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ABSTRACT

Understanding the mechanism of protein A chromatography fouling remains the center of
interest for the manufacturers of biotherapeutics in order to increase resin lifetime. To
understand the current practices carried out by manufacturers, a survey was performed jointly
by researchers at Indian Institute of Technology Delhi and University College London. The
survey targeted a total of 15 major manufacturers of mAb products, including five Indian
manufacturers. During resin reuse various types of foulants can accumulate on Protein A
resins as a result of non-specific, irreversible interaction of either the product or media.
Binding and mass transport properties of widely used agarose-based Protein A resin,
MabSelect SuRe™, have been examined to understand the mechanism of resin fouling. There
could be various factors that impact resin fouling. These include product/impurity build-up
due to components in the feed material and ligand degradation due to the use of harsh buffers.
To unravel their contributions, cycling studies were performed with and without product
loading. The results presented in this paper provide a lucid understanding of the causative
factors that limit protein A chromatographic resin lifetime. The capacity fell for protein A
resin at the end of 100" cycle due to use of feed material was found to be five times greater
than that without using feed material. Compared to the fresh resin, the cycled resin samples
showed 24% reduction in particle porosity and 51% reduction in pore mass transfer
coefficient. Transmission electron microscopy (TEM) was used to qualitatively monitor
accumulation of foulants on the cycled resin. Fouled resin sample contained a dense residue
in the interior and exterior of resin particle both as a film at the bead surface and as granules.
The surface activation energy increased five times in the case of fouled resin sample. The
major event in fouling was identified as the non-specific adsorption of the feed material
components on resin, signaling that pore diffusion is the rate limiting step. To provide a

thorough understanding of fouling of Protein A resin due to feed material components,



cycling studies were carried out using three different feed materials (H1, H2, and H3) with
varying feed components like proteases, histones, DNA, non-histone proteins. The 1gG
loading and the processing steps were kept similar in all the three cases. Changes in the
process and the quality attributes were measured from yield, dynamic binding capacity at
10% of breakthrough curve, inter and intra-particle porosity, proteases in elute, protein A
leachate, aggregate and histone content in the elute. The yield and DBC were found to be

similar in all the three cases but there was significant decrease observed in particle porosity.

Resin reuse is accompanied by two major events, one is the loss of protein A ligands due to
leaching or inactivation and other is fouling due to non-specific, irreversible interactions
between the resin particles and the product/ other foulants. This thesis presents, a novel,
fluorescence based approach towards direct, in-situ measurement of protein A ligand density
as well as monitoring of resin fouling during resin reuse. The proposed approach has been
proven to be robust (error <1%) and can be effectively used for developing of cleaning and
sanitization protocols during process development as well as for monitoring and control of
fouling so as to gain longevity in resin life. The proposed approach has been successfully
used for development of a two-step cleaning protocol that has been shown to be significantly
more effective than the conventionally used cleaning regimens both with respect to observed
loss of protein A ligand, dynamic binding capacity, as well as product yield. Application of
this protocol resulted in the dynamic binding capacity at 93% of the original value at 50
cycles (vs. 73% with conventional protocols) and > 90% at 200 cycles. This study would be

of great interest to manufacturers of monoclonal antibody based therapeutic products.
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