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Thesis summary

Pulmonary surfactant is a complex mixture of lipids and proteins that lowers surface
tension, increases lung compliance, and prevents the adhesion of respiratory surfaces
and pulmonary oedema. Pressure can have an enormous impact on respiratory function,
by mechanically compressing tissues, increasing gas tension resulting in increased gas
absorption and by increasing dissolved gas tensions during diving, resulting in the
formation of bubbles in the blood and tissues.

The lungs of diving mammals have a huge range of morphological adaptations to
enable them to endure the extremely high pressures associated with deep diving. Here, |
hypothesise that surfactant will also be modified, to complement the morphological
changes and enable more efficient lung function during diving. Molecular adaptations to
diving were examined in surfactant protein C (SP-C) using phylogenetic analyses. The
composition and function of pulmonary surfactant from several species of diving mammals
was examined using biochemical assays, mass spectrometry and captive bubble
surfactometry. The development of surfactant in one species of diving mammal (California
sea lion), and the control of surfactant secretion using chemical and mechanical stimuli
were also determined.

Diving mammals showed modifications to SP-C, which are likely to lead to stronger
binding to the monolayer, thereby increasing its fluidity. Phospholipid molecular species
concentrations were altered to increase the concentration of more fluid species. There
was also an increase in the percentage of alkyl molecular species, which may increase
the stability of the monolayer during compression and facilitate rapid respreading. Levels
of SP-B were much lower in the diving species, and cholesterol was inversely proportional
to the maximum dive depth of the three species. Surface activity of surfactant from diving
mammals was very poor compared to surfactant from terrestrial mammals. The newborn
California sea lion surfactant was similar to terrestrial mammal surfactant, suggesting that

these animals develop the diving-type of surfactant after they first enter the water. The



isolated cells of California sea lions also showed a similar response to neuro-hormonal
stimulation as terrestrial mammals, but were insensitive to pressure.

These findings showed diving mammal surfactant to have a primarily anti-adhesive
function that develops after the first entry into the water, with a surfactant monolayer,

which would be better suited to repeated collapse and respreading.
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