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In-situ evaluation of frozen protein solutions to maintain the stability of
biopharmaceuticals
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Freezing of protein solutions is an important process for production,
transportation, and storage of biopharmaceuticals. The aim of this study was to minimize the denaturation
of an organic matter due to the freezing process. A lysozyme aqueous solution was used as a model protein
with trehalose as a cryoprotective agent. The binary solution or each component solution was frozen in a
microchannel on a directional solidification stage combined with a laser Raman microscope, and observed
to obtain spatial distribution of water, ice, and each solute. Protein denaturation was also evaluated
from the Raman spectra. These experimental results revealed that optimization of lysozyme/trehalose
concentration and the freezing speed led to colocalization of both solutes, which 1s helpful in enhancing
the stability of lysozyme because of the cryoprotective effect of trehalose.
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