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INTRODUCTION. Brucellosis is a disease of terrestrial and marine mammals and an
important zoonosis. The ability of brucellae to multiply intracellularly in a variety of cells is
the cornerstone of the biology of this pathogen and requires both controlling the
intracellular trafficking and using the nutrients available in the replicative niche. The main
carbon substrates used intracellularly for biosynthesis and energy production by Brucella
are not known, and a better understanding of the adaptation to host cell nutrient supply is
required.

EXPERIMENTAL PROCEDURES. In order to study the relevance of the glyoxylate and the
gluconeogenic pathways in B. abortus metabolism, we constructed non-polar mutants in
key enzymes (see Table and Figure below) of virulent B. abortus 2308 (BAB-parental) by
making internal in frame deletions Then, we tested the capability of the mutants to grow on
a minimal defined medium (gluconeogenic substrates) and on a rich medium. Finally, we
studied the intracellular replication of the mutants in murine macrophages and the infection
kinetics in the spleens of mice.

RESULTS. Disruption of the gene predicted to encode the isocitrate lyase (glyoxylate
cycle) has no effect in vitro or in in vivo models since the mutant was able to grow on
gluconeogenic substrates and to multiply in macrophages and mice at the same level as
the parental strain (data not shown). Regarding synthesis of phosphoenolpyruvate (the first
substrate of gluconeogensis), pckA (phosphoenolpyruvate carboxykinase) mutation had no
effect in vitro or in vivo. However, mutants in the genes encoding the malic enzyme (mae)
and the pyruvate dikinase (ppdK) were not able to grow on gluconeogenic substrates and
were attenuated in both cells and mice. Interestingly, the ppdK mutant, although attenuated
in macrophages, was able to reach the endoplasmic reticulum-derived replicative niche.
Finally, the double mutant in the fructose-1,6-bisphosphate phosphatase genes (fbp and
glpX) but not the single mutants, did not grow under conditions requiring gluconeogenesis.
However, this double mutant fbp-glpX was able to multiply in macrophages and mouse
spleens at the same rate than the parental strain.

CONCLUSIONS. The results indicate that phosphoenolpyruvate is synthesized in B.
abortus via the sequential activities of the malic enzyme (Mae) and the pyruvate dikinase
(PpdK) but not via phosphoenolpyruvate carboxykinase (PckA), and that both Mae and
PpdK are essential for B. abortus virulence. Moreover, although necessary for
gluconeogenesis in vitro, synthesis of fructose-1,6-bisphosphate by Fbp or GlpX is not
required in vivo. On the other hand, and in contrast to other intracellular pathogens, the
glyoxylate cycle is not essential for B. abortus in vitro growth or virulence in the models
used in this work.

Growth of the different metabolic mutants in (A), rich medium (peptone-yeast extract-
glucose) and (B), minimal medium (glutamate-lactate-glycerol)

Pyruvate phosphate dikinase (BAB∆ppdK) and malic enzyme (BAB∆mae) mutants but 
not other mutants (BAB∆fbp∆glpX and BAB∆pckA) are attenuated in macrophages
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Pyruvate phosphate dikinase (BAB∆ppdK) and malic enzyme (BAB∆mae) mutants but 
not other mutants (BAB∆fbp∆glpX and BAB∆pckA) are attenuated in mice

The attenuation of the ppdK mutant is not caused by an inability to reach the 
replicative niche

E-mail: azuniga@unav.es


