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ABSTRACT

Complete genome sequences are now
available for many bacterial species that
lack sophisticated genetic tools. We describe
the development of a broad-host-range cre-
lox system that allows antibiotic marker re-
cycling in a variety of Gram-negative bacte-
ria. This system consists of an allelic
exchange vector bearing a kanamycin cas-
sette flanked by loxP sites and a tetracycline-
resistant IncP plasmid that provides expres-
sion of the Cre recombinase. We demonstrate
this system by generating unmarked dele-
tions of genes in two different bacteria,
Methylobacterium extorquens AMI and
Burkholderia fungorum LB400. This new an-
tibiotic marker recycling system offers the
possibility of creating unmarked mutants in a
wide variety of Gram-negative bacteria. Fur-
thermore, marker recycling allows the gener-
ation of strains bearing multiple genetic ma-
nipulations in organisms for which few
antibiotic markers are currently available,
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INTRODUCTION

The availability of complete genome
sequences for a wide variety of micro-
bial species has revolutionized microbi-
ology. Although bioinformatics tools
permit phylogenetic classification of
the majority of the putative gene prod-
ucts into conserved classes (16), the an-
notation of function based on sequence
alone is still, by its very nature, a hy-
pothesis. Experimentation is required
to test and refine these hypotheses. For
many of these organisms, however, the
genetic toolkit available is limited, at
best. One key genetic hurdle slowing
progress is the lack of facile tools to
generate unmarked mutant strains in a
wide variety of organisms. The genera-
tion of unmarked mutants allows for
multiple genetic manipulations of or-
ganisms for which few antibiotic mark-
ers exist. In recent years, a growing
number of systems for antibiotic mark-
er recycling in non-enteric bacteria
have been reported that utilize a variety
of site-specific recombination systems
and antibiotic markers (5). These in-
clude the utilization of the RP4 multi-
mer resolution system (8) and both the
yeast FIp/FRT (7) and P1 phage cre/lox

(2) site-specific recombination sys-
tems. This paper describes the develop-
ment of a simple broad-host-range an-
tibiotic marker recycling system based
on cre-lox methodology. Cre recombi-
nase is a site-specific recombinase from
the P1 phage that catalyzes in vivo ex-
cision of DNA regions flanked by co-
directional loxP recognition sites (12).
The system we describe consists of a
mobilizable allelic exchange vector
with a loxP-flanked antibiotic resis-
tance cassette, pCM184 or pCM351,
and an IncP plasmid that expresses the
Cre recombinase, pCMI157 or
pCM158. We demonstrate the broad
utility of this system by generating un-
marked mutant strains of two phyloge-
netically distinct Gram-negative bacte-
ria, Methylobacterium extorquens AM1
(an o-proteobacterium) and Burkholde-
ria fungorum LB400 (a B-proteobac-
terium).

MATERIALS AND METHODS

Media and Growth Conditions

M. extorquens AMI1 (11) and B.
Jungorum LB400 (3) strains were
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