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摘  要 【目的】筛选并鉴定一株产纤维素酶的菌株，初步探究该菌的产酶特性，为综合利用纤

维素筛选菌源。【方法】在常温条件下，采用滤纸培养基对菌种富集，采用 CMC-Na 初筛纤维素

降解菌，采用 LB 培养基分离纯化菌株，经形态学、生理生化特征试验、16S rRNA 基因序列测

定等分析筛选菌株的系统分类地位。单因素试验确定培养时间、培养温度、初始 pH 及 NaCl 浓

度对筛选菌株产酶活力的影响。【结果】从腐烂的玉米秸秆中分离出一株在常温下产纤维素酶细

菌 KZ-2，根据菌落形态特征、生理生化特征鉴定以及 16S rRNA 基因序列分析，初步鉴定 KZ-2

为肠杆菌(Enterobacter sp.)，为潜在新种。产酶条件实验显示：该菌使用产酶发酵培养基 120 h

产酶量达到最大值，在 25–35 °C、初始 pH 4.5–5.5、NaCl 浓度 1.0%–2.0%范围内为最佳产酶条件，

在最适条件下酶活可达 80.93 U/mL。该菌株所产纤维素酶最适反应 pH 为 7.0，最适反应温度为

50 °C。【结论】KZ-2 是一株具有降解纤维素能力的细菌，在常温下即可分泌纤维素酶，并且该

菌株为潜在新种，具有潜在的开发价值。 
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Abstract: [Objective] To obtain microorganism strains for comprehensive utilization of cellulose, an 

ambient temperature cellulase-producing strain was isolated and identified. The optimal culture 

conditions for enzyme production were determined. [Methods] Filter paper medium was used to enrich 

the microorganism cultures. CMC-Na medium was used to screen the cellulose-degrading strains 

initially under the condition of ambient temperature. A strain, KZ-2, was isolated and purified using LB 

medium, followed by identification utilizing morphological, physiological and biochemical properties, 

and 16S rRNA gene sequence profiles. Single factor test based on incubation time, culture temperate, 

initial pH and sodium chloride (NaCl) concentration was performed to optimize the conditions for 

cellulase production. [Results] Strain KZ-2, capable of producing extracellular cellulase under ambient 
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temperature, was isolated from decomposing maize straw. It was identified as a strain of Enterobacter 

sp. and potentially to be a novel species. The optimized enzyme production could be obtained when the 

strain was cultivated for 120 hours at 25-35 °C with initial pH 4.5-5.5, NaCl concentration of 

1.0%-2.0%. The maximum cellulase activity of 80.93 U/mL was achieved under the optimal 

conditions. Initial enzymatic property analyses of the cellulase produced demonstrated that the enzyme 

was most active at pH 7.0 with a temperature of 50 °C. [Conclusion] The cellulose-degrading strain 

KZ-2 is able to secrete cellulase under ambient temperature and is potentially a novel species. The 

strain is expected to be further studied and developed to explore its marketing values. 
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1  材料与方法 

1.1  材料 

1.1.1  样品采集：

15 d  

1.1.2  培养基： (g/L) NaNO3 2.5

KH2PO4 1.0 CaCl2 0.050 7 MgSO4 0.3 NaCl 0.1

FeCl3 0.01 10 1 L (g/L)

NaNO3 2 K2HPO4 1 KCl 0.5 MgSO4 0.5 FeSO4 

0.01 CMC-Na 10 10 1 L

(g/L) 1.5 1.0 NaCl 

1.0 1 L 7 cm     

1 cm×6 cm 1×105 Pa 20 min LB

(g/L) 5.0 10.0 NaCl 5.0

15.0 pH 7.0 1 L      

(g/L) CMC-Na 10.0 5.0 10.0

NaCl 10.0 pH 5.0 1 L  

1.2  方法 

1.2.1  菌种的富集： 2 g

20 mL 50 mL 30 °C

120 r/min 1 h 15 min

2 mL 200 mL

30 °C 120 r/min 60 h  

1.2.2  菌种的分离与纯化：

10−1−10−6

CMC-Na 30 °C

4 d

LB

30 °C 120 r/min 24 h

LB 30 °C 24 h

 

1.2.3  滤纸条崩解效果测定：

30 °C 120 r/min

7 d  
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1.2.4  酶活的测定：(1) 

DNS [9]  

(2) 1 mL

100 mL 250 mL

30 °C 120 r/min 5 d 50 mL

4 °C 4 000 r/min 20 min

 

(3) 0.5 mL

1.5 mL -

(0.05 mol/L pH 7.0) 1% CMC-Na

50 °C 50 min 2 mL DNS    

5 min 540 nm

1 min 1 μg

1 U/mL  

X=(B×n×1 000)/(0.5×t) 

B      

(g/L) n 0.5  

(4) (FPA)

(1 cm×6 cm) 20 mL

0.5 mL 1.5 mL -

50 °C 50 min 2 mL DNS

5 min

DNS  

1.2.5  菌株生长情况： 1 mL 9 mL

600 nm

OD600  

1.2.6  菌种的鉴定：(1) 

LB

30 °C 24 h 1 mL

pH 7.0 0.01 mol/L (PBS) 3

LB

30 °C 24 h

[10]

[11]

V-P

 

(2) KZ-2

PCR 27F

5′-AGAGTTTGATCCTGGCTCAC-3′ 1495R

5′-ACGGCTACCTTGTTACGACTT-3′ PCR

(50 μL) DNA 1 μL 27F (10 μmol/L)

1495R (10 μmol/L) 2 μL 2×PCR MasterMix  

25 μL  20 μL PCR 94 °C 5 min 94 °C 

1 min 55 °C 1 min 72 °C 2 min 30 72 °C 

10 min 4 °C

BLAST

GenBank  

1.2.7  产酶条件研究：(1) 

24 36 48 60 72 84 96 108

120 132 144﹑156 h

30 °C 120 r/min 10

KZ-2 OD600 DNS

 

(2) 

15

20 25 30 35 40 45 °C

120 r/min 5 d 10

OD600 DNS  

(3) pH

pH 3.5 4.0 4.5 5.0 5.5

6.0 6.5 7.0 7.5 pH

30 °C 120 r/min 5 d

10 OD600

DNS  

(4) NaCl

NaCl 0.5%

1.0% 1.5% 2.0% 2.5% 3.0% 3.5%

30 °C 120 r/min 5 d

DNS  

1.2.8  KZ-2 菌株酶学性质初步研究：(1) pH  

pH 3.0 4.0 5.0 6.0 7.0
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8.0 - 1% CMC

50 °C CMCA

FPA  

(2) 25

30 35 45 50 55 60 °C pH

50 min CMCA FPA

 

(3) 

pH 0.2 mL     

0.01 mol/L KCl﹑CuCl2 MgCl2 FeCl3 ZnCl2

CMCA FPA  

2  结果与分析 

2.1  菌株的筛选 

10−6 CMC-Na

4 d

LB

4

1 mL 100 mL 250 mL

30 °C 120 r/min 5 d

CMCA FPA 1

KZ-2

 

2.2  菌株的鉴定 

2.2.1  菌株的形态特征及生理化特征：LB

24 h 1

KZ-2 LB 24 h

2.5 mm

KZ-2

V-P

2  

2.2.2  菌株 KZ-2 的 16S rRNA 基因鉴定： KZ-2

DNA 16S rRNA

16S rRNA ( 910 bp) GenBank

BLAST 16S rRNA

KZ-2 Enterobacter 

aerogenes 95% MEGA 5.0

Neighbor-Joining 2

KZ-2

16S rRNA KZ-2

 

 

 
 

图 1  KZ-2 电子扫描电镜图 

Figure 1  Scanning electron microscopy of KZ-2 

 

表 1  产纤维素酶菌株筛选结果 

Table 1  Screening results of bacteria producing cellulose  

 

Number 

 

Colony diameter (mm) 

 

Paper disintegration 

CMCA  

Enzyme activity of CMCA (U/mL) 

FPA  

Enzyme activity of FPA (U/mL) 

KZ-1 2.1 ++ 43.52 32.40 

KZ-2 2.4 +++ 80.38 78.98 

KZ-3 2.3 ++ 47.24 44.31 

KZ-4 1.9 + 25.61 15.64 

+++ ++ + . 

Note: +++: Strong degradation; ++: Medium degradation; +: Weak degradation. 
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表 2  KZ-2 菌株部分生理生化特征 

Table 2  Partly biochemical and physiological characteristics of the strain KZ-2  

 

Item 

 

Result 

 

Item 

 

Result 

 

Indole test 
− 

 

Glucose fermentation 
+ 

V-P  

V-P test 
+ 

 

Gelation hydrolysis 
− 

 

Stab culture 
 

 

Spore stain 
− 

 

H2S production 
− 

 

Phenylalanine deaminase 
− 

 

Flagella stain 
+ 

 

Urease test 
− 

+ − . 

Note: +: Positive; −: Negative. 

 

 
 

图 2  菌株 KZ-2 的 16S rRNA 基因系统进化树 

Figure 2  Phylogenetic tree of strain KZ-2 and related species based on 16S rRNA gene sequences 

0.01 Bootstrap GenBank . 

Note: Bar=1% nucleotide divergence. Number at notes present bootstrap percentages (based on 1 000 sampling). Those in parentheses are the 

GenBank accession number. 

 

2.3  菌株 KZ-2 产酶条件研究 

2.3.1  培养时间对菌株生长和菌株产酶的影响：

3

48 h

72 h 144 h

120 h 

CMCA FPA

120 h   

 
 

图 3  培养时间对 KZ-2 生长和产纤维素酶的影响 

Figure 3  Effects of incubation time on growth and 

cellulase production for KZ-2 
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2.3.2  培养温度对菌株产酶的影响： 4

25−35 °C

25 °C 35 °C

 

2.3.3  初始 pH 对菌株产酶的影响： 5

pH 4.5 KZ-2

pH

4.5 pH 5.5

pH 4.5−5.5

CMCA pH

pH 6.5

pH 5.0−6.5 FPA pH

6.5 CMCA  
 

 
 

图 4  培养温度对 KZ-2 产纤维素酶的影响 

Figure 4  Effects of temperature on cellulase production 

for KZ-2 

 

 

 
 

图 5  初始 pH 对 KZ-2 产纤维素酶的影响 

Figure 5  Effect of initial pH on cellulase production for KZ-2 

2.3.4  初始 NaCl 浓度对菌株产酶的影响：

6 NaCl KZ-2

NaCl 1.0%−2.0%

 

2.4  菌株 KZ-2 纤维素酶学性质 

2.4.1  pH 对酶活力的影响： 7 KZ-2

pH 6.0−8.0

pH 7.0 KZ-2

pH  

2.4.2  温度对酶活力的影响： 8 KZ-2

30–45 °C      

45–55 °C 50 °C

55 °C  
 

 
 

图 6  初始 NaCl 浓度对 KZ-2 产纤维素酶的影响  

Figure 6  Effect of initial NaCl concentration on cellulase 

production for KZ-2 

 

 

 
 

图 7  pH 对酶活力的影响 

Figure 7  Effects of pH on relative activity of the cellulose 
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2.4.3  氯化盐对酶活力的影响： pH 7.0 50 °C

0.01 mol/L KCl CuCl2 MgCl2

FeCl3 ZnCl2  0.2 mL

9 KCl FeCl3

CuCl2 ZnCl2 MgCl2

 

3  讨论 

[12]

 

 

 
 

图 8  反应温度对酶活力的影响 

Figure 8  Effects of temperature on relative activity of the 

cellulase 

 

 

 

 

图 9  氯化盐对酶活力的影响 

Figure 9  Effect of chloride salts on activity of the cellulase 

(Enterobacter sp.) KZ-2 16S rRNA

[13-15]

KZ-2 (Enterobacter sp. KZ-2)

[16] Enterobacter sp.

 

[17]

pH

CMCA FPA 54.97 U/mL

23.10 U/mL [18]

CMCA 38.96 U/mL

pH NaCl

KZ-2 10

OD600

5 d CMCA

FPA 80.93 U/mL 80.03 U/mL  

KZ-2

pH 7.0 pH 6.0−8.0

50 °C

[19]

(Bacillus subtilis) KZ-2
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