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Abstract

This thesis documents a study of how process efficiency can be increased by the combined effect
of molecular biology, media development, process optimization, and implementing advanced
control schemes. The bioprocess outcome (critical quality attributes) is affected by many factors,
including the type of microorganism used, medium composition, and operating conditions and

control system employed (critical process parameters).

Molecular biology has seen significant advancements over the past few decades. The Assembly
of multiple DNA copies and essential transcriptional and translational entities has enabled us to
produce complex biotherapeutic products in microbial systems, earlier constrained to mammalian
systems. The first objective presents a novel strategy for achieving efficient expression of antibody
fragment in Escherichia coli. Ranibizumab, a humanized monoclonal antibody fragment that is
used for treatment of age-related macular degeneration and macular edema, has been chosen as a
case study. Most manufacturers express it as inclusion bodies in BL21 DE3 E. coli expression
system. The gene encoding for Ranibizumab has previously been cloned but the reported processes
were either very tedious or vector and host-specific. In our proposed strategy, the whole antibody
fragment has been single step cloned in a pET series vector belonging to a prokaryotic host along
with an efficient promoter and extra ribosome binding site to cater for equal expression of the light
and heavy chains. Another advantage is that the whole expression unit could be excised and placed
in any vector choice. Heterologous expression was found to be doubled, which has been confirmed
both using Tricine PAGE level as well as RP-HPLC. The reduced antibody fragment has also been
analytically characterized using LC-MS. Besides, the role of clone selection and process
optimization to enhance expression yield has been explored. We think that the proposed strategy

would be of interest to those seeking production of antibody fragments in microbial hosts.

Upstream process development has a significant impact on overall process yield. Most
manufacturers currently express it in Escherichia coli strain BL21 (DE3), where low-level
expression of this complex protein has been acknowledged to result in higher production cost.
This paper aims to present a novel strategy involving use of additives for enhancing expression of
Ranibizumab in E. coli. Media additives, identified based on risk analysis, were screened for

impact on productivity. Glutamine, proline, arginine, and ethanol exhibited an increase in protein
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production compared to control. Based on process economics and scale-up considerations, ethanol
was chosen as the optimal medium additive. The effect of ethanol addition on cell size (control
1.82 um and optimized 2um), cellular physiology (no cell swelling or shrinkage observed) and
cellular viability (better in optimized sample) were examined. A two-fold improvement in
expression has been demonstrated (from 0.23 mg/mL to 0.48 mg/mL in single copy clone and 0.4
mg/mL to 0.72 mg/mL in double copy clone) using the optimized conditions vis-a-vis the control,
thereby demonstrating the efficacy of the proposed approach. Transcriptomic analysis and RT-
gPCR validation indicated that changes in membrane properties and DNA synthesis result in gene

amplification and enhance synthesis of inducible proteins in case of the optimized medium.

Recombinant protein production by various host organisms is strictly regulated, which is
determined mainly by host cell genetics and maintenance of process variables within desirable
limits in a reactor. Since the process dynamics typically exhibit non-linear interactions amongst
the critical process variables, the commonly employed controllers are suboptimal for control of
most bioprocesses. Through the third objective, we present the implementation of an augmented
advanced controller for improving the production of recombinant human serum albumin using
Pichia pastoris. The augmented controller consisted of a decoupled adaptive control (DAC) and
a decoupled input-output linearizing control (DIOLC) in a combined architecture that permits
simultaneous control of substrate concentration and dissolved oxygen concentration, sampled at
different rates during fed-batch fermentation. The performance of augmented controller was
compared to the performance of standalone implemented individually on the process. Our results
showed that the augmented controller increases productivity with better regulation of substrate
and DO along the desired control trajectory compared to individual DAC and DIOLC controllers.
The performance of the augmented DAC-DIOLC controller showed deviations of only 0.021 g/L
from substrate set point compared to 0.09 g/L in PID and 0.031 g/L in DIOLC, and a 1.12%
deviation from DO set point compared to 11.86% in PID and 2.58% in DAC. Overall, better
control was achieved using the augmented controller and resulted in a 1.5-fold increase in tHSA

production.

The Process Analytical Technology (PAT) initiative from US FDA has highlighted the need for
robust monitoring tools and effective control systems capable of receiving information on critical

process parameters in real time and execute immediate response as soon as there are deviations in
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process parameters. A typical bioreactor uses a supervisory control and data acquisition (SCADA)
system for control, a combination of software and hardware tools designed to gather real-time
data, analyze and control using a mix of hardware and soft sensors. However, when the process is
disrupted by utility or instrumentation failure, typical process controllers may be unable to
reinstate normal operating conditions before the cells in the reactor shift to unfavorable metabolic
regimes. The objective of this study was to examine how the response of a controller affects
process recovery when disruptive incidences occur under a Process Analytical Technology (PAT)
framework. The DIOLC is an advanced controller that is derived using methods of global
linearization and input-output decoupling. The performance of the DIOLC was compared to a PID
controller subjected to the same conditions. As a case study, the disruptions were introduced
manually and the effect of controller action on process recovery and Lethal Toxin Neutralizing
Factor (LTNF) synthesis was measured in terms of product quality and concentration. It was
observed that DIOLC performs better after reinstating operating conditions and results in a
meaningful performance improvement. The data presented in this study illustrates the importance

of a control scheme to generate optimal process performance.
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