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A herbal medicinal plant Lithospermum erythrorhizon Sieb. et Zucc. produces characteristic red 

naphthoquinone pigments, shikonin deriveatives in the root bark (Fig. 1). In this perennial plant, shikonin 
exists as ester derivatives, among which acetyl ester is the majority. These compounds exhibit a variety of 
biological activities, such as antibacterial and antivirus activities, as well as hemostatic activity. In fact, L. 
erythrorhizon has been used as a traditional medicine for over thousand years, and also as dyes for purple 
color.  

 
 

 
Fig. 1. Shikonin derivatives in L. erythrorhizon 

 
 
   Cell suspension cultures of this plant capable of producing a large amount of shikonin derivatives were 
established in 1970s, which was then utilized for industrial production of shikonin after establishment of a 
successful shikonin production medium M9 in 1980s [1] [2]. In the biosynthetic rout, shikonin is 
biosynthesized from m-geranyl-p-hydroxybenzoic acid (GBA), which is generated via coupling reaction of 
geranyl diphosphate provided from mevalonate pathway and p-hydroxybenzoic acid from phenylpropanoid 
pathway. The biosynthetic pathway from GBA to shikonin, namely how naphthoquinone skeleton is 
formed, is however still largely unknown. 
  In order to identify proteins involved in shikonin biosynthesis, we have in this study performed a 

comparative proteome analysis using the cultured L. erythrorhizon cells under the conditions with or 
without induction of shikonin biosynthesis. As the results, we obtained more than three thousand protein 
sequencess, from which ca. six hundred proteins specifically expressed only in shikonin-producing cells 
were picked up. We found several new enzymes including known enzymes involved in shikonin 
biosynthesis in the list. We will further use those candidates of the shikonin biosynthetic enzymes for the 
functional analysis in future.  
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Prenylation reaction of polyphenolic compounds largely contributes to the chemical and biological 
diversities in secondary metabolism of plants. To date, ca. 1,000 prenylated aromatic compounds were 
identified from a variety of plant species, and many of those secondary metabolites exhibit useful 
biological activities like antimicrobial and anti-tumor activities. Prenyltransferase (PT) plays a critical 
role in the biosynthesis of those prenylated compounds, whereas only a few PTs have been isolated until 
now. Glandular trichomes of Macaranga tanarius (Euphorbiaceae) are known as the plant origin of 
Okinawan propolis, which contains a large amount of prenylated flavonoids [1，2] ; however no PTs from 
Euphorbiaceae have been reported so far. On those background we tried to isolate M. tanarius PTs 
(MtPTs), and analyze their biochemical functions in this study.    

We isolated candidate clones, MtPT1 and MtPT3, and thier full-length sequences were subcloned 
into a binary vector to make MtPTs expression constructs in a plant host. Then, MtPTs were transiently 
expressed in Nicotiana benthamiana leaves by using agroinfiltration method. Microsome fractions of the 
leaves were prepared as crude enzymes for prenyltransferase assay, and their enzymatic function was 
analyzed. As results, MtPT1 catalyzed prenylation of a flavanone substrate to give prenylated flavonoids. 
Besides, MtPT3 also showed prenylation activity to a flavanone. We then analyzed the subcellular 
localization of MtPT1 and MtPT3 by using N-terminal regions of each enzymes fused to GFP 
respectively. In addition, we investigated M. tanarius organ-specific expression of MtPT1 by real time 
PCR. MtPT1 and MtPT3 are the first PTs isolated from the family Euphorbiaceae. We expect that these 
PTs being contributed to progression of molecular evolution of PT superfamily, and also metabolic 
engineering for industrial production of natural medicinal compounds.  
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