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1. Material and methods 

1.1 Fabrication of SPC chip 

  The mold was prepared using two layers soft lithography technique. 

The patterns of channels and chambers of SPC chip were designed by 

CorelDRAW X8 and printed on two transparency films as masks, 

respectively. First, negative photoresist (#SU-8 3050, MicroChem, USA) 

was coated onto a clean, dry silicon wafer at a speed of 2700 rpm for 30 s 

using spin-coater (Chemat, USA) as the first layer. After soft baking at 

65 ℃ for 1 min and then 95 ℃ for 15 min, the channels pattern was 

exposed by the one-side stepper (Nanguang Vacuum Technology, China) 

under the mask. The exposed wafer was baked at 65 ℃ for 1 min and at 

95 ℃ for 5 min. Then, the fabrication of second layer was similar to the 

first layer. SU-8 3050 was coated onto the wafer at a speed of 1300 rpm 

for 30 s, and then the wafer was soft baked (65 ℃ for 1 min and then 

95 ℃ for 40 min). Before exposure, the mask of chambers pattern must 

be aligned with the first layer. After exposing for 25 s, the wafer was post 

exposure baked as mentioned. Finally, the treated wafer was developed in 

SU-8 Developer (MicroChem, USA) until the mold was defined. In order 

to make the mold have better mechanical properties, baking at 300 ℃ 

for 20 min was conducted. Then, the mold was ready to replicate PDMS 



chips. 

  Before each use of the mold, it was treated by trimethylchlorosilane 

(#104814, Aladdin, China) to prevent PDMS adhesion. First, a thin 

PDMS layer containing component A and B (#RTV 615, Momentive, 

USA), at a ratio of 5: 1, was spun on the mold at 1500 rpm for 30s, which 

formed a reaction layer. To avoid solution evaporation in the reaction, 

after baking at 85 ℃ for 5 min, fluorinated polymers Novec EGC-1720 

(3M, USA) was spun onto the reaction layer at 1000rpm for 30 s followed 

another 85 ℃ baking for 5 min. And then, a PDMS mixture (A: B= 10: 

1) was poured onto the chip. Through 85 ℃ baking for 90 min, the 

solidified supporting layer generated. The multilayer chip was peeled off 

from the mold to punch inlet and outlet. Finally, the PDMS device was 

bonded on a coverslip pre-treated by oxygen plasma followed another 

85 ℃ baking for 90 min. The top of chip was covered by transparent 

adhesive tape for better degasification. Overall, the SPC microfluidic chip 

was ready-to-use.  

 

1.2 Off-chip conventional LAMP and PCR reaction 

The commercial LAMP assay kit (# 310005, Loopamp, Japan) and 

PCR kit (# B532081, Sangon, China) were applied to the reactions. The 

primer sets and reaction condition of conventional LAMP were the same 

as the MD-LAMP. The F3 and B3 were used as primers of the PCR 



reaction and 1.5, 2.5, 3.5, 4.5 mmol/ L MgCl2 were used to optimize the 

condition. The PCR amplification procedure was as follows: First, started 

with a 4 min pre-duration step at 94 ℃. And then, 35 thermal cycles of at 

94 ℃ for 30 s, 55 ℃ for 30 s and 72 ℃ for 30 s were run. Finally, 

post-extended for 10 min at 72 ℃. Nine replicates of each concentrations 

of VP template were tested. The result of the conventional LAMP 

reaction were read by adding Fluorescent Detection Reagent (# 310007, 

Loopamp, Japan) and PCR reaction were read by 2% agarose gel 

electrophoresis marked by SYBR Green I. 

 

 

2. Supplemented tables and figures 

2.1 Supplemented tables 

Table S-1.  List of used primers and the cloned gene sequence. 

Description Sequence (5'-3') 

The cloned part 

sequence of  

Vibrio parahemolyticus  

tlh gene 

CCAGCTACTCGAAAGATGATCCAGCGACCGATTGGGAATGGGCA 

AAAAACGAAGATGGTAGCTACTTCACCATTGACGGCTACTGGTGG 

AGCTCCGTTTCATTTAAAAACATGTTCTACACCAACACGTCGCAAA 

ACGTTATCCGTCAGCGTTGTGAAGCAACATTAGATTTGGCGAACG 

AGAACGCAGACATTACGTTCTTCGCCGCTGACAATCGCTTCTCAT 

ACAACCACACGATCT 

F3-tlh AGCTACTCGAAAGATGATCC 

B3-tlh GGTTGTATGAGAAGCGATTG 

LF-tlh ACCAGTAGCCGTCAATG 

LB-tlh TTAGATTTGGCGAACGAGA 

FIP-tlh ATGTTTTTAAATGAAACGGAGCTCCGGCAAAAAACGAAGATGGT 

BIP-tlh ACGTCGCAAAACGTTATCCGGCGAAGAACGTAATGTCTG 

 



Table S-2. The advantages of the CDM-LAMP compared with the 

conventional methods. 

CMD-LAMP 
Conventional  

LAMP 

Conventional  

PCR 

Pre-enrichment No Yes Yes 

Detection Time 2 hours > 10 hours > 12 hours 

Limit of detection 1×103 CFU/ mL ~105 CFU/ mL ~ 105 CFU/ mL 

Quantification Yes No No 

Key instrument Cheap heating plate 

(Total < $ 100) 

 Culture-related device;  

Cheap heating plate 

(Total > $ 9000) 

 Culture-related device; 

Thermal cycler; 

Electrophoresis 

apparatus 

(Total > $ 12000) 

Readout device Handheld light source Handheld light source Gel Imaging System 

On-site operation Easily  Normally  Difficultly 

 

 

Table S-3. The comparison among the CDM-LAMP and the other LAMP 

methods for VP detection. 

No. Year LOD
*
 (CFU/ mL(g)) Target gene Pre-enrichment Quantification Ref. 

1 
 

1000 tlh No Yes This study 

2 2017 10000 toxR No No 1 

3 2016 18000 ompA No No 2 

4 2016 100** pirA No No 3 

5 2016 9200 toxR No No 4 

6 2014 1900 tlh No No 5 

7 2013 1000** tlh No No 6 

8 2011 1800 tlh No No 7 

9 2010 110000 toxR No No 8 

10 2010 400 tdh No No 9 

11 2010 10650 trh1 No No 9 

12 2010 2500 trh2 No No 9 

13 2008 530 tlh No No 10 

14 2015 < 1  tdh Yes Yes 11 

15 2015 2 tlh/ldh Yes No 12 

16 2014 < 1  tdh Yes Yes 13 

17 2014 0.19 tlh Yes No 5 

18 2012 < 1  tdh Yes No 14 

19 2011 1.3 rpoD Yes Yes 15 
 * LOD of contaminated samples. 
** LOD of pure culture samples (LOD of contaminated samples wasn’t shown). 

 



2.2 Supplemented figures 

 

 



Figure S-1.  Investigation on the optimal concentration of HNB for 

MD-LAMP according to color and fluorescence changes: (A) 100 µM 

HNB; (B) 150 µM HNB; (C) 200 µM HNB; (D) 250 µM HNB; (E) 300 

µM HNB; (F) 350 µM HNB; (G) 400 µM HNB; Positives, three replicate 

tests of VP template (1×107 CFU/ mL). NTC, three replicate tests of 

nuclease-free water. Error bars represented the standard deviation value 

of each test. At the top-right, the images were captured under the blue 

light (λ= 455 nm) and the nature light. 

 

 

 

 

 

 

 

 

 



 

Figure S-2.  2% agarose gel electrophoresis of the MD-LAMP products. 

(A) Electrophoresis result of the products of gradient VP template 

concentrations. 1, 108 CFU/ mL; 2, 107 CFU/ mL; 3, 106 CFU/ mL; 4, 105 

CFU/ mL; 5, 104 CFU/ mL; 6, 103 CFU/ mL; 7, nuclear-free water; M, 

DNA marker. (B) Electrophoresis result of the products of different 

bacteria. 1, Vibrio parahemolyticus; 2, Salmonella typhimurium; 3, 

Shigella flexneri; 4, Listeria monocytogenes; 5, Staphylococcus aureus; 6, 

nuclear-free water; M, DNA marker. 

 

 

 

 

 

 

 



 

Fig. S-3.  The CMD-LAMP reactions with different concentrations of 

VP in food contaminated sample: (A) 0 CFU/mL; (B) 2.5×102 CFU/mL; 

(C) 1.0×103 CFU/mL; (D) 4.0×103 CFU/mL; (E) 1.6×104 CFU/mL; (F) 

6.4×104 CFU/mL; (G) 2.56×105 CFU/mL; (H) 1.024×106 CFU/mL; (I) 

The linear relationship between number of positive plots and bacterial 

concentrations in food contaminated sample. Error bars represented the 

standard deviation value of each test with three replicates. 

 



 

 



 

Figure S-4.  Results for isolation strains of VP in food contaminated 

samples measured by plate count method (left) and CMD-LAMP method 

(right). 
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