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Outline of the work:

Plants produce a variety of secondary metabolites that have strong physiological activities, although their produc-
tion entails serious problems such as low productivity, heterogeneous quality, and difficulty in raw material supply. On 
the contrary, microorganisms produce their primary and some secondary metabolites under a man-controlled environ-
ment, thus assuring high efficiency and uniform quality. This joint research by Drs. Fumihiko Sato and Hidehiko  
Kumagai aimed to overcome problems associated with plant secondary metabolite production by constructing a micro-
bial platform for plant isoquinoline alkaloid (abbrev. IQA) production as a model, in which the microbial and plant 
metabolic pathways are unified into one system. The research consisted of the following three parts:

A. �Clarification�of�the�molecular�basis�of�the�IQA�synthetic�pathway�in�cultured�plant�cells�and�its�alter-
ation�by�applying�metabolic�engineering�techniques�
Because of low enzymatic activities in the IQA synthetic pathway of plants, its molecular basis had not been clarified 

for a long time. Dr. Sato selected a cultured cell line with high IQA productivity of a medicinal herb, Coptis japonica, 
from which he purified and characterized 11 enzymes and cloned and sequenced their genes, which are involved in IQA 
biosynthesis, thus contributing to complete elucidation of its molecular basis. Of the cloned genes of C. japonica, seven 
were used in later work for constructing the microbial platform for plant IQA production. Dr. Sato further developed an 
Agrobacterium-mediated transformation technique for cultured cells of another medicinal herb, Eschscholzia californi-
ca. Using this technique, he introduced two C. japonica genes, one for scoulerine 9-O-methyltransferase and the other 
for norcoclaurine 6-O-methyltransferase, into the E. californica cultured cells, finding successful production of berber-
ine and accumulation of sanguinarine, respectively, thus demonstrating the high flexibility of the IQA biosynthetic path-
way to its genetic alteration.
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B.�Research�on�aromatic�amino�acid�metabolisms�in�microorganisms
Dr. Kumagai contributed to the elucidation of aromatic amino acid metabolism in microorganisms, which informa-

tion was indispensable in constructing the microbial IQA production platform. First, he screened amino acid decarbox-
ylase in various microorganisms, discovering a new enzyme in Micrococcus, which he purified in crystalline form for 
the first time in all organisms. He demonstrated that this enzyme produced tyramine by decarboxylation of L-tyrosine. 
Afterward, he discovered an aromatic amino acid-specific decarboxylase in Pseudomonas, which converts L-DOPA to 
dopamine. Next, Dr. Kumagai screened and characterized amine oxidases of various microorganisms; based on the re-
sults, he proposed a new classification system for this group of enzymes using their reaction center, Cu or FAD, as the 
key. He discovered a new monoamine oxidase in Micrococcus, purifying it in crystalline form, and showed that this en-
zyme converts tyramine to 4-hydroxyphenylacetaldehyde. With this enzyme, he found non-enzymatic production of 
norlaudanosoline from its substrate (dopamine) and product (3, 4-dihydroxyphenylacetaldehyde, abbrev. 3, 4-DHPAA), 
noticing its identical basic chemical structure to that of norcoclaurine, the first product in the plant IQA biosynthetic 
pathway. From this observation, he derived the idea of plant IQA production by microorganisms. Genes of this enzyme 
and L-DOPA-specific amino acid decarboxylase were used later in constructing the microbial platform for plant IQA 
production. 

C.�Construction�of�the�microbial�platform�for�plant�IQA�production
Drs. Sato and Kumagai in close collaboration successfully constructed the microbial platform for plant IQA produc-

tion for the first time in the world. The platform consisted of the following four modules: “universal aromatic amino 
acid synthetic module” prepared by genetic modifications of the Escherichia coli metabolic system to facilitate over-
production of L-tyrosine from glucose as the sole carbon source; “tailor-made biosynthetic module” optimized for pro-
duction of two IQA precursors, dopamine and 3, 4-DHPAA, from L-tyrosine using three microbial genes, two of which 
were cloned by Dr. Kumagai; “fundamental IQA synthetic module” for production of (S)-reticline, the key substance in 
the IQA synthetic pathway, that consisted of four genes cloned from C. japonica by Dr. Sato; and “ad hoc IQA synthet-
ic module” consisting of three C. japonica genes cloned by Dr. Sato, that produced different IQAs from (S)-reticuline. 
The first three modules were installed in E. coli cells, whereas the last one was prepared with budding yeast. Co-cul-
tures of those E. coli and yeast cells efficiently produced (S)-reticuline and other IQAs, proving the usefulness of the 
constructed microbial platform for plant IQA production.

In summary, Drs. Sato and Kumagai opened a new avenue for the microbial production of plant secondary metabo-
lites using IQAs as the model, and contributed to the development of a new area in both Synthetic Biology and Meta-
bolic Engineering.
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