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Detection of Three Foodborne Pathogenic
Microorganisms by DNA Microarray
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Abstract: A rapid, sensitive and specific method of DNA microarray combined with multiplex PCR that al-
low the simultaneous detection and identification of Shigella dysenteriae, Salmonella spp. and E. coli O157.
The invasion-associated plasmid antigen H of S. dysenteriae(ipaH), Salmonella spp. enterotoxin gene(stn)
and Escherichia coli O157 Shiga-Toxin gene(slt) were used as target genes, and then three pairs of primers
and captured oligonucleotide probes were designed and synthesized. The multiplex PCR products were hy-
bridized with DNA microarray, which contained specific probes of three foodborne pathogenic microorgan-
isms. Genomic DNAs from 26 bacterial strains were detected, and only 3 index bacteria were positive. The
detection limit of this assay was around 8 pg genomic DNA. In addition, this method was applied to detect
artificially contaminated food samples, and the detection limit was 50 CFU/mL for non-cultured samples.
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These results suggested that detection of pathogenic microorganisms by DNA microarray is an effective
procedure with high specificity and sensitivity. The DNA microarray assay developed in this study could
provide an informative supplement to conventional microbiological methods for routine monitoring of food.
Keywords: DNA microarray, Multiplex PCR, Microorganism, Detection
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0157 R , , 13000 r/min, 2) 50 g/L
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Tablel Sequence of the primers and probes for the
genes

Pro u-
ct( p)

Tar et Sequence of the primers ar

Bacte ia
ge e probes

Shige a ip 4 F: 5'-CGGAATCCGGAGGT 6

sp. TTGC-3'

R: 5'-CCTTTTCCGCGTTC(
TTGA-3'

Probe: 5'-CGCCTTTCCGAT .
CCGTCTCTGCA-3’

Salmc ‘ F: 5'-GCCATGCTGTTCGAI
nella GAT-3’

R: 5'-GTTACCGATAGCGG!
AAAGG-3'

Probe: 5-GGGCTGGCKGT!
GTGCAAAA-3'

-

E. col F: 5'-TCAGTCATTATTAAA
0157 TGCAC-3'

R: 5'-ATGAAGAAGATGTT
ATGGCG-3'

Probe: 5'-CAAAGTGCTCA(
TTGACAGG-3’

16S F: 5'-GCCTAAYACATGCA!
rDNA GTMGA-3'

R: 5'-TGGCACGKAGTTAG '
CG-3'

Probe: 5'-TTACTCACCCGT
CGCCRCT-3'

0°C 5 min PCR
7.75uL 16StDNA  PCR 0.5 pL(0.5 um)
1.75 pL ( 1.5 puL 20xSSC, 0.25 uL 10% SDS)
, 10 pL
,45°C 1h
(2xSSC, 0.1% SDS) (1x
(0.5xSSC)

SSC, 0.1% SDS) 5 min

GenePix Pro 6.0
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Table2 Spotting model of the microarray

ipaH ipaH ipaH
stn stn stn
slt slt slt

Negtive contr

Blank Blank Blank

Negtive contr Negtive contr

Positive contr: | Positive contr Positive contr:

15 BRFFMEXE
26

, PCR ,
16 ThHXIEERXR
0157
, 10 DNA
107" 107, 3
1.7 HEGRATHE
; lg
1 mL , 1 mL
0157 ,
, 10 107" 107,
1 mL DNA,
2 ZF
2.1 PCR ¥ #&=¥F5NE
PCR
GenBank , 99%~100%(

3)

3 HHEEYNFLER
Table 3 Sequenceing results of PCR products

GenBank

Homology r te

Sequences deposite

accession num er (Blastn, %
Shigella flexneri ipé CP000266 100
gene
LIS S AL627279 100
gene
E. coli 0157 slt gc e AB290938 99

22 %EPCRi &M

PCR
PCR
, 3
PCR (50 puL) 10xPCR buffer
5 pL, 2 mmol/L MgCl,, 200 pmol/L dNTPs, 1.25U
Tag DNA 3 DNA ,
10 : 1, ipaH

stn slt 3
0.4/0.04 umol/L, 0.6/0.06 pmol /L, 0.4/0.06 pmol/L

95°C S min 95°C 30 s, 55°C

30, 72°C 30s,35 72°C 10 min

4°C
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0157
DNA, 3 DNA ( 3
DNA 800 ng/pL), 10 DNA
PCR PCR , DNA
16 pg( 2), ;
3 DNA 8pg( 3)
242 ANILSHEMENREERNE:
0157
( 5x10°CFU/mL) ,
10 ,
lg 1 mL R
DNA,
107, 50 CFU/mL(  4)
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Table 4 Bacterial strains for the specificity of DN/

microarray
Strain Source ir H tn 1t tc R
Shigella flexn i CMCCS1! 73 - -
Shigella flexn i CMCCS51¢ )0 - -
Shigella sonn i CMCCS51: 34 - -
Shigella sonn i CMCC51: 2 = =
Shigella boyc i CMCC51: 3 = =
Shigella ;
dysenteria R = =
Salmonella ty) i  CMCC50( 37
S. paratyphi CMCC50( )1
S. paratyphi CMCC50( )4
S. choleraesu 3 CMCC50: )7
S. enteritidi: CMCC50( H : -
E. coli O15° GIM 201 2 -
E. coli O15° GIM 201 1 -
E. coli O15° ATCC43¢ 9 . -
E. coli ATCC256 2 - -
V. parahaem -
lyticus ATCC33¢ 6 : = =
V. parahaem: -
Iyticus ATCC33¢ 7 . - -
V. para}haemn : ATCC178 2 _ ~ N
lyticus
Staphylococc 3 AB9109 _ ~ B
aureus
Staphylococc 3 AB9314 _ _ N
aureus
Listeria ,
monocytoger s CIALIE & | = =
Listeria GIM 1.2:) e
monocytoger s
Listeria innoc a GIM 1.2.) = =
Listeria .
welshimer GIM 1.2 1 = =
V. cholerae VC-1 . - -
V. cholerae VC-6 . - -

Note: CMCC(National Center for Medical Culture of Collections,
); ATCC(American Type Culture

); GIM(Guangdong Institute
of Microbiology, ); AB91093/ AB93147/
VC-1/ VC-6( ).

Collection,

1 2 3

4 5 6

Bl BRHEFUEIBRER
Fig. 1 Species identification based on different pathogenicity genes of Shigella, Salmonella and E. coli 0157
Note: 1: Shigella flexneri(CMCC51573); 2: S. enteritidis (CMCC50041); 3: E. coli O157 (ATCC43889); 4: Bacterial DNAs were
amplified by one-tube multiplex PCR. The multiplex PCR was performed in the presence of the ipaH-, stn-, slt-specific primers;
5: Negative control; 6: All the bacterial DNAs were amplified in the presence of the ipaH-, stn-, slt-specific primers, including Shig-
ella flexneri(CMCC51573), S. enteritidis(CMCC50041), E. coli O157 (ATCC43889) and V. parahaemolyticus (ATCC33846),
Staphylococcus aureus (AB91093), Listeria monocytogenes (GIM 1.228) and V. cholerae.
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Fig. 2 Sensitivity of the multiplex PCR assay in detecting
mixture DNA from Shigella, Salmonella and E. coli 0157

M: 50 bp DNA ladder; 1: Positive control; 2: 80 ng; 3: 8 ng; 4: 800
pg; 5: 80 pg; 6: 32 pg; 7: 16 pg; 8: 8 pg; 9: 0.8 pg; 10: Negative
control.
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Fig. 3 Sensitivity of the microarray in detecting mixture
DNA from Shigella, Salmonella and E. coli 0157

1: 80 ng; 2: 8 ng; 3: 800 pg; 4: 80 pg; 5: 32 pg; 6: 16 pg; 7: 8 pg; 8:
0.8 pg; 9: Control.
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Fig. 4 Detecting sensitivity of the microarray in contami-
nated samples

1: 5x10° CFU/mL Shigella, Salmonella and E. coli 0157; 2~9:
Serial 10-fold dilution of in milk and meat were processd for mi-
croarray; 10: Control.
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Table 5 Sequenceing results of PCR products

GenBank
accession numb r

Homology r e
(Blastn, %

Shigella flexnel

; CP000266
ipaH gene
S. paratyphi A
stn gene AE014613.1
E. coli 0157 sl EUT54732.1
gene

99

98

99

®6 MAMHEKRMAEFSMEF
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Table 6 The positive sample detected by bacteriolocg 1

and serology
Shigella flexneri 2a(GB/T 4789.5-20C )

TSI producing acid from bottom
TSI producing alkali from inclined pli 1e
Producing H,S

Gas production

Motility

Agglutination test of the serum 3,4
Agglutination test of the serum 6
Agglutination test of the serum 7,8
5% Lactose fermentation

Mannose fermentation

Raffinose fermentation

Glycerol fermentation

Indole

S. enteritidis(GB/T 4789.4-2003)

TSI producing alkali from inclined pli 1e
TSI producing acid from bottom
Producing H,S

Gas production

Indole

Urea pH 7.2

KCN

Lysine decarboxylase

Result

+ o+ o+

4=

E. coli O157(GB/T 4789.6-2003)

TSI producing alkali from inclined pl: 1e
TSI producing acid from bottom
Producing H,S

Urea pH 7.2

KCN

Oxidase test

Negative bacilli tested by gram stain

Result
+
+
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