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Chapter I: General Introduction

Futrema japonicum commonly known as Japanese wasabi was commercialized as food and harvested for its
unique flavor and pungent smell. Recently, many reports show that not only the consumption benefit but also
wasabi extracts from either leaf stem or rhizome accumulated many unique chemical components. 6-
(Methylsulfinyl) hexyl isothiocyanate (6-MSITC), a derivative of glucosinolate with a six-carbon chain, is a
compound found in wasabi and has various health-promoting properties. Glucosinolate biosynthesis from
methionine relies on the catalytic activity of methylthioalkylmalate synthases (MAMs), crucial enzymes that
generate glucosinolates with diverse chain lengths. In this investigation, the primary objective was to
characterize two methylthioalkylmalate synthases, namely MAM1-1 and MAM1-2, isolated from Futrema
Jjaponicum.

Chapter II: In vitro characterization of E. japonicum MAMs

The E. japonicum MAMs (EjMAMs) were expressed in an E. coli system, purified, and subjected to in vitro
enzymatic activity assays. Kinetic properties, optimal pH conditions, and cofactor preferences of EMAMs are
explored, comparing them with previously documented MAMs. Surprisingly, EJMAM1-2, classified as a
metallolyase family enzyme, demonstrated 20% of its maximum activity even in the absence of divalent metal
cofactors or under high concentrations of EDTA. Additionally, Alphafold2 was employed to generate structural
computational models of EJMAMs, followed by in silico analysis and mutagenesis studies to identify key
residues involved in catalytic activity.

Chapter III: In vivo biosynthesis of aliphatic elongation pathway using MAMs

In vivo biosynthesis in . coli containing Arabidopsis thaliana branched-chain amino acid transferase 3
(AtBCATS3), isopropyl malate isomerase (AtIPMI), and isopropyl malate dehydrogenase (AtIPMDH) along with
either AtMAMs or EJMAMs were investigated. The results revealed that EJMAM1-2 exhibited the highest
conversion rate among the tested MAMs, converting L-methionine to 2-(2-methylthio)ethyl malate (2-(2-
MT)EM). This distinctive property of EJMAM1-2, showcasing significant 7in vitro activity and superior L-
methionine conversion in vivo, underscores its potential for isothiocyanate biosynthesis in the £. coli platform.
Chapter IV: General Conclusion

Overall, the recombination expression and purification of EJMAM and AtMAM are successfully achieved in £.
coli expression system with an auto-induction medium, along with all elongation enzymes AtBCAT3, AtIPMI-
LSU1, AtIPMI-SSU3, and AtIPMDH1. However, due to the complexity of cofactor usage and the uncertainty
of the correct combination form of the heterodimeric enzyme, IPMI, in vitro reaction attempts were only
achieved in converting 4-MTOB to 2-(2-MT)EM as a product. Surprisingly, EjMAM1-2 displays a
distinguished activity by retaining 20% of activity in the absence of metal cofactor ion or in EDTA, which has
never been reported before and shows drastically high Vinaxin 2-(2-MT)EM conversion. This activity poses a
potential usage as a glucosinolate biosynthesis enzyme in vivo. E. coli harboring AtBCAT3 and EjMAMs,
especially EJMAM1-2 show prominent conversion from L-methionine in the medium into 2-(2-MT)EM in vivo

with EJMAM1-2 displaying the highest conversion rate.
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