4405 %
I AueFd 100 mS HESH F 28°ColA 17 L3t
g v kst 4°Coll Al 12,000 x go 2 A4 F-g
slo] A2 FF N 35%
Aol o) £&5} AL, 10 kD ultrafiltration mem-
branes 01%3}01 0.02 M sodium acetate buffer
(pH 5) & T8 & F=a). o AZ 2 AL-g-g
Hj kel o] ] peptone 8 g/ ¢, yeast extract 2 g/ 4
KoHPO4 b g/(, KHoPOy 5 g/ﬁ s MgSO4~ TH20 3 g/ﬁ s
Elo}dl 0.005 g/ ¢, 28]3 erhYo e HHS 20 g/ ¢
2 AT

el

F%29 ammonium sulfate

fol

2.3. 4 075t 2 MF

1A 3-& TA 25 Duolite A568 (Rohm and Haas
A}, Philadelphia, PA, USA), Duolite A7 (SigmaA}),
Amberlite XAD 7HP (SigmaAl), Amberlite XAD
761 (Sigmarh)& AHE-SHAATE HAlE dEs7] Hsto
Duolite A568, Duolite A7, Amberlite XAD THP,
Amberlite XAD 761 FH= 33] Al&g 5 0.056 M
sodium acetate buffer (pH 5) & B 3}33ict. HY
stel 94 1 g (dry weight)oll tiste] pH 52] &4
70 mg (23 U/mg cellulase®} 50 U/mg A -glucosidase
o] €497}, 10 mé 0.02 M sodium acetate buffer
(pH 5)& ol &ae}t FAl7E & 4ol =5 Aol A
30% 52 200 rpmOZ EE0] & T 4°Coll A 244]
b ol HAE GASAAT. FA= o E F3
T2 % 0.05 M sodium acetate buffer (pH 5)= 33]

AA st v T2 &4+ 0.05 M sodium acetate
buffer (pH 5)& AlFste] 143} 58S AT
(Demirel et al., 2004: Gargourl et al., 2004).

i~

fol
ruiOII

2.4, e

B-glucosidase®] &484E 1% (v/w) cellobiose
(SigmaAh) 0.5 m¢2} 0.05 M sodium acetate buffer
(pH 5 0.4 mﬂoﬂ xh:l—z‘ﬂ- ookgq %JQLH g n= —;x4§].
B2E ZH7F HUrske] 50°CA] 303 3F HES-AIZ)
¥, 100°CoN A1 10% &<t #ol WHe-g Z] Al71aL Ay
AE glucoses =73t ARt EA4HHS
ol YA glucoses= glucose ox1dase/per0x1dase
W (Morin and Prox, 1973)°ll 2l&te] A3z,
et oo B BJ\7P ‘ﬁj—% 1 umole?] glucoses A4
3 AL 1 unit (1 U)E 3k

Cellulase®] ﬁ%/‘é 2 (.05 M sodium acetate buffer
pH 5l =2 1% (v/w) carboxy methylcellulose
CMC) 50 wbol] 2Fst ko] =834 = A3}
25 H7Fste] 50°CeA] 30 &3F Hh-EAI A o,
2dbgell o3l A YU DNS (3,5-dinit-
rosalicylic acid)Hell 2l&ll 4} c} (Miller, 1959).
8L 9 1 umole?] glucoseE A A S
1 unit (1 U)2 3t @¥d-2 hovine serum albu-
ming EFEZIE o]g3to] BradfordH o= A =F
stk (Bradford 1976).

i

2.5. 183} 249 cellulase E0f CHst
pHet 2Eof He

=2 pH ¥ pHAAAL 0.02 M citrate buffer
(pH 2.5~5 ¥$1), 0.02 M sodium acetate buffer
(pH 4~6 H$1), 0.02 M sodium phosphate buffer
(pH 6~8 H$1), 0.02 M Tris buffer (pH 8~10 H$)
£ A&t 2Abek AL, pHOVGH% 7148 A7t
A o2 AEoll A &4 E 50°ColA 24417F Fot
A & g dAS =AU HESLS cellulased
78-5-ell= 1% CMC® B -glucosidase®] 7% 2% cel-
lobioseE 27} ¥ar 82 mg (82 U cellulase; 203 U
B-glucosidase) 2] A3} EA 2 50°ColA 308 F<F
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Table 1. The protein amounts and enzyme activities during the immobilization process

Enzyme added Immobilized enzyme Unbound enzyme Yield (%)
Resin  Gellulase  BGL »Cellulase  BGL Gellulase BOL e BoL

or T Protein Protein” speaﬁc specific a Protein” Cellulase BGL

activity” activity” activity” activity” aciivity” aciivity" ¢ activity” activity’

Dx%ge 611 3535 M9 w4 277 64 164 376 368 68 185 67 643
Dudlie 61 s 9 s 2 96 161 28 B B6G 33 97 36
Amberlite -
XAD Hp 01 3 09 765 158 476 156 B2 6 BB 33 462 447
Amberlite
XAD 761 101 335 ®9 93 ¥H  H7 161 Bl 476 B B8 HT 59

BGL, B-glucosidase (EC 32121)
! enzyme activity (U/g-resin)

P protein amount (mg/g-resin)
¢ specific enzyme activity (U/mg-protein)

gatgda, 5L E 51wl (82 U cellulase2t
203 U B-glucomdaseJ 49

st Eael AHEHE
49l e Weg A4

7B & 50°Cell 4] 303

Cell A 70°Ce] W ¢

3L ZAbSESI T

g (82 U cellulase®} 203 U B -glucosidase®] &

2~
9%7})@' 1% CMCE& %= 2% cellobioseE 9& %

= %
50°C°ﬂ/‘1 308 7F v&5l9t) Wk & /\]S’—i%

3 T gzdow 13 A F EW

= 2/ celloblosee Y R

JHE ggi LJrE}‘,ﬂii
FojEs 2w 35s

3.1. gAa MH

ok

Ao w Fag uAstehzdl gt o7

A

EY
Qﬂrlr

B 452 gste] FRER A2
A ol &

AtH(Table 17} Fig. 1).

25 Jata S g FA
S AR o, FaH g 1
erational stability7} ¥ Zo] &
ment WA HAYSE 13} T e g AT
FEA7E AL o]Ho] 9o m & (Abdel-Naby, 1993),
entrapment WH-S wASIG T &40 BEA SIS
WAt flete] BE HAS 4°CoA o] Fo A

7 e 143 $85 Z2E 932+ Duolite
AB68E cellulase®t B-glucosidase] 4ol 747}
61.7%% 64.4%% YEFNAIL, Amberite XAD 761
2 59.7%9}F 55.9%. Duolite AT®] 49.7%<} 37.6%,
Amberite XAD THP©] 46.2%%} 44.1%°] 2.2 11
A3t &S vUetth &8 143tE 249 cellu-
lase®} B-glucosidase?] A4S A E™H Duolite
AB6B89] - 7247} 994 U/ge} 2277 U/gZ iAo
2 258 ¢ F UYL 2 E Amberite
XAD 761°] 963 U/g9} 1979 U/go 2 Yelytt}. o]
endoglucanases 3174 38}35}7] $13}o] acryl amideE
o]-83le] 53.4%Y 1AH3E&E A& Saleems o] WH
B} 52 143 F&o]™(Saleem et al., 2005),
transglucosidase® 14 3}sl7] $15le] DEAE-se-
phadexE ©]&3}e] 33.1%9 14s&S A2 Ahn
5o Rt =dch(Ahn et al., 1997). Duolite
A58 ofv] T/ F4E uAs)eE el AFEH

1)e3

o oftt

>~

r1r
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&2l 2|3t Fomitopsis pinicola 2 cellulase®] 14 3g}te} 1o wpE §A4A5A W3}

Relative activity (%)
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$
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®

Fig. 1. Glucose production from carboxymethylcellulose (CMC) (A) and cellobiose (B) by immobilized
enzymes. @, Duolite AS68; A, Amberlite 7HP; 2, Amberlite 761; OO, Duolite A7. The amount
of immobilized enzymes was added to 82 mg (5.7 mg total protein equivalent to 82 U cellu-

lase and 203 U S -glucosidase).

oA gkow(de Fuentes et al., 2001; Lim et al.,
2009; Ozdural et al., 2001), & toll= 7| &3] &
2= 1o 44 7] 95+ magnetites S ©] &3
o A FAE A 95t A EEste o
T7F AR a1 )tk (Demirel et al., 2004). &
Aol M= cellulaseS A3 7]=d] 23 G4
= Duolite A568 1 g (dry weight) &% s}, o]u]
A1-8-3F Ao FAL cellulase$t B8-glucosidased]
ﬁ'}‘qol Z+7} 23 U/mg3t 51 U/mgol e, 143}

% Duolite A568 1 goll &2re @2 604 mg
(994 U cellulase®} 2277 U B-glucosidase] £4%7})
o]}, Duolite A5682 -0 &2 (anionic)l
o3 E4E nAgsteta e /b st wiAl=
ot &2 (adsoption)dl] olel EAE 14 3}3IT)
AGAINE Fol& FAHo] & FAHEY
Form1ptoszs pinicola KMJ8120l1 41 AJ4FE cellulase
HEAEFA A S At

-

¥E

3.2. 25 U pHol A

T8} Sof] g4 G n A= LE JEF
AEFAHFig. 2). Cellulases} B-glucosidase
Fig. 2(A), (B)9} o] st g4 HHR
55°CQl WhHel| 8- g4 9] A% 50°Co]%

iy mlo

K

LS
-
a

.ﬂ

ol# gk AAe] o]
LA GAT EAS
o]t} (Fuentes et al., 2001; Lim et al., 2009
Ozdural et al., 2001). =3+ T4 A3} W
pH @&& AEs7] 98t pH 2.5014 pH 10744
W 9lol| A HESISITHFig. 3). Cellulase &4 9] 74
Fig. 3(A)ollA HE upe} o] F8Adaao] HA
pHE 30303, pH7} Eotd a5 &4 5435 °
o it 2y 243t cellulase: 3 pHE 4.0
133t cellulased] &4 9 At 47l
Z-o] pHolA 84840 &4 7Ahn viokt)
o]+ & A7} polyanionic micro-environment®l] g
o= A A Aol ZktHKajiuchi and Park,
1992). o]z WS-y w3 g4t w-SEe )
oAl FAete] AHd7]H oAbl o H+9f
OH-9] T2} wdatAl Uilol A A e7] wiel 4
A0 7 pHell &3k &Ado] o] FatA Hrhs A7s}
ZFokth(Martino et al., 1996). %] pHE] o] ¢} &
W37} PVC, sepharose, chitin, agarose, celite®
A= o] &3l C. rugosa lipases 1483 uf
o = dofytSo] T3l HaE il 9tk (Shaw et al.,
1991; Fadiloglu and Soylemez, 1998). Busto ¢l
oej M= 114349 endoglucanase®] % pH7} AF-f-
endoglucanase®] % pHECT} &71g]Zo 7 o] %3}

|l
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2

B

'Tuvlunwntum {'?:u} " Temperature (T)
A ®
Effect of temperature on activities of cellulase (A) and 3 -glucosidase (B) in both free or
immobilized forms. The open circle (O) represented the free enzyme and the closed circle
(@) represented the immobilized enzyme. The relative activities were calculated by compar-
ing with the maximum activity value. The amount of free and immobilized enzymes was add-
ed to 82 mg (5.7 mg total protein equivalent to 82 U cellulase and 203 U S -glucosidase)
and 51 4 (5.7 mg total protein equivalent to 82 U cellulase and 203 U S -glucosidase).

:f ’“’f\\

‘

Relative activity (%)

Fig. 3.

Aol 729t} Busto et al., 1998). B -glucosidase =)

2 s 8 s 0 z
pH pH
(V) ®

Effect of pH on the activities of cellulase (A) and S -glucosidase (B) in both free or immobi-
lized forms. The buffer systems were 0.1 M citrate buffer for pH 2.5~5.0 range (O, @),
0.1 M sodium acetate buffer for pH 5.0~6.0 range (A, A), 0.1 M sodium phosphate buffer
for pH 6.0~8.0 range (CJ, M), and 0.1 M tris buffer for pH 8.0~10.0 range (C, @). The
open symbols represented the free enzyme and the closed symbols represented the immobi-
lized enzyme. The amount of free and immobilized enzymes was added to 82 mg (5.7 mg
total protein equivalent to 82 U cellulase and 203 U S -glucosidase) and 51 xf (5.7 mg total
protein equivalent to 82 U cellulase and 203 U /3 -glucosidase).

pHE 4.5019031, pH/b Hobd5 % F4o] 7

o] AL Fig. 3(B)ollA] HE ule} o] 284 E 49 73 "dojAtt. gy uA4stE cellulases A
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Fig. 4. Thermostability of immobilized enzyme (A) and free enzyme (B) @, 50°C; O, 55°C; A, 60°C;
A, 70°C. The amount of free and immobilized enzymes was added to 82 mg (5.7 mg total
protein equivalent to 82 U cellulase) and 51 xf (5.7 mg total protein equivalent to 82 U

cellulase).
pHE 452 84840 HA3} 2okovt pHt =
obdFs BAo] ¢hihd] WolHrh A cellu-

for
b
1o,
K
r}o O_u
o

7} & rg Aol »
30~170°Cell Al A7t
tAch(Fig. 4). 143
Abgk Az} 70°Col A
FATHFig. 4(A)). ©
of| A 24A|13kel 55% ©
vl ste] 317 s} B_é’:ﬂ T84
o] vlaf & | =4 Yebdas & T U
o]+ alumina nanoparticless ©|-&3fo] 1143}

pepsinol M= P2 AL(Li et al., 2003), T}
2] 74 Aol o8] A EAE uASA A
ol = #-2E 9k (Arica et al., 1995; Akgol et al.,
2002; Takahashi et al., 2000).

135t &40 pH Mg 3¢l WA= FakE dolr
7] f18tod 24X17F &<k pH 3~109] H ol =7
A& 240 45 S48 HFig. 5).
AEaet 343t 54 BT HA pHe 30]"10‘4

ol
o

N,

A

_,_,
(<0

o BN
1~N

T

3 e L
L > b
ox AN ot &

on et

o

tlo 1o
o i
o
fz
£

00
A (Fig. 4(B)

O

l">’ O_A.. 1“>’
B
E

r3
oZi
O_u
]

) =~

M 2> XL ol m&ﬁl fol 10 ox ox ko

% 4

il
Ehteh e uAs g4t Ao ke B
oAM= FA3] GAdo] WolA= s8R H

1o
]
oXx,
o
B>
il
B\
o
ol
R
=

Fig. 6). 114
cellulase®} B -glucosidase =5 83744 7}
&0l 50% ol’FolAtt. o= Li 59 liposomes:
3le] wABAIZ cellulase?] 63] AFR A] A&
o] oF 65%= ol¢ H|=stRom(Li et al.,
2007) 1-ethyl-3-methylimidazolium diethyl phos-
phate (EMIM-DEP)& A|A|A =] 53] HAHE Al
42.8%° E45 Ut AR =2 248 yE
W 3L (Paetrice and Palligarnai, 2010), Eudragit
L-100& o83t W v A S H cellulase E45F
A Aol = 53] AAMEF 60%9 95 YERd A
Boh =2 @45 e AtH(Zhang et al., 2010).
Gold nano YAFell 17 3}st endoglucanase™ 53
A S W 27189 43%%Hs JERIT
(Phadtare et al., 2004).

A=)
T’_T

01
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Fig. 5. pH stability of free and immobilized cel-
lulase. The buffer systems were 0.1 M
citrate buffer for pH 2.5~5.0 range (O,
@), 0.1 M sodium acetate buffer for pH
5.0~6.0 range (A, A), 0.1 M sodium
phosphate buffer for pH 6.0~8.0 range
(L], M), and 0.1 M tris buffer for pH
8.0~10.0 range (<, @). The open sym-
bols represented the free enzyme and
the closed symbols represented the im-
mobilized enzyme. The amount of free
and immobilized enzymes was added to
82 mg (5.7 mg total protein equivalent
to 82 U cellulase) and 51 xf (5.7 mg total
protein equivalent to 82 U cellulase).

=

4. 4 E

Formiptosis pinicola KMJ812Z= %€ AAakeh =&
29 cellulase= ©]m] B 12 (Joo et al., 2009: Lee et
al., 2008; Yoon et al., 2008)% upe} 7o) v =&
D9 i B Ea BEARA 53] 75 e
B-glucosidase &4 TAE FH3E= =2 A-glu-
cosidase?] &/ YEFE719 (Joo et al., 2009) cel-
lulosic material®] &4 F3HA BAH S A 4
Atk I o] F.opinicola KMJ812 f-21<] cellu-
lase EAEFAE 14g)stdon, ol S-gluco-
sidase®] 18 st&% A BlustAtt 14s A=
cellulase 61.7%<} B-glucosidase 64.3%°] ¥ 31
A s} Duolite A568% A&ttt ag3}

2~ 0 O
TES e

=

Residual activity (%)
& & g
H

K
=

ol L L -
1 2 3 4 5 & 7 ]
MNo. of cycles

Fig. 6. The enzyme activity change of cellulase
(black bars) and S -glucosidase (white
bars) in Duolite A 568. The reusability
of cellulase in Duolite A568 was stud-
ied by carrying out the hydrolysis of
carboxymethyl cellulose or cellobiose at
50°C for 30 min. Each value represents
the mean of triplicate measurements
and varied from the mean by not more
than 15%. The amount of free and im-
mobilized enzymes was added to 82 mg
(5.7 mg total protein equivalent to 82
U cellulase and 203 U 2 -glucosidase).

A2 cellulase2/d 7} S-glucosidase
L5 55°CRA 83t & RN

< pHE cellulaseEA o] 4.00]
—glucosidase&A 2 452, cellulasedA] 2
ok FRAH TS Hlaste] ogE drjd o
slakiel, B A3 ghe 50°Col A 72417 &
o 98%°] EAdo] FAH A2, 50°Cel| 4] 835] AR-&-
$o 50%9] FHEEFE HERN AT

o

Ab A

B oA Y AR ST AL (A

S: 8210709 L010110)'e] el ojsf 3= Act.
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