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Primers Gene
ACCMF
ACCMR

FOXMF
FOXMR

MOXMF
MOXMR

DHAMF
DHAMR

CITMF
CITMR

EBCMF r  
EBCMR L

Homology
ACC1
ACC2
FOX5
FOX5b
FOX1
FOX2
FOX3
FOX4
CMY10
CMY11
CMY1
CMY8
CMY9
MOX1
MOX2
DHA1
DHA2
LAT1
LAT4
LAT3
CMY3
CMY4
CMY2
CMY6
CMY7
CMY5
LAT2
BIL1
ACT1
MIR1

99.9%

99.9%

94.3%

3.9%

95.7%
i.7%

96.1% 94.2%

99.8%
59.5%

97.2%

99.8% 89.4%

95.7%

99.4%
l.3%

99.8%

19.1%

20.5%

99.0%
32.0%

99.9% 99.6%

99.8%

99.7% 99.2% 98.6%

48.1%

84.2%

Figure 1
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MULTIPLEX PCR FOR THE DETECTION OF 
AMPC BETA-LACTAMASE GENES

BACKGROUND

A disturbing consequence of the use, and over-use, of 
beta-lactam antibiotics (e.g., penicillins and cephalosporins) 
has been the development and spread of beta-lactamases. 
Beta-lactamases are enzymes that open the beta-lactam ring 
of penicillins, cephalosporins, and related compounds, to 
inactivate the antibiotic. The production of beta-lactamases 
is an important mechanism of resistance to beta-lactam 
antibiotics among Gram-negative bacteria.

Expanded-spectrum cephalosporins have been specifi
cally designed to resist degradation by the older broad- 
spectrum beta-lactamases such as TEM-1, 2, and SE1V-1. 
Microbial response to the expanded-spectrum cephalospor
ins has been the production of mutant forms of the older 
beta-lactamases called extended-spectrum beta-lactamases 
(ESBLs). Although ESBL-producing Enterobacteriaceae 
were first reported in Europe in 1983 and 1984, ESBLs have 
now been found in organisms of diverse genera recovered 
from patients in all continents except Antarctica. The occur
rence of ESBL-producing organisms varies widely with 
some types more prevalent in Europe (TEM-3), others more 
prevalent in the United States (TEM-10, TEM-12 and TEM- 
26), while others appear worldwide (SE1V-2 and SE1V-5). 
These enzymes are capable of hydrolyzing the newer cepha
losporins and aztreonam. Studies with biochemical and 
molecular techniques indicate that many ESBLs are deriva
tives of older TEM-1, TEM-2, or SE1V-1 beta-lactamases, 
some differing from the parent enzyme by one to seven 
amino acid substitutions.

In addition, resistance in Klebsiella pneumoniae and 
Escherichia coli to cephamycins and inhibitor compounds 
such as davalante have also arisen via acquisition of plas
mids containing the chromosomally derived AmpC beta- 
lactamase, most commonly originating from Enterobacter 
cloacae, Citrobacterfreundii, Elafnia alvei, and Morganella 
morganii.

It is of particular concern that genes encoding the beta- 
lactamases are often located on laige plasmids that also 
contain genes for resistance to other antibiotic classes 
including aminoglycosides, tetracycline, sulfonamides, tri
methoprim, and chloramphenicol. Furthermore there is an 
increasing tendency for bacteria to produce multiple beta- 
lactamases. These developments, which occur over a wide 
range of Gram-negative genera, represent a recent evolu
tionary development in which common Gram-negative bac
teria are availing themselves of increasingly complex rep
ertoires of antibiotic resistance mechanisms. Clinically, this 
increases the difficulty of identifying effective therapies for 
infected patients.

Organisms overexpressing AmpC beta-lactamases are a 
major clinical concern because these organisms are usually 
resistant to all the beta-lactam drugs except the dipolar ionic 
methoxyiminocephalosporins such as cefepime and cef- 
pirome and the carbapenems. Elowever, recently an Entero
bacter cloacae clinical isolate associated high-level resis
tance to cefepime and cefpirome with overexpression of and 
a deletion within the ampC structural gene was reported. 
Bamaud et ah, FEMS Microbiology Letters, 195:185-190 
(2001).

Overexpression of AmpC beta-lactamases can occur in 
two ways, the deregulation of the chromosomal gene 
expressing the AmpC beta-lactamase or the acquisition by 
gram-negative organisms of a transferable ampC gene either
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on a plasmid or other transferable element. The latter have 
commonly been called plasmid-mediated AmpC beta-lacta- 
mases.

The ability to identify the difference between constitutive 
overexpression of AmpC beta-lactamase from the chromo
some or a plasmid is important for hospital epidemiology. 
Organisms with inducible chromosomal ampC beta-lacta- 
mase genes include E. cloacae, E. aerogenes, Citrobacter 
freundii, Morganella morganii, Hafnia alvei, Serratia 
marcescens, and indole positive Proteus spp. Strains of these 
organisms that overexpress the chromosomal genes are 
collectively called derepressed mutants. Therefore, by iden
tifying the organism the laboratory can identify the ability of 
that organism to overexpress the AmpC beta-lactamase. 
Escherichia coli strains can also overexpress their chromo
somal ampC beta-lactamase gene and are termed hyperpro- 
ducing E. coli. Plasmid-mediated ampC genes are derived 
from the chromosomal ampC gene of several members of 
the family Enterobacteriaceae, such as E. cloacae, C. fre
undii, and others. But not all members of the family Entero
bacteriaceae encode a gene for AmpC beta-lactamases or are 
the origin of plasmid-mediated genes, such as K. pneumo
niae or E. coli, respectively. Therefore, the distinction 
between a plasmid-mediated AmpC beta-lactamase and the 
endogenous enzyme is difficult to determine in both hyper- 
producing E. coli strains and organisms with inducible 
chromosomal AmpC enzymes. This distinction, however, is 
critical for hospital infection control. Plasmid-mediated 
genes whether they are extended-spectrum beta-lactamases 
(ESBLs) or AmpC enzymes can spread rapidly to members 
of the same species or organisms of different genera. In 
addition, multiple beta-lactamases within one organism, 
such as multiple ESBLs or a combination of ESBLs and 
AmpC enzymes can make phenotypic identification of the 
AmpC enzyme difficult. Unfortunately, for these reasons, 
the detection of AmpC, particularly plasmid-mediated 
AmpC, beta-lactamase resistance goes undetected in most 
clinical laboratories.

The ability to distinguish between different types of ampC 
beta-lactamase nucleic acid in a clinical sample is useful for 
such epidemiological purposes as identifying how particular 
bacteria of interest have spread, thus aiding in infection 
control. It is also useful for identifying the proper antibiotic 
treatment for a patient. Thus, there is a need for techniques 
that can quickly and accurately identify the particular types 
of beta-lactamases that may be present in a clinical isolate or 
sample, for example. This could have significant implica
tions in the choice of antibiotic necessary to treat a bacterial 
infection.

SUMMARY OF THE INVENTION

The present invention is directed to the use of oligonucle
otide primers specific to nucleic acids characteristic of 
(typically, genes encoding) certain AmpC beta-lactamase 
genes. More specifically, the present invention uses primers 
to identify, preferably, ampC beta-lactamase nucleic acid 
(typically genes), more preferably, transferable ampC beta- 
lactamase nucleic acid, and even more preferably, plasmid- 
mediated ampC beta-lactamase nucleic acid, in samples, 
particularly in clinical isolates of Gram-negative bacteria. 
The method additionally provides a method for identifying 
the presence or absence of AmpC beta-lactamase gene in a 
clinical sample. Exemplary primers of the invention include 
the primer sequences set forth in SEQ ID NOs: 1-12. As 
used herein, a nucleic acid characteristic of an AmpC 
beta-lactamase gene includes a gene or a portion thereof. A
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“gene” as used herein is a segment or fragment of nucleic 
acid (e.g., a DNA molecule) involved in producing a peptide 
(e.g., a polypeptide and/or protein). A gene can include 
regions preceding (upstream) and following (downstream) a 
coding region (i.e., regulatory elements) as well as inter
vening sequences (introns, e.g., non-coding regions) 
between individual coding segments (exons). The term 
“coding region” is used broadly herein to mean a region 
capable of being transcribed to form an RNA. The tran
scribed RNA can be, but need not necessarily be, further 
processed to yield an mRNA.

A method for identifying the presence or absence of an 
AmpC beta-lactamase gene in a clinical sample is provided. 
Preferably, the clinical sample provided is characterized as 
a Gram-negative bacteria with resistance to beta-lactam 
antibiotics, and the ampC beta-lactamase nucleic acid are of 
a different origin relative to a bacteria’s chromosomal ampC 
beta-lactamase nucleic acid. The method includes, providing 
a clinical sample; contacting the clinical sample with at least 
two pairs of oligonucleotide primers specific for nucleic acid 
of an AmpC beta-lactamase gene, wherein one primer of 
each pair is complementary to at least a portion of an ampC 
beta-lactamase nucleic acid in the sense strand and the other 
primer of each pair is complementary to at least a portion of 
an ampC beta-lactamase nucleic acid in the antisense strand; 
annealing the primers to the ampC beta-lactamase nucleic 
acid, if present; simultaneously extending the annealed 
primers from a 3' terminus of each primer to synthesize an 
extension product that is complementary to the nucleic acid 
strands annealed to each primer wherein each extension 
product after separation from the ampC beta-lactamase 
nucleic acid, if  present, serves as a template for the synthesis 
of an extension product for the other primer of each pair; and 
analyzing the sample for the presence or absence of ampli
fied products, wherein the presence of amplified products of 
a size characteristic of an ampC beta-lactamase nucleic acid 
indicates the presence of an AmpC beta-lactamase gene in 
the clinical sample. Analysis of the sample may include 
separating the amplified products from the sample and 
analyzing the separated amplified products for a size char
acteristic of a particular type of AmpC beta lactamase gene 
by performing electrophoresis or by performing a high- 
performance liquid chromatography analysis technique 
known as WAVE analysis.

Additionally, a method for identifying different types of 
ampC beta-lactamase nucleic acid in a clinical sample is also 
provided. Preferably, the clinical sample provided is char
acterized as a Gram-negative bacteria with resistance to 
beta-lactam antibiotics, and the ampC beta-lactamase 
nucleic acid are of a different origin relative to a bacteria’s 
chromosomal ampC beta-lactamase nucleic acid. The 
method includes, providing a clinical sample; contacting the 
clinical sample with at least two pairs of oligonucleotide 
primers specific for nucleic acid of a particular type of 
AmpC beta-lactamase gene, wherein one primer of each pair 
is complementary to at least a portion of the ampC beta- 
lactamase nucleic acid in the sense strand and the other 
primer of each pair is complementary to at least a portion of 
the ampC beta-lactamase nucleic acid in the antisense 
strand; annealing the primers to the ampC beta-lactamase 
nucleic acid; simultaneously extending the annealed primers 
from a 3' terminus of each primer to synthesize an extension 
product that is complementary to the nucleic acid strands 
annealed to each primer wherein each extension product 
after separation from the ampC beta-lactamase nucleic acid 
serves as a template for the synthesis of an extension product 
for the other primer of each pair; separating the amplified
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products; and analyzing the separated amplified products for 
a size characteristic of the particular type of AmpC beta- 
lactamase gene.

Also, a method for identifying the presence of plasmid- 
mediated ampC beta-lactamase nucleic acid in a clinical 
sample is provided. Preferably the plasmid-mediated ampC 
beta-lactamase nucleic acid are of a different origin relative 
to a bacteria’s chromosomal ampC beta-lactamase nucleic 
acid. The method includes, contacting the clinical sample 
with 2-6 pairs of oligonucleotide primers specific for 
nucleic acid of plasmid-mediated AmpC beta-lactamase 
gene, wherein one primer of each pair is complementary to 
at least a portion of a plasmid-mediated ampC beta-lacta- 
mase nucleic acid in the sense strand and the other primer of 
each pair is complementary to at least a portion of a 
plasmid-mediated ampC beta-lactamase nucleic acid in the 
antisense strand; annealing the primers to the plasmid- 
mediated ampC beta-lactamase nucleic acid, if  present; 
simultaneously extending the annealed primers from a 3' 
terminus of each primer to synthesize an extension product 
that is complementary to the nucleic acid strands annealed to 
each primer, wherein each extension product after separation 
from the plasmid-mediated ampC beta-lactamase nucleic 
acid serves as a template for the synthesis of an extension 
product for the other primer of each pair; and analyzing the 
sample for amplified products characteristic of a plasmid- 
mediated AmpC beta lactamase gene. Analyzing the sample 
may include separating the amplified products and analyzing 
the separated amplified products for a size characteristic of 
an AmpC beta-lactamase gene. Further, the primers may be 
selected from the primer sequences set forth in SEQ ID NOs: 
1- 12.

The methods described above can employ oligonucleotide 
primers that may be used for identifying different types of 
ampC beta-lactamase nucleic acid, as well as for identifying 
transferable and plasmid-mediated ampC beta-lactamase 
nucleic acid. Other oligonucleotide primers suitable for use 
in the methods of the present invention include primers that 
are specific for AmpC beta-lactamase genes designated as 
MOX1-2, CMY1, 8-11, LAT1-4, CMY2-7, BIL-1, DHA1-2, 
ACC-1, MIR-1, ACT-1, and/or FOX 1-5b (FOX 6, see 
GenBank accession number AY034848).

Further, a diagnostic kit for identifying ampC beta-lacta- 
mase nucleic acid in a sample is provided. The diagnostic kit 
includes, at least two primer pairs capable of hybridizing to 
a specific type of ampC beta-lactamase nucleic acid; at least 
one positive control and at least one negative control; and a 
protocol for identification of the specific type of ampC 
beta-lactamase nucleic acid of interest. The kit may be used 
for identifying, preferably, different types of ampC beta- 
lactamase nucleic acid, more preferably, transferable ampC 
beta-lactamase nucleic acid, and even more preferably, 
plasmid-mediated beta-lactamase nucleic acid. The kit may 
further include the primer pairs individually packaged 
within the kit.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. AmpC dendrogram. Sequences were downloaded 
from the GenBank database and structural genes were 
compared, as described in materials and methods, using 
DNAsis program (Hitachi Software Engineering Co., Ltd., 
Yokohama, Japan). Bold values correspond to the percent 
similarity between the most distinct member of each cluster 
and the other members within that cluster. Primer pairs are 
correlated by the family of genes they amplify.
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FIG. 2. Initial analysis of ampC multiplex polymerase 
chain reaction (PCR). Multiplex PCR products were sepa
rated in a 2% agarose gel. Lanes are labeled with the ampC 
gene used as template DNA; ACC represents the chromo
somal ampC gene from Hafnia alvei', (M) 100 base pair (bp) 
DNA ladder (Life Technologies, Rockville, Md.). The 
amplified product from each PCR reaction is indicated on 
the left, the size of the marker in base pairs is shown on the 
right.

FIG. 3. Resolution of family-specific variation. Multiplex 
PCR products were separated in a 2% agarose gel. Lanes are 
labeled with the ampC gene used as template DNA; ACC 
represents the chromosomal ampC gene from Hafnia alvei', 
(M) 100 bp DNA ladder (Life Technologies, Rockville, 
Md.); (-) negative water control; (C.o. (-)) carry over 
negative control. The amplified product from each PCR 
reaction is indicated on the left, the size of the marker in base 
pairs is shown on the right.

FIG. 4. Evaluation of chromosomal cross-hybridization. 
Multiplex PCR products were separated in a 2% agarose gel. 
Lanes are labeled with the name of the organism used as the 
source of template DNA (Table 1). (M) 100 bp DNA ladder 
(Life Technologies, Rockville, Md.); (-) negative water 
control; (C.o. (-)) carry over negative control. The amplified 
product from each PCR reaction is indicated on the left, the 
size of the marker in base pairs is shown on the right.

FIGS. 5A and 5B. Analysis of clinical isolates. Multiplex 
PCR products were separated in a 2% agarose gel. (M) 100 
base pair DNA ladder (Life Technologies, Rockville, Md.); 
(-) negative water control; 4 templates (MOX-1, LAT-1, 
DHA-1, and ACC); 2 templates (FOX-1 and ACT-1); (C.o. 
(-)) carry over negative control. FIG. 5A) Lanes 1-4, 6-8, 
and 12 are E. coli isolates, lanes 5 and 9 are K. pneumoniae 
isolates, lane 10 is a P. mirabilis isolate and lane 11 is an E. 
aerogenes isolate. FIG. 5B) Lanes 1, 2, 4, and 10 are E. coli 
isolates, lanes 3 and 5-9 are K. pneumoniae isolates. The 
amplified product from each PCR reaction is indicated on 
the right, the size of the marker in base pairs is shown on the 
left.

FIGS. 6A and 6B. WAVE analysis. FIG. 6A. Chromato
gram obtained using multiplex PCR products amplified from 
the following DNA templates (bottom to top): FOX-1, 
ACT-1, ACC, DHA-1, LAT-1, MOX-1, combination of the 
six DNA templates listed above, DNA marker pUC 18. FIG. 
6B. Agarose gel electrophoresis of multiplex PCR products 
obtained using 3 different combinations of DNA templates; 
2 templates (FOX-1 and ACT-1); 4 templates (MOX-1, 
LAT-1, DHA-1 and ACC); 6 templates (combination of the 
six templates listed previously) M, 100-bp ladder. The 
amplified product from each PCR reaction is indicated on 
the left, the size of the marker in base pairs is shown on the 
right.

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS

In order to detect bacterial pathogens which express 
AmpC beta-lactamases, clinical microbiologists must have 
the tools to differentiate organisms expressing ESBLs from 
organisms expressing AmpC beta-lactamases. There are 
several phenotypic tests that can distinguish these two 
resistance mechanisms but even these tests cannot differen
tiate the different types or families of AmpC beta-lacta- 
mases. This differentiation is necessary in order to address 
epidemiology or hospital infection control. In addition, 
funding issues in clinical laboratories have reduced the level 
of expertise and the number of personnel responsible for
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identifying these resistance mechanisms. Therefore, more 
clinical laboratories must rely heavily on automated suscep
tibility testing. The use of automated systems, while 
adequate for less complicated organisms, are not adequate 
for the newer generation of antibiotic resistant bacteria. 
These are bacteria with multiple resistance mechanisms, 
many of which have multiple beta-lactamases. Automated 
systems can only be as good as the mathematical algorithms 
used to program the system. As the combination of resis
tance mechanisms found in bacteria becomes more and more 
complicated, the people involved in developing these pro
grams will find it more difficult to update these programs. 
One example of this is found with the identification of 
AmpC-mediated resistance. A recent study found that the 
AmpC-resistance mechanism was incorrectly identified as 
an ESBL plus an impermeability mutation by an automated 
antimicrobial susceptibility test system (Sanders et al., J. 
Clin. Microbiol., 38(2):570-574 (2000)).

Twenty-nine different ampC genes have been identified to 
date. None of these genes can be distinguished by pheno
typic testing. Understanding the epidemiology of these 
resistance mechanisms and the needs of hospital infection 
control warrants the identification of these genes. Diagnostic 
testing is desperately needed to identify the presence of 
AmpC beta-lactamases in clinical isolates. The present 
invention is useful for a variety of purposes, for example, 
distinguishing the presence of ESBL from AmpC producing 
organisms within one organism, and preferably, to detect 
AmpC beta-lactamases, more preferably to detect transfer
able AmpC beta-lactamases, and even more preferably, to 
detect plasmid-mediated AmpC beta-lactamases in organ
isms which produce chromosomal AmpC beta-lactamases.

The present invention is directed to methods for identi
fying the presence or absence of an AmpC beta-lactamase 
gene in a clinical sample, and for identifying different types 
of, preferably, ampC beta-lactamase nucleic acid, more 
preferably, transferable ampC beta-lactamase nucleic acid, 
and even more preferably, plasmid-mediated ampC beta- 
lactamase nucleic acid, in a clinical sample that are of a 
different origin relative to the bacteria’s chromosomal ampC 
nucleic acid, particularly Gram-negative bacteria, using 
multiplex polymerase chain reaction. The method for iden
tifying the presence or absence of an AmpC beta-lactamase 
in a clinical sample includes providing a clinical sample; 
contacting the clinical sample with at least two pairs of 
oligonucleotide primers specific for the nucleic acid of an 
AmpC beta-lactamase gene, wherein one primer of the at 
least two pairs is complementary to at least a portion of the 
ampC beta-lactamase nucleic acid in the sense strand and the 
other primer of each pair is complementary to at least a 
portion of the ampC beta-lactamase nucleic acid in the 
antisense strand; annealing the primers to the ampC beta- 
lactamase nucleic acid, if  the nucleic acid is present in the 
sample; simultaneously extending the annealed primers 
from a 3' terminus of each primer to synthesize an extension 
product that is complementary to the nucleic acid strands 
annealed to each primer wherein each extension product 
after separation from the ampC beta-lactamase nucleic acid, 
if present, serves as a template for the synthesis of an 
extension product for the other primer of each pair; and 
analyzing the sample for the presence or absence of ampli
fied products. The presence of amplified products indicates 
the presence of an AmpC beta-lactamase gene in the sample. 
Analysis of the sample may include separating amplified 
products from the sample and analyzing the products for a 
size characteristic of a particular type of AmpC beta-lacta- 
mase gene using electrophoresis or WAVE analysis.
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The method may also be used for identifying different 
types of ampC beta-lactamase nucleic acid in a clinical 
sample. The method is performed as indicated above, using 
at least two pairs of oligonucleotide primers specific for a 
particular type of AmpC beta-lactamase gene and analyzing 
the amplified products for a size characteristic of the par
ticular type of AmpC beta-lactamase gene. The method may 
further be used to identify the presence of plasmid-mediated 
ampC beta-lactamase nucleic acid in a clinical sample by the 
method indicated above. By this method, the sample is 
contacted with 2-6 pairs of primers specific for nucleic acid 
of plasmid-mediated AmpC beta-lactamase gene. The 
sample is then analyzed for amplified products characteristic 
of a plasmid-mediated AmpC beta-lactamase gene.

The method involves the use of at least two primer pairs, 
preferably at least 3 primer pairs, more preferably at least 4 
primer pairs, even more preferably at least five primer pairs, 
and most preferably at least 6 primer pairs in a multiplex 
polymerase chain reaction (PCR) for the detection of family- 
specific ampC beta-lactamase genes. In performing the 
multiplex PCR technique, primers were designed from 
known ampC beta-lactamase nucleic acid, such as those 
submitted to GenBank (Table 3). Preferably, this amplifica
tion method relates to the treatment of a sample containing 
ampC beta-lactamase nucleic acid (preferably, deoxyribose 
nucleic acid (DNA)), from bacteria, particularly Gram
negative bacteria, with a molar excess of each primer of the 
oligonucleotide primer pairs, heating the sample containing 
the ampC beta-lactamase nucleic acid to yield two single- 
stranded complementary nucleic acid strands, adding the 
primer pairs to the sample containing the ampC beta- 
lactamase nucleic acid strands, allowing each primer to 
anneal to a particular strand under appropriate temperature 
conditions that permit hybridization, providing molar 
excesses of nucleotide triphosphates and polymerase to 
extend each primer to form a complementary extension 
product that can be employed in amplification of ampC 
beta-lactamase nucleic acid, detecting the amplified nucleic 
acid, if ampC beta-lactamase nucleic acid was present in the 
sample, and analyzing the amplified nucleic acid. The ampli
fied nucleic acid may be analyzed for a size specific ampli- 
con (as indicated below in Table 3) characteristic of a 
specific ampC beta-lactamase nucleic acid. This process of 
heating, annealing, and synthesizing is repeated many times, 
and with each cycle the ampC beta-lactamase nucleic acid 
increases in abundance. Within a short period of time, it is 
possible to obtain a specific ampC beta-lactamase nucleic 
acid, e.g., a DNA molecule that can be readily purified and 
identified.

This technique is capable of detecting the presence or 
absence of, and, if present, identifying the family-specific 
ampC gene responsible for AmpC beta-lactamase expres
sion. In addition, this technique can be used to detect ampC 
genes in organisms expressing a chromosomal AmpC beta- 
lactamase as long as the ampC gene is not from the same 
chromosomal origin. The strategy and parameters of the 
multiplex PCR are described below.

Conventional phenotypic methods used to detect isolates 
expressing AmpC beta-lactamases have restricted detection 
of this resistance mechanism to mainly organisms without 
an inducible chromosomal ampC gene such as K. pneumo
niae, Salmonella typhimurium, or E. coli. In the case of K. 
pneumoniae and S. typhimurium, no chromosomal gene is 
present; therefore, there is no endogenous AmpC beta- 
lactamase to interfere with either susceptibility testing or 
hydrolysis assays. Normally, E. coli produces its chromo
somal ampC gene at a low constitutive level, which has little
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influence on susceptibility testing or beta-lactamase 
hydrolysis assays. However, perturbations in the regulation 
of E. coli AmpC production resulting in hyperproduction of 
AmpC beta-lactamase requires molecular tests in order to 
verify the presence or absence of transferable ampC genes. 
The discriminatory power of the ampC multiplex PCR 
technique between the presence of known transferable ampC 
genes and a putative hyperproducing E. coli strain has been 
more fully described below.

This diagnostic method can also discriminate between 
transferable ampC genes in organisms coding for inducible 
AmpC beta-lactamases so long as they are not of the same 
origin. Because ampC genes originated from chromosomal 
genes, there is a possibility that a bacteria, preferably a 
Gram-negative bacteria, containing chromosomal ampC 
beta-lactamase nucleic acid and ampC beta-lactamase hav
ing a common origin, will cross-hybridize and amplify a 
product from the chromosomal ampC beta-lactamase 
nucleic acid. Thus, preferably, ampC multiplex PCR is used 
on samples containing ampC beta-lactamase nucleic acid of 
a different origin as compared to that of the chromosomal 
ampC beta-lactamase, in the event the bacteria contains a 
chromosomal ampC beta-lactamase.

An oligonucleotide primer pair includes one primer that is 
substantially complementary to at least a portion of a sense 
strand of a known ampC beta-lactamase nucleic acid and 
one primer that is substantially complementary to at least a 
portion of an antisense strand of a known ampC beta- 
lactamase nucleic acid. The process of forming extension 
products preferably involves simultaneously extending the 
annealed primers from a 3' terminus of each primer to 
synthesize an extension product that is complementary to the 
nucleic acid strands annealed to each primer wherein each 
extension product after separation from the ampC beta- 
lactamase nucleic acid serves as a template for the synthesis 
of an extension product for the other primer of each pair. The 
amplified products are typically detected by size fraction- 
ization using gel electrophoresis, but can also be separated 
by size exclusion using other techniques, such as a high- 
performance liquid chromatography (HPLC)-based system 
known as the WAVE Nucleic Acid Fragment Analysis Sys
tem (Transgenomic, Inc., Omaha, Nebr.). WAVE uses a 
HPLC-based system in conjunction with single and double 
stranded polynucleotide separation processes to provide 
separations in less time than required for gel electrophoresis 
without significant loss of specificity and sensitivity, and 
typically increases sensitivity.

An “oligonucleotide,” as used herein, refers to a poly
meric form of nucleotides of any length, either ribonucle
otides or deoxyribonucleotides. The term oligonucleotide 
refers particularly to the primary structure, and thus includes 
double and single-stranded DNA molecules and double and 
single-stranded RNA molecules.

A “primer,” as used herein, is an oligonucleotide that is 
complementary to at least a portion of an ampC beta- 
lactamase nucleic acid and, after hybridization to the nucleic 
acid, may serve as a starting-point for the polymerase chain 
reaction. The terms “primer” or “oligonucleotide primer,” as 
used herein, further refer to a primer having a nucleotide 
sequence that possesses a high degree of nucleic acid 
sequence similarity to at least a portion of the ampC beta- 
lactamase nucleic acid. “High degree” of sequence similar
ity refers to a primer that typically has at least about 80% 
nucleic acid sequence similarity, and preferably at least 
about 90% nucleic acid sequence similarity. Sequence simi
larity may be determined, for example, using sequence 
techniques such as GCG FastA (Genetics Computer Group,
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Madison, Wis.), MacVector 4.5 (Kodak/IBI software pack
age) or other suitable sequencing programs or methods 
known in the art.

The terms “complement” and “complementary,” as used 
herein, refer to a nucleic acid that is capable of hybridizing 
to a specified nucleic acid molecule under stringent hybrid
ization conditions. Stringent hybridization conditions 
include, for example, temperatures from about 50 degrees 
Celsius (° C.) to about 65° C., and magnesium chloride 
(MgCl2) concentrations from about 1.5 millimolar (mM) to 
about 2.0 mM. Thus, a specified DNA molecule is typically 
“complementary” to a nucleic acid if hybridization occurs 
between the specified DNA molecule and the nucleic acid. 
If the specified DNA molecule hybridizes to the full length 
of the nucleic acid molecule, then the specified DNA mol
ecule is typically a “full-length complement.” “Complemen
tary,” further refers to the capacity of purine and pyrimidine 
nucleotides to associate through hydrogen bonding in 
double stranded nucleic acid molecules. The following base 
pairs are complementary: guanine and cytosine; adenine and 
thymine; and adenine and uracil.

The terms “compatible” and, “compatibility,” as used 
herein, refer to the ability of the primers to be mixed together 
such that no primers cause any type of significant interfer
ence with each other. It is requisite for the primers used in 
multiplex reactions to be highly compatible so that they may 
be used together in the same reaction mixture without 
significant interference from one another.

As used herein, the terms “amplified molecule,” “ampli
fied fragment,” and “amplicon” refer to a nucleic acid 
molecule (typically, DNA) that is a copy of at least a portion 
of the nucleic acid and its complementary sequence. The 
copies correspond in nucleotide sequence to the original 
molecule and its complementary sequence. The amplicon 
can be detected and analyzed by a wide variety of methods. 
These include, for example, gel electrophoresis, single 
strand conformational polymorphism (SSCP), restriction 
fragment length polymorphism (RFLP), capillary zone elec
trophoresis (CZE), an HPLC-based nucleic acid analyzing 
technology known as WAVE, microchip detection methods, 
and the like. Preferably, the amplicon can be detected, and 
hence, the type of ampC beta-lactamase nucleic acid iden
tified, using gel electrophoresis and appropriately sized 
markers, according to techniques known to one of skill in the 
art.

The primers are oligonucleotides, either synthetic or natu
rally occurring, capable of acting as a point of initiating 
synthesis of a product complementary to the size of the DNA 
molecule containing an ampC beta-lactamase nucleic acid. 
The primer includes nucleotides capable of hybridizing 
under stringent conditions to at least a portion of at least one 
strand of a nucleic acid molecule of a given ampC beta- 
lactamase. Preferably, the primers of the present invention 
typically have at least about 15 nucleotides. Preferably, the 
primers have no more than about 35 nucleotides, and more 
preferably, no more than about 25 nucleotides. The primers 
are chosen such that they preferably produce a primed 
product of about 200-1100 base pairs.

Optionally, a primer used in accordance with the present 
invention includes a label constituent. The label constituent 
can be selected from the group of an isotopic label, a 
fluorescent label, a polypeptide label, and a dye release 
compound. The label constituent is typically incorporated in 
the primer by including a nucleotide having the label 
attached thereto. Isotopic labels preferably include those 
compounds that are beta, gamma, or alpha emitters, more 
preferably isotopic labels are selected from the group of 32P, 
35S, and 125I. Fluorescent labels are typically dye com
pounds that emit visible radiation in passing from a higher 
to a lower electronic state, typically in which the time
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interval between adsorption and emission of energy is rela
tively short, generally on the order of about 10-8 to about 
10 second. Suitable fluorescent compounds that can be 
utilized include fluorescien and rhodamine, for example. 
Suitable polypeptide labels that can be utilized in accor
dance with the present invention include antigens (e.g., 
biotin, digoxigenin, and the like) and enzymes (e.g., horse
radish peroxidase). A dye release compound typically 
includes chemiluminescent systems defined as the emission 
of absorbed energy (typically as light) due to a chemical 
reaction of the components of the system, including oxylu
minescence, in which light is produced by chemical reac
tions involving oxygen.

Preferred examples of these primers that are specific for 
certain ampC beta-lactamases are as follows, wherein “F” in 
the designations of the primers refers to a 5' upstream primer 
and “R” refers to a 3' downstream primer. Typically, hybrid
ization conditions utilizing at least two primer pairs of the 
invention include, for example, a hybridization temperature 
of about 50° C. to about 65° C., and a MgCl2 concentration 
of about 1.5 mM to about 2.0 mM. Although lower tem
peratures and higher concentrations of MgCl2 can be 
employed, this may result in decreased primer specificity.

The following primers are specific for nucleic acid char
acteristic of the AmpC beta-lactamases designated as 
MOX1, MOX2 and CMY1, 8-11, and their chromosomal 
origin.
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Primer Name: MOXMF
Primer Sequence:
5' -GCTGCTCAAGGAGCACAGGAT -3' (SEQ ID NO: 1 )

Primer Name: MOXMR
Sequence Name:
5' -CACATTGACATAGGTGTGGTGC -3' (SEQ ID NO:2)

Employing a primer pair containing the primer sequences 
of SEQ ID NO: 1 and SEQ ID NO:2 to a sample containing 
AmpC beta-lactamases designated as MOX1-2 and CMY1, 
8-11, a size-specific amplicon of 520 base pairs will typi
cally be obtained.

The following primers are specific for nucleic acid char
acteristic of the AmpC beta-lactamases designated as LAT1- 
4, CMY2-7, and BIL-1, and their chromosomal origin.

Primer Name: CITMF
Primer Sequence:
5' -TGGCCAGAACTGACAGGCAAA -3' (SEQ ID NO: 3 )

Primer Name: CITMR
Primer Sequence:
5 . -TTTCTCCTGAACGTGGCTGGC -3' (SEQ ID NO: 4 )

Employing a primer pair containing the primer sequences 
of SEQ ID NO:3 and SEQ ID NO:4 to a sample containing 
AmpC beta-lactamases designated as LAT 1-4, CMY2-7, 
and BIL-1, a size-specific amplicon of 462 base pairs will 
typically be obtained.

The following primers are specific for nucleic acid char
acteristic of the AmpC beta-lactamases designated as 
DF1A1-2, and their chromosomal origin.

Primer Name: DHAMF 
Primer Sequence:
5' -AACTTTCACAGGTGTGCTGGGT -3' (SEQ ID NO:5)

Primer Name: DHAMR 
Primer Sequence:
5' -CCGTACGCATACTGGCTTTGC -3' (SEQ ID NO : 6 )
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Employing a primer pair containing the primer sequences 
of SEQ ID NO:5 and SEQ ID NO:6 to a sample containing 
AmpC beta-lactamases designated as DEiAl-2, a size-spe
cific amplicon of 405 base pairs will typically be obtained.

The following primers are specific for nucleic acid char
acteristic of the AmpC beta-lactamases designated as ACC- 
1, and their chromosomal origin.

11

Primer Name: ACCMF
Primer Sequence:
5' -AACAGCCTCAGCAGCCGGTTA-3 1 (SEQ ID NO : 7 )

Primer Name: ACCMR
Primer Sequence:
5' -TTCGCCGCAATCATCCCTAGC -3' (SEQ ID NO:8 )

Employing a primer pair containing the primer sequences 
of SEQ ID NO:7 and SEQ ID NO:8 to a sample containing 
AmpC beta-lactamases designated as ACC-1, a size-specific 
amplicon of 346 base pairs will typically be obtained.

The following primers are specific for nucleic acid char
acteristic of the AmpC beta-lactamases designated as MIR-1 
and ACT-1, and their chromosomal origin.

Primer Name: EBCMF
Primer Sequence:
5' - T CGGT AAAGC CG AT GT TGC GG -3' (SEQ ID NO : 9 )

Primer Name: EBCMR
Primer Sequence:
5' -CTTCCACTGCGGCTGCCAGTT -3' (SEQ ID NO:10)

Employing a primer pair containing the primer sequences 
of SEQ ID NO:9 and SEQ ID NO: 10 to a sample containing 
AmpC beta-lactamases designated as MIR-1 and ACT-1, a 
size-specific amplicon of 302 base pairs will typically be 
obtained.

The following primers are specific for nucleic acid char
acteristic of the AmpC beta-lactamases designated as FOX1- 
5b (FOX 6, see GenBank accession number AY034848), and 
their chromosomal origin.

Primer Name: FOXMF 
Primer Sequence:
5' -AACATGGGGTATCAGGGAGATG -3' (SEQ ID NO:11)

Primer Name: FOXMR 
Primer Sequence:
5' -CAAAGCGCGTAACCGGATTGG -3' (SEQ ID NO:12)

Employing a primer pair containing the primer sequences 
of SEQ ID NO: 11 and SEQ ID NO: 12 to a sample contain
ing AmpC beta-lactamases designated as FOXl-5b (FOX 6, 
see GenBank accession number AY034848), a size-specific 
amplicon of 190 base pairs will typically be obtained.

Various other primers, or variations of the primers 
described above, can also be prepared and used according to 
methods of the present invention. For example, alternative 
primers can be designed based on targeted ampC beta- 
lactamases known or suspected to contain regions possess
ing high G/C content (i.e., the percentage of guanine and 
cytosine residues). As used herein, a “high G/C content” in 
a target nucleic acid, typically includes regions having a 
percentage of guanine and cytosine residues of about 60% to 
about 90%. Thus, changes in a prepared primer will alter, for 
example, the hybridization or annealing temperatures of the 
primer, the size of the primer employed, and the sequence of 
the specific resistance gene or nucleic acid to be identified. 
Therefore, manipulation of the G/C content, e.g., increasing

or decreasing, of a primer or primer pair may be beneficial 
in increasing detection sensitivity in the method.

Additionally, depending on the suspected ampC beta- 
lactamase nucleic acid in the sample, a primer of the 
invention can be prepared that varies in size. Preferably, 
primers of the invention are about 15 nucleotides to about 35 
nucleotides in length, more preferably the primers are about 
15 nucleotides to about 25 nucleotides in length. Oligo
nucleotides of the invention can readily be synthesized by 
techniques known in the art (see, for example, Crea et al., 
Proc. Natl. Acad. Sci. (U.S.A.), 75:5765 (1978)).

Once the primers are designed, their specificity can be 
tested using the following method. Depending on the ampC 
beta-lactamase nucleic acid of clinical interest, a nucleic 
acid is isolated from a bacterial control strain known to 
express or contain the resistance gene. This control strain, as 
used herein, refers to a “positive control” nucleic acid 
(typically, DNA). Additionally, a “negative control” nucleic 
acid (typically, DNA) can be isolated from one or more 
bacterial strains known to express a resistance gene other 
than the target gene of interest. Using the polymerase chain 
reaction, the designed primers are employed in a detection 
method, as described above, and used in the positive and 
negative control samples and in at least one test sample 
suspected of containing the resistance gene of interest. The 
positive and negative controls provide an effective and 
qualitative (or grossly quantitative) means by which to 
establish the presence or the absence of the gene of interest 
of test clinical samples. It should be recognized that with a 
small percentage of primer pairs, possible cross-reactivity 
with other beta-lactamase genes might be observed. Flow- 
ever, the size and/or intensity of any cross-reactive amplified 
product will be considerably different and can therefore be 
readily evaluated and dismissed as a negative result.

The invention also relates to kits for identifying, prefer
ably, different types of ampC beta-lactamase nucleic acid, 
more preferably, transferable ampC beta-lactamase nucleic 
acid, and even more preferably, plasmid-mediated ampC 
beta-lactamase nucleic acid, by multiplex PCR analysis. Kits 
of the invention typically include, but are not limited to, at 
least two primer pairs capable of hybridizing to a specific 
type of ampC beta-lactamase nucleic acid, one or more 
positive controls, one or more negative controls, and a 
protocol for identification of the specific type of ampC 
beta-lactamase nucleic acid of interest using multiplex PCR. 
A negative control includes a nucleic acid (typically, DNA) 
molecule encoding a resistant ampC beta-lactamase other 
than an ampC beta-lactamase. The negative control nucleic 
acid may be a naked nucleic acid (typically, DNA) molecule 
or inserted into a bacterial cell. Preferably, the negative 
control nucleic acid is double stranded, however, a single 
stranded nucleic acid may be employed. A positive control 
includes a nucleic acid (typically, DNA) that encodes an 
ampC beta-lactamase from the suspected ampC beta-lacta- 
mase. The positive control nucleic acid may be a naked 
nucleic acid molecule or inserted into a bacterial cell, for 
example. Preferably, the positive control nucleic acid is 
double stranded, however, a single stranded nucleic acid 
may be employed. Typically, the nucleic acid is obtained 
from a bacterial lysate. Protocols include, for instance, such 
conditions as primer concentration, buffer concentration, 
magnesium chloride concentration, hybridization tempera
ture, and the number of PCR cycles appropriate to the 
identification of ampC beta-lactamase nucleic acid.
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Accordingly, the present invention provides a kit for 
characterizing and identifying, preferably, an AmpC beta- 
lactamase, more preferably, a transferable AmpC beta-lac - 
tamase nucleic acid, and even more preferably, a plasmid- 
mediated AmpC beta-lactamase, that would have general 
applicability. Preferably, the kit includes a polymerase (typi
cally, DNA polymerase) enzyme, such as Taq polymerase, 
and the like. A kit of the invention also preferably includes 
at least two primer pairs that are specific for at least two 
different ampC beta-lactamases. A buffer system compatible 
with the polymerase enzyme is also included and is well 
known in the art. Optionally, the at least two primer pairs 
may contain a label constituent, a fluorescent label, a 
polypeptide label, and a dye release compound. The kit may 
further contain at least one internal sample control, in 
addition to one or more further means required for multiplex 
PCR analysis, such as a reaction vessel. If required, a nucleic 
acid from the bacterial sample can be isolated and then 
subjected to multiplex PCR analysis using the at least two 
provided primer sets of the invention.

In another embodiment, AmpC beta-lactamase genes in 
clinical samples, particularly clinical samples containing 
Gram-negative bacteria, can be detected by the primers 
described herein in a “microchip” detection method. In a 
microchip detection method, nucleic acid, e.g., genes, of 
multiple AmpC beta-lactamases in clinical samples can be 
detected with a minimal requirement for human interven
tion. Techniques borrowed from the microelectronics indus
try are particularly suitable to these ends. For example, 
micromachining and photolithographic procedures are 
capable of producing multiple parallel microscopic scale 
components on a single chip substrate. Materials can be 
mass produced and reproducibility is exceptional. The 
microscopic sizes minimize material requirements. Thus, 
human manipulations can be minimized by designing a 
microchip type surface capable of immobilizing a plurality 
of primers of the invention on the microchip surface.

Microchip detection methods generally include the for
mation of high-density arrays of, for example, oligonucle
otides on a surface, typically glass, that can then be used for 
various applications, such as large scale hybridization (Roth 
et ah, Annu. Rev. Biomed. Eng., 1:265-297 (1999)). Using 
this method, applications using two types of nucleic acids as 
targets, synthesizing or printing directly on a surface, or 
covalent or noncovalent attachment of single stranded 
cDNA, are known.

According to one of the methods of microchip detection, 
arrays of short oligonucleotides may be synthesized directly 
on a surface, such as glass, using methods generally known 
in solid-phase chemistry synthesis. This is generally accom
plished by either masking most of the array, activating the 
unmasked portion, and adding a phosphoramidite to produce 
a coupling to the 5'-hydroxy groups of the activated seg
ments of the array or by printing the arrays directly on the 
surface using inkjet printing techniques.

Alternatively, for production of longer sequences, such as 
cDNA arrays, a spotting method for attaching molecules to 
a surface may be used. In this method, for instance, 
sequences are created from clones, purified, and optionally 
amplified. The sequences are then attached noncovalently to 
a glass surface by coating the surface with polylysine or by 
chemically treating it with an aminosilane to make it cat
ionic. Attachment of the sequences under this method are 
generally nonspecific and may involve multiple attachment 
sites along the molecule. An additional method known for 
attachment of sequences to a surface is to covalently attach 
amino-modified cDNA, produced by asymmetric PCR, to
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silylated glass using sodium borohydhydride (Roth et al., 
Annu. Rev. Biomed. Eng., 1:265-297 (1999)).

Thus, an object of the present invention is to provide a 
parallel screening method wherein multiple serial reactions 
are automatically performed individually within one reac
tion well for each of the plurality of nucleic acid strands to 
be detected in the plural parallel sample wells. These serial 
reactions are performed in a simultaneous run within each of 
the multiple parallel lanes of the device. “Parallel” as used 
herein means wells identical in function. “Simultaneous” 
means within one preprogrammed run. The multiple reac
tions automatically performed within the same apparatus 
minimize sample manipulation and labor.

Thus, the present invention provides multiple reaction 
wells, the reaction wells being reaction chambers, on a 
microchip. Each reaction well contains an individualized 
array to be used for detecting a beta-lactamase gene 
uniquely specified by the substrates provided, the reaction 
conditions, and the sequence of reactions in that well. The 
chip can thus be used as a method for identifying beta- 
lactamase genes in clinical samples.

There have been no reports of clinical isolates expressing 
more than one AmpC beta-lactamase. Two reasons that 
could explain this observation are: 1) the inability to accu
rately detect the presence of transferable AmpC beta-lacta- 
mases does not allow for the detection of multiple AmpC 
genes, and 2) there is a limit to the amount of AmpC 
beta-lactamase a bacterial cell can accommodate and still be 
a viable pathogen. The ampC multiplex PCR technique 
described herein will help to determine the presence of 
multiple types of transferable AmpC genes that can occur in 
bacterial isolates.

The limitation for any molecular diagnostic test is that 
identification is based on known genes or sequences. Thus, 
all molecular tests suffer from possible false negative results. 
Sensitivity in detection and PCR conditions can play a role 
in the ability to decrease the number of false negative 
results. WAVE analysis using products generated from the 
ampC multiplex PCR of the present invention are able to 
detect all six amplicons within one sample. Electrophoresis 
and ethidium bromide staining typically detect only four 
different templates at a time, which, however, is still advan
tageous. Therefore, instruments, such as the WAVE, can be 
beneficial not only as a time saving device but also for 
increasing the sensitivity of this assay.

Objects and advantages of this invention are further 
illustrated by the following examples, but the particular 
materials and amounts thereof recited in these examples, as 
well as other conditions and details, should not be construed 
to unduly limit this invention.

EXAMPLES

Materials and Methods
Bacterial strains. Bacterial strains used as controls in this 

study are listed in Table 1 shown below. Strains previously 
identified for the expression of specific plasmid-mediated 
ampC genes are listed as plasmid-mediated. Strains used as 
controls to examine the extent of cross-hybridization for 
specific primers with chromosomal ampC genes are listed as 
chromosomal. In addition, 22 clinical isolates were evalu
ated for the presence of plasmid-mediated ampC genes in 
this study. These isolates included 18 isolates of E. coli (7 of 
which are known controls and are listed in Table 1), 8 of K. 
pneumoniae, 2 of P. mirabilis, and one of E. aerogenes.
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TABLE 1

Strain

Bacterial Strains

Organism AmpC

Plasmid-Mediated

MISC 340 K le b sie lla  p n eu m o n ia e FOX-1
MISC 393 E sch e rich ia  coli FOX-3
MISC 416 E sch e rich ia  coli FOX-4
MHM 2 K le b sie lla  p n eu m o n ia e FOX-5
COUD M 621 K le b sie lla  p n eu m o n ia e FOX-5b (FOX 6, see

GenBank accession
no. AY034848

MISC 341 K le b sie lla  p n eu m o n ia e LAT-1
MISC 368 E sch e rich ia  coli LAT-2
KLEB 249 K le b sie lla  p n eu m o n ia e CMY-2
SAL 100 S a lm o n ella  thyp h im u riu m CMY-7
MISC 345 E sch e rich ia  coli BIL-1
MISC 339 K le b sie lla  p n eu m o n ia e MOX-1
MISC 380 E sch e rich ia  coli DHA-1
MISC 304 K le b sie lla  p n eu m o n ia e MIR-1
KLEB 225 K le b sie lla  p n eu m o n ia e ACT-1
Chromosomal

JW 3 H a fn ia  a lvei Wild type
ENTB 7 E n tero b a c te r  c lo a ca e Wild type
GB 52 C itro b a c ter  spp. Wild type
CIN 6 P se u d o m o n a s  aeru g in o sa Wild type
SERR 1 S erra tia  m arcescens Wild type
MORG 103 M o rg a n e lla  m organii Wild type
KLEB 23 K le b sie lla  p n eu m o n ia e Wild type
HB 101 E sch e rich ia  coli Wild type
VITEK 109492 E sch e rich ia  coli hyperproducer mutant

Preparation of template DNA. The organisms were inocu
lated into 5 milliliters (ml) of Luria-Bertani broth (Difco, 
Detroit, Mich.) and incubated for 20 hours at 37 degrees 
Celsius (° C.) with shaking. Cells from 1.5 ml of an 
overnight culture were harvested by centrifugation at 
17,310xg for 5 minutes. After the supernatant was decanted, 
the pellet was resuspended in 500 microliters (pi) of distilled 
water. The cells were lysed by heating at 95° C. for 10 
minutes, and cellular debris was removed by centrifugation 
at 17,310xg for 5 minutes. The supernatant (Visoth volume) 
was used as a source of template for amplification.

PCR protocol. PCR was performed in a final volume of 50 
pi in 0.5 ml thin-walled tubes. Each reaction contained: 20 
mM TRIS-HCL (pH 8.4), 50 mM KC1, 0.2 mM of each 
deoxynucleoside triphosphate, 1.5 mM magnesium chloride 
(MgCl2), 0.6 micromolar (pM) of primers MOXMF, 
MOXMR, CITMF, CITMR, DHAMF and DHAMR, 0.5 pM 
of primers ACCMF, ACCMR, EBCMF, and EBCMR, 0.4 
pM of primers FOXMF and FOXMR, and 1.25 units of Taq 
DNA polymerase (Life Technologies, Rockville, Md.). Tem
plate DNA (2 pi) was added to 48 pi of master mix and then 
overlaid with mineral oil. The PCR program consisted of an 
initial denaturation step at 94° C. for 3 minutes, followed by 
25 cycles of DNA denaturation at 94° C. for 30 seconds, 
primer annealing at 64° C. for seconds, and primer extension 
at 72° C. for 1 minute. After the last cycle a final extension 
step at 72° C. for 7 minutes was added. Five microliter 
aliquots of PCR product were analyzed by agarose gel 
electrophoresis using 2% agarose (BioRad, Hercules, 
Calif.). Gels were stained with ethidium bromide at 10 
microgram per milliliter (pg/ml) and visualized by UV 
transillumination.

WAVE. The Wave Nucleic Acid Fragment Analysis Sys
tem (Transgenomics, Inc., Omaha, Nebr.) was used to 
reduce the total time required for separation and visualiza
tion of the PCR products, as compared with using gel

electrophoresis. The WAVE technology uses a matched ion 
polynucleotide chromatography process using separation 
media having a non-polar surface, wherein the process uses 
a counterion agent and an organic solvent to release poly
nucleotides from the separation media (U.S. Pat. No. 6,210, 
885). The WAVE systems are equipped with computer 
controlled ovens which enclose the columns and column 
inlet areas (U.S. Pat. No. 6,210,885) and utilize proprietary 
WAVEMAKER software (Transgenomics, Inc., Omaha, 
Nebr.).

A comparison of the methods of gel electrophoresis and 
WAVE technology (FIGS. 6A and 6B) was performed using 
ampC multiplex PCR products from representative members 
of each ampC family. WAVE analysis was performed using 
WAVE system Model Number 2100 and WAVEmaker 4.1 
software (Transgenomics, Inc., Omaha, Nebr.). Samples are 
taken automatically by an autosampler in the WAVE system 
using parameters set by the operator prior to sampling. The 
parameters used in the analysis are set forth in Table 2:
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TABLE 2

Step3

WAVE Gradient Parameters 

Time (min)b % Buffer Ac % Buffer Bd % Buffer De

Loading 0.0 51 49 0
Step 1 0.5 46 54 0
Step 2 1.0 42 58 0
Step 3 1.5 40 60 0
Step 4 2.5 38 62 0
Step 5 3.5 37 63 0
Step 6 4.5 37 63 0
Step 7 5.5 34 66 0
Step 8 6.5 32 68 0

Start Clean 6.6 0 0 100
Stop Clean 7.1 0 0 100

Start
Equilibrate

7.2 51 49 0

Stop
Equilibrate

8.1 51 49 0

aThe sequence o f events for loading, gradient changes, and cleaning the 
column.
bThe time of each gradient change. 
c0.1 M triethylammonium acetate (TEAA) 
d0.1 M TEAA, 25% acetonitrile. 
e75% acetonitrile

Results
Dendrogram and primer design. The genes encoding 

AmpC beta-lactamases are of chromosomal origin, derived 
from members of the family Enterobacteraceae. To date, 
twenty-nine different AmpC beta-lactamases have been 
identified (FIG. 1). They can be grouped based on their 
chromosomal origin. For example, the genes encoding the 
AmpC beta-lactamases LAT-1, CMY-2 and BIL-1 are 90.4% 
similar to chromosomal ampC gene of Citrobacter freundii 
strain OS60. The ability to group different ampC genes 
allows evaluation of similarity clusters. A high degree of 
similarity within these clusters can result in the design of 
primers capable of amplifying family-specific genes. Thirty 
sequences of different ampC genes were downloaded from 
the GenBank database and percent similarities analyzed 
using DNAsis 2.6 program (Hitachi Software Engineering 
Co. Ltd., Yokohama, Japan) (FIG. 1). Six different groups 
were identified based on percent sequence similarity. These 
groups include ACC (origin Hafnia alvei), FOX (origin 
unknown), MOX (origin unknown), DHA (origin Mor- 
ganella morganii), CIT (origin Citrobacter freundii) and 
EBC (origin Enterobacter cloacae). Sequences of each 
cluster were aligned with the CLUSTAL W multiple align
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ment option in the MacVector 6.5 program (Accelrys (for
merly Oxford Molecular Ltd.), Princeton, N.J.) set at default 
parameters, and aligned sequences were used as a reference 
for primer design. The resulting primers were compared 
with all members of the different clusters in order to avoid 5 
cross hybridization. In addition, primers were evaluated for 
individual melting temperatures (Tm) and length. Variation 
between the individual primers was a Tm of 0.5° C. and a 
length of 2 nucleotides. The theoretical formation of primer 
dimers was also evaluated and found insignificant. The to 
twelve primers designed for multiplex PCR are listed in 
Table 3.

Multiplex PCR. The compatibility of all six primer pairs 
were tested using the conditions described above. Each 
reaction contained all six primer sets and template DNA 15 
from a representative member of each of the ampC groups 
previously described: b la ^ o ^ ,  b la ^ . ! ,  b l a ^ . j ,  bla^cc_2, 
bla^cr_i and b la ^ .^ . As shown in FIG. 3, only one ampli
fication product was observed for each template, and the size 
observed was consistent with the expected size shown in 20 
Table 3 below.
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1). In order to demonstrate that sequence variation of 
individual family members did not influence the outcome of 
multiplex ampC PCR, different members of each family 
were used as template (FIG. 3). Amplification of products 
for each family member of a particular set resulted in a 
single amplicon of the predicted size. For example, every 
template of the CIT family resulted in an amplicon of 462 
base pairs (FIG. 3).

Chromosomal ampC harboring control strains analysis. 
Due to the mobility of ampC beta-lactamases, any technique 
aimed to detect these genes requires its use in different 
genetic backgrounds, including organisms with chromo
somal ampC genes, such as E. cloacae and C. freundii. 
Because ampC genes originated from chromosomal genes, 
the ampC multiplex PCR was tested for the possibility of 
cross-hybridization with chromosomal beta-lactamase genes 
of different origin. Multiplex PCR was conducted on the 
Chromosomal organisms listed in Table 1. No amplification 
was observed using DNA template from K. pneumoniae, E. 
coli, P. aeruginosa, S. marcescens, P. mirabilis, or E. aero- 
genes (FIG. 4). As expected, amplification products of the
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TABLE 3

Target Primer Sequence;
Product 

(base pairs) Position13Accession0

MOX12, CMY1,
8 - 1 1

MOXMF GCTGCTCAAGGAGCACAGGAT (SEQ ID S O 520 358-378 D13304

MOXMR CACATTGACATAGGTGTGGTGC (SEQ ID S O IN) 877-856

LAT1-4, CMY2- 
BIL-1

-7, CITMF TGGCCAGAACTGACAGGCAAA (SEQ ID NO : 3 ) 462 478-498 X78117

CITMR TTTCTCCTGAACGTGGCTGGC (SEQ ID S O 4̂ 939-919

DHA1-2 DHAMF AACTTTCACAGGTGTGCTGGGT (SEQ ID NO : 5 ) 405 1244-1265 Y16410

DHAMR CCGTACGCATACTGGCTTTGC (SEQ ID S O ox 1648-1628

ACC-1 ACCMF AACAGCCTCAGCAGCCGGTTA (SEQ ID NO : 7 ) 346 861-881 AJ133121

ACCMR TTCGCCGCAATCATCCCTAGC (SEQ ID S O CO 1206-1186

MW-1, ACT-1 EBCMF TCGGTAAAGCCGATGTTGCGG (SEQ ID S O co 302 1115-1135 M37839

EBCMR CTTCCACTGCGGCTGCCAGTT (SEQ ID NO:10) 1416-1396

FOX1—5b (FOX 6 , 
see GenBank 
accession number 
AY 03 48 48 )

FOXMF AACATGGGGTATCAGGGAGATG (SEQ ID NO : 11) 190 1475-1496 X77455

FOXMR CAAAGCGCGTAACCGGATTGG (SEQ ID NO:12) 1664-1644

aAll primers are written 5 1 to 3'as synthesized.
bNucleotide position of the primer in the sequence referred.
cGenBank accession number for the sequence used for primer design.

Individual primers were evaluated, using template DNA 
from the same representative members listed above, to 
assure that one primer set amplified only one amplicon. 
Amplification was only observed when each set of family- 
specific primers was used with template DNA from that 
particular ampC family. Using these parameters, only one 
amplicon of the predicted size was observed for each 
template, primer pair tested.

Plasmid-mediated ampC harboring control strains analy
sis. Sequences of ampC genes from the same family show 
slight variations, resulting in the individual family member. 
For example sequences of members of the proposed Citro- 
bacter-origin family have a group homology of 98.6% (FIG.

55 expected size for Enterobacter-origin ampC genes were 
obtained when DNA from E. cloacae were used as template; 
this represents the EBC-product of 302 base pairs (Table 3), 
but no other set of ampC primers cross-reacted with this 
chromosomal DNA. In addition, products of the expected 

50 sizes for Citrobacter-, Morganella- and Elafnia-origin ampC 
genes was observed when DNA from C. freundii, M. mor- 
ganii, and PI. alvei were used as template. In addition, DNA 
template prepared from a Citrobacter spp. other than C. 
freundii did not result in an amplified product, indicating the 

55 specificity of this primer pair.
Analysis of clinical isolates. The data presented in FIGS. 

2^4 indicate the specificity of the ampC multiplex PCR
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using highly characterized (both phenotypically and 
molecularly) strains. Twenty two clinical isolates were 
tested in order to substantiate that ampC multiplex PCR 
would be able to identify family-specific ampC genes also in 
isolates not previously characterized molecularly. Based on 5 
phenotypic characterization, these isolates were predicted to 
express an AmpC beta-lactamase. DNA from these isolates 
served as template in an ampC multiplex PCR assay (FIGS.
5A and 5B). Two PCR reactions using 2 templates (ACT-1 
and FOX-1) or 4 templates (MOX-1, LAT-1, DHA-1 and to 
ACC) were performed and separated in the same gel as 
markers for individual unknown reactions. PCR analysis 
indicated no amplification from DNA template of 12 isolates 
(FIG. 5A, lanes 1, 2, 3, 4, 6, 7, 8, 11 and 12; FIG. 5B, lanes 
1, 2 and 11). A single product was amplified for II isolates. 15 
Five isolates resulted in an amplicon of approximately 200 
base pairs (FOX-like) (FIG. 5A, lanes 5 and 9; FIG. 5B, 
lanes 3, 4 and 8), 2 isolates resulted in an amplicon of about 
300 base pairs (Enterobacter-Wks) (FIG. 5B, lanes 7 and 9), 
one isolate resulted in an amplicon of about 400 base pairs 20 
(DHA-like) (FIG. 5B, lane 6), and 3 isolates generated an 
amplicon with a size of about 460 base pairs (Citrobacter- 
like) (FIG. 5A, lane 10; FIG. 5B, lanes 5 and 10). Template 
combinations of 2 or 4 templates were used as markers at the 
right of both gels in FIG. 5. Substantiation that the unknown 25 
isolates with specific amplified product were as predicted, 
one isolate was used for sequence analysis. The CIT-like 
result of ampC multiplex PCR (FIG. 5A, lane 10) was 
confirmed by the sequencing analysis, which showed a 
100% identity between the base pairs of the PCR product 30 
sequenced and the gene h\aCMY_2.

WAVE analysis. Specificity and sensitivity are criteria 
used to evaluate diagnostic techniques used for identifica
tion. In clinical laboratories speed is also an important 
parameter. The time required to prepare template DNA and 35 
perform multiplex PCR was a total of about 1.5 hours. 
However, visualization of the PCR products by gel electro
phoresis requires approximately four hours for high resolu
tion of bands in 2% agarose, staining, destaining and finally 
interpretation of data. In order to reduce the total required 40 
time without loosing specificity and sensitivity, an HPLC- 
based nucleic acid analyzing technology known as WAVE 
was used.

19
A comparison of gel electrophoresis and WAVE technol

ogy was performed using ampC multiplex PCR products 
from a representative member of each gene family (FIG. 2). 
Amplified products visualized by gel electrophoresis in FIG.
2. MOX (520 base pairs), CIT (462 base pairs), DHA (405 
base pairs), ACC (346 base pairs), EBC (302 base pairs) and 
FOX (190 base pairs) correlate with the peaks observed in 
FIG. 6A, with retention times of 6.07 minutes, 5.78 minutes, 
5.19 minutes, 4.76 minutes, 4.39 minutes, and 3.41 minutes, 
respectively. The initial peak at 0.5 minute and the final peak 
at 10 minutes in FIG. 6A correspond to injection and 
washing peaks, respectively.

Multiple templates of 2 (FOX and EBC), 4 (MOX, CIT, 
DHA and ACC), or 6 (a combination of the 2 and 4 
templates) were mixed and then amplified using ampC 
multiplex PCR. Amplification of two and four templates 
resulted in amplicons of the expected sizes and was visual
ized by agarose gel electrophoresis and ethidium bromide 
staining, as shown in FIG. 6B. However, visualization of six 
amplified products was difficult, resulting in only four 
amplified products being readily visible. A sample from the 
same PCR reaction which generated the six amplification 
products analyzed by gel electrophoresis was analyzed by 
the WAVE. All six products were observed by well-defined 
peaks (FIG. 6A). Each peak had a retention time equivalent 
to the observed retention times for single-template amplifi
cation, and was consistent with the expected size when 
compared to the size standard.

The complete disclosures of all patents, patent applica
tions, publications, and nucleic acid and protein database 
entries, including for example GenBank accession numbers 
and EMBL accession numbers, that are cited herein are 
hereby incorporated by reference as if individually incorpo
rated. Various modifications and alterations of this invention 
will become apparent to those skilled in the art without 
departing from the scope and spirit of this invention, and it 
should be understood that this invention is not to be unduly 
limited to the illustrative embodiments set forth herein.

SEQUENCE LISTING FREE TEXT 

SEQ ID N O :l-12 Primer
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 12

<210> SEQ ID NO 1 
<211> LENGTH: 21 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Primer 

<400> SEQUENCE: 1

gctgctcaag gagcacagga t 21

<210> SEQ ID NO 2 
<2 11> LENGTH: 22 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Primer
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AOOV SEQUENCE: 2

cacattgaca taggtgtggt gc 22

<2 1 0>
<2 1 1>

SEQ ID NO 3 
LENGTH: 21

<2 1 2> 
<2 13> 
<2 2 0> 
<223>

TYPE: DNA
ORGANISM: Artificial Sequence 
FEATURE :
OTHER INFORMATION: Primer

AooV SEQUENCE: 3

tggccagaac tgacaggcaa a 21

A I'd O V SEQ ID NO 4
<2 1 1> LENGTH: 21
<2 1 2> TYPE: DNA
<2 13> ORGANISM: Artificial Sequence
<2 2 0> FEATURE :
<223> OTHER INFORMATION: Primer

AooV SEQUENCE: 4

tttctcctga acgtggctgg c 21

A I'd O V SEQ ID NO 5
<2 1 1> LENGTH: 22
<2 1 2> TYPE: DNA
<2 13> ORGANISM: Artificial Sequence
<2 2 0> FEATURE :
<223> OTHER INFORMATION: Primer

AooV SEQUENCE: 5

aactttcaca ggtgtgctgg gt 22

A I'd O V SEQ ID NO 6
<2 1 1> LENGTH: 21
<2 1 2> TYPE: DNA
<2 13> ORGANISM: Artificial Sequence
<2 2 0> FEATURE :
<223> OTHER INFORMATION: Primer

AooV SEQUENCE: 6

ccgtacgcat actggctttg c 21

A I'd O V SEQ ID NO 7
<2 1 1> LENGTH: 21
<2 1 2> TYPE: DNA
<2 13> ORGANISM: Artificial Sequence
<2 2 0> FEATURE :
<223> OTHER INFORMATION: Primer

AooV SEQUENCE: 7

aacagcctca gcagccggtt a 21

A I'd O V SEQ ID NO 8
<2 1 1> LENGTH: 21
<2 1 2> TYPE: DNA
<2 13> ORGANISM: Artificial Sequence
<2 2 0> FEATURE :
<223> OTHER INFORMATION: Primer

AooV SEQUENCE: 8

ttcgccgcaa tcatccctag c 21
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<210> SEQ ID NO 9 
<211> LENGTH: 21 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Primer 

<400> SEQUENCE: 9

tcggtaaagc cgatgttgcg g 21

<210> SEQ ID NO 10 
<211> LENGTH: 21 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Primer 

<400> SEQUENCE: 10

cttccactgc ggctgccagt t 21

<210> SEQ ID NO 11 
<211> LENGTH: 22 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Primer 

<400> SEQUENCE: 11

aacatggggt atcagggaga tg 22

<210> SEQ ID NO 12 
<211> LENGTH: 21 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Primer 

<400> SEQUENCE: 12

caaagcgcgt aaccggattg g 21

What is claimed is:
1. A method for identifying the presence or absence of an 

AmpC beta-lactamase gene in a clinical sample, wherein the 45 
nucleic acid of an AmpC beta-lactamase gene, if present, are 
of a different origin relative to a bacteria’s chromosomal 
ampC beta-lactamase nucleic acid, the method comprising:

providing a clinical sample;
contacting the clinical sample with at least two pairs of 50 

oligonucleotide primers specific for nucleic acid of an 
AmpC beta-lactamase gene, wherein one primer of 
each pair is complementary to at least a portion of an 
ampC beta-lactamase nucleic acid in the sense strand 
and the other primer of each pair is complementary to 55 
at least a portion of an ampC beta-lactamase nucleic 
acid in the antisense strand;

annealing the primers to the ampC beta-lactamase nucleic 
acid, if present;

simultaneously extending the annealed primers from a 3' 60 
terminus of each primer to synthesize an extension 
product that is complementary to the nucleic acid 
strands annealed to each primer wherein each extension 
product after separation from the ampC beta-lactamase 
nucleic acid, if present, serves as a template for the 65 
synthesis of an extension product for the other primer 
of each pair; and

analyzing the sample for the presence or absence of 
amplified products, wherein the presence of amplified 
products of a size characteristic of an ampC beta- 
lactamase nucleic acid indicates the presence of an 
AmpC beta-lactamase gene in the clinical sample.

2. The method of claim 1 wherein the ampC beta- 
lactamase nucleic acid comprise transferable ampC beta- 
lactamase nucleic acid.

3. The method of claim 2 wherein the transferable ampC 
beta-lactamase nucleic acid comprise plasmid-mediated 
ampC beta-lactamase nucleic acid.

4. A method for identifying the presence or absence of an 
AmpC beta-lactamase gene in a clinical sample, wherein the 
nucleic acid of an AmpC beta-lactamase gene, if present, are 
of a different origin relative to a bacteria’s chromosomal 
ampC beta-lactamase nucleic acid, the method comprising:

providing a clinical sample;
contacting the clinical sample with at least two pairs of 

oligonucleotide primers specific for nucleic acid of an 
AmpC beta-lactamase gene, wherein one primer of 
each pair is complementary to at least a portion of an 
ampC beta-lactamase nucleic acid in the sense strand 
and the other primer of each pair is complementary to 
at least a portion of an ampC beta-lactamase nucleic 
acid in the antisense strand;
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annealing the primers to the ampC beta-lactamase nucleic 
acid, if present;

simultaneously extending the annealed primers from a 3' 
terminus of each primer to synthesize an extension 
product that is complementary to the nucleic acid 
strands annealed to each primer wherein each extension 
product after separation from the ampC beta-lactamase 
nucleic acid, if present, serves as a template for the 
synthesis of an extension product for the other primer 
of each pair; and

analyzing the sample for the presence or absence of 
amplified products, wherein the presence of amplified 
products of a size characteristic of an ampC beta- 
lactamase nucleic acid indicates the presence of an 
AmpC beta-lactamase gene in the clinical sample, 
wherein the primers are selected from the group con
sisting of MOXMF (SEQ ID NO:l), MOXMR (SEQ 
ID NO:2), CITMF (SEQ ID NO:3), CITMR (SEQ ID 
NO:4), DHAMF (SEQ ID NO: 5), DHAMR (SEQ ID 
NO:6), ACCMF (SEQ ID NO:7), ACCMR (SEQ ID 
NO:8), EBCMF (SEQ ID NO:9), EBCMR (SEQ ID 
NO: 10), FOXMF (SEQ ID NO: 11), FOXMR (SEQ ID 
NO: 12), and full-length complements thereof.

5. The method of claim 1 wherein the primers are specific 
for nucleic acid characteristic of an AmpC beta-lactamase 
gene designated as MOX1-2 and CMY1, 8-11, and their 
chromosomal origin.

6. The method of claim 5 wherein the primers are selected 
from the group consisting of:

5 ' - GCTGCTCAAGGAGCACAGGAT - 3 ' ( SEQ ID NO:1 ) ;

5' - CACATTGACATAGGTGTGGTGC - 3' (SEQ ID NO:2); 
and full-length complements thereof.

7. The method of claim 1 wherein the primers are specific 
for nucleic acid characteristic of an AmpC beta-lactamase 
gene designated as LAT1-4, CMY2-7, and BIL-1, and their 
chromosomal origin.

8. The method of claim 7 wherein the primers are selected 
from the group consisting of:

5 ' - TGGCCAGAACTGACAGGCAAA - 3 ' ( SEQ ID NO:3 ) ;

5 ' - TTTCTCCTGAACGTGGCTGGC - 3 ' ( SEQ ID NO : 4 ) ;
and full-length complements thereof.

9. The method of claim 1 wherein the primers are specific 
for nucleic acid characteristic of an AmpC beta-lactamase 
gene designated as DF1A1-2, and their chromosomal origin.

10. The method of claim 9 wherein the primers are 
selected from the group consisting of:

5' - AACTTTCACAGGTGTGCTGGGT - 3' (SEQ ID NO:5);

5 ' - CCGTACGCATACTGGCTTTGC - 3 ' ( SEQ ID NO : 6 ) ;
and full-length complements thereof.

11. The method of claim 1 wherein the primers are 
specific for nucleic acid characteristic of an AmpC beta- 
lactamase gene designated as ACC-1, and their chromo
somal origin.

12. The method of claim 11 wherein the primers are 
selected from the group consisting of:
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5' - AACAGCCTCAGCAGCCGGTTA - 3' (SEQ ID NO:7);

5' - TTCGCCGCAATCATCCCTAGC - 3' (SEQ ID NO:8 );
and full-length complements thereof.

13. The method of claim 1 wherein the primers are 
specific for nucleic acid characteristic of an AmpC beta- 
lactamase gene designated as MIR-1 and ACT-1, and their 
chromosomal origin.

14. The method of claim 13 wherein the primers are 
selected from the group consisting of:

5' - TCGGTAAAGCCGATGTTGCGG - 3' (SEQ ID NO:9);

5' - CTTCCACTGCGGCTGCCAGTT - 3' (SEQ ID NO: 10);
and full-length complements thereof.

15. The method of claim 1 wherein the primers are 
specific for nucleic acid characteristic of an AmpC beta- 
lactamase gene designated as FOXl-5b, and their chromo
somal origin.

16. The method of claim 15 wherein the primers are 
selected from the group consisting of:

5' - AACATGGGGTATCAGGGAGATG - 3' (SEQ ID NO: 11) ;

5' -CAAAGCGCGTAACCGGATTGG - 3' (SEQ ID NO:12);
and full-length complements thereof.

17. The method of claim 1 wherein contacting the clinical 
sample with the at least two pairs of oligonucleotide primers 
comprises contacting the clinical sample with 2-6 pairs of 
primers.

18. The method of claim 17 wherein contacting the 
clinical sample with the at least two pairs of oligonucleotide 
primers comprises contacting the clinical sample with 4-6 
pairs of primers.

19. The method of claim 1 wherein analyzing the sample 
comprises separating amplified products from the sample 
and analyzing the separated amplified products for a size 
characteristic of a particular type of AmpC beta-lactamase 
gene by performing WAVE analysis.

20. The method of claim 1 wherein analyzing the sample 
comprises separating amplified products from the sample 
and analyzing the separated amplified products for a size 
characteristic of a particular type of AmpC beta-lactamase 
gene by performing electrophoresis.

21. A method for identifying different types of ampC 
beta-lactamase nucleic acid in a clinical sample, wherein the 
ampC beta-lactamase nucleic acid are of a different origin 
relative to a bacteria’s chromosomal ampC beta-lactamase 
nucleic acid, the method comprising:

providing a clinical sample;
contacting the clinical sample with at least two pairs of 

oligonucleotide primers specific for nucleic acid of a 
particular type of AmpC beta-lactamase gene, wherein 
one primer of each pair is complementary to at least a 
portion of the ampC beta-lactamase nucleic acid in the 
sense strand and the other primer of each pair is 
complementary to at least a portion of the ampC 
beta-lactamase nucleic acid in the antisense strand;

annealing the primers to the ampC beta-lactamase nucleic 
acid;

simultaneously extending the annealed primers from a 3' 
terminus of each primer to synthesize an extension 
product that is complementary to the nucleic acid
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strands annealed to each primer wherein each extension 
product after separation from the ampC beta-lactamase 
nucleic acid serves as a template for the synthesis of an 
extension product for the other primer of each pair;

separating the amplified products; and
analyzing the separated amplified products for a size 

characteristic of the particular type of AmpC beta- 
lactamase gene.

22. A method for identifying the presence of plasmid- 
mediated ampC beta-lactamase nucleic acid in a clinical 
sample, wherein the plasmid-mediated ampC beta-lacta- 
mase nucleic acid are of a different origin relative to a 
bacteria’s chromosomal ampC beta-lactamase nucleic acid, 
the method comprising:

providing a clinical sample;
contacting the clinical sample with 2-6 pairs of oligo

nucleotide primers specific for nucleic acid of plasmid- 
mediated AmpC beta-lactamase gene, wherein one 
primer of each pair is complementary to at least a 
portion of a plasmid-mediated ampC beta-lactamase 
nucleic acid in the sense strand and the other primer of 
each pair is complementary to at least a portion of a 
plasmid-mediated ampC beta-lactamase nucleic acid in 
the antisense strand;

annealing the primers to the plasmid-mediated ampC 
beta-lactamase nucleic acid, if  present;

simultaneously extending the annealed primers from a 3' 
terminus of each primer to synthesize an extension 
product that is complementary to the nucleic acid 
strands annealed to each primer wherein each extension 
product after separation from the plasmid-mediated 
ampC beta-lactamase nucleic acid serves as a template 
for the synthesis of an extension product for the other 
primer of each pair; and

analyzing the sample for amplified products characteristic 
of a plasmid-mediated AmpC beta-lactamase gene.

23. The method of claim 22 wherein analyzing the sample 
comprises separating the amplified products and analyzing 
the separated amplified products for a size characteristic of 
an AmpC beta-lactamase gene.

24. The method of claim 22 wherein the at least two pairs 
of oligonucleotide primers are selected from the group 
consisting of:

5' -GCTGCTCAAGGAGCACAGGAT -3'; (SEQ ID NO:1)

5' -CACATTGACATAGGTGTGGTGC -3'; (SEQ ID NO:2)
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5 ' -TGGCCAGAACTGACAGGCAAA -3 ' ; (SEQ ID NO: 3 )

5 ' -TTTCTCCTGAACGTGGCTGGC -3 ' ; (SEQ ID S O Js*

5 ' -AACTTTCACAGGTGTGCTGGGT -3 ' ; (SEQ ID NO: 5 )

5 ' -CCGTACGCATACTGGCTTTGC -3 ' ; (SEQ ID S O ox

5 ' -AACAGCCTCAGCAGCCGGTTA -3 ' ; (SEQ ID NO: 7 )

5 ' -TTCGCCGCAATCATCCCTAGC -3 ' ; (SEQ ID S O CO

5 ' -TCGGTAAAGCCGATGTTGCGG -3 ' ; (SEQ ID S O co

5 ' -CTTCCACTGCGGCTGCCAGTT -3 ' ; (SEQ ID S O o

5 ' -AACATGGGGTATCAGGGAGATG -3 ' ; (SEQ ID NO:11)

5 ' -CAAAGCGCGTAACCGGATTGG -3 ' ; (SEQ ID NO:12)

and complements thereof.
25. A method for identifying different types of ampC 

beta-lactamase nucleic acid in a clinical sample, wherein the 
ampC beta-lactamase nucleic acid are of a different origin 
relative to a bacteria’s chromosomal ampC beta-lactamase 
nucleic acid, the method comprising:

providing a clinical sample comprising at least two dif
ferent types of ampC beta lactamase nucleic acid; 

contacting the clinical sample with at least two pairs of 
oligonucleotide primers specific for nucleic acid of a 
particular type of AmpC beta-lactamase gene, wherein 
one primer of each pair is complementary to at least a 
portion of the ampC beta-lactamase nucleic acid in the 
sense strand and the other primer of each pair is 
complementary to at least a portion of the ampC 
beta-lactamase nucleic acid in the antisense strand; 

annealing the primers to the ampC beta-lactamase nucleic 
acid;

simultaneously extending the annealed primers from a 3' 
terminus of each primer to synthesize an extension 
product that is complementary to the nucleic acid 
strands annealed to each primer wherein each extension 
product after separation from the ampC beta-lactamase 
nucleic acid serves as a template for the synthesis of an 
extension product for the other primer of each pair; 

separating the amplified products; and 
analyzing the separated amplified products for a size 

characteristic of the particular type of AmpC beta- 
lactamase gene.
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