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ABSTRACT

To know the effect of enzymatic pre-treatment on softwood Kraft pulp, two xylanse-encoding
genes, named xynl and xynll were isolated from Thrichoderma ressei. Structural genes of xylanase
(XYNI, XYNID and cellulase (EGIV-CBDII) were isolated from 7. ressei and Rumicoccus albus re-
spectively, and expressed in E coli. bacterial culture. The specific activity of purified recombinant
XYNTI is higher than XYNIL The brightness of XYNI treated softwood Kraft pulp increased to
209%. On further sequential treatment with EGIV-CBDII and XYNI the brightness of softwood
Kraft pulp were improved to 91 and 73% respectively. As expected the Kappa number of soft-
wood Kraft pulp also decreased 81, 46 and 32% respectively. Results fusrther indicate that this se-
quential combination of enzyme treatment has synergic effect for improving bleaching of soft-

wood Kraft pulp.

Keywords: biobleaching, cellulase, softwood Kraft pulp, recombinant protein, xylanase
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A2 s AasAa low, 2= Aastg
29 AHEFE HAog sty A= Aot
1980 ] o] % 3wl H R Qe FH AL T
717} 8l ZeprE Haol AAY By F HLo
43”11151 02, 03 P 0.8 A& FHA(ECF) 5=
© ¢ FAL(TCE) ol #at A7) 718 5 o]
stok ey ol ek W2 SR AlAo] ot
< S AsA guiA oy, H]go] A iba
o 0F9 Ay AERo A Bz 3 Fod
Z=7F AstE e 9de s vt

UFE AAT t5 AN Sl g o
SHA| s A AlE] Aol A9 A7 AAIE BaEn

ATHGubitz et al., 1997 7 %, 2001). Z1g]1}t o]
23 A=l 4S5 SYeh] AsiMe <l
e FEe A7 rr 8E, unge g4
A2 diehs Aol aFHh

I 9= Hio) 4ESA Fulos FE 1

W 3 &4 (Bajpai and Bajpai, 1992: Viikari et
al., 1994 & &, 2000 sV AER 2~ FHaa
(Jimenez et al., 1997: Tenkanen ef al., 1997: 7
T, 1998)E AHee A5 TSI Kraft 22

= FnAEZ 0~ F xylosed UEF T-&35tT 917
&) ole] B&E 2Msle 4 FZ yxylanase
o] A7+ mannanase, lipase, a-galactosidase$} 2

& 45 Lol MusiTH 2 F9e] gt
H ¥ cH(Elegir ef al., 1995 Gubitz et al.,
1997: Wong & Saddler, 1992). #2d Clarke %
(20002 MY+ =& x93ty A8 xylanase,
mannanase, @-galactosidase® T4 &% g5}
of 1 &%E v 243 nf gl
3 Viikari 5(1986)2 biobleaching 2F<d ol A
3?12 8he] 4o ol xyla-
nase® 7HA I e WAES Fed T8
Xylanase ¥4-5-2 bacteria (Gilbert & Hazlewood,
19937 Sunna & Antranikian, 1997), actinomycetes
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EHEE

(Ball & McCarthy, 1989: Beg et al.. 2000)<}
yeast (Hrmova et al., 1984: Liu et al.. 1998: 1999)
5ol EA5lH E3] fungi (Sunna & Antranikian,
1997)0) A B o] Akl 2108 "a‘ﬂiﬁq a
it xylanase E4E Aatats v 4

ol gsh= e A U =

gt 2

Al Xylanas %dl}é 1on1ng0}04 DNA ZHE_ 3t
N1EE B 5 dAA Wt

B Apoae AR 583 54 Fof shit
¢) xylanaseE 7. reesei2%-E cloningdtel E. coli
o A HAAA thEFe] Ax3Y ZAE e
T o Ak cellulaseE 37| ol -&a}e]
Kraft H2e] Zlg#hs Yol WS u@ds}

AT,

2.1. SATFF2 plasmid

WAl FA dFE
AygEgl o &322 E B ocoll JM109E
i, 28 vector®E pRSET vector (Invitrogen,
USA)E Abgataith. 3 Rumicoccus albusE H-H
cloning® 1 cellulose binding site”} fusion¥ cel-
lulase (EGIV-CBDIDZE Ao s Atgstth
(Bae et al., 2003).

Trichoderma reeseis
A&

2.2. HiXxY U HQ

o

T. reesei= NA) vz (0.5% yeast extract, 0.1%
peptone. 0.1% KoHPO4, 0.1% NaNO:, 0.05%
MgSOs - TH20, pH 6.0)0l ©le] Auha)fst a-Al

= EE

S HZsl the koA U7 Auufek(150
rpm, 25°C)8F4 k. PCR amplfication products€]
98] A= plasmld I E
coliv= ampicillin (50 ug/mﬂ S A7k LB viA el A
wjeks 4ELS JAEE shakmg incubator (150
rpm, 37°C)ol A 12417k vl ksl

subcloning &

2.3. T. reesei xylanase gene2| cloning

2.3.1. RT PCR2 0|&3t xylanase cDNA &4

T reeseiol Xl mRNAE 523} cDNA—‘é st
7] ¢&lA Lithium chloride AWM o2 F=&3}9]
o}, wjekd o5& o 72 (Whatman No. 2 2 o] 3}
TAHE Ho} oﬂxﬂ Ar2 FYA7 FH wApApt
ol g3to] T3k & 500 uf RNA extract buffer
(300 mM NaCl, 50 mM Tric-HCl (pH 8.0), 5 mM
EDTA (pH 8.0), 2% (w/v) SDS, 10 mM A-mer-
captoethanol)& Wil 50°Cell A 1A)7F &<t ‘ﬂJ%’\]
AT 3 M KCIS 70 b W3 208 &3 &5l 5
o J*]—‘?—E](7OOO rpm, 10%) sFsivt. 500 /ﬂd A
FAE A FEE &7 ‘4 RNAE ®AdA717] ¢4

mlo -10\'

O

4 8 M LiCIZ 250 0 ¥ 3 4°Cell A overnightA] 21
B AARF(7000 rpm, 158)3F H 700 1l F=57-5200
AAES %A 42 0.1 M TrisHCI (pH 8.0)= 3

S 500 w0 Wi ohA] AAE(5000
rpm, 58)E AAIEIAT. F88 AEde A FB
2 &3 Y=Y 900/5 AL Wo] -70°Cell A
4A1ZF B REEAZ & %_ 152 (5000 rpm, 104,
4°Cystar, 70% 01] AHE o JAdEE
ZA AT 50 pl F ;L(ﬂ RNAE o] 280
nmell A A4 ‘ako}ML}‘ cDNAE 3H4dst7] 9l RNA
20 pgol XYN I3} 119 ANTI primer 100 pmol& 2t
7} W31 65°Coll A 587 RNAS WA A7 5] A=
A 2H3] 48t Mixture buffer (5 X buffer, 25
mM dNTP, RNase inhibitor (400 U), reverse tran-

scriptase (200 UNE ¥ 37°Coll A 90%-7F cDNA
= FAAATH
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Table 1. RT-PCR-Specific primers

'T. reesei xylanase
(Accession NO))

Primer

SEN 5" ATGGTCTCCTTCACCTC 3'
ANTI 5" TTAGCTGACGGTGATG 3'

SEN 5" A TGGTTGCCTTTTCCAG 3/
ANTI 5’ CTAGTTGCTGACACTCT 3

XYNI (X69573)

XYNII (X69574)

2.3.2. PCR =7

Xylanase® AAtsl= T, reeseiZ € xyniot
xynll€] DNA sequence (Gene Bank) 258 PCRE
3k71 #18l xynl (X69573)8) xynll (X69573)9] pri-
mers Table 13} o] A|2Hssict PCR 27& ot
7 2} cDNA 10 @b, A4 primers (10 pmol)
50 ul& ARSIl o™ 10X PCR ¢+ 9 (Takara,
Japan) 10 09} ANTP mixture (Takara, Japan) 5
B ARSEAL HF 97} 100 w7t SA 2R e
W &A= Ex. tag polymerase (Takara, Japan)Z
0.5 wb A7FstA}. PCR2 T1 thermocycler (Bio-
metra)E A&ste] st

2.3.3. DNA sequencing 2 pRSET A su—
bcloning

g #7)d 58 gl
oA Ao
pTa vectoroll ¥ aL, T7 specific

PCR products& agarose® o] &
T agarose gelol A 2 AAstact
7l xylanase DNAS
primer & sequencings 3193t} sequencing &4 %
xynd¥ xynlle A& BamHl-Xbaloz Za)
pRSET Aol €3 9°CollA ligationdle]l E. colidl
transformation Al Zt}.

2.3.4. £. col®| transformation

Competent cell (JM109)-S ¢ & DNAS} & &
gkl Ggoll 283F WAF T 42°CE djY7 e
Zol A 45%7F BEEAIZ] U Agoll A 277 W7t
At 1] 243 SOC media 0.9 w2 A7)l
37°Col A 60%7} shaking incubation sFit. LB
(50 pg ampicillin/mé) agar plated] E==5}4] trans-

formants& AATE. o1ZA Aoy colonyE mini-

lase®] A&zl <

8 A4 Kraft ¥ =Z2] Biobleaching

prep (Maniatis et al.. 1989) 2 DNAZ #%3}o]
agarose gel 7] 0150}04 PCR At&¢] cloning
REA Folstn, g d7 HABFAE glycerol
stocksto] -70°C A& WY& atol B asigit,

H cell& 71% LB agar plateol 4] col-
onyE d 3t 5 mé LB (50 pg ampicillin/mg) <83
wAlel HF3 Z‘9'3}]‘*7](150 rpm, 37°C)l
A 8AIZE Bt A ek & wjekel-S 250 me LB (50
pg ampicillin/m¢) <} Hui =] ol & Es}o] 2 E“:‘Hc’bl
(150 rpm, 37°C)oll Al 15417k wjFalgich. =
dAEEste] AE HHAE lysis Ede o
20 kHzoll A 2087 2892 s A28 5 3500
rpmoll A 204-3F LA R s AEAe oE] 2

=2

HlE Ni-NTA matrixel bindingA] 7!

i) rﬂ

FEE ARG 5 g2 GAAe A
25 BUE MY U 54 BY 5

251, HHME HEt

Enzyme®] A 9 & A3 w140 @23l gl
o] A% Bradford® (Bradford, 1976)& Al&

Sttt EFAIE & bovine serum albumin (BSA)
& AR

o},
Ho 2 1% CMCE H7s 0.1 M Q429 (pH
6.0) 500 xo} ZF 2% 500 ub (100 ug enzyme) =

EFobo] 50°CA A 1A BRg A1 71 B 100°Coll 4] 5
B 7t ete v 7‘”]*]MJ~ ‘g*éfﬂ SUGe
3.5-dinitrosalicylic acid (DNS)¥# ol whet 550 nm
Ao FAEE A8 Y. &4 | Unite mw, 2
9, 1 pmole] IS AN ehe Eago Hos

AT
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2.5.3. SDS—polyacrylamide gel (PAGE) & 7|
g9
Laemmli (1970) ®##ell we} polyacrylamide gel
A719 5 e x27olA 2% SDSE EFetaL 3
= 12%2] acrylamide stacking gel2 0.75 mme
slab gel° \_EN\OU% }‘]Cj _Q_oﬂ 5 ﬂﬂoﬂ ai
A& b ug"“ S o] 287F 100 Coﬂfq FE3IA
E slab gelol] 7tete] 120V &7 @72 A

7] %3 T coomassie brilliant blue-R 250 (0.1

2.6.1. 24X

2= F 3l 2 AE vk =
0314 Kraft 23 1 g5 conical flaskol ¥
Z (10 mM, pH 6.0) 10 mZ &A1z
o ooz XY F2H(20 U enzyme/
f oven dry pulp)& Alstell H7hete] A&
JA)shoi T, XYNT e 2lis TUsh oo a4
1IAZE B9 whg-A1A 143 8] A ) v wsk
th d&xals 1312 XYNIE flaskel] o] 40°CYl
A BAIZE Eet AFskoich, s1ea 23k AaAY e
12 K218 Al 29l EGIV-CBDIIE %] 40°Cell A 1
Al ZE ek A om 33F Hele 23k Al Al
o] XYNI& 2o] 40°Cell M 5A12F wh-g-Aj Tt

=)
KN
jud)
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>
H u

L
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o
5 it
o, m

ao 4_(0‘, H
ol

(=]

,lo m>,
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i

zhzhe] AR AgE HEe] el adde
21491l Kappagte TAPPIH (TAPPI T236 cm-
85)0l wheh A STk EE MRS 7h7he] B
Mz 54 Aed AR oA E ot FEE
AT T AxAA HAE(DU 800 spectropho-
tometer, Beckman)® 438t tHChung et al.,

2005).
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ofN
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A
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thA] 24k methylimidazole® %
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dichloromethane .2 alditol acetate® F %
t}. 71 A 2 g vk E e 7 (Chrompack, CPY000) = 7
&ahict, ojul Ay HE7|= DB225 (J&W Sci-
entific)?} F.L.D. detectors AM&stdrt. 71
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2.6.4. FAIEAIBO|IZ (SEM) &E
FALAAEN A #A2E ) A7 A dAUE
Aaes 2hFs T 3% glutaraldehyde (pH 7.4, 0.1
M phosphate buffer, 4°CYell A 4417 ot z}z}h a1
At 2 F nAE 218 FUg ggdo
2 A Ha}kal, 1% osmium tetroxide (pH 7.4, 0.1 M
phosphate buffer, 2N B e A
AlBrith oAl 2 9}'5%@1—4—‘! Al A E = 50,

15

(2

1.

70, 90, 95. 100% (33]) ol gh&-8-<Holl A 2}
A A o5 @Az om . iso-amylacetate

o A Z} 1587 X FAIZ F dAAE Zﬂi(Hltacm
HCP-2) & *}%fﬂoi Azt Axd AR ¥

FEE AA G 5 FAPE A E ] 7 (Hitachi, 872400)
P2 AAsHS T

3.1. Xylanase S Xl cloning

T reeseiv tFeF3l Z7 2 cellulase®t xylanase
= A21s= filamentous mesophilic fungus® ¢
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Table 2. Enzyme production and activity

Enzymes con}c)re(;fg ;ion Activity Specific activity
(tmg/n0) ) (U/mg)
XYNI 0830 0300 697 + 09
XYNI 0226 0226 442 + 05
EGIV-CBDII 3850 0100 2066 + 04

A o1t} 53] xylanaset™ XYNI, XYNII, XYNIIIZ}
AL on 2 xylanase®] DNA sequence
(Gene Bank)Z % ¥ PCRE 3d}7] Y% primerE ¢
2491 &F9ith(Table 1). T reesei®] XYNIS} XYNII
©] mRNAZYE ¢DNAE $4dste] A28k primer
& o|&3slo] PCR F&3 A3} xynl (669 bp)ot
xynll (690 bp) 9] # A= cloningdtAtHFig. 1A).
old FAA= pRSET-A 2d WMEE o] &3}
E.coliol A FA A}
3.2. Mz 24 THt Y

E. colPl X &y A 25 g4 dgol ol
£ Bradford& A8} tH Bradford, 1976). 4
2 A=Y EAS2 affinity chromatographyell
ozl FE3IA L xylan® CMCE 7|42 ko] 2}2he]
xylanase$} cellulase?] 84& =43 HTable 2).
Xylanase £49 A% XYNI® &4 8Alo] XYNIIHE
o} A Uebstkan, cellulase EGIV-CBDIT B8k CMC
Z VHE st B2 Z4FAHS YR Bae
et al., 2003). °1BA FEFE AxF A XYNI,
XYNII, EGIV-CBDIIE td2o= SDS-PAGE #7]
FeS AAEAY. 2 A3 XYNIZ XYNIIF 29
kDa$} 29.5 kDa®] #A}ke] #1531, 50 kDa &
719] EGIV-CBDIIx 247+ &l =l vhFig. 1B).

3.3. DjH%Y Hxo| #ul

ANEed vho) 93 Kraft 2% ¥WEES =
o]7] Y&l Ad&H g4 AW E HYsevt. 2

T AMYEAEA Fol @?Hﬁ 9= xylanased
A9 AERZ A BIaiel EGIV-CBDI 248

EAze] g Hd

4 Kraft #3229 Biobleaching

B —50xDa
2 2067bp—

5 564bp— *=29kDa

Fig. 1. Agarose gel electrophoresis of the PCR
fragment and SDS-PolyAcrylamide Gel
Electrophorsis protein gel. lane A. 1:
DNA maker, lane 2: PCR products of
xynl, lane 3: PCR products of xynll,
lane 4: PCR products of egl/V-cbdll. B.
lane 5: Protein maker, lane 6: XYNI re-
combinant protein, lane 7: XYNI re-
combinant protein, lane 8: EGIV-CBD
Il recombinant protein.

Table 3. Brightness of softwood Kraft pulp
treated with xylanase

Enzymes Samples Brightness (%)
Control 211
XYNI Treated 283
XYNII Treated 275

Ak JAste] Q4= Kraft o 243140, 2
Aol M Y §&°] =2 xylnaseL s MW
3Farab XYNI# XYNII ﬁ_*“ Kraft pulpell Z+2F #
glato] wid o) WstE RASAH(Table 3). o
23lo] Ay} XYNI9 ELH”ELEO] XYNITE} o)
< *‘é@} AT FL}EPW o] Fo] Adof =
EGIV-CBDII 845 71A1 d&4 g43
o AWAE S *"‘]O}M

A Kraft B2 & oo 2 12} XYNI A&l Al
%}OSZF o] WA= 21 1% 27.4%=% <F
% AL 7182tk Fig. 2). 12F XYNIo] g
%EL% EGIV-CBDIIZ o] &a}o] 22} A 2|3k Sol =
WA 7 29 9% 2 1A} 2] 2o H]ESH ok 99 Z7}5HA|
e TE XYNIZ} EGIV-CBDIIE A& g ¥ Hx
of XYNIC & Afxe] A] Lo ﬂ’l T 32.1%%
22k Aeld "o wsl 7% AL Frhskoich

- 171 —



35
i
30 - T
N
?l IR
1%
bSCHI™
25 1 kj&w X
RSN |
20 4 . /7{2‘(- DN |
025NN
‘A ’\)‘ \ |
fliege 1
NN
15 - C AN | &
5 "
s BOGANNYL | T
Brightness(%) Kappa No.

Fig. 2. Effect of enzyme treatment on bright-
ness and Kappa number of softwood
Kraft pulp. X, xylanase treatment on
pulp for 11 h; X1, xylanase treatment
with 20 Ug'1 moisture free pulp with 20
Ug" (40°C for 5 h; pH 6.0); C2, cellu-
lase treatment on xylanase treated
pulp; X3, xylanase treatment with on
xylanase and cellulase series treated
pulp.

oyl ek A3l Kappa #el HEE dHEA
XYNIE wh= AJajs uf 10.6% 33480 Al v
XYNI3} EGIV-CBDIE A5 A8l W 15.9% oF=
sto gy ALyt AN gz s nojFEdn

A4 Kraft HZ= xylanase®t cellulase &.4:9]
Adzaig| Aol whel 8.1%. 4.6% 183 3.2% % &
A8 o2 748t ohFig. 2). YW 2 2 xylanase
f2 ARl o7t Hx g gk 1go] 5o
2ot cellulase 2 elol o gk Fw gyt of 2% 2
ohel A A @b el ® Esbal HE Aelw

AT = wylanase 9t cellulased] &4 2%
19 Aol Al xylanaseWhs ] HZw v} FE

Fig. 3. SEM observation to study the effect
on Enzyme treated pulp fiber. A: Con-
trol section. Microfibrils are not pre-
sent. The surface was very smooth and
glossy, B: Xylanase treated section.
Microfibrils were visible and a wave
due to the extraction of xylan and lig-

nin (arrows). Scale bar = 10 nm.

B97F H9om xylanase®t cellulase® &4 %3

o] AeadE e o] 32 A= Vere-

nich % (2001 = cellulase & 45 o]&3F A2 &
Bog vl ®wdk b o)

Xylanase®} cellulased] &A F¢roz &3
Aol ¥H eE SEMo = #Ed Ay Rt
o] AR HHE ojgAH o Hasly vjtet vhd
T4 Aed HEe g8 grloe] AgAa 2 3o
Rom wlojagEEgo] QR 2 LEHo] UEY
o} ool2e G4 s HEZ 7| ag2vrtEadgy
£ o]l g% 9 A Ay Aty F9Ee Uz
o) Fshak] H]?)‘H oF 6% A= o] 7t 2

e (Table 4).

@.{.’—:}r o »o

o) &2 ©. 2~ 9}

!
~
e

2

1

oA Q) vlg (Xyl/Glu)2 0.109} 0.092 YEpst}
olefgh A XYNI® EGIV-CBDII®] &4 2ol
oel Agzosnths A La7h o Huw

Table 4. Effect of xylanase treatment on the softwood Kraft pulp

Monosaccharides
(&/ke) Ara Xyl Man Glu Gal Toral Xyl/Glu
Control 83 809 608 8249 9749 010
XYNI 63 717 48 7816 914.4 009
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Ao Z Yeiyon, o] 4] 3n|dE2 QA9

At gl #AF glade derl FA9 Aoz

AZrdrt, Paic 5 (1998) = xylanase® &3 %

Hofl gt FAA] Fo s Bug B o),
4. 24 =

A & 291 xylanaseE #H| &= T, reesei® T8

xylanase gene® cloningste]l A =3 DNA 7|¥H-&
AHEte] B coliol SAAA B A AA|ste] 1
Gt B F4 A7 XYNIIRTE XYNIS) €4
ol o A vebsTh 18] 3 cellulase®] 4$- CMC
g V4R st €48 FA% 49 EGIVEY=
EGIV-CBDIIS] &Ao] o] wA vebyth T3k o]
FA2ESE AR Kraft F3zol| Helsto] 237
T A¥E 3 A xylanaset cellulased &4
Z3rel XYNI®F EGIV-CBDIIY] ¢143 7] ¥4 o]
XYNI 542 $4Rt 24 G349 Aow 1
2354=3

S|
1%
2: i
10

AL AL

= A7 FEE vlol L a2 (AR S
20070301034013) ] Aol efaf o] Folzl 1Y
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