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Three ways for protein aggregation and the control strategies
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Abstract: Protein aggregation is a critical issue in the production of biopharmaceuticals. During
protein production, transport and storage, various factors can lead to protein aggregation. With
the in-depth study, different ways of protein aggregation and various influencing factors were
identified. This includes physical and chemical factors, translation modifications and protein
structure. Since protein aggregation exerts major impact on the activity and homogeneity of
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proteins, it is of great importance to study the ways of protein aggregation and how to control it
to obtain high-quality proteins. The review focuses on three ways of protein aggregation,
namely 3D domain swapping, salt bridge formation, and oxidative stress, as well as methods to
control protein aggregation during protein production, transport and storage. This may facilitate
reducing the loss caused by the formation of protein aggregation and improving the purity and
homogeneity of protein in research and commercial production.
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Figure 1

[32-34]

Structure diagram of bovine pancreatic ribonuclease dimerization via 3D domain swapping .

The red and purple parts in monomers (A) and (B) represent the C-terminal exchanged structural region and
hinge region of bovine pancreatic ribonuclease 3D domain exchange, and the exchange results are shown in
(C). A and B, Method: X-ray diffraction; Resolution: 1.95 A; PDB ID: 4RTE; https://www.rcsb.org/
structure/4rte). C, Method: X-ray diffraction; Resolution: 1.99 A; PDB ID; 3FKZ https://www.rcsb.org/
structure/3fkz. The red and purple parts in A, B, and C are colored with Pymol 2.5.
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Figure 2 Bovine p-lactoglobulin forms aggregates through salt bridges™®. A: Salt bridge formed by
negatively charged carboxyl (—CO) of His, Arg and Ser amino acids drawn with Pymol 2.5. The yellow
dotted lines represent possible hydrogen bonds, and the numbers represent the interaction distances. B: A
dimer of bovine S-lactoglobulin through a salt bridge. The blue and green parts represent the amino acid parts
(His, Ile, Arg, Leu, Ser, Phe). Method: X-ray diffraction; Resolution: 3 A; PDB ID: 2AKQ
https://www.rcsb.org/structure/2AKQ).
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B3 SERERRESH rhEPO RERTAIEWL

Figure 3 Changes in the surface charge of rhEPO caused by amino acid site-directed mutagenesis. A:
Non-mutant protein. B: Threonine mutation at position 27 to aspartic acid. C: Mutation of arginine at position
131 to aspartic acid. Positively charged patch area is reduced. Blue represents positive potential and red

represents negative potential.
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Figure 4 Local concentration-dependent aggregation of proteins during ultrafiltration concentration. During
the ultrafiltration concentration process of proteins, the surface protein concentration on the membrane
surface (o) will be higher than that in the bulk solution, resulting in concentration-dependent aggregation of
proteins on the membrane surface, causing membrane blockage and reduced membrane flux, further leading

to the formation of aggregates.
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