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一株产甘露糖赤藓糖醇脂菌株的筛选及其产物分析 
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摘  要：【目的】解决石油长链烃类物质引起的环境污染问题，筛选可以高效降解石油烃的产糖

脂类生物表面活性剂菌株。【方法】采用血平板、油平板法，从葡萄皮表面分离到 6 株产糖脂类

的真菌，比较各菌株的排油性能，通过 PCR 扩增合成糖脂类表面活性剂的关键基因，筛选到

一株具有 emtl 序列的真菌 K6。经形态学、生理生化测定和分子系统发育分析(5.8S，ITS1，ITS2)

对菌株进行鉴定，而且通过 TLC 和 HPLC 分析该菌株的代谢产物。【结果】经鉴定，该菌为

Pseudozyma churashimaensis，可产甘露糖赤藓糖醇脂。石油烃降解实验表明，菌株 K6 具有很强

的乳化性能和降解石油烃的能力，其石油烃降解率可达 70.17%。【结论】菌株 K6 具有产生物表

面活性剂和降解长链石油烃类的能力，其对石油污染环境的生物修复具有重要的现实意义。 

关键词：Pseudozyma churashimaensis，糖脂，表面活性剂，甘露糖赤藓糖醇脂 

Screening and product characterization of a 

mannosylerythritol lipids producing strain 
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Abstract: [Objective] In order to solve the environmental pollution problem caused by long chain 

petroleum hydrocarbons, we selected biosurfactant-producing strain that can degrade oil efficiently. 

[Methods] Six glycolipid-producing strains were isolated from grape skins by using oil-plate and 

blood-plate method. Oil-spreading test was conducted to test emulsifying ability of the strains. Strain 
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K6 was selected out by detecting emtl gene sequence related to mannosylerythritol lipids synthesis. 

Morphological, physiological and molecular phylogenic studies were conducted to identify strain K6. 

The metabolites of strain K6 were characterized by TLC and HPLC. [Results] Strain K6 that produced 

mannosylerythritol lipids was identified as Pseudozyma churashimaensis. Moreover, its degradation 

rate of petroleum hydrocarbons could reach 70.17%. [Conclusion] Strain K6 has the ability to produce 

glycolipid biosurfactant and degrade petroleum hydrocarbons, which shows a practical significance on 

restoring the petroleum-contaminated environment. 

Keywords: Pseudozyma churashimaensis, Glycolipid, Surfactant, Mannosylerythritol lipids 

(

) [1-2]

[3] (Mannosylerythritol 

lipids MELs) [4] [5]

MELs

MELs

[6-11]  

MELs

MELs

MELs

(1) MELs

[9]

6

(2) MELs emtl (

MELs

)

TLC HPLC

(3) 

 

1  材料与方法 

1.1  样品 

8 3  

1.2  培养基 

YM (g/L) 10.0 5.0

3.0 3.0 20.0

0.05 1 L pH 7.2  

[12]

[13] [14]

(g/L) 3.0 6.0 2.0

10.0 5.0 3.0

1 L pH 7.2  

1×105 Pa 20 min  

1.3  主要试剂和仪器 

PCR DNA

 

WZY-1

C1000 Thermal Cycler PCR Bio-Rad

SF-TDL-5A  

1.4  实验方法 

1.4.1  菌株筛选： YM

25 °C 48 h

[15]

YM

25 °C 2 d 2 mL

25 °C 200 r/min 3 d

25 °C 200 r/min

5 d  

1.4.2  表面张力测定： 5 d

mailto:tongbao@im.ac.cn
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4 000 r/min 10 min WZY-1

25 °C

3  

1.4.3  emtl 基因的 PCR 扩增及测序：

DNA

DNA DNA PCR

5′-ATGAAGTTTACGGAATTTA-3′ 5′-TTTTATA 

AGTTATTAATACG-3′ PCR PCR

(25 μL) DNA (50 mg/L) 1 μL

(10 mmol/L) 0.5 μL 2×Taq PCR MasterMix 

12.5 μL 25 μL 94 °C 

5 min 94 °C 1 min 52 °C 30 s 72 °C 1 min

30 Sanprep PCR (

)

 

1.4.4  ITS1、ITS2、5.8S 基因序列测定和分子系统

发育分析： DNA

DNA DNA

[16]ITS1 (5′-TCCGTAGGTGAACCT 

GCGG-3′) ITS4 (5′-TCCTCCGCTTATTGATATG 

C-3′) ITS1 5.8S rRNA

ITS2

BLAST GenBank

MEGA 5.05

 

1.4.5  糖脂的定性分析：

10 000 r/min 20 min

(TLC)[17]

- -NH4OH (65:15:2

) - 90 °C

5 min [15]  

Rf (Rf=

/ ) P. antarctica 

T-34 MEL-A MEL-B MEL-C

 

1.4.6  纯化糖脂：

(HG/T 

2354-92 200 )

/ (10:0−0:10 )

[18]  

1.4.7  高效液相色谱定量糖脂：

- Inertsil C18

(5 μm×4.6 mm×250 mm) (ELSD-LT

Shimadzu) (

100:0−0:100 ) 1 mL/min

[19] P. antarctica T-34 MEL [20]

 

1.4.8  糖脂结构分析： GL-1 GL-2

30 °C CD3OD 1H (NMR)

Varian INOVA 400 (400 MHz)

MEL-A  

1.4.9  石油降解率的测定： K6

500 mL 30 °C 200 r/min 48 h

K6 4 g/L[21]

5% 30 °C 200 r/min 2 d

[22]  

2  结果与分析 

2.1  产糖脂类生物表面活性剂的菌株筛选 

3 K4

K5 K6 K7 K8 K9 6

6

K6

5 d ( 1)

1 K6 K9

K6 K9  

2.2  emtl 基因扩增 

K6 K9 DNA

PCR MEL P. antarctica 

T-34

K6 371 bp

( 1) P. antarctica 

mailto:tongbao@im.ac.cn
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表 1  6 株菌发酵液的表面张力 

Table 1  Surface tension of fermentation broth 

Strains Surface tension (mN/m) 

CK 63.23 

K4 37.19 

K5 34.44 

K6 28.67 

K7 33.58 

K8 35.04 

K9 29.81 

 

 
 

图 1  菌株 K6 的 emtl 基因 PCR 扩增结果 

Figure 1  The PCR amplification result of emtl in strain 

K6 

Note: 1: P. antarctica T-34; 2: K6; 3: Distilled water. 
 

T-34 emtl PCR

NCBI emtl 99%

K6 emtl K6

 

2.3  菌株 K6 的鉴定 

K6

 

K6 ITS1 ITS2 5.8S rRNA

NCBI ( KR233973)

BioEdit 7.0

2 Pseudozyma 

churashimaensis 99%

K6 Pseudozyma 

churashimaensis  

2.4  糖脂定性分析 

K6

25 °C 5 d

TLC

3

GL-1 (Rf=0.66) GL-2 (Rf=0.61)

MEL-A (Rf=0.67) MEL-B (Rf=0.59)

MELs  

2.5  糖脂的定量分析 

HPLC

4 4A

MEL-A 8.27 min

4B GL-1 GL-2 8.39 min

GL-1

GL-2 MEL-A HPCL

MEL-A (GL1+GL2)

K6 MELs 3.6±0.2 g/L  

2.6  糖脂结构分析 

(GL-1 GL-2)

(NMR) GL-1

GL-2 1H P. antarctica 

T-34 MEL-A ( 5) GL-1

GL-2 H-1′

4.73 H-2′ 5.52 H-3′ 5.07

H-4′ 5.26 H-5′ 3.70 H-6′

4.22 H-1-3 3.68−3.80

H-4 3.84 4.01 2.10 (d)

2.05 (e) C6′ C4′
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图 2  菌株 K6 系统进化树 

Figure 2  The phylogenetic tree of strain K6 

GenBank 0.005 . 

Note: The GenBank accession numbers of aligned sequences were shown in the brackets. The bootstrap values are shown at the node. Bar 

0.005 means the nucleotide substitution rate of 0.005. 

 

 
 

图 3  TLC 结果 

Figure 3  The results of TLC 

1 2 3 4 5

6 . 

Note: 1: Mannose; 2: Fructose; 3: Galactose; 4: Sucrose; 5: 

Glucose; 6: Standard sample. 

 

GL-1 GL-2

GL-1 GL-2 2.18 (c) GL-1

2.44 (a) 2.24 (b) GL-2

2.24 (b)

 

2.7  菌株 K6 对石油的降解率测定及降解过程中

表面张力的变化 

H5

6  

6 K6

H5 K6

[23]  

3  讨论 

PCR

(MELs)  

mailto:tongbao@im.ac.cn
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图 4  MEL-A 标样和菌株 K6 发酵液高效液相色谱图 

Figure 4  HPLC spectra of standard MEL-A and fermentation broth of strain K6 

 

TLC HPLC

MEL-A

3.6±0.2 g/L

70.17% [24]

2.27 g/L

54.7% [25]

2.25 g/L 63.78%

K6

 

[26] MELs

Konishi [27] MELs

Faria [28] MELs

MELs

K6  
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图 5  GL-1 和 GL-2 的 1H 核磁共振谱 

Figure 5  1H NMR spectra of GL-1 and GL-2 

 

Note: A: GL-1; B: GL-2. 

 

 

 
 

 

图 6  菌株 K6 和 H5 降解石油烃的能力 

Figure 6  The ability of strain K6 and H5 on degrading 

petroleum hydrocarbon 

. 

Note: The dotted lines stand for degrading rate; The solid lines 

stand for surface tension. 

 

K6 MELs

C/N pH

MELs [29]
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