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Appendix A

Using of lignin-degrading enzymes in biopulping process
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Appendix Table A1 Some chemical properties of the enzyme-treated pulp of paper

mulberry from the process of soaking the bark in the lignin-

degrading enzymes from KU-Alk4 for 12, 24, 36 and 48 h

compared with that soaked in water.

Extractives (%) ligninSamples

Extract with

Benzene:

ethanol

water Klason

lignin (%)

Acid

soluble

lignin (%)

Holocellulose

(%)

1. control 5.52 10.13 7.04 2.13 71.00

2. 12 h 5.73 8.84 8.83 1.78 78.23

3. 24 h 7.18 9.45 8.43 1.91 78.44

4. 36 h 6.33 10.78 7.17 1.87 78.83

5. 48 h 6.96 11.60 6.51 1.52 78.05
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Appendix Figure A1 Electron microscopic picture of paper mulberry bark pulped

with the lignin-degrading enzymes of KU-Alk4 for 48 h. (A)

bark in water (B) bark with 7% NaOH (C) Bark with lignin-

degrading enzymes of KU-Alk4.

(A) (B)

(C)



239

Appendix B

Culture media
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Kirk’s medium

Glucose 10.0 g/L

Ammonium tartrate 0.2 g/L

Sodium acetate 1.6 g/L

Kirk’s trace element stock solution 60.0 mL/L

Kirk’s salts stock solution 100.0 mL/L

Tween 80 1.0 g/L

Kirk’s trace element stock solution

Nitrilo triacetate 9.0 g/L

MgSO4·7H2O 3.0 g/L

MnSO4 2.7 g/L

NaCl 6.0 g/L

FeSO4·7H2O 0.6 g/L

CoSO4·7H2O 1.1 g/L

CaCl2·2H2O 0.6 g/L

ZnSO4·7H2O 1.1 g/L

CuSO4·5H2O 60.0 mg/L

AlK(SO4)2·12H2O 110.0 mg/L

H3BO3 60.0 mg/L

Na2MoO4·2H2O 70.0 mg/L

Kirk’s salts stock solution

KH2PO4 20.0 g/L

MgSO4·7H2O 5.0 g/L

CaCl2·2H2O 1.3 g/L

Kirk’s trace element stock solution 16.7 ml/L

Thiamine-HCl 10.0 mg/L



241

Wood meal medium

Beech wood meal 20 g/L

Guaiacol 0.2 mL/L

Benomyl 0.01 g/L

Agar 16 g/L
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Appendix C

Reagents
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Lowry-Folin protein assay reagents;

Solution A : 1% (w/v) CuSO4.5H2O

Solution B : 2% (w/v) Sodium potassium tartrate

Solution C : 0.2 M Sodium hydroxide

Solution D : 4% (w/v) Sodium carbonate

Solution E : Mixed 49 mL of Solution C with 49 mL of Solution D.

Added 1 mL of Solution A and 1 mL of Solution B. (Freshly

prepare before use)

Solution F : Diluted 1:1 (v/v) Folin-Ciocalteau reagent (Merck®) with

distilled water



244

y = 0.0019x - 0.013

R2 = 0.998

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 100 200 300 400 500 600

Protein (µg/mL)

A
b

so
rb

a
n

ce
(7

5
0

n
m

)

Appendix Figure C1 Standard curve of protein (bovine serum albumin) assay by

Lowry-Folin method.
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Composition of reagents of SDS-PAGE were as follows:

1. Acrylamide-bis Stock, 100 mL: 30% acrylamide

0.8% N,N’-methylene bis acrylamide

2. 2x SDS-Running Buffer, 100 mL: 0.75 M Tris-HCl, pH 8.8

0.2% SDS

3. 2x SDS-Stacking Buffer, 100 mL: 0.25 M Tris-HCl, pH 6.8

0.2% SDS

4. 5x SDS-Electrode Buffer, 100 mL: 0.125 M Tris-HCl, pH 8.3

0.96 M glycine

0.5% SDS

5. TEMED full strength

6. 2x SDS-SAB 0.125 M Tris-HCl, pH 6.8

4% SDS

20% glycerol

0.002% Bromphenol blue

10% mercaptoethanol

10% mercaptoethanol

(add just before use)
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Comassie brilliant blue staining for protein from PAGE

Compositions of Coomassie Brilliant Blue stain and destain solution were as

follows:

1. Stain: 450 mL water

500 mL methanol

75 mL acetic acid

5 g Coomassie Brilliant Blue

2. Destain I: 1.0 litre water

1.0 litre methanol

200 mL acetic acid

3. Destain II: 150 mL methanol

225 mL acetic acid

Bring to 1.0 litre with water
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Appendix Figure C2 Standard curve of molecular weight standard protein from

SDS-PAGE.
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Appendix Figure C3 Standard curve of molecular weight standard protein from

native-PAGE by Hedrick and Smith method.
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Reagent for analysis of ITS4 and 18S rDNA

TE buffer

Tris-HCl 10.8 g

EDTA-2Na 0.83 g

pH was adjusted to 8.0 with HCl

Add MilliQ water to 1,000 mL
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Appendix D

Published papers
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