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A comprehensive study of early stage of protein folding in wet silica gel
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Many studies have shown that important structural changes such as chain collapse and formation
of secondary structure, leading to partially folded intermediates, occur during the early folding stage.
Therefore, direct observation of these early folding events is crucial in understanding the folding
mechanism. However, it is difficult to resolve them because they usually manifest themselves as an
unresolvable signal change in conventional mixing experiments (burst phase). Previously, it has
been reported that the folding speed is significantly decreased by entrapping proteins within wet
silica gels, while the entrapped proteins retain their properties in solution. This study focused on the
early folding events in wet silica gels. Five small globular proteins, horse heart cytochrome c, equine
B-lactoglobulin, human tear lipocalin, bovine a-lactaloumin and hen egg lysozyme, were entrapped,
and their secondary structure formation during early folding stage were monitored by far-UV
circular dichroism. For all proteins used here, it was shown that the folding speed is significantly
reduced, allowing direct observation of the process from the unfolded state to the initial intermediate
state, which corresponds to the burst phase in solution experiments. Furthermore, the rates of the
initial intermediate formation showed a temperature dependence, indicating that these initial
intermediates are separated from the unfolded states by an energy barrier.

Keywords: protein folding, burst-phase intermediate, silica gel entrapment, cytochrome c,

B-lactoglobulin, tear lipocalin, a-lactalbumin, lysozyme, folding energy barrier
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