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Evaluation of the Magnetic Inmuno PCR Assay for Rapid
Detection of Salmonella

M.N. Widjojoatmodjol*z*, A.C. Fluit?, R. Torensmal”?, B.H.I. Keller3, J. Verhoef!

A new technique, the Magnetic Inmuno PCR Assay (MIPA), has been developed for
the detection of Salmonella. The assay utilizes magnetic particles coated with
monoclonal antibodies against Sa/monella to extract these bacteria from the sample.
Trapped bacteria are lysed, and the supernatant, which contains bacterial DNA, is then
subjected to the polymerase chain reaction (PCR) using primers from the Salmonelia
typhimurium origin of DNA replication to amplify a 163 bp region. The specificity of
the primer set was tested in the PCR; amplification occurred with all 25 Salmonella
strains tested but not with 19 other species of Enterobacteriaceae tested. A sensitivity
0£100 cfu Salmonella typhimurium was achieved for the MIPA by visualization of the
amplified products by ethidiumbromide stained agarose gel electrophoresis. A ten-
fold higher sensitivity was obtained by Southern bloiting of the amplified products.
The presence of 107 cfu Escherichia coli did not interfere with these detection levels.
The MIPA thus specifically detected 100 cfu of Sa/monella within 5 h and may be
potentially useful for rapid detection of Su/monella in clinical specimens and food.

In clinical specimens or food products, potentially
Pathogenic bacteria may be present in low num-
bf{fs among large numbers of contaminating
Microorganisms. For the isolation of these poten-
Hal pathogens, selective and differential media
are used. For example, the classical procedures
for Salmonelia detection involve culture on Sal-
Monella/Shigella agar and enrichment in selenite
Cystine broth, followed by biochemical and
Serological identification (1, 2). These culture
Methods are time consuming and labor intensive.

Since the first enzyme immunoassay (EIA) for
Salpmnel!a was reported by Krysinski and
€imsch (3), several EIAs have been developed
Using polyclonal and/or monoclonal antibodies to
detect Salmonella in food (4, 5) and clinical
Samples (6). Although the assay time is reduced
Y one or two days, samples to be screened must
€ enriched in growth medium before assaying in
an EJA test system. Disadvantages of the im-
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munochemical detection are the difficulty of dis-
criminating between related microorganisms by
antisera and the achievable sensitivity of 106 cells
perml.

The use of DNA technology offers a new alterna-
tive approach to the detection of microorganisms.
Detection of Sa/monella in food and clinical
samples by hybridization with a DNA probe
specific for Salmonella has been shown to be
feasible (7-9), but enrichment is still required.
Amplification of DNA sequences by the poly-
merase chain reaction (PCR) (10) using primers
specific for a given microorganism is a promising
improvement with regard to speed and sensitivity.
However, amplification of the target DNA se-
quence can be inhibited by large amounts of con-
taminating DNA and/or interfering factors in the
sample, such as with feces (11).

This report describes a new detection system, the
Magnetic Immuno PCR Assay (MIPA), which
overcomes the disadvantages of both the im-
munochemical and PCR methods. The MIPA
combines selective separation of certain bacteria
using magnetic chromium dioxide particles
coated with monoclonal antibodies (12) from a
test sample, followed by amplification of the
DNA in the PCR reaction. The origin of DNA
replication, which is strongly conserved in Es-
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cherichia coli, Salmonella typhimurium and a
number of other gram-negative species (13, 14),
was chosen as the target DNA region for PCR
amplification.

Materials and Methods

Materials. Magnisort M magnetic chromium dioxide par-
ticles were purchased from DuPont, USA. Ampli-Taq
DNA polymerase was purchased from Cetus, USA.
Deoxynucleotides, digoxigenin-11-dUTP and digoxi-
genin labelling reagents were (rom Boehringer, Germany.
Haelll digested ©X174 DNA was from Pharmacia LKB,
Swedcn. Bacterial strains were obtained from the Univer-
sity Hospital Laboratory in Utrecht and the National
Institute of Public Health and Environmental Protection
(Bilthoven, The Netherlands). The number of cfu was
determined by plating on blood agar plates for 16 h at
37 °C. Monoclonal antibodies were raised against Sal-
monella bacteria and belonged to the immunoglobulin
G subclass.

Primers, Oligonucleotide primers were synthesized on a
Pharmacia LKB Gene Assembler Plus synthesizer (Phar-
macia AB, Sweden) using phosphoramidite chemistry.
Primer 1 was 5-TTATTAGGATCGCGCCAGGC-3
and primer 2 was 5-AAAGAATAACCGTTGTTCAC-
3", After deprotection and cleavage, the oligonucleotides
were purified by chromatography on NAPIO columns.

Bacterial Capture. The assays were conducted in 96-well
microtitration plates. Dilutions were made in phosphate-
buffered salt solution with 1 % gelatin (gPBS, pH 7.4).
Seventy-five microlitres of the hybridoma culture super-
natant (preduction of hybridomas will be described clse-
where) was incubated with 50 ul (1:25 diluted) of Mag-
nisort M magnetic chromium dioxide particles coated
with goat immunoglobulins specific for murine IgG and
IgM (DuPont, USA) for 5 min at room lemperature with
continuous shaking. The magnetic particles were re-
covered by magnetic force and the supernatant was dis-
carded. Bacteria of a fresh culture were suspended in
gPBS (100 ul) and added to the magnetic particles. After
incubating for 15 min at room temperature with con-
linuous shaking, the magnetic particles were recovered
by magnetic force, washed three times with gPBS, and
resuspended in distilled water after the final wash step.
The sample then was incubated for 5 min at 100°C,
followed by a briefl centrifugation step. A 20 pl portion
from the supernatant was subjected to the PCR.

Amplification by PCR. A PCR reaction mixture (50 ul}
consisting of 10 mM Tris-HCl (pH 8.3), 50 mM K,
1.5 mM MgCls, 0.01 % (w/v) gelatin, 100 uM cach dNTP,
0.5 uM each primer and 0.625 U Ampli-Taq polymerase
and was covered with 50 pl of mineral oil. Amplification
was conducted on a Perkin-Elmer Thermocycler (Perkin-
Elmer Instruments, USA) {or 35 cycles, followed by a
final 10 min extension at 72 °C. One cycle consisted of
adenaturation step at 94 °Cfor 1 min, a primer annealing
step at 50 °C for 1 min, and an extension step. at 72°C
for 1 sec. Amplification products (20 pl) were clectro-
phoresed on a 1.5 % agarose gel, visualized by ethidium-
bromide staining and photographed under UV light.

Haelll digested X174 DNA was used as size marker.
The gel was Southern blotted to Zeta-probe membrane
{Biorad, USA) by standard methods (15) and subjected
to hybridization.

Probe. The probe for Southern analysis was labelled with
digoxigenin-11-dUTP by the PCR. The PCR reaction
procedure was analogous 1o the PCR mix for the MIPA
amplification, but the PCR mix differed in the dNTPs
concentration: 100 uM dATP, 100 uM dCTP, 100 uM
dGTP, 90 yM dTTP and 10 pM digoxigenin-11-dUTP.
Salmonella typhimurivim DNA was used as target DNA.

Hybridization and Detection of the Digoxigenin Probe.
Hybridization and detection was according to the
protocol supplied by the manufacturer.

Results

PCR Amplification. The PCR technique was used
to amplify a 163 bp sequence of the origin of DNA
replication sequence. Primers were designed
which contained sequences taken from the origin
of replication of Salmonella typhimurium.

The specificity of the primer set was tested in the
PCR with 25 Salmonellu strains and 19 non-Sal-
monella Enterobacteriaceae (Table 1). Bacteria
(107 cfu) were lysed for 5 min at 100 °C, and after
a brief centrifugation step the supernatant was
used directly for the PCR. After amplification a
DNA fragment of expected size was observed not
only with the Salmonellu typhimurium strains but
with all Salmonella tested. No amplification was
observed with the Enterobacteriaceae tested, such
as Shigella, Escherichia coli, Citrobacter and
Pseudomonas. This indicates that the primer set is
Salmonella specific.

Sensitivity and Specificity of the MIPA. Atfirst,the
PCR was conducted with the bacteria bound to
the magnetic particles after extraction of Sal-
monella typhimuriim by the monoclonal anti-
bodies bound to the magnetic particles. However,
amplification was inhibited by the presence of
these magnetic particles. Therefore, samples were
incubated for 5 min at 100 °C to lyse the bacterial
cells. After a brief centrifugation step, the super-
natant containing bacterial DNA wassubjected to
the PCR. Figure 1, lane 1, shows the results of 107
cfu Salmonella typhimurium assayed with the
MIPA after amplification by the PCR.

The presence of a large number of non-Salmonel-
lu bacteria could interfere with the assay system;
therefore, a serial dilution of Salmonella typhi-
murium ranging from 105 to 10 cfu was mixed with
107 cfu Escherichia coli and tested in the MIPA.
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Table1: PCR amplification results for Salmonella and other
enterobacterial strains.
—_—

Strain

PCR amplification

Salmonelia durazzo
Salmonella paratyphi A
Salinonelly typhimurium S2
Salinonellq typhimurium 17.24
Salmonelly typhimuriem 14H
Salmonetly bredeny
Salmonelly derby
Sahnonelly heidelberg
Sabinonella brandenburg
Salmonetty saintpaul
Salmonelty paratyphi B
Sabnonella abornes equl
Salmonelia infantis
Salmionellq newport
Sahnonelly beten
Salimonetl, paratyphi C
Salinonelty panaina
Salmonelly typhosa
Salmonella enteriditis
Salinonelia shangani
alironelly give
Salinonetly pretoria
Salmonelly atlunta
Selinoneily worth ington
Salmonella arizona

I e T e T N S S S A I R

Escherichiy coli
Escherichiu coli 07K 1 -
Klebsiclly pretunoniae 1,100 B
lebsielly pneumania 1.88 B
K{cbsiclla oxytoca B
C{tmbac(cr Freundii B
Citrobacter diversus B
Serratiy liquefuciens B
erratiq marcescens B
Enterobacter agglomerans B
"erobacter uerogenes -
Enterobacter cloacue -
oteus inirabilis -
organella inorganii B
Foteus vulgaris -
xz.'udmnonas aeruginosa -
Slu.gclla Hexneri ~
Shigelly dysenteriae B
ersinia enterolitica —

As shown in Figure 1, 102 cfu Salmonella were
detectable on agarose gel electrophoresis; probe
bybridization of the Southern blot obtained a
detection level of 10 cfu. These detection levels
Observed in the MIPA with a 105 to 106-fold excess
of Escherichia coli present in the sample are equal
10 the detection levels observed for Salmonella
phimurium tested directly in the PCR (data not
shown), No amplification was observed in the
control experiments with Escherichia coli (107
¢fu) and gPBS.
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Figure 1: Top: gel electrophoresis of MIPA-amplified
products. Bottom: Southern hybridization of MIPA-
amplified products with the digoxigenin-labelled probe.
Lane 1: MIPA product oblained with 107 cfu Safmonella
typhimurium, Lanes 2-7: MIPA products obtained with 10°,
104, 10°, 10%, 10 and 0 cfu of Salmonella typhivmurivm in
the presence of 107 cfu Escherichia coli. Lane 8: negative
control, gPBS. Marker lanes contain Haelll digested frag-
ments of ©X174 DNA (1358, 1078, 872, 603, 310, 281, 234,
194, 118 and 71 bp).

Discussion

The use of monoclonal antibodies coupled with
magnetic particles to bind the Salmonella before
applying the PCR has several advantages. Firstly,
Salmonella bacteria are specifically separated
from the sample, resulting in a sampie for the
PCR technique with few or no interfering DNA
or other factors that may inhibit the PCR ampli-
fication. Secondly, primers for PCR are Sa/monel-
la specific; neither non-specific binding to the
magnetic particles nor cross-reactivity by the
monoclonal antibody is measured with the PCR.
Thirdly, the separation of Salmonella by mono-
clonal antibodies leads to a concentration of bac-
teria.

The total time needed for the detection of Sal-
monella with the MIPA technique isonly Sh (1 h
magnetic immuno step plus 3 h PCR plus 1 h gel
electrophoresis). Analysis of the PCR product
after 35 cycles on an agarose gel resulted in a sen-



938

Eur. J. Clin. Microbiol. Infect. Dis.

sitivity of 102 cfu. The detection limit for probe
hybridization is 10 cfu, 10-fold more sensitive.
Further studies must be conducted to optimize
the sensitivity of the system, e.g. optimizing the
magnetic immuno step, and to study the applica-
tions of the MIPA for the detection of Salmonella
in clinical and/or food samples.

In this paper we have demonstrated our newly
developed Magnetic Immuno PCR Assay for the
detection of Salmonelia bacteria. The Magnetic
Immuno PCR Assay is not restricted to Salmonel-
{a bacteria but can be expanded to detect other
microorganisms having specific monoclonal/
polyclonal antibodies with a specific DNA primer
set for a given microorganism.
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