
Hydrodynamic Chromatography for the Analysis of Protein Aggregates

Carley Chen*

Department of Mass Spectrometry, University of Sao Paulo, Sao Paulo, Brazil

DESCRIPTION
Utilising its unique analytical method, Hydrodynamic
Chromatography (HDC) is utilised to describe particles and
macromolecules according to their hydrodynamic characteristics.
Unlike traditional chromatographic methods that separate
compounds based on their chemical interactions, HDC
separates particles based on their size and shape in a flowing
liquid medium. This method has proven particularly effective in
the analysis of protein aggregates, which are critical in various
fields including pharmaceuticals, biotechnology, and biomedical
research. The fundamental principle of hydrodynamic
chromatography involves the use of a flow field to separate
particles or macromolecules according to their size and shape.
The flow of the liquid mobile phase through the column creates
a shear force that acts on the particles. Due to differences in
their size and shape, particles experience different flow
resistances and move through the column at varying rates. In
practice, HDC columns often use materials with well-defined
pore sizes, such as porous glass or polymer beads, which create a
network of channels that help separate particles. Protein
aggregates, which can range from small dimers to large
complexes, are distinguished by how they interact with the
stationary phase and the flow field.

Larger aggregates experience more significant resistance and
therefore migrate more slowly through the column compared to
smaller aggregates. Proteins are often denatured or dissolved in a
suitable buffer to ensure they are in a monodisperse solution
before analysis. Sample preparation may also involve filtering to
remove any larger particles or debris that could interfere with the
analysis. Selecting the right stationary phase and column is
essential for efficient separation. For example, columns with
smaller pores are suitable for analyzing smaller aggregates, while
larger pores are used for larger complexes. The buffer conditions,
such as potential of Hydrogen (pH) and ionic strength, are also
adjusted to maintain protein stability and minimize non-specific
interactions with the stationary phase. As the protein aggregates
elute from the column, they are detected using various methods,
such as Ultraviolet (UV) absorbance, light scattering, or
refractive index. Information regarding the size distribution and

concentration of the protein aggregates is provided by the 
ensuing chromatograms..

Hydrodynamic chromatography is highly advantageous for 
analyzing protein aggregates due to several key features. HDC 
provides a direct size-based separation of protein aggregates, 
which is important for understanding their distribution and 
potential effects on protein function. This is particularly 
important in the pharmaceutical industry, where protein 
aggregates can impact drug safety and efficacy. HDC offers high 
resolution and sensitivity for detecting a wide range of protein 
aggregate sizes. This allows researchers to differentiate between 
monomers, dimers, trimers, and larger aggregates with high 
precision. Compared to other techniques like gel filtration or 
ultracentrifugation, HDC often requires minimal sample 
preparation. This reduces the risk of introducing artifacts or 
altering the protein aggregates during the analysis. HDC can be 
used for quantitative analysis of protein aggregates, providing 
insights into their concentration and distribution in a sample. 
HDC can be combined with other analytical methods, such as 
mass spectrometry or spectroscopy, to provide complementary 
information about protein aggregates.

CONCLUSION
Hydrodynamic Chromatography is a powerful and effective 
technique for analyzing protein aggregates, offering valuable 
insights into their size distribution and concentration. By 
separating particles based on their Hydrodynamic Properties, 
HDC provides a direct and quantitative approach to 
characterizing protein aggregates, which is essential for various 
applications in pharmaceuticals, biotechnology, and research. 
Despite its advantages, HDC also presents challenges related to 
resolution limitations, sample complexity, and column 
maintenance. Careful optimization of experimental conditions 
and column selection is necessary to achieve accurate and 
reproducible results. Overall, hydrodynamic chromatography 
remains a valuable tool for understanding protein aggregate 
behavior and ensuring the quality and safety of protein-based 
products.
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