21| (EC3.116)

: (Johnson , 1989)
21

Acetyl esterase + 2)

0-acetyl-1,4-(3-xylooligosaccharides — i — 1,4-(3-xylooligosaccharides + acetic acid

21 (Johnson , 1989)
n 9 (Biely , 1986)
6.4 (Egana , 199)
(Mcdermid , 1990)

Biely
(1986)

Schizophyllum commune



Poutanen (1990)

Trichoderma reesei

Puls (1991)
Kormelink (1993)
Aspergillus niger 1
62
100 )
awamori 1
24
24 1 1.7
Dupont (1996)
A B Streptomyces lividans

O-acetylated polysaccharide

66

Aspergillus



2.2
!
(Polizeli , 2005) (Camacho Aguilar, 2003)
(Twomey , 2003)
I (Puls , 1991)
(Paice , 1992)
(D-xylose isomerase; EC 5.3.1.5)
(high fructose
syrup) (Chen , 1980)
(single cell
protein)
(Parajo , 1998) 2.2

(Neale , 1988)



Xylose reductase Xylose dehydrogenase

xylose —\i—-v xylitol —\P—-r xylulose

¥

NAD
NADH+H"
2.2 (Walker, 1998)
Furfural
furfurol, furol furfuraldéhyde
furfural
2.3
CBH10 5 ---mmmmmmommooeee- > C5H40 2+ 3H20
xylose furfural
2.3 furfural ( , 2541)
2002 2
methyl tertiary butyl ether (MTBE)
MTBE (Saha,

2003)



10

Saccharomyces
cerevisiae

' (Saha, 2003)

Pachysolen tannophilus, Pichia stipitis Candida shehate

(Walker, 1998) 2.4
(pu Preez, 1994)
' 1 1 (xylulose)
(xylose isomerase) (Gong ,
1981)
Saccharomyces cerevisiae
(Walker, 1998) 2.5
Biely (2003)
Schizophyllum commune vinyl acetate, triacetin
ethyl acetate
2.3
1,4-
Bacillus pumilus (Panbangred , 1983) Schizophyllum commune
(Halgasova , 1994)  Pénicillium purpurogenum (Belancic , 1995)

Melanocarpus albomyses 68 (Saraswat Bisaria, 1997) Thermomonospora fusca

(Bachmann McCarthy, 1991) Aspergillus awamori (Koseki , 2005)



D-xylose

7I membrane transport

T
D-xylose
NAWMH+F{J xylose reductase
NAD(P)" ” ¢
D-xylitol
NAD"
" 2 xylitol dehydrogenase
NADH +H" "~ 1
D-xylulose
ATP
) xylulokinase
ADP ¢

D-xylulose 5-phosphate

pentose phosphate pathway

Glyceraldehyde 3-phosphate

[ glycolysis
I

*

Pyruvate

ruvate decarboxylase
002‘1 Py y

Acetaldehyde

alcohol dehydrogenase

Ethanol

24 Candida shehate (Walker, 1998)
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6 xylose isomerase

6 NAD(P)
6 xylose 6 xylitol 6 xylulose
6 NAD(P)H
v
6 C5P
A 4
4 C6P
1 ATP RFE
v
8 C3P 2 C3P
''8C02 2C0,
16 ATP >N 4 ATP
8 ethanol 2 ethanol
6 xylose  --------- » 10 ethanol + 10 C02+ 10 ATP

2.5

Saccharomyces cerevisiae

(xylose isomerase) (Kuyper , 2004)

C3P triose-3-phosephate
C5P pentose-5-phosphate
C6P hexose-6-phosphate

PPP pentose phosphate pathway



2.1

Aspergillus aculeatus
Aspergillus awamori
Aspergillus carneus
Aspergillus japonicus
Aspergillus nidulans
Aspergillus niger
Aspergillus oryzae

Bacillus pumilus

Butyrivibrio fibrisolvens
Caldocellum saccharolyticum
Candida guilliermondii
Clostridium cellulovorans
Cryptococcus albidus
Fibrobacter succinogenes s85
Fusarium oxysporum

Melanocarpus albomyces 1S 68

13

(extracellular enzyme)

(intracellular enzyme)

2.1
Leeuwen , 1992
Koseki , 2005
Biley , 2004
Christov Prior, 1993
Linden , 1994
Altaner , 2003
Tenkanen , 1998
Degrassi , 1998
Hespell O'Bryan-Shah, 1988
Luthi , 1990
Basaran Hang, 2000
Kosugi , 2002
Lee , 1987
McDermid , 1990
Christakopoulos , 1999
Saraswat Bisaria, 1997



21 ()

14

Neocallimastix patriciarum Dalrymple , 1997
Orpinomyces sp. PC-2 Blum , 1999
Pénicillium purpurogenum Egana , 1996
Phanerochaete chrysosporium Biely , 2004
Pichia abadieae Lee , 1987
Pichia lindnerii Lee , 1987
Pseudomonas fluorescens Ferreira , 1993
Rhodosporidium toruloides Lee , 1987
Rhodotorula mucilaginosa Lee , 1987
Schizophyllum commune Halgasova , 1994
Streptomyces flavogriseus Linden , 1994
Streptomyces lividans Dupont , 1996
Streptomyces olivochromogenes Linden , 1994
Streptomyces thermoviolaceus OPC-520 Tsujibo , 1997
Termitomyces clypeatus Mukhopadhyay , 2003
Thermoanaerobacterium sp. JW/SL YS485  Shao Wiegel, 1995

Thermomonospora fusca Bachman McCarthy, 1991
Trichoderma reesei Margolles-Clark , 1996
Trichoderma cutaneum Lee , 1987

Trichoderma pullulan Lee , 1987



2.5

Potanen

29

Me Derm id
succinogenes S85
Sepharose CL-6B)

0-1.0

Sepharose CL-6B)

2.0-0

AXE B

Sundberg (1988)

15

Trichoderma reese

(CM-Sepharose FF)

(DEAE-Sepharose FF)

230

(1990)

AXE B \ ; 1 ' '

(Hydroxyapatite)

(Q-Sepharose)

0.45

Sundberg

0.02-0.4

AXE B

AXE A

Poutanen (1991)

0-0.4

Fibrobacter

(DEAE-

(Phenyl-

AXE A

0-0.2

438

Trichoderma reese

(CM-Sepharose FF)

0-0.15

- (Q-Sepharose FF)
0-75



- 00

53 54

Kormelink

Halgasova

(Sephacryl S-100HR)

(1993)

(HPLC)

17.2

(1994)

-25 (Sephadex G-25)

(DEAE-Sephadex A-50)

0-1.0

5/5)

1.7-0

Egana

10,000

40-90

16

(Chromatofocusing)
AXE | axe |l

4.7 4.5

Aspergillus niger
(DEAE-trisacryl)
0-1.0
-5 (DEAE-5PW)

0-1.0

Schizophyllum commune
-18

-50

(Q Sepharose Fast Flow)

(FPLC) -

(1996)

0-1.0 1
0.05

5/5 (Phenyl-Superose HR

59.2 11.1

Pénicillium purpurogenum

(Pillicon PTGC membrane)

300 (Bio-gel P300)

AXE | AXE I 2

- -50 (CM-
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Sephadex C-50)

0-0.5 (Chromatofocusing)
2 AXEI  AXEI
Dupont (1996) Streptomyces lividans [AF43
95
10 mM Tris-buffer pH 8.5
30 4
Buchner funnel 20
mM Mes/NaOH buffer pH 6.0 (HPLC)
15 - (HR 15 CM-Protein)
0-1.0
1
Degrassi (1998) Bacillus pumilus
30-70
(phenyl sepharose HP 16/10)
200 1 179.2
11.2
Blum (1999)
Orpinomyces sp.
strain PC-2 Escherichia coli ,
SP Sepharose high-Performance
0-1
TSK 3000SW Mono Q HR5/5
1
Basaran Hang (2000) Candida guilliermondii
NRRL Y-17257 ' 4

20 ‘ oH 7.0
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(QAE-Sepharose fast flow)

0-05
(Polysulfane membrane) 30,000
86
312
Aitaner (2003) Aspergillus niger
100
Uno Q
0-1.0 Phenyl-superose
HR5V5 170
homogeneity 21
Mukhopadhyay (2003) Termitomyces
clypeatus 30-70
Bio-Gel P-200 2

HMM (high molecular mass) ,
LMM (Low molecular mass)

LMM CM-Sepharose (CL-4B)
0-0.2 HPLC
Ultrapac TSKG 2000
60.1 6 HWW
' HPLC Protein Pak 300
DEAE-sephadex
0.1-0.2 1 phenyl sepharose
CL-4B 0-2
affinity chromatography ~ Con A-sepharose
(Ot-methyl annoside) 0-1
(cellobiase) 5.37

10.13



2.6

2.2

2.2

Aspergillus awamori
Aspergillus niger
Aspergillus oryzae

Bacillus pumilus PS213

Butyrivibrio fibrisolvens
Candida guilliermondii

Fibrobacter succinogenes
585

Orpinomyces sp. strain PC-2

Pénicillium purpurogenum
AXE |
AXE

Schizophyllum commune

Streptomyces lividans 1AF43

190,000

65,000

39,000

18,000

4

50,000
30,480
30,000

5
40,000

66,000
67,000
55,000

40,000

48,000
23,000

31,000
34,000

19

Sundberg , 1990
Kormelink , 1993
Tenkanen , 1991
Degrassi , 1998

Lanz  Williams, 1973

Basaran  Hang, 2000
McDermid , 1990
Blum , 1999
Egana , 1996
Halgasova , 1994
Dupont , 1996
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Thermoanaerobacterium sp.
JWI/SL-YS485

AXE 1

AXE I

Thermomonospora fusca

Trichoderma reesei
AXE 1
AXE I

Trichoderma reesei

195,000
106,000

20,000
20,000

67,000

()
6 32,000
4 26,000
2 40,000
34,000
34,000
2 45,000

20

Shao  Wiegel, 1995
Bachmann McCarthy,
1991

dberg  Poutanen,
1991
Poutanen Sundberg,

1988



2.1

2.1.1

2.3

Aspergillus aculeatus

Aspergillus awamori
Aspergillus niger

Bacillus pumilus PS213

Caldocellum saccharolyticum

Candida guilliermondii
Clostridium cellulovorans
Fibrobacter succinogenes

Fusarium oxysporum

Orpinomyces sp. strain PC-2

Pénicillium purpurogenum

Rhodotorula mucilaginosa

Schizophyllum commune

40
60-75
50
95
10-75
50-60
50
45
55

30

AXE | 50
AXEN 5560

30-45

2.3

55
5.5-6.0
5.5-6.0

8.0

6.0

1.5

6.0

1.0

6.5

9.0

53
55-6.0

8.0-10.0
1.1

21

Leeuwen , 1992
Sundberg 1990
Kormelink , 1993
Degrassi , 1998
Luthi , 1990
Basaran Hang, 2000
Kosug , 2002
McDermid , 1990
Christakopoulos

1999

Blum , 1999
Egana , 1996

Lee , 1987
Halgasova , 19%4

Il
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Streptomyces flavogriseus

Streptomyces lividans IAF-43

Streptomyces
olivochromigenes

Termitomyces clypeatus

Thermoanaerobacterium sp.

SWISL-YS485

Trichoderma reesei

Trichoderma reesei

AXE 1
AXE I

AXE 1
AXE

50

50

45

80

84

50

60-65
60-65

6.0
15
6.0

6.5

1.0

15

5.9

5.0-6.0
5.0-6.0

Linden , 1994
Dupont , 1996
Linden , 1994
Mukhopadhyay ,
2003

Shao  Wiegel, 1995

Poutanen  Sundberg,
1988
Sundberg  Poutanen,

1991

22



2.7.2

24

Aspergillus awamori
Aspergillus niger
Bacillus pumilus
Candida guilliermondii
Clostridium cellulovorans

Pénicillium purpurogenum

Schizophyllum commune
Streptomyces lividans

Termitomyces clypeatus

Thermoanaerobacterium
sp. JW/SL-YS485

Trichoderma reesei

Trichoderma reesei

AXE!
AXE

AXE 1
AXE I

AXE 1
AXEI

24

(")
50 (L hr)
50-55 (2 h)
50 ( hr)
60
30 (12 h)

42 (L h
65 (1 h)

30 (30 min)
72 (15 min)
3

10
10

50

75 (L h)
50 (24 )

1.0-9.0
3.0-8.0
8.0-9.5
5.8-8.0
3.0-7.0

4.0-8.0
4.0-8.0

6.2-8.5

1.0
6.0-8.0

4.0-5.0

3.0-7.0
3.0-7.0

23

Koseki , 2005
Kormelink , 1993
Degrassi , 1998
Basaran ~ Hang, 2000
Kosugi , 2002
Egana , 199
Halgasova , 1994
Dupont , 1996
Mukhopadhyay :
2003

Shao  Wiegel, 1995
Poutanen  Sundberg,
1988

Sundberg  Poutanen,
1991
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2.7.3
25
Kormelink (1993)
Trichoderma reesei
14
Trichoderma reesei acetylated
xylobiose
(PO ta e
dberg, 1988) Schizophylium commune
acetylated xylan (Halgasova
, 1994)
Pénicillium purpurogenum
OC-naphthyl acetate xylose

tetra-acetate, acetylated xylan steam exploded hemicellulose

(Egana , 1996)

p-nitrophenyl acetate OC-naphthyl acetate
2.6



2.5

Aspergillus niger

Bacillus pumilus

Fibrobacter
succinogenes
Pénicillium
purpurogenum

AE1

Schizophyllum
commune

Streptomyces lividans

Termitomyces
clypeatus

Birchwood xylan
pnitrophenyl acetate
Acetylated xylan
Xylose tetraacetate
pnitrophenyl acetate

OCrephthyf acetate
Acetylated xylan
Lachwood xylan

Acetylated oat spelts xylan
Birchwood hemicellulose

OCrepnthl acetate
Acetylated oat spelts xylan

Birchwood hemicellulose

OCrgpnthy acetate
Acetylated xylan
pitrophenyl acetate
Acetylated birchwood xylans
Acetylated oat spelt xylans

Acetylated xylan
pnitrophenyl acetate

OGrgpnthy acetate

32.3
310

40971
31.16
320
1188

8.63
<0.01

285
367
24.2
0.67
0.824
1.12

23
59.2

15
890

4

0.80

25

Komelink ,
1993

Degrassi ,
1998

MeDermid ,
1990

Egana , 19%

Halgasova ,
1994

Dot , 19%

Mukhopadhyay
12003



26 Km VN
naphthyl acetate (NA)

Orpinomyces . PC2

Fusarium axysporum
Termitomyces clypeatus

Aspergillus ananori

Badillus pumilus
Candida guilliermondiii

Fibrobacter succinogenes
S85

NPA
\PA

PA

0.90
0.25

0.36

143
154

263

2.10

185
0.65

83.33

011
360

2133

26

p-nitrophenyl acetate (NPA) ot

Blum . 19%9

Christakopoulos
, 1999

Mukhopadhyay
, 2003

Koseki , 2005
Degrassi ,
1998

Basaran  Han,
2000

McDermid ,
1990
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274

(P2 1
Aspergillus niger (Kormelink , 1993)
Schizophyllum commune () (Fet
01 (Vh2y (224 1
10 (Ca2y (Co24 (Halgasova , 1994)
Bacillus pumilus 10 FeX,
Cut, Znx M, Co,Caz Ag2 (Degrassi , 1998)
Candida guilliermondii NRRL Y-17257 10 Cu
Ag | 10
100 " " EDTA(Basaran  Flang, 2000)

phenylmethylsulfonyl fluoride
Trichoderma reesei (Margolles-Clark , 199%)

Streptomyces .. 2539 Streptomyces
sp. PC2 '

45 9.0

( gchaithum  Pinphanichakarn, 1996)
2

60 50-9.0
(Wateewuthajarn -~ Pinphanichakarn, 2000,  Raungtaep , 2002)

' 54 - )
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031

6.5 60
40-9.0

Streptomyces sp.
PC22 1
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