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Designing, building and rapid prototyping of biosynthesis module based

on cell-free system
TANG Shiming, HU Jiyuan, ZHENG Suiping, HAN Shuangyan, LIN Ying
(School of Biology and Biological Engineering, South China University of Technology, Guangzhou 510006, Guangdong, China)

Abstract: Bio-based chemical production has drawn attention regarding the realization of a sustainable society. With
the development of metabolic engineering and synthetic biology, it is possible to make more efficient biosynthesis and
scale-up commercial production of useful metabolites by metabolic pathway modification. Usually, some
microorganisms are utilized as platforms by increasing the expression of desired genes and/or decreasing, that of
undesired genes. Precise control of natural metabolism is, however, still challenging due to the complicated regulatory
architecture at the levels of transcription, translation, and post-translation. Hence, various strategies of design and

construction of biosynthesis modules have been proposed to optimize and expedite the design-build-test cycles of
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developing biosynthetic system for renewable chemical synthesis in vitro to avoid laborious and expensive ways for the
optimization of metabolism pathway, strain and biocatalysts for each new product. In this review, we discuss the
strategies of modules design and their rapid prototyping based on cell-free protein synthesis for assembling
biosynthetic pathway in vitro. Biosynthetic modules could be sets of enzymes that catalyze a cascade reaction for a
specific purpose or chemical, containing the conversion of starting materials to intermediary metabolites, biosynthesis
of target products from the intermediates, cofactor balance and phosphorylation. Enzymes from distinct sources can be
combined to construct desired reaction cascades with fewer biological constraints in one vessel, enabling easier
pathway design with high modularity. Multiple modules could then been designed by different groups for different
purpose with the help of metabolic pathway database,computational design tool and some general module design rules.
Cell-free protein synthesis was here utilized to build and rapidly prototype the functionality of biosynthesis pathway
and module. The further application of machine learning methods might also contribute to better “precision-
robustness” design and construction of these modules. This process is also called cell-free pathway engineering which
has been proved to be a powerful and flexible enabling technology, providing simpler and faster engineering solutions

with an unprecedented freedom of design in an open environment than cell system.
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Fig. 1 Modular design of cell-free biosynthetic pathway from starch-base materials
GDH—glucose dehydrogenase; DHAD—dihydroxy acid dehydratase; KDGA—2-keto-3-desoxy gluconate aldolase;
ALDH—glyceraldehyde dehydrogenase; L-LDH—L-lactate dehydrogenase; PDC—pyruvate decarboxylase;
ADH—alcohol dehydrogenase; ALS—acetolactate synthase; KARI—ketolacid reductoisomerase; KDC—2-ketoacid decarboxylase
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