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Abstract

Fusobacterium nucleatum is a Gram negative anaerobic bacterium, frequently
isolated from both healthy and diseased dental plaque and has been implicated in the
aetiology of periodontal diseases. Studies have shown that this organism increases in
number and proportion in diseased periodontal pockets suggesting that changes in the
environment favour the growth of the organism. One of the physico-chemical changes
that occurs in the diseased periodontal sulcus is an increased environmental pH, which
may be as high as 8.5. In our laboratory, F. nucleatum subspecies polymorphum ATCC
10953 formed mono-culture biofilms at pH 8.2. The formation of biofilms in nature is a
survival strategy for bacteria, often associated with altered physiology and increased
virulence. The aim of this study was to investigate changes in F. nucleatum protein

expression associated with these alkaline induced biofilms.

A chemostat was used to produce F. nucleatum planktonic and biofilm cells
grown at pH 7.4 and 8.2, respectively. The bacterial cells were separated into cell
envelope and cytoplasmic fractions. The soluble proteins were extracted from each
fraction and resolved by two-dimensional gel electrophoresis. Fifty five differentially
expressed proteins were identified using mass spectrometry and database searching.
These proteins were classified according to functional class, including metabolic,

transport and stress proteins.

One of the most interesting findings was the significant up-regulation of
Fusobacterial Outer Membrane Protein A (FomA), a porin that is responsible for the
coaggregation between F. nucleatum and periodontopathogens. It has been suggested

that this protein may be a target for future vaccination against periodontal diseases.
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Other proteomic findings showed that transport proteins such as ATP binding
cassette (ABC) transporter binding protein was down-regulated while tripartite ATP-
independent (TRAP) transporter binding protein was enhanced in the alkaline
environment. ABC transporters require ATP hydrolysis for solute transport. In contrast,
TRAP transporter is ATP independent and co-transports protons into the cytoplasm,
which may help maintain a neutral intracellular pH under alkaline conditions. The
regulation of these transport proteins reflected the conservation of energy and

maintenance of pH homeostasis in biofilm cells.

In addition, F. nucleatum regulated key enzymes in energy-producing pathways.
A combination of proteomic and other methods confirmed that biofilm cells increased
their glucose uptake and storage as intracellular polyglucose in comparison to their
planktonic counterparts. Furthermore, the increased energy requirement of these cells
was associated with changes in metabolism resulting in both qualitative and quantitative

shifts in acidic end-products.

Bacterial biofilm formation can be triggered by adverse environmental
conditions and the expression of stress proteins help to protect cellular functions. The
stress proteins, GroEL and RecA, were up-regulated in biofilm cells and the expression
of these proteins was verified using Western-blotting and quantitative real-time

polymerase chain reaction techniques.

In conclusion, this investigation successfully identified F. nucleatum proteins
that were regulated in response to alkaline conditions, similar to those that are thought

to exist in diseased periodontal pockets. The physiological adaptations observed, to the
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changed ecology, provide evidence at the molecular level supporting the key role of F.

nucleatum in the establishment of mature dental plaque.
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