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A PCR-restriction fragment length polymorphism (RFLP) method was developed in order to screen a large
number of strains for impaired adhesion to epithelial cells due to expression of truncated InlA. inl4 polymor-
phism was analyzed by PCR-RFLP in order to correlate inl4 PCR-RFLP profiles and production of truncated
InlA. Thirty-seven Listeria monocytogenes strains isolated from various sources, including five noninvasive and
two invasive reference strains, were screened. Two endonucleases (Alul and Tsp509I) were used, and they
generated five composite profiles. Thirteen L. monocytogenes isolates were characterized by two specific PCR-
RFLP profiles similar to PCR-RFLP profiles of noninvasive reference strains previously described as strains
that produce truncated InlA. Ten of the 13 isolates showed low abilities to invade human epithelial Caco-2 cells.
However, 4 of the 13 isolates were able to invade Caco-2 cells like reference strains containing complete InlA.
Sequencing of inl4 and Western blot analysis confirmed that truncated InlA was expressed in the 10 L.
monocytogenes strains which were isolated from food. This PCR-RFLP method allowed us to identify 10 new
strains expressing a truncated internalin. Based on the results obtained in this study, the PCR-RFLP method
seems to be an interesting method for rapidly screening L. monocytogenes strains deficient in the ability to

invade Caco-2 cells when a sizeable number of strains are studied.

Listeria monocytogenes, a facultative intracellular pathogen,
is widespread in the environment (1, 24, 25). This bacterium
can contaminate processed foods, and several studies have
established that listeriosis is an important food-borne infection
(14, 21). Moreover, L. monocytogenes can be isolated from the
gastrointestinal tracts of healthy persons (9, 23). It has been
estimated that between 1 to 6% of the general population carry
this bacterium (4, 11, 13, 22). Recently, variable capacities of
human carriage isolates of L. monocytogenes to invade human
cell cultures were observed. In fact, Jonquicres et al. (10)
reported that L. monocytogenes human carriage isolate LO28
entered a fibroblast line expressing L-CAM (the chicken ho-
molog of E-cadherin) poorly and produced a truncated form of
the protein InlA (63 kDa), an internalin implicated in entry
into host cells, while virulent and invasive strains of L. mono-
cytogenes produced an 80-kDa InlA. In the same study, Jon-
quieres et al. (10) also described one clinical and three food L.
monocytogenes isolates expressing a truncated InlA. In a recent
study, Olier et al. (18, 19) reported that several L. monocyto-
genes human carriage isolates were attenuated for virulence,
were affected in the ability to invade Caco-2 cells, and also
produced truncated InlA (47 kDa). Sequence analysis of inl4
revealed that point mutations were responsible of production
of the truncated InlA and that there were polymorphisms in
inlA (10, 19, 20). In this paper, we describe a PCR-restriction
fragment length polymorphism (RFLP) method based on inl4
polymorphism for rapidly screening potentially noninvasive L.
monocytogenes strains when a sizeable number of strains are
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examined. Furthermore, we present evidence concerning the
occurrence of potentially noninvasive L. monocytogenes.

MATERIALS AND METHODS

Bacterial strains. The L. monocytogenes isolates used are listed in Table 1.
Nine L. monocytogenes human fecal carriage isolates (H2, H6, H11, H12, H27,
H28, H31, H35, and H38), three isolates from sporadic human listeriosis (H4,
H21, and H22), three isolates from food-processing facilities (1E, 3E, and 6E),
an isolate from compost (C9), six food isolates from brine (1S, 2S and 3S) and
cheese (1F, 3F, and 7F), and four rook fecal carriage isolates (23, 38, 81, and 97)
were obtained from the strain collection of Laboratoire de Microbiologie UMR
1232, Dijon, France. Four isolates from meat (NV4, NV5, NV7, and NV8) were
provided by the Laboratoire départemental de la Haute Vienne, Limoges,
France. Strain Scott A was obtained from the collection of Institut Pasteur, Paris,
France, and strains LO28 and EGD-e were kindly provided by P. Cossart, Institut
Pasteur, Paris, France. Strains Scott A and EGD-e were used as virulent refer-
ence strains for comparative analysis. Human fecal carriage isolates H1, H17,
H32, and H34 (18, 19), as well as LO28 (10), were recently described as strains
that produce a truncated InlA; thus, the virulence potential of these strains was
affected. These five isolates were used as noninvasive reference strains for de-
velopment of the PCR-RFLP method.

Restriction analysis (PCR-RFLP) of inld. A 733-bp inlA fragment was ampli-
fied with primers seq01 (5'-AATCTAGCACCACTGTCGGG-3") and seq02 (5'-
TGTGACCTTCTTTTACGGGC-3"). This fragment encodes a region between
repeat A10 and part of repeat B1 of InlA (Fig. 1). This inl4 fragment was
selected for the polymorphism study because of its genetic heterogeneity due to
point mutations (18, 19, 20). PCRs were performed with 50-pl (total volume)
reaction mixtures containing 5 pl of 10X Taq polymerase buffer (Appligene-
Oncor, Illkirch, France), each deoxynucleoside triphosphate at a concentration
of 200 uM, 1.5 mM MgCl,, each primer at a concentration of 0.5 uM, 1.25 U of
Taq DNA polymerase (Appligene-Oncor), and 25 ng of DNA template. The
following program was used: denaturation for 4 min at 94°C, followed by 30
cycles consisting of 94°C for 30 s, 52°C for 1 min, and 72°C for 2.5 min, and a final
extension step consisting of 72°C for 7 min.

Restriction endonucleases Alul and Tsp5091 were selected on the basis of a
partial sequence analysis of inl4 of invasive reference strain EGD-e (accession
number LMOO00433), noninvasive reference strains H1, H17, H32, H34, and
LO28 (accession numbers AF468816, AY126441, AY126442, AY126443, and
AY166686, respectively), and invasive reference strain Scott A (accession num-
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TABLE 1. PCR-RFLP profiles of L. monocytogenes strains and entry percentages with Caco-2 cells

. . Alul  Tsp5091 Composite  Internalin theorical
Strain Origin Serotype profile” prgﬁle” pro%le” molecular mass (kDa) Entry % Reference
H2 Healthy 3-year-old child (Beaune, 4b 2 1 B 80 9.74 = 1.52 18
France, 1992)
H4 Sporadic patient isolate, blood culture = ND¢ 3 2 C 80 17.54 = 0.75 This study
(Beaune, France, 1992)
Ho6 Healthy 30-year-old woman (Beaune, 3 (immobile) 2 1 B 80 6.73 £0.86 19
France, 1991)
H11 Healthy 35-year-old man (Beaune, 1/2a 3 2 C 80 16.70 £ 1.69 19
France, 1992)
H12 Healthy 39-year-old man, oral isolate ~ 4b 2 1 B 80 14.29 = 1.08 19
(Beaune, France, 1992)
H21 Sporadic patient isolate, blood culture ND 2 1 B 80 20.18 = 1.38 19
(Strasbourg, France, 1992)
H22 Sporadic patient isolate, blood culture  4b 2 1 B 80 ND 19
(Strasbourg, France, 1992)
H27 Healthy 2-year-old child (Beaune, 4b 2 1 B 80 12.54 =427 19
France, 1994)
H28 Healthy 7-year-old child (Beaune, 1/2b 2 1 B 80 10.86 = 0.47 19
France, 1994)
H31 Healthy 55-year-old man (Beaune, 1/2a 3 2 C 80 10.41 £2.75 19
France, 1995)
H35 Healthy 11-year-old child (Beaune, 1/2b 2 1 B 80 10.80 =2.53 19
France, 1997)
H38 Healthy carrier (Beaune, France, date  1/2a 1 3 A 80 16.55 = 0.86 This study
not communicated)
NV44 Minced beef 1/2a 4 2 D 67.5 0.124 = 0.007 This study
NV54 Minced beef 1/2¢ 4 2 D 68 0.131 = 0.006 This study
NvV74 Bovine carcass 1/2¢ 4 2 D 50 0.32 £0.03 This study
NVs Bovine carcass 1/2a 4 2 D 43 0.48 £0.03 This study
1E4 Machine at an industrial cheese-making 1/2b 2 1 B 80 6.62 = 1.44 This study
plant (Dijon, France, 1990)
3E¢ Sink at an industrial cheese-making 1/2b 2 1 B 80 6.83 =290 This study
plant (Dijon, France, 1990)
6E Wall at an industrial cheese-making 1/2a 5 3 E 80 2421 +2.06 This study
plant (Dijon, France, 1990)
1S Brine (Dijon, France, 1990) 1/2a 1 3 A 47 0.36 = 0.09 This study
28¢ Brine (Dijon, France, 1990) 1/2a 1 3 A 47 0.48 £ 0.38 This study
3S Brine (Dijon, France, 1990) 1/2a 1 3 A 47 0.31 = 0.01 This study
1F? Cheese (Dijon, France, 1990) 1/2a 1 3 A 47 0.93 £0.19 This study
2F¢ Cheese (Dijon, France, 1990) 1/2a 1 3 A 47 0.38 = 0.12  This study
TR Cheese (Dijon, France, 1990) 3b 1 3 A 47 0.51 £0.16 This study
C9 Compost (Dijon, France, 2002) ND 2 1 B 80 17.22 = 1.99 This study
234 Rook feces (Besancon, France, 1995) ND 2 1 B 80 2486 081 1
384 Rook feces (Besancon, France, 1995)  ND 1 3 A 80 1454 £132 1
814 Rook feces (Besancon, France, 1995)  ND 4 2 D 80 1581 2053 1
974 Rook feces (Besancon, France, 1995)  ND 3 2 C 80 871054 1
Reference
strains
Scott A Massachusetts milk outbreak (1983) 4b 2 1 B 80 955+1.70 5
EGD-e Laboratory strain 1/2a 4 2 D 80 22.86 = 1.60 16
LO28  Healthy pregnant carrier (Spain) 1/2¢ 4 2 D 63 0.89 £0.28 10
H1 Healthy pregnant carrier (Beaune, 1/2a 1 3 A 47 0.95 =042 18
France, 1991)
H17 Healthy 10-year-old child (Beaune, 3a 1 3 A 47 0.024 £ 0.006 19
France, 1992)
H32 Healthy 19-year-old women (Beaune,  1/2a 1 3 A 47 0.36 =0.15 19
France, 1996)
H34 Healthy 8-year-old child (Beaune, 1/2a 1 3 A 47 0.39 £0.04 19

France, 1997)

“ Each different set of banding profiles for each restriction endonuclase was given an arbitrary number.

b Reflects the total differences or similarities in the banding patterns with the two restriction endonucleases.
¢ ND, not determined.
4 Isolates from the same source whose lysotypes were different.

ber AY166685). Ten (EGD-e and LO28), nine (H1, H17, H32, and H34), and
seven (Scott A) Alul (AG/CT) restriction sites were detected. Ten (Scott A),
seven (EGD-e and LO28), and six (H1, H17, H32, and H34) Tsp5091 restriction
sites were detected. These two restriction endonucleases were used indepen-
dently. PCR-RFLP fragments were separated by electrophoresis on a 3.5%

agarose gel (type 05 DNA grade; Euromedex, Mundolsheim, France). Gels were
stained with ethidium bromide and were recorded with Bio-Rad gel doc 2000.
Plaque formation in Caco-2 cells. The capacity of L. monocytogenes isolates to
invade and disseminate in Caco-2 cells was evaluated by a plaque formation
assay. The human colon carcinoma cell line Caco-2, obtained from the European
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FIG. 1. Structural organization of internalin and partial map of inl4 (20). The horizontal arrows indicate the positions of primers seq01 and
seq02 used to amplify an inl4 fragment with genetic heterogeneity. The solid circle indicates the position of the mutation which created a nonsense
codon in inlA of noninvasive reference strains H1, H17, H32, and H34. The solid diamond indicates the position of the deletion which created a

nonsense codon in inl4 of noninvasive reference strain LO28.

Collection of Cell Cultures (ECACC no. 86010202), was used between passages
43 and 50. Cells were routinely grown in 25-cm? plastic tissue culture flasks
(Greiner) at 37°C in a humidified atmosphere containing 5% (vol/vol) CO, in air.
The culture medium used for growth of the cell line was Dulbecco’s modified
Eagle’s minimum essential medium supplemented with 10% (vol/vol) fetal calf
serum, 2 mM L-glutamine, 1% (vol/vol) nonessential amino acids, and antibiotics
(100 U of penicillin ml™!, 100 pg of streptomycin ml~'). All reagents were
purchased from Invitrogen (Life Technologies).

Early confluent cell monolayers were prepared in six-well tissue culture plates.
After overnight growth at 37°C in brain heart infusion broth (Biomerieux),
listerial cells were centrifuged (6,000 X g for 10 min at room temperature) and
serially diluted in phosphate-buffered saline (Dulbecco’s phosphate-buffered sa-
line with 1 mg of glucose ml~' and 36 mg of sodium pyruvate ml~!; Life
Technologies). Cells were counted by plating suitable dilutions on brain heart
infusion medium. The plates were incubated for 24 to 48 h at 37°C. Caco-2 cells
were infected with 0.1-ml portions of the 10~* and 10~ dilutions. Three repli-
cate wells were used per dilution. After 2 h of contact at 37°C, nonadherent
bacteria were removed from the monolayers by washing them three times with
phosphate-buffered saline and by overlaying them with 2 ml of Dulbecco’s mod-
ified Eagle’s minimum essential medium containing 0.8% agarose, 20% fetal calf
serum, and 2 mM L-glutamine. To kill extracellular adherent bacteria, 10 ng of
gentamicin ml~! was added. After 24 h of incubation at 37°C, 100 wul of trypan
blue (0.4%), which stained dead cells, was added to each well, and plaque
formation was observed 24 h later. The initial entry was determined by deter-
mining the ratio of the number of plaques observed to the initial number of
bacteria added, expressed as a percentage. Two independent assays were per-
formed in triplicate for each isolate on separate days with the Caco-2 cell line
between passages 43 and 50 (n = 6). A statistical analysis (¢ test) was performed.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and Western blot
analysis. Bacterial surface proteins were extracted by the method of Kochs et al.
(12). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and Western
blotting were done as previously described (18). Membrane hybridization was
performed with mouse antibodies directed against InlA (L7.7) (15).

DNA sequencing. Sequencing was performed with DNA fragments generated
by PCR performed with primers seq01 and seq02. Each PCR product was
sequenced in both orientations by Genome Express.

Nucleotide sequence accession numbers. The nucleotide sequences have been
deposited in the GenBank/EMBL database, and the accession numbers of partial
inlA sequences of the isolates are AJ564715 (1S), AJ564716 (2S), AJ564717 (3S),

AJ564712 (1F), AI564713 (2F), AJ564714 (7F), AJ608706 (NV4), AJ578445
(NV5), AJ564719 (NV7), and AJ564720 (NVS).

RESULTS

Restriction analysis (PCR-RFLP) of inl4. The PCR-RFLP
method was developed to study polymorphism of an inl4 re-
gion in 37 L. monocytogenes isolates (Table 1), which allowed
us to screen isolates that produced truncated InlA and thus
were deficient in the ability to invade Caco-2 cells.

With primers seq01 and seq02, single DNA fragments of the
expected size were obtained for all L. monocytogenes isolates.
PCR-RFLP profiles of some of the isolates tested are shown
Fig. 2.

Restriction of the amplified inl4 fragment with endonucle-
ase Alul (Fig. 2A and Table 1) generated five different profiles
with 8 to 11 bands ranging in size from 15 to 241 bp. Most of
the 30 isolates were associated with PCR-RFLP profile 1 or 2.
Eight isolates were grouped in PCR-RFLP profile 1 with non-
invasive reference strains H1, H17, H32, and H34. Twelve
isolates were grouped in PCR-RFLP profile 2 with invasive
reference strain Scott A. Four L. monocytogenes isolates were
associated with PCR-RFLP profile 3, and five isolates were
grouped in PCR-RFLP profile 4 with invasive reference strain
EGD-e and noninvasive reference strain LO28. Only one iso-
late (6E) had PCR-RFLP profile 5.

Restriction endonuclease TspS091 generated three profiles
(Fig. 2B and Table 1) with 7 to 11 bands ranging in size from
8 to 281 bp. Twelve L. monocytogenes isolates were grouped in
PCR-RFLP profile 1 with invasive reference strain Scott A,
and nine isolates were grouped in PCR-RFLP profile 2 with
noninvasive reference strain LO28 and invasive reference

aduelH - VYNNI Aq GTOZ ‘T Jeqwaldas uo /610" wse wae//:dny wolj papeojumoq


http://aem.asm.org/

VoL. 70, 2004

ladder
bpp 1 2 3 4 5 6 7 8 9

300

200

A 100

50

Profiles AluE 1 1 1 il 1 4 4 4

Profiles Kp509E 3 3 3 3 3 2 2 2

PCR-RFLP PROFILES OF inl4A 2183

Bands of pattems
13 14 15 16 17 18 bp

10 11 12

. < 241
won i - . . e 210

134

102
76

59
44

Bands of pattems

bp

10 11 12 13 14 15 16 17 18

1 1 1 1 1 2 2 3

FIG. 2. PCR-RFLP profiles of different strains obtained after restriction with endonucleases Alul (A) and Tsp5091 (B). Lanes 1 and 18,
molecular weight ladder; lane 2, noninvasive reference strain H32; lane 3, food isolate 1S; lane 4, food isolate 2S; lane 5, food isolate 1F; lane 6,
food isolate 2F; lane 7, food isolate NV4; lane 8, noninvasive reference strain LO28; lane 9, invasive reference strain EGD-e; lane 10, human fecal
carriage isolate H2; lane 11, sporadic patient isolate H21; lane 12, isolate 1E from food-processing facilities; lane 13, compost isolate C9; lane 14,
invasive reference strain Scott A; lane 15, sporadic patient isolate H4; lane 16, rook fecal isolate 97; lane 17, isolate 6E from food-processing

facilities.

strain EGD-e. Noninvasive reference strains H1, H17, H32,
and H34 and nine L. monocytogenes isolates were associated
with PCR-RFLP profile 3.

Five composite profiles were generated from the PCR-
RFLP profiles obtained with the two restriction endonucleases
(for example, composite profile A described L. monocytogenes
isolates characterized by PCR-RFLP profile 1 obtained with
Alul and by PCR-RFLP profile 3 obtained with Tsp509I) (3)
(Table 1). There was no correlation between composite pro-
files and isolate origin. Eight L. monocytogenes isolates from
brine (1S, 2S, and 3S), cheese (1F, 2F, and 3F), a human fecal
carrier (H38), and a rook (38) were grouped in composite
profile A with noninvasive reference strains H1, H17, H32, and
H34. L. monocytogenes isolates from sporadic listeriosis pa-
tients (H21 and H22), compost (C9), food-processing facilities
(1E and 3E), a rook (23), and human fecal carriers (H2, H6,
H12, H27, H28, and H35) were grouped in composite profile B
with invasive reference strain Scott A. Only four L. monocyto-

genes isolates were grouped in composite profile C; these iso-
lates were isolates from a sporadic listeriosis patient (H4),
human fecal carriers (H11 and H31), and a rook (97). Isolates
from meat (NV4, NV5, NV7, and NV8) and rook isolate 81
were grouped in composite profile D with invasive reference
strain EGD-e and noninvasive reference strain LO28. Com-
posite profile E was exhibited by only one isolate, strain 6E
from food-processing facilities.

Uncharacterized isolates with composite profiles A and D
(H38, 1S, 2§, 3S, 1F, 2F, 7F, 38, NV4, NV5,NV7, NVS, and 81)
were tested to determine their abilities to invade by using a
plaque formation assay with Caco-2 cells.

Analysis of plaque formation in Caco-2 cells. Ten of 13 L.
monocytogenes isolates, 1F, 2F, 7F, 1S, 2S, and 3S with com-
posite profile A and NV4, NV5, NV7, and NV8 with composite
profile D, showed a weak ability (entry percentages, less than
1%) to invade Caco-2 cells compared to the abilities of the
other strains (entry percentages, 6 to 24%) (Table 1). The
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differences in the entry percentages are statically significant.
Western blot analyses showed that the InlA expressed by these
10 noninvasive isolates had a molecular mass that was less than
80 kDa. However, the entry percentages for L. monocytogenes
isolates H38, 38, and 81 were more than 14%, and an 80-kDa
InlA was detected by Western blotting (data not shown).

DNA sequencing. inl4 sequences of L. monocytogenes iso-
lates 1S, 2S, 3S, 1F, 2F, 7F, NV4, NV5, NV7, and NV8 were
analyzed to validate the PCR-RFLP method and to determine
the reasons for production of the truncated InlA and thus the
deficiency in the ability to invade Caco-2 cells.

DNA sequencing of inl4 from strains 1S (accession number
AJ564715), 2S (accession number AJ564716), 3S (accession
number AJ564717), 1F (accession number AJ564712), 2F (ac-
cession number AJ564713), and 7F (accession number
AJ564714) with composite profile A showed that there were
silent mutations. One single-point mutation consisting of sub-
stitution of a cytosine for a thymidine at position 1414 (position
based on the first translated codon) was detected. This point
mutation created a nonsense codon (TAG) in the coding se-
quence that led to production of a protein with a theoretical
molecular masses of 47 kDa (Table 1). These six isolates pro-
duced a truncated InlA (47 kDa) similar to the InlA produced
by noninvasive reference strains H1, H17, H32, and H34.

DNA sequencing of inl4 from NV4 (accession number
AJ608706), NV5 (accession number AJ578445), NV7 (acces-
sion number AJ564719), and NV8 (accession number
AJ564720) with composite profile D also revealed point mu-
tations. For NV4, insertion of a thymidine at position 1901 was
observed. This frameshift mutation led to creation of a non-
sense codon, TGA, for position 1969, which generated an open
reading frame encoding a theoretical 67.5-kDa InlA. For NV5,
substitution of a guanine for an adenine at position 1994 (po-
sition based on the first translated codon) created a nonsense
codon (TAG) in the coding sequence, which led to production
of a protein with a theoretical molecular mass of 68 kDa
(Table 1). For NV7, deletion of a guanine at position 1480 was
observed. This frameshift mutation led to creation of a non-
sense codon, TGA, at position 1496, which generated an open
reading frame encoding a theoretical 50-kDa InlA. For NVS,
substitution of a guanine for an adenine at position 1320 (po-
sition based on the first translated codon) created a nonsense
codon (TGA) in the coding sequence that led to production of
a protein with a theoretical molecular masse of 43 kDa (Table
1).

These results are in agreement with InlA molecular masses
determined by Western blot analysis.

DISCUSSION

In this work, a PCR-RFLP method was developed for rap-
idly screening less invasive L. monocytogenes strains expressing
truncated InlA proteins. Five PCR-RFLP profiles of the inl4
region were observed, suggesting that inl4 genetic heteroge-
neity was likely due to point mutations, particularly in a region
between repeats A10 and B1 of InlA (Fig. 1), as previously
described (5, 8, 20, 26). Most of these inl4A polymorphism
studies were carried out with L. monocytogenes isolates from
food, animals, plants, and the environment (5, 8, 26), and little
attention has been paid to clinical isolates (10, 22).

APPL. ENVIRON. MICROBIOL.

Restriction endonucleases Alul and Tsp5091 were good dis-
criminating enzymes for this polymorphism analysis. In other
studies workers have also reported using restriction endonu-
clease Alul to study virulence gene polymorphism (5, 8, 20). In
this study, composite profile A was obtained for eight unchar-
acterized L. monocytogenes isolates (H38, 1S, 28, 3S, 1F, 2F,
7F, and 38) and four noninvasive L. monocytogenes reference
strains (H1, H17, H32, and H34). Like noninvasive L. mono-
cytogenes reference strains H1, H17, H32, and H34, six isolates
(1S, 28, 3S, 1F, 2F, and 7F) produced a truncated InlA. More-
over, five L. monocytogenes isolates (NV4, NV5, NV7, NVS,
and 81), noninvasive reference strain LO28, and invasive ref-
erence strain EGE-e were characterized by composite profile
D. Four of these strains (NV4, NV5, NV7, and NV8) produced
a truncated InlA. Altogether, 15 L. monocytogenes isolates
(strains 18§, 28, 3S, 1F, 2F, 7F, NV4, NV5, NV7, and NV8 and
noninvasive reference strains H1, H17, H32, H34, and LO28)
that produced a truncated InlA were characterized by two
specific composite profiles (profiles A and D), and 10 new L.
monocytogenes strains expressing truncated forms of InlA were
identified by using this method. Production of a truncated InlA
was not correlated with the serotype of the isolates. Although
all strains that produced a truncated InlA were characterized
by these two specific composite profiles, isolates H38, 38, and
81 and reference strain EGD-e, which had a complete interna-
lin, had profiles A and D. Sequence analysis of an inl4 frag-
ment showed that point mutations responsible for the produc-
tion of truncated InlA were located at inl4 position 1302
(NV8), position 1414 (H1, H17, H32, H34, 1S, 28, 3S, 1F, 2F,
and 7F), position 1496 (NV7), position 1637 (reference strain
LO28), position 1901 (NV4), and position 1994 (NV5). These
point mutations were not detected as they did not correspond
to restriction sites (point mutations at inl4 positions 1302,
1414, and 1496) for endonucleases Alul and Tsp509I or were
outside the amplified inl4 gene fragment (point mutations at
inlA position 1637 of reference strain LO28, at inl4 position
1901 of NV4, and at inl4 position 1994 of NV5). To optimize
screening of strains expressing truncated InlA by this rapid
method, it would be useful to amplify a longer inl4 fragment
that might include a higher number of point mutations. We
could also increase polymorphism analysis by using other re-
striction endonucleases to detect numerous point mutations
responsible for production of different forms of internalin and
to obtain more information about the genetic heterogeneity of
inlA.

Despite these limitations, this PCR-RFLP method is a use-
ful tool for screening numerous L. monocytogenes strains that
are deficient in the ability to invade in large strain collections.
It permitted us to identify 10 new L. monocytogenes strains that
produce truncated InlA.

In this study and previous studies (10, 18, 19), 19 strains that
produce truncated internalin have been described; it appears
that expression of truncated internalin may not be a rare event
and not specific to human carriage. In this study, two-thirds of
the L. monocytogenes strains with a truncated InlA were iso-
lated from food (brine, cheese, or meat). Similarly, in a previ-
ous report, Jonquieres et al. (10) reported that three of five L.
monocytogenes isolates that produced truncated internalin
were isolated from meat, dairy products, and fish. Epidemio-
logical studies have shown that although the rate of exposure
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to L. monocytogenes is rather high, the probability of contract-
ing listeriosis is low (7, 17). Several hypotheses to explain this
finding have been suggested. Most L. monocytogenes strains
that occur in food may not be responsible for development of
the disease because the levels of strains with attenuated viru-
lence may be higher than the levels previously described. If the
high occurrence of food isolates with truncated InlA was con-
firmed, it could partly explain the low occurrence of food-
borne listeriosis. Occasional ingestion of food contaminated
with attenuated virulence strains could increase the level of
human resistance to Listeria infections (2). Production of trun-
cated InlA may partially explain human carriage. However,
several factors may be involved in asymptomatic carriage. In
fact, Olier et al. (18, 19) described L. monocytogenes with
complete InlA isolated from healthy carriers. It would be in-
teresting to investigate possible epidemiological links between
L. monocytogenes strains expressing truncated InlA isolated
from healthy carriers and attenuated virulence strains produc-
ing truncated InlA isolated from food. It should be interesting
to use molecular typing methods, such as pulsed-field gel elec-
trophoresis or random amplification of polymorphic DNA, to
address this hypothesis.
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