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A new competitive immunoassay has been designed using a specific monoclonal antibody labeled with a

fluorophore. A specific and highly conserved peptide of 11 amino acids from the protein p60 of L.

monocytogenes has been synthesised and used for the production of a monoclonal anti-p60. This

antibody was used in the conception of a detection test able to detect 1 CFU of L. monocytogenes after

only 18 hours of incubation with a minimum of manipulation. The test is based on a competition

principle between the recombinant p60 protein and the p60 from L. monocytogenes present in the

sample. A column containing a sepharose matrix was used to immobilize the recombinant p60 protein

and the labeled monoclonal antibody, which is captured by the p60 from the sample when added to the

column. An increase of the fluorescence signal of the eluate means a positive result. No cross-reactivity

was observed with non-pathogenic Listeria species and each serotype of L. monocytogenes can be

detected whereas some other immunological methods show cross-reactivity and false negative.

Introduction

Listeria monocytogenes is an important foodborne pathogen

involved in several outbreaks around the world resulting in

considerable economic and human losses. Its widespread pres-

ence in the environment and its persistence in food plants lead to

a labored control of this microorganism. L. monocytogenes is a

Gram-positive, rod-shaped facultative anaerobic bacterium. This

microbe can grow in a wide range of temperatures (1 �C to 45 �C)

between pH 4.6 and 9.5 and at a water activity as low as 0.92.1 It

finds favorable growth conditions on floors, drains and equip-

ment within food industry premises, notably in the cold and wet

atmosphere of refrigerated rooms where only psychrotrophic

bacteria can survive.2 In a review published in 2004, few studies

are mentioned in which persistence of L. monocytogenes is

demonstrated.3 Refrigerated and ready-to-eat foods constitute

thereby a potential risk for contamination.4,5 To counter cross-

contamination, the control of the environment by detecting the

bacteria on the working surfaces and instruments could be an

important tool. Several well-known outbreaks and food recalls

due to L. monocytogenes6–9 combined with the high case-fatality

rate of 20–30% (ref. 10) have increased the need for more rapid,

sensitive, and specific methods for detection of this bacterium not

only in food, but also in the working environment.

L. monocytogenes is a widespread microorganism that can be

readily isolated from a number of sources, such as soil, water,

meat, and vegetables.11,12 Thus, the bacterium can easily be

introduced in the human food chain and it becomes difficult to

avoid contamination. Many reliable and accurate culture

methods and media have been already developed for the detec-

tion of L. monocytogenes.13,14 However, these methods remain

laborious, time-consuming and involve complicated proce-

dures.15–19 Some standard methods for the detection of L. mon-

ocytogenes can require up to 7 days to yield results, as they rely

on the ability of microorganisms to multiply to visible colonies.13

Existing DNA detection based methods are also expensive.

To overcome the difficulty of recovering L. monocytogenes in

the presence of non-pathogenic Listeria species and increase the

sensitivity of the detection, several PCR-based methods have

been developed. These PCR methods14,18–20 provide sensitive,

specific, and reproducible detection of pathogenic bacteria.

Despite showing valuable advantages, the fact remains that the

limitations of applying PCR techniques cannot be disregarded.

Among them, there is the presence of inhibitory substances,21,22

complexity of matrices, sample preparation and DNA extraction

procedures.14,23 Moreover, from an industrial point of view,

routine detection of microbes using PCR can be expensive as it

requires specialized equipment and qualified workers to carry out

the tests. On the other hand, methods based on antigen–antibody

bindings constitute a good alternative for detection of foodborne

pathogens. The field of immunology-based methods provides

very powerful analytical tools for a wide range of targets
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including bacterial cells, spores, viruses and toxins.24 Only for L.

monocytogenes, few immunology-based methods already

exist.25–34 Various antibody types and formats are available for

immune-detection. These include conventional and heavy chain

antibodies, as well as polyclonal, monoclonal or recombinant

antibodies. While polyclonal antibodies are limited both in terms

of their specificity and abundance, monoclonal antibodies are

often more useful for specific detection because they provide

an indefinite supply of single antibodies directed against a single

and unique epitope. The progress of hybridoma techniques

and the emergence of the recombinant antibody phage display

technology have led to more sensitive, specific, reproducible

and reliable immunological detection with many commercial

immunoassays adapted for a variety of microbes and their

products.35

The protein p60 of L. monocytogenes, which is encoded by the

iap (invasion-associated protein) gene, is considered an impor-

tant virulence factor, although the exact role of the protein is not

completely known.36,37 Mutants of L. monocytogenes, which

impair synthesis of p60, show a rough-colony morphology (R

mutants) and are strikingly attenuated in virulence in mice. These

mutants have also lost the capability of invading 3T6 mouse

fibroblasts and form particularly long cell chains. Treatment of

these mutants with partially purified p60 from wild-type L.

monocytogenes restores their invasiveness and cell morphology.

The p60 protein could be a potential target for immunological

detection because of its high abundance in the culture superna-

tant and high immunogenicity.31,38 Nevertheless, it has been

shown that an antiserum raised against the whole p60 is not

appropriate for specific detection of L. monocytogenes, since

cross-reactivity occurred with p60-related proteins in the culture

supernatant of all Listeria species.39 For this reason, the

production of antibodies using p60 protein should be directed

against an epitope, which is specific to L. monocytogenes. Many

attempts have been made to produce Listeria-specific antibodies,

but in most cases the potential was limited by the cross-reactivity

with non-pathogen Listeria species or by the non-recognition of

certain L. monocytogenes strains, which is not suitable for specific

immunodetection.40 In a previous work, a short hydrophilic

peptide of eleven amino acids (QQQTAPKAPTE) namely PepD

has been identified within the p60 protein to be a highly

conserved region specific to all L. monocytogenes strains.39 The

polyclonal antibodies raised against this peptide showed a highly

specific recognition for the p60 protein of all stains of L. mono-

cytogenes tested and no cross-reactivity with non-pathogen Lis-

teria spp. The results of this experiment allow us to consider this

small peptide a good target for the development of an immune-

detection test. However, due to the possible low titers of the

polyclonal antibodies, a large amount of the precipitated protein

was necessary to perform the analysis. Moreover, from a

standpoint of a manufacturer producing a detection test using

these antibodies, the repeated production of enough polyclonal

antibodies may be demanding. Considering all of these limita-

tions, the production of a monoclonal antibody using the same

peptide of eleven amino acids specific to the p60 of L. mono-

cytogenes was chosen. The aim of this study was to develop a

competitive fluorescence immunoassay for the detection of L.

monocytogenes using a p60 monoclonal antibody of L.

monocytogenes.

Material and methods

Synthetic peptide, monoclonal antibody and recombinant P60

production

The peptide synthesis and the production of the anti-P60

monoclonal antibody were carried out by the company Gen-

Script USA Inc., NJ, USA. First, the antigenic peptide PepD

(QQQTAPKAPTE) derived from p60 of L. monocytogenes

(accession number AEO02672 in the NCBI protein database)

was synthesized by stepwise solid-phase peptide synthesis (SPPS)

with an additional N-terminal cysteine residue for coupling.38

Synthetic peptide was purified by reverse-phase HPLC and

coupled via the SH group of the N-terminal cysteine residue to

the keyhole limpet hemocyanin (KLH) carrier protein in order to

stimulate the immune response. Five Balb/c mice were inoculated

by intraperitoneal injection with 25–100 mg of the conjugated

peptide emulsified in the TiterMax adjuvant for primary immu-

nization and boosted 3 times with 12.5–50 mg of the conjugated

peptide, also emulsified in the TiterMax adjuvant on days 14, 35

and 63. Cell fusion, subcloning of positive parental clones and

expansion of positive subclones were screened using ELISA.

Monoclonal antibodies from the hybridoma culture supernatant

were purified using the protein A/G affinity column. ELISA and

Western blot were performed to determine the purity, the

concentration and the reactivity of the final antibody.

Recombinant P60 protein has also been produced by Genscript.

The pUC57 DNA plasmid was transformed into competent E.

coli BL21 (DE3). The recombinant P60 protein was purified

using the nickel column via polyhistidine-tag. Final protein

concentration was found to be 0.531 mg ml�1 as determined by

the Bradford protein assay with BSA as a standard. A purity of

about 80% was estimated using Coomassie blue-stained sodium

dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-

PAGE).

Bacterial strains and growth conditions

Several strains of Listeria were used in this experiment: L.

monocytogenes 2812, L. monocytogenes 1043 and L. mono-

cytogenes 2569 (serotypes 1/2a), L. monocytogenes 2558, L.

monocytogenes 2739 and L. monocytogenes 2371 (serotypes 1/2b),

L. innocua LSPQ 3285 (purchased from Laboratoire de Sant�e

Publique du Qu�ebec, Ste-Anne-de-Bellevue, Qu�ebec, Canada).

1 ml of the fresh culture of all the strains were subcultured in 9 ml

of Tryptic Soy Broth (TSB, Difco Laboratory, Detroit, MI) at

37 �C under stirring. Culture supernatants were collected after

centrifugation at 5500 rpm for 10 minutes followed by filtration

using a 0.25 mm syringe filter (Sarstedt, Montreal, Quebec) in

order to obtain cell-free supernatants.

ELISA experiments

Protein samples were prepared as follows: recombinant p60

protein was diluted with a coating buffer (9 mM N2CO3, 0.02 M

NaHCO3, 1 mM NaN3, pH 9.6) to obtain a concentration of 1.0

mg ml�1. For bacterial samples, 50 ml of cell-free supernatants

from overnight cultures was diluted with 50 ml of the coating

buffer. The coating of the recombinant protein and supernatants

was performed in microplates (LockWell, Maxisorp from Nunc)

4188 | Anal. Methods, 2012, 4, 4187–4192 This journal is ª The Royal Society of Chemistry 2012
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overnight at 4 �C (100 ml per well). After coating, the plates were

washed three times (10 min per washing) with a washing buffer

(PBS (137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 2 mM

KH2PO4, pH 7.4) containing 0.05% Tween 20) and blocked with

5% skimmed milk in PBS for 1 hour at 37 �C. The plates were

sequentially incubated with the monoclonal IgG anti-p60 (18 mg

ml�1) and then with a horseradish peroxidase (HRP) labelled

secondary antibody (Biolynx Inc., Brockville, Ontario), diluted

as directed by the supplier. Both antibodies were diluted with a

diluting buffer (washing buffer containing 1% skimmed milk).

For colorimetric reaction, 100 ml of the enzyme substrate

3,30,5,50-tetramethylbenzidine (TMB) (Biolynx Inc., Brockville,

Ontario) was added and the plates were incubated for 10 minutes

at room temperature. Absorbance at 450 nm was measured using

a microplate reader after the addition of 50 ml of 2 MH2SO4. For

all ELISA experiments, two negative controls were performed

using a sample of BSA and fresh TSB culture media (data not

shown). A second ELISA was done to validate the competition

principle of the test. An amount of 0.1 mg of recombinant p60

protein diluted in 100 ml of the coating buffer was primarily

coated in each well overnight at 4 �C. After coating, the plates

were washed three times (10 min per washing) with the washing

buffer and blocked with 5% skimmed milk in PBS for 1 hour at

37 �C. Monoclonal IgG anti-p60 (18 mg ml�1) was then added in

each well and incubated for 1 hour at 37 �C. After another

washing step, samples of 100 ml of each cell-free supernatant

from the different Listeria strains were incubated in wells for 15

minutes at room temperature. The assay was then finalized as

described above with the secondary antibody and the TMB

substrate.

Western blot experiment

Cell-free supernatants from overnight cultures (4 ml) were

concentrated by a factor of 66 after filtration through a 30 kDa

Amicon Ultra centrifugal filter unit (Millipore, Ontario, Can-

ada), diluted 1 : 1 with the Laemmli sample buffer (Bio-Rad

Laboratories, Ontario, Canada) and heated at 100 �C for 5

minutes. Protein separation was achieved by SDS-PAGE in 10%

polyacrylamide gels. Transfer onto nitrocellulose membranes

was performed overnight at 4 �C. Membranes were blocked for

1 hour at room temperature under stirring in blocking buffer

(PBS containing 5% skimmed milk). After three washings with

PBS 0.05% Tween 20 (10 min per washing under stirring), the

membranes were incubated with monoclonal IgG anti-p60

(0.4 mg ml�1) for 1 hour at room temperature, washed three times

as described above and then incubated with a horseradish

peroxidase (HRP) labelled secondary antibody (Biolynx Inc.),

diluted as directed by the supplier, for 1 hour at room temper-

ature. The membranes were washed three times and then devel-

oped with the western blotting detection reagent Amersham ECL

before being exposed to a photographic film (GEHealthcare Life

Sciences, Qu�ebec, Canada). Recombinant P60 protein was used

as a positive control.

Labeling of monoclonal IgG

A 0.5 ml sample of monoclonal anti-p60 IgG in 50 mM sodium

borate buffer, pH 8.5 (2.0 mg ml�1) was labelled using a Dylight

550 Antibody labeling kit (Thermo Fisher Scientific Inc., IL,

USA). The labeling was achieved according to the supplier

instructions. The degree of labelling (DOL), as calculated from the

absorbance values at l¼ 280 and 557 nm by applying a correction

factor label absorption at l ¼ 280 nm, was found to be 2.88.

Affinity column preparation

The affinity columnwas obtained by conjugating the recombinant

p60 protein with activated CH-Sepharose 4B (Sigma, Deisenho-

fen, Germany) as follows. One gram of dry resin powder was

suspended in 200 ml of cold 1 mM HCl. The swollen resin was

filtered in a polystyrene column (4 ml) (Bio-Rad Laboratories,

Mississauga, Ont.) and washed with cold 1 mM HCl. A 3 ml

sample of the p60 protein (0.531mgml�1) was dialysed in 1 litre of

0.1 M sodium bicarbonate, pH 8.0, containing 0.5 M NaCl over-

night at 4 �C using a dialysis membrane of 3500 Da. Dialysed

protein was mixed with the resin at 4 �C overnight under slow

inversion. After the coating, excess active groups were blocked

with 0.1 M Tris–HCl buffer, pH 8.0 for 1 hour. To remove the

unbound protein, the resin was washed successively with cold

0.1M sodium bicarbonate (30ml), 0.05MTris–HCl, 0.5MNaCl,

pH8.0 (30ml), 0.05Msodiumacetate, 0.5MNaCl, pH4.0 (30ml),

PBS, pH 7.4 (30 ml) and stored in PBS containing 0.05% sodium

azide at 4 �C. The stored column was then washed 5 times with

PBS.A0.5ml sample of labeledmonoclonal IgGand1.5mlofPBS

were added to the resin and incubated overnight at 4 �C under

inversion to fix the IgG on the recombinant p60 protein. The resin

was washed with PBS until the fluorescence signal returned to the

minimum level (l ¼ 550 nm excitation, l ¼ 576 nm emission).

Detection of L. monocytogenes

1 ml of the fresh culture of each bacterial strain was sub-cultured

in 10 ml of TSB for 18 hours at 37 �C and successively diluted by

serial dilutions with sterile physiological water (0.85% NaCl). 0.1

ml of each dilution was plated on trypticase soy agar (TSA, Difco

Laboratory, Detroit, MI) in order to achieve a bacterial count.

The right volume was calculated to obtain a theoretical amount

of 1 CFU that has been inoculated in 10 ml of TSB for another 18

hours at 37 �C. The cell-free supernatant from this last 18 hours

culture (2 ml) was incubated with the resin for 10 minutes at

room temperature under inversion. At the end of the incubation,

2 ml of the flow-through containing the free p60–IgG–fluo-

rophore complexes was harvested from the column. The fluo-

rescence emission signal of this flow-through was measured at

lem ¼ 576 nm with an excitation wavelength of lex ¼ 550 nm and

compared with the fluorescence signal of the background which

corresponds to the residual fluorescence signal after the last wash

of the column before the incubation with the bacterial sample.

The column was then washed several times with PBS until the

fluorescence signal returned to a minimum and constant level

before being reused for another assay.

Results and discussion

Western blot analysing with monoclonal IgG anti-p60

The anti-p60 produced was tested to determine whether it was

suitable for the specific detection of the L. monocytogenes p60

This journal is ª The Royal Society of Chemistry 2012 Anal. Methods, 2012, 4, 4187–4192 | 4189
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protein. For this purpose, a Western blot analysis with the

supernatant proteins of various Listeria strains was performed.

The six strains of L. monocytogenes used for the experiment

belong to two of the three serotypes responsible for up to 96% of

the cases of human listeriosis.41 L. innocua was used as non-

pathogenic Listeria species. The protein pattern of the culture

supernatants obtained by SDS-PAGE is shown in Fig. 1. A 60

kDa protein band is clearly visible for each of the strains which

correspond to the protein p60 or the p60-related protein of L.

innocua.38 The important background on the gel and the large

amount of protein bands are due to the fact that supernatants

concentrated by a factor of 66 were used to reach a sufficient

concentration of the p60 protein that allowing its visualization

on the gel. As shown in Fig. 2, the monoclonal anti-p60 reacted

specifically with the p60 protein of L. monocytogenes whereas no

cross reactivity with the p60-related protein of L. innocua could

be observed. These results are consistent with those obtained by

Bubert et al. (1992). It can be assumed, based on the results, that

the monoclonal antibody used in this study, raised against the

same PepD, is highly specific and can recognise all of the 13

serotypes of L. monocytogenes evaluated in this study.

Detection of the native p60 protein in supernatants by ELISA

While the Western blot analysis allows verifying the recognition

of denatured proteins by antibodies, an ELISA test performed

with fresh supernatants allows verifying the recognition of native

proteins. The possibility that the epitope is inaccessible when the

protein is in its native form cannot be excluded. Therefore, it is

important to perform both of these tests in order to confirm the

detection of the epitope in the native and denatured form. Direct

ELISA tests were performed with fresh cell-free culture super-

natants of the different strains of Listeria. Since ELISA is more

sensitive than the Western blot, it was achieved with non-

concentrated supernatants. Results are shown in Table 1 and it

can be seen that the monoclonal anti-p60 recognized all the L.

monocytogenes strains tested while it presented no cross-reaction

with the supernatant of non-pathogenic L. innocua. The

recombinant p60 protein was used as a positive control, and fresh

TSB broth alone, used as a negative control, did not show any

reaction (data not shown).

Validation of the principle of the test by ELISA

The detection test is based on a principle of competition between

the recombinant p60 protein, to which the labeled monoclonal

anti-p60 is fixed in the column, and the p60 protein secreted by

bacterial strains. The determinant factor that underpins the

success of the test is the ability of these fixed antibodies of being

naturally displaced by competition on the free p60 protein from

the bacterial culture sample after its injection into the column.

The amount of antibodies transferred depends on the concen-

tration of the free p60 protein. The new antibody-free p60

protein complexes can be harvested at the end of the column and

the fluorescence rate is measured. In order to verify whether the

antibodies can be transferred, a competition ELISA has been

designed to recreate what happens in the column. However, it is

not a classical competition ELISA since both of the antigens

were not added at the same time. First, 0.1 mg of the recombinant

p60 protein was coated in each well on which a certain amount of

antibodies was then fixed. A volume of the supernatant from the

Listeria culture was added to each well and incubated for 15

minutes at room temperature to allow the antibodies to get

transferred on the free p60 protein from supernatants. These new

antibody-free p60 protein complexes were washed and the lost in

the initial amount of antibodies is revealed by a diminution of the

optical density after the reaction with a secondary antibody. The

results of this competition ELISA show that supernatants

obtained from L. monocytogenes cultures can dislodge antibodies

from their initial position while the supernatant from L. innocua

cannot (Table 2). It means that the antibodies recognise only the

p60 protein in the supernatant of the L. monocytogenes strains

and that this protein can capture a certain amount of antibodies

already fixed on the recombinant p60 protein. The same

Fig. 1 Protein separation of concentrated cell-free supernatants from

overnight cultures of various Listeria species by 10% SDS-PAGE elec-

trophoresis. Lanes: 1, recombinant p60 protein; 2, L. monocytogenes

HPB 2569; 3, L. monocytogenes HPB 2558; 4, L. monocytogenes HPB

1043; 5, L. monocytogenes HPB 2812; 6, L. monocytogenes HPB 2739; 7,

L. monocytogenes HPB 2371; 8, L. innocua.

Fig. 2 Western blot analysis of concentrated cell-free supernatants from

overnight cultures of variousListeria species using a monoclonal anti-p60

antibody. Lanes: 1, recombinant p60 protein; 2, L. monocytogenes HPB

2569; 3, L. monocytogenes HPB 2558; 4, L. monocytogenes HPB 1043; 5,

L. monocytogenes HPB 2812; 6, L. monocytogenes HPB 2739; 7, L.

monocytogenes HPB 2371; 8, L. innocua.

Table 1 Reactivity of the monoclonal anti-p60 with supernatants from
different Listeria strains by direct ELISA

Organism Optical density

Listeria innocua 0.088
Listeria monocytogenes
HPB 2812 1.022
HPB 1043 0.961
HPB 2569 1.123
HPB 2558 0.962
HPB 2739 1.113
HPB 2371 0.865

4190 | Anal. Methods, 2012, 4, 4187–4192 This journal is ª The Royal Society of Chemistry 2012
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experiment was also performed with supernatants diluted to half

to see if the diminution of the optical density would be less

important. This is indeed what has been observed and all these

results confirm that the competition principle can be applied in

the column for the detection test.

Detection of L. monocytogenes

The preparation of the column was carried out by fixing the

labeled monoclonal anti-p60 to the recombinant p60 protein,

which is immobilized on a Sepharose 4B matrix. The detection of

the bacteria is possible due to the displacement of the labeled

monoclonal anti-p60 by the p60 protein secreted by L. mono-

cytogenes. Displaced fluorescent antibodies are measured by

fluorescence emission of the eluate and represent a measure of the

amount of free p60 protein in the supernatant and thus, if the

initial sample was contaminated by L. monocytogenes. Before

testing any sample, the column was washed several times with a

neutral buffer until the fluorescence signal of the eluate was

minimal and constant. This signal was considered as the back-

ground. A volume (2 ml) of cell-free supernatants from an 18

hour culture inoculated with a theoretical amount of 1 CFU was

added to the column and incubated for 10 minutes at room

temperature. A 2 ml eluate fraction was collected and the fluo-

rescence emission was measured and compared with the back-

ground signal. A significant increase in the fluorescence signal

means that L. monocytogenes was present in the initial sample.

The increase of fluorescence signal for each bacterial strain is

shown in Fig. 3. For each strain of L. monocytogenes tested, a

significant increase in fluorescence emission was observed

compared to the background whereas the signal for L. innocua

remained constant.

Conclusions

In conclusion, a monoclonal antibody has been produced using a

small 11 amino acid peptide of which the sequence is highly

conserved in the protein p60 of L. monocytogenes. Our results

showed that this antibody is very specific to the p60 protein of L.

monocytogenes and presents no cross-reactivity with the p60-

related protein of non-pathogenic Listeria species. This antibody

was successfully used in the conception of a competitive fluo-

rescent immunoassay for the detection of L. monocytogenes. The

method consisted of the fixation of the labeled monoclonal anti-

p60 on a recombinant p60 protein, which is immobilized on a

Sepharose 4B matrix. The addition of a cell-free supernatant

from a bacterial culture containing the secreted p60 protein

induces the displacement of the antibody, which results in an

increase in the fluorescence signal of the eluate at the emission

wavelength of the fluorophore. The assay allowed the detection

of the 6 strains of L. monocytogenes tested after only 18 hours of

incubation with a theoretical initial inoculum of 1 CFU. No false

positive with L. innocua was observed and thus, this assay

represents a promising way to develop a sensitive, specific and

rapid detection test not only for L. monocytogenes, but also for

many other pathogens. Other experiments are in progress for the

optimisation of the test and also for the establishment of a

standardized procedure applicable in the industry.
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