Schulze
(aqueous alkali

(Erksson et al,

1990)
(heteropolymer) (linear)
(branched) - (D-xylose) - (L-
arabinose) - (D-manose) - (D-glucose) - (D-galactose)
(D-glucuronic acid) (Eriksson et al., 1990)
(Kirk,1983)
20 30
(glucuronoxylan)
(xylan) (Eriksson et al., 1990)
14 (P-1,4-xylosidic)

(oligosaccharide)
(acetyl groupé c2 C3
15-30
7-10 (Eriksson et al.., 1990)
CHI5 150.13

(single cell protein)
(Biely, 1985; Magee and Kosaric, 1985; Deshpande et al., 1986 and Gilbert and
Hazlewood,1993)



Py 3}
3

3]

(arabinoglucuronoxylan) -1 4- (P-1,4-xylopyranosyl) ! 4
(4-0-methyl-a-D-glucuronic) -2
(a-L-arabinofuranose) - ()
4-[7-D- Xy|p-l + 4 -(1-0 - Xy|p-lj 2+ 4 -fr0 Xy|p-1
| 1
{

t

4-0-Me-0C-D-Glup A a-L-Araf

Glu = D-glucose
Xyl = D-xylose
Araf = L-arabinopyranose
P = pyranose

1 (Ericksson et al., 1990)



(P-D-xylopyranose) - 4

2 3 110 4- - -
2210 (2
r N
[?-D-Xylp-1—) ~ 4-y*-D-Xylp-13 4-y$-D-Xylp-1-» 4-y"-D-Xylp-1
3(2) 2
t
Acetyl ]
4-0-Me-0C-D-GlupA
Glu = D-glucose
Xyl = D-xylose
P = pyranose

2 (Ericksson et a1., 1990)



(chemical

hydrolysis) (enzyme hydrolysis)
(Tsao and Chiang, 1983)
L
(furfural) (Paturan, 1989)
(Woodward, 1987; Parisi,
1989)
2.
(chlorinedioxide) (dlioxin)
(Visseret al., 1992)
3.
(Visser et al, 1992 and Jurasek and Paice, 1992)
(xylanase)
(
14 - - - (EC321)
(EC 32.1.55) (EC 3.1.1.6)

(Biely, 1985; Dekker, 1985 and Poutanen, 1988) ( 3)



Araf
T
A¢ 1
) 3 . .
AXylp  1-4Xyl? 1-4Xyl/? 1-4Xyl[? 1-4Xyl[? 1-4XylI? 1-4Xylp 1-21XyI/? 1-
I Aﬁc 1%@
a o
MeGIcA MeGIcA

AXyIPL -4 Xy 17 1
J3L Endo-LA-P-xylanase (EC 32.18) L

-UU /?-xylosidase (EC 3.2.1.37)

-0 - OC-glucuronidase (EC 3.2.1.)

10 Ot-L-arabinofuranosidase (EC 3.2.1.55)
acetylesterase (EC 3.1.1.6) or acetyl xylan esterase ?

(Biely, 1985)
Ac = Acethyl
Araf = L-arabinopyranose
MeGIcA = 4-O-methyl-Ot-D-glucuronic acid
Xyl = D-xylose
3

(Biely, 1985)



(Woodward, 1984; Frederick et a1, 1985; Shei et a1, 1986 and Li et a1, 1993)
(xylobiose)

(Rodionova et a1, 1983; Matsue and Yasui, 1984a and Pouanen and Puis, 1988
cited in Ericksson et al., 1990)

(Biely, 1985 and
Poutanen, 1988)
L (endoxylanase)v - 14- - - - (1,4-0-
D-xylan-xylanohydrolase; EC 3.2.1.8) -14-
(endo-mechanism)
(Gilbert e al., 1993)
2 - (P-xylosidase)* 14- - - S (1,4-p-D-
xylan-xylohydrolase; EC 3.2.1.37) 14 -
(non-reducing end)&E
(exo-mechanism)? (Dekkerand Richard, 1976)
3. - - (a-L-arabinosidase; EC 3.21.55)

(Ericksson et a1, 1990)

4, - - (a-D-glucuronosidase; EC 3.2.1.1)
12 4 - - - (Whistler, 1970)
b, () (acethyl (xylan) esterase; EC 3.1.1.6)
-1,2 -1,3

(Reese, Lolaand Parrish, 1969)



bo- - - (Bil,
1985)

(cytosol)
(Reese et al, 1985 cited  Biely, 1985) , 1 1
- Cryptococcus albidus (Biely and Petrakova, 1985)

(xylobiose) (xylotriose)

Xylan Glc

y| Xylanase
—‘“VY Xyl

A

Xyl, Xyl,

xyloside| permease

Y Y v
Xyl —»— Xyl Glc
Y3 yylosidase
Y

2

> o
induction : / > 8

< reprassion S

i S
ENZYME svumesus}loots 0

secretiton

Sy

Xyl

4 Cryptococcus albidus (Biely, 1985)

(2541)



A. pullulans

Wahab and Berbee, 2001)
yeast)

(polymorphic)
(swollen cell)
(pseudohyphae)

Kami (1993)

80
20

et al, 1988)

Wong et al. (1997a)

hemlock  Trembling Aspen

(chlamydospore)

1

Ascomycota (Inderbitzin Abdel-

Pullularia pullulans (black
(melanin pigment)

(blastospore)
(hyphae) '

. pullulans

A.pullulans

0.5

(Vilkari et a1, 1986; Kantelinen

3 Douglas-fir Westem



Christov Prior (1994) (crude enzyme)

Aureobasidium pullulans

450U 1 24
35 L
30

(Saddler, 1993)
Mora (1986)

Sporotrichum dimorphosporum

10-20
354.0
(Paice and Jurasek, 1984)



Streptomyces
Olivochromogenes

. Olivochromogenes

Escherichia coli
Cloned XYL

Trichoderma
Harzianum

Cartazyme

Cartazyme

Pulpzyme

28 nkat g'1

28 nkat g'1

5 units ml'1

500 units

q'

0.5-2
units g'1

lkgfl

Pine

Pine

Hardwood

Pine

Hardwood

Softwood

Softwood

Kappa

303

33.7

144

24

135

16.6

16.8

pH

50

50

50

35

35

7.0

45

45

37

40

30-

%%

30-

%%

50

24

24

24

24

(D15/C85)E

(DIC)EDED

CED

(D35/C65)EDED

(EOP)D(EOP)D

(EQ)D(EP)D

(D50/C50)E

(%)a
reflenz

80/83.2

83/87

82.8/87

25.0

9.5

38.8

176

0 2delignified

Viikari et al.
(1986)

Viikari et al.
(1987)

Paice et al.
(1988)

Clark et al.
(1991)
Skerker et al.
(1991)
Skerker et al.
(1991)

Jorgensen and
Lange (1991)



VA

VA

Streptomyces

livisdans

Novo Sp 437

Novo Sp 406

Thermomonospora

fusca

2 units g'1

8 units g'1

85 units 'L

0575

units g1
1.25

units g'1
20 units g'1

Softwood

Beachwo
od

Hardwood

Softwood

Softwood

Hardwood

Kappa

194

121

16.7

26.2

4.5

4.5

55

6.0

50

50

50

50

50

80

(%)
2.\ W 1g
27/ A0
7 /Eh
310
3 W0
3 55

. (Saddler, 1993)

{%E
reflenz

CED

(C/D)EDHD

(DA0/CG0)EDED  89.8/91.9

(D50/C50)E

(D50/C50)E

(EP)D(EP)D 83.8/88.9

20.0 brightness 70 Sinner et al.
(1991)
215 brightness 89 Sinner et al.
(1991)
du Manoir
et al.
(1991)
9.5 ( 2delignified  Pedersen et al.
(1991)
13.0 02delignified ~ Pedersen ef al.
(1991)
Perrolaz et al.
(1991)
6.6
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1985
(Vikari et al., 1986)

(delignification) - - (Paice et al,
1988 and Tenkanen et al., 1992 cited in Viikari Suurnakki and Buchert 1996)

(reprecipitated xylan) lignin-carbohydrate (.cy complexes
(Yang and Ericksson, 1992 cited in Viikari et al., 1996)
Lc complexes

(residual lignin) (Horting et al., 1994
cited in Vikkari et al., 1996)
(Wong et al., 1996

and Patel, 1993 cited in Vilkari e al., 1996) 5
Xylanases acting on: Result;
Relocated xylan —  Uncoverage of lignin

Increased porosity
Xylan linked to lignin
Increased solubility of lignin

Chromophore containing xylan  ------------------ ) Release of chromophores

5 (Vikari 1 a1, 1996)

(relocated xylan)
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1 4 (6

(Buchert et a1, 1996 cited
inWong et a.1997 )

Xylanase treatment Chemical bleaching  Bleached fibres
Materiats sobbifkzed Xylan-derived chromophoroes

<&

Q'. Fibre swelling
fl ,,. = : 4{'/’/;
TN 5
= 2
6
L X (Wong et al., 1997h)

(xylan derived chromophores)

(Hertler and Norrstrom, 1969)



7

460
(Mansfield et at., 1996) 470
Punnapayak Liawsakul Jeffries  (2000)
1 2 Ecozyme  Pulpzyme 5 251Ulg OD

Hexenuronic acid
(Teleman et a1, 1995)

Aureobasidium pullulans

2
(Buchert et a1, 1997) de Jong
(1996)  Irgazyme ( Trichodemna longibrachiatum)
- T harzianum E 58 )
Douglas-fir
Irgazyme
' Irgazyme 2

Irgazyme

(lignin-like macromolecule)

(visible light) Irgazme
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