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We have developed a novel synthetic promoter-5´untranslated region (5´UTR) design
platform that enables rapid development of protein expression systems. The platform is
independent of the choice of host organism. The new approach overcomes bottlenecks of
the current state-of-the-art protein production platforms by using hundreds of millions
of paralleled experiments.
Introduction

Method

Recombinant expression of proteins revolutionized the
industry1. Nowadays, proteins are utilised in a wide
range of applications. Due to their large use the demand
for proteins and their production is steadily increasing in
the global market2. This increasing demand is challenging
for state-of-the-art protein production platforms3,4. The
current procedures mostly utilise trial-and-error-based
optimisation approaches, that are costly and time
consuming, and the choice of host organism is also
restricted.
The development of a novel protein production platform
that allows a free choice of host organism, especially
leading to the utilisation of unconventional hosts, is a step
towards meeting those demands. Our universal platform
utilises a fast straightforward approach, allowing the
design of optimised tailored protein production in the
organism of choice. The procedure is based on a selection
strategy that replaces the current trial-and-error-based
approaches.

The platform allows rapid development of protein production
platforms speciﬁcally tailored for the gene of interest, leading
to desired levels of expression, in the organism of interest. The
design of the library is based on the coding sequence of the
gene of interest, which is a one step customisation process.
The procedure creates a DNA library that leads to a wide
range of production proﬁles. The synthetic platform leading to
desired protein production level can be selected from the
library using diﬀerent screening and selection methods
depending on the gene of interest.
Figur 1: P. putida KT2440 clones
expressing mCherry at various
levels, created by utilising the
platform technology.
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Results and Discussion
We have demonstrated the potential of our platform by
designing and identifying protein production platforms in
seven diﬀerent microorganisms, across the bacterial and
eukaryotic domains of life (Table 1). Using this approach, we
have generated bacterial strains exhibiting expression levels
ranging over 104 fold, indicating the versatility of the synthetic
design platform. So far, we obtained data from constitutive
synthetic promoters in bacteria and yeast, and currently
working on designing regulated promoters in the organisms
listed in Table 1, as well as broadening the range of the host
organisms.
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Figure 2: Work-ﬂow of the promoter-5´ UTR design platform. The method can employ any host of interest
combined with any gene of interest. The cloning part uses a fast straightforward approach that creates a
DNA library. Using the library a wide range of protein production proﬁles can be obtained. The desired
production level can be chosen via diﬀerent screening or selection procedures.

Capability of the platform:
• No prior promoter and 5´ UTR knowledge is required in the
host of interest;
• Allows the utilisation of unconventional microorganisms as
hosts;
• Enables fast (cost and time eﬃcient) switching between
various expression hosts across species;
• Provides transcription regulation via promoters and
translation initiation regulation via the 5´ UTRs;
• Allows the design of promoter-5´ UTRs that are functional
across species barriers such as in E. coli, S. albus and S. lividans;
in E.coli and C. glutamicum; in E.coli and P. putida; in E.coli and
T. thermophilus;
• Leads to expression levels ranging over 104 fold (based on
studies with E. coli BL21 and P. putida KT2440, and mCherry as
the reporter gene, Figure 1).
Selection markers

Hosts
Table 1. The list of hosts and reporter genes used for the
identiﬁcation of functional synthetic promoter-5´ UTR. B,
Bacteria; E, Eukaryote; G (-), Gram-negative; G (+), Grampositive;
AMP,
ampicillin;
APR,
apramycin;
CHL,
chloramphenicol; KAN, kanamycin; KANT, thermostable
kanamycin; RFP, red ﬂuorescent protein; GFP, green ﬂuorescent
protein; TRP, tryptophan; �, conﬁrmed; (�), work in progress.
The data presented above is based on the constitutive synthetic
promoters and currently we are designing regulated promoters
in bacteria and yeast.
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