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"Aspirant" is followed by "Perspective" - Innovative
ways of producing and utilizing triterpenoids

The successor project to "Aspirant" - "Perspective" - started at the beginning of
February. The research and developmnt project made it through the second
phase of the initiative , Tailor-made biobased ingredients for a competitive
bioeconomy” of the German Federal Ministry of Education and Research
(BMBF). Based on the success of the first phase "Aspirant”, in "Perspective"

the network is intensifying its focus on the production and application of
triterpenes.

Triterpenoids, with many thousands known compounds, represent one of the largest
groups of secondary metabolites in the plant kingdom. These are natural compounds
produced by plants not for primary metabolism in growth, but for special tasks such as
defense against pests or attracting pollinators. During biosynthesis, more than 100
different triterpene scaffolds are synthesized from six isoprene units, which undergo
further modifications, leading to this enormous structural diversity. Cyclic triterpenoids
are of particular interest - they exhibit very versatile bioactive functions. The potential
includes antimicrobial, antioxidant, anticarcinogenic, and antiallergic effects, making
them attractive for agricultural and pharmaceutical applications.

The extraction of triterpenoids from producing plants is associated with major challen-
ges: One problem is that these substances are often present in plants only at low
concentrations. Furthermore, depending on the respective environmental conditions
such as light, temperature, pest infestation or soil properties, the composition and
guantities vary. In addition, isolation from plant biomass often involves considerable
energy and resource consumption, which in turn conflicts with economically and
ecologically reasonable exploitation. Chemical synthesis from petrochemical feedstock,
on the other hand, struggles with the enormous complexity of natural products. It also
leads to a large number of undesirable byproducts that make isolation difficult. Alter-
native, sustainable systems for production and purification are needed in the sense of
the bioeconomy.

One promising production option is biosynthesis using yeast cells in a bioreactor. The
research network already relied on this option in the initial "Aspirant” project. The aim
was the directed biosynthesis of pharmaceutically relevant terpenoids in yeasts. Know-
ledge-based selection of suitable triterpenoids from plants was followed by identifica-
tion of the enzymes required for biosynthesis and their introduction into yeasts. The
enzymes oxidosqualene cyclases (OSCs) convert the naturally occurring substrate in
yeast, 2,3-oxidosqualene, into the desired triterpenoid. Further enzymatic modification,
such as oxidations or incorporation of sugar residues, alters its chemical properties and
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bolic flux toward the desired triterpenoid. The success was reflected in a dramatically
increased yield. In addition, the purified triterpenoids have a high purity of more than
98 percent and consistent quality," explains Boje Miller, research manager of "Per-
spective" at Fraunhofer IME. In vitro, these substances showed positive effects on
inflammatory parameters: For example, in pharmaceutically relevant test systems of
human cells, anti-inflammatory activity, but also novel effects.dungshemmende
Aktivitat, aber auch neuartige Wirkungen.

The research network team, coordinated by Fraunhofer IME, combines expertise from
chemistry, biology, process engineering and pharmacy and, building on these succes-
ses, also prevailed in the second phase of the initiative "Tailor-made biobased ingre-
dients for a competitive bioeconomy". The German Federal Ministry of Education and
Research (BMBF) is funding the follow-up project "Perspective" over a period of three
years. Scientists from the Technical University of Munich (TUM), the Fraunhofer IME and
the SMEs VivaCell Biotechnology GmbH and Phytowelt GreenTechnologies GmbH are
once again pooling their expertise for "Perspective" to jointly further expand the steps
of the value chain and exploit triterpenoids as the basis of innovative pharmaceutical
products.

"With triterpenoids, Phytowelt has now been able to establish fermentative processes
for all classes of terpenoids, opening up the entire spectrum of this diverse bioactive
product class," reports Ira Lauer from Phytowelt.

"With "Perspective”, we will advance such R&D work that showed the greatest
potential in "Aspirant”. For example, the metabolic analyses at TU Munich revealed
various options for optimizing triterpenoid biosynthesis in cellular "factories" - yeasts.
In addition, the results indicated different ways of modifying the fermentation condi-
tions to further increase triterpenoid production,” elaborates Wolfgang Eisenreich of
the TU Munich on some of the strategies for the follow-up project.

Based on the results from "Aspirant”, the researchers created a priority list to meet the
specific requirements of pharmaceutical or cosmetic applications via targeted diversifi-
cation of triterpenoids. In addition, "Perspective" is accompanied by experts from
industry to enable seamless commercial exploitation of the results.

Overall, the researchers aim to create sustainable value with "Perspective” in line with
the national research strategy Bioeconomy 2030, the German Sustainability Strategy
and the United Nations Sustainable Development Goals (UN SDGs).
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Fraunhofer IME

The Fraunhofer Institute for Molecular Biology and Applied Ecology IME with more
than 420 employees at four locations in Aachen, Giessen, Minster and Schmallenberg,
Germany conducts research in the field of applied life sciences, from the molecular level
to ecosystems. One focus of the research and development activities at the MUnster
location is the investigation and utilization of terpenoid biosynthesis in plants. The
researchers either incorporate the findings on the synthesis pathways in plants into
breeding approaches (e.g. rubber from Russian dandelion) or transfer the knowledge of
the enzymes involved to other platforms such as yeast for biotechnological production.
www.ime.fraunhofer.de/en

Phytowelt GreenTechnologies GmbH

Phytowelt is an innovative and experienced biotechnology company. As contract
researchers, they develop processes and products for flavour or active ingredients and
raw material production. For various industrial applications, Phytowelt combines
molecular biology with plant biotechnology and is a pioneer of a bio-based economy.
Biotechnological production (fermentation, biotransformation, biocatalysis) can save
costs, increase efficiency and protect the environment as well as resources. The deve-
lopment and maturation of the production takes place in the in-house pilot plant,
which allows Phytowelt full control over all parameters of the process from the very
beginning until the market launch. The biofermentative production process for the
pure (R)-alpha ionone, Phytowelt’s first own product, is a perfect example of
Phytowelt’s innovative strength, through which, new sustainable products can be
brought to the market.

www.phytowelt.com

VivaCell Biotechnology GmbH

Vivacell Biotechnology GmbH is a contract-based research organization (CRO) that
provides specialized in vitro and in vivo models for the development and proving the
health benefits of cosmetics, oral and personal care products, nutraceuticals, food and
beverages, pharmaceuticals, probiotcials, natural products, and botanicals. Additional
services for marketing studies are offered. VivaCell's preclinical services include stan-
dard protocols and protocols adapted to the needs of customers, including a variety of
in vitro and ex vivo models. In addition, VivaCell has developed several screening
platforms for rapid and cost-effective biological analysis of cosmetic and other pro-
ducts. For more than 20 years, VivaCell has combined highly qualified cell and molecu-
lar biology knowledge and expertise in various fields, which it has already demonstra-
ted to a large number of projects with national and international customers.
www.vivacell.de
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The Technical University of Munich (TUM) is one of Europe’s leading research universi-
ties, with around 550 professors, 43,000 students, and 10,000 academic and non-
academic staff. Its focus areas are the engineering sciences, natural sciences, life
sciences and medicine, combined with economic and social sciences. TUM acts as an
entrepreneurial university that promotes talents and creates value for society. In that it
profits from having strong partners in science and industry. It is represented worldwide
with the TUM Asia campus in Singapore as well as offices in Beijing, Brussels, Cairo,
Mumbai, San Francisco, and Sao Paulo. Nobel Prize winners and inventors such as Hans
Fischer, Rudolf Diesel, Carl von Linde, and Rudolf M6Bbauer have done research at
TUM. In 2006, 2012, and 2019 it won recognition as a German , Excellence Univer-
sity”. In international rankings, TUM regularly places among the best universities in
Germany. Prof. Eisenreich’s group at the Bavarian NMR Center (BNMRZ) of the TUM
NAT School has been active for many years in the field of structural analysis of terpe-
nes, terpenoids (including triterpenoids) and related natural products.
www.tum.de/en

The "Perspective" project focuses on specially adapted yeast cells for the
production of triterpenoids.
© Shutterstock | https://pubchem.ncbi.nlm.nih.gov/compound/Lupeol

The Fraunhofer-Gesellschaft, based in Germany, is the world’s leading applied research organization. By prioritizing key technologies for the
future and commercializing its findings in business and industry, it plays a major role in the innovation process. A trailblazer and trendsetter in
innovative developments and research excellence, it is helping shape our society and our future. Founded in 1949, the Fraunhofer-Gesellschaft
currently operates 76 institutes and research units throughout Germany. Around 30,800 employees, predominantly scientists and engineers, work
with an annual research budget of roughly €3.0 billion, €2.6 billion of which is designated as contract research.



