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Abstract: Lignocellulose has considerable reserves in nature and is an important source of biofuel
production. Consolidated bioprocessing refers to the process that conversion of lignocellulose into a
biological product in one step without the addition of hydrolytic enzyme and has important application
value in today’s increasingly serious energy crisis. The synthetic microbial consortium is formed by the
co-culture of two or more pure cultured microorganisms (wild or engineered strain), and it has the
advantages of low complexity and high stability, and can achieve specific functions by coordinating
microbial interactions and the stability of the entire ecosystem. In addition, the rapid development of
synthetic biology facilitates the development of new methods and tools for the construction and
optimization of synthetic microbial communities. This article focuses on the consolidated bioprocessing of
lignocellulose, and reviews the research progress of synthetic microbial communities in this field. We first
briefly introduce that systems biology provides guidance for the design of synthetic microbial
communities, and then detail the design principles, optimization tools, application and challenges in the
actual production of synthetic microbial consortium, which provides a reference for consolidated
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bioprocessing of lignocellulose.

Keywords: Synthetic microbial consortium, Lignocellulose, Consolidated bioprocessing, Biofuel
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Figure 1 Systems biology provides guidance in designing synthetic microbial consortia
Note: The molecular interaction mechanisms between microorganisms in microbial consortia could be elucidated by multi-omics analysis
(e.g., genomics, transcriptomics, proteomics, metabolomics, etc.), which could provide insights for the design and construction of

synthetic consortial'!l,
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Figure 2 The design principles of synthetic microbial consortia for consolidated bioprocessing

TE: SEERE B LT L A AR e AR, S 0 EIBRERGE ST, SLomEIERR Y.

Note: The solid arrow and the dashed arrow indicate promotion and inhibition, respectively. The hollow graphics represent signal
molecules, and the solid graphics represent metabolites in consortia. Engineering of microbial interactions and cell-cell communication

are combined to enable coordination and biofulet formation®*.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



VEIIRESE: 5 B MRV T AR 2T R AR W e A R BT 3435

Acatate
Ethanol

_________

A. fermentans S. cerevisiae

3 ARMEMRERMERNILEER

N on

f Cellulose & T

YN A

T. reesei

Cooperator

Figure 3 The cooperation and commensalism model of synthetic microbial consortia
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Note: A: A. fermentans ferments cellulosic to acetate and ethanol, and that has inhibition to A. fermentans, but S. cerevisiae can converte
that as energy sources to CHsI®!. B: T. reesei produces cellulases that hydrolyze cellulose to glucose which as growth substrates for 7.

reesei and E. coli, and E. coli ferments glucose into isobutanol®?.
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Table 1 Recent examples of biofule production from lignocellulose based on microbial consortia

WAL BRI/ TR TR S

Y R T Z3LS

Saccharolytic strain/Fermentation strain Substrate Product Yield (g/g) Titer (g/L) Source
Clostridium phytofermentans/S. cerevisiae cdt-1 a-cellulose Ethanol 0.31 22.0 [55]
Acremonium cellulolyticus C-1/S. cerevisiae ATCC 4126 Solka floc (cellulose) Ethanol 0.18 46.3 [56]
Kluyveromyces fragilis LOCK 0027/Zymomonas mobilis 3881 Jerusalem artichoke Ethanol 0.48 99.0 [57]
Clostridium thermocellum ATCC 27405/Clostridium Avicel Butanol 0.20 7.9 [58]
saccharoperbutylacetonicum N1-4

Clostridium celevecrescens/C. acetobutylicum Filter paper Butanol 0.09 2.7 [59]
Clostridium cellulovorans 743B/Clostridium beijerinckii Corn cobs Butanol 0.12 8.3 [60]
NCIMB 8052

Thermoanaerobacterium sp. M5/Clostridium acetobutylicum  Hemicellulose Butanol 0.14 8.3 [61]
Engineered consortium of C. cellulovorans/C. beijerinckii Alkali extracted corn cobs Butanol 0.14 11.5 [62]
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Figure 4 Conceptual overview and design of the multispecies biofilm membrane reactor
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Figure 5 Design and potential application of a spatially linked microbial consortium
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