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Abstract

Method for the determination of pathogenic Listeria
bacteria.

Nucleic acids which preferably hybridize under the
hybridization conditions 5 -~ 6 x SSC and 42°C to 60°C
with a 2.5kb large KpnI-BamHI fragment from pLMé63,
preferably with a nucleic acid according to Table III.
Such nucleic acids are suitable for hybridization tests
for Listeria bacteria if they contain reporter groups.
Proteins are also described which are suitable for the
production of antibodies against Listeria bacteria.
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Boehringer Mannheim GmbH 3053/0A

Method for the determination of pathogenic Listeria

bacteria

The invention concerns a method for the determination of
pathogenic Listeria bacteria, a nucleic acid probe, as
well as a protein which is suitable for the production

of antibodies against pathogenic Listeria bacteria.

LListeria are a heterogeneous group of gram-positive
bacteria and consist essentially of the species Listeria
monocytogenes, L. innocua, L. welshimeri, L. seeligeri,
L. ivanovii, L. grayi and L. murrayi. Merely two of
these species are pathogenic, namely L. monocytogenes
for humans and animals and L. ivanovlil for animals.
Listeriosis usually manifests itself 1n humans as a
bacterial meningitis and septicaemia as well as
miscarriages and stillbirths in pregnant women. In sheep
and cattle listeriosis manifests 1tself as miscarriage,
encephalitis, septicaemia and mastitis. (N. Engl. J.
Med. 308 (1983), 203-206, J. Infec. 15 (1987), 165-168,
Linnan, M.J. et al., An investigation of listeriosis 1in
Southern California 1985, in Courtieu, A.L. et al.,

(eds) Listeriose, Listeria, Listeriosis 1985-1986,

University of Nantes).
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Recently an increasing number of listeriosis diseases
have been ocbserved in humans, the cause of which is
regarded to be due to the contamination of milk and
cheese, above all soft cheese varieties, by Listeria
bacteria. Therefore an examination of food for Listeria
contamination 1is important and is obligatory for cheese
in the USA.

A method for the determination of Listeria monocytogenes
is known from Int. J. Food Microbiol. 4 (1987), 249-256
in which the microorganism is enriched selectively in a
liguid medium at 4°C, cultured on special agar plates
and subsequently the biotype and serotype determined by
a multitude of biochemical tests. This method is very
laborious and time-consuming and it takes 14 days and
longer before the end result is available. In addition
the assessment is very difficult to carry out and is not

sultable for routine investigation.

A method for the determination of Listeria bacteria is
known from Appl. Environ. Microbiol. 53 (1987), 2256-
2259 which is carried out by colony-hybridization with
radiocactively labelled DNA probes. Colony-hybridization
in itself would be a suitable method for a rapid and
simple analysis of the contamination of food by Listeria
bacteria. However, a nucleic acid probe is necessary for
this which hybridizes with all pathogenic Listeria
bacteria (L. monocytogenes and L. ivanovii) but not with
the other Listeria bacteria. DNA probes known up to now
(listeriolysin 0, B-listeriolysin; cf. Infection and
Immunity 55 (1987), 3225-3227 and Applied Environmental,
Microbiology 53 (1987), 2256-2259) are too non-specific
and therefore result in an inacceptable number of false

positive and false negative results.
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Brief description of the drawings:

Figure 1 (Figs. 1lA-D) shows the DNA sequences of dth 18
(nucleotide 822 - 1890) and of a preferred section of
the 2.5 kb large KpnI-BamHI fragment of plasmid pPLM6 3
(nucleotide 1 - 1890) as well as the amino acid

sequences of proteins I, II and III including the start

codon.

The object of the present invention is therefore to
provide a nucleic acid with which specific hybridization
tests for pathogenic Listeria bacteria are possible as
well as proteins derived from this which are suitable as
immunogens for the production of antibodies against

pathogenic Listeria bacteria.

This object is achieved by a nucleic acid which
hybridizes, preferably within an hour, with the 2.5 kb
large KpnI-BamHI fragment from the pPlasmid pILM63

(DSM 5220) under the hybridizing conditions 5 - 6 x% SSC
and 42 -~ 60°C. The nucleic acid is preferably at least
27 nucleotides long. A nucleic acid is likewise
preferred which hybridizes under these conditions with
the nucleic acid sequence according to Figure 1,
contained in the above mentioned fragment. A nucleic
acld is likewise preferred which hybridizes under these
conditions with the nucleic acid corresponding to
nucleotide 822 - 1890 of Figure 1. It is particularly
preferable to use the nucleic acid with the seguence
according to Figure 1, a fragment of this sequence from
nucleotide 1 - 714, 822 - 1890, 935 - 1244, from 1158 -
1185 or from 1209 - 1718 or a fragment of the sequence
according to Table III of at least 27 nucleotides
length. The maximum length of the probe is not critical.
Usually 1t should not considerably exceed the length of
the pIM63 fragment i.e. 2.5kb.
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In the sense of the invention nucleic acids are
understood as oligodeoxyribonucleosides or the
corresponding oligoribonucleosides as well as their

derivatives which are suitable for hybridization.
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The Listeria test is carried out by molecular biblogical
techniques familiar to the expert of DNA/DNA, RNA/RNA or
RNA/DNA hybridization for the detection of homologous
nucleic acid sequences. For this the methods of colony or
plaque hybridization and blotting procedures (e.g.
Southern blot and dot blot) are usually used. Further
known procedures are described in USP 4 358 535; Gene 21
(1983) 7785; publication number EP 130515-A3 of Dattagupta
et al., published October 5, 1988; publication number

EP 70685-Bl of Heller et al., published October le, 1985;
publication number EP 70687-Bl of Heller et al., published
October 16, 1985; and publication number EP 238332~A2 of
Goodson et al., published September 23, 1987.

The labelling of the probe is carried out for example with
radioactive derivatized deoxyribonucleoside triphosphates,
non-radioactively with biotin, avidin, streptavidin, a
fluorescent dye or a hapten. In the latter case the
detection of the product of hybridization is carrie out by
the determination of the enzymatic activity of the marker
enzyme in an anti-hapten-antibody-enzyme conjugate via
coupled dye systems. Purther procedures are for example
described in publication number DE 3813278-A1 of Hoeltke
et al., published July 20, 1989 and publication number

DE 3800644-A1 of Hoeltke et al., published July 20, 1989.
The substance with which the probe is labelled is also

denoted there as reporter group.

The method in accordance with the present invention is
preferably carried out by labelling the nucleic acid
according to the present invention radioactively, or
with biotin, streptavidin, avidin or with a hapten and

subsequently hybridizing and determining the label.
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Various methods can be applied to label the probes
according to the present invention as described for
example in Molecular Cloning, Maniatis et al. (1982),
Cold Spring Harbor Laboratory, Cold Spring Harbor, New
York. The incorporation of biotin in nucleic aclds is
described for example in PNAS USA 78 (1981) 6633 and PNAS
USA 79 (1982) 7331. A further method for the
incorporation of reporter groups is described in

publication number EP 292128-Al of Segev, published
November 23, 1988.
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The radicactive labelling can be carried out according
to the known procedures. The incorporation of a hapten
can be carried out for example enzymatically, chemically
or photochemically. The preparation of the
oligonucleotide probes can for example be carried out
according to the "random-primed" method (Anal. Biochem.
132 (1983) 6) the "specific-primed" method, the "reverse
transcription" method (Stelow, J.K. and Hollander A.
Eds, Genetic Engineering, Plenum Press New York and
London, Vol. 1, page 1), according to the "fill in" the
'"nick-translation"method (J. Mol. Bicol. 113 (1977) 237)
the "tailing"method, the "transcription" method (J. Mol.
Biocl. 166 (1983) 477), the photochemical method (Nucl.
Acids Res. 13 (1985) 745 - 761), or be carried out

chemically. These methods are for example described 1n
more detail in DE-A 38 13 278.

The material to be examined (sample) 1s prepared 1n the
usual way before the determination is carried out. In
this process it is preferable to isclate the RNA and/or
DNA from the sample according to known procedures (cf.

e.g. Manliatis, Molecular Cloning (1982) 280 - 281).

Before carrying out the determination, the nucleic acilds
of the sample can be cleaved into shorter chain
fragments. This can be effected for example by
ultrasonic treatment, treatment with microwaves or
treatment with restriction endonucleases. In case the
sanmples contain double-stranded nucleic acids, these
must be separated into single strands before the

determination 1is carried out. This can be carried out by
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methods familiar to the expert by denaturation (e.q.

heat treatment or treatment with alkali).

The derivatized or radloactively labelled nucleic acid
probe is brought into contact with a denatured DNA or
RNA of the sample to be examined which is bound to a
carrier and in doing this temperature, ionic strength,
pH value, buffer, and other conditions are so chosen
that, depending on the length of the nucleic acid probe
and the resulting melting temperature of the expected
hybrid, the labelled nucleic acid can bind to homologous
nucleic acids (J. Mol. Bicol. 98 (1975), 503, Proc. Natl.
Acad. Sci. USA 76 (1979) 368 3). Particularly suitable
hybridization conditions are 5-6 x S8SC at 42°C - 60°C
and an incubation period of 1 to 20 hours, preferably

1 hour. Particularly suitable washing conditions are

0.1 - 0.5 x SSC at 65°C - 70°C and an incubation period
of 15 minutes to 2 hours, preferably 30 minutes. To
carry out the determination it is however also possible
to choose other conditions since the optimal conditions
are dependent on the type and concentration of the probe
and on the nuclelc acid to be determined. Thus for
example a lower hybridization temperature can be used by
addition of 40 % formamide. Likewise an organic solvent
at a concentration of up to 50 %, preferably 20 to 50 %,
can be added. Suitable hybridization conditions may be
calculated, as described in Anal. Biochem. 178 (1984)
267, from the length of the probe, salt content of the
reagent, GC content of the probe and temperature. The
following conditions have proven to be particularly
sultable:

GC content of the probe 43 % - 60 %,
length of the probe at least 27 nucleotides,
hybridization at 42°C - 60°C and




*2025556

at 5 - 6 ¥ 85C for 1 hour,

wash at 65°C - 70°C and

at 0.1 - 0.5 x SSC for 30 minutes,

by addition, if desired, of 40 % to 50 %
denaturing agent (e.g. formamide) during the

hybridization.
1 x SSC 1is understood as an aqueous solution of

0.15%5 mol/1 NacCl
0.015 mol/l Na, citrate x 2 H,O0,

which has been adjusted to pH 7 with 1 mol/1 HCl.
Details such as 0.1 x SSC are corresponding dilutions of

this solution.

Membranes or carrier materials based on nitrocellulose
are sulitable as carrieré (e.g. Schleicher and Schull
BA85, Amersham Hybond ¢§, reinforced or bound
nitrocellulose in powder form or nylon membranes
derivatized with various functional groups (e.g. nitro
group) (e.g. Schleicher and Schiill Nytran, NEN Gene
Screen’, Amersham Hybond N’ Pall Biodyne). Before
carrying out the determination the carrier 1is preferably
pretreated in order to prevent non-specific binding of
the probes to the carrier. Blocking substances suitable
for the pre-hybridization are for example phosphate
buffered saline with bovine serum albumin, non-ionic
detergents, polyanions and DNA from herring sperm.
Nitrocellulose filters and nylon membranes are

preferably pretreated with 5 x SSC at 65°C for 1 hour.

After carrying out the incubation the carrier is washed

in order to remove unhybridized nucleic acids. This can

* trade-marks




.- -20255¢¢

Q

be effected for example by a solution of 0.1 - 1 % (v/Vv)
of an ionic detergent with addition, if desired, of a

salt (e.g. sodium chloride or sodium citrate) or with
SSC preferably 0.1 - 0.5 x SSC.

When using radicactively labelled probes an auto-

radiography is carried out.

When using probes labelled with hapten, incubation is
with an antibody or antibody fragment against the
hapten. The antibody thereby carries a label for example
a radicactive or enzyme label. After the incubation with
the antibody it is washed again in order to detect only
those antibody conjugates which are bound specifically.
The determination 1s then carried out via the label of
the antibody or the antibody fragment according to well-

known methods. An analogous procedure applies for a

biotln or avidin label. .

The labelling of the anti-hapten antibody or the
antibody fragment is carried out according to well-known
methods. Suiltable are e.g. an enzyme label, radioactive
label, (bio)luminescent label or fluorescent label. An
enzyme label is however preferably used with enzynes

such as alkaline phosphatase, peroxidase or

B-galactosidase. Particularly preferred as the enzyme
label i1s alkaline phosphatase. The determination of
alkaline phosphatase is carried out via leuco systems,
especially via indigold systems as oxidizable compounds
(publication number EP 228663-A3, of Steaffens, published
June 1, 1988). Tetrazolium salts serve as oxidizing
agents. For the enzyme label alkaline phosphatase X-
phosphate/nitroblue~tetrazolium is preferably used as the
redox system (F.P. Altmann, Tetrazolium salts and
Formazans, Progr. Histochem. Cytochem. Vol. 913 (1976),
Gustav-Fischer-Verlag Stuttgart, page 1). 1In this
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connection, X-phosphate is understood as 5-bromo-4-
chloro-~3-indolylphosphate and nitroblue-tetrazolium as
3,3'-(3,3'-dimethoxy-4,4"'-biphenylene)-bis~5~-phenyl-2-
(4—nitrophenyl)-tetrazolium chloride. Alkaline
phosphatase cleaves the chromogenic substrate
(X-phosphate) which forms a blue, sparingly soluble
dimer by cleavage of the phosphate and oxidation which
simultaneously reduces the tetrazolium compound to a

likewise blue, sparingly soluble formazan.

The detection of the other suitable labelling systems is

carried out according to well-known methods.

A further embodiment of the invention is a reagent for
the determination of listeriosis which 1s characterized
in that it has a labelled nucleic acid which has a
length of at least 27 nucleotides and which hybridizes
at 5 - 6 x SSC and 42°C - 60°C with the 2.5 kb large
KpnI-BamHI fragment from the plasmid pLM63 (DSM 5220). A
reagent is preferred which contains a labelled nucleic
acid which hybridizes with a nucleic acid according to
Figure 1 under the conditions mentioned above. Also
preferred is a reagent which contains a labelled nucleic
acld which hybridizes with a nucleic acid corresponding
to the nucleotides 822 - 1890 of Figure 1 under the
above-mentioned conditions. The hybridization period is
preferably 1 - 20 hours, particularly preferred is 1
hour. Furthermore the reagent contains a detection
system for the label. The above mentioned procedures can

be used for the labelling.

A labelled nucleic acid corresponding to the sequence of
Figure 1 or corresponding to nucleotides 1 - 714, 822 -
1890, 935 - 1244, 1158 - 1185 or 1209 to 1718 1is

preferably used.
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A further embodiment of the invention is a protein which
is at least 80 % homologous to the amino acid sequence

of protein I, protein II or protein III cited in Figure

\C

1. A protein is preferred which is at least 80 %
homologous to protein II. This protein has a molecular
welght of 18 kD. The proteins are suitable for the

production of antibodies against Listeria. The proteins
with the amino acid sequence according to Figure 1 or
the partial sequences protein I, protein II or protein

111 are preferred. Particularly preferred is protein IT.

With the protein according to the present invention,
which is modified if desired, antibodies and antisera
against pathogenic Listeria bacteria can be obtained by
lmmunizing experimental animals, collecting antiserum
and purifying the antibodies according to well-known
procedures. Monoclonal antibodies can be obtained by
immunizing experimental animals with protein in
accordance with the present invention which is modified
i1f desired, fusing B-lymphocytes of the immunized
animals thus obtained with transforming agents, cloning
and culture of the hybrid cells thus formed which
produce the monoclonal antibody and isolation of the
latter. Rats and mice are particularly suitable animals
for the production of antibodies. Suitable modifying
agents are for example N-bromo-succinimide (NBS) by
oxidation of tryptophan groups on the protein (BBA 143
(1967) 462-472) carboxymethylation with iodoacetate
(IAA) which mainly attacks histidine or nitration with
tetranitromethane (TNM) (J. Biol. Chem. 238 (1963) 3307)
as well as diazotization with diazotized sulphanilic
acid (Meth. Enzymol. 25 (1972) 515-531). Balb/c mice or

AJ mice are particularly suitable as the experimental
animals.
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The immunization is carried out by the usual
administration of the native or modified enzyme
preferably in combination with an adjuvant. Freund's
adjuvant or aluminium hydroxide together with Bordetella
pertussis are preferably used as the adjuvant. The

immunization is usually carried out for at least 2 and

preferably for 4 months.

In order to lsolate monoclonal antibodies the
B-lymphocytes of the immunized animals are fused by
transforming agents according to the usual methods.
Examples of transforming agents used within the scope of
the present invention, are myeloma cells, transforming
viruses such as e.g. Epstein-Barr virus or agents which
are described in publication number DE 3245665-A1 of
Jungfer et al., published November 10, 1983. The fusion
is carried out according to the well-known procedure of
KOhler and Milstein (Nature 256 (1975) 495-497). The
hybrid cells which are formed in this process are cloned in
the usual manner e.g. by use of a commercial cell sorter
and the clones obtained which form the desired monoclonal
anti-bodies are cultured. The production and selection of
monoclonal antibodies is for example described in detail
in J. Immunol. Meth., 39 (1980) 285-308.

A further embodiment of the invention is an
immunological method for the determination of Listeria
bacteria in which at least one monoclonal or, if
desired, polyclonal antibody is used against the protein
according to the present invention. In principle all
current ilmmuncassays such as e.g. radioimmunoassay,
enzyme-immunoassay, fluorescence-immunoassay etc. are
suitable as immunological determination methods.
Furthermore all variants of the procedures such as e.q.
the competitive immunocassay IEMA method can be used. The

usual agents for the respective determination method are
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suitable for the labelling. Thus radio~isotopes, for
example 1251 are used for the labelling in a
radioimmunoassay. For an enzyme-immuncassay all the
enzymes which are usually used, such as for example
peroxidase or f-~galactosidase, are suitable. For a
fluorescence immunoassay the usual fluorescent groups
can be used as the label. Details of these various test
methods and variants of the procedures are known to the

expert.

In the determination method the monoclonal or polyclonal
antibodies as such or fragments thereof can be used
which have the corresponding immunological properties

for example Fab fragments.

The following Examples and the Figures elucidate the
invention further. The quoted percentages are

percentages by weight unless stated otherwise.

EXxXample 1

-

Labelling of the DNA probes

200 ng of the isolated DNA are labelled with 32p as
described in Anal. Biochem. 132 (1983), 6-13.

Vv - -
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EX ample 2

Preparation of the samples

2.1 Microorganisms

The strains used as a reference are listed in

Tab. Ia. All the other Listeria strains (Tables Ib,
II) were chosen from a collection of about 3000
Listeria strains of the National Institute of
Public Health and Environmental Protection,
Bildhoven. Among the strains examined are 40
strains which originate from patients who suffer
from listeriosis. These strains were isolated as
described in Zbl. Bact. I Abt. Orig. A 246 (1980),
211 - 227. The microorganisms were cultured for 24
hours at 30°C in a liquid selection and enrichment
medium (pH 7.0, 1 g/l peptone, 8.5 g/1 NacCl,

10 pug/ml trypaflavin° HCl, 10 upg/ml nalidixic acid,
50 ug/ml cycloheximide) and subsequently plated on
a special nutrient medium (enrichment medium + 1 %
agar). After incubation at 30°C for 24 hours these

plates are used directly in the hybridization test.

2.2 Other sample material

Cerebrospinal fluid, faeces, blood, lochia, brain
material, liver, cervical material, amniotic fluid,
food, silage grass and animal material are used as
additional sample material. 20 g of this material
is suspended in 250 ml phosphate buffered saline,
homogenized and further processed as described in
International Journal of Food Microbiology 4
(1987), 249~-256. 0.1 ml sample is plated on non-
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selective agar plates (85 mm in diameter) and

incubated overnight.

Procedure for a hybridization test with a DNA probe
(dth 18, 1069 nucleotides or plLM63, 1890

nucleotides, Figure 1)

A replica of the plates prepared according to 2.1
or 2.2 was made onto nylon membranes (Gene Screen
Plus MembranesR, DuPont Corp., USP 4,455,370). The
membranes are placed on filter paper which is
saturated with 0.5 mol/l1l NaOH and incubated for

5 minutes in a boiling water-bath. Afterwards the
membranes are placed on filter paper which is
saturated with 1 ml 0.5 mol/l of fresh NaOH and
neutralized with 1 ml 1 mol/l Tris buffer (pH 7.5).
This neutralization step is repeated. The membranes
are dipped in 100 ml 5 x SSC and at the same time
the cell residues are rubbed off with a cloth.
After drying in air the membranes are pre-
hybridized with 15 ml solution A for 6 to 16 hours
at 40°C. Afterwards the DNA probe dth 18 or pLM63
(0.05 ug in 2.5 ml, & x SSC) is added and incubated
for 18 hours at 60°C. Afterwards they are washed
for 45 min in a water-bath at 65°C with 0.2 x S8C
which contains in addition 1 % SDS and 0.1 % sodium
pyrophosphate. After drying, the membranes are
shrink-wrapped in plastic foil and an X~ray film is

exposed with them for 18 hours at ~70°C.

Hybridization with a 314bp DNA probe

Hybridization tests are carried out with a
shortened probe (nucleotide 1209 ~ 1718 (cf. Figure

1). The conditions for the hybridization are 5 x

TR A m Y. A
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SSC at 42°C (1 hour) and subsequent washing in 0.2
X SSC at 70°C (30 minutes). It can be seen that
this probe is also suitable as a DNA probe to test

for listeriosis.

Reagents:

1l X S5C: 0.15 mol/1l NaCl and 0.015 mol/]l sodium citrate
Solution A:

50 mmol/1 Tris buffer, pH 7.5

10 mmol/L EDTA

1 mol/1l NacCl

0.2 % Ficoll”

0.2 % polyvinylpyrrolidone

0.2 % bovine serum albumin

1 mg/ml denatured DNA from herring sperm
1 % sodium pyrosphate and

10 % SDS (sodium dodecyl sulphate).

For the further examinations less stringent conditions

(2 x SSC at 65°C) were used. Analogous results were thus

obtained.

ExXxXample 3

Comparative experiments with a DNA probe according to

the state of the art (listeriolysin 0)

A synthetic 19 mer-oligomer (2GATCACTCTGGAGGATACGS)
was used as the probe (analogous to Infection and

Immunity 56 (1988), 766 - 772).
trade -mark
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200 ng of this DNA probe was labelled at the 5'-end
with 3%P as described in Maxam and Gilbert (Meth.

Enzymol. 65 (1980), 499).

The hybridization conditions were:

6 X SSC at 37°C, washing three times with 6 x SSC
containing 1 % SDS and 0.1 % sodium pyrophosphate
at 40°C for 30 min each.

ExXxXampl e 4

Determination of the biotype of the microorganisms used

The determination of the biotype was carried out as
described 1n An. Inv. Pasteur/Microbiol. 134 (1983)

56 — 71. The stralins were cultured for two days at 37°C
in 4 ml semisolid peptone-agar medium which contained

1l % D-xylose or L-ramnose. The peptone medium consists
of 10 g bacto-peptone, 5 g sodium chloride, 5.5 oxoid-
agar L 28 and 0.08 g bromthymol blue dissolved in

1000 ml distilled water, pH 7.8 autoclaved at 120°C for
15 min. After the autoclaving, filter-sterilized sugar
solution was added up to a final concentration of 1 %.
In order to determine the biotype haemolysin production
was examined by growing the strains overnight at 37°C in
brain heart infusion broth. 0.2 ml are withdrawn from
this culture and added to 0.2 ml of a 2 % suspension of
sheep erythrocytes in PBS (phosphate buffered saline)
which was washed three times. After incubation for two
hours at room temperature it is tested for haemolysis.
L. monocytogenes, NCTC7973 and L. innocua, NCTC11289
served as the positive and negative controls.

The determination of the biotype was carried out
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according to Zbl. Bakt. Mikrobiocl. Hyg. I Abt. Orig. A
259 (1985) 341 - 350.

EXxXampl e 5

Determination of the serotype

The determination of the serotype was carried out as
described in Seeliger and Hohne (Zbl. Bact. Microbiol.

Hyg. I Abt. Orig. A, 259 (1985), 341-350).

The strains were cultured in 4 ml tryptone phosphate
broth, enriched with 1 % glucose and shaken for 6 - 7
hours at 37°C in a water-bath. A tryptose-agar plate is
inoculated with this culture and incubated overnight at
37°C. Paralell to this a second tube containing tryptose
phosphate broth to which 1 % glucose was added, is
inoculated and incubated and shaken overnight at 25°C in
a water-bath. The tryptose phosphate plate is harvested
with 5 ml phosphate buffered saline, pH 7.4 and heated

for one hour 1n a boiling water-bath and subsequently

centrifuged.

The cells are resuspended and adjusted to a
concentration of 5 x 10° cells/ml (1 x 10° cells/ml have
an OD of 1.0 at 600 nm). 0.2 ml are withdrawn from this
suspension and added to 0.2 ml of a 75-fold dilution of
antiserum against the polysaccharide antigens I, II, V,
VI, VIII and IX in a glass tube and incubated for 2
hours at 45°C. Afterwards 1t 1s cooled and incubated

overnight at 4°C. Afterwards the tubes are tested for

visible agglutination.
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The determination of the serotype is carried out as
described in detail in Bergeys Manual of Bacteriology
(N.R. Kreig, J.G.Holt (eds) Bergeys Manual of Systematic
Bacteriology (1984), Williams and Wilkins, Baltimore and
London) . The serotjpe was classlfied into the classes
l/2a, 1/2b, 1/2c¢, 3a, 3b, 3c, 4a, 4b, 4d, 4a/b, S5, 6b
and 7.

EXxXample 6

Mouse bilocassay

A mouse biocassay (as described in Infect. Immun. 45
(1984), 234 - 241) is carried out in order to examine
whether a Listeriosis strain is pathogenic. For this the
mouse is injected intravenously with 104 - 10° bacteria
in 200 wul phosphate buffered saline pH 7.4. After 2 - 4
days the mice are killed and the spleen is removed. A
strain is denoted pathogenic when the number of bacteria

found in the whole spleen exceeds 10%.

EXxXxX anmnple 7

Preparation of Listeria antibodies

50 ug of the purified antigen (amino acid sequence Figure
1) in complete Freund's adjuvant is injected
intramuscularly (IM). The injection is repeated after
three weeks, after 30 days and after 40 days. 10 days
after the last injection antiserum is isolated and

purified by affinity chromatography.
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An immunoblot can be carried out with this antiserum for

the determination of Listeria.

It
"

ampl e 8

Examination of the suitability of a probe for the
determination of Listeria

E. Coll HB 101 (DSM 1607) are transformed with a plasmid
based on pUC18 which contains as an insert the DNA
sequence according to Figure I and cultured overnight
in the presence of 50 ug/ml ampicillin up to an optical
density of OD 600 nm = 1. 0.1 ml of this culture broth
1s plated on agar plates which contain 50 tg/ml

ampicillin (85 mm in diameter) and incubated overnight.

A replica 1s made of the plates thus produced using
nylon membranes (Gene Screen Plus—MembranesR, DuPont) .

The membranes are piaced on filter paper which is
saturated with 0.5 mol/l1 NaOH and incubated for 5
minutes in a boiling water-bath. Afterwards the
membranes are placed on filter paper which is saturated
with 1 ml 0.5 mol/1l of fresh NaOH and neutralized with
1 ml 1 mol/1 Tris buffer (pH 7.5). This neutralization
step is repeated. The membranes are dipped in 100 ml

5 X 85C and at the same time the cell debris are rubbed
off with a cloth. After drying in air the membranes are
pre-hybridized with 15 ml solution A for 6 to 16 hours
at 40°C. Afterwards the DNA probe which is to be
examined for its suitability (0.05 pug in 2.5 ml) is
added and incubated for 18 hours at 60°C. Afterwards.
they are washed for 45 min in a water-bath at 65°C with
0.2 X §SC which contains in addition 1 % SDS and 0.1 %

. - . . . - eV A ——— . PR b o b e WP i 8 2T 4 M el b e ke m — e e —yy

L LT S T———
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sodium pyrophosphate. After drying, the membranes are
shrink-wrapped in plastic foil and an X~-ray film is
exposed with them for 18 hours at ~-70°C. If signals are
vigible on the X-ray film which originate from a
hybridization, this probe is suitable for use in the
listeriosis test.

When plasmid pLM63 (DSM 5220) is used analogous results

are obtained.

E X ampl e 9

Comparison of the hybridization of a probe according to
the present invention and a reference probe (cf.

Example 3) with various Listeriosis strains. The
hybridization was carried out as described in Examples 2
and 3.

The results are shown in Table I and II.

T a b 1l e I

Comparison of the hybridization of a DNA probe according
to the present invention (1) (935bp to 1244 bp of Figure
1) and a DNA probe according to the state of the art:
(listeriolysin 0, (2), prepared according to Example 3)

with DNA from Listeria strains.

Analogous results are obtained with nucleotide 1 - 714
as DNA probe (1). This probe hybridizes in addition with
DNA from Listeria monocytogenes strains of the serotype
4a (e.g. NCTC 5214). |

M Al a9 A o ek e WV
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T able TIa:
with reference strains
Sero- Strain No 1) \
) Biotype probe
type 1 2
1/2 a NCTC?7973 L.monocytogenes + +

1/2 b SLCC2755 L.monocytogenes + +

SLCC3954 L.seeligeri N
1/2 ¢ NCTC5348 L.monocytogenes + +
3 a NCTC5105 .monocytogenes + +
3 b SLCC2540 L.monocytogenes + +

3 cC SILCC2479 L.monocytogenes + +

4 b NCTC10527 L.monocytogenes + <+

4 cC ATCCl19116 L.monocytogenes + +

4 d NCTC10888 L.monocvtogenes + +
4 e ATCC19118 . monocvyt es + +

4 ab NCTC10528 L.monocytogenes + +

5 ATCC19119 L.ivanoviil + -

e W AR M o M e Pt SN SN P L S
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Sero~ Strain No.1l) Biotype probe
type 1 2
S
6 a SLCC 5334 L.welshimeri - -

NCTCl11288 L.innocua - -
6 b NCTC11289 L.innocua - -
7 SLCC 2482 L.monocytogenes + +

RIVM 1 L.gravi - 4+

RIVM 2 L.murravi - +

1) Repositories cf. World Directory of Collections of
Cultures of Microorganisms edited by V.F. McGowan and

V.B.D. Sherman, World Data Center, University of
Queensland, Australia, 1982.

b e e e — — et e e - e o e, e [
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T a b l e TIb:

with a multitude of strains

Number of Biotype probe
strains
examined 1 2

—__—___'_-——-—_——w———_—-—__.______

34 L.monocytogenes (34) 34 34
39 L.monocytogenes (37) 37 37
L.seeliger]j ( 1) 0 0
L.welshimeri ( 1) 0 0
16 L.monocytogenes (16) 16 16
5 L.monocytogenesg ( 5) 5 5
5 L.monocytogenes ( 3) 3 3
L.welshimeri ( 1) 0 0
L.seeligeri ( 1) 0 0
2 L.monocytogenes.( 1) 1 1
L.innocua ( 1) 0

77 L.monocytogenes (77) 76 76



Number of

strains

examined
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Biotype

————————

5

34

23

- I A ke MV AL e b WAL YRR T . T e ot .

L.seeligeri ( 5)
L.monocytogenes ( 2)

L.monocytogenes ( 1)

L.innocua (32)
L.welshimeri ( 2)
L.innocua (18)

L.welshimeri ( 5)

L.monocytogenesg ( 7)

L.grayi ( 2)

L.murrayi ( 3)

probe

1 2
0 0
2 2
1 1
0 1
0

0 2
0 0
7 7
0 2
0 3
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Table II shows the hybridization reaction of probe 1

with various Listeria strains whose pathogenicity was

determined according to Example 6.

Biotype

Sero-

type

Origin Hybridi- log No./q spleen
zation 2nd Day 4th Day

L..monocytogenes 1/2 a

L.monocytogenes 1/2 b

L.monocvtogenes 1/2 ¢

L.monccvtogenes 3 a

L..monocytogenes

L.monocytogenes

L.monocytogenes

L. monocvtogenes

L.monocytogenes

L. seeligeri

BT LA | G A, P Ay e d s d e e e

4

4

b

reference + 7.4C) 8.3 +
stralin

soft + 6.2 7.1 +
cheese

food + 5.4 + +
food + 6.4 6.5
food + 8.4 + +
food + 8.2 + +
soft + 7.0 + +
cheese

soft + 6.5 + +
cheese

soft + 8.3 + +
Ccheese

food - <2.0 <2.0



Bliotype

L. innocua

L. lnnocua

L.grayl

L.murrayi

Sero-

type

6 b

- 26 -

Origin Hybridi- log No./q spleen

zation 2nd Day 4th Day

soft
cheese
soft
cheese
reference
strain
reference

strain

- 202554,

2.0 3.7
<2.0 <2.0
<2.0 <2.0
<2.0 <2.0

a) 104-10° organisms were injected intoc 4 mice.

b) Hybridization 1is carried out with the dth 18 gene as

probe (cf. Example 2.3).

¢) Mean of two mice:;

+: Mouse died before sampling.

Lo taguge =Pur slbwr=e+ =+ o+ o
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The embodiments of t he invention 1n which an

exclusive property of privilege 1is claimed

defined as follows:

are

1. A nucleic acid which hybridizes to the
2.5kb large KpnlI-BamHI fragment from plasmid pLMé63

(DSM 5220) under hybridization conditions of 5 - 6 X
SSC and 42 -

60°C and after washing for at 1least 30

minutes at from 0.1-0.5 X SSC and at a temperature
from 65°C-70°C.

2 . A nucleic acid as claimed in claim 1,

wherein sailid nucleic acid hybridizes to the nucleic
acid fragment:

. 1 | - i I | 1 !
ClPTFCATTIAGATAAAACAAAAGAAGAAATTGGCGCTTTACCTGCTTCGGCGATTGAAT

PheHisLeuAspLysThrLysGlUGluIleGlyAlaLeuProAlaSerAlaIleGluCys
GTCAGTATGAGGCTTTTGTGATTAATGAACCCAATAATTAAGGAGTGATAAAATGCAGGT
GlnTyrGluAlaPheValIleAsnGluAlaAsnAsn——-— I METG1InVal

(D |
| | | | - rotein [l
TTTAGTTTTACCAGAAAATAAGGATATCAATTATATAAAAACGGTCCAAGALG

TAAAACG
LeuValLeuProGluAsnLysAspIleAsnTyrIleLysThrVaIGlnGluValLysArg

ATTTTTTGCGGATTTTGAGCGGTTTCGGATGAT
PhePheAlaAspPheGluAr

TACGGGGTTATCAAAAAAGCCACATT
gPheArgMETIleThrGlyLeuSerLysLysProliisLey

ACTTAGAAATGGTTTTCTGCAAGAGcccCAGTTTGAGccéGTAGCATTTTCTGCTAGACA
LeuArqunGlyPheLeuGlucluProGlnPheGluProValAlaPheSerAlaArgHis

TAATAAAGAAGTCATTTTG@AAGCGCGATéGTTGGTAGAéAAATATACTéAAATGTTGAA
AsnLysGluValIleLeuGluAlaArgTrpLeuValGluLysTerhrGluMETLeuAsn

TCAGATGGATGATTTATAT&GAACTATTT%GATGGAATGTTACGTGGAAéGAAAACAAGA
GlnMETAspAspLeuTyrArgThrIleLeuMETGluCysTeralGluArgLysGlnAsp

TGTGGCGGTAATGATGGATTTACCGTATGAAATTGCCCAGTTTAAACGGATAAAAAAACG
ValAlaValMETMETAspLeuPrOTyrGluIleAlaGlnPheLysArgIleLysLysArg

GGCAGTGCTAGAACTTGCAACGCTAATGcécATTTTAGTAAGGAAATGATGATACTTTcG
AlaValLeuGluLeuAlaThrLeuMETGlyIleLeuValArgLys———

TGATATTTTGAAACATCATTTTCCTATTAATATAGAAGTAAGCTAATTGTCCAGTAAGCS
CATCACAATAARAGCTGCATCAGARTGAAGGTGCACCGATTTTCTGATAATACATGATGT
TTTACAAGGAATTTGTTTT TATGATTGGAT T TAAATCCG I TGAGATAAACAAATATTCTA
TTTTGGAAAQTAAAGTTCGQAGGAATAAATTATTAAATGTGGTCTTGAcCGAACTTTGcT
TTCTGTTTTAAAGGAGTGAACGTTTGGTGAAGAGTTTGAGCTTCATGAGAGTTTTGGAA G

ValLysSerLeuSerPheMETArgValLeuGluAla

| | | .[ *'Dnﬂekll
CAGTGAGAACAATGCTCCAGGARAAAGGCGGACTAGATAT T TCTATTGTAATGCGTGACH

ValArgThrMETLeuGlnGluLysGlyGlyLeuAspIleSerIleValMETArgAspGl

AAGTGGAAATGCCTACAACGATGATCGAGATGATTGATCAAGAGGAAGAAGAAAGCCARA
ValGluMETProThrThrMETI1eGluMETIleAsSpGInGluGluGluGluSerGlnThr

CTGCCTGGAAAGAAAAATACCGTTTTGCAATCCATCATTATACAAATGAAACGGACTTAG
AlaTrpLysGluLysTyrArgPheAlaIleHisHisTerhrAsnGluThrAspLeuAla

CGGGAGTCGAAAAGATAGATACGCTTATCCAAACAGGATTCACTTTGCCTGAAGGATACA
GlyValGluLysIlehspThrLeuIleGlnThrGlyPheThrLeuProGluGlyTerys

AATTAATCGCTGTTCGACATTACGGAAAACAAAATTTAGTCAAAGAAAATACGTTAATTE
LeuIleAlaValhrqnisTyrGlyLysGlnAsnLeuValLysGluAsnThrLeuIleHis
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ACGCAAAAACCRGTTTTGAAGTAAGTATTTGTCGTGAATTAAAAGTAAAAATTTAGGGGG
AlaLysThrSerPheGluValSerI1eCysArgGluLeuLysValLysIle—~-

AAATATTAATGGCATTTGAAGAGAATTTATATTGTGATTATACACCGGGAGCTGCTAAAG

METAlaEPeG1uGluAsnLeuTerysAspTerhrProGlyAlaAlaLysAla
= rotein

CGGTCGCGGGGAAAGATGTAATTTTAGCAG TT T TTAACGCAG CGGGGEACAAACTATT AL
ValAlaGlyLysAspValIleLeuAlaValPheAsnAlaAlaGlyAspLysLeuLeuAla

CGGTTGCGGGCCAACAAGGTCTAACTGTAAACCGTTCTAAAGATAGCATTGAAATTACAT
ValAlaGlyGIlnGlnGlyLeuThrValAsnArgSerLysAspSerIleGluIlleThrSer

CTAAAGATACAGTTGGCGGATGGAAATCCAAAATTGGCGGTATGAAAGAATGGTCAATTE
LysAspThrValGlyGlyTrpLysSerLysIleGlyGlyMETLysGluTrpSerIleGlu

AAAATGACG@ATTATATGTCGCTGATGCAGAGTCTCACAAAGAATTGGCCAAATATTTCG
AsnAspGlyLeuTeralAlaAspAlaGluSerHisLysGluLeuAlaLysTerheGlu

AAAGTGATAécccGGTTTGTGTGAAAATCATTAATCAAcéATCTAAAAAAGGTCTTTTcé
SerAspSerProValesValLysIleIleAsnGlnAlaSerLysLysGlyLeuPheGly

GTGGTTTGGCAATTGTAGCTGACTATAGTTTTGAAGCACéTTTTGACGAﬁGCGATGACTT
GlyLeuAlaIleValAlaAspTyrSerPheGluAlaProPheAspGluAlaMETThrTyr

ACTCTGTAAAACTAGACGGAATGGGCGCGCTTG T TGATTTAACGATTACTGAGEGCGR s
SerValLysLeuAspGlyHETGlyAlaLeuValAspLeuThrIleThrGluGlyGlyASp

ACCAAATGCCCGGCGAAACACCTGTAGCACCAGCAGAATAAAATAGAAAGCCACTGAAAT
GInMETProGlyGluThrProvValAlaProAlaGlu-—-—

AAGTGGCTTTCCCTTAGGAGGAAAATAAATGTTTGAAGTGAATGATACAACTTATATTTT

METPheGluValAsnAspThrThrTyrIleLleu
ACGATTTAATAAACAAAAAGTTAAAACGGTGGAATTAACATCAGGGATTAGTTTAGT TG
ArgPheAsnLysGlnLysValLysThrValGluLeuThrSerGlyIleSerLeuValAla

AGCTTTGACTGCGAATAAA&GGATTTTGAé
AlaLeuThrAlaasnlLysGlyIleLeu

under hybridization conditions of 5
42 - 60°C.

- b X 88C anag

3. A nucleic acid as claimed in claim 1,

wherein the GC content of the nucleic acid is 43% to
60%.

4. A nucleic acid as claimed in claim 2,

wherein the GC content of the nucleic acid is 43% to
60%.

5. A nucleic acid as claimed in claim 1, 2, 3

or 4, which is identical with at least a 27bp long

section of the complete nucleic acid sequence:

A mh a v s - e b ¢t A by yebyd by e e s s s - e
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| I ! I
CTTTTCATTTAGATAAAACAARAGAAGAAATTGGCGOTT

. ‘ |
TACCTGCTTCGGCGATTGAAT
PheHisLeuASpLysThrLysGluGluIleGlyAlaLeuProAlaSerAlaIleGluCys

' . ' ( b
GTCAGTATGAGGCTTTTGTGATTAATGAAGCCAATAATTAAGGAGTGATAAAATGCAGG”
GlnTyrGluhlaPheValIleAsnGluAlaAsnAsn—--— METGlnVal

Prolein OI
TTTAGTTTTACCAGAAAATAAGGATATCAATTATATAAAAACGGTCCAAGAAG

TARAACG
LeuValLeuProGluAsnLysASpIleAsnTyrIleLysThrValGlnGluValLysArg

ATTTTTTGCGGATTTTGAGCGGTTTCGGATGATTACGGGATTA
PhePheAlaAspPheGluArgPheArgMETIleThrGlyLeu

ACTTAGAAATGGTTTTCTGGAAGAGccccAGTTTcAGCCGGTAGCATTTTCTGCTAGACA
LeuArgAsnGlyPheLeuGlucluProGlnPheGluProValAlaPheSerAlaArgHis

TAATAAAGAAGTCATTTTGéAAcccccATéGTTGcTAGAéAAATATACTéAAATGTTGAA
AsnLysGluValIleLeuGluAlaArgTrpLeuValGlu

LYsTYrThrGluMETLeuAsn
TCAGATGGATGATTTATAT&GAACTATTTTGATGGAATGTTACGTGGAA&GAAAACAAGA
GlnMETAspASpLeuTyrArgThrIleLeuMETGluCys

' TeralGluArgLysGlnAsp
TGTGGCGGTAATGATGGATTTACCGTATGAAATTGCCCAéTTTAAAcccATAAAAAAAcé
ValAlaVa}METMETAsppeuPrOTyrG%uIleAlaGlQPheLysArgIleLysLysArg
GGCAGTGCTAGAACTTGCAACGCTAATGGGGATTTTAGTAAGGAAA

TGATGATACTTTCE
AlaValLeuGluLeuAlaThrLeuMETG1yIleLeuValArgLys—--
TGATATTTTGAAACATCATTTTCC '

TATTAATATAGAAGTAAGCTAATTGTCCAGTAAGCS
GATGACAATAAAAGCTGCATCAGA

ATGAAGGTGCACCGATTTTCTGATAATA CATGATGT
TTTACAAGGAATTTGTTTTTATGATTGGAT TTAAAT CCGTTGAGATAAACAAATATTCT A

TTTTGGAAAGTAAAGTTCGGAGGAATAAATTATTAAATGTGGTCTTGACCGAACTTTGCT
T TG T T T TAAAGGAGTGAACGTTTGGTGAAGAGT T TGAGCT TCATGAGAGTTTTGGAAG

ValLysSerLeuSerPheMETArgValleuGluAla
| | | b Protein I
CAGTGAGAACAATGCTCCAGGAAAAEGGCGGACTAGATATTTCTATTGTAATGCGTGACC
ValArgThrMETLeuGlnGluLysGlyGlyLeuAsleeSerIleValMETArgASpGl

AAGTGGAAATGCCTACAACGATGATCGAGATGATTGATCAAGAGGAAGAAGAAAGCCAA A
ValGluMETProThrThrMETIleGluMETIleAspGlnGluGluGluGluSerGlnThr

CTGCCTGGAAAGAAAAATAéCGTTTTGCAATCCATCATTATACAAATGAAACGGACTTAG
AlaTrpLyscluLysTyrArgPheAlaIleHiSHisTerhrAsnGluThrAspLeuAla

CGGGAGTCGAAAAGATAGATACGCTTATcéAAACAGGATTCACTTTGccTGAAGGATAcA
GlyValGluLysIleAspThrLeuIleGlnThrGlyPheThrLeuProGluGlyTerys

AATTAATCG&TGTTCGACATTACGGAAAACAAAATTTAGTCAAAGAAAATACGTTAATTC
LeuIleAlaVaIArgHisTyrGlyLysGlnAsnLeuValLysGluAsnThrLeuIleHis
AccCAAAAAéCAGTTTTGAAGTAAGTATTTGTccTcAATTAAAAGTAAAAATTTAGGGGG
AlaLysThrSerPheG1uValSerIleCysArgGluLeuLysValLysIle—ﬂ-
AAATATTAATGGCATTTGAAGAGAATTTATATTGTGATTATACACCGEGAGCTGOTAR AL
lﬁETAlaEFeGluGluAsnLeuTerysASpTerhrProclyAlaAlaLysAla
= rofein

TCAARAAAGCCACATTT
SerLysLysProHisLeu

CGGTCGCGGGGARAGATGTAATTTTAGCAGT T TTTAACGCAGCEGGGGACAALCTATTAC
ValAlaGlyLysAspValIleLeuAlaValPheAsnAlaAlaGlyAspLysLeuLeuAla

CGGTTGCGGGCCAACAAGGTCTAACTGTARA CCGTTCTAAAGATAGCATTGAAATTACAT
ValAlaGlyGlnGinGlyLeuThrValAsnArgSerLysAspSerIleGluIlleThrSer

CTARAGATACAGTTGGCGGATGGARATCCAAAATTGGCGETATGAAAGAATGGTCAATTE
LysASpThrValGlyGlyTrpLysSerLysIleGlyGlyMETLysGIuTrpSerIleGlu

AAAATGACGCATTATATGTCGCTGATGCAGAGTCTCACAAAGAATTGGCCAAATATTTCG
AsnAspGlyLeuTeralAlaAspAlaGluSerHisLysGluLeuAlaLysTerheGlu

AMAGTGATAGCCCGGTTTGTGTGANAATCATTAATCAAGCATCTAAAARAGGTCTTTT L
,SerAspSerProValesValLysIleIleAsnGlnAlaSerLysLysGlyLeuPheGly

GTGGTTTGG&AATTGTAGCTGACTATAGTTTTGAAGCACCTTTTGACGAAGCGATGACTT
GlyLeuAlaIleValAlaAspTyrSerPheGluAlaProPheAspGluAlaMETThrTyr

ACTCTGTAAAACTAGACGGAATGGGCGCGéTTGTTGATT%AACGATTAchAGGGCGGcé
SerValLysLeuhspclyMETGlyAlaLeuValAspLeuThrIleThrGluGlyGlyAsp

ACCAAATGCCCGGCGAAACACCTGTAGCACCAGCAGAATAAAATAGAAAGCCACTGAA AT
GlnMETProGlyGluThrPreoValAlaProAlaGlu—~—-—

T e e AT VP S W, el 1 VA et w e
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A AGTGGCTTPCCCTTAGGAGGAAAATAAATGTTTGAAGTGAATGATACAACTTATATTTT
METPheGluValAsnAspThrThrTyrllelLleu

AccATTTAATAAACAAAAAGTTAAAACGGTGGAATTAACATCAGGGATTAGTTTAGTTGC
ArgPheAsnLysGlnLysValLysThrValGluLeuThrSerGlyIleSerLeuVa1A1a

AGCTTTGACTGCGAATAAAGGGATTTTGAG
AlaLeuThrAlaAsnLysGlyIlelLeu

. A nucleic acilid as claimed i1n claim 1, 2, 3

or 4, wherein said nucleic acid carries a label.

7 . A nucleic acid as claimed 1n c¢laim 5,

wherelin said nucleic acid carries a label.

8 . A nucleic acid as claimed 1in claim 6,
wherein said nucleic acid 1is labelled radiocactively,
with biotin, avidin, streptavidin, a fluorescent dye

Oor a hapten.

9. A nucleid acid as claimed 1in claim 7,
wherein said nucleic acid is labelled radioactively,
with biotin, avidin, streptavidin, a fluorescent dye

Oor a hapten.

10. A nucleic acid molecule useful in

identifying pathogenic strains of Listeria which

hybridizes to the 2.5kb KpnI-BamHI fragment from
plasmid  pLM63 (DSM 5220) under  hybridization
conditions of 5 - 6 X SSC and 42 - 60°C and after
washing for at least 30 minutes at from 0.1-0.5 X

SSC and at a temperature from 65°C-70°C.

11. A nucleic acid molecule of c¢laim 10,

further comprising a label.

12 . A nucleic acid molecule of claim 11,
wherein said 1label 1is radiocactive, biotin, avidin,

streptavidin, a fluorescent dye or a hapten.

13. A protein which is at least 80% homologous

to the amino acid sequence of one of protein I,
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protein II, and protein III
sequence:

as set forth

! | I | ' I |
CTTTTCATTTAGATAAAACAAAAGAAGAAATTGGCGCTTTACCTGCTTCGGCGATTGAAT
PheHisLeuAspLysThrLysGluGluIleGlyAlaLeuProAlaSerAlaIleGluCys

GTCAGTATGAGGCTTTTGTCATTAATGAAGCCAATAATTﬂAGGAGTGAT&AAATGCAGG+
GinTyrGluAlaPheValIleAsnGluAlaAsnAsn—--- [EETGanal

. | | | FProtein I
TTTAGTTTTACCAGAAAATAAGGATATCAATTATATAAAAACGGTCCAAGAAG

TAAAACG
LeuValLeuProGluAsnLysASleeAsnTyrIleLysThrValclncluValLysArg

ATTTTTTGCGGATTTTGAGCGGTTTCGGATGATTACGGGGTTATCAAAAAAGCCACATTH
PhePheAlaAspPheGluArgPheArgMETIleThrGlyLeuSerLysLysProHisLeu

ACTTAGAAATGGTTTTCTGGAAGAGCCGCAGTTTGAGCCéGTAGCATTTTCTGCTAGACA
LeuArgAsnGlyPheLeuGluGluProGlnPheGluProValAlaPheSerAlaArgHis

TAATAAAGAAGTCATTTTG&AAGccccATéGTTGGTAGA&AAATATACTéAAATGTTcaA
AsnLysGluValIleLeuGluAlaArgTrpLeuValGluLysTerhrGluMETLeuAsn

TCAGATGGAéGATTTATATéGAACTATTTTGATGGAATGTTACGTGGAA&GAAAACAAGA
GlnMETAspAspLeuTyrArgThrIleLeuMETGluCysTeralGluArgLysGlnAsp

TGTGGCGGTAATGATGGATTTACCGTATGAAATTGCCCAGTTTAAACGGATAAAAAAACG
ValAlaValMETMETAspLeuPrOTyrGluIleAlaGlnPheLysArgI1eLysLysArg

GGCAGTGCTAGAACTTGCAACGCTAATGGéGATTTTAGTAAGGAAATGATGATACTTTCG
AlaValLeuGluLeuAlaThrLauMETGlyIleLeuValArgLys—-—

TcATATTTTéAAACATCATTTTCCTATTAATATAGAAcTAAGCTAATTGTCCAGTAAccé

GATGACAATAAAAGCTGCATCAGAATGAAGGTGCACCGATT T TCTGATAATACATCATCT
TTTACAAGGAATTTGTITT TATGATTGGAT TTAAATCCGTTGAGATAAACAAATATTCTA
TTTTGGAAAGTAAAGTTCGCAGGAATAAATTATTAAATGTGGTCTTGACCGAACTTTGCT
TTCTGTTTTAAAGGAGTGAACGTTTGGTGAAGAGTTTGAGCTTCATCAGAGTTTTGGAAC

ValLysSerLeuSerPheMETArgValleuGluAla
| | | _l > Protein I
CAGTGAGAACAATGCTCCAGGAAAAAGGCGGACTAGATATTTCTATTGTAATGCGTGACC
ValArgThrMETLeuGlnGluLysGlyGlyLeuAspIleSerIleValMETArgAspGl

AAGTGGAAATGCCTACAACGATGATCGAGATGATTGATCAAGAGGAAGAAGAAAGCCAAA
ValGluMETProThrThrMETI1eGluMETIleAspGlnGluGluGluGiusSerGlnThr

CTGCCTGGAAAGAAAAATACCGTTTTGCAATCCATCATTATACAAATGAAACGGACTTAG
AlaTrpLysGluLysTyrArgPheAlaIleHisHisTerhrAsnGluThrAspLeuAla

CGGGAGTCGAARAGATAGATACGCTTATCCAAACAGGATTCACTTTGCCTGAAGGATACA
GlyValGluLysIleAspThrLauIleGlnThrGlyPheThrLeuProG1uGlyTerys

AATTAATCGCTGTTCGACATTACGGAAALCAAAAT TTAGTCAAAGAAAATACGTTAATTC
LeulleAlaValArgHisTyrGlyLysGlnAsnLeuValLysGluAsnThrLeullelis
ACGCAAAAACCAGTTTTGAAGTAAGTATTTGTCGTGAATTAAAAGTAARAAATTTAGGGEE
AlaLysThrSerPheGluValSerIleCyshrgGluLeuLysValLysIle—~~

AAATATTAATGGCATTTGAAGAGAATTTATATTGTGATTATACACCGGGAGCTGCTAAAG
METAlaEPeGquluAsnLeuTerysAspTerhrProGlyhlaAlaLysAla
» rotein

CGGTCGCGGGGAAAGATGTAAT T TTAGCAGT T T T TAA CGCAGCGGAGOACAARCTATTA G
ValAlaGlyLysAspValTleLeuAlaValPheAsnAlaAlaGlyAspLysLeuLeuala

CGGTTGCGGGCCAACAAGGTCTAACTGTAAACCGTTCTAAAGATAGCATTGAAATTACAT
ValAlaGlyGlnGlnGlyLeuThrValAsnArgSerLysAspSerIleGlulleThrSer

CTAAAGATACAGTTGGCGGATGGAAATCCAAAATTGGCGGTATGAAAGAATGETCAATTA
LysAspThrValGlyGlyTrpLysSerLysIleGlyGlyMETLysGluTrpSerIleGlu

AAAATGACGGATTATATGTCGCTGATGCAGAGTC TCACAAAGAATTCGCGARATATTTOR
AsnAspGlyLeuTeralAlaAspAlaGluSerHisLysGluLeuAlaLysTerheGlu

AAAGTGATAGCCCGGTTTGTGTGAAAATCATTAATCAAGCATCT AMAAAAGCTCTTTTCS
SerAspSerProValesValLysIleIlehsnclnhlaserLysLysGlyLeuPheGly

GTGGTTTGGCAATTGTAGCTGACTATAGT I TTGAAGCACCTTTTGACGAAGCCATGA T
GlyLeuAlaIleValAlaAspTyrSerPheGluAlaProPheAspGluAlaMETThrTyr

ACTCTGTAAAACTAGACGGAATGGGCGCGCTTGTTGATTTAACGATTACTGAGGGCGE Ol
SerValLysLeuAspGlyMETGlyAlaLeuValAspLeuThrIleThrGluGlyGlyAsp

ACCAAATGCCCGGCGAAACACCTGTAGCACCAGCAGAATAAAATAGAAAGCCACTGAAAT
GlnMETProGlyGiluThrProValAlaProAlaGlu——-
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AAGTGGCTTTCCCTTAGGAéGAAAATAAATGTTTGAAGTéAATGATEERACTTATATTTT
METPheGluValAsnAspThrThrTyrIleLeu
ACGATTTAATAAACRAAAAGTTAAAACGGTGGAATTAACATCAGGGATTAGTTTAGTTGC

ArgPheAsnLysGlnlLysValLysThrValGluLenThrSerGlyIleSerleuvValala
AGCTTTGACTGCGAATAAAGGGATTTTGAG
AlaLeuThrAlaAsnLysGlyIleLeu

14. A protein consisting of the amino acid of

one oOf protein I, protein II,

and protein III as set
forth 1n sequence’

CTTTTCATTTAGATAAAACAAAAGAAGAAATTGGCGCTTTACCTGCTTCGGCGATTGAAT
| PheHlsLeuAspLysThrLysGlucluIleGlyAlaLeuProAlaSerAlaIleGluCys
GTCAGTATGAGGCTTT TGTGATTAATGAAGCCAATAATTAAGGAGTGATAAAATGCAGGT
GlnTyrGluAlaPheValIleAsnGluAlaAsnAsn—-- METG1lnVal

D
rotein Il
TTTAGTTTTACCAGAAAATAAGGATATCAATTATATAAAAACGGTCCAAGAAGTAAAACS
LeuValLeuProGluAsnLysAsplleAsnTyrIleLysThrvalGlnGluVallysArg
ATTTTTTGCGGATTTTGAGCGGTTTCGGATGATTACGGGGTTATCAAAAAAGCCACATTT
PhePheAlaAspPheGluArgPheArgMETIleThrGlyLeuSerLysLysProHisLeu

ACTTAGAAATGGTTTTCTGGAAGAGCCGCAGTTTGAGCCéGTAGCATTTTCTGCTAGACA
LeuAroAsnGlyPheLeuGluGluProGlnPheGluProValAlaPheSerAlaArngs

TAATAAAGAAGTCATTTTGuAAGCGCGATGGTTGGTAGAGAAATATACTGAAATGTTGAA
AsnLysGluValIlelLeuGluAlaArgTrpLleuValGlulLysTyrThrGluMETLeuAsn

TCAGATGGATGATTTATATCGAACTATT TTGATGGAATG T TACGTGGAACGAAAACAAGA
G1nMETAspAspLeuTyrArgThrI1eLeuMETGluCysTeralGluArgLysGlnAsp

TGTGGCGGTAATGATGGATTTACCGTATGAAATTGCCCAGTTTARACGGATAAAAAAACG
valAlaVaIMETbETAspLeuProTyrGluIleAIaGlnPheLysArgIleLysLysArg

GCAGTGCTAGAACTTGCAACGCTAATGGGGATTTTAGTAAGGAAATGATCGATACTTTCG
hlaValLeuGluLeuAlaThrLeuMETGlyIleLeuValArgLys-m—-

TGATATTTTGAAACRTCATTTTCCTATTAATATAGAAGTAAGCTAATTGTCCAGTAAGCG

cATGACAATgAAAGCTGCATCAGAATGAAGGTGCAcCGATTTTCTGATAMTACATGATGT
TTTACAAGGAATTTGTTTTTATGATTGGATTTAAATCCGTTGAGATAAACAAATATTCTA
TTTTGGAAAgTAAAGTTCGCAGGAATAAATTATTAAATGTGGTCTTGACCGAACTTTGCT
TTCTGTTTTAAAGGAGTGAACGTTTGGTCAAGAGT T TGAGCTTCATGAGAGTTTTGGAAG

ValLysSerLeuSerPheMETArgValLeuGluAla
| | | | | = Protein I
CAGTGAGAACAATGCTCCAGGAAAAAGGCGGACTAGATATTTCTATTGTAATGCGTGACC
ValArgThrMEmLeuGlnGluLysGlyGlyLeuAsleeSerIleValMETArgAspGl

AﬁGTGGAAATGCCTACAACGATGATCGAGATGATTGATCAAGAGGAAGAAGAAAGCCAAA
ValGluMETProThrThrMETI1eGluMETIleAspclnGluGluGluGluSerGlnThr

CTGCCTGGAAAGAAAAATACCGTTTTGCAATCCATCATTATACARATGAAACGGACTTAG
AlaTrpLysGluLysTyrAxgPheAlaIlleHisHisTyrThraAsnGluThrAspleuAla

CGGGAGTCGAAAAGATAGATACGCTTATCCAAACAGGATTCACTTTGCCTGAAGGATACA
GlyValGluLysIleAspThrLeuIleGlnThrGlyPheThrLeuProGluGlyTyrLys

AATTAATCGCTGTTCGACATTACGGAAAACAAAATTTAGTCAAAGAAAATACGTTAATTC

, euIleAlaValArgnlsTyrGlyLysGlnAsnLeuValLysGluAbnThrLeuIleﬁis

ACGCAAAAACCAGTTTTGAAGTAAGTATT TG TCGTGAATTAAAAGTAAAAATTTAGGGGE
hlaLysThrSerPheGluValSerIleCysArgGluLeuLysValLysIle___

AAATATTAATGGC?TTTGAAGAGAATTTATATTGTGATTATACACCGGGAGCTGCTAAAG

1ETAlaEpeGluGluAsnLeuTerysAspTerhrProGlyAlaAlaLysAla
= Protein

CGGTCGCGEGGAMAGATGTAATTTTAGCAGT TTTTAACGCAGCGGGGGACAAACTATTAG
ValAlaGlyLysAspValI1eLeuAlaValPheAsnAlaAlaGlyAspLysLeuLeuAla

GTTGCGGGCCAACAAGGTCTAACT&TAAACCGTTCTAAAGATAGLATTGAAATTACAT
ValAlaGlyGlnGlnGlyLeuThrValAsnArgSerLysAspSerIleGlulleThrSer

CTAAAGATACAGTTGGCGGATGGAAATCCAAAATTGGCGéTATGAAAGAATGGTCAATTG
LysAspThrValGlyGlyTrpLysSerLysIleGlyGlyHETLysGluTrpSerIleGlu

AAAATGACGGATTATATGTCGCTGATGCAGAGTCTCACAAAGAAT GGCGAAATATTTCG
AsnAspGlyLeuTyrValAlaAspAlaGluSerHisLysGluLeuAlaLysTyrPheGlu
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AAAGTGATAGCCCGGTTTGTGTGAAAATCATTAATCAAG AT CTAAAAAAGGTCTTTTCE
SerAspSerProValesvalLysIleIleAsnGlnAlaSerLysLysGlyLeuPhery

GTGGTTTGGCAATTGTAGCTGACTATAGTTTTGAAGCACCTTTTGACGAAGCGATGACTT
GlyLeuAlaIleValAlaAspTyrSerPheGluAlaProPhehspGluAlaMETThrTyr

ACTCTGTAAAACTAGACGGAATGGGCGCGCTTGTTGATTTAACGATTACTGnGGGCGGCG
SerVa1LynguAspGlyMETGlyAlaLeuValAspLeuThrIleThrG UGlyGlvAsp

ACCAAATGCCCGGCGAAACACCTGTAGCACCAGCAGAATAAAATAGAAAGCCACTGAAAT
GlnMETProGlyGluThrProValAlaProAlaGlu—--—-

AAGTGGCTTTCCCTTAGGAGGAAAATAAATGTTTGAAGTGAATGATACAACTTATATTTT
METPheGluValAsnAspThrThrTyrIlelLeu

ACGATTTAATAAACAAAAAGTTAAAACGGTGGAATTAACATCAGGGATTAGTTTAGTTGE
ArgPheAsnLysGlnLysVallysThrValGluLeuThrSexGlyIleSerLeuValala

AGCTTTGACTGCGAATAAAGGGATTTTGAG
AlaLeuThrAlaAsnLysGlyIleLleu

15. A p'rocess' for producing
against Listeria bacteria comprising:

(i)

an antibody

immunizing an animal with a protein which

is at least 80% homologous to the amino

acid sequence of one of protein I, protein

I, and protein III as set forth
seqguence:

in

| | I ' | ;
CTTTTCAT T TAGATAAAACAAAAGAAGAAAT GG CCC T T TACCTGCTTCGGCGATTGAAT

PheHlsLeuAspLysThrLysGluGluIleGlyAlaLeuProAlaSerA¢aIleGluCys
GTCAGTATGAGGCTTTIGIGAT TAATGAAGCCAATAA L TAAGS AGTGATAA]ATQCAGGT
GInTyrGluAlaPheValIleAsnGluAlaAsnAsn-—- METGlnVal

~rotein I
TTTAGTTTTACCAGAAAATAAGGATATCAATTATATAAAAACGGTCCAAGA}GTAAAACG

LeuValLeuPrOGluAsnLysAsleeAsnTyrIleLysThrValGlnGlLValLysArg

ATTTTTTGCGGATTTTGAGCGGTTTCGGATGATTACGGGGTTATCRAAAAAGLCACATTT
DhePheAlaAspPheGluArgPheAquETIleThrGlyLeuSerLysLysPronlsLeu

ACTTAGAAATGGTTTTCTGGAAGAGCCGCAGTTTGAGCCGGTAGCATTTTCTGCTAGACk
LeuAraAsnGlyPheLeuGluGluProGlnPheGluP?oValAlaPheSerAlaArgH15

TAATRAAGAAGTCATTTTGGAAGCGCGATGGTTGGTAGAGAAATATACTGAAATGTTGAA
AsnLysGluValIleLeuGluAlaArgTrpLeuValGluLysTerhrGluMETLeuAsn

TCAGATGGATGATTTATATCGAACTATTTTGATGGAATGTTACGTGGAACG&AAACAAGA
GlnMETAspAspLeuTyrArgThr]leLeuMETGluCysTeralGluArgLysGlnASp

TGTGGCGGTAATGATGGATTTACCGTATGAAATTGCCCAGTTTAAACGGATAAAAAAACG
ValAlaValMETMETASpLeuProTyrGluIleAlaGlnPheLysArgIleLysLysArg

GGCAGTGCTAGAACTTGCAACGCTAATGGGGATTTTAGTAAGGAAATGATG TACTTTCG
AlaValLeuGluLeuAlaThrLeuMETGlyIleLeuValArgLys—w-

TGATAT TTTGRAACATCATTTTCCTATTAATATAGAACTAAGCTAATTGTCCthAAGCG
GATGAC%ATAAAAGCTGCATCAG\AmGAAGGTGCACCGATT“TCTCATAATRCATGATGT

TTTACAAGGAATTTGTTTTTATGATTGGATTTAAATCCGTTGAGATAAACAAATATTCTA
TTTTGGAAAGTAAAGTTCGGAGGkATAAATmATTAAATGTGGmCTTGACCPAACTTTGLT

TT“TGTTTTAAAGGAGTGAACGTTTbGTGAAGAGTTWGAGCTTCATGAGAGTTTTGGAAG
ValLysSerLeuSerPheMETArgValLeuGluAla

= Protein I
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CAGTGAGAACAATGCTCCAGGAAAAAGGCGGACTAGATATTTCTATTGTAATGOGTGACE
ValArgThrMETLeuGlnGluLysGlyGlyLeuAsleeSerIleValMETArgAspGl

AAGTGGAAATGCCTACAACGATGATCGAGATGATTGATCAAGAGGAAGAAGAAAGCCAAA
ValGluMETProThrThrMETI1leGIuMETI1eAspGlnGluGluGluGluSerGlnThr

CTGCCTGGARAGAAAAATACCGTTTTGCAATCCATCATTATACAAATGAAACGGACTTAG
AlaTrpLysGlulysTyrArgPheAlaIleHisHisTyrThrAsnGluThrAspLeuAla

CGGGAGTCGAAAAGATAGATACGCTmATCéAAACAGGATTCACTTTGCCTGAAGuATACA
GlyValGluLysIleAspThrLeuIleGlnThrGlyPheThrLeuProGluGlyTerys

AATTAATCGCTGTTCGACATTACGGAAAACAAAATTTAGTCAAAGAAAATACGTTAATTC
LeuIleAlaValArgH1sTyrGlyLysG1nAsnLeuValLysGluAbnThrLeuIleHis

ACGCAAAAACCAGTTTTGAAGTAAGTATTTGTCGTGAATTAAAAGTAAAAATTTAGGGGG
AlaLysThrSerPheGluValSerI1eCysArgGluLeuLysValLysIle--—

AAATATTAATGGCATTTGAAGAGAATTTATATTGTGATTATACACCGGGAGCTGCTAAAG

METAlaEPeGluGluAsnLeuTerysAspTerhrProGlyAlaAlaLysAla
= rrotein

CGGTCGCGGéGAAAGATGTAATTTTAGCAéTTTTTAACGéAGCGGGGGA&AAACTATTAG
ValAlaGlyLysAspValIleLeuAlaValPheAsnAlaAlaGlyAspLysLeuleulAla

CGGTTGCGGGCCARCAAGGTCTAACTGTAAACCGTTCTAAAGATAGCATTGAAATTACAT
ValAlaGlyGlnGlnGlyLeuThrValAsnArgSerLysAspSerIleGlulleThrSer

CTAAAGATACAGTTGGCGGATGGAAATCCAAAATTGGCGGTATGAAAGAATGETCAATTG
LysAspThrValGlyGlyTrpLysSerLysIleGlyGlyMETLysGluTrpSerIleGlu

AAAATGACGGATTATATGTCGMTGATGCAGAGTCTCACRAAGAATTGGCGAAATATTTCG
AsnAspGlyLeuTyrValAlaAspAlaGluSerHisLysGluLeuAlalysTyrPheGlu

AAAGTGATAGCCCGGTTTGTGTGAAAATCATTAATCAAGCAT CT AARAAAGCTCTTTT G
SerAspSerProValesValLjsIleIleAsnGlnAlaSerLysLysGleeuPheGly

GTGGTTTGGCAATTGTAGCTGACTATA AGTTTTGAAGCACCTTTTGACGAAGCGATGACTT
GlyLeuAlaIleValhlaAspTyruerPheGluAlaProPheAspGluAla4ETThrTyr

ACTCTGTAAAACTAGACGGAATGGGCGCGCTTGTTGATTTAACGATTACTGAGGGCGGCG
SerValLysLeuAspGlyMnTGlyAlaLeuValAspLeuThrIleThrGluGlyGLyAsp

ACCAAATGCCCGGCGAAACACCTGTAGCACCAGCAGAATARAATAGAAAGCCACTGAAAT
GLnMETProGlyGluThrProValAlaPrcocAlaGlu-——

AAGTGGCTTTCCCTTAGGAGGAAAATAAATGTTTGAAGTGAATGATACAACTTATATTTT
METPheGluValAsnAspThrThrTyrIleLeu

ACGATTTAATAAACAAAAAGTTAAAACGGTGGAATTAACATCAGGGATTAGTTTAGTTGE
ArgPheAsnLysGlnlysValLysThrValGluLeuThrSerGlyIleSerLeuValila

AGCTTTGACTGCGAATAAAGGGATTTTGAG
AlaLeuThrAlaAsnLysGlyIleLeu ’

under conditions favoring production of
antibodies against said protein, and
(1i) purifying said antibodies from said

animal.

16. An antibody against Listeria bacteria
produced by the process of claim 15.

17. A method for determining Listeria in a

sample comprising contacting said sample with the
antibody of c¢laim 16, and determining formation of

complexes between said antibody' and Listeria

.My
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bacteria as an indication of Listeria bacteria
sald sample.

1N

18, A method for the determination of Listeria

bacteria in a sample, wherein the sample iz

19. A nucleic acid molecule of claim 10,

hybridizes with an at least 27

nucleotide base
section of sequence:

yAlaLeuProAlaSerAlaIleGlu?ys
LPGAAGCCANTAAI I AAGGAG TG AT AAAATGCAGS Y
nGluAlaAsnAsn-—--— METGInVal
. | | | | Pnﬁek&ﬂ
TTTAGTTTTACCAGAAAATAAGGATATCAATTATATAAAAACGG -
LeuValLeuProGluAsnLysAspIleAsnTyrIleLysThr

ATTTTTTGCGGATTTTGAGCGGTTTCGGATG
PhePheAlaAspPheGluArgPh

GCTCAGTATGAGGCT LT TG TG ATUAA
GlnTyrGluAlaPheValIleAs

ValGlnGluValLysArg

ATTACGGGGTTATCAAAAAAGCCACATTT
eArgMETIleThrGlyLeuSerLysLysProHisLeu

unAGAGCCGCAGTTTGAGCCéGTAGCATTTTCTGCTAGACA

eGluProValAlaPheSerAlaArgHis
mCATTTTGGAACCGCGATGGTTCGTAGAGAAATATACTéAAATGTTGAA
AsnLysGluValIleLeuGluAlaArgTrp

LeuValGluLysTerhrGluMETLeuAsn
TCAGATGGATGATTTATATCGAACTATTTTGATGGAATGTTR '
GlnMETAspAspLeuTyrArgT

hrIleLeuMETGluCysTeralGluAquysGlnAsp
TGTGGCGGTAATGATGGATTTAC :

CGTATGAAATTGCCCAGTTTAAL '
ValAlaValMETMETAspLeuPrOT

cATGACAAT@AAAGCTGCATCAGAATGAAGGTGCAcccATTTTCTGATAATACATGATGT
TTTACAAGGAATTTGTTTTTATGATTGGATTTAAATCccTTGAGATAAACAAATATTCTA

TTTTGGAAA¢TAAAGTTCGGAGGAATAAATTATTAAATGTGGTCTTGACCGAACTTTGCT
TTCTGTTTTAAAGGAGTGAACGTTTGGTGAAGAGTTTGAGCTTCATGAGAGTTTTGGAAé

ValLysSerLeuSer?heMETArgValLeuGluAla
| | > Protein I |
CAGTGAGAACAATGCTCCACGAAAAAGGCGGACTAGATATTTCTATTGTAATGCGTGACC
ValArgThrHETLeuGlnGluLysGlyclyLeuAsleeSarIleValMETArgAspGl

AAGTGGAAATGCCTACAACéATGATCGAGéTGATTGATCAAGAGGAAGAAGAAAGCCKAA

ValGluMETProThrThrMETIleGluMETIleAspGlnGluGluGluGluSercln?hr
CTGCCTCGAAAGAAAAATAéccTTTTGCAATCCATCATTATACAAATGAAACGGACTTAG

AlaTrpLyscluLysTyrArgPheAlaIleHisUisTerhrAsnGluThrAspLeu%la
CGGGAGTCGiAAAGATAGATACGCTTATCéAAACAGGATTCACTTTGCCTGAAGGATACA

GlyValGluLysIleAspThrLeuIleGlnThrGlyP‘

aeThrLeuProGluGlyTerys
AATTAATCGCTGTTCGACATTACGGAAAACAAAATTTAGTC&IKGAAAATACGTTAATTC
LeuIleAlaValArgHisTyrGlyLysGlnAsnLegValLysGluAsnThrLeuIlgHis
AccCAAAAAéCAGTTTTGAAGTAAGTATTTGTCGTGAATTAAAAGTAAAAATTTAGGGGG

AlaLysThrSerPheGluValSerIleCysArgGluLéuLysValLysIle~—— |
AAATATTAATGGCATTTGAAGAGAATTTATATTGTGATTATACACCGGGAGCTGCTAAAG '

]METAlaPheGluGluAsnLeuTerysAspTerhrprcGlyAlaAlaLysAla
~ Protein IL
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CGGTCGCCGGGAMGATGTAAT T TTAGCAGT T T T TAA CGAAGCGGEEEACAAACTATTAG
ValAlaGlyLysAspValIleLeuRlaValPheAsnAlaAlaGlyAsDLysLeuLeuAla

CGGTTGCGGGCC%ACKAGGTCTAACTGT;AACCQTTC AAAGATRGuATTGAAA TACAT
ValAlaGlyGlnGlnGlyLeuThrValASﬁALgSerLysAspSerIleGluIleThrSer

CTAAAGATACAGTTGGCGGATGGAAATCCAAAA T TGGCOGTATGAAAGAATGGTCAATTE
LysAspThrValGlyGlyTrpLysSerLysIleGlyGlyMETLy567uTrpSerIleGlu

AAAATGACGGATTATATGTCG CTGATGCAGAGTCTCACAAAGAATTGGCGAAATATTTCES
ksnAspGlyLeuTeralAlaASDAlaGluSerulsLysGluLeuAlaLysTerheGlu

AAMAGTGATAGCCCGGT TmG1GTGAAAATCATTAATCAAGuATCTAAAAAAGuTCTTTTCG
SerAspSerProValesValLysIleIleksnGlnAlaSerLysLysleLeuPheGly

GTGGTTTGGCAATTGTAGCTGACTATPuTTTmGAAGCACC“TTTGnCGAAGCGATGACTT
GlyLeuA‘aIleValhlaAspTyrSarPhaG¢uAlaPPoPheAsoGluAlaMETThrTyr

ACTCTGTAAAACTAGACGGAATGGGCGMGCTTGTTGATTTAACGATTACTGAGGUCGGCG
SerValLysLeuASpleMETGlyAlaLeuValAspLeuThrIleThrGluGlyGLyASp

ACCAAATGCCCGGCGAAACACCTGTAGCACCAGCAGAATANAATAGAAAGCCACTGAA AT
GlnHETProGlyGluThrProValAlaProAlaGlu——~ .

AAGTGGCTTTCCCTTAGGAGGAAAATA&ATGTTTCAAGTGAATGATACAACTTATATTT+

METPheGluValAsnAspThrThrTyrIleleu

ACGATTTAATAAACAAAAAGTTAARACGGTGGAATTAACATCAGGGATTACTTTAGTTGE

ArgPheAsnLysGlnLysValLysThrvValGluLeuThrSerGlyIleSerLeuValala
AGCTTTGACTGCGAATAAAGGGATTTTGAG
AlaLeuThrAlaAsnLysGlyIleleu

20. A nucleic acid molecule

identifying pathogenic strains of
hybridizes to a nucleic

useful in

IListeria which

acid molecule which 1is
complementary to the 2.5kb KpnlI-BamHI fragment of
plasmid pLM63 (DSM 5220)

sequence:

having the nucleoctide base

[ .
CTTTTCATTTAGATAAAAC&AAAGAAGAAATTGGLGCTTTACCPGCTTCGGCGAmTGAAT

PheHisLeuAspLysThrLysGluGluI1eGlyATaLequoAlaSermlaTleGlqur

GTCAGTATGAGGCmTTTGFGArThhTGAAGCChAmAATTAAGGAGFGAPAAAATGCAGGT
GlnTyrGluAlaPheValIleAsnGluAlaAspnAsp——~

METGlnVal

~ Protein Ul
TT'TAGTTTTACCAGANAATAAGGATATCAATTATATAANAACGGTCCAAGAAGTARAACG

LeuValLeuPVOGluAsnLysAspIleAsnTyrIleLys 'hralGlnGluvallysArg
ATTTTTTGCGGATTTTGAGCGGTTTCGGATGATTKCGGGGTmATCAAAAAAGCCACATTm

PhePheAlaAsoPheGluArgPheALgMETIleThrGlyLeuSerLysLysProulsLeu

ACTTAGAAATGGTTTTCTGGAAGAGCFGCAGTTTGAGCCGGTAGCATTTT CTGCTAGACA
LeuArgAsnGlyP1eLeuGluGluP”oGlnPheGluProValAlaPheSerATaArgHLs

TAATAAAGAAGTCATTTTGGAAGCuCGATGGTTGGTAGAGAAATATACTGAAATGTTGAA
AsnLysGluValIleLeuGluAlaArgTrpLeuValGluLysTerﬁrGludETLeuAsn

TCAGATGGATGATTTATATCGAACTATTTTGATGGnATGTTACGTGGAACGAAAACAAGA
blnMETASQASpLeuTyrArgrbrIleLeuHEmGluCysTeralGluArgLysGlnAsp

TGTGGCGGTAATGATGG&TTTACCG”ATGAAATTGCCCAGT“TAAAC”GATD\AAAAACG
ValAlaValUETMhTﬂsoLeuPLoTyrGluIleAlaGlnPheLysArgIleLysLysArg

GbCAGTGuTAGAACTTGCAACGCMAATGGGGRTT TAGTAACGAAATGAT GrTACTTmCu
hlaValLeuGlaLeuAlaThrLauHETGlyI1eLeuValALgLys~——

TGATATTTTGAAACATCATTTTCCTATTAATATAGAAGTAAGCTAATTGICCAGTAAGCG

ATGACAATAAAAGCTGCATCAGAATGAAGGTCCACCGATTTTCTGATAATACATGATGT
TTTACAAGGAATTTCTTTTTATGATTGGATTTAAATCCGTTGAGATAAACAAATATTCTA
TTTTCGAAAGTAAAGTTCGGAGG&ATAAATTATTAAATGTGGTCTTGACCGAACTTTPC*
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TTCTGTTTTAAAGGAGTGAACGTTTGGTGAAGAGTTTGAGCTTCATGAGAGTTTTGGAAG
ValLysSerLeuSerPheMETArgValLeuGluAla

D .

. | —rotein I

CAGTGAGAACAATGCTCCAGGAAAAAGGcccACTAGATATTTCTATTGTAATGCGTGAC&
ValArgThrMETLauGlnGluLysGlyGIyLeuAsp

IleSerIleValMEThrqupGl
AAGTGGAAATGCCTACAACGATGATCGAGATGATTGATC

AAGAGGAAGAAGAAAGCCAMA
ValGluMETProThrThrMETIleGluNETIleAspGlnGluGluGluGluSerGlnThr

CTGCCTGGAAAGAAAAATAéCGTTTTGCAATCCATCATTATACAAATGAﬂACGGACTTAG
AlaTrpLysGluLysTyrArgPheAlaIleHisHisTerhrAsnGluThrAspLeuAla

CGGGAGTCGAAAAGATAGATACGCTTATC@AAACAGGATTCACTTTGCCTGAAGGATACA
GlyValGluLysIleAspThrlieuIleGlnT

hrGlyPheThrLeuProGluGlyTerys
AATTAATCGéTGTTCGACATTACGGAAAAéAAAATTTAGTCAAAGAAAATACGTTAATTé
4 LeuIlghlaVa1ArquisTyrGlyLysGlnAsnLeuValLysGluAsnThrLeuIleHis
AccCAAAAACCAGTTTTGAAGTAAGTATTTGTCGTGAATTAAAAGTAAAAATTTAGGGGG
AlaLysTﬁrSerPheGlgValSerIle;yshrgGIuLeuLysvalLysI13-__
AAATATTAATGGCATTTGAAGAGAATTTAT

ATTGTGATTATACACCGGGAGCTGCTAAAG
[METAlaEpecluGluAsnLeuTerysAspTerhrProGlyAlaAlaLysAla
 Mrotein

CGGTCGCGGéGAﬁAGATGTﬁATTTTAGCAéTTTTTAACGéAGCGGGGGA&AAACTATTAG
ValAlaGlyLysAspValIleLeuAlaValPheAsnAlaAlaGlyAspLysLeuLeuAla

CGGTTGcscéCCAACAAGGTCTAACTGTAAACCGTTCTAAAGATAGCATTGAAATTACAT
ValAlaGlyGlnGlnGlyLeuThrValAsnArgSerLysAspSerI1eGluIleThrSer

CTAAAGATAéAGTTGGccGATGGAAATCCAAAATTGGccéTATGAAAGAATGGTCAATTG
LysAspThrValGlyGlyTrpLysSerLysIleGlyGlyMETLysGluTrpSerIleG1u
AAAATGACG&ATTATATGTCGCTGATCCAéAGTCTCACAﬁAGAATTGGCéAAA;ATTTCé

AsnAspGlyLeuTyrValAlaAspAlaGluSerHisLysGluLeuAlaLysTerheGlu
AAAGTGATAGCCCGGTTTG

TGTGAAAATcATTAATCAAGéATCTAAAAAAGGTCTTTTcé
SerAspSerProValCysValLysIleIleAsnGlnAlaSerLysLysGlyLeuPheGly
GTGGTTTGGCAATTGTAGCTGACTATAGTTTTGAAGCACCTTTTGACGAAGCGATGACTT
GlyLeuAlaIlleValAlaAspT

yrSerPheGluAlaProPheAspGluAlaMETThrTyr
ACTCTGTAAAACTAGACGGAATGG

GCGCGCTTGTTGATTTAACGATTACTGAGERCAG CG
ServVallysLeuAspGlyMETGlyrlaLeuValAs

pLguThrIleThrGluGlyGlyAsp
ACCAAATGCCCGGCGAAACACCTGTAGCACCAGCAGAATARAATAGAAAGCCACTGAAAT
GlnMETProGlyGluThrProvalAlaProAlaGlu~——

AAGTGGCTTTCCCTTAGGAGGAAAATAAATGTTTGAAGTGAATGATA GCAACTTATATTTT

METPheGluValAsnAspThrThrTyrIlelLeu
ACGATTTAATAAACAAAAAGTTARAACGGTGGAATTAACATCAGGGAT TAGT TTAGTTGE

ArgPheAsnLysGlnLysValLysThrVa1GluLeuThrSerGlyIleSerLeuValAla
AGCTTTGACTGCGAATAAAGGGATTTTGAG
AlaLeuThrAlaAsnLysGlyIleLeu

’

under hybridization conditions of 5

- 6 x SS8C and
472 -

60°C and after washing for at least 30 minutes

at from 0.1-0.5 x SSC and at a temperature from
65°C-70¢°C.

21 . A nucleic acid molecule of claim 20, which

is at least 27 nucleotide bases in length.

22 . A nucleic acid molecule of

claim 20,
further comprising a label.

v ———
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23. A method for determination of Listeria 1in

a sample comprising 1incubating said sample with a
nucleic acid molecule useful in 1dentifying
pathogenic strains of Listeria which hybridize to

the 2.5kb KpnI-BamHI fragment from plasmid pLMé63

(DSM 5220) under hybridization conditions of 5-6 X
SSC and 42-60°C and washing at from 65°C to 75°C to

a complementary Listeria nucleic acid molecule and

'
—

determining said hybridization as a determination of

Listerla 1n said sample.

24 . Use of the proteins as claimed in claim
13, for the preparation of antibodies against

Listerlia bacteria.

25. An antibody obtained by i1mmunization of
experimental animals with a protein as claimed in

claim 13.

26 . Use of antibodies as claimed in claim 25,

for the 1mmunological determination of Listeria

bacteria.
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NUCLEOTIDE SEQUENCE OF PLASMID pPLM63

10 20 30 40 50 60

CTTTTCATTTAGATAAAACAAAAGAAGAAATTGGCGCTTTACCTGCTTCGGCGATTGAAT
PheHisLeuAspLysThrLysGluGluIleGlyAlaleuProAlaSerAlaIleGlucCys

7? 80 9? 100 110 120
I | | |
GTCAGTATGAGGCTTTTGTGATTAATGAAGCCAATAATTAAGGAGTGATAAAATGCAGGT
GIlnTyrGluAlaPheVallleAsnGluAlaAsnAsn—--- METG1lnVal
Protein I

130 140 150 160 170 180

| | | | | |

TTTAGTTTTACCAGAAAATAAGGATATCAATTATATAAAAACGGTCCAAGAAGTAAAACG
LeuValLeuProGluAsnLysAspIleAsnTyrlIleLysThrvalGlnGluValLysArg

190 200 210 220 230 240

ATTTTTTGCGGATTTTCGAGCGGTTTCGGATGATTACGGGGTTATCAAAAAAGCCACATTT
PhePheAlaAspPheGluArgPheArgMETIleThrGlyLeuSerLysLysProHisLeu

250 260 270 280 290 300

| | - | | | |

ACTTAGAAATGGTTTTCTGGAAGAGCCGCAGTTTGAGCCGGTAGCATTTTCTGCTAGACA
LeuArgAsnGlyPheLeuGluGluProGlnPheGluProValAlaPheSerAlaArgHis

310 320 330 340 350 360

TAATAAAGAAGTCATTTTGGAAGCGCGATGGTTGGTAGAGAAATATACTGAAATGTTGAA
AsnLysGluVallleLeuGluAlaArgTrpleuValGluLysTyrThrGluMETLeuAsn

370 380 390 400 410 420

| | | | | |

TCAGATGGATGATTTATATCGAACTATTTTGATGGAATGTTACGTGGAACGAAAACAAGA
GInMETAspAspLeuTyrArgThrIleLeuMETGluCysTyrValGluArgLysGlnAsp

430 440 450 460 470 480

TGTGGCGGTAATGATGGATTTACCGTATGAAATTGCCCAGTTTAAACGGATAAAAAAACG
ValAlaValMETMETAspLeuProTyrGlulleAlaGlnPhelLysArgIleLysLysArg

490 500 510 520 530 540

GGCAGTGCTAGAACTTGCAACGCTAATGGGGATTTTAGTAAGGAAATGATGATACTTTCG
AlaValleuGluleuAlaThrlLeuMETGlyIleLeuValArgLys—--

F/Q /4 » Protein Il
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550 560 570 580 590 600

| | | | | |

TGATATTTTGAAACATCATTTTCCTATTAATATAGAAGTAAGCTAATTGTCCAGTAAGCG

610 620 630 640 650 660

GATGACAATAAAAGCTGCATCAGAATGAAGGTGCACCGATTTTCTGATAATACATGATGT

670 680 690 700 710 720

| | | | | |

TTTACAAGGAATTTGTTTTTATGATTGGATTTAAATCCGTTGAGATAAACAAATATTCTA

730 740 750 760 770 780

TTTTGGAAAGTAAAGTTCGGAGGAATAAATTATTAAATGTGGTCTTGACCGAACTTTGCT

790 800 810 820 830 840

TTCTGTTTTAAAGGAGTGAACGTTTGGTGAAGAGTTTGAGCTTCATGAGAGTTT TGGAAG
ValLysSerLeuSerPheMETArgValLeuGluAla

» Protein I
850 860 870 880 890 900

| | | | | |

CAGTGAGAACAATGCTCCAGGAAAAAGGCGGACTAGATATTTCTATTGTAATGCGTGACC
ValArgThrMETLeuGlnGluLysGlyGlyLeuAspIleSerIleValMETArgAspGl

910 920 930 240 950 360

AAGTGGAAATGCCTACAACGATGATCGAGATGATTGATCAAGAGGAAGAAGAAAGCCAAA
ValGluMETProThrThrMETI1eGluMETIleAspGIlnGluGluGluGluSerGlnThr

970 980 990 1000 1010 1020

CTGCCTGGAAAGAAAAATACCGTTTTGCAATCCATCATTATACAAATGAAACGGACTTAG
AlaTrpLysGluLysTyrArgPheAlalleHisHisTyrThrAsnGluThrAspleuAla

1030 1040 1050 1060 1070 1080

CGGGAGTCGAAAAGATAGATACGCTTATCCAAACAGGATTCACTTTGCCTGAAGGATACA
GlyValGluLysIleAspThrLeulIleGlnThrGlyPheThrLeuProGluGlyTyrLys

1090 1100 1110 1120 1130 1140

AATTAATCGCTGTTCGACATTACGGAAAACAAAATTTAGTCAAAGAAAATACGTTAATTC
LeulleAlaValArgHisTyrGlyLysGlnAsnLeuValLysGluAsnThrlLeulleHis

Fi1g. 16
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1150 1160 1170 1180 1190 1200

ACGCAAAAACCAGTTTTGAAGTAAGTATTTGTCGTGAATTAAAAGTAAAAATTTAGGGGG
AlaLysThrSerPheGluValserIleCysArgGIuLeuLysValLysIle---

» Protein I
1210 1220 1230 1240 1250 1260

AAATATTAATGGCATTTGAAGAGAATTTATATTGTGATTATACACCGGGAGCTGCTAAAG

lMETAlaPheG;uGluAsnLeuTerysAspTerhrProGlyAlaAlaLysAla
» Protein II
1270 128? 1290 1300 1310 1320
CGGTCGCGGGGAAAGATGTAATTTTAGCAGTTTTTAACGCAGCGGGGCGACAAACTATTAG
ValAlaGlyLysAspValIleLeuAlaValpheAsnAlaAlaGlyAspLysLeuLeuAla

1330 1340 1350 1360 1370 1380

| | | | | |

CGGTTGCGGGCCAACAAGGTCTAACTGTAAACCGTTCTAAAGATAGCATTGAAATTACAT
ValAlaGlyGlnGlnGlyLeuThrValAsnArgSerLysAspSerIleGluIleThrSer

1390 1400 1410 1420 1430 1440

CTAAAGATACAGTTGGCGGATGGAAATCCAAAATTGGCGGTATGAAAGAATGGTCAATTG
LysAspThrValGlyGlyTrpLysSerLysIleGlyGlyMETLysGluTrpSerIleGlu

1450 1460 1470 1480 1490 1500

AAAATGACGGATTATATGTCGCTGATGCAGAGTCTCACAAAGAATTGGCGARATATTTCG
AsnAspGlyLeuTyrValAlaAspAlaGluSerHisLysGluLeuAlaLysTyrPheGlu

1510 1520 1530 1540 1550 1560

AAAGTGATAGCCCGGTTTGTGTGAAAATCATTAATCAAGCATCTAAAAAAGGTCTTTTCG
SerAspSerProValCysValLysIleIleAsnGlnAlaSerLysLysGlyLeuPheGly

1570 1580 1590 1600 1610 1620

GTGGTTTGGCAATTGTAGCTGACTATAGTTTTGAAGCACCTTTTGACGAAGCGATGACTT
GlyLeuAlaIleValAlaAspTyrSerPheGluAlaProPheAspGluAlaMETThrTyr

1630 1640 1650 1660 1670 1680

| | | | |

ACTCTGTAAAACTAGACGGAATGCGGCGCGCTTGTTGATTTAACCGATTACTGAGGGCGGCG
SerValLysLeuAspclyMETclyAlaLeuValAspLeuThrIleThrGIuclyGIyAsp

1690 1700 1710 1720 1730 1740

ACCAAATGCCCGGCGAAACACCTGTAGCACCAGCAGAATAAAATAGAAAGCCACTGAAAT
G1lnMETProGlyGluThrProvValAlaProAlaGlu-—-

> Protein IL F/Q /C
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1750 1760 1770 1780 1790 1800

AAGTGGCTTTCCCTTAGGAGGAAAATAAATG TTTGAAGTGAATGATACAACTTATATTTT
METPheGluValAsnAspThrThrTyrIlelLeu

1810 1820 1830 1840 1850 1860

ACGATTTAATAAACAAAAAGTTAAAACGGTGGAATTAACATCAGGGATTAGTTTAGTTGC
ArgPheAsnLysGlnLysValLysThrvValGlulLeuThrSerGlyIleSerLeuValAla

1870 1880 1830

AGCTTTGACTGCGAATAAAGGGATTTTGAG
AlaLeuThrAlaAsnLysGlyIleLeu

Fi1g 10D
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