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KINETICS/LYSOZYME

The main difficulty in accessing protein products is purifying the many
proteins involved in natural products into pure protein fractions on an industrial scale.
Protein crystallization is a separation/purification technique little used in the
bioprocess industry despite the high purity levels and good separation factors
obtained. One of the major drawbacks has been the lack of thermodynamic and
kinetic data required for efficient crystallization. This thesis aims to study the
possibility to separate pure lysozyme out of the mixtures of lysozyme and ovalbumin
by understanding the thermodynamic and kinetic behavior of the crystallization of
lysozyme from both pure and mixed solution.

Solubility is a fundamental thermodynamics property of proteins and other
species, and is essential knowledge to be able to design and operate industrial
crystallizers for any product. The solubility of lysozyme increases with increasing
temperature, decreases with increasing sodium chloride concentration, and is slightly
reduced at higher values of the pH. Two modified techniques, SDS-PAGE gel + UV-
Vis and the UV-Vis for mixtures, were introduced for use in measurement of the

concentration of proteins in mixtures. The measurement of solubility as a function of



the parameters is very important in studying the crystallization process in both pure
and mixed protein systems.

To extend the understanding of protein crystallization, the kinetics of protein
crystallization were studied, with the phase diagrams of lysozyme being determined
using the STEM integrity 10 system. The width of the metastable zone depends on the
solution conditions, i.e. it is narrower when more salt is added to the mixture. The
presence of the phase diagram offers the possibility to use the information for design
and control the crystallization process.

The batch crystallization of lysozyme for both pure and mixed systems was
studied via a seeded crystallization process. The crystallization was performed within
the metastable region to ensure that no nucleation occurs. The successful
crystallization of tetragonal lysozyme crystal was performed for both pure and mixed
protein systems. The growth Kkinetics is controlled by the surface integration
mechanism. The crystal growth rates were found to be second order with respect to
the relative supersaturation. There is no significant effect of ovalbumin impurity, up
to the concentration of 67.5% (based on total protein), and NaCl concentrations of 3
and 4%, on the growth of lysozyme crystal. The temperature has a greater effect on
the growth of the crystal. The growth rate constants increase with increasing

temperature and follow an Arrhenius relationship.
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