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Abstract

In E. coli, inclusion bodies (IBs) frequently develop when recombinant proteins are overexpressed. Refolding is
required from IBs to produce the native protein, which may then be further purified to produce biologicals that are
additionally pure and functional. From an industrial standpoint, this work focuses on refolding as a crucial process step
in the manufacture of pharmaceutical products. The reader is given a foundational understanding regarding protein
folding through philosophical and cultural context. For additional knowledge on the evolution of industrial processes.
Further economic and ecological considerations are taken into account with regard to buffer systems and refolding
conditions, and quality criteria on IBs as a starting material for refolding are explored. A process development roadmap
outlines each phase involved in creating a refolding process, from the initial stages of experimental screening to scaling
up and integrating it in an industrial environment. Multiple aspects, Applying a quality by design (QbD) approach
reveals additional occasionally ignored variables, crucial during scale-up, such mixing and gas-fluid interaction, that
have immediate effects on yield, such as choosing of chemicals including pH, ionic concentration, additives, etc. The
advantages of process analytical technology (PAT) and simulation sciences (process simulation and computer fluid
dynamics) for smooth procedure creation are highlighted. The paper ends with a discussion of potential uses for

refolding in the future and a list of remaining research questions.
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Introduction

One of the most important and widely utilized expressing hosts for
innovative medicinal proteins is Escherichia coli. E. coli is currently
used to create more than 25% of all heterologous biopharmaceuticals
(Walsh, 2018). Its widely recognized genetics, in-depth comprehension
of its physiology, and accessibility to an extensive selection of well-
characterized strains and expression vectors, along with its inexpensive
cultivation costs, quick generation time, and ability to produce a
substantial amount of recombinant protein(s), make it a desirable
host organism for use in both fundamental research and commercial
manufacturing [1]. Nevertheless the formation of refractory product
complexes known as Inclusion Bodies (IBs) is frequently the
consequence of E. coli overproducing recombinant protein. IBs are
very stable and provide a relatively pure starting material for protein
purification, which are two benefits for the biopharmaceutical
industry. Yet, IB-based manufacturing is quite demanding when it
comes to setting up the ideal parameters for dissolution and retracting
conditions. With this review, we aim to shed light on industrial
development of the refolding processes. This work is divided into
four sections each focusing on different aspects of protein refolding
applied to the production of biopharmaceuticals. In the first section, we
highlight fundamental knowledge including historical and theoretical
background to refolding and give insights into kinetic modelling. Then,
we explain refolding methods relevant for industrial manufacturing and
discuss their economic and ecological impact with focus on chemicals
(see section 3). Based on experience, we also emphasize and discuss
the process parameters that influence process development and scale-
up (see section 4). Furthermore, advances using process modelling
and computer fluid dynamic simulation to cope with scale-up issues
are highlighted. Finally, we bring perspectives to light for industrial
refolding (see section 5).The objective in doing this review is to deliver
some insight into the industrial advancements made in refolding
techniques. The four sections that make up this book each emphasis
on one specific aspect of protein refolding as it relates to the synthesis
of biopharmaceuticals. In the first section, we describe key information

on refolding, including its theoretical and historical context, and we
provide an understanding of kinetic models. Next, with an emphasis on
chemicals, we describe refolding methodologies pertinent to industrial
manufacturing and talk about their effects on the environment and
economy (see section 3). We also highlight and go over the process
qualities that affect process development and scale-up, based on
experience (see section 4). Additionally, developments in computer
fluid dynamic simulation and process modeling to address scale-up
challenges are pointed out. Lastly, we provide light on prospects for
industrial [2,3].

Discussion

Protein refolding is a fundamental process within the modern
biopharmaceutical industry. It is a critical bioprocessing technique that
involves the transformation of biologically active, but often misfolded
or denatured proteins, into their native, functional conformation. The
significance of protein refolding in the biopharmaceutical industry
cannot be overstated, as it plays a pivotal role in the production of
biologic drugs, including monoclonal antibodies, enzymes, and other
therapeutic proteins. In this discussion, we will explore the importance,
challenges, and advancements related to protein refolding in the
contemporary biopharmaceutical landscape [4].

Importance of protein refolding

Enhancing biotherapeutic production: Many biologic drugs are
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produced in microbial or cell culture systems. However, the conditions
of these systems may lead to the expression of proteins in an insoluble
and non-functional form. Protein refolding allows these denatured
or misfolded proteins to regain their biological activity, making them
suitable for pharmaceutical use [5].

Minimizing  production costs: In the competitive
biopharmaceutical market, cost-effectiveness is paramount. Protein
refolding can salvage misfolded proteins that would otherwise be
discarded, reducing waste and improving overall production efficiency.

Improving drug efficacy: Properly folded proteins are crucial for
the efficacy and safety of biologic drugs. Protein refolding ensures that
the final product is biologically active and compatible with the human
body [6].

Challenges in protein refolding

Aggregation and misfolding: During the refolding process,
proteins can aggregate, form non-native disulphide bonds, or misfold,
which can lead to product loss and reduced efficacy. Managing these
challenges is a critical aspect of protein refolding.

Optimization: Refolding conditions must be carefully optimized
for each protein, which can be a time-consuming and resource-
intensive process [7]. The choice of refolding buffers, redox conditions,
temperature, and the presence of specific additives all influence the
success of the refolding process.

Scale-up: Scaling up protein refolding from laboratory to
industrial scales presents technical challenges. Ensuring uniformity
and consistency across large volumes is crucial to maintaining product
quality.

Advancements in protein refolding

High-throughput screening: The development of high-throughput
screening techniques has significantly expedited the optimization
of refolding conditions. This allows researchers to screen various
parameters simultaneously, accelerating the process [8].

Chaperones and co-factors: The use of molecular chaperones and
co-factors, which assist in correct protein folding, has shown promise
in improving refolding yields and minimizing aggregation.

Integrated process design: Many biopharmaceutical companies
are integrating protein refolding into their overall bioprocess design.
This approach considers refolding from the outset, optimizing upstream
and downstream processes for efficient protein recovery and refolding.

Future outlook

Protein refolding is poised to remain a critical bioprocessing

technique in the biopharmaceutical industry. As new biologic drugs
and biosimilars continue to emerge, the demand for efficient and
effective refolding methods will only grow. The integration of advanced
technologies, such as artificial intelligence and machine learning, in
process optimization and the development of novel refolding agents, is
likely to further improve the success and scalability of this essential step
in biopharmaceutical production.protein refolding stands as a linchpin
in the biopharmaceutical industry, ensuring the production of safe and
effective biologic drugs [9,10]. As technology and knowledge in this
field advance, the industry will continue to benefit from more efficient
and cost-effective protein refolding processes, ultimately improving
patient outcomes and the accessibility of biologic therapies.

Conclusion

In the contemporary biopharmaceutical sector, protein refolding
has emerged as a pivotal and ever-evolving process. This essential
bioprocessing technique addresses the challenges and opportunities
presented by the production of biologic drugs. As we delve into the
occlusion on this subject, we find several key aspects that reflect its
significance, trends, and ongoing innovations.

References

1. Boateng J (2017) Drug delivery innovations to address global health challenges
for pediatric and geriatric populations (through improvements in patient
compliance). J Pharm Sci 106: 3188-3198.

2. Hartmanshenn C, Scherholz M, Androulakis IP (2016) Physiologically-
based pharmacokinetic models: approaches for enabling personalized
medicine. J Pharmacokinet Pharmacodyn 43: 481-504.

3. Tan YJN, Yong WP, Low HR, Kochhar JS, Khanolkar JL TSE, et al. (2021)
Customizable drug tablets with constant release profiles via 3D printing
technology. Int J Pharm, 598: 120370.

4. Rogers RS, Abernathy M, Richardson DD, Rouse JC, Sperry JB, et al. (2018)
A view on the importance of “multi-attribute method” for measuring purity
of biopharmaceuticals and improving overall control strategy. The AAPS
Journal 20:1-8.

5. Mahato RI, Narang AS (2017) Pharmaceutical Dosage Forms and Drug
Delivery: Revised and Expanded. CRC Press.

6. Krzyszczyk P, Acevedo A, Davidoff EJ, Timmins LM, Marrero BI, et al.
(2018) The growing role of precision and personalized medicine for cancer
treatment. Technology 6: 79-100.

7. Bonam SR, Sekar M, Guntuku GS, Nerella SG, Pawar AKM, et al. (2021) Role
of pharmaceutical sciences in future drug discovery. FDD 38:1686-701

8. Trenfield SJ, Madla CM, Basit AW, Gaisford S (2018) The shape of things to
come: Emerging applications of 3D printing in healthcare. J3D print Med 1-19.

9. Tekade RK (2021). Biopharmaceutics and Pharmacokinetics Considerations.
Academic Press 79:395-404.

10. Rowland M, Noe CR, Smith DA, Tucker GT, Crommelin DJ, et al. (2012) Impact
of the pharmaceutical sciences on health care: a reflection over the past 50
years. J Pharm Sci 101: 4075-4099.

Clin Pharmacol Biopharm, an open access journal
ISSN: 2167-065X

Volume 12 -« Issue 10 » 1000386


https://jpharmsci.org/article/S0022-3549(17)30506-3/fulltext
https://jpharmsci.org/article/S0022-3549(17)30506-3/fulltext
https://jpharmsci.org/article/S0022-3549(17)30506-3/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204363/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204363/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5204363/
https://www.sciencedirect.com/science/article/abs/pii/S0378517321001745?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378517321001745?via%3Dihub
https://link.springer.com/article/10.1208/s12248-017-0168-3
https://link.springer.com/article/10.1208/s12248-017-0168-3
https://www.taylorfrancis.com/books/mono/10.1201/9781315156941/pharmaceutical-dosage-forms-drug-delivery-ram-mahato-ajit-narang
https://www.taylorfrancis.com/books/mono/10.1201/9781315156941/pharmaceutical-dosage-forms-drug-delivery-ram-mahato-ajit-narang
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6352312/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6352312/
https://link.springer.com/article/10.1007/s12272-015-0640-5
https://link.springer.com/article/10.1007/s12272-015-0640-5
https://link.springer.com/chapter/10.1007/978-3-319-90755-0_1
https://link.springer.com/chapter/10.1007/978-3-319-90755-0_1
https://bpspubs.onlinelibrary.wiley.com/doi/10.1111/bcp.12267
https://jpharmsci.org/article/S0022-3549(15)31347-2/fulltext
https://jpharmsci.org/article/S0022-3549(15)31347-2/fulltext
https://jpharmsci.org/article/S0022-3549(15)31347-2/fulltext

	Title
	Abstract

