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Sickle cell disease is the first human disease for which the cause is understood at a molecular level.
Thanks to many biophysical studies of structure, thermodynamics, and kinetics, the molecular
pathogenesis of sickle cell anemia is better understood than any other protein aggregation disease.
Sickle hemoglobin aggregates upon deoxygenation to form fibers that stiffen and distort ("sickle") the
red cells. Occlusion of narrow vessels of the tissues by the less deformable cells reduces oxygen delivery,
which damages multiple organs and causes episodes so painful that they are called "sickle cell crises".
Like amyloid formation, the cause of many neurodegenerative conditions, such as Alzheimer's disease,
there is a delay period (lag phase) prior to fiber formation. However, unlike amyloid formation, there is
an enormous sensitivity of the kinetics of sickle hemoglobin fiber formation to solution conditions, with
the delay time inversely proportional to up to the 40th power of the initial sickle hemoglobin
concentration and a primary nucleation rate proportional to up to the 80th power. These extraordinary
kinetics, as well as the observation of stochastic fluctuations in the delay for measurements on small
volumes due to nucleation of single sickle fibers, can be quantitatively explained with a double
nucleation model, a model that has also recently been adopted to explain the aggregation of the
Alzheimer's polypeptide. In this seminar I will describe the key kinetics results and the model and show
how we are using the results from biophysical studies to understand and treat the disease.
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