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An oligodeoxyribonucleotide probe based on the sequence of a 321-bp internal fragment of the msp gene

encoding a major secreted polypeptide of Listeria monocytogenes was labeled with digoxigenin by using
terminal deoxynucleotidyl transferase. The specificity of the digoxigenin-labeled probe was determined by dot
blot assays. The probe reacted with all strains of L. monocytogenes tested (12 of 12 strains representing five
serotypes). The probe did not react with any other Listeria species or with other gram-positive bacteria
(Brochothrix, Erysipelothrix, Corynebacterium, Rhodococcus, LactobaciUus, Leuconostoc, Bacillus, Staphylo-
coccus, and Streptococcus). The probe was used to develop a colony blot assay for the rapid confirmation of L.
monocytogenes on Listeria-selective agars which had been streaked with food enrichment cultures. Forty-eight
food samples were tested by conventional culture and DNA colony blot assay. The sensitivity and specificity of
the DNA colony blot were 100 and 97%, respectively.

Rapid isolation and confirmation methods for Listeria
monocytogenes in foods are urgently needed because foods
have been implicated in all of four listeriosis outbreaks
investigated between 1981 and 1988 (1, 11, 26, 34). With the
cold enrichment procedure, it may take as long as 6 months
to isolate L. monocytogenes from contaminated food and
environmental samples (13, 15, 19). The use of recently
developed selective enrichment and plating methods (27, 29,
38) significantly reduces the time required for isolation and
confirmation. However, the procedure still requires 2 to 3
days for presumptive positive results. After initial isolation,
an additional 2 to 4 days are required to confirm suspect
colonies on selective agar plates by biochemical and sero-
logic tests (36). The long time required for confirmation of L.
monocytogenes by traditional methods presents problems in
the quality control of semiperishable food commodities.
Enzyme immunoassays based on monoclonal antibodies

(4, 8) and nucleic acid hybridization assays using DNA
probes (6, 21, 22) have been explored as alternatives for
rapid detection and confirmation of Listeria spp. in foods.
The monoclonal antibodies that have been developed so far
are not specific for L. monocytogenes, but are Listeria genus
specific. Currently available nucleic acid hybridization as-
says either are not species specific or use 32P-labeled DNA
probes which pose safety, disposal, and license requirement
problems for the users (25).
Flamm (9) cloned a 5.2-kb fragment of the chromosomal

DNA of L. monocytogenes serotype 1/2a, thought to contain
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the gene coding for beta-hemolysin, into pBR325. The con-
structed plasmid was designated pRF102. An internal HincIl
and HindIII fragment (reported by Flamm to be approxi-
mately 500 bp in size) of the L. monocytogenes DNA insert
in pRF102 was cloned into pUC8, and this construction was
designated pRF106. The pRF106 fragment was used as a
DNA probe to detect L. monocytogenes in a Southern blot
format (10) and in a colony blot format (5). Investigators in
these studies reported that the probe was specific for L.
monocytogenes. However, we found that the pRF106 frag-
ment cross-hybridized to the DNA of a food isolate of L.
seeligeri (20).

In this investigation, the pRF106 fragment was subcloned
into M13 bacteriophage vectors and sequenced by the
Sanger dideoxy sequencing technique. Oligonucleotides de-
rived from the sequence information were used to develop
an L. monocytogenes-specific nonisotopic colony hybridiza-
tion assay to confirm rapidly the presence of L. monocyto-
genes on lithium chloride-phenylethanol-moxalactam (LPM)
agar plates. Specificity and sensitivity of the digoxigenin-
oligonucleotide colony hybridization assay were evaluated
with naturally contaminated food samples.

MATERIALS AND METHODS

Bacterial strains. The bacterial strains used in this study
are listed in Table 1. The strains were stored frozen in sheep
blood at 70°C. They were revived by growing 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 thermos-
phacta was grown at 25°C.

Isolation of plasmid pRF106. Escherichia coli LE392 con-
taining plasmid pRF106 was kindly provided by R. K.
Flamm, Washington State University. Plasmid DNA
(pRF106) was isolated by the procedure of Ish-Horowicz and
Burke (17) and purified by cesium chloride-ethidium bromide
density gradient centrifugation (28).

Ligation and transformation. Plasmid pRF106 was di-
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TABLE 1. Bacterial strains used

No. Bacterial species Stype

1

2
3
4
S

6
7
8
9
10
11
12
13
14

15

16
17
18
19
20
21
22
23

L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
L. innocua

1/2a
1/2a
1/2a
1/2b
1/2b
1/2b
3c
4b
4b
4b
4b
4b
4ab

L. innocua

L. murrayi
L. murrayi
L. ivanovii

L. ivanovii
L. seeligeri
L. seeligeri
L. seeligeri
L. welshimeri

24 L. welshimeri
25 L. grayi
26 L. grayi
27 Jonesia denitrifi-

cans

28 Brochothrix ther-
mosphacta

29 Erysipelothrix rhu-
siopathiae

30 Corynebacterium
diphtheriae

31 C. aquaticum
32 C. striatum
33 C. minutissimum
34 C. ulcerans
35 Rhodococcus equi
36 Lactobacillus casei
37 Leuconostoc dext-

ranicum
38 Bacillus cereus

39 Stapylococcus au-

reus

40 Streptococcus
agalactiae

41 Lactobacillus lactis
42 Enterococcus

faecalis
43 Escherichia coli

EIL
reference

no a

F4246
F4263
F4259
F4245
F4260
F4398
F1707
F4234
F4244
F4262
F4264
F4393
F1067
F4247

F4248

F4076
F4077
F4081
F4084
F4856
F4882
F5761
F4082

F4083
F4085
F4086
F4087

F5950

F5937

F5944

F5942
F5946
F5940
F5947
F5943
F5952
F5953

F5939
D1233

F5949

F5948
F4069

Source

Patient
Patient
Patient (blood)
Patient (lung)
Patient (blood)
Food (ice cream)
Patient
Patient
Patient (CSFb)
Patient
Patient
Food (cheese)
Food (milk)
Food isolate from
FDAc

Food isolate from
FDA

ATCCd 25401
ATCC 25402
ATCC 19119
Food (raw cream)
Food (ground beef)
Food (cheese)
Food (lunch meat)
H. P. R. Seeliger,
SLCC 5355

ATCC 35897
ATCC 19120
ATCC 25400
ATCC 14870

ATCC 11509

Patient (blood)

University of Louis-
ville

Patient (CSF)
Patient (blood)
Patient
Patient
ATCC 6939
ATCC 393
ATCC 19255

ATCC 6051
Patient

ATCC 13813

ATCC 19435
Patient

D0145 Patient
a EIL, Epidemic Investigations Laboratory, Meningitis and Special Patho-

gens Branch, Division of Bacterial and Mycotic Diseases, Center for Infec-
tious Diseases, Centers for Disease Control.

CSF, Cerebrospinal fluid.
FDA, U.S. Food and Drug Administration.

d ATCC, American Type Culture Collection.

gested with HincIl and HindlIl (New England BioLabs,
Beverly, Mass.) to isolate the L. monocytogenes DNA insert
(pRF106 fragment). The pRF106 fragment was ligated to
bacteriophage M13-mp8 and M13-mp9 replicative form

DNA. E. coli 71-18 (7) was transformed with the ligated M13
DNA mixtures by the procedure of Hanahan (14).

Identification of recombinants. White plaques containing
recombinants on B agar (28) plates with isopropylthio-,B-
galactoside and 5-bromo-4-chloro-3-indolyl-3-D-galactopy-
ranoside were picked for further experiments. M13-mp8 and
M13-mp9 recombinants were tested to check DNA comple-
mentarity of recombinant phages with each other by the
c-test. A pair of M13-mp8 and M13-mp9 recombinant phages
that migrated more slowly in the gel was used for sequencing
analysis (12, 31).

Sequencing analysis. M13 recombinant phage DNA was
isolated from M13 phages by the procedures of Schreier and
Cortese (35) and sequenced by the dideoxynucleotide chain
termination method (33) with [(X-35S]dATP and T7 polymer-
ase, using a Sequenase kit (United States Biochemical
Corp., Cleveland, Ohio) and following the manufacturer's
protocols. The mixtures from sequencing reactions were
electrophoresed on 8% (acrylamide-BIS [N,N'-methylene-
bisacrylamide], 20:1), 6% (20:1), and 6% (40:1) polyacryl-
amide gels containing 7 M urea. Electrophoresis was done at
1,700 V for 2 h, 1,300 V for 4 h, and 1,000 V for 14 h,
respectively. After electrophoresis, gels were dried under
vacuum and exposed to X-ray film at room temperature for
40, 20 to 24, and 24 h, respectively. Computer analyses of
sequence data were performed with the DNASTAR software
package (DNASTAR Inc., Madison, Wis.).

Selection of nucleotide sequences for oligonucleotide synthe-
sis. Four different oligonucleotide sequences were chosen
for evaluation as L. monocytogenes-specific probes from the
pRF106 fragment sequence. The oligonucleotides were syn-
thesized by beta-cyanoethyl phosphoramidite chemistry,
using an Applied Biosystems DNA synthesizer 380B (Ap-
plied Biosystems, Foster City, Calif.). The sequences of the
four oligonucleotides and their relative position on the
pRF106 fragment nucleotide sequence are shown in Table 2.

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 (20).

Preparation of filters for dot blots. The protocol of Kafatos
et al. (18) was used to denature DNA and to immobilize
denatured DNA on 0.45-,um nylon membranes (Magna-
graph; Micron Separations, Westboro, Mass.). The dena-
tured DNA was loaded on the nylon membrane by using a
Bio-Dot microfiltration apparatus (Bio-Rad Laboratories,
Richmond, Calif.). The membrane was dried at room tem-
perature and baked at 80°C for 1 h. Nylon membranes with
immobilized DNA were stored at 4°C until use.

Preparation of food enrichment broth. Food enrichment
broths were obtained from the Epidemic Investigations and
Support Laboratory, Centers for Disease Control. Foods
were routinely analyzed for L. monocytogenes by conven-
tional culture methods as part of an active surveillance
program to determine the role of foods in sporadic cases of
human listeriosis. The U.S. Department of Agriculture pri-
mary and secondary enrichment procedures were used to
isolate L. monocytogenes in foods (29). After incubation, 0.1
ml of each broth was streaked to LPM agar plates. The LPM
plates were incubated at 35°C for 48 h and examined for the
presence of typical Listeria colonies by the Henry method of
oblique lighting (16). Suspicious colonies were picked and
streaked onto sheep blood agar plates to check for beta-
hemolysis and biochemical tests (36).

Preparation of membranes for colony blots. Bacterial col-
onies grown on LPM agar were transferred, denatured, and
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TABLE 2. Synthetic oligonucleotide sequences

Oligonucleotide Sequence (S' to 3') Location on
pRF106 fragment'

Msp8l CGGATAAAGCCCAAATAGTGTCACCGCTTTTGACAG 81-116
Msp1lO TTGACAGCGTGTGTAGTAGCA 110-130
Msp162 CTGCTACTTTAGGCGCAGGTGTAG 162-185
Msp297b GCAGTAAGCACTCCAGTTGCACCAACACAAGAAGTG 297-262

a Sequence of pRF106 fragment is shown in Fig. 1.
b Complementary sequence.

fixed on the membrane by microwave procedures (3).
Briefly, bacterial colonies on LPM agar were lifted to a nylon
membrane (Magnagraph, 0.45 ,um; Micron Separations) by
contacting for 3 min. The membrane was laid on two sheets
of Whatman 3 MM chromatography paper soaked with 2x
SSC-5% sodium dodecyl sulfate (SDS) (lx SSC contains
0.15 M sodium chloride and 0.015 M sodium citrate) and left
for 2 min in a glass dish. The glass dish with the membrane
was transferred to a 700-W Kenmore microwave oven

(Sears, Roebuck and Co., Chicago, Ill.) and microwaved for
2.5 min to lyse the cells, denature, and fix the bacterial DNA
to the membrane. The membrane was used for hybridization
or stored at 4°C until used.

Labeling of oligonucleotide MspllO. The four oligonucleo-
tides were end labeled with [-y-32P]ATP, using T4 polynucle-
otide kinase. The 32P-labeled oligonucleotides were evalu-
ated for their specificity and sensitivity by using them to
probe genomic DNA from several strains of L. monocyto-
genes, other Listeria species, and other gram-positive bac-
teria. These evaluations were done with radioactively la-
beled probes because it was easier to adjust the stringencies
of hybridization and to determine the optimum posthybrid-
ization washing conditions. After an oligonucleotide probe
was selected based on the specificity and sensitivity evalu-
ations, further experiments were done with the selected
oligonucleotide (MspllO) by using a nonisotopic method.
Oligonucleotide MspllO was end labeled with digoxigenin,
using a DNA tailing kit according to the manufacturer's
recommendations (Boehringer Mannheim, Indianapolis,
Ind.).

Hybridization. Hybridization of 32P-labeled oligonucleo-
tides (200 ng of 108 dpm/,ug) with target DNA was done at
37°C for 16 to 18 h in 5 x SSC-5 x Denhardt solution (0.02%
Ficoll, 0.02% polyvinylpyrrolidone, and 0.02% bovine serum

albumin)-0.5% SDS. Hybridization of digoxigenin-labeled
MspllO (200 ng) with target DNA was done at 50°C in 5x
SSC-0.1% N-lauroylsarcosine-2% SDS-0.5% blocking
agent (Boehringer Mannheim). Two hybridization times (2 h
and overnight) were evaluated for digoxigenin-labeled
MspllO. After hybridization, the membranes were washed
in 2x SSC-0.1% SDS for 20 min at 50°C, which corre-
sponded to a stringency of Tm - 14°C (32). Immunologic
detection was done with anti-digoxigenin antibodies conju-
gated to alkaline phosphatase (Boehringer Mannheim). The
substrates for alkaline phosphatase were nitroblue tetra-
zolium salt and 5-bromo-4-chloro-3-indolyl phosphate tolui-
dinium salt.

Optimization of the colony hybridization time. Hybridiza-
tions of 2 and 16 to 18 h were tested to determine whether the
hybridization period could be reduced without affecting
sensitivity. L. monocytogenes cells were serially diluted
with 0.01 M phosphate-buffered saline (pH 7.2), and approx-
imately 300 cells were plated on LPM agar and incubated at
35°C for 40 h. The colonies were then transferred to nylon

membranes, microwaved, and hybridized with digoxigenin-
labeled Mspll0.

Nucleotide sequence accession number. The sequence of
the pRF106 fragment has been submitted to GenBank. The
accession number is M62749.

RESULTS
Nucleotide sequence of the pRF106 fragment. The pRF106

fragment contained 321 bp and had a guanine-plus-cytosine
content of 37%. The nucleotide sequence of the 321-bp
pRF106 fragment is shown in Fig. 1. Computer analysis of
the sequence with the open reading frame program of
DNASTAR indicated that the pRF106 sequence contained
an open reading frame from base 118 to 309 (63 amino acids),
but no start or stop codons were found. Thie reverse com-
plement of the pRF106 fragment sequence contained an open
reading frame from base 1 to 321, suggesting that pRF106
could be the internal fragment of a coding sequence. When
the direct strand (pRF106) and reverse strand (--pRF106)
sequences were compared with the published iap sequence
(23; GenBank accession no. X52268), using DNA Align
ver.5.87 ofDNASTAR, there was 98.7% homology between
the iap sequence (nucleotides 842 to 1168) and the -pRF106

10 20 30 40 50 60

AAGCTTTTGACCTACATAAATAGAAGAAGAAGATAAATTATTCCATGACATAATGTCTTG

70 80 90 100 110 120

AACAGAAACACCGTATTTTACGGATAAAGCCCAAATAGTGTCACCGCTTTTGACAGCGTG

130 140 150 160 170 180

TGTAGTAGCATTTTGATCTATTACTGGAGTTTCTTTCGTTTCTGCTACTTTAGGCGCAGG

190 200 210 220 230 240

TGTAGTTGCTTGTCTAGTTTGTTTTACTTCAGTTTTTGTTTCTGCAACAGGTGCAGCTTG

250 260 270 280 290 300

TTGAGTAGTAGTTTCTTTTTTCACTTCTTGTGTTGGTGCAACTGGAGTGCTTACTGCTTT

310 320

GTCAGTTAAGTATTTACCGTT
FIG. 1. Sequence of the 321-bp internal fragment of the msp gene

of L. monocytogenes.
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TABLE 3. Difference in the nucleotide sequences of pRF106 and
an internal fragment (nucleotides 825 to 1137) of the iap

gene of L. monocytogenes

Locationa on Location on
-pRF106b Nucleotide iapc gene Nucleotide
sequence sequence

95 T 942 C
181 A 1028 G
208 G 1055 C
210 C 1057 T

a All locations are given from the 5' end of the sequence.
b Reverse complement of pRF106.
c Sequence of the iap gene is from reference 23 (GenBank accession no.

X52268).

sequence. Four differences were found between the two
sequences (Table 3).

Evaluation of oligonucleotides derived from the pRF106
fragment. Oligonucleotides Msp8l, MspllO, Mspl62, and
Msp297 reacted with all five test strains of L. monocyto-
genes. Oligonucleotides Msp8l, Mspl62, and Msp287 re-
acted with other Listeria species, and oligonucleotides
Msp8l and Msp297 cross-reacted with other gram-positive
bacteria. Based on these results, MspllO was selected for
the development of a nonisotopic colony hybridization as-
say.

Evaluation of the digoxigenin-labeled MspllO. Digoxigenin-

1 2 3 4
X.; Ole :d-

FIG. 2. Dot blots of Listeria species and other gram-positive
bacteria probed with digoxigenin-labeled MspllO. A-1, L. monocy-
togenes (1/2a) F4246; A-2, L. monocytogenes (1/2a) F4263; A-3, L.

monocytogenes (1/2a) F4259; A-4, L. monocytogenes (1/2b) F4245;
A-5, L. monocytogenes (1/2b) F4260; A-6, L. monocytogenes (1/2b)
F4398; A-7, L. monocytogenes (3c) F1707; A-8, L. monocytogenes
(4b) F4234; B-1, L. monocytogenes (4b) F4244; B-2, L. monocyto-
genes (4b) F4264; B-3, L. monocytogenes (4b) F4393; B-4, L.
monocytogenes (4ab) F1067; B-5, L. innocua F4247; B-6, L. in-
nocua F4248; B-7, L. murrayi F4076; B-8, L. murrayi F4077; C-1, L.
ivanovii F4081; C-2, L. ivanovii F4084; C-3, L. seeligeri F4856; C-4,
L. seeligeri F4882; C-5, L. welshimeri F4082; C-6, L. welshimeri
F4083; C-7, L. grayi F4085; C-8, L. grayi F4086; D-1, Jonesia
denitrificans F4087; D-2, Brochothrix thermosphacta F5950; D-3,
Erysipelothrix rhusiopathiae F5937; D-4, Corynebacterium diphthe-
riae F5944; D-5, C. aquaticum F5942; D-6, C. striatum F5946; D-7,
C. minutissimum F5940; D-8, C. ulcerans F5947; E-1, Rhodococcus
equi F5943; E-2, Lactobacillus casei F5952; E-3; Leuconostoc
dextranicum F5953; E-4, Bacillus cereus F5939; E-5, Staphylococ-
cus aureus D1233; E-6, Streptococcus agalactiae F5949; E-7, Lac-
tobacillus lactis F5948; E-8, pRF106.

labeled MspllO was evaluated for specificity and sensitivity
by dot blot assays. Figure 2 shows the specificity of digox-
igenin-labeled MspllO. Its sensitivity was 100% (reacted
with 12 of 12 tested strains of L. monocytogenes represent-
ing five serotypes). Its specificity was 100% because it did
not react with other Listeria strains or other gram-positive
bacteria (nine genera). An evaluation of two hybridization
times for digoxigenin-labeled MspllO indicated no signifi-
cant differences between the 2- and 24-h hybridization times
(data not shown). Therefore, a shorter hybridization time (2
h) was used for further colony blot assays.

Application of digoxigenin-labeled MspllO for the confir-
mation of L. monocytogenes in naturally contaminated food
samples. L. monocytogenes colonies of 66 LPM plates
prepared from 48 food samples were tested in parallel by
colony hybridization with digoxigenin-labeled MspllO and
by biochemical tests. Table 4 shows the results of this study.
Twenty-six food samples gave positive reactions by colony
blot assays. Of these, 25 were positive by the culture
method. One sample of cheddar cheese, which was positive
by the colony hybridization, was negative by the culture
method. The frozen selective enrichment broth of the ched-
dar cheese was negative for L. monocytogenes by reculture.
Background problems were not encountered with the digox-
igenin-labeled oligonucleotide probes (Fig. 3).

DISCUSSION

The guanine-plus-cytosine content of the pRF106 frag-
ment compares well with that for L. monocytogenes, which
has been determined to be 36 to 38% (36). The sequence of
the pRF106 fragment had an open reading frame, indicating
that it could be the internal fragment of the coding sequence
for a regulatory or structural gene. Initially, Flamm (9)
thought that the pRF102 insert DNA (5.2-kbp) contained a
gene that encoded a 60-kDa beta-hemolysin of L. monocy-
togenes. However, after Mengaud et al. (30) cloned and
sequenced the hlyA gene of the beta-hemolysin of L. mono-
cytogenes, Flamm et al. (10) suggested that the L. monocy-
togenes DNA insert (5.2 kb) in pRF102 codes for a 60-kDa
major secreted polypeptide and termed the gene msp. Re-
cently, Kuhn and Goebel (24) reported that a 60-kDa protein
is involved in the invasion of nonprofessional phagocytic
cells by L. monocytogenes. Kohler et al. (23) sequenced an
invasion-associated protein gene (iap) which codes for a
60-kDa protein of L. monocytogenes, compared it with the
sequence of oligonucleotides derived from the pRF106 se-
quence (6), and reported that the pRF106 fragment may be
an internal fragment of the iap gene. Our data show that
98.7% sequence homology exists between the nucleotide
sequence of the pRF106 fragment and the iap gene, indicat-
ing that the pRF106 fragment is an internal fragment of the
iap gene. The four differences observed between the two
sequences could be attributed to either errors in reading the
sequences or perhaps differences between the strains. The
iap sequence was determined for L. monocytogenes EGD
serotype 1/2a, whereas the pRF sequence was determined
for L. monocytogenes 10403 serotype 1/2a.
We utilized the sequence information of the pRF106

fragment to synthesize oligonucleotide probes that could be
used for the rapid and specific detection of L. monocyto-
genes. The use of oligonucleotides as DNA probes has
several advantages. Because the probes are shorter (typical-
ly 10 to 50 bases), hybridization to target DNA occurs at a
faster rate than with cloned probes, which are usually 200 bp
or more. Very small (nanogram) quantities of the oligonu-
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TABLE 4. Evaluation of the nonisotopic colony hybridization
method with colonies isolated from foods

Sample Type Culture Probe
dentification sample result result Serotyp

703 Beef wieners + + 1/2a
741 Chicken pot pie + + 1/2b
865 Chicken drumsticks + + Not 4b'
891 Turkey bologna + + Not 1/21
896 Honey baked ham + + 3b
1117 Ground chuck + + 1/2b
1120 Frozen okra + + Not 1/2
1204 Cheddar cheese - +
1271 Celery + + 4b
1279 Black bean + + 4b
1442 Wieners + + Not 4b
1447 Chorizo + + Not 1/2z
1474 Plum/peach + + 1/2b
1489 Celery - -
1497 Beef franks + + 1/2a
1499 Wieners + + 3b
1501 Boudin link no. 1 + + 4b
1502 Boudin link no. 2 + + 4b
1503 Boudin link no. 3 + + 4b
1504 Boudin link no. 4 + + 4b
1513 Spare ribs + + 1/2a
1516 Ice cream + + 1/2b
1520 Frozen vegetables + + Not 4b
1530 Scallions + + 1/2b
1538 Pork/chorizo + + 4
1539 American cheese - -

1540 Frozen turkey - -

1541 Half-and-half - -

1542 Szechwan beef - -

1543 Tuna noodle casserole - -

1544 Sirloin tips and vegetables - -

1545 Seafood newberg - -

1546 Vitamin D milk - -

1547 Vitamin D milk - -
1548 Ice cream - -

1549 Frozen corn - -

1550 Frozen corn - -

1551 Com on the cob - -

1552 Corn on the cob - -

1553 Cheddar cheese - -

1554 Peas/carrots - -

1555 Cooked squash - -

1556 Lima beans + + 1/2a
1557 Lettuce - -

1558 Lettuce - -

1559 Refrigerator swab - -

1560 Refrigerator swab - -

CS1 Chicken salad + + 1/2b

e

b

a

a Did not type further.

cleotide probe are required for a hybridization experiment;
therefore, one batch (1 to 2 mg) of an oligonucleotide probe
may last for several hundred hybridization experiments (37).
Also, because synthetic oligonucleotide probes are single
stranded, there is no need to denature the probe before use,
and competition from the complementary strand of the probe
during hybridization to target is avoided. By using MspllO
as the probe, it was possible to reduce the hybridization time
from 18 to 2 h.
Another advantage of oligonucleotide probes is their ex-

treme specificity. By controlling the stringency of hybridiza-
tion, it is possible to detect single-base-pair changes in the
DNA or RNA target sequences (37). The pRF106 fragment
was shown previously to react with DNA from one strain of
L. seeligeri even when stringent hybridization conditions

FIG. 3. Representative filters showing colonies isolated from
food samples probed by the nonisotopic hybridization procedure,
using digoxigenin-labeled MspllO.

(Tm - 5°C) were used (20). Although MspllO was derived
from the pRF106 fragment sequence, MspllO did not hybrid-
ize to the same strain of L. seeligeri under stringent hybrid-
ization conditions.

Datta et al. (6) used an oligonucleotide derived from the
pRF106 fragment sequence to develop a colony hybridiza-
tion assay for L. monocytogenes. Interestingly, their probe
(20-mer) and MspllO (21-mer) differed in only one nucleo-
tide. However, their probe hybridized to L. seeligeri, while
MspllO did not. The hybridization conditions used by Datta
et al. (6) were less stringent than the conditions used in this
study. This may have also contributed to the discrepancies
between our results.

Digoxigenin labeling of MspllO with terminal transferase
is a simple procedure and can be completed in 5 min. The
labeled probe can be stored at -20°C for several months. No
background problems were encountered. After the addition
of the substrate reagent for the detection of hybridization,
positive reactions were visible within 1 to 2 h and were
complete in 18 h. Blots that had been probed with digoxige-
nin-labeled oligonucleotide retained their color after several
months of storage at room temperature. Further, digoxigenin
labeling did not alter the specificity of the probe because the
specificities of 32P-labeled and digoxigenin-labeled MspllO
were identical.
The results of the colony hybridization assay using digox-

igenin-labeled MspllO to confirm the presence of L. mono-
cytogenes in naturally contaminated foods showed that the
colony hybridization procedure has excellent sensitivity and
specificity. There was only one disagreement between the
colony hybridization assay and conventional culture. One
cheese sample was positive by the colony hybridization but
negative by culture. Attempts to reculture the enrichment
broth (stored frozen at -70°C) of the cheese to determine
whether the discrepancy was due to a failure of the cultural
procedure were unsuccessful. No growth was observed on
LPM plates upon reculture of the enrichment broth. It is
possible that L. monocytogenes, even if originally present in
the enrichment broth in small numbers, may have been killed
during freezing and thawing.
Attempts were made to apply the digoxigenin-oligonucle-

otide hybridization assay directly to U.S. Department of
Agriculture primary and secondary broth cultures. How-
ever, these attempts were unsuccessful. Possible reasons for
the failure include the presence of inadequate numbers of
bacteria in the selective enrichment broths and incomplete
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lysis of bacterial cells. Also, the color of acriflavine, carried
over from the U.S. Department of Agriculture enrichment
broths onto the membrane, interfered with the chromogenic
hybridization assay. Assays using chemiluminescence as the
end point are reported to be more sensitive than chromoge-
nic assays (2) and would be unaffected by the carryover of
color from food or enrichment medium. The use of a

chemiluminescent DNA probe assay combined with efficient
lysis of cells may offer the required sensitivity to allow direct
examination of selective enrichment cultures.

In conclusion, an oligonucleotide probe derived from the
sequence of fragment pRF106 was successfully used to
develop a nonisotopic colony hybridization assay for the
rapid confirmation of L. monocytogenes on selective agar

plates. The assay was specific for L. monocytogenes and
could be completed in 24 h.
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