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Selecting Scalable Growth Mediao
for LBP Manufacturing

Cultivation of microorganisms in the laboratory often relies on the use of complex, undefined growth media,
which are prepared in small volumes and sterilized via autoclave steam sterilization. However, recent advances
in the development of live biotherapeutic products (LBPs) calls for solutions for preparation of growth medium at
bioreactor scale (10 L and above) and following FDA guidelines for reporting of raw materials for Investigational
New Drug (IND) applications.

Of particular interest in LBP formulations are materials originating from ruminant animals, which may increase
risk of transmission of bovine spongiform encephalopathy (BSE) and related diseases to human populations.
As such, traditional formulations and methodologies for microbial cultivation may fall short of the necessary
volumetric and quality considerations within the therapeutic manufacturing space. Here, we highlight
considerations in selection of robust, scalable growth media for production of LBPs with a focus on optimizing
regulatory compliance and technical feasibility.

Danielle Lesperance
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INTRODUCTION

Microbial growth media generally fall into one of two categories:
chemically defined or undefined. Defined media, in which the
chemical composition is known, offers advantages such as
reproducibility and macro- and micronutrient customization.
However, production of chemically defined media can be laborious
and costly, and often cannot support fastidious organisms whose
metabolic needs are not well understood. Undefined media, on

the other hand, typically contains varied amounts of complex raw
materials such as enzymatic digests (peptones and tryptones) and
extracts, whose chemical composition cannot be fully determined.

The great benefit of using these rich nutrient sources lies in their
ability to support growth of a wide range of organisms, the ease
of media preparation, and the relatively low cost. Pioneering work
in the field of microbiology relied heavily on undefined media

for its broad effectiveness and it remains prevalent today in
microbiological research and development.

Recently, advancements in the industry of live biotherapeutic
products (LBPs), drugs composed of living microbes, have called
for innovations and standardizations in culture media following
regulatory guidelines for human therapeutics and concerns over
the feasibility of manufacturing LBPs at bioreactor scale. In this
white paper, we highlight ReciBioPharm'’s expertise in LBP process
development, including key regulatory and technical considerations

in the selection of growth media for large scale production.
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REGULATORY CONSIDERATIONS IN LBP MEDIA FORMULATION

Use of Ruminant Animal-Derived Materials

Hallmark components in undefined media formulations include
animal-derived protein sources such as peptones, tryptones, and
brain-heart infusions due to their ability to induce potent bacterial
growth. However, such components, which are often sourced from
ruminant animals, provide a challenge in development of human
therapeutics, including LBPs. Regulatory agencies are particularly
concerned with prior diseases usually transmitted via infected sheep
and cattle, namely BSE and, more generally, TSE (fransmissible
spongiform encephalopathy). Use of material that may have
originated from ruminant animals is heavily scrutinized, and all raw
materials used in formulating human therapeutics must be certified
as BSE/TSE free regardless of its source. Failure to comply with BSE/
TSE regulations can result in rejection of the drug by regulatory
bodies.

Due to these regulations, it is preferable in LBP manufacturing to
forego use of ruminant derived materials when possible, substituting
components of unknown or at-risk animal origin with vegetable-
based alternatives. Though it may seem challenging to recapitulate
robust growth induced by animal derived proteins, ReciBioPharm

has successfully developed animal-free media formulations that
perform comparably to their animal-derived counterparts for both
aerobic and anaerobic growth (Figure 1A-C). Indeed, in many cases,
ReciBioPharm vegetable-based formulations out-perform traditional
culture media, and through targeted development including
high-throughput media screening, even greater titers of fastidious
organisms can be achieved using ReciBioPharm customized,
vegetable-based media (Figure 1D).

Water Quality Requirements

In addition to BSE/TSE risk from materials of ruminant origin,
regulatory agencies provide stipulations on water quality to be

used throughout development of drug products for the purpose of
reducing risk of microbial contamination. As such, significant controls
and monitoring must be in place for water used for growth and
downstream processing of LBPs. To best comply with these regulations,
all development and manufacturing activities at ReciBioPharm utilize
USP grade water for injection in growth media and other solutions.

Figure 1. Bacterial growth comparisons in commercially available media containing animal derived components and ReciBioPharm

vegetable-based media formulations. Points and error bars represent Mean + SEM for n = 5 (1A) or 3 (1B-D) replicates.
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MEDIA PREPARATION IN LARGE SCALE cGMP MANUFACTURING

Factors in Scalable Sterilization of Growth Medium Figure 2. Growth of anaerobic organisms in autoclaved vs filter
Arguably the most common method of sterilization of growth media sterilized ReciBioPharm media formulation. Points and error bars
is through autoclaving, which uses high temperature and pressure represent Mean + SEM for n = 3 replicates.
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that ReciBioPharm anaerobic media has ORP values of -250 mV or
less at the time of use. Alongside considerations to ORP, it is important
to understand how sterilization methods impact media pH, as it is
possible the autoclaving process, in conjunction with a gas overlay
prior to autoclaving, can significantly alter pH in the final media
formulation compared to media filtered and stored with gas overlay.

In many cases, when properly accounting for media ORP and pH,
filtration versus autoclave sterilization will have no impact on growth
(Figure 2A, B). It is also possible that growth may be somewhat
delayed, reaching exponential and stationary phases later than in
autoclaved media but with comparable terminal optical density
(Figure 2C). In rare cases, if filiration does exclude key components
from the media, alternative methodologies can be found on a case-
by-case basis. As such, development of a readily filterable medium
early in the development process will reduce risks to technology
transfer and expedite LBP production.
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MEDIUM SELECTION FOR DEVELOPMENT OF CONSORTIA-BASED DRUG PRODUCTS

While it is possible, and easier than ever, to develop customized
media formulations targeting organism-specific metabolic needs,
specialized media formulations can complicate scenarios in which
multiple organisms are cultivated tfogether as in multi-strain consortia
products. For these products, a more general medium is desirable
that can support growth of diverse organisms all in one bioreactor.

At ReciBioPharm, we have developed a proprietary media
formulation capable of promoting robust, reproducible growth in

a broad range of microbes. This media base, which is prepared
following regulatory guidelines for water quality, BSE/TSE compliance,
and sterilization, provides a scientifically driven blend of nutrients
known to provide adequate nutrition to many organisms associated
with the human gut, including members of the Bifidobacteriaceae,
Lachnospiraceae, and Bacteroidaceae families, among many

others (Figure 3A-D). By combining vegetable-based complex

protein sources with defined carbohydrates and micronutrients,

the proprietary media base offers Customers the regulatory
advantages of a chemically defined medium with the broad
effectiveness and growth advantages of undefined medium. As such,
ReciBioPharm proprietary media A (PMA) serves as a robust culture
medium for fermentations of multi-strain consortia, in which multiple
organisms are grown concurrently in the same bioreactor.

Of course, complex consortia may contain fastidious strains

requiring components beyond PMA'’s basic formula. In these cases,
supplemented versions of the medium can be and have been
developed according to Customer-generated data sets, literature
surrounding strains in question, and using targeted high-throughput
media screening. Identification of key supplements, as opposed to
separate base formulations, allows for finer control over the final drug
product formulation, cost savings on material sourcing, and fewer
documentation requirements for IND filing.

Figure 3. Growth of diverse anaerobic microbes in ReciBioPharm medium. Points and error bars represent Mean + SEM for n = 3 replicates.
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De-Risking Technology Transfer via Medium Selection

During technology transfer, in which cGMP production is outlined
following the conclusion of process development, production
specifications will ideally draw on data from scaled-down processes
to minimize the risk of run failure. This means that the more consistent
the data seen throughout the development phase, the greater

the confidence in the success of scaled-up runs. Achieving this
consistency with regard to growth dynamics can be challenging when
any aspect of the growth medium formulation changes, including
switching to vegetable-based media components, changing water
supply, or using media sterilized via different methods. With the right
media formulation and preparation techniques in place early in

the development process, scale up from well plate growth through
production scale bioreactors can be seamless.

Figure 4 shows the growth profile of an anaerobic organism of the
Peptostreptococcaceae family, which was cultivated in ReciBioPharm
proprietary media B (PMB), a PMA base medium supplemented with
two short-chain fatty acids found to be beneficial to the strain during
high-throughput media screening at ReciBioPharm. From well plate
media screening and on through Research Cell bank Production,
anaerobic bofttle studies, small scale fermentation development,
cGMP Master Cell Bank production, and scale-up in a 50 L bioreactor,
consistent growth dynamics were observed using the PMB medium.
With this wealth of data in hand, cGMP production specifications

for a 250 L fermentation of the strain were selected with confidence
and resulted in the successful generation of LBP material for human
clinical frials.

Figure 4. Growth comparison of a bacterial strain grown in a
supplemented version of medium, from small scale well plates,
anaerobic bottle growth, 10 L scale fermentations, and 50 L
fermentations.
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CONCLUSION

With the field of live biotherapeutic products in its infancy, standard
practice and regulations are continuing to grow and develop.
Though every program is unique in its challenges and requirements,
a thorough understanding of current regulatory guidelines and
manufacturing capabilities will allow for the discovery of creative
solutions that fall within the bounds of scalability, and therefore,
feasibility. At ReciBioPharm, we are experts across all major Advanced
Therapy Medicinal Products (ATMPs), including RNA therapeutics,
gene therapies, viral vectors, and LBPs. Our process development
prowess, regulatory knowledge, and problem solving aptitude offer
LBP pioneers the best possible CDMO partner.



About us

ReciBioPharm, a division of Recipharm, is a contract development and manufacturing organization (CDMO) specifically established

to focus on serving companies seeking to develop and commercialize advanced therapy medicinal products (ATMPs). ReciBioPharm'’s
specialized CDMO capabilities include pre-clinical to clinical and commercial development and manufacture for new biological modalities
encompassing fechnologies based on live viruses and viral vectors, live-microbial biopharmaceutical products, nucleic acid-based mRNA
and plasmid DNA production. Led by a management team and technical experts with a proven track record in both process development
and contract manufacturing, ReciBioPharm offers the knowledge and resources necessary to help customers develop and manufacture

promising new therapies to meet the needs of patients across the world.
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