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Ⅰ In vitro Biosynthesis of Valinomycin
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Ⅲ Valinomycin Biosynthesis in CFME System

Ⅱ Protein Expression and Valinomycin Formation

Ⅳ Optimization of CFME Reactions

Ⅴ Boosting Valinomycin Yields in a CFPS-ME System

A Proposed model for valinomycin synthetase.

B Regeneration of the functionality of NRPS catalyzed by TEII.

C Cell-free biosynthesis of valinomycin with different strategies. 

Results: 

• Valinomycin gene cluster (Vlm1, Vlm2, and TEII) and a heterologous modification enzyme (Sfp) were 

expressed together in a single-pot E. coli-based CFPS system.

• The valinomycin yield was initially increased by two fold up to 37.11 ± 0.84 μg/L.

▪ Cell-free systems enable total biosynthesis of the    

NRP antibiotic valinomycin.

▪ CFPS is robust to express the entire valinomycin 

biosynthetic gene cluster (>19 kb).

▪ Fine tuning of cell-free reactions allows for 

enhanced production of valinomycin.

▪ The optimized, coupled CFPS-ME system enables 

synthesis of ~30 mg/L valinomycin.

CFPS cell-free protein synthesis

CFME cell-free metabolic engineering

Results: 

• Overexpression of Vlm1 and Vlm2 with active holo forms in E.coli BAP1.

• Valinomycin was detected with a yield of 5.59 μg/L in an initial CFME reaction.

Results: 

• Cofactors from cell lysates were sufficient to drive valinomycin synthesis.

• The best mass ratio of two lysates (Vlm1:Vlm2) was 3:1.

Results: 

• A dedicated enzyme TEII was expressed by the upstream CFPS to efficiently drive the downstream 

CFME reactions. 

• In vitro expressed TEII was active to restore the function of in vivo heterologously expressed, but 

misprimed NRPS enzymes (Vlm1 and Vlm2).

• The highest valinomycin yield was ~30 mg/L with the optimized conditions, which is more than 5000 

times higher than the initial yield (5.59 μg/L) in an CFME reaction.

▪ We used a CFPS system to express the entire valinomycin biosynthetic gene cluster (> 19 kb) in a single-pot reaction for valinomycin biosynthesis.

▪ We coupled CFPS with CFME by mixing two enzyme-enriched cell lysates to perform a two-stage biosynthesis, which gives rise to a highest yield of 30 mg/L.

▪ We expect that cell-free biosynthetic systems will provide a new avenue to express, discover, and characterize natural product 

gene clusters of interest in vitro.

Natural products are important because of their significant pharmaceutical properties 

such as antiviral, antimicrobial, and anticancer activity. Recent breakthroughs in DNA 

sequencing reveal that a great number of cryptic natural product biosynthetic gene 

clusters are encoded in microbial genomes, for example, those of Streptomyces species. 

However, it is still challenging to access compounds from these clusters because many 

source organisms are uncultivable or the genes are silent during laboratory cultivation. 

To address this challenge, we develop an efficient cell-free platform for the rapid, in vitro 

total biosynthesis of the nonribosomal peptide valinomycin as a model. This strategy 

improved valinomycin production ~5000-fold to nearly 30 mg/L. 
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