DIC

Microbial Biochemistry and

Miguel A. Valvano, Mw D. Professor of Microbiology and Infectious Diseases

Centre for Infection and Immunity, Queen's University Belfast, Belfast. United Kingdom

Al frente, de izquierda a derecha,Yasmine Fathy, Kina Patel, Janet Torres, Gonzalo Pradenas, Amy Ford, Cristobal Mujica,
Sudeepta Chakravarty, Laura Burns, Bernadette Kevin, Miguel Valvano, Fondo: Tina Schmidt, Lucie Kalferstova, Anna Hanuszkiewicz,
Seamus O’Brien, Chris Connolly.

Our research involves an interdisciplinary approach
using molecular genetics, biochemistry, cell biology, and
structural biology to understand the pathogenesis of Gram-
negative bacteria at the molecular level. Burkholderia ceno-
cepacia, Escherichia coli, Salmonella enterica, and Shigella
flexneri are the model organisms we use in different aspects
of our research program.

Opportunistic infections pose a significant threat to
human health, especially to those patients who benefit
most from advancements in the treatment of genetic dis-
eases, cancer, and organ transplantation, but who become
immunosuppressed. Burkholderia cepacia complex bacte-
ria (Bcc) and Burkholderia cenocepacia in particular are
our main model organisms to study the pathogenicity of
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opportunistic bacteria. Bcc bacteria are a major health risk
for children and young adults with genetic conditions like
cystic fibrosis and chronic granulomatous disease. These
patients commonly suffer from lung and airways infections
by these microorganisms, which are very difficult to treat
given the extraordinary resistance of these bacteria to clin-
ically useful antimicrobials. Therefore, throughout research
we hope to find novel ways to prevent or ameliorate the
effect of these infections in susceptible patients.

Enteric bacteria such as Escherichia coli, Salmonella, and
Shigella are also important human pathogens, which are par-
ticularly endemic in certain parts of the world. Lipopolysac-
charide (LPS) is a complex glycolipid molecule located on
the surface of Gram-negative bacteria that is also a critical
structural component of the bacterial outer membrane. Bac-
teria with defects in the LPS molecule are more sensitive
to a variety of antibiotics and they can be easily killed by
host defensive mechanisms such as the serum complement



and antimicrobial peptides. Therefore, by understanding how
the LPS is made and assembled on the bacterial cell surface
we hope to design inhibitors that will interfere with this
process, which may be useful as novel antimicrobials. Also,
we are looking at ways to alter LPS biosynthesis at vari-
ous levels to increase the overall permeability of the outer
membrane to antibiotics and antimicrobial peptides. What
we learn in Escherichia coli, Salmonella enterica, and Shigella
flexneri is also applied to Burkholderia cenocepacia.

We discovered that genetic ablation of LPS synthesis
or chemical inhibitors of certain LPS biosynthesis enzymes
can «weaken» the bacterial outer membrane and facilitate
the entry of conventional antibiotics and antimicrobial
peptides, especially in B. cenocepacia and other Bcc bac-
teria. We have also conducted detailed studies on proteins
required for the synthesis of core oligosaccharide and 0
antigen moieties of the LPS molecules. These components
are crucial for the virulence of E. coli, Salmonella, and
Shigella. Now we want to learn:

How LPS components are synthesized?

What are the mechanistic bases of the translocation
of 0-antigen LPS biosynthesis intermediates across the
plasma membrane?

How Bcc bacteria can survive the attack of antimicrobial
cationic peptides and other antibiotics?

We discovered that Bcc bacteria survive intracellularly
in free-living amoebae and macrophages by altering the
maturation of the phagosome, and this research has led to
the hypothesis that these cells become a reservoir for the
persistence and dissemination of these bacteria in the host.
We have also discovered a novel secretory system in B. ceno-
cepacia (type VI) that appears to alter the cytoskeleton of
infected macrophages and is required for infection in an ani-
mal model of chronic lung infection. Now we want to learn:

How does intracellular B. cenocepacia delay phagosome
maturation and phagosomal acidification?

What is the role of a novel type 6-secretion system in B.
cenocepacia intracellular survival?

How does intracellular B. cenocepacia affect the assem-
bly of the macrophage NADPH oxidase?

We discovered several master regulators that respond to
different types of stress. Mutations in the genes encoding these
regulators impair the ability of B. cenocepacia to survive within
macrophages and also in the animal model of chronic lung
infection. We have observed that antioxidant bacterial defens-
es are critical for intracellular survival. Now we want to learn:

How does B. cenocepacia adapt to various environments
including macrophage and epithelial cells?
What are the roles of stress regulators in intracellular

survival and in bacterial survival in the rat model of
chronic lung infection?

How do bacterial antioxidant mechanisms protect essen-
tial bacterial metabolic pathways that are deemed to be
critical for adaptation to different environments, includ-
ing the lung and airways?

Sometimes genetic tools are not available for our spe-
cific research needs. Therefore, we place special effort in
developing new tools and reagents or modifying those
available to our own needs. In particular, our lab has con-
tributed novel molecular tools to handle Bcc bacteria.
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