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Application and population control strategy of microbial
modular co-culture engineering
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Abstract: Traditional methods of microbial synthesis usually rely on a single engineered strain to
synthesize the target product through metabolic engineering. The key cofactors, precursors and energy are
produced by the introduced complex synthetic pathways. This would increase the physiological burden of
engineering strains, resulting in a decrease in the yield of target products. The modular co-culture
engineering has become an attractive solution for effective heterologous biosynthesis, where product yield

can be greatly improved. In the modular co-culture engineering, the coordination between the population
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of different modules is essential for increasing the production efficiency. This article summarized recent

advances in the application of modular co-culture engineering and population control strategies.

Keywords: modular co-culture engineering; population control; metabolic production; synthetic biology
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Table 1  Application of modular co-culture engineering in biosynthesis

Co-culture system Product Production Fold increase References
over mono-culture

E. coli-E. coli Rosmarinic acid 172.0 mg/L 38 fold [18]

E. coli-S. cerevisiae Oxygenated taxanes 33.0 mg/L [19]

E. coli-E. coli Muconic acid 4.7 g/L [20-21]

E. coli-E. coli 4-hydroxy benzoic acid 2.3 g/L 8.6 fold [21]

S. cerevisiae-P. pastoris Bioethanol 32.6 g/L [22]

E. coli-E. coli Naringenin 0.3 mmol/L [23-24]

E. coli-E. coli Biobutanol 62.8% [22]

E. coli-E. coli Resveratroloside 92.3 mg/L 3.2 fold [25]

E. coli-E. coli Afzelechin 40.7 mg/L 970 fold [26]

E. coli-E. coli 3-amino benzoic acid 48.0 mg/L 15 fold [27]

E. coli-E. coli Apigetrin 16.6 mg/L 2.5 fold [28]

E. coli-E. coli Bisdemethoxycurcumin 6.3 mg/L [29]

Lactococcus lactis-Yarrowia lipolytica Nisin 270.0 mg/L 1.49 fold [30]

E. coli-E. coli Pinene 64.9 mg/L 1.9 fold [31]

E. coli-E. coli Salidroside 6.0 g/L [32]

E. coli- S. cerevisiae Naringenin 21.2 mg/L 8 fold [33]

E. coli-E. coli Caffeoylmalic acid 570.1 mg/L 3 fold [34]

E. coli-Streptomyces Sakuranetin 79.0 mg/L [35]

E. coli-E. coli Caffeyl alcohol 401.0 mg/L 12 fold [36]

Streptomyces-Bacillus mycoides N-acetyltryptamine 14.9 mg/L [37]

E. coli-S. cerevisiae Magnoflorine 7.2 mg/L [38]

Clostridium acetobutylicum-S. cerevisiae n-Butanol 16.3 g/L 46.8% [17]

E. coli-Corynebacterium glutamicum Pipecolic acid 3.4 mmol/L [39]

Clostridium beijerinckii-Clostridium tyrobutyricum Butanol 6.7 g/L [40]

Bacillus subtilis-Pseudomonas aeruginosa Polyhydroxyalkanoates 0.4 g/g [41]
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Figure 1

Application mode of modular co-culture engineering. (A) Labor divisions to reduce metabolic

burden. (B) Modular utilization of carbon sources to increase substrate yield. (C) Physical separation of
enzymes to reduce side reactions. (D) Cooperation between different species to provide optimal environment

for enzyme expression.
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Figure 2 Population control strategies in modular co-culture engineering. Tuning of strain subpopulation by
changing the inoculation ratio (A), by changing the ratio of carbon sources (B), or by dynamic regulation (C).
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