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Abstract

One of the most significant contributors to the production cost of development and manufacturing
of therapeutic proteins is downstream processing. Amongst the various downstream processing
unit operations, chromatography is arguably the most critical with respect to the high selectivity it
offers. However, chromatography presents a major process development challenge due to the large
number of process parameters such as pH, ion concentration, gradient and stationary phase, that
impact the performance of the step as well as quality of the resulting product. Models can also be
judiciously used to reduce lab experimentation, thereby significantly reducing the time required
and the cost incurred during development of a chromatography step. Two types of models have
been developed in this work viz. empirical and mechanistic model. Cation exchange process has
been modeled for removal of removal of product aggregates and charge variants. The first part of
the thesis deals with development of empirical model based on design of experiments (DOE) and
of novel methods obtaining optimal separation of product aggregates and charge variants. Through
this work, we have compared the various DOE designs used in bioprocessing and proposed an
optimal approach. To enhance the use of the various criteria for comparing competing models two
case studies have been used. In the second part of the thesis, mechanistic models have been
developed using general rate model and a novel extended Langmuir model. Calibration of model
and parameter estimation were performed using inverse methods for accurate values. The model
developed was demonstrated for prediction of charge variants of product in a wide range of
operating conditions. The model was also successfully applied as a PAT tool for facilitating real-
time peak pooling for separation of charge variants. In nutshell, this work has successfully
demonstrated use of models for practical applications involving use of cation exchange

chromatography for separation of product related impurities.
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ith time point of the jth experiment
characteristic charge

design matrix

axial coordinate
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