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has gradually showed some limitations in the tasks of accomplishing complicated biosynthesis and achieving high
efficiency. The expression of multi-step biosynthetic pathways in one cell may greatly increase the metabolic burden of
the host, which may result in a huge imbalance between cell growth and gene expression and thus decrease the titer of
bioproduct. Synthetic consortia have been designed as an alternative effective biosynthesis system to distribute
complex functions and pathways into different cells or species. In this article, the advantages of the synthetic consortia
are summarized, including providing better environment for different functional genes expression, balancing working
intensity, reducing metabolic burden, plug-and-play and eliminating feedback inhibition. Based on the above
advantages and taking recent advances in biosynthesis studies utilizing synthetic consortia systems as case studies,
some design principles involving functional modules, synergism and robustness are put forward in this article. To be
specific, it is necessary to reasonably divide and allocate functional modules into different strains in the system. With
appropriate chassis strains, it will be beneficial to establish synergistic substrate utilization and mutually beneficial
symbiosis between different strains, which could increase the connections between functional modules as well as the
interactions between chassis strains. Moreover, the application of population control strategies will efficiently increase
system robustness. Under the premise of material exchange, spatiotemporal distribution in synthetic consortia is
conducive for better coordination and interaction between strains. In addition, modeling on synthetic consortia systems
have been initiated to simulate bioproduct process and optimize consortia construction. In response to the current
problems, some global regulation methods and prospectives for synthetic consortia are also proposed in three aspects:

internal optimization, external reinforcement, and mathematical modeling.

Bioenergy
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(a) Schematic diagram of chemical biosynthesis by mono-culture
(In biosynthesis process of mono-culture, pathway for target product biosynthesis is fully expressed in a single strain)
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(b) Schematic diagram of chemical biosynthesis by synthetic consortia
(Target product biosynthesis pathway is divided into several modules, which are reasonably assigned to appropriate strains.
Substrate can be transformed into target product through co-culture of these strains.
Synthetic pathways can be divided into linear pathways and non-linear pathways)

B REAERMATZEHER

Fig. 1 Schematic diagrams of mono-culture and synthetic consortia
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Fig. 2 Schematic diagram of synthetic consortia advantages in biosynthesis
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(a) With help of functional microbes, different cell members with different oxygen sensitivity are

distributed in granular sludge layer by layer, thereby enhancing environmental adaptability and
stability of sludge particles
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(b) Design of aerated biofilm reactor can arrange functional microbes with different oxygen requirements
in synthetic consortia, which is conducive to each strain survival and function
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Fig. 5 Application of spatiotemporal distribution in synthetic consortia
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