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Autohydrolysis and Enzymatic Saccharification of Lignocellulosic Materials(IV) *!
— Simultaneous Utilization of Laccase and Cellulase—

Nam Seok Cho*?: Chang Suk Lim*?- Jae Sung Lee®?

SUMMARY

This study was carried out to know the possibility of simultaneous utilization of laccase from
white-rot fungus with cellulase on enzymatic hydrolysis of cellulosic substrate from autohvdroly-
zed oak wood.

Laccases from 3 white-rot fungi. Pleurotus ostreatus. Ganoderma lucidum. and Phanerochaete
chrysosporium, were isolated. purified and measured their activities. The highest activity was
shown in Pleurotus ostreatus and the lowest in Phanerochaete chrysosporium. Laccase from
Pleurotus ostreatus has optimum pH of 594, Km value of 3209 mM and appeared to bhe
stable at relatively wide pH range, 4.7-8.72. Temperature stability showed that 60% activity was
preserved after 40 minutes at 50°C.

Laccase from Ganoderma lucidum reached to the maximum activity during 15-20 days incuba-
tion. This enzyme has optimum pH of 645, Km value of 6.71 mM and pH range of 50-9.0
for stabilization. 95% activity was preserved at 30°C and 58% activity at 50°C.

Concerned to the enzymatic hydrolysis of cellulosic suhstrate with both enzymes, cellulase and
laccase, simultaneously, mixed culture filtrates and mveellium extracts were shown higher hvd-
rolysis rates than those of Trichoderma viride. There were no significant differences in the
extent of hydrolysis among various mixed culture filtirates and mycellium extracts.
Keywords : laccase, enzymatic hydrolysis, white-rot fungus. cellulase. lignocellulosic material.
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2.3.1 IATLEA

* Pleurotus ostreatus(16)

* Ganoderma lucidum(17-18)

* Phanerochaete chrysosporium(13-15)
o 3% WNRFFE MAPsto w3,
2.3.2 laccase 84 &3 2 ¥

ZAALY 1.9ml9} citrate phosphate buffer(p

H 648, 002M) 1. 7mlE & }&, 5mMel p
-phenylenediamine 0.3ml& 7}t £A] 525nm
AN FFEE FAS L, oF vt FE=

g 2A3sd ¥A4e dHoz AdsA
(21).
FaN
Activity‘—'%(unit/ sec)
E : 65,000
AE:0D.9 #st

At ¥H2-A] THsec)
2.3.3 34 pH, pH ¢AA, &= 434 ¥
Km value & HAFH 54}

HH pH © £EAY 19mlol citrate phos-
phate buffer(pH 3-12) ¥ Clark lub’s buffer(p
H 7-12)8 4 g, 03mle 713-& A7epd
525nmol A4} 0.D.& wj&vich 27142 & &A%
2, o224 A pHE T3ATh

pH <HAAL ZEAYW 19mlol buffer 1.7ml
g E¢% 7zt pHAA 608 WAFE, A F
2 pHE =43 ¥ §4& AU

L5 SHEAL ZEAN 19mlol citrate phos-
phate bufferpH 645) 1.7ml& &% ¥, 4083
Zr exold WX FE, FYF tdF 27EEE
2" Fager, Km #&& FAE fdol
7189 ¥2E 2, 3, 5, 10, 30, 50, 60m M=
HepA| 7l A B4 S FHsk olZFE Line
weaver Burk plot® 2¥ & Kma@g 7%
o},

2.4 a4EH

2R Aae A FE9 A4E 30mief L

F A7 Fepaad] ¥ 40°CAA s 4.59)
sodium acetate &35 § 4 713t LA F
¢t ELEHE PP on, 1 F Fi HAE
glass filter 1G4& AHE, d#sta, ol & 105°C
o A7l & ARx7NAM o] Huzir A
Z, Wt A A e ee
T3 Rt

Ab

trEHE(%)=(1 =

Y X100

RAlS
ol

ol ofN

F(g)
F(g)
2.5 Etigtel &3

MNE 1g7% 494 Fx9 A48 70ml §39
Azt Fetra £ LY Felkad Y1 40°C
A p H 459 sodium acetate®] &&44-& 7}
st FARHE Btdon, Y= #YD
€ Somogyi-Nelson (22) 2.2 ZA3}ch

2.6 22 g4do| £H

pH 459 0.1M sodium acetate ¢FE&N2
AHE3te 40°CAl A g 22 W(23)e =z
ZA st
2.6.1 Endo-£-14-glucanase(CMCase) : carb-
oxymethyl cellulose(CMC) 1% 8% 0.5mlel
S8 04mlE 7Fstx, 58I AEE OhF,
0.012%9 &4 £9 0.1mlE 78 108¢ A
g, 934 A AASHE XE2FE Somogyi-Ne-
lson Woz HaFstdrt.
2.6. 2 Cellobiohydrolase(Avicelase) : avicel 200
mge 71AZ & A2FE 0.00436% 7t HE
2 A §AHG 1Iml2 39 1A EAA,
MAHRE ETEWE Somogyi-Nelson 28 A
ZF3t At
2.6.3 Exo-8-14-glucanase(F P Activity):
Whatman No. 1 ® %] 50mg< 1mle] & &5l
Wi 1% E4 1mlsk 87 50CoH A 1417 v
A A AAEE $Y9PE Somogyi-Nelson®

o7 A,

2.7 7t E8iAl BlOad BaliEael Al 0lF



ZEY - 4B3E - oA BE Ay Avisteid 9 a3l @3 A7(NV) —~Laccase ¥ Cellulased FA] ol ¢ 74— 55

Pleurotus ostreatus %

gad Eas
Phanerochaete chrysospon'umﬂ A i FA-E
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____________ .. plus CMC 2.5%
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Fig. 1. Laccase activity from various liquid media
during incubation.
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Fig. 2. Laccase activity from sawdust and barley

straw extracts media.
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Table 1. Optimum p H of laccase from Pleurotus

ostreatus

Buffer pH AE PaNs Activity
0.D. sec unit / sec
Citrate 387 0001 300 5.13X10°
phosphate 470 0083 300 426X10°
buffer 470  0.047 120 6.03X10°
554 019 180 1.62X10°
594 0202 180 1.73X10®
662 0126 180 1.08X10*
744  0.051 180  4.36X10°
Clark 707 0304 690 678Xx10°
lub’s 753 0145 520 4.29X10°
buffer 872 0036 610 908x10"
10,10 0012 730 253%10"
1205 0005 840  9.16X10°

Table 2. Temperature stability of laccase at 40°C for

40 min.
Temperature  Activity Activity Inactivity
°C unit / sec index %
Blank 0.0035897 1
30 0.0033333 093 71
40 0.0028205 0.79 215
50 0.0021538 0.60 40.0
60 0.0004615 0.13 87.0
70 0.0001025 0.03 97.2
80 0.0000512 0.01 98.6

b Zol 30°ColM 4087 WAYS W o
93%2 & 4ol REHNSY, 40°CAME
°F 79%< 4% Jedi, 50°CAME %
60% 24 60°C oldell M= F23 Aol A
o] A3 A8ESE dozid.

Km #-2 3.209m Mo]2lov], Table 3& o]
2 Km gl dig 7z} 71355 ¥ald e
laccase 84-¢ YEld oA, &4 wk29
A& ol 1/2717 =gsted Hag 71de
Tzt avA 24 gvhe A 5L olgd
oA =i freld ez AztEg,

3.1.2 Ganoderma lucidum2 2 %-€1¢] Laccase

TFE PDY At Ao Su| g g 7
2z, Fm 200g wiA], FFHEA, ZAE=|

Table 3. Laccase activity against substrate concentra-

tion.
(Km 3.209 m M)
Substrate AE At Activity 1 1

m M OD. sec wvelocity Substrate Velocity
40 0222 120 2.85X%10* 0.025 35.1
30 0300 180 256X10*  0.033 390
10 0.184 120 2.36X10* 0.100 42.3

0.146 120 1.87X10* 0.200 534

0.062 60 1.59X10* 0.333 62.9

0.140 180 1.20X10*  0.500 83.6

NN W

Activity
x10*

(unit / sec)

10

~3

B W o

S e

2 5 810111214 16 18 20 22 24 26 28 30days
Fig. 3. Laccase activity from various liquid media
during incubation,
0:onion, X:onion 200g, ® :salts
Acpotato. @ : PYD medium
% PYD ujx] Fol FaHom HEsA
26-28°Coll M & v Fstlom wiokazbe A
Foll & laccase AWM= Fig 33 #th
Gt FlEul A e FAF HEF 8YNEH 24
o] veut A% &4 Fvte vIgsda,
20974 Ho 24X E BAFA
i APE 2= Fab 200g s AN A At 7] Ry
A Hoe g4 gagide] e, o ¥
sEe dEo]l S4o B g wxe Hol
7] o Aeg Aztdd, dimMAs daz
w3 848 vebdled ole inducerz 283

o o

e o
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= oEtado]l Ay ¢ WR Aad BIEL Pleurotus ostreatus®] 5.948.t} k7t =& Ao
T AAEA 5§ Aoz AZHE, AR A e 2 JEpyith. 28] citrate phosphate buffer(p
1897 Aol Huzgtoll w2391, PYD i H 3-7)7} Clark lub’s buffer (pH 7-12)8 &A%
A 14-164 7% Ho 848 vl £ A8 pH <SHAAL 5.0-9.09 ¥WHEAN Pleurotus
#astgoen, A8z WA 7ed laccase ostreatus®] 4.7-8.725.¢%F ¥4 WL pH 9o
Arksgol 74 wA JeRgl o Wi} 7t A HAEE o4 5 Uk
T B2 848 Yl E olFEZME yeast ex- 2= Ao AoiAE Table 44 By vl
tract A Eo] Ao 2 YF & F& Aoz A o o} 30°CelA 4087 LRULE W ¢
Zhgoh, A Hog o] ¢ HITF 1520987 5% =& Aol BESHNLH, 40°CAME
Hu €428 LPE}‘;&‘?}. °F 64%° A JERHR, 50°CAME ¢
Activity 58% 24 vl ® doll AP 2n 70°C 1%
{unit / sec) M e FH3] g4 #astad 7g A
107 S doAn.
~. Km %< 6.71lmMoll e, Pleurotus ostr
eatus? 3.209mM R OE thd 24} Table 5
ol ¥ Km Ftoll ti gt 2t 71285 = ¥l of
( i -~
10 £ laccase HA & B ROZA, Ha WS
o HAol&xd 1/2712] =9sh=d a3 713
9 727t oA w3 ¥de AL 549 o
10° £dolA vl Rl Aoz Mgdr
3 4 5 6 7 8 9 101 12 oH Table 5. Laccase activity against substrate concentra-
Fig. 4. Optimum pH of laccase from Ganoderma tion.
. {Km 6.71m M)
lucidum.
@ : Citrate phosphate buffer Substrate AE At Activity 1 1
O:Clark lub’s buffer m M OD. sec velocity Substrate Velocity
Table 4. Temperature stability of laccase at 40°C for 60  0.130 180 L.11X10*  0.016 0.0
10 min 30 0117 180 1L00X10° 0033 996
10 0078 180 6.66X10° 0.100 150.1
Temperature  Activity Activity Inactivity 5 0056 180 4.75X10°  0.200 2106
C unit /sec  index % 3 0042 180 357X10° 0333 2807
Blank 0.00646 1 . 2 0029 180 247X10° 0500 4048
30 0.00616 0.95 48
40 0.00410 063 36.5 = - =
3.2 48 JieREIAl 2laY 2EEae EA
50 0.00374 0.58 119 H 7IEsA 2l MEtel A
60 0.00307 0.48 520 o8
70 0.00107 0.17 824 R
80 0.00010 0.01 985 Table 6 Trichoderma % W4 F-F7te]
90 0.0 0.0 100 _ laccase &4 9 cellulase A& vheld Aoy
Fig. 42 #2 pHE Uebd Zog, o] &4 A, laccase B VM= Trichoderma”t 7+
o HE pHE 6.452 debdinl, A& d e ghe B, 2l EsEe] 7t
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F & Aoz 4eA1 € Phanerochaete7}
Pleurotus BUE 88 42 §4& dHA3A
oh kg F ugd #A FEH 4L
2E A, wgde a4 FAo] FA FEA
9] ARG & A2z e

cellulase 8ol UAA & EAIZA AHEd
Trichoderma viride® &4 €740 & 1‘4—% ‘EF
2 Bste Aoz 48y te ¥y 7%
Pleurotus ostreatus 2 Phanerochaete chrysos~
porium® B4R g A}E: FAwHL
Trichoderma® 7% cellulase® EH oz A
Aet7] e a-cellulose® inducer®] 3
77 Haghah, B AyeMe W RIEF
=& A o)A inducer® H7FSEX] &4 H
4397 W ¥l Trichoderma®] cellulase #7d
o] mj A Uehton, ojgge g E
Trichoderma®) cellulase A 450l WA HF
o aRRY AN Dol & & AUk

Table 6. Laccase and cellulase activifies of various

enzyme sources.

Enzyme Laccase | Cellulase, IU
* | B-gluco: - CMC  FPAc-

| unit / sec

Source . .
sidase ase  hvily

Culture Filtrates
T. viride 1.03Xx10% | 007 005 007
P. ostreatus 322x10% 1 044 063 036
Ph. chrysosporium | 205X10* | 059 053 0.50
Mycellium Extracts
T. viride - 015 013 012
P. ostreatus 1.58%10% | 049 033 029
Ph. chrysosporium | 0.05X10° | 059 066 0.66
*T, P, and Ph stand for Trichoderma, Pleurotus and
Phanerochaete respectively.

jal

Trichoderma viride®l 3% inducer 7}
aA =9 cellulase 8% ¢ & g2
e, getd sl gs 4T A2E 7
Elo] 23 olo] AN FEIAH T

cellulase®} laccase® FAlol AHE3IHE 43¢
2Rz 7HERE oJHE FFo] AEIHE

AESDA  Trichoderma viride, Pleurotus

ol
{o o

3.

ostreatus B Phanerochaete chrysosporium®} o
F gt 2 JAL FEAE G4 E AHESHY
7] ZbpEs) Aelet Bd A5 E 40°Col A 24
Azt ZEstge v, 2 A3 Table 734 #
t}.

Zak&ol Ui Trichoderma ¥ th& B4
REFOE REY BLE BEOZ ART
L, 7t ol 16.2% HAIZEA AHe Z
$e BoFEAon, cellulase A4 B4l &

=4
b bt g e BLEEAE

rlo s‘\o ox

Trichoderma®l 78-%- kut
e AHAEE Ansl 33
&tof Abg3to X 7t 2
2 s en, el A

Aelsuh o 57 Skstavh rela it
wopelsh AR EA S HAH JhERe ol
2 Aol 7k 9145 A ohaksich

Table 7. Enzymatic hydrolvsis of autohvdrolvzed vak

wood with mixed enzymes.

"Exten( of Reducing Lignin

Enzymes Fhydrolysis  sugar ;
% mg / ml %
Control 32 - 0 245
Culture filtrates o
T. viride 16.2 :0.30
P. ostreatus P 162 0.49
Ph. chrysosporium - 0.50 238
T+P . 202 0.55
T+Ph | 162 046 20.9
T+P+Ph | 204 0.58 20.4
Mycellium extracts \ o
T. viride 14.4 0.35
P. ostreatus 168 0.50
Ph. chrysosporium : 166 0.51 219
THP | 186 058 244
T+FPh | 189 0.57
T+P+Ph . 189 059 221

;T P. and Ph stand for Trichoderma, P](*u;’otus and

Phanerochaete respectively.

glad 39 544 R Al
dolME T+Phel A$ 2lad #d&Fol 2
5 2780 AEde 2 89T 44Tl ol
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 ggen, T+PYAS A9 weladel ¢
b BEEAE RS BUG A D
o A B B ARE RAthe A2
FE GOl $F 3 AA G AR e 2

ol gt she AE AR + ATk
4. 2 E

T 27| 7R e AgE 48
el E g uf WARZFo] Eushe
el 849 Laccase®} CellulaseE ¥4
F 79 Laccased] 213 )& 2

Gl ¥re-o 73 o
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a5 HEsH

LoFSH uhe

8 J.’}» /LL}-
ufj ekst o] WA RS T Pleurotus ostreat-
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lggen, /by A I pREes
o}ed 21 Phanerochaete chrysosporium®l ™| la
ccase BAE 2.05%107'2M PleurotusBth 2
kTt

Pleurotus ostreatus2%-¥] FZ%¥ laccaser
#H2 pH 59491, pH 4.7-8.729] vlu A 4
2 WM MHEgen, 2 MHAR
50°C7H 4 b9 F9k3, Km &2 3.209mM
olith.

Genoderma lucidum® 25 FZ&% laccase
oA HEF 15520 Atoldl 18 A4S
o291, HH pHE 6.45,

o HAE B T &% OP'Zo*o"ﬂ 2
of 3= 30°Col M 95% ol de 3
i, B0°Cell A 58% e FAlskelen,
Km %9 6.71mM ol Ath

A dmel walet #w#HEe]  Trichoderma
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chrysosporium @ 2 5Bl fref gk s kol 9 ot Ak
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