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Abstract of Thesis
Chapter 1 General introduction

Malaria has been one of the main cause of illness and death in human for over a century. Owing to the
urgent need of an effective antimalarial drug, artemisinin, the most effective antimalarial compound isolated
from Artemisia annua plant, has been discovered, and artemisinin-based combination therapies has become the
first-line treatment for malaria since 2006. Artemisinin biosynthetic pathway starts from a cyclization of
farnesyl pyrophosphate (FPP) to amorpha-4,11-diene catalyzed by amorpha-4,11-diene synthase (ADS).
Amorpha-4,11-diene is then oxidized to artemisinic alcohol, artemisinic aldehyde and artemisinic acid,
respectively, by amorpha-4,11-diene 12-monooxygenase (CYP71AV1). The next step of artemisinin biosynthesis
is the reduction of artemisinic aldehyde into dihydroartemisinic aldehyde by artemisinic aldehyde A11(13)
reductase (DBR2). Then aldehyde dehydrogenase 1 (ALDH1) oxidizes dihydroartemisinic aldehyde into
dihydroartemisinic acid which is converted non-enzymatically into artemisinin.

Among over 400 Artemisia species distributed worldwide, artemisinin is produced only in A. annua. We
hypothesized that the acquisition of specific enzymes involved in artemisinin biosynthesis may confer this
ability on A. annua. In order to proof this, previous work in our laboratory analyzed the expression and
enzymatic function of CYP71AV1 homologs in non-artemisinin-producing A. absinthium and A. afra. We found
that the isolated homologous enzymes showed similar function to that of A. annua CYP71AV1. These results
indicated that CYP71AV1 is not a key enzyme controlling artemisinin-producing ability. Therefore, this study
aims to investigate the possible existence, the expression, and the enzymatic function of the remaining
homologous genes (ADSand DBR2homologs) in non-artemisinin-producing Artemisia species and to verify their
artemisinin-producing ability in planta.

Chapter 2 Functional analysis of ADS homologs from non-artemisinin-producing Artemisia plants

Chemodiversity of sesquiterpenoids is controlled by a unique function of sesquiterpene synthases. In
artemisinin biosynthesis, ADS is a sesquiterpene synthase catalyzing the first cyclization step of FPP to
amorpha-4,11-diene. Therefore, this chapter focused on the examination of the possible existence of ADS
homologs in non-artemisinin-producing Artemisia species. Among 13 Artemisia species analyzed in this study,
ADShomologs were detected only in A. absinthium, A. kurramensis and A. maritima. Unlike A. annua ADS, all
of these ADS homologs exhibited novel and unique functions on the cyclization of FPP to rare natural
sesquiterpenoids: koidzumiol, (+)-a-bisabolol and 4-amorphen-11-ol. Although further studies may be required
to confirm the presence and enzymatic functions of ADS homologs in other Artemisia species, these findings
suggested that non-artemisinin-producing Artemisia plants do not have the ability to cyclize FPP to amorpha-
4,11-diene.

Chapter 3 Functional analysis of DBR2 homolog from Artemisia absinthium

DBR2 is a key enzyme involved in the following reduction step and causes a switch in artemisinin
biosynthesis to the production of artemisinin via dihydro-analogues. Therefore, the expression and enzymatic
function of DBR2 homologs were analyzed. A. absinthium and A. afra were selected in this study as both are
highly cultivated in malaria-endemic countries, and their crude extracts exhibit antimalarial activity. The
results showed that DBR2homolog was expressed only in A. absinthium (abDBR2). In vitro enzymatic assay of
abDBR2 revealed comparable activity to A. annua DBR2. This finding indicates that non-artemisinin-producing

Artemisia species, at least A. absinthium, has the ability to catalyze the reduction step in artemisinin
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biosynthetic pathway.
Chapter 4 In planta substrate feeding of artemisinin intermediates

The presence of ADS, CYP71AV1 and DBRZ2 homologs in A. absinthium has been confirmed. Among
these, only ADS homolog exhibits different activity from ADS, whereas CYP71AV1 and DBR2 homologs have
similar functions to their counterparts in A. annua. To verify the activities of both homologous enzymes in
planta and the artemisinin-producing ability of A. absinthium, each specific artemisinin intermediate was
administered to the leaves of this plant, and the conversion of administered compounds to other intermediates
in artemisinin biosynthetic pathway was focused. The conversion of amorpha-4,11-diene to the following
products until dihydroartemisinic acid was then detected. This finding indicates that A. absinthium can
partially catalyze artemisinin biosynthesis in p/lanta, despite unable to produce artemisinin.
Chapter 5 General discussions and conclusion

To investigate a key factor controlling artemisinin-producing ability, this study examined several genes
highly homologous to artemisinin biosynthetic genes in non-artemisinin-producing Artemisia plants.
CYP71AV1 and DBR2 homologs in non-artemisinin-producing Artemisia plants exhibit similar functions to
their counterparts in A. annua. However, ADS homolog was not detected in most of non-artemisinin-producing
Artemisia species, whereas the present ones exhibit novel enzymatic functions different from that of A. annua
ADS. These findings indicate that the exceptional artemisinin-producing ability in A. annua may be attributed
by the acquisition of ADS. This study also showed that A. absinthium has a partial artemisinin-producing ability
in planta. This provides an insight into the generation of artemisinin-producing A. absinthium which may be
more appropriate for its use as an alternative source of the effective antimalarial compound owing to its

abundance in malaria-endemic countries in the future.
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