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Functional analysis of glucuronosyltransferases involved in triterpenoid saponin biosynthesis
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Triterpenoid saponins are a group of specialized plant metabolites renowned for their immense
structural diversity and bioactivities. Glycyrrhizin found in licorice (Glycyrrhiza spp.) is widely used as drugs,
food additives and cosmetics for its various pharmacological activities and sweetness. The biosynthetic
pathway of glycyrrhizin and other triterpenoid saponins has been studied extensively to establish a heterologous
production system to overcome their insufficient supply.

The biosynthetic pathway of triterpenoid saponins is divided into three major steps starting from the
common precursor, 2,3-oxidosqualene: cyclization by oxidosqualene synthases (OSCs), site-specific oxidation
by cytochrome P450 monooxygenases (P450s) and glycosylation by UDP-dependent glycosyltransferases
(UGTs). UGTs, belonging to the family 1 of glycosyltransferase (GT) superfamily, are known to catalyze
glycosylation of diverse plant specialized metabolites including triterpenoids. To date, almost all enzymes
involved in biosynthesis of glycyrrhizin and soyasaponins have been identified except for the UGT that
catalyzes the transfer of the conserved glucuronosyl moiety at the C-3 position of the aglycones (non-sugar
component). Thus, this study aimed to produce glycyrrhizin de novo in yeast by identifying the last missing
enzyme.

Chapter 1 included general introduction on classification of plant specialized metabolites and
triterpenoid saponins, and on characterized plant UGTs to date.

Chapter 2, the main chapter, focused on the discovery and functional analysis of cellulose
synthase-derived glycosyltransferases (CSyGTs). Gene co-expression analysis of three Fabaceae species
(Glycyrrhiza uralensis, Glycine max and Lotus japonicus) revealed the involvement of CSyGTs in triterpenoid
saponin biosynthesis. Although CSyGT belongs to family 2 GT, which is known to catalyze plant cell wall
biosynthesis, subsequent characterization of the enzymes in vivo using Saccharomyces cerevisiae confirmed
that CSyGTs catalyze the glucuronosylation of various oleanane-type triterpenoid aglycones at the C-3 position.
Moreover, CSyGT mutants of L. japonicus did not accumulate soyasaponin, but the ectopic expression of
ER-localized CSyGTs in a L. japonicus mutant background via agroinfiltration successfully complemented
soyasaponin biosynthesis. Finally, glycyrrhizin was successfully produced de novo in yeast, accomplishing the
long-cherished goal.

Chapters 3 and 4 focused on further characterization of CSyGTs to gain insights into functional
distinction between CSyGT and UGTs in triterpenoid saponin biosynthesis. Chapter 3 investigated whether
glucuronosyltransferase activity against triterpenoids are unique among UGTs by characterizing 4 homologs of
UGT73P12 from G. max and Vigna angularis. Chapter 4 explored on structural role of CSyGT since plant
P450s and their redox partners, cytochrome P450 reductases, are reported to anchor to the ER membrane.
However, protein-protein interaction assay performed using split-ubiquitin system exhibited that CSyGTs
directly interact with f-amyrin synthase, an OSC, but not with any of P450s. The result implies that other
factors may be required for binding of P450s to form a complete triterpenoid saponin metabolon.

The discovery of CSyGT has completed the elucidation of biosynthetic pathway of glycyrrhizin and
soyasaponins. CSyGTs serve as a direct evidence that biosynthetic enzymes of specialized metabolites are
recruited from the central metabolism ,and investigation on metabolon formation not only provides insights into
regulatory mechanism of the pathway but also aids in designing a tailored yeast strain for an improved yield.
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