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Fig.1 Schematic diagram of multiple aggregation pathways for monoclonal antibody (mAb) *
(a) Folded monomer; (b c¢) Partly unfolded monmers; (d e) Partl unfolded ‘clusters’; (f) Folded ‘clusters’ ;
(g) Nuclei; (h) Oligomers and soluble filaments; (i) Soluble aggregates; (j) Macro particles phase separation.
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Fig.2 (A) Principle of analytical ultracentrifugation (AUC); (B) Sedimentation coefficient distribution of
mAb oligomers *
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Fig.3 (A) Principle of fieldflow fractionation (FFF); (B) Principle of asymmetric flow FFF (AF4);
(C) Representative elution profile of mAb oligomers by FFF *
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Fig.4 (A) Principle of nanoparticle tracking analysis (NTA); (B) One frame from a video captured by
NTA ¥ ;(C) Typical moving motion of one nanoparticle tracked by NTA ¥ ; (D) Size distribution of IgG1
aggregates by NTA *
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Fig.6 (A) TEM image of AB-(1-40) fibrils * ; (B) Cryo-TEM image of IgG aggregates
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Recent Advances in Analysis of Protein Aggregation
in Biopharmaceuticals

GAO Kai-Min YAN Xiao-Mei"
(Department of Chemical Biology College of Chemisiry and Chemical Engineering
The MOE Key Laboratory of Spectrochemical Analysis & Instrumentation The Key Laboratory for Chemical
Biology of Fujian Province Xiamen University Xiamen 361005 China)

Abstract Protein drugs represented by recombinant protein drugs and therapeutic antibodies have become
important components of biotech medicines. The efficacy and biosafety of protein drugs are superior to small
molecule drugs in the treatment of serious diseases such as malignant tumor autoimmune disease and virus
infection. However the stability of proteins is poor and they are prone to aggregate upon environmental
stimulation or due to their own instability during the process of production purification transportation and
storage. Protein aggregation may reduce therapeutic efficacy and thus induce immune responses. High—
sensitivity high-resolution simple and practical techniques for protein aggregation detection are of great
importance in the development and advancement of protein drugs. This paper intends to review the techniques
used for protein aggregation analysis such as size-exclusion chromatography gel-electrophoresis analytical
ultracentrifugation field flow fractionation turbidimetry/nephelometry dynamic light scattering nanoparticle
tracking analysis flow cytometry and electron microscopy. The principle strengths limitations and
applications of these techniques are discussed and the direction in the future development is prospected.

Keywords Protein drugs; Protein aggregation; Size separation; Light scattering; Flow cytometry; Review
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