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Abstract: Monoterpenoids that belong to the terpenoids family are usually volatile and have strong
aroma. Some monoterpenoids also have antioxidant, antibacterial and anti-inflammatory activities, which

make them important raw materials for medicine, food and cosmetics industry. In recent years, the
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heterologous synthesis of monoterpenoids by microorganisms has attracted extensive attention. However,

its large-scale application is greatly hampered by the low yield and high production cost. Nowadays, the

rapid development of synthetic biology provides new approaches for enhancing the production of

monoterpenoids by microorganisms. Different kinds of recombinant strains can be obtained via

engineering of microbial cells to produce a variety of monoterpenoids with different properties. This paper

summarized the latest strategies and progress in the application of synthetic biology to produce

monoterpenoids by microorganisms, including the design and modification of biosynthetic pathway, as

well as the design and optimization of high-yield monoterpenoids producing chassis cells.
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erythritol-4-phosphate kinase, Ispe). H JE 7
-2, 4- S LR & i (2-C-methyl-D-erythritol-
2,4-cyclodiphosphate synthase, Ispf). H 5t 7R &%
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Biosynthesis of monoterpenoids in microorganisms.
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I -4- FE 0% TR 18 5L B (hydroxy-2-methyl-2-(E)-
butenyl-4-diphosphate reductase, Isph) 5 /™ Jif
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Table 1 Examples of Escherichia coli and Saccharomyces cerevisiae engineered to produce monoterpenoids

Hosts Monoterpenoids  Metabolic engineering strategies Titer (mg/L) References

E. coli Pinene - Adaptive laboratory evolution and overexpression of the efflux pump 166.50 [23]
- Error-prone PCR and DNA shuffling
- Creating TIGR libraries and screening
- Pinene biosynthesis in shake flasks

a-pinene - Heterologous MVA pathway from Enterococcus faecalis and 970.00 [24]
S. cerevisiae

+ GPP synthase from Abies grandis
+ a-pinene synthase from Pinus taeda

Geraniol + Heterologous MVA pathway from Enterococcus faecalis and 2 000.00 [25]
S. cerevisiae

+ GPP synthase from Abies grandis
- Geraniol synthase from Osmium basilicum

Limonene - Heterologous MVA pathway from S. cerevisiae 2700.00 [26]
+ GPP synthase from Abies grandis

- Limonene synthase from Mentha spicata, codon-optimized and
truncated
Myrcene - Heterologous MVA pathway from S. cerevisiae 58.19  [27]

- Isopentenyl diphosphate isomerase Idi from E. coli

- GPP synthase Gpps2 from Abies grandis, codon-optimized and
truncated

* Myrcene synthase from Quercus ilex, codon-optimized and truncated
S. cerevisiae Pinene + Erg20 FOGW-NIZTW overexpressed 11.70  [28]

- Pinus taeda pinene synthase expressed
+ N-terminus truncation (from 2A to 51P) of PtPS (obtaining tPtPS)
- Idil and Mafl overexpressed
+ Using the strong promoter

Geraniol + Thmgr and Idil overexpressed 1680.00 [29]
- Erg20 "OWNIZW overexpressed
- Tailoring truncation of CrGES
- Enhancing GPP accessibility for t3CrGES

Limonene + Catalyzing IPP and DMAPP to NPP (cis-GPP) 917.70  [30]
- Planting LS that converts NPP to limonene

+ Orthogonal limonene biosynthetic (OLB) pathway composed of
SINDPS1
- Regulating gene erg20 by the glucose-sensing promoter HXT1

Linalool - Selecting the truncated linalool synthase t670McLIS 53.14  [31]
- The whole MVA pathway overexpressed
- Introduction of an Erg20™*"™2"V yariant

- Directing evolution of t670McLIS

http://journals.im.ac.cn/cjben
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