21 (Plant Biomass)

2 (Primary cell wall) (Secondary cell wall)

3
(Secondary
wall, S1) Sl
(Secondary wall, S2) S2
(Secondary wall,
S3) S3 (Eriksson et al., 1990)

1 (Selvendran and Oneill, 1985)



70
(Cellulose)
(polysaccharides)
1-4 ((3-1,4 glycosidic linkage)
8,000-12,000 (Saha and Bothast,
1997) 14,000

(Hemicellulose)

1-4 (Bungay, 1981)

(softwood hemicellulose)

(hardwood  hemicellulose)

(angiosperms)

25

30



(Lignin)

8,000-11,000

1

, (Jang et al.,
20-30

(Lara et at., 2003)

2001)

(Kirk, 1987)

(Reid, 1995)



2 (Glazer, A\W., and Nikaido, H., 1995)

3 (Eugenia, Sanchez and Hernandez, 2000)

(Soft wood lignin)

(Hard wood lignin)

(Grass lignin)



(precursors) 3

- (p-coumaryl alcohol) (coniferyl 'alcohol)
(sinapyl alcohol) (Kirk, 1999) 3
( ethoxy)
(Reid, 1995) 3
OH OH OH
Y
A a/ i F
6 2
5 4] 37OCHs  HCO OCH;
OH OH OH
p-coumaryl coniferyl sinapyl
alcohol alcohol alcohol
3 phenyl propanoid 3

(Wong, 2009)

Basidiomycetes
Ascomycetes (White rot

fungi)



2.2 White Rot Fungi
(Oxidoreductases) (lignineses)
Basidiomycetes Ascomyceétes

Bjerkandera adusta Coriolus versicolor

Ganoderma lucidum Phanerochaete chrysosporium Phlebia radiate Pleurotus ostreatus

Pycnoporus sanguineus Schizophyllum commune Xylaria sp. (Herpoel et al.,
2000)
(ligninase)
3 (lignin
peroxidase, E.C.1.11.1.14) (manganese peroxidase,
E.C.1.11.1.7) (laccase, E.C.1.10.3.2)

(free radical molecule)

(secondary metabolism)

(Fe2) (Mn29 (Cu2h
(inducer) (vertaryl alcohol; 3,4-

dimethoxybenzyl alcohol) ABTS (2,2-Azino-di-(3-ethybenzothialozin-6-sulfonic acid)



Phanerocheate
chrysosporium (Kennes and
Lema, 1994)

G.
lucidum
P. ostreatus L. edodes . commune (Ko et al., 2001)

(lignin peroxidase, E.c. 1.11.1.14)

(peroxidases)

(aromatic ring)
( ethoxyl group)
, (pH) 3.0
(Tein and Kirk, 1988)
4.0
(oxalic acid)

(Dutton et al. 1993; Dutton and Evans, 1996)

(indirect mechanism) (veratyl alcohol;

3,4-dimethoxybenzyl alcohol)



(Manganese peroxidase

(Mn24)

! (dimethoxyphenol)

(H2 2)

(Laccase, E.c. 1.10.3.2)

(aromatic amine)

(cuproprotein)

3
(Camarero et al., 2007)

3.5-7 (Salas et al., 1995)

2.3

10

, E.c.1.11.1.7)

(Archibald, 1990)

(polyphenol oxidases)
(aromatic compound)
(Duran et al., 2002)

! (phenol radical)

(copper)

(active site)

(mediator)

(Enzyme and Cell immobilizations)



(Chibaya

and Wingard, 1983)

( , 2547)

3 (Kennedy and Cabral, 1987)

1 (Carrier binding)

11 (physical adsorption method)

(Cheetham,1980)



1.2 (Covalent binding)

(Cheetham,1979)
2. (Cross-linking)
(bi or multifunctional reagent)

(Chibata et al-, 1978)

3. (Entrapment)
2
3.1 (Micro capsulation type)
(Cheetham, 1980)
3.2 (Lattic type)
(Cheetham, 1980)
24 (Enzyme and Cells Entrapment in

Calcium Alginate)

(Sodium alginate)

(polyanion)

(Fraser and Bickerstaff, 1997)

(Alginate)

(Phaeophyceae)
Macrocystis pyrifera

14-19 Laminaria cloustoni Laminaria digitata 15-40



manuronic acid, M) -
1-4
G- M-blocks
(copolymer)
G

(polyvalent metal cation)

(L-guluronic acid, G)

(homopolymeric) G
MG-blocks
M
Caz+tK+Na+NH4+

(propyleneglycol alginate)

(alginic) (propylene oxide)

(egg box)

Ca2+

Caz

13

(J3-D-

1920

Caz



2000)

(a) (=00 3

ot

HO HO

£-o-mannuronate (M) a-L-guluronate (G)

MMMMMGGGGGGMGMGGGGGGGGMGMGMGMG

M-block  G-block G-block MG-block

(Phillips and Williams, 2000)

14

(Egg-box model) (Phillips and Williams,



25

0.05-0.2

2-4 (w/v)

20

( , 2539)

Disposal

Wastewater treatment

(Chemical treatment)
(Physical treatment)

(Biological treatment)



16

1 (Digester and washer)
black liquor 1
amophoric group
2. white water (screening,

cleaning and thickening)

3. (Bleach plant washer)

Chlorinated aromatic

chlorination Alkaline extraction
( , 2539)
1.
2.
3. v ' Dissolved Colloidal
2 ( , 2539)

1 (True color)

2. (Apparent color)

JP



17

2.6

pft? , 2 ?

( et al., 2009)

Fahy et al. (1997) Molasses spent wash (MSW)

P. chrysosporium

0.45 ( ) 2
MSW 85 MSW
25 37
150 10
MSW
Nagarathnamma and Bajpai. (1999) 110

Potato Dextros Broth (PDB)
3-7

25-50 1 ' 1.5

0.15 1
3-4 200 30 48
0.1 92

78 ,
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Hongman et al. (2003) P. ostreatus

(anthraquinone  dye)

ABTS

90

Chairattanamanokorn et al. (2004)

38
35 43 ; 1 ABTS
43 P. coccineus 4
polyurethane
43 50

Maximo and Ferreira. (2004)

Irpex lacteus l. lacteus 2
Reactive Blue 19 (RBBR) Reactive Black 5 l. lacteus 2
RBBR 10 Reactive Black 5
10 90
Silva et al. (2005) Ganodeerma
Spp. 3
4 Remazol Brilliant Blue R
(RBBR) 2 RBBR GASI3.4
CBB209 production

4.5 ) (2.5 ) 7 30



19

Ganoderma sp. 2

et al. (2005)
5 p. chrysosporium P. ostreatus L.
edodes T. versicolor S22 p. chrysosporium p. ostreatus S22
9-11
1 0.2
Madhavi and Lee. (2005)
Ganoderma sp. 1
124
2 288
1 410
(inducer) 2, - (2,5-xylidine)
(ferulic acid) - (p-anisidine) 2, - 0.8
692
Park et al. (2006) acid black 52 F. trogii
3
(LIP) (MnP)
acid black 52
F. trogii



Marie étal. (2007) P. sanguineus

41582 LAC-1
anthraquinonic acid
p. sanguineus
41582
anthraquinonic
LAC-1 LAC-1
Veronica et al. (2008)
Trametes  trogii
T. trogii
21
i 7. trogii
0.25 44

Teerapatsakul et al. (2008)

Ganoderma sp. KU-Alk4

Cu-Al Cu-alginate indigo carmine 96

6 12

Prasongsuk et al. (2009)
1 12

20

MUCL

MUCL

Abu62

ABTS



8
p. chrysosporium

Daedaleopsis sp.

p. chrysosporium

commune PT

3

p. chrysosporium

Daedaleopsis

1

commune SL

sp.

52

86

«

»

»

»

21

40

ABTS
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