
Francisella tularensis is a Gram-negative, intra-

cellular bacterium that causes the zoonotic dis-

ease tularemia.  F. tularensis is one of the most 

dangerous bacterial pathogens known because of 

its low infectious dose (< 10 bacteria), aerosoliza-

tion risk, rapid onset of flu-like symptoms, and 

high morbidity/mortality rates.  Thus, it has been 

designated by the U.S. government as a Tier 1 

Select Agent, highlighting its potential use as a 

biological weapon.  Intracellular pathogens, in-

cluding F. tularensis, have evolved mechanisms 

to allow survival in the harsh  environment of 

macrophages and neutrophils, where they are 

exposed to cell envelope-damaging mole-

cules.  One mechanism that protects intracellular 

Gram-negative bacteria from macrophage or neu-

trophil killing is the ability to recycle and repair 

damaged peptidoglycan (PG) – a process that 

requires over 50 different enzymes.  In addition 

to PG repair, PG recycling occurs during cell divi-

sion and plays critical roles in maintaining cell 

morphology, structure, and membrane integri-

ty.  We identified a PG recycling enzyme, L,D-

carboxypeptidase A (LdcA), of F. tularensis that 

is responsible for converting PG tetrapeptide 

stems to tripeptide stems.  Unlike prototypic 

LdcA orthologs in other bacteria, F. tularensis 

LdcA is located in the periplasm and also exhib-

its L,D-endopeptidase activity, converting PG 

pentapeptide stems to tripeptide stems.  Loss of 

F. tularensis LdcA led to altered cell morphology 

and membrane integrity, as well as attenuation 

in a mouse pulmonary infection model and in 

primary and immortalized macrophages.  Final-

ly, an F. tularensis LdcA mutant protected mice 

against virulent Type A F. tularensis SchuS4 

pulmonary challenge.  Although PG homeostasis 

generally is presumed to be required for bacterial 

virulence, very few PG synthesis or  recycling 

proteins have been identified or characterized in 

Gram-negative intracellular pathogens.  Indeed, 

only one other F. tularensis PG-associated pro-

tein, a putative D,D-carboxypeptidase (DacD), 

has been studied.  However, those studies fo-

cused solely on virulence and protein function. 
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