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Abstract: How to produce safe pesticides in chassis through energy-saving and environmentally friendly methods is
one of challenges for synthetic biology. As a natural botanical insecticide, Pyrethrins derived from Pyrethrum
(Tanacetum cinerariifolium) have good insecticidal and deworming activities with broad spectrum. Compared with
chemical synthetic counterparts (pyrethroids), pyrethrins are less toxic and harmful to environment and human. These
characteristics make pyrethrins not only one of the most ideal biological pesticides so far with broad applications and
great potentials, but also candidates for their production via synthetic biology in the future. In this article, we review the

discovery and chemical and biological characteristics of pyrethrins as well as the elucidation of their biosynthetic
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pathway by summarizing the catalytic enzymes identified recently including cytochrome P450s, dehydrogenases,
methyltransferase and phosphatase etc. The synthesis process is mainly involved three parts: the synthesis of acid
moieties, the synthesis of alcohol moieties and the condensation of acids and alcohols to esters. At present, the
synthesis of acid moieties has been largely deciphered, and genes encoding key enzymes for acid-alcohol condensation
have also been determined, but the synthesis of alcohol moieties needs to be explored further. With the identification of
a large number of gene elements and the function of related genes in the plants, the rise of synthetic biology and the
progress of synthetic technology, it is possible to express heterologous genes in chassis, integrate the pathway of
heterologous synthesis to produce targeted products. This also makes it possible to express the metabolic pathway for
the production of pyrethrins and their derivatives in suitable microbial chassis. Therefore, this review also focuses on
challenges that need to be addressed in this regard, including regulation, transportation and chassis adaptation for more
efficient production, and forecasts future development. We hope that more research progress could provide a solid
scientific basis and application guidance for the biosynthesis of the green and effective pesticide, and finally realize the
large-scale production of pyrethrins.
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Fig. 2 Chemical structures of pyrethrins
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Fig. 3 Pyrethrin biosynthesis pathway
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(Synthesis of pyrethrin moieties are originated in the ovary trichome, 7cCDS catalyzes 2 DMAPP to generate chrysanthemyl diphosphate, which is
further catalyzed by phosphatase 7cNudix1, dehydrogenases 7cADH2 and TcALDHI1 to generate chrysanthemic acid, and two additional enzymes
oxidase 7cCHH and methyltransferase 7cCCMT participate the reaction to form pyrethric acid. Alcohol moieties are generated from the jasmonic
acid biosynthesis pathway, and the downstream biosynthesis are catalyzed by cytochrome P450 TeJMH and 7cPYS for the biosynthesis of jasmolone
and pyrethrolone, but the reactions for cinerolone biosynthesis are still unknown. One of two acid moieties and one of three alcohol moieties are
condensed by the catalysis of 7eGLIP to produce six different pyrethrins. Upstream steps of the acid moiety pathway are located within plastid, and
then the intermediates are transferred to cytosol for further oxidation. The biosynthesis of jasmonic acid is in the plastid and peroxisome under the
catalysis of the cytochrome P450s localized at endoplasmic reticulum. Two transporter proteins Jassy and CTS involved in the biosynthesis of
jasmonic acid are localized at the membrane of plastid and peroxisome, respectively, and more transporters may exist for transferring chrysanthemol

from plastid to cytosol and also for transferring moieties from trichome to apoplast, which need further validation)
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Tab.1 Genes involved in the pyrethrin biosynthesis pathway

Ers| YA AR T SCHR
TeAOS allene oxide synthase (SRR &Y 13-HPOT 12.13 {3 C 144k [62-63]
TeAOC allene oxide cyclase W I A A AL B 13-EOT 4 it OPDA (12-%-TE %) 1518 [62]
TcOPR 3-0x0-2-(2-pentenyl)-cyclopentane-1- 12-%- M) — I RRAL 5 OPDA 10. 11§ Ci& [59, 64]

octanoic acid reductase 3

Te]JMH jasmone hydroxylase 2R T 2 Ak T KA 4 17 C FFE A = B [12-13]

TcPYS pyrethrolone synthase o o e ol 2R 5] P T 5 0 2 ) e 2 v [12]

TeCDS chrysanthemyl diphosphate synthase T R T R A4 B S5 B [22,56]
TeNudix 1 nudix-family phosphatase Nudix fi & 7K ik B CPP LWtk [57]
TcADH2 alcohol dehydrogenase 2 et it S g 5 T A7 0 3 44 [11, 16]
TcALDH1 aldehyde dehydrogenase 1 T i A P T A A % 2540 [11, 16]

TcCHH chrysanthemol 10-hydroxylase HE AL PR TG AR I B AL [15]
TcCCMT 10-carboxychrysanthemic acid 10- 10-FR 25 R-10- A FL HE R ity 10-F2 2 1) B A4k [15]

methyltransferase

TcGLIP GDSL lipase-like protein GDSL Ji i T3 P T I T A 48 5 S S [51]

TcLOX1 lipoxygenasel JEAEHE VBRI 13 12 C %Ak [65]
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