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Recycling of Waste Paper with Alkaline Cellulolytic Enzyme (II)

— Purification of alkaline cellulolytic enzymes and characteristics of
reaction with fiber —

Suk-Hyun Kang, Jung-Myoung Lee, Soung-Bae Park and Tae-jin Eom'
(Received on February 8, 2003: Accepted on January 19, 2004)

ABSTRACT

Alkaline cellulolytic enzymes from cultured medium of Coprinus cinereus 2249 were puri-
fied with gel and ion-exchange chromatography and characteristics of those enzyme pro-
teins were investigated. A fiber length distribution and a crystallinity of cellulose and
sugar composition of enzyme treated Mixed Office Wastepaper(MOW) and Unbleached
Kraft Pulp(UKP) were analysed.
The conclusion could summarized as follows;
(D Alkaline and acidic, endo- and exo-glucanases were purified from cultured medium
of Coprinus cinereus 2249.
@ The approximate molecular weight of alkaline endo-glucanase was 42 kDa, and also
that of alkaline exo-glucanase was 50 kDa.
@ A fiber length distribution and a crystallization of cellulose and sugar composition
of enzyme treated MOW and UKP were not so much changed with original paper
and pulp.
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2.1.1 Gel o{Ttol| 2I8k HA|

2w o8 vhejE 2a4S 50 mMe] KHP
04-NaOH(pH 75) &%-8do] &38)4]7]31 Sepha
dex G-25(glass column, 2 cm x 80 cm)7} %1€
column®] F£Y3 * 7Y 95-84E 0.6 mL/min.
o] oz G2 AlA 3 mLA B3 3ot A
X+ UV Spectrophotometer (UNIKON 930,
Japan)2 280 nmollA e TFof <& A&t
ok 7+ Bajo] aage Ar'e Zo) 245k
t}. Z pH 509 pH 909 ¢45-8de §3lE CMC
2 pH 5.09F 9.09141 9} Filter paper258 YA
S-S DNSH e 2 A% sl E3F Sephadex
G-258 o83l dojz E&S Amicon ultra-
filter (YM10, US.A)S& 553 3 Bio-Gel P-6
DG (2 em x 80 cm, glass column)ol F¢3}ed
zo ozgdloz 06 mL/mim.& 502 &%
Al#A 35 mLA EH3 B8-S AAsHeith
212 O|l2uEtX[of 2t FA|

Bio-Gel P-6 DGE °]§sto] e A5
=23} © DEAE-Sepharose CL-6B(3 cm x 40 cm,
Pharmacia Biotech column)Z ©]-&3te] 5 ¢
FHN0=Z 06 mL/min.8] 422 05 M NaCl
9] 5ie 71&7 el o8l 85 AlA 9 mLA E3skict

213 M7|Es

A" faE SDS-PAGE(Pharmacia Biotech.
Hoefer. SE250) 7] @51l 2J3l A719F 3+
t}. 10% SDS, 10% Ammonium persulfate,
TEMED, 0.02% Blue, 20%
Glycerol, 0.2 M DTT, acrylamide, bisacrylamide,
n-butanol &F &AWL  ARIGLH LMW
Calibration kitE o183t 2G4y oJs HAs}
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222 A™slE 2

LUKPE sephadex G-258 &3lo] AAE a4
£ AHgsto] AR & X-4 3EEHN7]
(Enraf Nonius, rotating anode X-ray generator,
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Fig. 1. Purification of crude enzyme on Sephadex
-G25.
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Table 1. Enzyme activity of Fraction-A and B

Absorbance at 550 nm
CMCase FPase

pH pH pH pH pH pH
50 70 90 50 70 90

Fraction A [0.117 0.137 0.138 0.207 0.187 0.157
0.003 0.005 0.012 0.021 0.006 0.015

Fraction B

0.7 0.35

Protein
o CMCa u(pH 5)

0.6 —e— CMCa se(pH 9) F1 0.30

+ Fpu (PH 5
¢ e(pH D) 0.25

0.20

0.15

Absorbance at 280n
Absorbance at 550«

0.10
0.05

1 4 7 10 13 16 19
Fraction No.(each 3.5m1l)

Fig. 2. Purification Fraction A on Bio-Gelp6DG.
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Fig. 3. Ion-exchange chromatography of F1 on DE
AE-Sepharose CL-6B.
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50002t oFst E48A4S Hr)

3.3 DEAE-Sepharose CL-6B columnOi] 2|&t
A

Fig. 32 Fig. 29 fraction 10, 11, 12&(F1)
Amicon filter2 34| %=3}o] DEAE-Sepharose
CL-6B gel= thA] o3t 285 AAtE vebd 1
Holct.

7 Fraction® w5z ol CMCase %
FPase®] €42 &Ast4

Sl AT = Fraction 133 22, 46WE F
Aoz sto) A he WA E ey A AWy
9 H(Fraction 12, 13, 4= <LZg] g9
CMCase? 8/4% Yehli 2 & WA (Fraction 21,
22, 23, 24)= A @ 9ol A el CMCased 4=
vehdich 4AH) CMCase(pH 5.0)9F a4

=
o
=4

——Protein

—0-—Fpase (pH 9)
0.10 —4—Fpase (pH §)
{ 0.005

0.05 |

Absorbance at 280nm
Absorbance at S50nm
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Fraction No.(each 9ml)

Fig. 4. Ion-exchange chromatography of DEAE-Sep
harose CL-6B.

CMCase(pH 9.0)¢] @iz o] g43] Eaj=¢ o
ol ATt It dollA] Argsle aathdo] ¢
A3] o AYE FHSe Aoloh & Fraction 4691
£ 2422 3 peak+ pH 5091419 FPase 842
vehfolem pH 900l419] FPase L Holz| ¢
gttt

I Fig. 4= Fig. 2% Fraction 14, 15, 16 (F2)&
Amicon filter2 38 #5238} DEAE- Sepharose
CL-6B gel® 883t & Zt Fraction®] T3 &
o} EATAHE ZHste AaE vhepd Fojoh

Fig. 29| F2& pH 9.09141¢] FPase®] &4l &
A vepd Egoltk Fig. 29 F2& DEAE-
Sepharose CL-6B gelZ o2 w3 AAs A3}
Fraction 42H& 42 &2 &lo] gt /o] )3 & o]
S pH 9.09 FPased ¥ &4& Yeulidlch
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cinereus 22497} 8|2 ¥ CMC (Carboxymethyl

Table 2. Purification and specific activity of alkaline CMCase protein

Step Total protein Total activity(IU) Specific Activity
(mg) CMCase pH 9.0 (IU/mg)

Crude extract 4592 128 0.03

Acetone precipitation 3474 310 0.09

Sephadex G-25(Fraction-A) 1650 1234 0.74
Sephadex G-25(Fraction-B) 540 - -
Bio-Gel P6-DG 80 727 11
DEAE-Sepharose CL-6B 5 79.4 6.3
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Fig. 5. SDS-PAGE of F2 and F3.
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Fig. 6. Profile of fiber length with different en-
zyme loading.
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Fig. 7. X-ray diffractography of enzyme treated

UKP.
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Table 3. The changes of sugar composition with

UKP(relative content)
Sample Yield Ara. Xyl. Man. Gal. Glu.
Reference 920 - 123 11 - &66
Loading(04 TU 912 - 123 12 - 865
activity |20 IU 84 - 124 14 - 86.2
4, BE

cly
glucanases 27 EH|gict

@ AAE A4 endo-glucanase= 42 kDa,
exo-glucanasex= 50 kDa =9 EAFE 7=
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