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Abstract

A polymerase chain reaction (PCR) assay targeting the gene encoding actA was developed for detecting Listeria monocytogenes

in pure cell cultures and on artificially contaminated pork, water and milk. 827-bp PCR product was detected in all 51 L. mono-

cytogenes strains belonging to four different sero-groups (1/2a, 1/2b, 1/2c, and 4b). In contrast, the PCR product was not detected

both in all other Listeria spp., including Listeria innocua, Listeria ivanovill, Listeria seelingeri, Listeria welshimeri, or Listeria grayi

and in non-Listeria bacteria, indicating that the primer set we use was highly specific for L. monocytogenes. The detection limit of the

PCR assay for pure cell cultures was 105 cfu per ml pure cell culture. However, the assay could detect as few as 101 cfu of

L. monocytogenes in 25 g of pork and 25 ml milk and water following 16 h of enrichment in Listeria Enrichment broth (LEB) at

30 �C. Only a large number of dead L. monocytogenes cells can cause false positivity, as determined using model pork, milk and

water samples artificially contaminated with decimal dilutions of dead L. monocytogenes. The total assay time including enrichment

was approximately 18 h. These results suggest that the PCR assay based on amplifying actA gene can used to rapidly detect

L. monocytogenes on pork, milk, water and possibly other types of food products.

� 2004 Published by Elsevier Ltd.
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1. Introduction

Listeria monocytogenes is one of the most important

food-borne pathogens causing an estimated 2500 cases

of meningitis, sepsis, encephalitis, fetal death, and pre-

maturity and 500 deaths in the United States annually,
at a projected cost of $233,000,000. It is often found in

various uncooked foods, such as meat, cheese, and

vegetables. It is widely diffused in the environment and

this fact cause the contamination of food during pro-

duction and distribution (de Boer & Beumer, 1999;

Swaminathan & Feng, 1994). The ubiquitous distribu-

tion of this pathogen in nature, its ability to grow at

refrigeration temperatures and its tolerance to certain
preservative agents make its elimination from food very

difficult (Bansal, 1996). Listeria ingested with foods can

cause human listeriosis, a serious disease among high-

risk populations including pregnant women, unborn
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children, neonates, the eldly, and immunocompromised

individuals.

Many different kinds of methods have been evaluated

for detecting or enumerating L. monocytogenes in food

samples, including an enzyme-linked immunosorbent

assay (Bansal, 1996; Palumbo, Borucki, Mandrell, &
Gorski, 2003), culture on selective media, biochemical

identification, (Mattingly, Butman, Plank, Durham, &

Robison, 1988), DNA–DNA probes (Ninet, Banner-

man, & Bille, 1992) and dot-ELISA (Chaudhari, Malik,

Rekha, & Barbuddhe, 2001). Cultural methods are

simple, but laborious, time-consuming, insensitive and

are not suitable for giving the results in the times re-

quired by the food industry (de Boer & Beumer, 1999;
Klein & Juneja, 1997). Antibodies-based methods can

suffer from low specificity, resulting in false-positive re-

sults (Ben Embarek, 1994), because most commercially

developed antibodies are not species-specific. The poly-

merase chain reaction (PCR) assay has the advantages

in that it can be highly specific, sensitive, rapid and may

permit direct detection of pathogen in foods and other

samples without the need for isolation of pure cultures
(Bessesen, Luo, Rotbart, Blaser, & Ellison, 1990;

mail to: zxiaohui2002@yahoo.com.cn


126 X. Zhou, X. Jiao / Food Control 16 (2005) 125–130
Border, Howard, Plastow, & Siggens, 1990). The tech-
nique has been used to detect L. monocytogenes in

channel catfish (Wang & Hong, 1999), raw milk (Her-

man, De Block, & Moermans, 1995), minced beef meat

(Duffy, Cloak, Sheridan, Blair, & McDowell, 1999) and

dairy product (Laberge, Blais, & Pandian, 1997). Vari-

ous genes have been targeted for the detection of L.

monocytogenes, including hlyA (Bessesen et al., 1990;

Wieckowska, Kotlowski, Kur, & Rudnicka, 1998; Zhou
et al., 2003), iap (Bubert et al., 1999), inlA (Ingianni

et al., 2001), inlB (Pangallo, Kaclikova, & Drahovaska,

2001), and inlAB (Almeida & Almeida, 2000; Jung,

Frank, Brackett, & Chen, 2003).

However actA has not been investigated as the target

gene for the detection of L. monocytogenes and thus in

this study, oligonucleotide primers were derived from

genetic determinants encoding for actA, genes known to
be associated with intra- and inter-cellular movement of

L. monocytogenes (Cossart & Lecuit, 1998), for the

establishment of PCR assay. The assay was evaluated

for detecting L. monocytogenes from pure cultures and

on artificially contaminated pork and milk and the assay

was also evaluated in food samples with conventional

methods.
2. Materials and methods

2.1. Bacteria strain and enumeration

Listeria monocytogenes strains used in this study were
selected from our laboratory collection (24 strains), food

isolates (7 strains) from Yangzhou Center for Disease

Control and Prevention, clinical strains (10 strains) from

Nasjnnalt folkehelse institutt (Norway), two clinical

isolates from Nanjing Military Hospital of China and

eight food and clinical isolates from France. These

bacteria included L. monocytogenes serotype 1/2a, 1/2b,

1/2c and 4b. All these L. monocytogenes were confirmed
by cultural method. Non-L. monocytogenes strains

included Listeria innocua, Listeria ivanovill, Listeria

seelingeri, Listeria welshimeri, Listeria grayi, Staphylo-

cocus aureus, Bacillus aerogenes capsulatus, Lactobacillus

bulgaricus, Lactobacillus sake, Samonella and E. coli

(Table 1).
2.2. Detection of L. monocytogenes in pure cell culture

One of L. monocytogenes strains was chosen to grow

in brain heart infusion (BHI) broth (Difco Laboratories,

Detroit, Mich.) at 37 �C for 16 h with shaking (120
rpm). Tenfold dilutions were made in sterile phosphate

buffered saline and plated on TSA (Difco Laboratories,

Spark, Md.). Plates were incubated for at least 24 h at 37

�C before colonies were enumerated. Pure L. monocyto-
genes cell cultures with a concentration of 108–104 cells/
ml were detected by PCR.

2.3. Detection of viable and dead L. monocytogenes in

food samples

Porks were purchased from a local supermarket, milk

was purchased from a grocery store and water was from

regular uses. For detection of viable L. monocytogenes in

food samples, pork, milk and water were inoculated
with one of the L. monocytogenes strain at the level of

100–105 cfu per 25 g and 25 ml, and at each inoculation

level, these three different kinds of products were tested.

For detection of dead L. monocytogenes in food sam-

ples, the overnight culture was enumerated and then

incubated for 15 min at 95 �C to devitalize L. mono-

cytogenes cells. These devitalized cell culture was deci-

mally diluted, and a range from 1010 to 106 cfu per 25 g
or 25 ml sample was used for PCR detection. For

detecting L. monocytogenes on pork, milk and water by

PCR, 25 g or 25 ml samples artificially contaminated by

viable and dead L. monocytogenes strain at each differ-

ent level were added to 225 ml of LEB (Difco Labora-

tories, Detroit, Mich) and stomached for 1 min at low

speed. Each sample was subsequently inoculated at 37

�C for 16 h with gentle shaking (120 rpm); then, a 250 ll
aliquot of each enriched sample was withdrawn for

template DNA isolation and PCR analysis.

2.4. Template DNA preparation

Two hundred and fifty microliters of the Listeria spp.

and non-Listeria cell cultures were centrifuged 10 min at

12,000g to collect the bacterial cells, and the supernatant

was discarded. The pellets were dissolved in 95 ll of
1 ·PCR buffer and then 4 ll lysozyme (2 mg/ml Sigma,
USA) was added to the pellet and mixed by pipetting.

After incubating at room temperature for 15 min, 1 ll
proteinase K (20 mg/ml, Sigma) was added to each tube

and vortex a few seconds and then incubated in heating

block at 58 �C until the lysates have cleared up or 60

min. The lysates were boiled for 10 min to inactivate

proteinase K then centrifuged at 13,000g for 30 s. The

supernatants were saved for the PCR reactions. The
other two template DNA preparation methods for

comparison are boiling method and boiling-frozen

method. As for boiling DNA extraction method, 250 ll
over-grown cell cultures of L. monocytogenes cell cul-

tures in BHI broth was centrifuged for 3 min at 12,000g.

Cells were washed with, and resuspended in sterile dis-

tilled water (95 ll) before being heated in a boiling water

bath for 10 min. Centrifugation was repeated to collect
supernatant fluid from heat-treated samples. Three mi-

croliters of the supernatant fluid was used as a DNA

template for PCR amplification. As for boiling-frozen

DNA extraction method, 250 ll over-grown cell cultures



Table 1

Listeria strains and other non-Listeria strains used in this study

Organism Origin Source

L. monocytogenes, serovar 1/2 a Food-borne illness France

L. monocytogenes, serovar 4 b Food-borne illness France

L. monocytogenes, serovar 1/2 c Food-borne illness France

L. monocytogenes, serovar 1/2b Food-borne illness France

L. monocytogenes, serovar 1/2b Ready-to-eat food France

L. monocytogenes, serovar 4b Ready-to-eat food France

L. monocytogenes, serovar 1/2a Ready-to-eat food France

L. monocytogenes, serovar 1/2a Ready-to-eat food France

L. monocytogenes, serovar 1/2a Blood culture (cancer) Norway isolate

L. monocytogenes, serovar 1/2b Blood culture Norway isolate

L. monocytogenes, serovar 1/2c Cerebral spinal fluid (meningitis) Norway isolate

L. monocytogenes, serovar 1/2a Blood culture (myemolatosis) Norway isolate

L. monocytogenes, serovar 1/2a Blood culture (cholecystitis) Norway isolate

L. monocytogenes, serovar 1/2b Blood culture Norway isolate

L. monocytogenes, serovar 1/2c Blood culture Norway isolate

L. monocytogenes, serovar 1/2b Blood culture (heart disease) Norway isolate

L. monocytogenes, serovar 1/2c Blood culture Norway isolate

L. monocytogenes, serovar 4b Blood culture Norway isolate

L. monocytogenes (2 isolates) Cerebral spinal fluid (meningitis) NJMHa

L. monocytogenes (7 isolates) Ready-to-eat food (DPCC)b

L. monocytogenes (24 isolates) Unknown Lab collections

L. seeligeri (2 isolates) Fresh food Lab collections

L. seeligeri (2 isolates) Ready-to-eat food Lab collections

L. seeligeri (3 isolates) Environmental sewages Lab collections

L. seeligeri (3 isolates) Unknown Lab collections

L. innocua (2 isolates) Unknown Lab collections

L. grayi (2 isolates) Unknown Lab collections

L. welshimeri (2 isolates) Fresh food Lab collections

L. ivanovii (2 isolates) Fresh food Lab collections

L. ivanovii (2 isolates) Ready-to-eat food Lab collections

L. ivanovii (3 isolates) Meat in slaughter house Lab collections

L. ivanovii (3 isolates) Unknown Lab collections

S. aureus (4 isolates) Unknown Lab collection

Bacillus aerogenes capsulatus (6 isolates) Unknown Lab collection

L. bulgaricu (2 isolates) Unknown Lab collection

L. sake (3 isolates) Unknown Lab collection

Salmonella (5 isolates) Animals Lab collection

E. coli (5 isolates) Animals Lab collection

aNJMH, Nanjing Military Hospital China.
bDPCC, Disease Prevention and Control Center Yangzhou City China.
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of L. monocytogenes cell cultures in BHI broth was

centrifuged for 3 min at 12,000g. Cells were washed
with, and resuspended in sterile distilled water. The

suspended cells were being heated in a boiling water for

3 min and were immediately put into a liquid nitrogen

for frozen 3 min. After being repeated such procedure

(frozen-thaw) three times, the lysates were centrifuged at

13,000g for 30 s and 3 ll of the supernatant fluid was

used as a DNA template for PCR amplification.

2.5. PCR procedure

Oligonucleotide primers for the PCR assay were se-
lected based on the published nucleotide sequence of the

actA gene (Cai et al., 2002). We used the pair of primers

01 (50-GCTGATTTAAGAGATAGAGGAACA-30)

and 02 (50-TTTATGTGGTTATTTGCTGTC-30) to
amplify a 827 bp DNA fragment that corresponds to the

region of 30 end of actA gene. The primers were syn-
thesized in the TaKaRa Biotechnology (Dalian) Co.,

Ltd. A 25 ll aliquot of PCR buffer contained 22 ll of
PCR supermix (0.2 ll of each primer at 12.5 lM, 2.5 ll
of 10 ·PCR buffer, 1.0 ll of 25 mM MgCl2, 1.0 ll of 1
mM of dNTPs mix, 0.1 ll of 3 U/ml Taq DNA poly-

merase in 17 ll of ddH2O). Three microliters of each

supernatant were added to the PCR mix. Thermocycling

conditions included an initial hold of 2 min at 94 �C,
then a denaturation step at 95 �C for 10 s, annealing at

60 �C for 30 s and a 30 s extention at 72 �C for a total of

40 cycles. A final hold 4 �C followed a final extention at

72 �C for 10 min. All amplifications were performed on

a thermocycler Biometra (T-Gradient Thermoblock).

Amplified products were electrophoresed on 1.5% aga-

rose gel, stained with ethidium bromide (1 lg/ml), and
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photographed with the Tanon GIS-1000. The DNA
standard for gel analysis was 200 bp DNA ladder.
Fig. 1. Comparison of detection limit between three kinds of DNA

extraction methods. Lane 1 is DNA marker; Lane 2–6 are PCR

products amplified from 108, 107, 106, 105, 104 cfu/ml of broth culture

using lysozyme and proteinase K DNA extraction method, respec-
8 7 6 5
2.6. Conventional method

Presumptive Listeria colonies (5–10 per plate) from

Oxford were identified as L. monocytogenes by b-
hemolysis positive, Gram and catalase tests, motility by

microscopy and the ability to ferment rhamnose and

methyl-mannoside but not xylose (Seeliger & Jones,

1986).

tively. Lane 7–10 are PCR products amplified from 10 , 10 , 10 , 10

cfu/ml of broth culture using boiling DNA extraction method,

respectively. Lane 11–14 are PCR products amplified from 108, 107,

106, 105 cfu/ml of broth culture using boiling-frozen DNA extraction

method, respectively.

3. Results and discussion

The 827 bp product amplified by the primer sets we

use was detected in all strains of L. monocytogenes,

whereas other Listeria spp., and non-Listeria bacteria

yielded negative results (Table 2). These results suggest

that actA gene is constantly present in L. monocyto-

genes, regardless of the origin and serovars of the iso-

lates. Although actA homologues occur in L. seeligeri

and L. ivanovii, the specific 827 amplified fragment did
not occur in all the 10 L. seeligeri and 10 L. ivanovii

strains indicating that the amplified 827 bp fragment

does not exist in these two Listeria species and the primer

sets used in this study were specific to L. monocytogenes.

With the boiling and boiling-frozen template DNA

extraction methods, the detection limit of the PCR assay

for pure cell cultures was 106 cfu/ml of broth culture.

However, the detection limit was lowered to 105 cfu/ml
after cells of L. monocytogenes were treated with lyso-

zyme and proteinase K. Fig. 1 shows the PCR products

amplified from the various concentrations of L. mono-

cytogenes in BHI broth using different template DNA
Table 2

Identification of different Listeria species using PCR method targeting

actA gene

Species Number of

strains

Number of

strains identified

L. monocytogenes 51

Collection strains 24 24

Clinical strains 16 16

Food strains 11 11

L. innocua 2 0

L. ivanovill 10 0

L. seelingeri 10 0

L. welshimeri 2 0

L. grayi 2 0

S. aureus 4 0

Bacillus aerogenes

capsulatus

6 0

Lactobacillus Bulgaricus 2 0

Lactobacillus sake 3 0

Salmonella 5 0

E. coli 5 0
extraction method. Compared to Gram-negative strains,

L. monocytogenes has a stronger cell wall structure

which limit the the recovery of genomic DNA (Burt-
scher, Fall, Wilderer, & Wuertz, 1999). Lysozyme can

lyse the cell wall of Gram-positive strains and make it

easier for genomic DNA extraction, thus it is not sur-

prising that lysozyme–proteinase K DNA extraction

method is more sensitive (105 cfu/ml) than other two

extraction methods (106 cfu/ml).

Since the contamination level of L. monocytogenes in

foods is low, usually below 102 cfu/ml (Inoue et al.,
2000), it seems not probable to detect the pathogen

without enrichment. Thus in the present study one

enrichment step was introduced prior to the PCR

detection procedure and the results showed that with 16

h enrichment the PCR assay can detect as few as 101 cfu

per 25 g of artificially contaminated pork samples.

Meanwhile the same results were yielded in the artifi-

cially contaminated milk and water (Fig. 2). Since the
food ingredients, proteins, and fats can interfere the

activity of Taq DNA polymerase (Jung et al., 2003;

Rossen, Norskov, & Holmstrom, 1992), effective re-

movement of PCR inhibitors was necessary. The DNA

extraction method with proteinase K and lysozyme used

in the present study can remove the PCR inhibitors and

as few as 101 cfu per 25 g of artificially contaminated
Fig. 2. Agarose gel of PCR products obtained from artificially con-

taminated pork inoculated with different concentrations of L. mono-

cytogenes. Lane M¼DNA molecular weight marker; Lane 1¼ 105 cfu/

25 g; Lane 2¼ 104 cfu/25 g; Lane 3¼ 103 cfu/25 g; Lane4¼ 102 cfu/25

g; Lane 5¼ 101 cfu/25 g; Lane 6¼ 100 cfu/25 g.
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pork samples can be detected suggesting that the PCR
assay with proteinase K and lysozyme for template

DNA extraction can be used for detection of L. mono-

cytogenes in food samples.

The PCR assays still do not discriminate strains from

different origins and it is possible for the technique to

give false-positives due to amplification of DNA from

dead L. monocytogenes cells, which limits its application

to food processes. This problem can be overcome by
using reverse transcription amplification (RT-PCR) to

detect messenger RNA based on its very short half-life

(Burtscher & Wuertz, 2003). However, RT-PCR can be

influenced by many factors such as RNase and also it

seems labor-intensive (Hokland & Pallisgaard, 2000).

For this reason, enrichment by culture seems a good

choice, contrary to physical or immunomagnetic meth-

ods which do not distinguish between live and dead
bacteria cells (Kacl�ıkov�a, Pangallo, Drahovsk�a, Orav-

cov�a, & Kuchta, 2003). Our results showed that with an

enrichment step prior to PCR, only a very large number

of dead L. monocytogenes cells (109 dead cells per 25 g or

25 ml samples) can give positive results compared to the

detection limit of only 101 viable cells per 25 g or 25 ml

samples. Generally, the dead L. monocytogenes in food

products will not exceed the number of 109 cfu/25 g
sample, so the assay we described can be used to dif-

ferentiate viable and non-viable L. monocytogenes con-

taminated in the food samples.

To apply this PCR assay to detection of food samples

naturally contaminated with L. monocytogenes, 795

food samples (including 490 fresh food samples and 305

RTE food samples) were collected from Chinese local

market and were detected for identification of L. mon-

ocytogenes with PCR assay paralleled with conventional

method. The results are shown in Table 3. As shown in

Table 3, Both PCR-based assay and conventional cul-

ture assay produced identical results which means the

relative accuracy for PCR-based assay was 100%.

Conclusively, according to our knowledge, this is the

first report that uses actA as the target gene for PCR

assay for the detection of L. monocytogenes. This PCR
Table 3

L. monocytogenes isolated from 795 food samples comparing PCR and

conventional method

Type of food Number of

samples

Positives

PCR assay Conventional

method

Fresh meat 255 4 4

Fresh fish 235 3 3

Ready-to-eat

chicken

65 2 2

Ready-to-eat

goose

85 3 3

Ready-to-eat

pork

155 5 5
assay showed both specificity and sensitivity, and with
an enrichment step prior to PCR, only a great large

number of L. monocytogenes in food samples can give

positive results. When applied to the detection of natu-

rally contaminated food samples, one hundred percent

accuracy was obtained with conventional culture method

showing it a practical assay.
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