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Vitex agnus-castus L. (VAC) is a medicinal plant belonging to the Lamiaceae family whose fruit extracts are used in the treatment of women’s menstrual disorders.
Additionally, VAC extracts are reported to have dopaminergic activities and anti-cancer properties. The bioactivity of VAC extracts is partly attributed to diterpenoids
found in the plant, like vitexilactone® and rotundifuran®. Currently little is known about the biosynthesis of these diterpenoids. In our effort towards the elucidation of
VAC diterpenoid biosynthetic pathways, we have identified six diterpene synthases (diTPSs), three corresponding to class Il (VACTPS1, VACTPS3 and VACTPS5) and
three from class | (VACTPS2, VACTPS4 and VACTPS6). Functional characterization through transient expression in Nicotiana benthamiana, and comparison with the
already characterized diTPSs from the related species Marrubium vulgare (MvCPS1 and MVELS)? demonstrated that the major product of VACTPS1 is peregrinol
diphosphate. In combination with VACTPS2 a number of structurally related labdane diterpenoids are formed e.g. 9,13-epoxy-labd-14-ene. Meanwhile, product
formation was also detected for expression of VACTPS3 alone. Co-expression of VACTPS3 with VACTPS6 formed abietane-type diterpenoids. Through comparison with
already characterized diTPSs, CfTPS1 and CfTPS3 from Coleus forskohlii, we identified one of the product as dehydroabietadienet. Coupling of VACTPS3 with VACTPS2
has also resulted in the synthesis of a diterpenoid product. Discovery and characterization of these diTPSs is the critical first step towards understanding VAC

diterpenoid biosynthesis.
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Figure 1: Work flow for identification and functional expression of diTPSs involved in production
of Vitex agnus-castus diterpenoids.
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PHYLOGENETIC ANALYSIS
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Figure 2: Phylogenetic classification of Vitex agnus-castus diTPSs with known class Il and class |
sequences from Lamiaceae species. Numbers at the branches are bootstrap values that
support more than 80% bootstrap confidence.

FUTURE DIRECTION

* Further experiments are planned to fully characterize the diTPSs products.

* Ongoing: Identification and characterization of cythochrome P450 candidate genes that are
involved in next steps of VAC diterpenoid biosynthesis

* More advanced biotechnological platforms (i.e. microbial hosts) for the production of clean
pharmacological bioactive VAC diterpenoids are being considered.
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Figure 3: GCMS analysis of hexane extracts from N. benthamiana transiently expressing VAC
diTPSs. (i) Comparison of product formation of VACTPS1 and VACTPS1+VACTPS2 with MvCPS1

and MvCPS1+MVELS. (ii) Comparison of product formation of VACTPS3 and VACTPS3+VACTPS6
with CfTPS1 and CfTPS1+CfTPS3. (iii) Product formation of VACTPS3+VACTPS2.
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Figure 4: (i) Schematic overview of biosynthesis of diterpene backbone. (ii) Summary on
enzymatic reactions catalyzed by class | and class Il diTPSs from Vitex agnus-castus
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