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Human E-cadherin promotes entry of the bacterial
pathogenListeria monocytogenemto mammalian cells
by interacting with internalin (InlA), a bacterial surface
protein. Here we show that mouse E-cadherin, although
very similar to human E-cadherin (85% identity), is
not a receptor for internalin. By a series of domain-
swapping and mutagenesis experiments, we identify
Pro16 of E-cadherin as a residue critical for specificity:
a Pro- Glu substitution in human E-cadherin totally
abrogates interaction, whereas a Glu- Pro substitution

in mouse E-cadherin results in a complete gain of
function. A correlation between cell permissivity and
the nature of residue 16 in E-cadherins from several
species is established. The location of this key specificity
residue in a region of E-cadherin not involved in cell-
cell adhesion and the stringency of the interaction
demonstrated here have important consequences not
only for the understanding of internalin function but
also for the choice of the animal model to be used to
study human listeriosis: mouse, albeit previously widely
used, and rat appear as inappropriate animal models
to study all aspects of human listeriosis, as opposed to
guinea-pig, which now stands as a small animal of
choice for future in vivo studies.
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Introduction

Listeriamonocytogenésthe etiological agent of listeriosis,

invasion proteins have been characterized in detail. These
two proteins, internalin (InlA) and InIB, are leucine-rich
repeat (LRR) proteins and mediate entry in different cell
types (Ireton and Cossart, 1997; Cossart and Lecuit, 1998).
Internalin, which is a surface protein &fmonocyto-
genes is necessary and sufficient to promote bacterial
internalization into the human enterocyte-like epithelial
cell line Caco-2 (Gaillaret al, 1991; Lecuitet al,, 1997).
In these cells, human E-cadherin (hEcad) was shown to
be the receptor for internalin (Mengaed al., 1996). In
addition, fibroblastic cells transfected with the cDNA for
LCAM, the chicken hEcad homolog, allow entry of not
only L.monocytogenesbut also of L.innocug a non-
invasive species of the genussteria, when expressing
internalin, or of internalin-coated beads (Mengaaidhl,
1996; Lecuitet al, 1997). Untransfected cells or cells
expressing N-cadherin do not allolisteria internaliz-
ation, demonstrating that the internalin—E-cadherin inter-
action is specific and promotes entry (Mengaeidal,
1996). InIB mediates entry into a wide variety of cells,
such as fibroblasts, hepatocytes, epithelioid and endothelial
cells (Ireton and Cossart, 1997; Cossart and Lecuit, 1998).
The receptor for InIB is currently being investigated.
E-cadherin is a calcium-dependent cell adhesion mole-
cule composed of five extracellular domains and a cyto-
plasmic tail (Takeichi, 1990; Geiger and Ayalon, 1992;
Kemler, 1993; Yapet al, 1997). It plays a key role in
embryogenesis by mediating the sorting of cells in tissues
(Larue et al, 1994). In adult life, it contributes to cell
cohesion and tissue architecture (Hermiston and Gordon,
1995). E-cadherin mediates adhesion between epithelial
cells through homophilic interactions which require the
first extracellular domain (EC1). Both lateral dimerization
of the ectodomain and connection of the cytoplasmic tall
of E-cadherin to the actin cytoskeleton via catenins are
required for strong homophilic interactions and formation
of ‘adherens junctions’ between epithelial cells (Nagafuchi
and Takeichi, 1988; Ozawet al, 1990; Yapet al,, 1998).
E-cadherin is not only expressed at the ‘adherens junctions’
but also on the basolateral face of polarized epithelial
cells in the intestine and choroid plexus, as well as at the
cell-cell contacts of intracerebral microvascular endo-
thelial cells (Gallinet al, 1983; Thieryet al,, 1984; Rubin

a severe human food-borne infection characterized by et al, 1991; Fenyvest al,, 1993; Figarella-Brangest al,,
bacterial dissemination to the central nervous system and1995). It is also present on chorionic villi of placenta, on
the fetoplacental unit, due to its capacity to cross the hepatocytes and on dendritic cells (Shimoyaatal., 1989;
intestinal barrier, the blood—brain barrier and the feto- Tangetal, 1993; Borkowsket al, 1994). Interestingly, all
placental barrier (Lorber, 1996). The molecular basis of these E-cadherin-expressing cells are poteritiateria
these crucial steps is unknown. In contrast, the infectious targets during the infectious proceissvivo.

process at the cellular level is better understood (Cossart Mouse E-cadherin (mEcad) has been used widely to
and Lecuit, 1998). One important feature of this bacterium analyze E-cadherin function during embryonic develop-
is its ability to induce its own internalization into cells ment and adult life (Laruest al, 1994; Hermiston and
that normally are non-phagocytic, such as epithelial cells Gordon, 1995). It has also been used widely to study
(Ireton and Cossart, 1997; Cossart and Lecuit, 1998). Two homophilic interactions at the molecular level and to
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Species-specific internalin-E-cadherin interaction

identify the cytoplasmic protein partners of E-cadherin,
the a, B, y and p120 catenins (Nagafuchi and Takeichi,
1988; Ozaweet al,, 1990; Yapet al, 1998). The tertiary
structure of the first two extracellular domains of mEcad
has been established (Overdeiral,, 1995; Shapiret al,
1995; Nagakt al., 1996; Tamurat al,, 1998). In addition,
mouse has been the most extensively used animal mode
to study Listeria pathophysiology and the immune
response td.monocytogenes

When we identified E-cadherin as a receptor for
internalin, our next goal was to identify the regions
of E-cadherin required for internalization. Preliminary
experiments towards this goal resulted in the intriguing
discovery that cells expressing mouse E-cadherin did not
promote entry in the way in which cells expressing human

bJ

inte E-cadherin expressing cells (%)

entry

E-cadherin do. This observation led us to investigate the ] V-V 7
lack of function of mouse E-cadherin at the molecular & .. L. R i
level. Here we describe the identification of a residue Caco-2 LoVo HCT-8 NMe

critical for human/mouse specificity. These data, in addi- human cells murine cells

tion to providing a molecular explanation for the stringent
specificity of internalin for human E-cadherin, identify a
residue critical for the internalin—E-cadherin interaction,

Fig. 1. Invasivity assays in cells expressing hEcad and mEcad. Entry
of L.innocuatransformed with a control plasmid (black bars) and of
L.innocua(InlA) expressing internalin (blue bars) in human cells

which is located in a region not involved in cell—cell (Caco-2, LoVo and HCT8) and murine cells (NMe). Values are
adhesion. This discovery is a key step in the understandingexpressed as the percentage of bacteria resistant to gentamicin and are
of internalin function. In addition, determination and the meant SD of three independent assays.

analysis of the sequences of E-cadherins of other animal

species have led to the very important finding that the

mouse model cannot be used to study all aspects of human

listeriosis: the guinea-pig now appears to be the model of €t al, 1996). This finding was unexpected since mEcad
choice for futurein vivo studies. and hEcad share 85% identity, whereas hEcad and LCAM

share 66.5% identity. To clarify these observations, we
compared in the same genetic background the ability of
LCAM, hEcad or mEcad expression to promote internalin-
dependent entry. L2071 fibroblasts stably transfected with
LCAM, hEcad or mEcad cDNAs were first tested for their
capacity to adhere to purified internalin (see Materials and
‘internalin-dependent entry’ could be detected, i.e. no Methods). Fibroblasts expressing LCAM and hEcad bind
difference in entry was observed betweemonocyto- tointernalinin aconcentranon-depenqlent manner, whereas
genesand its isogenic internalin mutant, or between non—trans_fected and mEcad-expre;smg L2071 flbroblqsts
L.innocuaandL.innocuaexpressing internalin, or between 40 not (Figure 2A). We then tested in these cells adhesion
latex beads covalently coated with internalin and beads @nd entry of internalin-coated beads (Figure 2B) and entry
coated with bovine serum albumin (BSA) (unpublished ©Of L.innocuaexpressing internalin (Figure 2C). LCAM-
data). When E-cadherin was identified as the internalin @nd hEcad-expressing L2071 cells promote adhesion and
receptor, we tested whether mouse cells known to expressentry of both internalin-coated beads arndinnocua

a high level of E-cadherin, such as NMe cells (Vleminckx €XPressing internalin, whereas L2071 cells expressing
et al, 1991), would promote internalin-dependent entry: mEcad behave as non-transfected cells. Taken tog_ether,
they do not (Figure 1). We then tested a series of transfectedtNese data clearly establish that hEcad and its chicken
cell lines expressing mEcad that previously were used to homolog LCAM are both receptors for internalin, whereas
study E-cadherin homophilic interactions (Nagafustl., mEcad is not.

1987; Noseet al, 1988; Cheret al,, 1997) or interaction

with aE-B7 integrin (Kareclat al., 1996), another reported  The first extracellular domain of E-cadherin (EC1)
heterophilic ligand of E-cadherin expressed on intraepi- is responsible for specificity

thelial lymphocytes (Cepekt al, 1994; Kareclaet al, To determine the molecular basis of the specificity of
1995). None of these cells allow internalin-dependent E-cadherin towards internalin, we generated a series of
entry (Table I). In contrast, all human cell lines expressing E-cadherin chimeras by swapping hEcad and mEcad
hEcad that we have tested so far, such as LoVo, HCT8 ordomains (Figure 3A). These chimeric E-cadherins were
HepG-2 cells (Drewinkeet al, 1976; Adenet al,, 1979; transiently expressed in L2071 cells, and transfected cells
Vermeulenet al, 1995), allow internalin-dependent entry, were tested for their ability to promote adhesion and
as do the Caco-2 cells originally used to identify the entry of internalin-coated beads. The results reported in
internalin receptor (Figure 1; Dramst al, 1995). These  Figure 3A provide evidence that specificity resides within
results suggested that internalin does not interact with EC1 of hEcad, and more precisely within the first 94 amino
mEcad although it interacts with hEcad in Caco-2 cells and acids of this domain. All the other domains of hEcad and
LCAM in LCAM-transfected S180 fibroblasts (Mengaud mEcad are interchangeable.

Results

Mouse E-cadherin does not allow internalin-
dependent entry into mammalian cells
We had long observed that in cells of mouse origin, no
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Table |. Stably transfected cells expressing mouse E-cadherin do not allow eritrgtefia innocuaexpressing internalin

Cell lines E-cadherin species Type Origin Internalin-dependent entry
Els8 murine L cell Nagafuchet al. (1987) no

EIp1 murine L cell (SzL) Noseet al. (1988) no

L KB murine L cell (KB) Kareclaet al. (1996) no

WCE2 murine WCS cell Chest al. (1997) no

CHO(mEcad) murine CHO cell B.Geiger (unpublished) no

A NT LCAM hEcad mEcad
oD 0D oD oD
2 —INiA 2 — InIA 2 —IniA 2 - INIA
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Fig. 2. mEcad is not a receptor for internalirA) Cell adhesion to purified internalin. LCAM- and hEcad-transfected cells interact with internalin in

a dose-dependent manner, whereas non-transfected (NT) and mEcad-transfected L2071 cells do not. (BSA is used as a negative can8Dl; mean
of four wells for each protein concentrationB)(Confocal view of internalin-coated beads interacting with cells. All beads are far-red fluorescent,
extracellular beads are labeled with an anti-internalin antibody and an FITC-conjugated anti-mouse 1gG. Surface E-cadherin of L2071-transfected
cells is labeled with anti-E-cadherin antibodies revealed with an FITC-conjugated antibody. Non-transfected cells were subjected to a mix of these
anti-E-cadherin and conjugated antibodies. For NT, Nomarski, red and green channels were merged. For the three other cell lines, red and green
channels were merged. Cells expressing E-cadherin appear in green, extracellular beads in yellow and intracellular bedts|mvasdity tests

in non-transfected L2071 cells and stably transfected L2071 cells expressing LCAM, hEcad or mEcad. Values are expressed as the percentage of
bacteria resistant to gentamicin and are the mea®D of three independent assays.

Pro16 is critical for specificity of the internalin- substitution in hEcad results in a complete loss of function
E-cadherin interaction (Figure 3C), whereas E16P substitution in mEcad leads
Among the 10 amino acid positions different in hEcad to a complete gain of function (Figure 3C). These results
and mEcad in the 1-94 EC1 region, only four are identical clearly identify Pro16 of the exposed loop located between
in hEcad and LCAM (Figure 3B). Among those, only the two firstB-sheets of the first extracellular domain of
one, residue 16, is located in an exposed loop in the human E-cadherin as crucial for interaction with internalin
structure of mEcad and thus appeared to be a potential(Figure 3D).

critical residue (Figure 3B and D). This amino acid is a  We then tested whether this position 16 is important
proline in hEcad and LCAM, and a glutamic acid in for homophilic interaction. We thus performed aggregation
mEcad (Figure 3B). We decided to change Prol6 of hEcadassays as previously described (Murphy-Erdeshal,

into glutamic acid, and Glul6é of mEcad into proline 1995), by mixing hEcad-expressing and mEcad-expressing
(Figure 3C). These mutated E-cadherins were expressed_2071 cells; we could demonstrate that hEcad and mEcad
in L2071 cells and their ability to allow adhesion and induce the formation of mixed aggregates, indistinguish-
entry of internalin-coated beads was determined and com-able from homophilic aggregates, indicating that hEcad
pared with that of wild-type hEcad and mEcad. The P16E and mEcad can interact in an heterospecific manner as
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Fig. 3. Determination of the molecular basis of the specificity of the internalin—-E-cadherin interaetjobeft panel: schematic drawing of

E-cadherin chimeras. White boxes indicate E-cadherin regions of human origin and gray boxes E-cadherin regions of mouse origin in the different
chimeric proteins. Center panel: denomination of the different chimeras. Right panel: adhesion and invasivity of internalin-coated beads to cells
expressing E-cadherin chimeras. MearSD of total (white bars) and intracellular (black bars) internalin-coated beads (InlA-beBjig)lidnment

of the first 94 amino acids of LCAM, hEcad and mEcad (performed using the Clustal prog@nteft panel: schematic drawing of wild-type and

mutated E-cadherins. Center panel: denomination of the mutated E-cadherins. Right panel: adhesion and invasivity of internalin-coatedlfeads to ce
expressing wild-type and mutated E-cadherins. Me&a8D of total (white bars) and intracellular (black bars) internalin-coated beads (InlA-beads).

(D) A backbone worm diagram of mEcad(E16P). This diagram was drawn from the crystal structure of the EC1-EC2 fragment of mEcad (PDB

entry 1EDH). Side chains are drawn only for amino acids in the putative internalin-binding loop. Calcium ions are shown as green spheres. C, F and
G B-strands are indicated. The N-terminus is indicated by a blue N.

well as in an homophilic manner (data not shown). Thus rat E-cadherin. We chose the NBT2 cell line (Tucker
the nature of the amino acid at position 16 of E-cadherin is et al, 1990). This cell line does not allow internalin-
not crucial for cadherin—cadherin interaction, in agreement dependent entry (Figure 4A). The sequence of rat
with previous similar data showing that chicken B-cadherin E-cadherin was unknown. We thus determined the
and mEcad, which harbor a proline or a glutamic acid in sequence of the region encoding the rat E-cadherin EC1
that position, respectively, interact in a heterophilic manner using RT-PCR with degenerate primers deduced from
(Murphy-Erdoshet al, 1995). We also showed that anti- previously reported E-cadherin-coding sequences. The
bodies inhibiting hEcad homophilic interaction, such as rat E-cadherin displays a glutamic acid in position 16
HECD1 and MB2 (Shimoyamet al,, 1989; Brackeet al,, (Figure 4B), thus placing the rat in the same group as
1993), have no inhibitory effect on internalin—E-cadherin mouse (Figure 4C).

interaction (data not shown). Taken together, these results It had been reported in the early 1970s that in guinea-
show that the region responsible for the specificity of pigs, following oral infection,Listeria are detected in

internalin—E-cadherin interaction is different from the
regions involved in E-cadherin—E-cadherin homophilic
interaction (Figure 3D).

Internalin-dependent entry in cell lines from

various species relies on the nature of residue 16

The fact that mEcad is not recognized by internalin
in vitro, as shown in this study, provides an explanation
for the fact that no role for internalim vivo could be

enterocytes (Racet al, 1972). We thus anticipated that
guinea-pig epithelial cells expressing E-cadherin should
be permissive to bacteria expressing internalin. We infected
GPC16 cells, which are guinea-pig cells of epithelial
origin. These cells are recognized by anti-E-cadherin
antibodies (HECD1 and ECCD2; data not shown). They
do exhibit a high level of internalin-dependent entry
(Figure 4A). Using the same strategy as for rat, we
sequenced the guinea-pig E-cadherin EC1-coding region.

identified in a mouse model. Indeed, oral and intravenous Guinea-pig E-cadherin harbors a proline at position 16

infections of mice withL.monocytogeneand its isogenic
internalin mutant led to the same results: wild-type
L.monocytogenesnd the internalin mutant translocate

(Figure 4B).

Discussion

across the intestinal barrier and reach the liver and spleen

with the same low efficiency, and their I5E3 are identical
(data not shown; see Materials and methods).

This study is the first report describing at the molecular
level the host specificity of a bacterial invasion protein.

Since a recent report using another system, the ratWe have shown that internalin-mediated entry_ohono-
ligated ileal loop system, did not detect a role for internalin cytogenesinto mammalian cells stringently requires a
in the crossing of the epithelial intestinal barrier (Pron proline residue at position 16 of E-cadherin. However, the
et al, 1998), we tested the permissivity of cells expressing exact amino acids interacting with each other in each of
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Fig. 4. Guinea-pig E-cadherin but not rat E-cadherin is a receptor for internalin and harbors a proline in amino acid posifyrini@s{vity tests

in guinea-pig cells (GPC16) and rat cells (NBT2). Values are expressed as the percentage of bacteria resistant to gentamicin and ate $fiz mean
of three independent assayB) (Mouse and rat E-cadherins harbor a glutamic acid in position 16, whereas chicken, human, guinea-pig and rabbit
E-cadherins harbor a proline (Mohat al, 1995). Multiple alignment was performed with the Clustal program. Black dots indicate identity, vertical
lines similarity; proline in position 16 is boxed in blueC) Dendrogram of the E-cadherin EC1 domain from different species. E-cadherin EC1
domains interacting with internalin (chicken, guinea-pig and human) cluster in the same group. E-cadherin EC1 domains not interacting with
internalin (rat and mouse) cluster in a separate group (this dendrogram was made using the NJplot program).

the two partners have not been identified. Residue 16 is Internalin was first identified as an invasion protein, by
located in the close vicinity of the first E-cadherin ‘cal- an in vitro approach, i.e. by a search for non-invasive
cium-binding pocket’, and the structure of the loop encom- mutants in the human epithelial cell line Caco2 (Gaillard
passing this critical amino acid has been shown to be et al, 1991). Its receptor was then identified using an
strongly influenced by calcium concentration (Overduin affinity chromatography approach (Mengaetcal., 1996).
et al, 1995). Interestingly, in good agreement with these However, thein vivo role of internalin has not been
new data, internalin—E-cadherin interaction has already identified. The work described here explains why the
been shown to be calcium dependent (Mengatical, function of internalin could not be identified using mouse
1996). In addition, in hEcad, the loop harboring residue 16 and rat models. Guinea-pig now appears to be the animal
is primarily hydrophobic and uncharged, whereas in mEcad model of choice to address not only threvivo function
it is more hydrophilic and charged (Figure 3B), suggesting of internalin, but also probably various aspects of human
that internalin—hEcad interaction involves hydrophobic listeriosis, such as dissemination to the central nervous
interactions. These results are in line with our recent system and to the fetoplacental unit, which are both
findings that the region in internalin involved in the bordered by E-cadherin-expressing cells. Interestingly,
interaction is the N-terminal 330 amino acid LRR region guinea-pigs and rabbits were the two animal species in
(Lecuit et al, 1997), although, as mentioned above, the which Murray first discovered..monocytogenem 1926
precise region of internalin interacting with E-cadherin during an epidemic in animal care houses (Mureal.,
and the precise region of E-cadherin interacting with 1926). These two species are natural hosts for this patho-
internalin are unknown. gen, and guinea-pig and rabbit E-cadherins both exhibit a
The region of E-cadherin involved in cell-cell adhesion proline at position 16 (Mohamt al, 1995; this study).
as shown in Figure 4D is different from the region critical Experiments in guinea-pigs (or rabbits) will thus help us
for internalin—hEcad interaction, strongly suggesting that to unravel the role of internalin—E-cadherin interaction.
E-cadherins engaged in homophilic interactions may still However, it still remains possible that redundancy exists
be accessible to internalin. A challenging issue in under- and that the function of internalin even in a guinea-pig
standing the role of internaliim vivo will be to determine model may be hidden by other listerial proteins.
whether such an interaction can take place and whether Internalin belongs to a large family of surface or secreted
interaction of internalin with a molecule of E-cadherin proteins in L.monocytogenesThese proteins share in
engaged in a homophilic interaction destabilizes this common the presence of LRRs of 22 amino acids. A
interaction and has the capacity to disrupt the structure of function has been identified for only two members,
an epithelium. internalin, which has 15 LRRs, and InIB, which has
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20 LRRs. InIB mediates entry into a wide variety of cells.
Its receptor is under current investigation and is not
E-cadherin (L.Braun and P.Cossart, unpublished results).
Whether InIB also displays a species specificity is a
challenging issue. Preliminary experiments indicate that
it could be the case, at least in cultured cell lines (M.Lecuit
and P.Cossart, unpublished results).

Itis worth mentioning that in the case ®E-37 integrin,
the other heterophilic ligand of E-cadherin, its interaction
with E-cadherin has been shown to involve the two first
extracellular domains of E-cadherin, with Glu31 crucial for
this interaction (Kareclat al, 1996). Glu31 is predicted to
be located at the top of EC1 (Overdwhal,, 1995), while
Prol6 is located at the inferior face of EC1 (Overduin
et al, 1995), indicating that internalin araE-37 integrin
recognize opposite sides of EC1. In contrast to position 16,
Glu3l is conserved among all E-cadherins and, in agree-
ment with these data,E-37 integrin was shown to interact
with both mouse and human E-cadherins (Ceptlal,
1994; Karecleet al,, 1995).

In conclusion, the molecular basis of host specificity

Species-specific internalin-E-cadherin interaction

the pBluescript SK— vector (Stratagene) and in the mammalian expression
vector pcDNA3 (InVitrogen), thus giving rise to pSK—(mEcad) and
pcDNA3(mEcad), respectively. hEcad partial cDNA encoding hEcad
lacking its last 35 amino acids was obtained from D.Rimm (CegieX.
1994) and cloned atlindlll and Xhd sites in pcDNAS3, thus giving rise

to pcDNA3(hEcad35).

To obtain hEcad full-length cDNA, mRNA from human A431 cells
(provided by K.Wary) was used to make a cDNA library using oligo(dT)
primers and Superscript Il reverse transcriptase (Gibco-BRL). A PCR
fragment was obtained using oligonucleotides CytoAT&EACACCC-
GGGACAACGTTTATTA-3') and CytoB (3-CTAGTCTAGACCCCTA-
GTGGTCCTCG-3). This 425 bp PCR fragment was digested v8timad
and Xba and cloned at these sites in pcDNA3(hEA&8), thus giving
rise to pcDNA3(hEcad), which harbors hEcad full-length cDNA. The
structure of this construct was verified by sequencing. hEcad full-length
cDNA was also cloned atlindlll and Xba sites into pBluescript SK—,
thus giving rise to pSK—(hEcad).

For hEcad(1-581)-mEcad, a PCR product obtained with oligo-
nucleotides OML36 (5GGCTTGGATTTTGAGGCCAAGC-3 and
OML37 (5-TCCCCCCGGGCTACACTGCAGCTCTCCTCCGAAGA-
AACAGC-3') using pSK—(hEcad) as a template was digestedpmi
and Sma and subcloned in pBluescript SK-. A second PCR product
obtained with oligonucleotides OML44 '(AACTGCAGTGGTCAAA-
GAGCCCCTGCTGCC-3 and OML40 (3-CAATTAACCCTCACT-
AAAGGG-3') using pSK—(mEcad) as a template was digestedP iy

has already been reported for several viruses such asand subcloned in this plasmid. This new plasmid was then digested by

poliovirus, human immunodeficiency virus and hepatitis C
virus (Claytonet al,, 1988; Renret al,, 1990; Pileriet al.,
1998) and the diphtheria toxin (Chet al, 1998); we
report here the first example of a specificity (i.e. complete
loss or gain of function) depending on a single amino
acid and involving proteins with a particularly high level
of similarity (85%) between the ‘permissive’ and the ‘non-
permissive’ proteins. Solving a problem of specificity has
led us to identify a zone in E-cadherin critical for the
internalin—E-cadherin interaction. This region is not
involved in cell—cell adhesion, suggesting possible inter-
action of internalin with E-cadherin molecules engaged in
cell—cell interactions. This finding may have very import-
ant consequences in the understanding of the infection
in vivo. Our results provide a molecular explanation for
the fact that no role in virulence could be attributed to
internalinin vivo using mouse or rat models. They strongly

Kpnl and Xbd, and the restriction fragment obtained was subcloned in
pcDNA3(hEcad), thus giving rise to pcDNA3[hEcad(1-581)-mEcad].

For mEcad(1-581)-hEcad, a PCR product obtained with oligonucleo-
tides OML36 and OML38b (5TCCCCCCGGGCTACACTGCAGCT-
CTCCTCCGTAGAAACAGTAGG-3) using pSK—(mEcad) as a template
was digested byXhd and Sma and subcloned in pBluescript SK—. A
second PCR product obtained with oligonucleotides OML43
(5'-AACTGCAGTGGTCAAAGAGCCCTTACTGCC-3 and OML40
using pSK—(hEcad) as a template was digestedPsty and Xba and
subcloned in this plasmid. This new plasmid was then digestexhaly
and Xbd, and the restriction fragment obtained was subcloned in
pcDNA3(mEcad), thus giving rise to pcDNA3[mEcad(1-581)-hEcad].

For hEcad(1-314)-mEcad and mEcad(1-314)-hEcad, we took advant-
age of the presence of a unig¥enl site in hEcad and mEcad cDNAs.
pcDNA3(hEcad) and pcDNA3(mEcad) were double digested with
Hindlll and Xcm, and restriction fragments were purified and ligated to
give rise to pcDNA3[hEcad(1-314)-mEcad] and pcDNA3[mEcad(1-
314)-hEcad)].

For hEcad(1-94)-mEcad and mEcad(1-94)-hEcad, we followed a
similar strategy, taking advantage of a unigB®eBl site conserved in

indicate that the mouse model, which has been the mosthEcad and mEcad cDNAs to construct pcDNA3[hEcad(1-94)-mEcad]

widely used animal model for the study of listeriosis
including its immunological aspects, is inappropriate to

and pcDNA3[mEcad(1-94)-hEcad].
All PCR and ligation products were verified by sequencing. The
chimeric and mutated E-cadherin cDNAs are all subcloned in the same

study specific features of human listeriosis, as opposed tOpcDNA3 mammalian expression vector, their éd is cloned at the

the guinea-pig, which now appears to be the model of
choice for futurein vivo studies. Alternatively, transgenic
mice expressing E-cadherin may be very instrumental.
Taken together, these results clearly illustrate how molecu-
lar approaches and apparently reductiomistitro studies
can assist in rationalizing the choice of an animal model
for studying human disease, as recently discussed
(Finlay, 1999).

Materials and methods

Invasivity and adhesion assays

Gentamicin survival assays were performed as previously described
(Lecuit et al,, 1997) withL.innocuatransformed with pRB474 without
insert, and_.innocuatransformed with pRB474 harboring th@A gene.
Internalin purification and cell adhesion assays were performed as
previously described (Mengawet al,, 1996).

DNA constructs
mEcad full-length cDNA was obtained from P.J.Kilshaw (Karezfal.,
1996) and cloned at thelindlll site in the T7 promoter orientation in

same Hindlll site, and they are under the control of the strong
cytomegalovirus enhancer—promoter.

Mutagenesis was performed using the Chameleon double-stranded,
site-directed mutagenesis kit (Stratagene), following the manufacturer’s
instructions. Oligonucleotide mut mE-P '{BATGAAAAGGGT-
CCATTCCCAAAGAACC-3) was used to obtain mEcad(E16P), and
oligonucleotide mut hP-E (BAATGAAAAAGGCGAATTTCCTAAA-
AACC-3') was used to obtain hEcad(P16E). Mutagenic codons are
underlined. Mutagenized regions were verified by sequencing.

Stable transfection experiments

L2071 are described in the ATCC catalog under reference CCL1.1,
LCAM-transfected L2071 cells (LE6) and mEcad-transfected L2071
cells (L2E2) have been described and characterized previously (Chen
et al, 1997); they express similar levels of E-cadherin. hEcad-expressing
L2071 cells were obtained as follows: L2071 cells were transfected
using the calcium phosphate method with the plasmid pcDNA3(hEcad).
Transfected cells were selected by incubation in medium containing
800 pg/ml of G418 (Gibco-BRL). Stably transfected L2071 cells
expressing hEcad were labeled with anti-hEcad HECD1 monoclonal
antibody (Shimoyamat al., 1989) revealed by an anti-mouse fluorescein
isothiocyanate (FITC)-conjugated antibody and isolated by fluorescence
activated cell sorting (FACS; Coulter).
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