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1 1.7
. 1.7.1 1 ml
L1 HIAEA 40 60 80 100 120 140
ml CMC-Na 24 h
12 1.7.2 0.5% 1.0% 1.5%
90 ml
10 - 2.0% 2.5%/v) 100 ml CMC-Na
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180 r/min 5~7d
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107~ 107 ( : )
1.3
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1.7.4 (
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CMC-Na
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CMC-1 ~ CMC-5 CMC-1 ~ CMC-5 1 ml 20 25 30 37 42 C
(1x10° CFU) 100 ml
30°C 180 r/min 1d 35-
(DNS) [18] 1.7.6 pH 1%
100 ml CMC-Na pH
1.4 ks 37 C 180 r/min 24h pH 3.0 4.0
[19] 16S TRNA 50 6.0 7.0 8.0 9.0 10.0
pH
NCBI 1.8
Bergeys Manual of Determinative Baeteriology 1.8.1 pH pH 3.0 40 5.0
60 64 68 7.0 74 80 9.0 100
15 2% (CMC)
[21] 24 h 4 ‘C 5000 r/min
(1x10° CFU/ml)5 ml pH
0.1 mol/L  0.05 mol/L NaNO,

5 10 15 min 2 ml 0.7 mol/L 182 pH pH
Na,HPO, 30 40 50 60 64 68 70 74 80 9.0
107 10° 10* 200 ul 10.0 2 4C24h

CMC-Na 30 C 3d pH
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2% CMC-Na 20
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1.8.5 1 mmol/L pH 7.0 CMC-4-3
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22]
CMC-4 pH 4.0~7.0 pH 6.0
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2.3.1 pH CMC-4
( 1A) 37~40C 30~70 C
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Fig. 1 The effects of the temperature (A), initial pH (B), carbon sources (C), nitrogen sources (D), inoculation quantity (E), medium volume (F)
on the production of cellulase in CMC-4 and CMC-4-3
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Fig. 2 The effects of pH on activity (A) and stability (B) of cellulase produced by CMC-4 and CMC-4-3
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Fig. 3 The effects of temperature on activity (A) and stablity (B) of cellulase produced by CMC-4 and CMC-4-3

http://soils.issas.ac.cn



5 CMC-4 923
243 1 37 C
CMC4 CMC+4-3
Fe’* Mg* Co*" K' pH CMC-4
Fe* K’ CMC-4 CMC+4-3 7.0 CMC-4-3 6.0
pH
Cu” Ca” CMC-4 CMC-4-3
50%
[25]
*1 AREEBFHEEENNEMN
Table 1 The effect of different mege sstal ions on activity of
cellulase produced by CMC-4 and CMC-4-3
(%)
CMC-4 CMC-4-3
CK 100 100
Zn** 80.6 98.6 [26]
Fe™ 116.4 102.3 4565 C (27.28]
Fe** 62.4 76.6
Mn?* 79.8 72.7 pH
o 834 99 3 50°C 20~80 C 60%
Cu** 43.0 47.8
Ca*' 47.8 51.4
Ba?' 82.4 85.6 pH
Ni** 65.0 65.6
Mg 105.8 108.5 pH 4.0~55%1 pH
Co™ 112.0 111.9 6.0 pH6.0~7.4 60%
K 105.0 121.9
3 Kaur % Melanocarpus sp.
pH7~11
3] [31] CMC-4
CMC-4-3
pH
[17,24]
pH
[22]
GXN151
Fe2* Mg2+ Co**
K
Cu2+ Ca2+ Cu2+
pH [32-34] Ca2+
[35-36] [37] Ca2+
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Isolation, Identification, Mutagenesis of Cellulose-degrading
Bacterium CMC-4 and Its Enzymatic Properties

WANG Xia', HUA Lin’, ZHANG Hailong®, ZHU Anning’, CAO Hui*"

(1 Nanjing Intitute of Environmental Sciences, MEP, Nanjing ~ 210042, China; 2 College of Economics and Management,
Nanjing Agricultural University, Nanjing 210095, China; 3 Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China)

Abstract: A strain with highly efficient to degrade cellulose was screened from straw returning soil, termed CMC-4. This
strain was identified as Bacillus licheniformis by 16S rRNA gene sequencing, physiological and biochemical properties. Using
sodium nitrite as mutagene, a mutant strain CMC-4-3 with stable high-cellulase producing was obtained. The enzymatic prope-
rties and enzyme producing conditions of CMC-4 and CMC-4-3 were analyzed. The results showed that cellulase activity of
CMC-4-3 was two times as that of CMC-4. And the optimal conditions for enzyme producing of CMC-4-3 were as follows:
medium Volume 60 ml/250 ml, inoculation size 2.0%, source of carbon glucose, nitrogen source peptone, the optimum
temperature 37 “C, optimum pH 6.0. The optimal pH and temperature of reaction for the cellulase were 6.0 and 50 C, and the
enzyme activity was stable at the ranges of pH from 4.0 to 7.0 and temperature from 20 C to 80 C. Fe*', Mg®*, Co?" and K*
could activate this cellulase, while other metal ions had some inhibiting effects on enzyme activity. Among inhibitory ions, the
inhibition levels of Cu?* and Ca®*" were strongest, with a 50% decrease in enzyme activity, thus proved to be the
strongest inhibitors for this cellulase. Compared with wild strain CMC-4, the enzymatic properties and enzyme producing condi-
tions for the mutant strain CMC4-3 changed partly, and showed more wide range of environment adaption. Thus a strain of
Bacillus licheniformis with stable high-cellulase producing and wide adaption range was obtained. Moreover, the phenotypes of
CMC-4 and CMC-4-3 could be the clue for studying genotype changes and the underlying molecular mechanism of
mutation breeding.

Key words: Bacillus licheniformis; Cellulase; Mutagenesis; Enzymatic properties; Enzyme producing conditions
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