u

) <

The University of Osaka
Institutional Knowledge Archive

Identification of oxidosqualene cyclases from
Title Bauhinia forficata and their application on
valuable triterpenoids production

Author(s) |Srisawat, Pisanee

Citation | KPrKZE, 2019, {Et:m

Version Type

URL https://hdl.handle. net/11094/73549

rights
POEBLRWERLIH D ERMABEMRRAERL
7., EXICRATEORBTOEN =L TWWE
Note T, EXDOTHAE THFLEDZEIE. <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#fclosed”> KPR KZEDIETF/ITIC DL
K/DETSRCEI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name ( Pisanee SRISAWAT )

Identification of oxidosqualene cyclases from Bauhinia forficata and their application

on valuable triterpenoids production

(Bauhinia forficata A X2 RRA 7 7 L U BRALEZE OMEEMIT E T b 2 WA
NU TR A RAEEIZES 2 0H9E)

Title

Abstract of Thesis

Triterpenoids are one of the most structurally diverse class of plant specialized metabolites with a variety of
biological properties, which are commercially important. However, the low abundance of triterpenoids in nature
and its structural complexity limit the commercial applications. Recently, synthetic pathway manipulation in
heterologous host become the alternative methods to produce plant-derived metabolites. For this purpose, the
identification of the enzymes involved in triterpenoid biosynthesis and the efficient expression platform for the
production is required.

Cyclization of 2,3-oxidosqualene by enzymes known as oxidosqualene cyclases (OSCs) is the first committing
step of triterpenoids biosynthesis to generate the diversity of triterpene scaffolds. In this study, by transcriptome
analyses, homology-based cloning, and heterologous expression, an OSC (BfOSC3) with a preponderant
a-amyrin-producing activity, which comprised at least 95% of total triterpenols, and also three other functional
0SCs (BfOSC1, BfOSC2, and BfOSC4) that produce B-amyrin, germanicol, or cycloartenol were discovered, which
are responsible for the diversity of triterpenols in non-model legume Bauhinia forficata. Then, those characterized
enzymes were applied for the production of morolic acid and ursolic acid.

Morolic acid (a germanicol derivative with carboxyl at C-28) is a low abundant plant-derived triterpenoid,
which possesses various pharmacological properties. To developed yeast Saccharomyces cerevisiae expression
platform for efficient morolic acid production, a novel production pathway using combinatorial biosynthesis
approach for morolic acid biosynthesis was constructed by co-expressing BfOSCZ2 and CYP716A49 from Beta
vulgaris. To further improve the transcriptional efficiency of heterologous genes, the cellular galactose regulatory
network was reconstructed by introducing chimeric transcriptional activator (fusion of Gal4dbd.ER.VP16) to
overdrive the genes expressing under galactose promoter. Yeast truncated HMG1, encoding rate-limiting enzyme
3-hydroxy-3-methyl-glutaryl-coenzyme A reductase 1 and sterol-regulating transcription factor upc2-1 were also
overexpressed to increase the isoprenoids precursors produced by the mevalonate pathway. By using this yeast
system, morolic acid production was achieved up to 20.7+1.8 mg/L in batch culture.

Moreover, the N. benthamiana expression platform was also constructed to efficiently produce ursolic acid, a
potential therapeutic triterpenoid derived from a-amyrin. The mevalonate pathway of N. benthamiana was
engineered by co-expressing Arabidopsis thaliana HMGR1 variants and ursolic acid biosynthesis genes to
improve the flux to ursolic acid production. A novel production pathway was constructed using combinatorial
biosynthesis approach for ursolic acid biosynthesis by co-expressing BfOSC3 and CYP716A49. Ursolic acid
production was achieved up to 6.5 + 0.6 mg/LL mg/g dw, which was 12 folds higher than without AtHMGR1
co-expression.

This study demonstrated the possible strategies to improve the productivity of triterpenoids in heterologous
production systems, which may contribute to produce further other plant specialized metabolites that present in

extremely low abundance in the natural resources.
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