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The region flanking the transposon in a Tnl545-induced lecithinase-negative mutant of Listeria monocyto-
genes EGD was cloned and sequenced. The transposon had inserted in ORF D, the open reading frame
previously identified downstream from hlyA, the gene encoding listeriolysin 0. The complete sequence of ORF
D from strain EGD has been determined as well as that of two other strains: L028, a clinical isolate; and LM8,
an epidemic strain. ORF D is 1,533 bp long and encodes a protein highly homologous to metalloproteases of
bacilli, Serratia sp., Legionella pneumophila, and Pseudomonas aeruginosa. It was renamed prtA. Northern
RNA blot analysis indicated that prtA is the first gene of a 6-kb operon, suggesting that the lecithinase-negative
phenotype of the mutant might be due to a polar effect of the transposon insertion.

The gram-positive bacterium Listeria monocytogenes is
an intracellular pathogen discovered in 1926 during an epi-
demic among laboratory rabbits and guinea pigs (18) and
later shown to be a dangerous pathogen for humans, in
particular pregnant women, neonates, and immunocompro-
mised people. It also infects healthy people and has been in
recent years the cause of several outbreaks traced to con-
taminated food and resulting in septicemias, meningitis and
meningoencephalitis, and death.

After the studies of Mackaness in 1960 (13), virulence of
L. monocytogenes was essentially attributed to its capacity
to survive and even replicate in professional phagocytes. L.
monocytogenes, in addition to its capacity to survive intra-
cellularly, is able to cross the intestinal barrier, to spread
from cell to cell, to multiply in the liver and spleen (where it
creates foci of infection and abscesses), and to cross the
endothelial barriers and gain access to the brain and the
placenta. Genetic studies to identify the various factors
responsible for these different steps recently converged to
establish the crucial role of the thiol-activated toxin pro-
duced by L. monocytogenes. This protein, named listerio-
lysin 0 (LLO), allows the escape of the bacterium from the
phagosome into the cytosol. The crucial demonstration that
LLO is a virulence factor was obtained through a gene
complementation experiment: transformation of a transpo-
son-induced nonhemolytic mutant with a plasmid carrying
hlyA, the gene encoding LLO, led to the concomitant
recovery of the hemolytic phenotype and of virulence (8).
LLO is, to date, the only bacterial factor identified as an
intracellular growth-promoting factor and has even been
shown to promote growth of Bacillus subtilis in J774 macro-
phages (3).
LLO was the first factor to be examined not only because

clinical strains are hemolytic and all nonhemolytic strains
are avirulent in the mouse model but also because the
hemolytic phenotype is easily identified on blood agar plates.
Another phenotype easily identified on agar plates is the
lecithinase phenotype. Secretion of a lecithinase by L.
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monocytogenes was reported for the first time by Seeliger,
who detected halos around colonies on egg yolk plates (22).
We recently questioned the role of this virulence factor.
Purification of the protein was achieved, and four lecithi-
nase-negative mutants were isolated by independent Tn1545,
Tn917, and Tn917-lac mutagenesis. These mutants carried a
single copy of the transposon inserted at different loci on the
chromosome and their virulence, evaluated by their 50%
lethal dose, was affected to different extents (20a and our
unpublished results).

In this paper, we report the cloning and sequencing of the
DNA flanking Tn1545 in one of the mutants. Unexpectedly,
the locus of insertion in the Listeria chromosome mapped in
ORF D, an open reading frame previously identified down-
stream from hlyA, the gene coding for LLO (15). The
wild-type ORF D was cloned and sequenced from three
different strains. It encodes a protein homologous to neutral
metalloproteases of bacilli, Legionella pneumophila, Pseu-
domonas aeruginosa, and Serratia sp. and was renamed
prtA. Northern RNA analysis indicated that this gene is the
first gene of a 6-kb operon, suggesting that a polar effect
might explain the lecithinase-negative phenotype of the
Tnl545-induced mutant.

MATERIALS AND METHODS

Strains, plasmids, and culture media. The L. monocyto-
genes strains used in this study were L028, a wild-type
isolate (29); LM8, an epidemic strain (20); and Bug 13, a
Tnl545-induced lecithinase-negative mutant of strain EGD
(20a). The EGD strain we used is the spontaneous strepto-
mycin-resistant derivative described previously (9). Plasmid
pUC18 (32) was used to clone DNA fragments in Escherichia
coli MC1061 [F- araD139 A(ara leu)7696 AlacY74 galU
galK hsr hsm strA] (6). E. coli strains were grown at 37°C in
LB medium (14). For strains containing pUC derivatives,
ampicillin was added at a final concentration of 25 ,g/ml in
liquid medium and 100 ,ug/ml in solid medium. L. monocy-
togenes strains were grown in brain heart infusion (BHI)
broth or agar (Difco Laboratories, Detroit, Mich.) at 37°C
with aeration.
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Chemicals and enzymes. Restriction enzymes and ligase
were purchased from Amersham (Buckinghampshire,
United Kingdom), Boehringer (Mannheim, Federal Republic
of Germany), BioLabs (Beverly, Mass.), Gibco BRL (Cergy
Pontoise, France), or Genofit (Geneva, Switzerland) and
were used as recommended by the manufacturer. [35S]dATP
(3,000 Ci/mmol) was purchased from Amersham.
DNA techniques. DNA techniques and plasmid DNA se-

quencing were performed as previously described (14, 16).
Polymerase chain reaction amplification was performed on
chromosomal DNA from strain EGD or LM8 by using two
pairs of oligonucleotides chosen from the sequence obtained
from strain L028. The amplified fragments were purified by
use of a GeneClean kit (Bio 101, La Jolla, Calif.), after
electrophoresis on agarose gels, and sequenced as previ-
ously described (16). Listeria chromosomal DNA was puri-
fied by a rapid protocol adapted from the method of Ausubel
et al. (1). Briefly, cells from 1.5 ml of overnight culture were
washed in 0.l1x SSC (lx SSC is 0.15 M sodium chloride-
0.015 M sodium citrate), suspended in 60 p.1 of lysis solution
(0.01 M Na2HP04, 20% sucrose, 2.5 mg of lysosyme per ml
[freshly added]) and incubated for 1 h at 370C. Then 507 p.1 of
TB (10 mM Tris HCI, 1 mM EDTA), 30 p.1 of 10% sodium
dodecyl sulfate, and 3 RI1 of proteinase K (20 mg/ml) were
added before a second hour of incubation at 370C. Cell wall
debris, denatured proteins, and polysaccharides were pre-
cipitated by adding 100 p.1 of 5 M sodium chloride and 80 p.1
of 10% hexadecyltrimethyl ammonium bromide (Sigma, St.
Louis, Mo.) in 0.7 M NaCl and incubating for 10 min at 650C.
The mixture was then phenol extracted twice, and DNA was
precipitated by adding 0.6 volume of isopropanol and gently
inverting the tube. The DNA pellet recovered by brief
centrifugation was washed in 70% ethanol, dried, and sus-
pended in 100 p.1 of TB containing 50 p.g of RNase per ml.
RNA techniques. Total cellular RNAs were extracted by a

rapid protocol from L. monocytogenes L028 grown at 370C
with aeration in BHI broth (1). Briefly, cells from a 10-ml
culture were suspended in 500 p.1 of lysis buffer (30 mM Tris
HCI [pH 7.4], 100 mM sodium chloride, 5 mM EDTA, 1%
sodium dodecyl sulfate, 100 p.g of proteinase K per ml
[freshly added]), frozen on dry ice, thawed, and sonicated
three times for 10 s with a microtip sonicator (power setting,
about 30 W). The lysate was then incubated for 1 h at 370C,
phenol extracted twice, and chloroform extracted. The aque-
ous phase was ethanol precipitated overnight at -20'C. The
total RNA and DNA pellet was suspended in 100 p.1 of
DNase digestion buffer (40 mM Tris HCI [pH 7.5], 6 mM
MgCl2) containing 30 U of RNase-free DNase I (Pharmacia)
and incubated for 1 h at 370C. The mixture was phenol
extracted, chloroform extracted, and ethanol precipitated
overnight at -20'C. The RNA pellet was finally suspended
in 100 p.1 of diethylpyrocarbonate-treated water and stored at
-70'C. Yields (about 10 p.g of total RNA per ml of culture)
are higher than with the technique previously described (15).
Northern blotting was performed as described previously
(15), except that we used Immobilon N membranes (Milli-
pore) and the rapid hybridization system of Amersham.

RESULTS

To examine the role of lecithinase in virulence of L.
monocytogenes, lecithinase-negative mutants were obtained
by transposon mutagenesis with Tn1545, Tn9J7, and Tn9J7-
lac (20a and our unpublished results). In this study, one of
these was further analyzed. It contains a single copy of

TnJ545 inserted in the chromosome and has a higher 50%
lethal dose than the parental strain, EGD (1076 versus 106.).

Cloning and sequence analysis of the chromosome-Tn1S45
junction of a lecithinase-negative mutant: Tnl545 had inserted
in ORF D. Taking advantage of the presence of a kanamycin
resistance gene at the left end of Tn1545, we cloned, in
pUC18, a 8-kb Hindlll fragment containing the junction
between the listerial chromosome and the left part of
Tn1545. Using an oligonucleotide located in the left end of
TnJ545, we sequenced the transposon-Listeria junction.
TnJ545 had inserted 530 bp downstream from the beginning
of an ORF previously identified immediately downstream
from hlyA the structural gene of the LLO and named ORF D.
For reasons described below we designated this ORF prtA.

Cloning of prtA from L. monocytogenes EGD, L028, and
LM8 and nucleotide sequence comparison. As most of our
genetic work on virulence of L. monocytogenes was per-
formed on the clinical strain L028, we decided to clone and
sequence the wild-type prtA gene from strain L028 as well
as that from strain EGD. Strains EGD and L028, respec-
tively, are of the 1/2a and 1/2c serotype. We had previously
noticed a restriction fragment length polymorphism in this
region, and therefore we also cloned the region from epi-
demic strain, LM8, of serotype 4b. In this strain, the second
Hindlll site located downstream from hlyA is absent (10;
unpublished results).
We had previously cloned, in pLis3, a 3,454-bp BamHl

chromosomal fragment containing the hlyA gene and the
beginning of prtA of strain L028 (Fig. 1) (15). Using as a
probe a 531-bp Sau96-A-BamHI fragment internal to prtA
and purified from pLis3, we cloned, in pUC18, a 1,369-bp
Hindlll fragment (pLisll). We then used as a probe a 455-bp
Sphl fragment purified from pLisll to clone a 1,591-bp Dral
fragment, giving rise to plasmid pLis22, which contained the
3' end of prtA.
For strain EGD, we also used the 455-bp Sphl fragment as

a probe to clone, in pUC18, a 1,250-bp Sphl fragment
(pLis33). The 1,369-bp Hindlll fragment harbored by plas-
mid pLis32 was cloned by using as a probe a 1-kb Accl
fragment internal to prtA and purified from the plasmid
containing the transposon-Listeria junction.

Finally, for strain LM8, with a 412-bp Hindlll fragment
purified from plasmid pLis3 as a probe, prtA was nearly
entirely cloned in a 1,781-bp Hindlll fragment (pLisl8).
By sequencing on both strands of the DNA the fragments

cloned in pLis3, pLisll, and pLis22, we determined the
complete nucleotide sequence ofprtA from strain L028 (Fig.
2). Inserts of pLis32, pLis33, and pLisl8 only partially
covered prtA of strains EGD and LM8, respectively. To
complete the nucleotide sequence of prtA of these strains,
oligonucleotides were chosen in the sequence of prtA region
of strain L028 and used to amplify, by polymerase chain
reaction, DNA fragments spanning the 5' and 3' ends of the
prtA genes from strains EGD and L028, respectively (Fig.
1). These fragments were directly sequenced.
Sequences of the prtA genes of strains L028, EGD, and

LM8 are given in Fig. 2. The prtA gene, from the ATG start
codon arbitrarily chosen as discussed previously (15) up to
the TGA stop codon, is 1,533 bp long. The prtA nucleotide
content is 38% (G+C). Taking strain L028 as a reference,
only 6 differences were detected in the prtA sequence of
strain EGD versus 79 differences in the case of strain LM8.
Most of the changes affect the third position of codons and
either are conservative or change an amino acid for a similar
one. The mutation responsible for the restriction fragment
length polymorphism observed in the prtA region corre-
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FIG. 1. Schematic drawing and partial restriction map of the prtA gene region from strain L028. The hlyA and prtA genes are represented
by arrows. Restriction sites: H, HindlIl; B, BamHI, S, SphI, D, DraI. Overlapping restriction DNA fragments from strains L028, EGD, and
LM8, cloned in pUC18 and spanning the prtA gene, are represented by thick lines. The names of the pUC derivatives containing these
fragments are indicated below the lines. Fragments obtained by polymerase chain reaction amplification for direct sequencing of the 5' and
3' parts of the prtA gene from strain EGD and LM8 are reported with no restriction site indication.

sponds to a G-to-A transition in the HindIll site in position
139 in LM8.
prtA encodes a protein homologous to zinc metalloproteases

of the "thermolysin family." The polypeptide encoded by
prtA would be 510 amino acids long and have a calculated
molecular weight of 57,375. The N-terminal part of the
encoded protein has all the characteristics of a signal se-
quence of a gram-positive bacterium (30). A polypeptide
homology search (12) in the NBRF data base revealed
substantial similarity between the prtA-encoded protein and
the amino acid sequences of metalloproteases from Bacillus
stearothermophilus (26), Bacillus thermoproteolyticus (27),
Bacillus cereus (23), B. subtilis (31), and Bacillus amylo-
liquefaciens (28). The prototype of this family of structurally
related neutral proteases is thermolysin, the protease pro-
duced by B. thermoproteolyticus. Interestingly, two other
proteins produced by pathogenic gram-negative bacteria, the
major secreted protein (MSP) of L. pneumophila (4) and the
elastase of P. aeruginosa (2), also belong to this family.

In all cases where the gene has been cloned and se-
quenced, a discrepancy between the gene size and the
mature protein length was observed, indicating that these
proteases are processed from a proprotease into an active
form (Fig. 3B). On the basis of protein sequence compari-
son, the N-terminal amino acid of the Listeria mature
protease would be located around position 204 (Fig. 2). The
mature form of the protease would have a molecular weight
of 34,522. Similarities between the putative Listeria protease
and the other proteases are spread along the whole sequence
and are stronger when the prtA-encoded protein is compared
with proteases from gram-positive bacteria than when it is
compared with proteases from gram-negative bacteria. In
Fig. 3A, sequences of the putative mature form of the
Listeria protease (positions 204 to 510) and mature forms of
Bacillus proteases were aligned (21). Percentages of identity
calculated on the basis of this alignment are 35% with B.

cereus, 40% with B. thermoproteolyticus and B. stearother-
mophilus, and 47% with B. subtilis and B. amylolique-
faciens. For L. pneumophila, P. aeruginosa, or Serratia sp.,
the percentage of identity is around 25 to 30%.
The X-ray structure of one of these proteases, thermol-

ysin, has been solved and shown to contain one zinc atom
bound to His-142, His-146, and Glu-166. The active site is
located around His-231, and two additional sites required for
catalysis are located at Glu-143 and Asp-226 (7, 11). The
regions from amino acids 346 to 355, 368 to 377, and 428 to
448 of the Listeria protease are very similar to the zinc-
binding or active site regions of thermolysin (amino acids 138
to 148, 161 to 170, and 222 to 242) (Fig. 3C). On the basis of
these similarities, the predicted zinc-binding amino acids of
the prtA-encoded protein would be His-349, His-353, and
Glu-373, and the predicted active site would be His-437.
Glu-350 and Asp-432 might also be essential for activity of
the protein, by analogy with Glu-143 and Asp-226 of ther-
molysin. Three zinc ligands and one active site were also
predicted for B. subtilis (31), Serratia sp. (19), P. aeruginosa
(2), and L. pneumophila (4) proteases on the basis of their
comparison with thermolysin. The predicted zinc-binding
regions of prtA-encoded protein are also similar to the
zinc-binding regions of these eight other metalloproteases.
Recently, sequences of the gp63 metalloproteases produced
by the parasitic protozoa Leshmania chagasi and L. major
have been reported (17). They contain the conserved zinc-
binding domain, but the overall similarity with bacterial
metalloproteases, including the putative Listeria protease, is
very weak (Fig. 3C).
prtA is the first gene of an operon. To evaluate the role of

prtA in virulence and determine whether the insertion of
Tn1545 had a polar effect on adjacent genes, we studied the
structural and transcriptional organization of the prtA gene
region. As previously reported, the upstream region encodes
LLO and is transcribed as a monocistronic unit (15). The
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FIG. 2. Complete nucleotide sequence of the prtA genes from strains L028, EGD, and LM8. Only nucleotide changes and amino acid
substitutions in the sequences of strains LM8 (serovar 4b) and EGD (serovar 1/2a) compared with the sequence of strain L028 (serovar 1/2c)
are reported. The amino acid sequence deduced from the nucleotide sequence is given under the nucleotide sequence. Nucleotides are
numbered on the right side; amino acids are numbered on the left side. The putative signal sequence is underlined. Putative cleavage sites
of the signal sequence and of the propeptide (see Results) are indicated by vertical arrows. The insertion point of Tn1545 is indicated (V).
Amino acids involved in zinc atom-binding and catalytic activities are boxed.

presence of putative ORFs downstream from prtA was
screened for by use of a program based on codon usage,
taking prtA as the reference gene (24). One major ORF with
a good probability of being a coding sequence was detected.
This ORF, in the same orientation as prtA, started 199 bp
downstream from prtA and was not interrupted by a stop
codon in the insert of pLis22. In contrast to hlyA and ORF U
(15), the ORF identified upstream from hlyA, palindromic
sequences corresponding to putative transcriptional termi-
nation signals was not found downstream from prtA.
The promoter of prtA was previously mapped and shown

to be transcribed independently from a promoter located 150
bp upstream from the putative translation initiation codon of
prtA (15). Northern blot analysis determined the size of the
prtA transcripts. When total RNAs extracted from bacteria
in late-exponential growth were hybridized with a 531-bp
Sau96-A-BamHI fragment internal to the prtA gene, one
major band was detected that correspond to transcripts of
about 5,700 nucleotides (Fig. 4). This is larger than prtA, and
the band probably accounts for more than prtA and the ORF
located immediately downstream from prtA.

DISCUSSION
In this paper, we have shown (i) that the locus of insertion

of a transposon that resulted in a lecithinase-negative phe-
notype and impairment of virulence mapped in ORF D,
which is located downstream from the LLO gene; (ii) that
ORF D, designated herein prtA, encodes a protein homolo-
gous to bacterial metalloproteases; and (iii) that prtA is the
first gene of a 6-kb operon. In addition, we sequenced the
gene from three different strains and showed that the gene
from an epidemic strain has the most distantly related
sequence.
prtA was suspected to play a role in virulence on the basis

of two pieces of evidence (i) Southern blotting experiments
performed with all species of the genus Listeria had shown
that this region was specific to L. monocytogenes even at a
low stringency of hybridization (10). (ii) Promoters of prtA
and hlyA share common structural features, suggesting that
those two genes might be similarly regulated (15). Transpo-
son Tn1545, in the less virulent lecithinase-negative mutant,
interrupted prtA. This indicates that the prtA gene region is
involved in virulence. Since prtA is the first gene of a 6-kb
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A
L. monocytogenes adthkdfqalGKGANRLLqrplhvmkindl... FYLv ..DRTHKGLIRTFDlkhntdtsfgkwvsnktnmftdpef33AVDAHFYASEVYEYyknvhqleSLDGKGGEIDS
B. subtilis aaat ...... GSGTTLKGatvplnisyeggk ..YVLrdlSKPTGTQIITYDlqnrq3rlpgtlVssttktfts3sqraAVDAHYNLGKVYDYfysnfkrnSYDNKGSKIVS
B. aanyloliquefaciens aatt ...... GTGTTLKGktvslnissesgk. . YVLrdlSKPTGTQIITYDlqnreynlpgtlvssttnqfttssqraAVDAHYNLGKVYDYfyqkfnrnSYDNKGGKIVS
B. stearotsereophUms vaga3tV... GVGRGVLGdqkyinttyssyygyYYLq. .DNTRGSGIFTYDgrnrtvlpgslwtdgdnqftasydaa .AVDAHYYAGVVYDYyknvhgrlSYDGSNAAIRS
B. thermoproteolJticEs itgtstV... .GVGRGVLGdqkninttysty ... YYLq. .DNTRGDGIFTYDakyrttlpgslwadadnqffasydap .AVDAHYYAGVTYDYyknvhnrlSYDGNNAAIRS
B. cercus vtgtnkv . .. GTGKGVLGdtk3lnttl3g3s. .YYLq. .DNTRGATIFTYDaknr3tlpgtlwadadnvfrnaaydaSINDAGAPa .AVDAHYYAGKTYDYykatfnrnLKS

FvHYGLNCNNAFWDGQEILYGDGDKKNFKPFScaktIVg . HELTHAVIQYSAGLEYEGQSGALNESFAD ..... VFGYFIAPNHWLIGED ..VCVRG3rdgrIRSIKDPDK
SVHYGTQYNNAAWTGDQMIYGDGDGSFFSPLSg3l .DVtaHEMTHGVTQETANLIYENQPGALNESFSD ..... VFGYFNDTEDWDIGEDitVSQPA ..... LRSLSNPTK
SVHYGSRYNNAAWIGDQMIYGDGDGSFFSPLSgsm.DVtaHEMTHGVTQETANLNYENQPGALNESFSD.....VFGYFNDTTEDDIGEDitVSQPA.....LRSLSNPTK
TVHYGRGYNNAFWNGSQMVYGDGDGQTFLPFSggi .DVvgHELTHAVTDYTAGLVYQNESGAINEAMSDifgtlVEFYANRNPDWEIGED. . IYTPGvagdaLRSMSDPAK
SVHYSQGYNNAFWNGSEMVYGDGDGQTFIPLSggi . DVvaHELTHAVTDYTAGLIYQNESGAINEAISDifgtlVEFYANKNPDWEIGED. .VYTPGisgdsLRSMSDPAK
TVHYGSNYNNAFWNGSQMVYGDGDGVTFTSLSggi . DVigHELTHAVTENSSNLIYQNESGALNF.AISDifgtlVEFYDNRNPDWEIGED. . IYTPGkagdaLRSMSDPTK
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YnqaahmkDYESLPLTEEGDWGGVHYNSGIPNKAAYn .......... TITKLGKEKTEQLYFRALKYYLTKKSQFTDAKKALQQAAKDLYG .. EDASKKVAEAWEAVGVn
YnqpdnyaNYRNLPNTDEGDYGGVHTNSGIPNKAAYn .... ...... TITKLGVSKSQQIYYRALTTYLTPSSTFKDAKAALIQSARDLYG .. STDAAKVEAAWNAVGL.
YgqpdnfkNYKNLPNTDAGDYGGVHTNSGIPNKAAYn .... ...... TITKIGVNKAEQIYYRALTVYLTPSSTFKDAKAALIQSARDLYG .. SQDAASVEAAWNAVGL.
Ygdp ....DHYSKRYTGTQDNGGVHTNSGIINKAAY11sqggvhygvSVNGIGRDKHGKIFYRALVYYLTPTSNFSQLRAACVQAAADLYG3tSQEVNSvKQAFNAVGVy
Ygdp ....DHYSKRYTGTQDNGGVHINSGI INKAAY1lisqggthygvSVVGIGRDKLGKIFYRALTQYLTPTSNFSQLRAAAVQSATDLYGst SQEVASVKQAFDAVGVk
Ygdp .... DHYSKRYTGSSDNGGVNTNSGI INKQAYllangjgthygvTVTGIGKDKLGAIYYRANTQYFTQSTTFSQARAGAVQAAADLYGanSAEVAAVKQSFSAVGVn

<-- C- -->

B
NH2 COOH

l

I
Signal sequence
(- 25 amino acids)

A B I
Propeptide

(= 200 amino acids)
Mature protease

(- 320 amino acids)

C
<- A->

Residues
L . m T I VG L _346-355
D. _ V G l_L _ 370- 380
B. D I S E9w V A _L138 - 148
B.aMylliue s T A M G 360-370
D. sui& Egs T A 361- 370
D. CeXU S I GL 139 - 149
Sarad spQ T F T I G ;172-182
Lchgasib G G V S F 373-383
P.OUg E ~~~AAl_V S G 333 - 343
d.cagasi R V T M A E L 257 -267

<B >0 PRes.d
_ -~~A 368 - 377_ ~~~A N 393 - 402_E ~~~A I 161-170

+ _ _ ~~~~~~383- 392
-~~~~~~~8_8-392

- R _ ~~~~162- 171
R 302 -312

G M _397 - 407
MG M 9356-365

FIG. 3. (A) Comparison of the putative mature form of Listeria protease and mature forms of Bacillus metalloproteases. Blocks of
conserved regions are indicated with uppercase letters as described previously (21). Amino acids involved in zinc atom-binding and catalytic
activities are indicated (*). (B) Schematic representation of bacterial metalloprotease structure. A, B, and C correspond to highly conserved
regions. (C) Amino acid sequence comparison of three highly conserved domains, A, B, and C, among the bacterial metalloproteases.
Identical amino acids are indicated by black boxes.

operon, it is highly probable that insertion of Tn1545 had at
least a partial polar effect and that a lecithinase gene or a

gene involved in the lecithinase activity expression is
present at some distance downstream from prtA. This hy-
pothesis is corroborated by the recent finding of other
lecithinase-negative mutations mapping downstream from
prtA in a gene presenting no homology with other phospho-
lipase C genes (our unpublished results). Whether the prtA
gene product itself or adjacent genes play a role in lecithi-
nase expression and in virulence remains to be clarified.

In this study, we cloned and sequenced the prtA gene from

three L. monocytogenes strains, EGD (serovar 1/2a), L028
(serovar 1/2c), and LM8 (serovar 4b). Those strains had been
classified in two groups on the basis of a restriction fragment
length polymorphism in the prtA gene region (10; unpub-
lished results). By multilocus enzyme electrophoresis anal-
ysis, Piffaretti et al. (20) estimated the genetic distances
between 175 L. monocytogenes strains and classified them in
two distinct groups. In this classification, L028 and EGD
were in the same group; LM8 was in a different group that
contained all of the epidemic strains tested (20). Comparison
of the three prtA sequences is in agreement with a shorter
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23 S (294 nts) -_--*

16 S 4 1540 -Itis

-4 S i.120 [its) - +

12 3 4 5

A B
FIG. 4. (A) Agarose gel electrophoresis of 25 p.g of total RNA

from L. monocytogenes L028. Total RNA was extracted as de-
scribed in Materials and Methods from cultures in late-exponential
growth (A600, 1.7). Samples 1, 2, 3, 4, and 5, respectively, corre-

spond to cultures at 10, 11, 12, 13, and 14 h. rRNAs are indicated by
arrows and used as size standards (in nucleotides [nts]). (B) Auto-
radiogram of Northern blot prepared from the gel shown in panel A
and hybridized with a 32P-labeled prtA probe. The probe is the
531-bp Sau96-A-BamHI fragment internal to prtA and purified from
pLis3. The approximate size of the major prtA transcript is indi-
cated.

genetic distance between EGD and L028 than between
L028 or EGD and LM8.
On the basis of amino acid sequence comparison, prtA

was found to encode a protease closely related to metallo-
proteases produced by Bacillus species and, to a lesser
extent, to those produced by gram-negative bacteria such as

the elastase of P. aeruginosa, MSP of L. pneumophila, and
the protease of Serratia sp. The role of elastase in P.
aeruginosa virulence has not been clearly established. For
L. pneumophila, it has recently been shown that MSP plays
no role in intracellular growth or cell killing (5, 25). Never-
theless, for these two human pathogens, proteolytic activity
of the protease is easily detected. This type of activity has
not been described in Listeria species. In this work, the gene

prtA was shown to be transcribed, but the proteolytic
activity, despite several attempts, was not detected. We
were unable so far to find the substrate that would allow
detection of the proteolytic activity, to detect a cross-

reacting material with antibodies raised against thermolysin
or MSP, or to identify conditions in which proteolytic
activity could be expressed. In bacilli metalloproteases are

synthesized as proenzymes. Cleavage of the amino-terminal
part of the molecule releases the active form of the protease.
In Listeria species, this proteolytic activation might occur in
environmental conditions that remain to be discovered.
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