Mechanism of Bevacinzumab Adsorption with Affinity
Ligands And Bioprocess Optimization For Antibody

Purification

A THESIS SUBMITTED
BY
Yuzhe Tang
FOR THE DEGREE OF

MASTER OF ENGINEERING SCIENCE

School of Chemical Engineering
The University of Adelaide

Adelaide, Australia



Declaration

| certify that this work contains no material which has been accepted for the award of any other
degree or diploma in any university or other tertiary institution and, to the best of my
knowledge and belief, contains no material previously published or written by another person,
except where due reference has been made in the text. In addition, | certify that no part of this
work will, in future, be used in submission for any other degree or diploma in any university
or tertiary institution without the prior approval of the University of Adelaide and where

applicable, any partner institution responsible for the joint-award of this degree

| give consent to this copy of my thesis, when deposited in the University Library, being made

available for loan and photocopying, subject to the provisions of the Copyright Act 1968

| also give permission for the digital version of my thesis to be made available on the web, via
the University's digital research repository, the Library catalogue and also through web search
engines, unless permission has been granted by the University to restrict access for a period of

time

Signature:

Date:



Acknowledgments

There are many people | would like to thank, who have helped to make this work possible.
First and foremost, | would like to my supervisor Associate Professor Jingxiu Bi and Dr Hu
Zhang (School of Chemical Engineering, University of Adelaide) for their support physically
and psychotically over the past two years. To Associate Professor Sheng Dai (School of
Chemical Engineering, University of Adelaide), his knowledge background has made each of
his suggestion becomes my turning point. | would like to thank Sansom Research Institute
(University of South Australia) to provide me the lab access of the thermoanalysis
equipment. In the end, I would like to thank my family, you always there for me. 1 would
like to give special thanks to my dad, without you | would never have been able to do this.

And to my mum, your support is what kept me going

Thank you all



Abstract

Monoclonal antibodies (mAbs) have been found with a wide array of applications as
pharmaceutical compounds in the treatment of cancers and diseases such as arthritis, asthma
and osteoporosis. In approximate 10 years retrospection, the global market of mAbs
experienced a rapid growth, nearly tripling the profit to be approximate US$16.7 billion in
2014. In order to meet the rising demand for mADbs, it is critical for manufacturers to ensure
the production efficiency on the premise of product quality assurance. Especially in
downstream purification of mAbs, the affinity chromatography as the major capture stage
acts crucially in the removal of contaminates including host cell protein (HCP), DNA,
antibody variants, viral particles and endotoxin to obtain rapid isolation and high
concentration of the target protein. However, drawbacks associated with this technique are
the expense of resins for binding mAbs. To reduce the cost, alternative resins have been
explored. However, this raises the significance of understanding the mechanism of ligand-
mADb binding in terms of binding sites and binding conformational changes for the

optimisation of chromatography performance.

To address the aforementioned binding mechanism, the isothermal titration calorimetry (ITC)
method was emplolyed for investigation of the thermal dynamic behaviour during free ligand
and mAb binding. Two widely used affinity ligands, native Protein A (nSpA) and MabSelect
SuRe (MS) ligand, were selected to bind with Bevacinzumab (BmAb). The binding
mechanism was determined based on the isothermal parameters such as binding associated

coefficient (ka), binding associated enthalpy changes (AH) and entropy changes (TAS).

Further investigations were carried out by applying BmADb into the affinity columns packed
with nSpA or MS ligands to evaluate mAb association and disassociation with immobilized

ligands at different operational conditions. It was found that the binding breakthrough curves



are related to the mAb association that reveals distinctive dynamic binding capacities and

column binding performance.

Based on above studies, it was found that the binding conformation and binding affinity were
different between the native Protein A and the recombinant MabSelected SuRe ligand. The
formation of ligand-BmADb binding complex was examine d under various conditions such
as pH, temperature and solvent ionic strength. In the end, binding mechanism was understood

by the analysis of above conditions in both ITC and Binding breakthrough studies.
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