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Abstract

The aim of this research project is to investigate effects of culturing conditions,
including light intensity and nitrate concentration, on Haematococcus pluvialis life cycle
progression, metablolism and astaxanthin accumulation through an integrated experimental
and mathematical modelling approach. To evaluate the effects of light intensity and nitrate
concentration, the concentrations of cells for each cell type (motile or X;, non-motile
vegetative or X,, cyst or aplanospores or Xs), nutrients and astaxanthin were measured before
and after the light intensity was shifted to 4 different levels (21.9, 87.6, 175.2, and 262.8 pimol
m? s), and before and after the nitrate concentration was reduced to 3 different levels (40,
80, and 120 mg L) and re-added to its original value (750 mg L™). A mathematical model
describing the light intensity effects was constructed based on what observed during the
experiments using first-principles and cell growth kinetics. At the light intensity condition with
shift to 175.2 umol m? s, the highest concentration of X5 cells and the corresponding highest
astaxanthin concentration were obtained. It was also found that shifts to higher light intensities
could not always lead to higher astaxanthin concentrations as cell death would result.
Reducing the nitrate concentration to 40 me L during the growth phase of the life cycle
enabled cell transformation to X; cells. Similar results were obtained with the shift to 80 mg
L™ but the transformation back to X; cells still containing astaxanthin was only seen when re-
added nitrate to the culture with reducing nitrate concentration to 40 mg L' The
mathematical model contains only 14 simple equations but it can capture well all the profiles
of cell concentration in each cell type, nitrate and astaxanthin concentrations under shifts to
3 different levels of light intensity. It can therefore be further used for simulate effects of light
intensity as well as suggest conditions where astaxanthin can be more produced. From the
results obtained, this work can be the basis for finding strategies to increase astaxanthin

extractability and yield from the culture of H. pluvialis.
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