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Application of nucleic acid cross-linking agent on detecting viable
foodbor ne pathogens
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ABSTRACT: In recent years, food safety issues cause more and more people's attention by foodborne
pathogens, and how to quickly and accurately detect the foodborne pathogens in food is a hot issue in food
safety research. The methods based on PCR to detect foodborne pathogenic bacteria are widely used for its
rapid and strong specificity, however, it is difficult to eliminate false positive results for regular PCR due to the
interference of DNA from dead bacteria, and thus it is inability for accurate detection of viable bacteria.
Nucleic acid cross-linking agent is a kind of alkylating agent containing two or more than two alkylation
functional groups. At present, ethidium bromide monoazide (EMA) and propidium monoazide (PMA) are the
most widely used nucleic acid cross-linking agent in the detection of viable foodborne pathogens. The nucleic
acid cross-linking agent could selectively penetrate through dead bacteria cell membranes and covalent
cross-link their DNA, thus eliminate false signal from the PCR amplification of dead bacteria. This paper
reviewed the application of nucleic acid cross-linking agent in the detection of viable foodborne pathogens,

with an aim to provide references for researchers to develop viable pathogen detection methods.

=R ( ) (20142BCB23004)
Fund: Supported by Training Plan for the Young Scientist (Jinggang Star) of Jiangxi Province (20142BCB23004)
*BIRIEE: , R R E-mail: kidyxu@163.com

*Corresponding author: XU Heng-Yi, Ph.D, Associate Professor, State Key Laboratory of Food Science and Technology, Nanchang University,
Nanchang 330047, China. E-mail: kidyxu@163.com



3436 6
KEY WORDS: foodborne bacteria; PCR technique; nucleic acid cross-linking agent
1 51 5 ,
[13,14]
[15]
0157 ; DNA
PCR
[1] ,
’ 3 BRIRLZIE/EBRRURIENSEE R
DNA HYJRIE/ 48
, 0% .
0.0716 / , 2006 , (EMA)

131448 , (PMA) [16,17] ,
9411.7 , 26.3%(2475.3 ) EMA
3.6%(335.7 ) , 8530 (23] PMAL'S1I

DNA , 3,
DNA DNA
DNA ,
, (200, PCR , EMA/PMA
[4-6] (21221 , EMA/PMA DNA
PCR , , , DNA
PCR DNA , . e
78] 4 EMA/PMA £ & iREURE SN 8 A
PCR EMA/PMA DNA
, PCR ,
, Wang  [*% EMA PCR
Escherichia coli O157: H7 , EMA
E. coli 0157: H7 DNA
s . . ) P E. coli
2 PCR &M EFEBUREIBRIAMERTERN 0157: H7 Martin 24 PMA
FER PCR
Nocker [ PMA PCR
' PCR PMA
PCR PCR ’
DNA 9.10] , PMA
DNA PCR 1
’ ’ EMA/PMA
, PCR
[11]
PCR 41 HMELIEE EMA/PMA SRE ML
DNA PCR DNA , EMA/PMA
(12] PCR 133 , EMA/PMA



PCR , 4.2 RRSCRTE] XM 45 R A 520
EMA/PMA R
5 DNA
[36] [37]
EMA DNA PCR , EMA/PMA
, EMA  >2 mg/mlL , PCR , EMA/PMA
PCR Bae PMA
PCR E. coli ATCC8739
, PMA 1 pg/mL ,PMA [39]’ DNA (
DNA ; PMA 3 ug/mL , PMA DNA PCR
DNA PCR R DNA
DNA ; PMA DNA EMA/PMA
(>50 pug/mL) , DNA (2] EMA/PMA
s DNA PCR R
s EMA/PMA EMA/PMAHO] s
F= 1 EBERiE EMA/PMA BTN EFEBURERANEHE
Tablel EMA/PMA inthe condition of testing a variety of food source pathogenic bacteria
EMA PMA (min) (cfu/mL)
E. coli ATCC 25922 NA 100 pmol/L 5 4.8x10° [26]
Listeria monocytogenes 240 pumol/L 50 umol/L 5 1.0x10® [27]
Campylobacter NA 10 pg/mL 1 1.0x10? [28]
Legionella pneumophila 2.5 ug/mL 100 pg/mL 1 1.8x10° [29]
Vibrio parahaemolyticus 40 pg/mL NA 15 1.35%x107 [30]
E. coli O157:H7 NA 5 pg/mL 5 1.0 x10? [31]
Salmonella NA 100 pmol/L 5 1.0x10° [32]
Enterobacteriaceae 10 pg/mL NA 5 1.0x108 [33]
Saphylococcus aureus NA 3 pg/mL 5 5x10° [34]
NA::not available
N, NH, N NH, (DNA)C ==NH NH,
i
CH,CH, (500 600E%7506% 2Ty CH,CH, CH,CH,
_—

N |
CH,CH,CH,N == CH,
CH,CH,

2C

PMA

N,

Fig. 1

1

CH,CH,CH,N == CH,
CH,CH,

201
ESRRuEY) Ed i)

PMA DNA
PMA and DNA covalent cross-linking

2C

~N 1
CH,CH,CH,N==— CH,

CH,CH,



3438

EMA/PMA ,
) (2 500 W
,  PMA DNA ,
3 min E. coli ATCC8739 DNA
PCR Josefsen ¥ Nocker ™I 650 W
2min 750 W 1 min,
DNA PCR ,
4.3 BERIREXHZER 32 B AL IR A SRR S
DNA ,
Gedalanga %4 EMA/PMA
s 500 pL 0 1 5 10
50 100 NTU PMA,
PMA 3 pg/mL;
3 min s
s s PMA DNA
(4] EMA PCR
EMA-PCR PCR 27.5
cfu/mL N EMA/PMA s
5 R 2
18], RNA
RNA
RNA, 471
DNA,
EMA ,
[48,49]
PMA ,
[50,51] _PMA
PCR ,
[52-54]
PCR
S E Ak

[1] Kim J, Marshall MR, Wei CI. Antibacterial activity of some essential oil

[2]

(3]

(4]

(6]

(7]

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

components against five foodborne pathogens [J]. J Agric Food Chem,
1995, 43(11): 2839-2845.
[J1. ,2011, 23(2): 132-136.
Mao XD, Hu JF, Liu XM, et al. Epidemiological burden of bacterial
foodborne diseases in China-Preliminary study [J]. China J Food Hyg,
2011, 23(2): 132-136.
1. , 20006, 33(9): 1556-1557.
Li ST, Luan XM, Jiang ZQ. Foodborne pathogenic bacteria detection
status and research progress of food microbiological risk assessment [J].
Mod Prev Med, 2006, 33(9): 1556-1557.
> 5 . PCR
[J1. , 2013, 22(34): 335-342.
Zhang ZH, Xu HY, Wei H. Research progress in detection of Bacillus
cereus based on PCR Method [J]. Sci Technol Food Ind, 2013, 22(34):
335-342.
Moore MD, Goulter RM, Jaykus LA. Human norovirus as a foodborne
pathogen: challenges and developments [J]. Ann Rev Food Sci T, 2015, 6:
411-433.
Mandal PK, Biswas AK, Choi K, et al. Methods for rapid detection of
foodborne pathogens: an overview [J]. Am J Food Technol, 2011, 6(2):
87-102.
Chen J, Tang J, Liu J, et al. Development and evaluation of a multiplex
PCR for simultaneous detection of five foodborne pathogens [J]. J Appl
Microbiol, 2012, 112(4): 823-830.
Malomy B, Tassios PT, Peter Radstrém, et al. Standardization of
diagnostic PCR for the detection of foodborne pathogens [J]. Int J Food
Microbiol, 2003, 83(1): 39-48.
Lo YMD, Mehal WZ, Fleming KA. False-positive results and the
polymerase chain reaction [J]. Lancet, 1988, 332(8612): 679.
Kwok S, Higuchi R. Avoiding false positives with PCR [J]. Nature, 1989,
339:237-238.
Borst A, Box ATA, Fluit AC. False-positive results and contamination in
nucleic acid amplification assays: suggestions for a prevent and destroy
strategy [J]. Eur J Clin Microbiol, 2004, 23(4): 289-299.
Blachere FM, Lindsley WG, Pearce TA, et al. Measurement of airborne
influenza virus in a hospital emergency department [J]. Clin Infect Dis,
2009, 48(4): 438—440.
Yeni F, Acar S, Polat OG, et al. Rapid and standardized methods for
detection of foodborne pathogens and mycotoxins on fresh produce [J].
Food Control, 2014, 40: 359-367.
Wolffs P, Norling B, Réadstrom P. Risk assessment of false-positive
quantitative real-time PCR results in food, due to detection of DNA
originating from dead cells [J]. J Microbiol Meth, 2005, 60(3): 315-323.
Xihong Z, Chii-Wann L, Jun W, et al. Advances in rapid detection
methods for foodborne pathogens [J]. J Microbiol Biotechnol, 2014, 24(3):
297-312.
Nyachuba DG. Foodborne illness: is it on the rise?[J]. Nutr Rev, 2010, 68
(5): 257-269.
Rajski SR, Williams RM. DNA cross-linking agents as antitumor drugs [J].
Chem Rev, 1998, 98(8): 2723-2796.
Tourlousse DM, Ahmad F, Stedtfeld RD, et al. A polymer microfluidic



3439

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[28]

[29]

[30]

[31]

[32]

[33]

chip for quantitative detection of multiple water-and foodborne pathogens
using real-time fluorogenic loop-mediated isothermal amplification [J].
Biomed Microdevices, 2012, 14(4): 769-778.
Bae S, Wuertz S. Discrimination of viable and dead fecal Bacteroidales
bacteria by quantitative PCR with propidium monoazide [J]. Appl Environ
Microbiol, 2009, 75(9): 2940-2944.
s s , . [J].

,2007, 19(12): 2000-2005.
WENG XC, Weng LW, Bai MH, et al. Studies of inducible DNA
cross-linking agents [J]. Prog Chem, 2007, 19(12): 2000-2005.
Shi H, Xu W, Trinh Q, et al. Establishment of a viable cell detection
system for microorganisms in wine based on ethidium monoazide and
quantitative PCR [J]. Food Control, 2012, 27(1): 81-86.
Nocker A, Camper AK. Selective removal of DNA from dead cells of
mixed bacterial communities by use of ethidium monoazide [J]. Appl
Environ Microbiol, 2006, 72(3): 1997-2004.
Wang L, Li Y. Mustapha A. Detection of viable Escherichia coli O157:H7
by ethidium monoazide real-time PCR [J]. J Appl Microbiol, 2009, 107(5):
1719-1728.
Martin B, Raurich S, Garriga M, et al. Effect of amplicon length in
propidium monoazide quantitative PCR for the enumeration of viable cells
of Salmonella in cooked ham [J]. Food Anal Meth, 2013, 6(2): 633—690.
Nocker A, Sossa-Fernandez P, Mark D, et al. Use of propidium monoazide
for live/dead distinction in microbial ecology [J]. Appl Environ Microbiol,
2007, 73(16): 5111-5117.
Taskin B, Gozen AG, Duran M. Selective quantification of viable
Escherichia coli bacteria in biosolids by quantitative PCR with propidium
monoazide modification [J]. Appl Microbiol Biotechnol, 2011, 77(13):
4329-4335.
Pan Y, Breidt F. Enumeration of viable Listeria monocytogenes cells by
real-time PCR with propidium monoazide and ethidium monoazide in the
presence of dead cells [J]. Appl Microbiol Biotechnol, 2007, 73(24):
8028-8031.
Josefsen MH, Lofstrom C, Hansen TB, et al. Rapid quantification of viable
Campylobacter bacteria on chicken carcasses, using real-time PCR and
propidium monoazide treatment, as a tool for quantitative risk assessment
[J]. Appl Microbiol Biotechnol, 2010, 76(15): 5097-5104.
Delgado-Viscogliosi P, Solignac L, Delattre JM. Viability PCR, a
culture-independent method for rapid and selective quantification of viable
Legionella pneumophila cells in environmental water samples [J]. Appl
Microbiol Biotechnol, 2009, 75(11): 3502-3512.
Wang L, Zhong Q, Li Y. Ethidium monoazide-loop mediated isothermal
amplification for rapid detection of Vibrio parahaemolyticus in viable but
non-culturable state [J]. Energy Procedia, 2012, 17(2012): 1858—1863.
Wang L, Li P, Yang Y, et al. Development of an immuno magnetic
separation-propidium monoazide-polymerase chain reaction assay with
internal amplification control for rapid and sensitive detection of viable
Escherichia coli O157:H7 in milk [J]. Int Dairy J, 2014, 34(2): 280-286.
Yang Y, Wan C, Xu H, et al. Development of a multiplexed PCR assay

combined with propidium monoazide treatment for rapid and accurate

detection and identification of three viable Salmonella enterica serovars [J].

Food Control, 2012, 28(2): 456—462.
Taskin B, Schlitt-Dittrich F, Yoshida SI. Polymerase chain reaction

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

amplification length-dependent ethidium monoazide suppression power for
heat-killed cells of Enterobacteriaceae [J]. Anal Biochem, 2011, 418(1):
37-43.

, . PMA-LAMP
[J1. ,2012, 12(33): 300-308.
Hu HZ, Man CX, Dong XY, et al. Detecting of viable by loop mediated

B 5

isothermal amplification coupling with propidium monoazide in dairy
products [J]. Food Sci Technol Ind, 2012, 12(33): 300-308.

Nocker A, Cheung CY, Camper AK. Comparison of propidium monoazide
with ethidium monoazide for differentiation of live vs. dead bacteria by
selective removal of DNA from dead cells [J]. J Microbiol Meth, 2006,
67(2): 310-320.

DNA EMA PCR
[J1. , 2011, 36(7):

> 5 >

144-149.
Zhu RG, Lv SX, Liu YP, et al. Discrimination of viable and dead cell of by
PCR based on DNA binding dye of EMA [J]. Food Ferment Ind, 2011,
36(7): 144-149.
> s s EMA-PCR [31.
,2011, 38(6): 952-956.

Lun JS, Xia CY, Luo P, et al. Establishment of EMA-PCR detection
method of Vibrio parahaemolyticus [J]. Microbiol, 2011, 38(6): 952-956.
Qin T, Tian Z, Ren H, et al. Application of EMA-qPCR as a complementary
tool for the detection and monitoring of Legionella in different water systems
[J]. World J Microbiol Biot, 2012, 28(5): 1881-1890.
Hamza IA, Jurzik L, Uberla K, et al. Methods to detect infectious human
enteric viruses in environmental water samples [J]. Int ] Hyg Environ Heal,
2011, 214(6): 424-436.
Fittipaldi M, Nocker A, Codony F. Progress in understanding preferential
detection of live cells using viability dyes in combination with DNA
amplification [J]. J Microbiol Meth, 2012, 91(2): 276-289.
Yaiiez MA, Nocker A, Soria-Soria E, et al. Quantification of viable
Legionella pneumophila cells using propidium monoazide combined with
quantitative PCR [J]. J Microbiol Meth, 2011, 85(2): 124—-130.

.PMA  PCR .
,2010, 38(9): 142-146.

5 5

Luo JF, Lin WT, Guo Y. Detection of viable bacterium cells based on
propidium monoazide in combination with PCR [J]. J South China Univ
Technol, 2010, 38(9): 142—146.

Nocker A, Cheung CY, Camper AK. Comparison of propidium monoazide
with ethidium monoazide for differentiation of live vs dead bacteria by
selective removal of DNA from dead cells [J]. J Microbiol Meth, 2006,
67(2): 310-320.

Gedalanga PB, O Lson BH. Development of a quantitative PCR method to
differentiate between viable and nonviable bacteria n environmental water
samples [J]. Appl Microbiol Biotechnol, 2009, 82(3): 587-596.

> 5 5 EMA-PCR

[J1. ,2014, 35(6): 90-93.
Yan CY, Tang XY, Wang M, et al. Detection of viable cells of Salmonella
enteritidis by EMA-PCR [J]. Food Sci, 2014, 35(6): 90-93.

Josefsen MH, Lofstrom C, Hansen TB, et al. Rapid quantification of
viable Campylobacter bacteria on chicken carcasses, using real-time PCR

and propidium monoazide treatment, as a tool for quantitative risk



3440

[47]

[48]

[50]

[51]

[52]

assessment[J]. Appl Environ Microbiol, 2010, 76(15): 5097-5104.

Lucore LA, Cullison MA, Jaykus LA. Immobilization with metal
hydroxides as a means to concentrate food-borne bacteria for detection by
cultural and molecular methods [J]. Appl Environ Microbiol, 2000,
66(5):1769-1776.

Chang B, Taguri T, Sugiyama K, et al. Comparison of ethidium
monoazide and propidium monoazide for the selective detection of viable
Legionella cells [J]. Jpn J Infect Dis, 2010, 63(2): 119-123.

Bae S, Wuertz S. Survival of host-associated bacteroidales cells and their
relationship with Enterococcus spp., Campylobacter jejuni, Salmonella
enterica serovar typhimurium, and adenovirus in freshwater microcosms
as measured by propidium monoazide-quantitative PCR [J]. Appl Environ
Microbiol, 2012, 78(4): 922-932.

Slimani S, Robyns A, Jarraud S, et al. Evaluation of propidium monoazide
(PMA) treatment directly on membrane filter for the enumeration of viable
but non cultivable Legionella by qPCR [J]. J Microbiol Meth, 2012, 83(2):
319-321.

Yang Y, Xu F, Xu H, et al. Magnetic nano-beads based separation
combined with propidium monoazide treatment and multiplex PCR assay
for simultaneous detection of viable Salmonella Typhimurium,
Escherichia coli O157: H7 and Listeria monocytogenes in food products
[J]. Food Microbiol, 2013, 34(2): 418—424.

Zhang Z, Wang L, Xu H, et al. Detection of non-emetic and emetic
Bacillus cereus by propidium monoazide multiplex PCR (PMA-mPCR)

[53]

[54]

with internal amplification control [J]. Food Control, 2014, 35(1):
401-406.

Liang N, Dong J, Luo L, et al. Detection of Viable Salmonella in Lettuce
by Propidium Monoazide Real-Time PCR [J]. J Food Sci, 2011, 76(4):
M234-M237.

Wang L, Li P, Zhang Z, et al. Rapid and accurate detection of viable
Escherichia coli O157: H7 in milk using a combined IMS, sodium
deoxycholate, PMA and real-time quantitative PCR process [J]. Food
Control, 2014, 36(1): 119-125.

US4 @ id)

{EZ /v

B, 2L, TEWRAEDARR
RES5%%.
E-mail: hcc307084835.@163.com

WIER, HL, BIMRA, TEHAR
HEARBEIRA.
E-mail: kidyxu@163.com



