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An internal fragment (pRF106 fragment, ca. 500 bp) of a gene (msp) coding for a 60-kDa protein of Listeria
monocytogenes serotype 1/2a was used to develop a screening method to discriminate between L. monocytogenes
and avirulent Listeria spp. on primary isolation plates. The L. monocytogenes-derived probe fragment of
pRF106 hybridized to a 13-kb fragment of L. monocytogenes and a 3-kb fragment of one cheese isolate strain
of Listeria seeligeri under stringent hybridization conditions (mean thermal denaturation temperature [Tm] -

5°C). The probe also hybridized to a 6-kb fragment of Listeria innocua, Listeria ivanovii, and L. seeligeri under
less stringent hybridization conditions (Tm - 17'C). The pRF106 fragment was labeled with digoxigenin-11-
dUTP and used to develop a colony hybridization assay. Colonies from lithium chloride-phenylethanol-
moxalactam agar were blotted onto nylon membranes. The cells were pretreated with microwaves before lysis

with sodium hydroxide. DNA-DNA hybridization and posthybridization washing were done at high stringency
(Tm- 7°C). The nonisotopic colony hybridization procedure was specific for L. monocytogenes when evaluated
against pure cultures of L. monocytogenes and other Listeria species, excluding the cheese isolate of L. seeligeri.
Also, it was specific for L. monocytogenes when evaluated with Listeria-negative food enrichment cultures that
were inoculated in the laboratory with Listeria species.

Interest in the development of rapid diagnostic methods
for Listeria monocytogenes increased dramatically after the
three food-borne listeriosis outbreaks in North America
between 1981 and 1985 and the recent Swiss outbreak (1, 9,
23, 33). Nucleic acid probe-based tests appear promising for
the rapid and specific detection and confirmation of L.
monocytogenes in foods (2, 20, 29, 30). A commercially
available filter hybridization test uses a DNA probe to a
Listeria spp.-specific sequence in the rRNA and is genus
specific (20). Such a test is useful for quality control testing
of foods but is not specific for L. monocytogenes, as is
needed for use in investigations by regulatory and public
health agencies. A colony hybridization test based on a
cloned probe (pRF106 fragment) derived from the chromo-
somal DNA of L. monocytogenes was successfully used for
the specific detection of L. monocytogenes by researchers at
the U.S. Food and Drug Administration (4). The Food and
Drug Administration colony hybridization assay uses a 32p_
labeled probe, which presents problems of safety, license,
and disposal for the end user (10).
We adapted the colony hybridization test to a nonisotopic

format to eliminate problems associated with the use of
radioisotopes. Probe DNA was labeled with digoxigenin-11-
dUTP by a random primed DNA labeling method (5). The
labeled probe was evaluated in dot hybridization and colony
hybridization formats. Hybridization conditions were se-
lected on the basis of data obtained with the 32P-labeled
pRF106 Listeria chromosomal DNA insert (pRF106 frag-
ment) and were optimized for nonisotopic hybridizations by
additional experiments so that L. monocytogenes could be
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differentiated from Listeria innocua, other Listeria spp., and
other bacteria.

MATERIALS AND METHODS

Bacterial strains. The bacteria strains used in this study are
listed in Table 1. Bacterial cultures were stored frozen in
sheep blood at -70°C. For revival, the frozen cultures were
thawed, grown on blood agar (tryptic soy agar plus 5% sheep
blood) at 35°C for 16 to 18 h, and checked for purity before
use. Brochothrix thermosphacta was grown at 25°C.

Extraction of chromosomal DNA. Chromosomal DNA was
extracted from L. monocytogenes, other Listeria spp., and
other gram-positive bacteria by a method developed in our
laboratory (11). A cell pellet from an overnight culture in 10
ml of brain heart infusion broth was resuspended in 1 ml of
prelysis buffer (0.05 M Tris [pH 7.0], 0.031 mg of pancreatic
lipase per ml, 0.3 mg of sodium taurocholate per ml, 0.005 M
calcium chloride, 0.2 g of sucrose per ml, 0.005 g of
lysozyme per ml) and incubated at 37°C for 45 min. For
Staphylococcus aureus, 100 U of lysostaphin (Sigma Chem-
ical Co., St. Louis, Mo.) was added to the prelysis buffer (6).
Nine milliliters of lysis buffer (0.01 M Tris [pH 8.0], 0.0025 M
EDTA [pH 8.0], 2% sodium dodecyl sulfate [SDS], 0.05 mg
of proteinase K per ml) was added, and the mixture was
incubated at 55°C for 30 min. DNA was purified by phenol
and chloroform extractions, precipitated with 95% cold
ethanol, and washed with 70% ethanol. DNA was dried in a
vacuum and resuspended in 100 ,ul of deionized water.

Preparation of filters for dot blots. The protocol of Kafatos
et al. (18) was used to denature DNA and to immobilize
denatured DNA on nylon filters (Magnagraph; pore size,
0.45 ,um; Micron Separations, Westboro, Mass.). Chromo-
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TABLE 1. Bacterial strains used in the study

No. Bacterial species Serotype EIL' No. Sourceb

1 Listeria monocytogenes 1/2a F4263 Patient
2 L. monocytogenes 1/2b F4260 Patient (blood)
3 L. monocytogenes 1/2b F4233 Patient
4 L. monocytogenes 4b F4243 Patient (CSF)
5 L. monocytogenes 4b F4244 Patient (CSF)
6 L. monocytogenes 4b F4262 Patient
7 L. monocytogenes 4b F4264 Patient
8 L. monocytogenes 4b F4393 Cheese
9 Listeria innocua F4078 ATCC 33090
10 L. innocua F4247 Food isolate from FDA
11 L. innocua F4248 Food isolate from FDA
12 Listeria murrayi F4076 ATCC 25401
13 L. murrayi F4077 ATCC 25402
14 Listeria seeligeri F4080 ATCC 35968
15 L. seeligeri F4088 Cheese
16 L. seeligeri F4856 Beef
17 L. seeligeri F4879 Cheese
18 L. seeligeri F4880 Cheese
19 L. seeligeri F4881 Cheese
20 L. seeligeri F4882 Cheese
21 L. seeligeri F5761 Lunchmeat
22 Listeria ivanovii F4081 ATCC 19119
23 Listeria welshimeri F4082 H. P. R. Seeliger (SLCC

53330)
24 L. welshimeri F4083 ATCC 35897
25 Listeria grayi F4085 ATCC 19120
26 Jonesia denitrificans F4087 ATCC 14870
27 Brochothrix thermosphacta F5950 ATCC 11509
28 Erysipelothrix rhusiopathiae F5937 Patient (blood)
29 Corynebacterium diphtheriae F5944 University of Louisville,

Louisville, Ky.
30 Corynebacterium aquaticum F5942 Patient (CSF)
31 Corynebacterium striatum F5946 Patient (blood)
32 Corynebacterium minutissimum F5940 Patient
33 Bacillus cereus F5939 ATCC 6051
34 Staphylococcus aureus D1233 Patient
35 Serratia fonticola F4547 ATCC 29844
36 Escherichia coli D0145 Patient

a Epidemic Investigation Laboratory, Meningitis and Special Pathogens Branch, Centers for Disease Control.
b CSF, Cerebrospinal fluid; FDA, Food and Drug Administration.

somal DNA was diluted to 200 ,ug/ml of 0.001 M EDTA. Five
microliters of DNA was transferred to a 1.5-ml microcentri-
fuge tube, and an equal volume of 0.8 M sodium hydroxide
was added. The mixture was incubated at 37°C for 10 min,
diluted with 90 p.1 of deionized water, and neutralized with
100 p.1 of 2 M ammonium acetate. The denatured DNA was
loaded on the nylon membrane by using a Bio-Dot microfil-
tration apparatus (Bio-Rad Laboratories, Richmond, Calif.).
The membrane was dried at room temperature and baked at
80°C for 1 h. The nylon membrane was stored at 4°C until
use.

Preparation of filters for colony blots. Colonies of bacteria
grown on lithium chloride-phenylethanol-moxalactam
(LPM) agar were transferred to nylon filters by overlaying
the filter on the agar surface and leaving it there for 3 min.
The cells were pretreated with the microwave procedure of
Datta et al. (4) before conventional alkaline lysis (12).
Denatured DNA was immobilized on the nylon filters by the
procedure described above.

Preparation of filters for Southern blots. Chromosomal
DNAs (2 p.g) of L. monocytogenes and other Listeria spp.
were restricted with EcoRI following the manufacturer's
instructions (New England BioLabs, Beverly, Mass.). Re-
stricted DNA was electrophoresed on 1.0% agarose (Be-

thesda Research Laboratories, Gaithersburg, Md.; molecu-
lar biology grade) in Tris-acetate buffer at 80 V for 4 h. The
gel was stained with ethidium bromide and photographed.
DNA fragments were transferred from the gel to nylon
membranes by Southern blotting (25).

Isolation of the pRF106 plasmid. Escherichia coli LE392
(24) containing the pRF106 plasmid (4, 8) (kindly provided
by R. K. Flamm, Washington State University) was grown
in L broth, and plasmid was amplified with chloramphenicol
(25). Plasmid DNA was isolated by the procedure of Ish-
Horowicz and Burke (16) and purified by cesium chloride-
ethidium bromide density gradient centrifugation (25).

32p labeling of the pRF106 fragment. pRF106 was digested
with HindIll and HinclI, and the fragments were separated
by agarose gel electrophoresis. The pRF106 fragment (500
bp) was recovered from the gel by using a GeneClean kit
(Bio 101, La Jolla, Calif.). The pRF106 fragment was labeled
with [o-32P]dCTP by nick translation (Bethesda Research
Laboratories).
Digoxigenin-dUTP labeling of pRF106 fragment. Labeling

was done by using digoxigenin-11-dUTP (Boehringer Mann-
heim Biochemicals, Indianapolis, Ind.) and a random primed
DNA labeling method (5, 15). Digoxigenin-labeled DNA was
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recovered by ethanol precipitation, resuspended in deion-
ized water, and stored at -20°C until needed.

Hybridization. The Tm of Listeria DNA at various mono-
valent cation (Na+) concentrations was calculated by the
following equation (28): Tm = 16.6 log M + 0.41(%G+C) +
81.5, where M is the Na+ concentration and Tm is the mean
thermal denaturation temperature. Listeria DNA has a G+C
content of 37% (34). Hybridization conditions were adjusted
to high stringency (Tm - 50C for the 32P-labeled pRF106
fragment and Tm - 70C for the digoxigenin-labeled pRF106
fragment) or low stringency (Tm - 170C) by manipulation of
one or more of the following: temperature of hybridization,
formamide concentration in the hybridization solution, so-
dium ion concentration in wash solution, and temperature of
washing. Formamide was assumed to lower Tm by 0.720C
per 1% (27). Hybridization of the 32P-labeled pRF106 frag-
ment with target DNA was done at 37°C for 16 to 18 h in 50%
formamide-6x SSC (lx SSC is 0.15 M sodium chloride plus
0.015 M sodium citrate [0.165 M Na+])-lx Denhardt solu-
tion (0.02% Ficoll, 0.02% bovine serum albumin, 0.02%
polyvinylpyrrolidone)-0.01 M EDTA-0.5 Rg of probe (5 x
106 dpm/,g) (Tm - 23.60C). Posthybridization washing was
done in 0.lx SSC-0.1% SDS solution at 50°C for low
stringency washing (Tm - 17°C) and at 62°C for high strin-
gency washing (Tm - 5°C). Hybridization of target DNA
with the digoxigenin-labeled pRF106 fragment was done at
600C for 16 to 18 h in 5x SSC-0.1% N-lauroylsarcosine-2%
SDS-0.5% blocking agent (Boehringer Mannheim)-290 ng of
digoxigenin-labeled probe DNA. After hybridization, the
membranes were rinsed twice with 2x SSC-0.1% SDS at
room temperature. Posthybridization washing was done
twice at 60°C for 20 min in O.lx SSC-0.1% SDS solution.
After posthybridization washing, immunologic detection of
the hybrid complex was done by following the manufactur-
er's protocols.

Evaluation of the digoxigenin-labeled pRF106 fragment
with artificially contaminated enrichment broths. L. monocy-
togenes (4b) F4393, Listeria seeligeri F4880, L. innocua
F4247, and Listeria ivanovii F4081 were inoculated in brain
heart infusion broths and incubated at 35°C for 16 to 18 h.
The Listeria species grown overnight were centrifuged, and
cell pellets were diluted to 3 x 104 per ml by using 0.01 M
phosphate-buffered saline. The diluted cells (0.1 ml) were
inoculated into 1 ml of U.S. Department of Agriculture
secondary enrichment broths (26), which were used for
isolation of L. monocytogenes from contaminated foods and
were culturally confirmed as L. monocytogenes negative.
Samples (100 ,ul) of the inoculated broths were plated on
LPM agar plates, and plates were incubated at 350C for 48 h.
Colony blotting and hybridization with the digoxigenin-
labeled pRF106 fragment were done as described above.

RESULTS

Specificity evaluation of pRF106 fragment by dot blots.
When hybridization was done at low stringency (Tm - 170C),
the 32P-labeled pRF106 fragment hybridized to six of six
strains of L. monocytogenes, L. innocua, L. ivanovii, and L.
seeligeri (Fig. 1A). No cross-reactivity outside the genus
Listeria was observed. Under stringent hybridization condi-
tions, the pRF106 fragment hybridized only to six of six
strains of L. monocytogenes (Fig. 1B). However, when
seven strains of L. seeligeri were included in the dot blot
evaluation (Fig. 2), the pRF106 fragment hybridized strongly
to the DNA from a cheese isolate of L. seeligeri (F4882) even
under stringent hybridization conditions.
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FIG. 1. Dot blots of Listeria spp. and other bacteria probed with
the 32P-labeled pRF106 fragment. In panel A, hybridization and
posthybridization washing were done at low stringency (Tm - 17°C);
in panel B, hybridization and posthybridization washing were done
at high stringency (Tm - 50C). (A and B) Rows A, L. monocytogenes
(1/2a) F4263 (lanes 1), L. monocytogenes (1/2b) F4260 (lanes 2), L.
monocytogenes (4b) F4243 (lanes 3), L. monocytogenes (4b) F4244
(lanes 4), L. monocytogenes (4b) F4262 (lanes 5), and L. monocy-
togenes (4b) F4264 (lanes 6); rows B, L. innocua F4247 (lanes 1),
Listeria murrayi F4077 (lanes 2), L. seeligeri F5761 (lanes 3), L.
ivanovii F4081 (lanes 4), Listeria grayi F4085 (lanes 5), and Listeria
weishimeri F4083 (lanes 6); rows C, Jonesia denitrificans F4087
(lanes 1), B. thermosphacta F5950 (lanes 2), Erysipelothrix rhusio-
pathie F5937 (lanes 3), Corynebacterium diphtheriae F5944 (lanes
4), Corynebacterium aquaticum F5942 (lanes 5), and Corynebacte-
rium striatum F5946 (lanes 6); rows D, Corynebacterium minutissi-
mum F5940 (lanes 1), B. cereus F5939 (lanes 2), S. aureus D1233
(lanes 3), L. seeligeri F4856 (lanes 4), E. coli D0145 (lanes 5), and
pRF106 (lanes 6).

Hybridization targets of the pRF106 fragment. Under low
stringency hybridization conditions (Tm - 17'C), the pRF106
fragment hybridized to a 13-kb EcoRI fragment of L. mono-
cytogenes chromosomal DNA, a 6-kb EcoRI fragment of L.
innocua, L. ivanovii, and L. seeligeri, and a 3-kb EcoRI
fragment of two strains of L. seeligeri (Fig. 3A). When
hybridization was done at high stringency (Tm - 50C), the
pRF106 fragment hybridized only to the 13-kb EcoRI frag-
ment of L. monocytogenes and a 3-kb EcoRI fragment of one
strain of L. seeligeri (cheese isolate, F4882) (Fig. 3B).

Specificity evaluation of the digoxigenin-labeled pRF106
fragment. The digoxigenin-labeled pRF106 fragment hybrid-
ized only with L. monocytogenes (six of six strains) and with
one of two L. seeligeri strains when hybridization was done
at T,m - 7°C (Fig. 4). Increasing the stringency of hybridiza-
tion to Tm - 5°C did not eliminate the reaction with L.
seeligeri F4882.

Evaluation of the digoxigenin-labeled pRF106 fragment
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1 2 3 4 5

A

B
FIG. 2. Dot blot of L. monocytogenes and L. seeligeri. Hybrid-

ization and posthybridization washing were done at high stringency
(Tm - 5°C). Row A, L. monocytogenes (4b) F4393 (lane 1), E. coli
D0145 (lane 2), L. seeligeri F4080 (lane 3), L. seeligeri F4088 (lane
4), and L. seeligeri F4856 (lane 5); row B, L. seeligeri F4879 (lane 1),
L. seeligeri F4880 (lane 2), L. seeligeri F4881 (lane 3), and L.
seeligeri F4882 (lane 4).

with colony blots from LPM agar plates. Colony blots with
pure cultures of Listeria species grown on LPM agar and the
digoxigenin-labeled pRF106 fragment showed that the probe
specifically recognized L. monocytogenes. L. seeligeri
F4882 was not included in these evaluations (Fig. 5). Of 22
Listeria spp.-inoculated U.S. Department of Agriculture
secondary enrichment broth samples, 16 samples inoculated
with L. monocytogenes were probe positive, while 6 were
probe negative (these 6 samples were inoculated with L.
seeligeri, L. innocua, and L. ivanovii).

DISCUSSION

Digoxigenin labeling is an attractive alternative to radio-
isotopically labeled probes for several reasons. The labeling
protocol is simple and safe. Separation of labeled DNA from
unreacted label is easily achieved by ethanol precipitation
(13, 15, 32). The label does not appear to affect hybridization
characteristics of the probe, and in this study, digoxigenin
labeling of the pRF106 fragment did not alter the specificity
of the probe. After immunologic reaction, the results were
clear-cut and easily interpretable. We encountered no back-
ground problems even after 24 h of color development with
the substrate. Also, it is possible to reuse the digoxigenin-
labeled probe for several hybridizations by following a
protocol supplied by the manufacturer.
Flamm et al. (8), in a limited evaluation using four strains

(Bacillus cereus, Bacillus thuringiensis, Streptococcus pyo-
genes, and Streptococcus pneumoniae), found that the
pRF106 fragment does not react with gram-positive bacteria
outside the genus Listeria, even at a low stringency of
hybridization. Datta et al. (4) reported that pRF106 does not
hybridize with Rhodococcus equi, S. aureus, Streptococcus
pyogenes, and Streptococcus agalactiae. The stringency of
hybridization used by Datta et al. (4) corresponds to Tm -
30°C. We evaluated the pRF106 fragment against eight
gram-positive bacteria outside the genus Listeria. We found
that the pRF106 fragment does not hybridize to DNA from
B. thermosphacta, which is closely related to Listeria spp.
by rRNA cataloging (17). Taken together, the observations
of three independent investigators show that the pRF106
fragment does not cross-react outside the genus Listeria.
Our observations regarding the specificity of the pRF106

fragment within the genus Listeria are in agreement with
those of Flamm et al. (8). These authors reported that the
pRF106 fragment hybridized to EcoRI fragments (7 kb) of L.
innocua, L. seeligeri, and L. ivanovii when hybridization
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FIG. 3. Southern blots of EcoRI-digested Listeria chromosomal
DNA probed with 32P-labeled pRF106 fragment. In panel A, hybrid-
ization and posthybridization washing were done at low stringency
(Tm - 17°C); in panel B, hybridization and posthybridization wash-
ing were done at high stringency (Tm - 5°C). (A and B) Lanes 1, L.
seeligeri F4879; lanes 2, L. seeligeri F4880; lanes 3, L. seeligeri
F4881; lanes 4, L. seeligeri F4882; lanes 5, uncut pRF106; lanes 6, L.
seeligeri F4856; lanes 7, L. murrayi F4076; lanes 8, L. innocua
F4078; lanes 9, L. monocytogenes (1/2b) F4233; lanes 10, Serratia
fonticola F4547; and lanes 11, L. ivanovii F4081.

was done under nonstringent conditions and hybridized to a
13-kb EcoRI fragment of L. monocytogenes only under
stringent hybridization conditions. The stringent and non-
stringent hybridization conditions used by Flamm et al. (8)
correspond to Tm - 7°C and Tm - 36°C, respectively,
determined by using the formula described by Meinkoth and
Wahl (28). Datta et al. (4) evaluated pRF106 under nonstrin-
gent hybridization conditions (calculated by us to be Tm-
30°C) and reported that the probe reacted specifically with
beta-hemolytic L. monocytogenes. Our data and those of
Flamm et al. clearly indicate that stringent hybridization
conditions need to be used to render the pRF106 fragment
specific for L. monocytogenes. In addition, Datta et al. (4)
reported that the pRF106 fragment does not hybridize to
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A

FIG. 4. Dot blots of Listeria spp. probed with digoxigenin-labeled
pRF106 fragment. Row A, L. monocytogenes (1/2a) F4263 (lane 1), L.
monocytogenes (1/2a) F4260 (lane 2), L. monocytogenes (4b) F4393
(lane 3), L. monocytogenes (4b) F4244 (lane 4), and L. monocyto-
genes (4b) F4262 (lane 5); row B, L. monocytogenes (4b) F4264 (lane
1), L. innocua F4247 (lane 2), L. innocua F4248 (lane 3), L. murrayi
F4076 (lane 4), and L. murrayi F4077 (lane 5); row C, L. seeligeri
F4856 (lane 1), L. seeligeri F4882 (lane 2), L. welshimeri F4082 (lane
3), L. welshimeri F4083 (lane 4), and L. grayi F4085 (lane 5).

hemolysin-negative L. monocytogenes isolated from pas-
teurized milk and Italian soft cheese (seven strains; Food
and Drug Administration reference nos. DA15 and DA17-
DA22). When these isolates were biochemically character-
ized at the Centers for Disease Control, six were found to be
L. innocua and one was not a Listeria spp. strain. Heisick et
al. (14) used the pRF106 fragment under nonstringent hy-
bridization conditions (Tm - 45°C) to probe for Listeria
species in fresh vegetables and in milk from uninfected or
infected cows. Their comparison of four methods showed
that probing with the pRF106 fragment was the most efficient
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FIG. 5. Colony blots with pure cultures of L. monocytogenes
and other Listeria species on an LPM agar plate probed with the
digoxigenin-labeled pRF106 fragment. Strains used were L. mono-
cytogenes (4b) F4393, L. welshimeri F4082, L. ivanovii F4081, L.
grayi F4085, L. monocytogenes (4b) F4234, L. innocua F4248, L.
murrayi F4076, and L. seeligeri F4879.

method for detecting Listeria species and that the pRF106
fragment probe was significantly better than other Listeria
spp.-specific methods (Listeria spp.-specific DNA probe
direct to rRNA from Gene-Trak and an immnunoassay using
Listeria spp.-specific monoclonal antibody from Organon
Teknika, Durham, N.C.). Therefore the claims by Datta (3)
that the pRF106 fragment probe is specific for L. monocyto-
genes especially under nonstringent hybridization conditions
cannot be substantiated and have been challenged (35).
We report for the first time that even under stringent

hybridization conditions, the pRF106 fragment reacts with a
cheese isolate of L. seeligeri (F4882). The 3-kb EcoRI
restriction fragment of L. seeligeri F4882 recognized by the
pRF106 fragment is different from the 6-kb EcoRI restriction
fragments of L. innocua, L. seeligeri, and L. ivanovii.
Because the function and role in virulence of the gene
product of the pRF106 fragment or its parent fragment
containing a complete gene are unknown, it is difficult to
speculate on the significance of this finding. However, L.
seeligeri F4882 does not appear to possess the gene for
beta-hemolysin (19) and is avirulent in mice (31). The
pRF106 fragment is an internal HindIII-HinclI fragment of a
5.2-kb EcoRI-SalII fragment of L. monocytogenes chromo-
somal DNA originally cloned in plasmid pRF102. The gene
product of the pRF102 fragment (msp) is not well character-
ized. Initially, msp was thought to code for hemolysin of L.
monocytogenes (7). However, after the beta-hemolysin (liste-
riolysin 0) gene was cloned and sequenced by Mengaud et
al. (29), it was clear that msp did not code for beta-hemolysin
of L. monocytogenes. Subsequent unsubstantiated sugges-
tions have been made that msp may be coding for a different
hemolysin or possibly for a lipase or a protease that could
lyse erythrocytes (8). Recently, Kuhn and Goebel (22)
reported that a 60-kDa polypeptide may be involved in the
uptake of L. monocytogenes by nonprofessional phagocytic
cells. It is possible that msp may code for the 60-kDa
polypeptide involved in invasion, and this hypothesis is
currently under investigation.

In conclusion, we have shown that a digoxigenin-labeled
pRF106 fragment can be used in a colony hybridization
assay for the detection of L. monocytogenes. The digoxige-
nin-labeled pRF106 fragment detected all 16 samples artifi-
cially inoculated with L. monocytogenes. The digoxigenin-
labeled pRF106 fragment worked effectively, was easy to
prepare and use, and overcame several disadvantages asso-
ciated with radioisotopically labeled probes. However, rec-
ognition of the specificity characteristics of the pRF106
fragment, particularly as they relate to stringency of hybrid-
ization, is essential for proper interpretation of data. The
user must recognize that the pRF106 fragment can be used as
a Listeria spp.-specific or L. monocytogenes-specific probe
by altering the stringency of hybridization or posthybridiza-
tion washing. It must also be remembered that certain strains
of L. seeligeri can hybridize to the pRF106 fragment even at
stringent hybridization conditions.
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ADDENDUM

Recently published data (21) suggest that the pFR106
fragment is an internal fragment of the gene coding for an
invasion-associated protein (iap) in L. monocytogenes.

VOL. 57, 1991 293



APPL. ENVIRON. MICROBIOL.

REFERENCES
1. Bulletin Bundesamtes fur Gesundheitswesen. 1988. Listeriose en

Suisse. Bull. Bundesamtes Gesundheitswesen. 3:28-29.
2. Chenevert, J., J. Mengaud, E. Gormley, and P. Cossart. 1989. A
DNA probe specific for L. monocytogenes. Int. J. Food. Micro-
biol. 8:317-319.

3. Datta, A. R. 1989. Probes for identifying Listeria. JAMA
262:1629.

4. Datta, A. R., B. A. Wentz, and W. E. Hill. 1987. Detection of
hemolytic Listeria monocytogenes by using DNA colony hy-
bridization. Appl. Environ. Microbiol. 53:2256-2259.

5. Feinberg, A. P., and B. Vogelstein. 1983. A technique for
radiolabeling DNA restriction endonuclease fragments to high
specific activity. Anal. Biochem. 132:6-13.

6. Feitelson, J. S., and J. Lederberg. 1980. Crude lysates of
Staphylococcus aureus can transform Bacillus subtilis. J. Gen.
Microbiol. 116:545-548.

7. Flamm, R. K. 1986. Ph.D. thesis. Washington State University,
Pullman.

8. Flamm, R. K., D. J. Hinrichs, and M. F. Thomashow. 1989.
Cloning of a gene encoding a major secreted polypeptide of
Listeria monocytogenes and its potential use as a species-
specific probe. Appl. Environ. Microbiol. 55:2251-2256.

9. Fleming, D. W., S. L. Cochi, K. L. MacDonald, J. Brondum,
P. S. Hayes, B. D. Plikaytis, M. B. Holmes, A. Audurier, C. V.
Broome, and A. L. Reingold. 1985. Pasteurized milk as a vehicle
of infection in an outbreak of listeriosis. N. Engl. J. Med.
312:404-407.

10. Gebeyehu, G., P. Y. Rao, P. Soo Chan, D. A. Simms, and L.
Klevan. 1987. Novel biotinylated nucleotide-analogs for labeling
and colorimetric detection of DNA. Nucleic Acids Res. 15:
4513-4534.

11. Graves, L. M. Unpublished data.
12. Grunstein, M., and D. S. Hogness. 1975. Colony hybridization: a

method for the isolation of cloned DNAs that contain a specific
gene. Proc. Natl. Acad. Sci. USA 72:3961-3965.

13. Heiles, H. B. J., E. Genersch, E. Kessler, R. Neumann, and H. J.
Eggers. 1988. In situ hybridization with digoxigenin-labeled
DNA of human p4pillomaviruses (HPV 16/18) in HeLa and SiHa
cells. Biotechniques 6:978-981.

14. Heisick, J. E., F. M. Harrell, E. H. Peterson, S. McLaughlin,
D. E. Wagner, I. V. Wesley, and J. Bryner. 1989. Comparison of
four procedures to detect Listeria spp. in foods. J. Food Prot.
52:154-157.

15. Herrington, C. S., J. Burns, A. K. Graham, M. Evans, and J. D.
McGee. 1989. Interphase cytogenetics using biotin and digoxi-
genin labelled probes. I. Relative sensitivity of both reporter
molecules for detection of HPV16 in CaSki cells. J. Clin. Pathol.
42:592-600.

16. Ish-Horowicz, D., and J. F. Burke. 1981. Rapid and efficient
cosmid cloning. Nucleic Acids Res. 9:2989-2998.

17. Jones, D. 1988. The place of Listeria among Gram-positive
bacteria. Infection 16(Suppl. 2):S85-S88.

18. Kafatos, F. C., C. W. Jones, and A. Efstratiadis. 1979. Deter-
mination of nucleic acid sequence homologies and relative
concentrations by a dot hybridization procedure. Nucleic Acids
Res. 7:1541-1552.

19. Kim, C., and B. Swaminathan. Unpublished data.
20. Klinger, J. D., A. Johnson, D. Croan, P. Flynn, K. Whippie, M.

Kimball, J. Lawrie, and M. Curiale. 1988. Comparative studies
of nucleic and hybridization assay of Listeria in foods. J. Assoc.
Off. Anal. Chem. 71:669-673.

21. Kohler, S., M. Leimeister-Wachter, T. Chakraborty, F. Lott-
speich, and W. Goebel. 1990. The gene coding for protein p60 of
Listeria monocytogenes and its use as a specific probe for
Listeria monocytogenes. Infect. Immun. 58:1943-1950.

22. Kuhn, M., and W. Goebel. 1989. Identification of an extracellu-
lar protein of Listeria monocytogenes possibly involved in
intracellular uptake by mammalian cells. Infect. Immun. 57:55-
61.

23. Linnan, M. J., L. Mascola, D. L. Xiao, V. Goulet, S. May, C.
Salminen, D. W. Hird, M. L. Yonekura, P. Hayes, R. Weaver, A.
Audurier, B. D. Plikaytis, S. L. Fannin, A. Kleks, and C. V.
Broome. 1988. Epidemic listeriosis associated with Mexican-
style cheese. N. Engl. J. Med. 319:823-828.

24. Mandel, M., and A. Higa. 1970. Calcium dependent bacterio-
phage DNA infection. J. Mol. Biol. 53:159-162.

25. Maniatis, T., E. F. Fritsch, and J. Sambrook. 1982. Molecular
cloning: a laboratory manual. Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y.

26. McClain, D., and W. H. Lee. 1988. Development of USDA-FSIS
method for isolation of Listeria monocytogenes from raw meat
and poultry. J. Assoc. Off. Anal. Chem. 71:660-664.

27. McConaughy, B. L., C. D. Laird, and B. J. McCarthy. 1969.
Nucleic acid reassociation in formamide. Biochemistry 8:3289-
3294.

28. Meinkoth, J., and G. Wahl. 1984. Hybridization of nucleic acids
immobilized on solid supports. Anal. Biochem. 138:267-284.

29. Mengaud, J., M.-F. Vicente, J. Chenevert, J. M. Pereira, C.
Geoffroy, B. Gicquel-Sanzey, F. Baquero, J.-C. Perez-Diaz, and
P. Cossart. 1988. Expression in Escherichia coli and sequence
analysis of the listeriolysin determinant of Listeria monocyto-
genes. Infect. Immun. 56:766-772.

30. Notermans, S., T. Chakraborty, M. Leimeister-Wachter, J.
Dufrenne, K. J. Heuvelman, H. Maas, W. Jansen, K. Wernars,
and P. Guinee. 1989. Specific gene probe for detection of
biotyped and serotyped Listeria strain. Appl. Environ. Micro-
biol. 55:902-906.

31. Pine, L. Personal communication.
32. Schafer, R., H. Zischler, and J. T. Epplen. 1988. DNA finger-

printing using non-radioactive oligonucleotide probes specific
for simple repeats. Nucleic Acids Res. 16:9344.

33. Schlech, W. F., P. M. Lavigne, R. A. Bortolussi, A. C. Allen,
E. V. Haldane, A. J. Wort, A. W. Hightower, S. E. Johnson,
S. H. King, E. S. Nicholls, and C. V. Broome. 1983. Epidemic
listeriosis-evidence for transmission by food. N. Engl. J. Med.
308:203-206.

34. Seeliger, H. P. R., and D. Jones. 1986. Genus Listeria, p.
1235-1245. In P. H. A. Sneath, N. S. Mair, M. E. Sharpe, and
J. G. Holt (ed.), Bergey's manual of systematic bacteriology,
vol. 2. The Williams & Wilkins Co., Baltimore.

35. Swaminathan, B., and C. V. Broome. 1989. Probes for identify-
ing Listeria. JAMA 262:1629-1630.

294 KIM ET AL.


