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Development of single base extension-tags microarray for the
detection of food-borne pathogens
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Abstract: We developed single base extension-tags (SBE-tags) microarray to detect eight common food-borne pathogens, including
Staphylococcus aureus, Vibrio parahaemolyticus, Listeria monocytogenes, Salmonella, Enterobacter sakazaki, Shigella, Escherichia
coli O157:H7 and Campylobacter jejuni. With specific PCR primers identified and integrated for eight food-borne pathogens, target
sequences were amplified and purified as template DNA of single base extension-tags reaction. The products were hybridized to
microarrays and scanned for fluorescence intensity. The experiment showed a specific and simultaneous detection of eight
food-borne pathogens. The system limits is 0.1 pg for a genomic DNA and 5% 10> CFU/mL for Salmonella typhimurium cultures. The
single base extension-tags assay can be used to detect food-borne pathogens rapidly and accurately with a high sensitivity, and
provide an efficient way for diagnosis and control of disease caused by food-borne pathogens.
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Table 1 Bacterial strains used in this study

. . . mber of
Bacterial species Strain No. ?t;laint;e 0
Salmonella typhi CMCC50098 1
Salmonella choleraesuis ASI1.1190 1
Salmonella paratphi A CMCC50001 1
Salmonella paratphi B CMCC50004 1
Salmonella hirschfeldii CMCC50017 1
Salmonella enteritidis CMCC50335 1
Salmonella gallinarum CMCC50770 1
Salmonella typhimurium AS1.1174 1
Salmonella spp. Laboratory strain 70

ATCC8095/6538/13565/
Staphylococcus aureaus 27664/12600/25923/ 8

27661/29213
Staphylococcus spp. Laboratory strain 45
Listeria monocytogenes ATCC7644/27708/ 5

13313/13932/BAA-751
Listeria murrayi AB97017 1
Listeria seeligeri AB97018 1
Listeria grayi AB97019 1
L. monocytogenes spp. Laboratory strain 12
Vibrio parahaemolyticus ATCC17802/ 33846 2
Vibrio campbellii ATCC33863 1
Vibrio vulnificus ATCC27562 1
Vibrio harveyi ATCC33842 1
Vibrio fluvialis ATCC33810 1
V. parahaemolyticus spp. Laboratory strain 36
Shigella sonnei CMCC51334 1
Shigella dysenteriae ASI1.1869 1
Shigella flexneri AS1.1868 1
Enterobacter sakazakii ATCC29544/ 50205 2
Enterobacter cloacae ATCC51816 1
Enterobacter aerogenes ATCC13048 1
canericniacoh O1s7ar7 ATCCH8 1
Escherichia coli ATCC25922/ 51813 2
Campylobacter jejuni ATCC29428 1
Campylobacter coli ATCC7709 1
Bacillus cereus 0OX10D C1220 1
Bacillus subtilis OX10D C1221 1
Yersinia enterocolitica ATCC27729 1

spp.: separated strains.
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Table 2 Primer sequences for PCR amplification and fluorescence labelling

. . . ' ar GenBank Length of PCR
Bacteria Primers Primer sequences (5'-3") Accession No. product (bp)
Prs-f GCTGAAGAGATTGCGAAAGAAG
Listeria monocytogenes Prs-r CAAAGAAACCTTGGATTTGCGG EF110565 370
Prs-SBE ttgacgctacaggtgacgattgattggttcacgacttcttgcettt
C20-f ACCGCTGGTGAAACGACA
Salmonella C20-r GCGACGGCAGTGCTTATT AE008786 307
C20-SBE ctgaatcctccatcegtgttacggacgaccegcetctttaacg
nuc-j-f ATCATTATTGTAGGTGTATTAGC
Staphylococcus aureaus nuc-j-r CAGGCGTATTCGGTTTC BA000017 223
nuc-j-SBE gacgagtatatgcatctgcegecgtttctggegtatcaacccctat
Vp2-f AACTGACGCTTGTTGAGG
Vibrio parahaemolyticus Vp2-r AAACTCCTGCCTGACGAT BA000031 344
Vp2-SBE aacgggatacagttctcggtaggcagcaagttggtttcaaaggaag
hipO-f GGCAATGATAGAAGATGG
Campylobacter jejuni hipO-r ATTAGCCTGTGCAAGACC 736940 424
hipO-SBE gatgatcgctctacgtgacacaccccttccaataacttcaatget
Enterohemorrhagic hly-A-f CAGTAGGGAAGCGAACAGAG
Escherichia coli hly-A-r AAGCTCCGTGTGCCTGAAGC AY 495950 363
O157:H7 hly-A-SBE cgttgecegagtttccatgtatcaatttatcgtttccactaccace
SG-f GGGTTGTCTGCGAAAGCGAA
Enterobacter sakazakii SG-r GTCTTCGTGCTGCGAGTTTG AY702093 282
SG-SBE tcagtccatcttgctacaggtgcageagceatgtetgtttcaattttc
lal-f CTGGATGGTATGGTGAGG
Shigella Tal-r GGAGGCCAACAATTATTTCC AY206439 320
lal-SBE gtttcagcacatgtcgagacgaaatgtccatcaaaccceactett
1.2.2 PCR 1.3 ERASHRHESRR
PCR 10xPCR Taq 131
2.5 uL, MgCl,(25 mmol/L)1.5 pL, dNTP(2.5 mmol/L) ’
1 uL, (10 pumol/L)1 pL, Tag DNA )
(5 U/uL)0.2 puL, DNA 1 uL, , 1
25 uL PCR : 94°C 5 min; 94°C P P P
P 1 2
30, 56°C 30, 72°C 30s, 30 ; P 3 N
72°C 10 min P 4 N
P N 5
1.2.3 SBE-tags P 6 7
: 10xReaction Buffer 1.5 uL, i Ii 9H
SBE-tags (25 umol/L)0.2 uL, Cy3-ddATP - A e o
) E1 REREMBURERNDSRRSHR
(10 umol/L)0.5 pL, Sequencing (5U/uL) 0.2 uL, Fig. 1 Diagram of the positions and probes of microarray for
5 uL PCR 15 uL eight food-borne pathogens. P: positive control; N: negative
’ control; H: water control; 1-9: Vibrio parahaemolyticus,
PCR 1 96°C 5 min; 96°C 30 s, Shigella, Enterobacter sakazaki, Campylobacter jejuni,
Staphylococcus aureus, Listeria monocytogenes, Escherichia
66°C  305,72°C 305,40 Py yios
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1.3.2
15 uL PCR 1 nmol/L
95°C 5 min
15 pL s
50°C 1.5h , 2x SSC
+ 1% SDS 1x SSC + 0.2% SDS 50°C 6 min, 0.5x
SSC 3 min,
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, 10 )
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61
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2 £
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(2 8 ,
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22 HERMITEM
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8
¢ 3 . 8
23 REEFEM
, DNA
( 4 10 ng/uL , nuc-j
Vp2 prs C20 SG ial hly-A hipO
DNA 9.5x107* 1.4x107* 2.3x107*
1.7x107* 1.1x107* 1.7x107* 2.1x10™* 6.3x10™* ng/uL,
8
0.1 pg 5

, AS 1.1174,
5x10 CFU/mL
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>
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Fig. 2 Results of hybridization with different annealing
temperature. (A) 60°C. (B) 66°C. (C) 72°C.
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Fig. 3 Typical hybridization results of 8 food-borne pathogens. A—K: Staphylococcus aureus, Vibrio parahaemolyticus, Listeria
monocytogenes, Salmonella, Enterobacter sakazaki, Shigella, Escherichia coli O157:H7, Campylobacter jejuni, ABCD qaudruplex,
EFGH qaudruplex and negative food-borne pathogens.
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Fig. 5 Detection sensitivity of Salmonella typhimurium
cultures. (A) 5x10 CFU/mL. (B) 5x10* CFU/mL.
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Fig. 4 Sensitivity of qaudruplex detection for genome DNA. (SBE) ,
Qaudruplex _detecti_on _of Staphylococcus aureus, Vibrio (SBE-tags)

parahaemolyticus, Listeria monocytogenes and Salmonella: (9.5,
1.4, 2.3, 1.7)x107° ng/uL(A), 10~ ng/pL(B), 10~ ng/uL(C); , ,
Qaudruplex detection of Enterobacter sakazaki, Shigella,
Escherichia coli O157: H7 and Campylobacter jejuni: (1.1, 1.7,
2.1, 6.3)x107° ng/pL(a), 10~ ng/uL(b), 10~ ng/uL(c). (tag) SBE
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Table 3 Result of gene chip for detection of separated strains from SH CIQ

Separated strains Number of strains ~ Food samples Gene chip GB/T 4789-2003
Pork intestines, beef meat and bone meal, chicken

Salmonella 24 McNuggets, frozen pork tongue, fish meal, lamb, gray + +
duck down
Pizza meat, cod yulius, seafood instant noodles, baby

Staphylococcus aureaus 26 diapers, fish fingers, chicken wings, pig's knuckle, creamy + +

strawberry ice cream

Listeria monocytogenes 6 Frozen cl_licken wings,_ frozen_fries, _frozen pork trotter, 4 +

frozen chicken paw, Chicken wing aspic
Enterobacter sakazakii 5 Ifdri:;fllcl;:;r;iél, sweet whey powder, skim milk powder, 4 4
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