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Separation and Purification of Cellulase Using Affinity Membrane

SHI Xiang-zhu GUO Chun-teng ZHOU Jian-wu WANG Zhong-lai RAO Ping-fan
Institute of Biotechnology Fuzhou University Fuzhou 350002 China

Abstract The importance of cellulase as a means for the efficient utilization of abundant cellulose re-
sources in the world has been well recognized. Many researchers devote themselves to studying the
mechanism of the action of cellulase to cellulose so that such expensive enzyme can be used much more
widely. The first step is to obtain cellulase of high purity. So purification of cellulase is the key point
in this field. However the major problem in isolation is that cellulase is a complicated enzyme system
and needs too many steps for separation and that every cellulase needs special purification processing
which cannot be used for the others. A novel method for the separation of the cellulase from crude
extraction of Aspergillus niger with normal qualitative filter paper processed by 5 mol L sodium hy-
droxide without precipitation and desalting steps was developed. Further purification of the cellulase
was achieved by using an anion-exchange column of POROS 20HQ. The cellulase purified was identi-
fied as a new endoglucanase that had relatively high endurance to pH and temperature. Its relative
molecular mass was estimated to be 60 000 by sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis. This enzyme exhibited very high activity towards carboxymethyl cellulose CMC with specific ac-
tivity of 350 U mg ! and the recovery of activity of 9.7% . Its optimum pH and temperature were
4.0 and 70 C respectively. This is a simple rapid and efficient method for purifying cellulase with
high activity.
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pH 5.0 10g L
“ ” 0.5 mL 0.5 mL
50 C 30 min  DNS
: ” POROS 20HQ 0.05 mol L pHS5.0
10g L
0.5 mL 0.5 mL
30 C 20 h DNS
1 1.2.4
1.1 Folin- t
1.2.5
100 mm SDS-PAGE
100 mm POROS 20HQ Laemmli '?
1.5emi.d. X 6.8 ecm 125¢g L 44 g L 120 v
BioCAD700E PE - 1gL
Lambda Bio 10 PE 1.2.6 pH
pH 0.1 mol L pH 2.5
1.2 ~8.0 - pH
1.2.1 5.0 0.1 mol L
10 g 100 mL 20 T~100 C CMC-Na DNS
0.02 mol L pH 4.0 4TC 12 h
4°C 1x10* r min 10 min 5
1.2.2 2.1
5.0 mol L
30 min 1 35 min
0.02 mol L pH 4.0
0.02 mol L 10
pH 4.0 0.5 mol L 1.56 mg
1.0 mL min 07
2000 mL 0.02 mol L pH 4.5
3h—4h 0.02 mol L pH H
4.5 POROS 20HQ 2
0~0.4 mol L
80 min 1.0 mLL min
1.2.3
CMC 0.5 mL
1.5mL5g L 1
CMC-Na 0.1 mol L pH 5.0 Fig.1 Saturated adsorption and e]uti(.)n curve
of cellulase by membrane separation
50 C 30 min 2.5mL 3 5- Detection wavelength 280 nm.
DNS 100 C 3 min 1. The peak eluted by equilibration buffer
containing 0.5 mol L NaCl.
5.0 mL 530 nm
2.2 POROS 20HQ
30 min 1 POROS 20HQ
mg 2 2

- 0.05 mol L



20

310 -
7
2
3 13 ”
POROS 20HQ MmNy
CMC SDS-PAGE 3 \
II|
60 000 1
1
| Table 1 Purification of an endoglucanase from Aspergillus niger
Total Total Specific o
; . . L. L. Purification
= Fraction protemn activity activity fold
-E | mg U U mg71 ©
3 ! Crude extract 414.00  1950.00  4.71 1.00
Filter paper eluate 5.7 256.5 45.0 9.55
POROS 20HQ cluate  0.54 189.1 350.2 74.35
. Al 2.3
Bl Rl i 126
Tmin
2 POROS 20HQ HQV
Fig.2 Purification of cellulase by POROS 20HQ
Detection wavelength 280 nm. B' 17
Peak P is breakthrough curve. Peak H is the peak eluted by 1.0
mol L NaCl. Peaks [l [V V have CMC-cellulose degrading activi- 8-
ty of which the peak V is of SDS-PAGE purity. 2.4 pH
pH  4-a
4-b pH 4.0
70 C 100 C 30 min
1.1 [ .
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va i —_—— |
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il Ll—-— . I i L \
3 1 i i q F]
3 POROS 20HQ SDS-PAGE pH
Fig.3 SDS-PAGE for crude cellulase solution -
eluant of membrane and POROS 20HQ
Lanes P 1 [l V are corresponding to peaks P 1 Il V in R
Fig.2 Lanes M C and S are corresponding to the eluant from filter {8

paper crude sample and molecular mass marker respectively. Sample

sizeof V is 0.1 pg.
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Fig.4 Influences of pH a and temperature b on
the activity of purified cellulase
Detection wavelength 530 nm.



311 -

2.5 2
22
3
2
Table 2 Comparison of column and membrane chromatographic processes
Processes of column chromatography Process of
Gerrit '® Karin Rouland % HONG Jiong %! this study
1. filter paper adsorp-
1. Precipitation 1. precipitation 1. precipitation 1. precipitation bap b

2. hydroxyapatite  ad-

2. Bio-Gel filtration 2. FPLC!

sorption  chromato- 2. gel filtration
graphy

tion isolation
2. POROS 20HQ an-
ion exchange chro-

matography

3.DEAE-Sepharose an- 3. DEAE-Sephadex A-50

3.DEAE? -Bio-Gel anion exchange

3. hydrophobic chromatography
chromatography

ion exchange chro-
matography

anion exchange chro-

matography

4. Hydroxyapatite —ad-

4.SE? -Sephadex cation exchange 4.Mono Q anion exchange chro-

chromatography matography

wn

. Affinity-column chromatography 5. Superose 12 filtration

graphy

sorption  chromato-

1 FPLC fast protein liquid chromatography 2 DEAE diethylaminoethyl 3 SE sulfoethyl.

3

Table 3 Comparison of different processes for the separation and purification of cellulase from the same Aspergillus niger

22

Process of column chromatography

Process of this study

. total percent recovery . total percent recovery
fraction . L. fraction . L.
protein mg of activity % protein mg  of activity %

Crude extract 1656.00 100.00 crude extract 414.00 100.00
1. Precipitation using NH; ,SOy 765.00 82.56 1. filter paper eluate 5.70 13.15
2. Sephadex G-25 filtration 682.00 75.83 2 POROS 20HQ anion exchange -, 5, 9.70

chromatographic eluate

1l . .
3.CM' cation exchange chromatographic 144. 60 20,41

cluate Peak [|

A2 . o

4. DEAE ‘ anion  exchange  chro 5 386 1167

matographic eluate Peak [[

b’ 3 -
5. POROS 2QHQ anion exchange chro 1.7 5 25

matographic eluate
6. TSK® filtration eluate 1.04 4.68

1 CM carboxymethyl 2 DEAE diethylaminoethyl 3 TSK G3000SWXL.
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