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ABSTRACT: The capability of an assay to detect Listeria monocytogenes from artificially inoculated fresh-cut
produce such as cantaloupe and mixed salad was demonstrated. An oligonucleotide probe that becomes fluores-
cent upon hybridization to the target DNA (Molecular Beacon, MB) was used in a real-time polymerase chain
reaction (PCR) assay. As few as 4 to 7 colony-forming units (CFU) of L. monocytogenes per 25 g of artificially
contaminated produce could be detected. A comparison of 2 commercially available kits using MB-PCR (iQ-
Check, Bio-Rad Laboratories) and conventional PCR (BAX, Dupont Qualicon) was performed on artificially
inoculated produce. The time required to detect L. monocytogenes (from produce to PCR) was considerably
shorter for the iQ-Check protocol (approximately 26 h) compared with the BAX-PCR (approximately 52 h). The
iQ-Check protocol was also used to confirm the identity of the L. monocytogenes isolates obtained during a
microbiological screen of conventional and organic leaf lettuce and alfalfa sprout samples from local supermar-
kets. The iQ check protocol was successful in differentiating L. monocytogenes isolates from other Listeria spp.
such as L. welshimeri, L. innocua, and L. ivanovii. This is the 1st report of the application of the MB probe being

used for real-time detection of L. monocytogenes in whole and fresh-cut produce.
Keywords: microbial food safety, ready-to-eat produce, foodborne pathogens

Introduction

e detection of Listeria species by regulatory agencies is still pri-
marily based on traditional microbiological culture methods
that may take several days to complete. The incidence of foodborne
infections caused by Listeria monocytogenes continues to be a prob-
lem in the United States (Burnett and Beuchat 2001; Gombas and
others 2003). Several outbreaks of listeriosis in the United States
and Canada have been linked to fresh produce (Francis and others
1999; Burnett and Beuchat 2001; Sewell and Farber 2001). The re-
sults of surveys to determine the prevalence of L. monocytogenes in
various foods indicated that the highest prevalence rate (4.7%) was
observed for seafood salads, whereas a relatively lower prevalence
rate was reported for deli salads and bagged salads at 2.4% and

0.74%, respectively (Gombas and others 2003).

Most of our knowledge of routes of foodborne transmission of
Listeria and other pathogens has been acquired through the study
of epidemiological data from various prevalence studies and out-
break investigations (Farber and Peterkin 1991; Donnelly 2001;
Zhao and others 2001). Therefore, determining the precise source
of contamination is crucial when devising strategies to reduce fu-
ture outbreaks. However, only 2 of the 27 outbreak investigations
on fresh produce clearly identified a point of contamination, which
underscores the importance and need for rapid and accurate
pathogen identification methods (NACMCF 1999).

Most polymerase chain reaction (PCR) assays, although rapid
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and sensitive, rely on visualizing the amplification product by
ethidium bromide or SYBR® Green staining of agarose or polyacry-
lamide gels (Golsteyn-Thomas and others 1991; Shearer and oth-
ers 2001; Cocolin and others 2002). More recently, modifications
have been introduced whereby PCR was monitored in “real time”
by the addition of a fluorogenic dye such as SYBR Green (Bhagwat
2003, 2004). Although this modification enabled the simultaneous
and rapid detection of 3 foodborne pathogens in a high-through-
put format, the fluorogenic reporter dye lacked specificity for the
desired target molecule. However, a new fluorogenic PCR-based
format, Molecular Beacon probe PCR (MB probe PCR) has been de-
veloped that uses an internal fluorogenic probe that is specific to
the target gene (Chen and others 2000; Hoorfar and Radstorm 2000;
Liming and Bhagwat 2004). During the PCR assay, the target gene
is amplified and simultaneously recognized and monitored by the
fluorescent probe moiety (Tyagi and Kramer 1996).

The successful application of fluorogenic as well as conventional
PCR assays to food samples, particularly to fresh produce, has been
hindered by the presence of inhibitory compounds of plant origin
that interfered with PCR biochemistry, resulting in false-negative
data (Shearer and others 2001; Bhagwat 2003; Liao and Shollen-
berger 2003). In this article, we have evaluated and compared the
MB probe PCR method (iQ-Check L. monocytogenes kit from Bio-
Rad Laboratories, Hercules, Calif., U.S.A.) with the BAX PCR (Qual-
icon Inc, Wilmington, Del., U.S.A.) and conventional microbiology
methods (Johnson 1998) to detect L. monocytogenes from fresh
and fresh-cut produce (cantaloupe and mixed salad), which was
artificially contaminated at the level of 4 to 7 colony-forming units
[CFU]/25 g. The iQ-Check protocol was also used to confirm the
identity of the L. monocytogenes isolates and to differentiate from
other Listeria spp. (L. welshimeri, L. innocua, and L. ivanovii) ob-
tained during a microbiological screen of conventional and organic
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leaf lettuce and alfalfa sprout samples from local supermarkets.
This is the 1st report of the application of the MB probe being used
for real-time detection of L. monocytogenes in fresh-cut produce.

Materials and Methods

Experimental design

This study examined the sensitivity and efficacy of 2 PCR-based
methods (iQ-Check L. monocytogenes kit, Bio-Rad Laboratories
and BAX-PCR, L. monocytogenes kit). The data from the PCR proto-
cols were compared with the traditional culture methods using pure
cultures of L. monocytogenes as well as other Listeria spp., such as L.
welshimeri, L. innocua, and L. ivanovii. Each experiment was per-
formed at least twice, and each experiment contained 3 subsam-
ples per produce. Artificially inoculated fresh produce (cantaloupe
and prepacked mixed salad) at alow inoculum dose of 4 to 7 CFU
per 25 g was used in this investigation.

Bacterial strains and media

L. monocytogenes ATCC 13932, L. welshimeri ATCC 35897, L. in-
nocua ATCC 33090, and L. ivanovii ATCC 19119 were used as refer-
ence strains in this study. Cultures were routinely started from
freezer stocks for growth on tryptic-soy agar (TSA) medium (Difco
Laboratories, Detroit, Mich., U.S.A.). After overnight incubation at
37 °C, a single colony was selected and inoculated into 10 mL tryp-
tone-soya broth in a 125-mL Erlenmeyer flask. Cells were grown for
20 to 22 h at 37 °C with shaking at 200 rpm (Lab-Line Instruments,
Melrose Park, I11.) to obtain stationary-phase cultures. The cells
were harvested by centrifugation at 4000 x g for 10 min (Eppendorf
5410R, Hamburg, Germany), washed once with 3 volumes of saline
(0.85% NaCl), and suspended in saline at a cell density of 109 cells/
mL. Cells were further diluted in saline to achieve the desired cell
density. Final cell numbers were confirmed by determining viable
cell counts on TSA plates.

Inoculation of fresh produce with L. monocytogenes

Whole cantaloupes and prepacked mixed salad (made up of
approximately 80% leaf lettuce, 10% red cabbage, and 10% carrot
by weight) were obtained from local grocery stores. The canta-
loupes were brushed and rinsed with warm tap water, sprayed with
70% ethanol, and allowed to dry in a microbiological hood before
cutting into small portions. Fresh produce (25 g) was inoculated
with approximately 4 to 7 cells in 50 pL saline using either pure
culture of L. monocytogenes and processed within 10 min for pre-
enrichment. For each experiment, non-inoculated produce was
used as a control and was found to be free of L. monocytogenes by
PCR as well as culture methods.

Enrichment procedures

Experimentally inoculated samples were subjected to 2 different
enrichment protocols per the recommendations specific for the 2
PCR methods. For the BAX-PCR, the manufacturer’s recommended
enrichment protocol was followed (Shearer and others 2001). Brief-
ly, 25 g of produce was combined with 225 mL of Demi-Fraser broth
(Difco Laboratories) in sterile stomacher bags and pummeled for 2
min in a stomacher 400 Lab Blender (Seaward, London, U.K.). After
stomaching, the samples were incubated for 24 + 2 h at 30 °C. The
next day, the samples were pummeled again for 2 min in a stoma-
cher, and 0.1 mL of the slurry was transferred to 9.9 mL of pre-
warmed (35 °C) MOPS (3-N-Morpholino propanesulfonic acid)-
buffered Listeria enrichment broth and further incubated for 24 +
2 h at 35 °C. After the 2nd enrichment period, a 5 p.L. sample was
taken for DNA isolation.
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To analyze artificially contaminated produce samples with the
iQ-check L. monocytogenes kit, a 1-step enrichment protocol recom-
mended by the manufacturers was followed. Briefly, 25 g of produce
was combined with 225 mL of ¥2-strength Demi-Fraser broth in ster-
ile stomacher bags and pummeled for 2 min in a stomacher 400 Lab
Blender. The samples were incubated for 24 + 2 h without shaking
at 30 °C. After the incubation period, 1 mL of the sample was with-
drawn from the top without disturbing the food debris and pro-
cessed for DNA isolation.

DNA extraction procedures

For the BAX-PCR method, 5 pL of the sample from the secondary
enrichment broth was transferred to an eppendorf tube containing
200 L of BAX cell lysis reagent. DNA was then isolated according to
the manufacturer’s protocol. Briefly, cells were incubated in the BAX-
lysis buffer for 1 h at 55 °C and then for 10 min at 95 °C (to inactivate
the proteases in the lysis buffer). For the iQ-Check protocol, 1-mL
samples from the half-strength Fraser broth were centrifuged for
12000 x g for 5 min; the pellet was suspended in 200 p.L of lysis re-
agent (iQ-Check- L. monocytogenes, Bio-Rad Laboratories) and vor-
texed. Lysis was carried out by incubating the suspension at 100 °C
for 15 min.

For isolating DNA from L. monocytogenes and Listeria spp., 10-
fold serial dilution of known quantities of viable cells (10° to 105,
measured as CFU/mL) were mixed in individual tubes containing
lysis buffer and used as standards in the respective PCR assays.

Detection of L. monocytogenes by PCR

For BAX-PCR, 50 p.L of DNA preparations were transferred to L.
monocytogenes BAX-PCR tubes containing the lyophilized pellet of
all PCR reagents except target DNA. The thermocycler was pro-
grammed for 94 °C for 2 min, (94 °C for 15 s, 70 °C for 3 min) x 38
cycles. Fifteen microliters of loading dye was added and mixed to
each PCR tube. The PCR mixture was processed by performing aga-
rose (2.0%) gel electrophoresis and the 400 base pair target DNA was
visualized by ethidium bromide staining (Shearer and others 2001).

In some experiments, a modified protocol of the BAX-PCR that
enables real-time detection of amplified target DNA was also per-
formed using a pure culture of L. monocytogenes (Bhagwat 2003).

For the iQ-Check PCR protocol, samples were examined in dupli-
cate at 2 concentrations of template DNA. For each sample, 5 p.L of
1:10 and 1:25 diluted DNA were mixed with 40 pL of amplification
mixture and 5 pL of fluorogenic oligonucleotide molecular beacon
probe labeled with Texas Red at the 5'-end and DABSYL at the 3'-
end as the quencher. The fluorogenic MB-probe from the iQCheck-
kit (Bio-Rad Laboratories) targets an internal section of the PCR
product of the hlyA (sulthydryl-activated hemolysin) gene specific
to L. monocytogenes, also known as listeriolysin (Gaillard and oth-
ers 1986; Menguad and others 1988; Bessesen and others 1990). To
monitor successful DNA amplification in each reaction tube, the kit
provides a synthetic DNA (at suboptimal concentration) as a part
of the reaction mixture that works as an “internal control.” This con-
trol DNA was amplified with a specific probe at the same time as
the L. monocytogenes target DNA sequence and detected by a 2nd
fluorophore (FAM). The thermocycler was programmed for 50 °C for
2 min, 95 °C for 5 min (95 °C for 20 s, 55 °C for 30 s, 72 °C for 30
s) x 50 cycles, and 72 °C for 5 min. Data were collected after each
annealing step (that is, after 55 °C for 30 s) using an excitation and
emission wavelength of 575 nm and 620 nm for Texas Red (for the
target DNA). Concurrently, the data for the “internal control” DNA
amplification was also monitored using an excitation wavelength of
490 nm and an emission wavelength of 530 nm for FAM as specified
by BioRad Laboratories.
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Detection of L. monocytogenes by conventional
microbiology methods

The protocol recommended for L. monocytogenes by the U.S.
FDA Bacteriological Analytical Manual was followed (Johnson
1998). After an enrichment step, the broth was streaked on Bacto-
Modified Oxford agar (MOX) and Bacto-PALCAM agar (Difco Labo-
ratories) to identify L. monocytogenes.

For the isolation of L. monocytogenes from fresh retail organic
and conventional produce (alfalfa sprouts and romaine lettuce),
after initial enrichment (¥2-strength Fraser broth, 24 h, 30 °C), sam-
ples were plated on Oxford agar and L. monocytogenes plating me-
dium (LMPM; BCM, Inc., Naperville, I1l., U.S.A.) and incubated for
48 h at 30 °C and 35 °C, respectively. Five colonies typical of L.
monocytogenes on LMPM were selected and streaked onto L. mono-
cytogenes confirmatory medium (LMCM, BCM, Inc.). Presumptive
L. monocytogenes colonies were examined using the Gram stain and
catalase test, and API Listeria strips (bioMerieux, Hazelwood, Mich.,
U.S.A). The isolates were further confirmed using an iQCheck- L.
monocytogenes PCR kit by isolating DNA from a single colony from
LMCM plate into 200 pL of iQcheck lysis buffer as described previ-
ously.

Results and Discussion

Detection of L. monocytogenes by conventional PCR
and molecular beacon real-time PCR

We examined the sensitivity of the MB probe, real-time PCR
methodology with reference to conventional PCR. As a 1st step, a
pure culture of L. monocytogenes ATCC 13932 grown to stationary
phase in tryptone-soya broth was serially diluted 10-fold in saline;
viable counts were confirmed by growing aliquots on tryptone-soya
agar medium. DNA isolation was performed from samples with
varying quantities of cells ranging from108 CFU/mL to102 CFU/mL.
A no-template-control, in which sterile saline was substituted for
template DNA, was used in each experiment. This control was used
to subtract any fluorescence that was not directly related to ampli-
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Figure 1—Amplification plot of a 10-fold serial dilution se-
ries of Listeria monocytogenes ATCC 19114. Sample rep-
licates (open and closed symbols) with cells per assay 102
(A, #); 103 (00, W); 104 (V, ¥); and 10° (O, @) using a molecu-
lar beacon probe and real-time PCR assay. Real-time de-
tection was done by measuring the fluorescence of Texas
Red during the annealing step of each PCR cycle (x axis).
Relative fluorescence units (RFU) are plotted on the y axis.
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fication. Figure 1 shows the normalized fluorescence measurement
from the MB probe versus the PCR cycle collected in real-time for
ATCC 15313 serotype strain 1/2a. Fluorescence from the MB-probe
increased as the target DNA (hlyA gene) accumulated at the end of
each successive round of amplification. All data collected during the
30-s annealing cycle were used in the analysis and for quantifying
the amplification of target DNA. Using the MB-probe with real-
time detection, it was possible to detect up to 102 to 103 CFU of L.
monocytogenes.

The conventional PCR method was performed using reagents
specific to L. monocytogenes in the BAX-PCR kit, and the amplifica-
tion product was examined after agarose gel electrophoresis. Using
this protocol, the detection limit appears to be 103 CFU/PCR assay
when the agarose gels were stained with ethidium bromide and
examined under UV light for the presence of 400 bp PCR product
(data not shown). Recently, we modified this AOAC-approved PCR
protocol to achieve real-time detection by including a fluorescent
reporter dye, SYBR Green I (Bhagwat 2003) in the PCR assay. Using
this modified protocol, it was possible to collect data in real time.
However, as reported, there was no change in the sensitivity of the
assay, and the lower detection limit remained at 103 CFU/PCR as-
say.

Quantitation of L. monocytogenes based on the target
DNA amplification

The threshold cycle (C,) is defined as the cycle at which a signif-
icant increase in fluorescence is 1st recorded. The C, value increas-
es as the initial number of the available template molecules de-
creases. Thus, C, values can potentially be used to quantify input
target molecules. For MB real-time PCR assays using L. monocyto-
genes, C, values decreased linearly with increasing target quantity
10! to 10* CFU per PCR assay (Figure 2), with a correlation coeffi-
cient 0f 0.991 for ATCC 15313 serotype strain 1/2a. The amplification
plot of the experiment generated a slope of —4.23, corresponding to
a72.3% efficiency of the PCR assay, using the formula, E (efficien-
cy) = (10-1/slope) — 1 (Higuchi and others 1993). Similarly amplifica-
tion plots for ATCC 19114 serotype strain 4a and ATCC 13932 sero-
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Figure 2—Standard curve for a 10-fold serial dilution se-
ries of Listeria monocytogenes serotype 4a (ATCC 19114),
Oj serotype 4b (ATCC 13932), ®; and serotype 1/2a (ATCC
15313), V. Approximately 10° to 102 cells per assay were
used (in duplicate), and data are plotted as the threshold
cycle (C) on the y axis. The target copy number per assay
is on the x axis.
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Table 1—Interpretation of sample results by MB PCR iQCheck Listeria monocytogenes assay

L. monocytogenes

Internal control DNA

Interpretation

Sample detection (Texas Red) detection (FAM)
Negative control C,=N/D? C,>20

Positive control C,>10 Not significant
Negative test C,=N/D C,>20

Positive test sample C,>10 Not significant
False-negative test sample C,=N/D C,=N/D

Experimental-set up free of L. monocytogenes

PCR kit components in good condition

Absence of L. monocytogenes, PCR reaction successful
Positive identification for L. monocytogenes

Inhibition of PCR reaction

aN/D = none detected.

Table 2—Comparative analyses of detection frequencies of Listeria monocytogenes from artificially inoculated fresh

produce by 2 PCR methods

Detection of L. monocytogenes

One-step enrichment (24 h)

Two-step enrichment (24 h x 2)

Molecular Beacon PCR Conventional PCR
Type Contamination Detection Detection Detection Detection
of fresh level frequency frequency Quantitation frequency frequency
produce (CFU/25 g) |(selective media) | (iQ-Check) (C, value?) (selective media) (BAX-PCR) Quantitation
Cantaloupe 5.3+ 3.1 6/6 6/6 17.74 £ 0.28 6/6 5/6 NAP
Mixed salad 3.8+1.7 9/9 8/9 19.16 + 2.02 6/6 11 NA

aC; value is defined as the cycle at which a significant increase in fluorescence is 1st recorded.

bCFU = colony-forming unit; NA = not applicable.

type strain 4b had correlation coefficients of 0.991 and 0.839, re-
spectively (Figure 2). Modification of the BAX-PCR method with the
inclusion of SYBR Green I dye allowed the quantitative detection of
the amplified target in the range 103 to 106 CFU per PCR assay and
had a high correlation coefficient of 0.98 (data not shown).

Interpretation of C, values using iQCheck-MB PCR. In the
iQCheck MB-PCR method, amplification of the internal control
DNA greatly facilitated differentiating samples with PCR-inhibito-
ry compounds (that is, false negative) and samples truly lacking
the template DNA (that is, absence of the pathogen) (Table 1).
When no C, value was obtained for Texas Red (hlyA beacon probe),
then the interpretation of the result relied on amplification of inter-
nal control DNA (C, value obtained for FAM). The control DNA tem-
plate, beacon probe, and primer concentrations are kept intention-
ally several-fold lower compared with those of hlyA. This parity in
concentration enables detection of the control DNA (particularly in
the absence of hiyA template) at a C, value of approximately 30
(Table 1). The sample was considered negative for L. monocytoge-
nes if there was no C; value for Texas Red and the C, value for FAM
was > 20. If the C; value for FAM was also undetected, then it was not
possible to interpret the result, and such data probably indicate an
inhibition of the PCR reaction. For positive L. monocytogenes sam-
ples, the C, value for FAM is not significant because concentration
of the control DNA template could get several-fold lower compared
with the hlyA target DNA as PCR cycles progress.

Evaluation of detection limits using artificially
contaminated produce

The ability to detect L. monocytogenes from fresh produce was
tested using artificially contaminated cantaloupe and mixed salad.
The 2 PCR assays and conventional microbiological protocols were
performed in parallel for each produce sample (Table 2). For each
experiment, non-inoculated produce was used as a control and was
found to be free of L. monocytogenes by PCR as well as culture
methods. MB probe real-time PCR assays and microbial selective
media (Bacto-MOX and Bacto-PALCAM agar) were able to detect
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contamination of L. monocytogenes from both produce types and at
alow level of contamination in all samples tested (approximately 4
CFU 25/g produce). BAX-PCR assays were also able to detect L.
monocytogenes contamination in 5 of 6 cantaloupe samples. How-
ever, 5 of 6 samples of mixed salad gave false-negative results, even
though the sample tested positive when analyzed using selective
growth media.

Confirmation of L. monocytogenes isolates obtained
from naturally contaminated produce

Over 100 fresh produce samples (alfalfa sprouts and romaine
lettuce) were obtained from retail supermarkets and screened for
the presence of L. monocytogenes by conventional microbiology
procedures (unpublished work, data not shown). The incidence of
L. monocytogenes was 3.6% among organic produce and 5.3% in con-
ventional produce. During the survey, other Listeria spp., such as,
L. welshimeri, L. innocua, and L. ivanovii, were also identified from
produce samples. We wanted to determine whether the iQCheck
MB-PCR method would differentiate among the species and iden-
tify natural isolates of L. monocytogenes. A total of 4 colonies were
picked per isolate, and DNA was isolated from each colony using
the lysis reagent. The iQCheck protocol was successful in differen-
tiating all L. monocytogenes isolates from other Listeria species (Ta-
ble 3).

Discussion

As aresult of the public health significance of L. monocytogenes,
U.S. regulatory agencies, such as the Food and Drug Administra-
tion and the Food Safety and Inspection Service, established a
policy under which ready-to-eat foods contaminated with the or-
ganism at a detectable level (1 CFU/25 g food) are deemed adulter-
ated. Because the establishment of this “zero tolerance” policy, the
food industry has implemented several preventive measures in an
effort to eradicate the organism from foods and food-processing
environments. Despite these efforts, L. monocytogenes contamina-
tion continues to occur. One of the factors that makes L. monocyto-
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genes particularly difficult to control in foods is that, unlike most
foodborne pathogens, it can grow at cold temperatures at which
produce is typically stored (5 °C to 15 °C). Reduction in foodborne
illnesses by 50% caused by L. monocytogenes is one of the goals of
the Healthy People 2010 initiative (Anonymous 2003). Rapid detec-
tion methods with high sample throughput capabilities will be of
immediate help in designing better microbiological screening pro-
cedures.

The fluorogenic detection of target DNA during PCR provides the
possibility of real-time quantitative detection of a specific patho-
gen directly in the PCR tube, thus making it compatible for a high-
throughput format (Higuchi and others 1993; Tyagi and Kramer
1996). Many studies have used PCR for the rapid detection of L.
monocytogenes from laboratory cultures, as well as from meat and
poultry products (Bessesen and others 1990; Golsteyn-Thomas and
others 1991; Niederhauser and others 1992; Fluit and others 1993;
Shearer and others 2001). Using a fluorogenic linear probe targeting
the hlyA gene of L. monocytogenes and end point (instead of real-
time) detection, Bassler and others (1995) reported a detection limit
of 50 CFU in pure cultures. However, no challenge studies were
performed, and the assay lacked an internal DNA amplification
control (Liming and Bhagwat 2004) or melt curve analysis of the
PCR product (Bhagwat 2003). Using a combination of immunomag-
netic separation of L. monocytogenes from enrichment broths to
remove inhibitors of Taq polymerase (discussed subsequently) and
PCR, Fluit and others (1993) reported a detection limit of 1 CFU/g
of cheese after total enrichment of approximately 55 h.

In the present study, we examined the efficacy of MB probes to
detect L. monocytogenes-specific amplicons from whole and fresh-
cut produce. Given the low incidence (about 3% to 5%) of L. mono-
cytogenes in ready-to-eat fresh and fresh-cut produce (Zang and
Meng, unpublished observations), we used artificially contaminat-
ed samples to examine the efficacy of pathogen detection. The MB
beacon probe used in this study was able to detect L. monocytoge-
nes from fresh and fresh-cut produce (cantaloupe and mixed salad)
at a very low level of contamination (that is, at 4 to 7 CFU/25 g of
produce) (Table 2). Several previous reports, which used PCR for
the detection of pathogens from produce samples, have attribut-
ed observed false-negative results to the presence of inhibitory
compounds of plant origin (Shearer and others 2001; Bhagwat 2003;
Liao and Shollenberger 2003). In the MB-PCR assay, an internal
control DNA was included in each reaction tube to monitor for suc-
cessful DNA amplification. The internal control DNA was amplified
at the same time as the L. monocytogenes target DNA (that is, hlyA
gene), except that the amplification was detected by a second flu-
orophore (FAM). Thus, it was easy to interpret the lack of hlyA gene
amplification as either the potential absence of L. monocytogenes or
inhibition of PCR (Table 1). The occurrence of false-negative results
have been attributed to the poor quality of target DNA, or insuffi-
cient enrichment of the target pathogen (Miller 2001; Shearer and
others 2001; Bhagwat 2003; Heller and others 2003; Liao and Shol-
lenberger 2003). In this study, enrichment in half-strength Fraser
broth and taking samples without disturbing the media at the end
of enrichment helped keep inhibition by plant pigments to a min-
imum (comparative data with and without shaking the enrich-
ment broth before sampling for DNA isolation not shown). Further,
the dilution of the DNA template (1:10 and 1:25) before the assay
and the presence of a suspended gel-matrix in the lysis buffer
helped to reduce the concentration of inhibitory compounds to a
level that did not affect DNA amplification and allowed detection
of L. monocytogenes.

L. monocytogenes can be differentiated on the basis of serology,
and to date, more than 14 serotypes have been designated
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Table 3— Molecular beacon-polymerase chain reaction
(MB-PCR) analysis (threshold cycle values, C) of different
Listeria spp.

Threshold cycle value (C) in
iQCheck-MB PCR
Texas Red FAM
(hlyA (control

Strain description? DNA) DNA)
Listeria monocytogenes 22.5 N/DP
ATCC 13932
L. monocytogenes isolate nr 27 26.7 N/D
from organic alfalfa sprouts
L. monocytogenes isolate nr 84 23.9 N/D
from organic romaine lettuce
L. welshimeri isolate nr 75 N/D 34.0
from organic romaine lettuce
L. welshimeri ATCC 35897 N/D 34.4
L. innocua ATCC 33090 N/D 34.2
L. ivanovii ATCC19119 N/D 34.5

aDNA was isolated from colonies of isolates growing on Listeria selective
agar.
PN/D = none detected.

(Graves and others 1999). Despite the widespread occurrence of
L. monocytogenes in nature, only 3 serotypes (4b, 1/2a, and 1/2b)
account for 96% of human infections reported in the United States
(Tappero and others 1995). Although the serotype 4b strain tested
had a lower correlation coefficient (0. 839) compared with the se-
rotype strain 1/2a (0.991) (Figure 2), both strains showed a linear-
inverse relationship for the C, value and the log starting quanti-
ty of specific DNA during PCR reaction. The specific reasons for a
lower correlation coefficient for the serotype strain 4b are not clear
at this time. The previous study using a linear fluorogenic PCR
probe and end-point detection did not examine different sero-
type strains for their detection efficacy (correlation coefficient)
(Bassler and others 1995). A detailed study involving more L.
monocytogenes strains from each of the 3 serotypes as well as oth-
ers needs to be undertaken to determine the efficacy of the MB-
PCR assay.

Although automated real-time PCR assays are rather complicat-
ed and require costly equipment, an increasing number of refer-
ence laboratories are converting traditional gel-based detection
PCR to real-time, fluorescence-based detection to conduct micro-
bial quality control and handle a high sample volume (Hoorfar and
Radstorm 2000; Daum and others 2002). It required approximately
5 to 6 d to obtain definitive results from microbial selective media,
about 26 h using MB-probe real-time PCR and 52 h using the BAX-
PCR protocol. This study illustrates for the 1st time the feasibility
of using MB probe real-time PCR detection technology for detec-
tion and/or surveillance of L. monocytogenes involving whole and
fresh-cut fruits and vegetables.

Conclusions

he oligonucleotide molecular beacon probe detected target

DNA specific to L. monocytogenes in real-time PCR assay, with
sensitivity of 4 to 7 CFU/25 g of produce. The total detection time
(from produce to PCR) was reduced to 26 h compared with conven-
tional PCR assays and microbiological selective media. The inclu-
sion of an internal amplification control provided ability to differ-
entiate false-negative tests from general failure of PCR reaction
due to inhibitory compounds or inactive assay components.
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