The impact of disulfide bonds of whey protein β-lactoglobulin on the structural conformation and adsorption behavior at the oil/water interface
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For the stabilization of food emulsion, amphiphilic proteins, like the whey protein β-lactoglobulin (bLG), adsorbs at the oil-water interface in three phase: (I) migration through the bulk phase, (II) adsorption at the oil-water interface and (III) interfacial rearrangement by structural change followed by the formation of a protein film. For the latter, relevant structural features of bLG range from secondary to quaternary structure, especially disulfide bonds. Disulfide bonds are built between two cysteine residues of the amino acid chain. The bLG possesses five native cysteines that have a strong influence on the conformation of the tertiary structure through the formation of one intermolecular (free cysteine) and two intramolecular disulfide bonds, one located in the inner core molecule and one at the surface of the molecule.
In this context, the use of recombinantly produced bLG, whose cysteine residues can be selectively exchanged by alanine residues, can help to better understand the role of protein structure in stabilizing oil-water interfaces. The aim of this work was to investigate the effects of disulfide bonds in the protein structure on the three phases (I -III) at the oil-water interface.
For this purpose, structural variants of bLG were recombinantly produced in Escherichia coli as previously described in [1,2]. One or more of the five cysteines present in the native bLG were selectively substituted.
The behavior of the structural variants of bLG during phases (I) and (II) was investigated by interfacial tension measurements and during phase (III) by measurements of the response of the protein film to shear and dilatational forces (both by drop tensiometer). Along with the experimental data, molecular dynamic (MD) simulations were used to have insight into the molecular and structural level of the adsorption of the bLG variants.
In general, the substitution of cysteines had a significant effect on the monomer/dimer ratio of bLG and, by that, affected the adsorption kinetics. The native quaternary structure of bLG is mainly a dimer, while the deletion of the disulfide bond near the molecular surface resulted in a shift toward a monomeric state [2]. This further resulted in a faster migration through the bulk (I) and faster adsorption (II) with predominantly elastic properties of the protein film (III). In contrast, the deletion of the intermolecular disulfide bond caused a higher decrease in the interfacial tension in stage (III). When substituting all cysteines, the bLG resulted in a disordered and unfolded secondary structure, which led to stronger adsorption to the interface, which both was revealed by MD simulations (stage (III)). 
This research is the first step toward a fundamental understanding of protein structure during the interfacial stabilization mechanism at the oil-water interface, which is necessary to characterize and control the emulsification process.
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