Mechanics of sperm motility and fertilisation

Background
Fertility problems effect 1 in 6 couples, with male factors being present
in over half of all cases. The most common problem is poor 'motility',
the ability of sperm to swim to the egg and fertilise. Despite decades of
research, the mechanics, forces and energy expenditures of normal and
poor motility sperm are far from being fully understood. Central challenges are: 1) having the computing power to test large data sets of
sperm tail beat waveforms and cell body shapes, and 2) taking into account the complex fluid properties of the reproductive tract mucus that
sperm swim through, and the complex internal apparatus of the human
sperm tail. For these challenges, supercomputing power is necessary.
Results
Sperm tend to accumulate near microscope slides and coverslips, and
people have worked on explaining this since the early 1960s. We developed the first long-timescale simulation method to explore this behaviour, and the mechanisms involved.
Through using large numbers of parallel simulations on BlueBEAR we
were able to explore the parameter space and show what tail beats result in this behaviour. The simulation capability of BlueBEAR also allowed us to discover a new symmetry-breaking phenomenon affecting
the sperm tail beat, which could explain how sperm may become
trapped as they migrate. These codes and methods are being used by
researchers in mathematics, in the mathematical institute at Oxford
University, and also by researchers in the medical school and Birmingham Women's Hospital to understand sperm swimming microscopy observations. Other problems being considered include the swimming of
trypanosomes, which cause sleeping sickness, symmetry-breaking in
embryo development, and drug delivery to the colon (jointly with
chemical engineering).
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