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包装饮用水中铜绿假单胞菌快速检测试剂盒的研制与评价 
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摘  要：【背景】在包装饮用水企业生产活动中，铜绿假单胞菌是被重点监测的致病菌之一。随着分

子检测相关技术的不断发展，研制用于包装饮用水中铜绿假单胞菌简便、高效的快速检测产品至关

重要。【目的】评价基于环介导恒温扩增(loop-mediated isothermal amplification，LAMP)技术的铜绿

假单胞菌快速检测试剂盒在包装饮用水铜绿假单胞菌检测中的实效性。【方法】优化该 LAMP 反应

体系，反应试剂采用冻干工艺，确定试剂盒组成，并评价其特异性、灵敏度、重复性、保质期等性

能指标。【结果】铜绿假单胞菌标准菌株和分离菌株均检测为阳性，非铜绿假单胞菌标准菌株和分离

菌株均检测为阴性，未发现有交叉反应；试剂盒最低检验限为 18 CFU/mL；该试剂盒的特异性、灵

敏度及准确度与传统方法相比具有较高的一致性；批内、批间检测重复率均为 100%，可在 4 °C 保

存 12 个月以上，并且可在 42 °C 环境中储存 72 h 以上。【结论】该试剂盒性能好，检测结果稳定、

可靠，适用于包装饮用水中铜绿假单胞菌的快速检测。 

关键词：铜绿假单胞菌，环介导恒温扩增技术，快速检测试剂盒，性能评价 
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Abstract: [Background] Pseudomonas aeruginosa is a major pathogen that needed to be intensively 

monitored in the production activities by packaged drinking water enterprises. With continuous 
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development of the molecular detection technology, it is very important to develop simple and efficient 

detection products to detect P. aeruginosa in packaged drinking water. [Objective] To develop 

loop-mediated isothermal amplification (LAMP) based kit for rapid detecting P. aeruginosa and evaluate 

its detecting efficacy in packaged drinking water. [Methods] We optimized the LAMP reaction system and 

confirmed the components of the kit. The main reaction reagents were made into powder pattern by freeze 

drying technology. Then the specificity, sensitivity, repeatability, shelf life and other performance indexes 

of the kit were evaluated. [Results] All P. aeruginosa standard strains and isolated strains were detected 

positive, while all non-P. aeruginosa standard strains and isolated strains were detected negative, showing 

that the detection had no cross reaction. The minimum test limit of the kit was calculated to 18 CFU/mL, 

and detection specificity, accuracy and sensitivity of the kit were preeminent. The detection result was 

highly consistent with that obtained by conventional microbial detection method. The intra-batch and 

inter-batch testing repetition rates were all 100%. The kit could be preserved for more than 12 months at 

4 °C, and its efficacy was mostly maintained for more than 72 h at 42 °C. [Conclusion] The kit has good 

performance with stable and reliable test results which make it applicable for rapid detection of        

P. aeruginosa in packaged drinking water. 

Keywords: Pseudomonas aeruginosa, Loop-mediated isothermal amplification, Rapid detection kit, 

Performance evaluation 
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1  材料与方法 

1.1  菌株 

(Pseudomonas aeruginosa) ATCC9027

(P. aeruginosa) ATCC15442 (P. 

aeruginosa) ATCC27853 (P. 

aeruginosa) CMCC(B)10104 (Enterococcus 

faecali) ATCC29212 (Clostridium 

perfringens) ATCC13124

(Cronobacter sakazakii) ATCC29544

(Escherichia coli) ATCC25922

O157:H7 (E. coli O157:H7) NTCT12900

(Samonella enteritidis) CMCC(B)50335

(Listeria monocytogenes) 

CMCC(B)54007 (Enterobacter aerogenes) 

ATCC13048 (Shigella dysenteriae) 

CMCC(B)51105 (L. innocua) 

ATCC33090 (Bacillus subtilis) 

CMCC(B)63501 (Vibrio alginolyticus) 

ATCC33787 (Bacillus cereus) 

CMCC(B)63303 (Yersinia 

enterocolitica) CMCC(B)52204

(Staphylococcus aureus) ATCC6538

(Campylobacter jejuni) ATCC33291

(Staphylococcus epidermidis) CMCC(B)26069

(Candida albicans) ATCC10231

(Streptococcus pneumoniae) CMCC(B)31001

(Citrobacter freundii) ATCC43864

(Proteus mirabilis) CMCC(B)49005

(V. parahaemolyticus) ATCC17802 26

62 P. aeruginosa 45       

E. faecali 40 Salmonella 35 Y. enterocolitica

50 Bacillus 30 C. sakazakii 35 E. coli

35 V. parahaemolyticus 25 S. aureus    

40 C. jejuni 397

 

1.2  主要试剂和仪器 

5 (

20180510 20180613 20180711 20180816

20180914) ( 47 mm

0.45 μm) CN

B

DNA

DNA Marker LD DSTM 2000

99

61 ( 28 17

16 ) 38 ( 15

12 11 )  

MFS

PCR Biometra

Don Whitley Scientific

NanoPhotometer® N50

Implen  

1.3  方法 

1.3.1  LAMP 反应体系优化 

GbcA[16] NCBI GbcA

NCBI BLAST

Primer Explorer V5 

(http://primerexplorer.jp/e/index.html) 4

LAMP 1 2

3 4 F3/B3

FIP/BIP LF/LB 3

4

Primer 

Premier 6.0 PCR PF/PR

LAMP

dNTPs Bst DNA 

Polymerase
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1.3.2  试剂盒制备 

(1) Bst DNA

dNTPs

(2) 

DNA

(3) 

DNA

(4) 

MgSO4 Tris-HCl (NH4)2SO4

Triton X-100 KCl

(5) Tris-HCl (pH 

8.5) EDTA SDS

[17] (6) 

MnCl2

6 ( 24 Test/ )  

1.3.3  各种 DNA 样品制备 

(1) DNA 30 μL

99 °C 10 min 12 000 r/min

10 min DNA   

−40 °C (2) DNA

GB 8538-2016[14] 250 mL

100

36±1 °C

11±1 h 1 mL 6 000 r/min

5 min 30 μL

DNA [17] (3) 

DNA ATCC9027

100 mL 

36±1 °C 24±2 h 1 mL

DNA DNA  

1.3.4  特异性试验 

DNA

3

=( +

)/ ×100%  

1.3.5  灵敏度试验 

30 mL P. aeruginosa 

ATCC9027

( 101

102 103 104 105 106 107 108 )

8 100 μL

100 μL DNA

8 100 μL

PCR 6 000 r/min 5 min

1.3.3 DNA

DNA 2 μL DNA

3

GB 4789.2-2016[18] (CFU)=

100 μL

/15 ( 2 μL

30 μL 1/15)[17]  

1.3.6  与传统检测方法对比验证 

1.3.3 99

DNA DNA

3 GB 8538-2016[14]

(

B

)

=( +

)/

×100%  

1.3.7  重复性试验 

DNA

( 101 102 103 104

105 106 107 108 ) 8

2 μL

DNA
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12

( )

10

5

10

=

/ ×100%[17]  

1.3.8  保质期试验 

5 4 °C

1 3 6 9 12 1.3.7

DNA

20 =

/ ×100%[17]  

1.3.9  稳定性试验 

5

42 °C 24 48

72 96 h 1.3.7

DNA    

20 = /

×100%  

2  结果与分析 

2.1  LAMP 最优反应体系确立 

4

3 1

3 3 PCR

1 LAMP

0.20 mmol/L dNTPs   

0.5 mmol/L Bst DNA Polymerase 0.8 U/μL

1.75 mol/L 63 °C

50 min 1C 2

LAMP 10×Buffer 2.5 μL

(2 mmol/L) 2.5 μL (12.5 mol/L) 3.5 μL

Bst DNA Polymerase (8 U/μL) 0.5 μL dNTPs    

(10 mmol/L) 1.25 μL FIP/BIP (10 μmol/L) 3 μL  

 

 
图 1  四套引物组在不同氯化镁浓度的反应体系中的测

试电泳图 

Figure 1  Electrophoretogram of four sets of primer 

groups efficiency test in reaction systems with different 

concentrations of MgCl2 

1−8 0.04 0.08 0.12 0.16 0.20

0.24 0.28 0.32 mmol/L A–D 1–4

M DNA Marker LD DSTM 2000. 

Note: 1−8: The concentrations of MgCl2 are 0.04, 0.08, 0.12, 0.16, 

0.20, 0.24, 0.28 and 0.32 mmol/L; A–D: Electrophoretogram of 

primer group 1–4 reaction efficiency test; M: DNA Marker LD 

DSTM 2000. 

 

表 1  LAMP 和 PCR 反应引物信息 

Table 1  The primers used in the LAMP and PCR 

Primer name Sequence (5′→3′) 

LAMP FIP CGGCCCATGAGCTTCTTGCTGTGGACGGC

ACCGTGTC 

BIP TCAAGAACCCCGACCTCGGCTCAAGTGG

TCGCCCATGC 

LF CCCTGCTTGCCGTCCAT 

LB TCGATGCGCATCCTGCACC 

F3 TGCGCAATCGCATCGTG 

B3 TCCTGGGCGCTGATCG 

PCR PF AACAACCGCGAGTGCTACCA 

PR AGCTGCCGGCCACCTTGCGCA 
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图 2  不同组分和反应条件优化测试电泳图 

Figure 2  Electrophoretogram of efficiency test in reaction systems with different components and conditions  

A dNTPs 1−8 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 mmol/L B Bst DNA 

polymerase 1−8 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 U/μL C

1−8 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 mol/L D

1−8 58 59 60 61 62 63 64 °C E 1−8 10 20 30

40 50 60 70 80 min M DNA Marker LD DSTM 2000. 

Note: A: Electrophoretogram of efficiency test in reaction systems with different concentrations of dNTPs, with 1−8 are represented by 

0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8 mmol/L; B: Electrophoretogram of efficiency test in reaction systems with different concentrations 

of Bst DNA polymerase, with 1−8 are represented by 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8 and 3.2 U/μL; C: Electrophoretogram of efficiency 

test in reaction systems with different concentrations of betaine, with 1−8 are represented by 0.25, 0.50, 0.75, 1.00, 1.25, 1.50,  1.75 and 

2.00 mol/L; D: Electrophoretogram of efficiency test in reaction systems with different temperature, with 1−8 are represented by 58, 59, 

60, 61, 62, 63 and 64 °C; E: Electrophoretogram of efficiency test in reaction systems with different times, with 1−8 are rep resented by 

10, 20, 30, 40, 50, 60, 70 and 80 min; M: DNA Marker LD DSTM 2000. 

 

FL/BL (10 μmol/L) 1 μL F3/B3 (10 μmol/L) 1 μL

DNA 2 μL 5 μL 2.75 μL

25 μL 63 °C

50 min

( ) 3A

3B PCR

10×PCR Buffer 2.5 μL Taq DNA Polymerase      

(5 U/μL) 2 μL dNTPs (10 mmol/L) 2.5 μL

(PF/PR 0.5 μmol/L) 5 μL DNA 2 μL

11 μL PCR 94 °C 5 min 94 °C 

30 s 57 °C 60 s 72 °C 40 s 35 72 °C     

10 min

658 bp
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图 3  LAMP 检测显色图(A)和电泳图(B) 

Figure 3  Results of color change (A) and 

electrophoretogram (B) of amplification product for 

LAMP-based detection method 

M DNA Marker LD DSTM 2000 + –

. 

Note: M: DNA Marker LD DSTM 2000; +: P. aeruginosa positive, 

–: P. aeruginosa negative. 

 

2.2  特异性试验 

4 P. aeruginosa 62 P. 

aeruginosa

357

100% 2  

2.3  灵敏度试验 

1.8×101−1.8×106 CFU/mL

 

 
 

图 4  LAMP 检测灵敏度显色图 

Figure 4  Chromogenic results of pure cultures LAMP 

product for sensitivity test 

1−8 1.8×106 1.8×105

1.8×104 1.8×103 1.8×102 1.8×101 1.8×100 <1 CFU/mL. 

Note: 1−8: The concentrations of pure cultures are 1.8×106, 

1.8×105, 1.8×104, 1.8×103, 1.8×102, 1.8×101, 1.8×100 and       

<1 CFU/mL respectively.  

 

4

5A PCR

1.8×102−1.8×106 CFU/mL 658 bp

5B 1.3.3    

1 mL DNA

LAMP Test 1 mL

1.8×10 CFU/mL

PCR 1  

2.4  与传统检测方法对比验证 

98.4% 97.4% 3  
 

表 2  特异性检测结果 

Table 2  Results of specificity 

 

Bacterial strain 

( ) 

Positive cases (n) 

( ) 

Negative cases (n) 

 

Coincidence rate (%) 

Pseudomona aeruginosa standard strains 4 0 100 

Non-Pseudomona aeruginosa standard strains 0 22 100 

Pseudomona aeruginosa isolated strains 62 0 100 

Non-Pseudomona 

aeruginosa 

isolated strains 

Enterococcus faecali 0 45 100 

Salmonella 0 40 100 

Yersinia enterocolitica 0 35 100 

Bacillus 0 50 100 

Cronobacter sakazakii 0 30 100 

Escherichia coli 0 35 100 

Vibrio parahaemolyticus 0 35 100 

Staphylococcus aureus 0 40 100 

Campylobacter jejuni 0 25 100 

Total 0 335 100 
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图 5  LAMP 和 PCR 检测灵敏度电泳图 

Figure 5  Electrophoretogram of pure cultures of LAMP and PCR product for sensitivity test  

1−8 1.8×106 1.8×105 1.8×104 1.8×103 1.8×102 1.8×101 1.8×100 <1 CFU/mL A

LAMP B PCR M DNA Marker LD DSTM 2000. 

Note: 1−8: The concentrations of pure cultures are 1.8×106, 1.8×105, 1.8×104, 1.8×103, 1.8×102, 1.8×101, 1.8×100 and <1 CFU/mL 

respectively; A: Electrophoretogram of LAMP product in sensitivity test; B: Electrophoretogram of PCR product in sensitivity test; M: 

DNA Marker LD DSTM 2000. 

 

表 3  该试剂盒检测与传统方法检测结果 

Table 3  The detection results of practical samples by using the kits and the traditional microbiological detection method  

 

Sample 

/ ( / ) 

Positive cases/total cases of sample (n/n) 

 

Accuracy rate (%) 

LAMP  

LAMP method 

 

Conventional method 

Barreled drinking water 7/61 6/61 98.4 

Purified water 2/28 2/28 100.0 

Mineral water 3/17 2/17 94.1 

Spring water 2/16 2/16 100.0 

Bottled drinking water 2/38 1/38 97.4 

Purified water 0/15 0/15 100.0 

Mineral water 1/12 0/12 91.7 

Spring water 1/11 1/11 100.0 

 

2.5  重复性试验 

100% 4 5  

2.6  稳定性试验 

42 °C

100% 6  

2.7  保质期试验 

4 °C

100% 7  

3  讨论与结论 

LAMP

( OprL [ 1 9 ] ecfx [ 2 0 ] ETA [ 2 1 ]

GbcA[16]) LAMP

(OprL ecfx ETA LAMP

) GbcA  
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表 4  批内重复性验证 

Table 4  Verification of intra-batch repeatability 

 

Operating 

conditions 

 

Negative sample 

 

Positive sample 

 

Accordance rate (%) 

( ) 

Positive cases (n) 

( ) 

Negative cases (n) 

( ) 

Positive cases (n) 

( ) 

Negative cases (n) 

Personnel 1 0 10 10 0 100 

Personnel 2 0 10 10 0 

Personnel 3 0 10 10 0 

Time 1 0 10 10 0 100 

Time 2 0 10 10 0 

Time 3 0 10 10 0 

Instrument 1 0 10 10 0 100 

Instrument 2 0 10 10 0 

Instrument 3 0 10 10 0 

 

表 5  批间重复性验证 

Table 5  Verification of inter-batch repeatability 

 

Batches 

 

Negative sample 

 

Positive sample 

 

Accordance rate (%) 

( ) 

Positive cases (n) 

( ) 

Negative cases (n) 

( ) 

Positive cases (n) 

( ) 

Negative cases (n) 

20180510 0 10 10 0 100 

20180613 0 10 10 0 100 

20180711 0 10 10 0 100 

20180816 0 10 10 0 100 

20180914 0 10 10 0 100 

 

表 6  稳定性试验 

Table 6  Verification of stability 

 

Storage  

time (h) 

: ( / ) 

Positive cases:Total cases (n/n) 

 

Detection 

efficiency (%) 

24 20:20 100 

48 20:20 100 

72 20:20 100 

96 20:20 100 

 
表 7  保质期试验 

Table 7  Verification of shelf life stability 

 

Storage time  

(month) 

: ( / ) 

Positive cases:Total cases (n/n) 

 

Detection 

efficiency (%) 

1 20:20 100 

3 20:20 100 

6 20:20 100 

9 20:20 100 

12 20:20 100 

(     

[22] )

LAMP

-MnCl2
[23-24]

LAMP

( dNTPs Bst DNA )

LAMP

[25-26]

[23]

4 °C 12
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42 °C 72 h

 

( )

[27-28]

CN

B

3−5 d

PCR

[29-30] PCR

4−5 h [31]

[32]

DNA 1.5 h

1.8×10 CFU/mL PCR

1

11.5% (7/61) 9.8% (6/61)

5.3% (2/38) 2.6% (1/38)
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