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<Invited talk> 

 
Pharmaceuticals, Perfumes, and Bioproducts: Discovery of plant 

diterpene biosynthetic pathways using an integrated metabolomics and 
transcriptomics approach  

 

Philipp Zerbe & Jörg Bohlmann 
Michael Smith Laboratories, University of British Columbia, Vancouver, Canada 

 

Abstract 

Plants produce more than ten thousand different diterpenes of specialized 

(secondary) metabolism, and fewer diterpenes (e.g., GAs) of general (primary) 

metabolism [1]. Specialized diterpenes are important in ecological interactions of plants 

with other organisms. They are also of great relevance for human health and well-being as 

pharmaceuticals, food additives, fragrances and other industrial bioproducts [2]. Examples 

of widely used and novel diterpene therapeutics comprise the anti-cancer agent taxol, the 

cAMP regulator forskolin, and anti-viral diterpenes, such as prostratin and stelleralides. 

Other high-value diterpene bioproducts include industrial resins and inks or ambroxide 

fragrances [2,3]. Yields and purity of diterpenes obtained from natural sources or by 

chemical synthesis are often insufficient for industrial application. Improved agricultural 

or biotechnological production of diterpenes requires knowledge of relevant pathway 

genes and enzymes [4]. However, specialized diterpene biosynthetic pathways are 

extremely diverse across the plant kingdom and often taxonomically restricted to a few 

plant species, genera or families. To address this challenge, we used a set of ten different 

plant species, ranging from several angiosperms to species of conifer forest trees, to 

develop a general strategy for diterpene gene discovery in non-model systems. The 

approach combines metabolite-guided transcriptome resources, custom diterpene synthase 

(diTPS) and cytochrome P450 reference databases, and phylogenies with in vitro and in 

vivo enzymatic validation of relevant candidates. We identified 46 new diTPSs and 394 

new P450s in a resource of nearly one million different transcripts of diterpene 

accumulating tissues for functional characterization. Here we present select examples, 

demonstrating how integrated gene discovery strategies can be employed for developing 

combinatorial metabolic engineering and synthetic biology platforms for the sustainable 

production of diterpene pharmaceuticals and bioproducts (cf Scheme 1).  
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Scheme 1: Integrated gene discovery and bioengineering approaches for the 

sustainable production of diterpenoid bioproducts 
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Alkylation of aromatic compounds by prenyltransferases  
from fungi as new resources of bioactive products

 

Shuming  Li  
Ins t i tu t  fü r  Pharmazeut i sche  Bio logie  und  Bio technologie  

Phi l ipps  Univers i t ä t  Marburg  
 

Abstract 

Plants and microorganisms are important sources of new drugs in traditional and 

modern medicines.[1] Monoterpenoid indole alkaloids derived from tryptophan and 

geranyl diphosphate, e.g. camptothecin, quinine and quinidine, vincristine and vinblastine, 

reserpine and vincamine, occur widely in plant kingdom and are used for treatment of 

different diseases.[2]  Prenylated indole alkaloids are also hybrid natural products 

derived from prenyl diphosphates and tryptophan or its precursors and widely distributed 

in filamentous fungi, especially in genera Claviceps, Penicillium and Aspergillus of 

ascomycota.[3] These compounds represent a group of natural products with diverse 

chemical structures and biological activities.[3] The availability of the more and more 

genome sequences accelerates the identification of genes involved in the biosynthesis of 

secondary metabolites including prenylated indole derivatives from fungi by genome 

mining,[4] which provides the prerequisite for molecular biological and biochemical 

investigations on their biosynthesis. 

Prenyltransfearases of aromatic substrates such as indoles, flavonoids, hydroxylated 

naphthalenes and benzoic acids are key enzymes in the biosynthesis of prenylated natural 

products and play important roles in the diversification of secondary metabolites.[3;5;6] 

One of these enzyme groups show significant sequence similarity to 

dimethylallyltryptophan synthase (DMATS) in the biosynthesis of ergot alkaloids and was 

referred to as prenyltransferases of DMATS superfamily.[7] These soluble enzymes are 

involved in the biosynthesis of diverse fungal secondary metabolites and mainly catalyze 

prenylation of diverse indole derivatives like tryptophan and tryptophan-containing cyclic 

dipeptides. [3;7;8] Several members of this group prenylate, instead of indole, tyrosine,[9] 

xanthones[10] or anthraquinones and other polyketide-diverived aromatic compounds.[11] 

Most of these enzymes show promising flexibility towards their aromatic substrates and 

catalyze regio- and stereoselective prenyltransfer reactions.[8] These features were 

－3－



 

successfully used for chemoenzymatic synthesis, not only for production of prenylated 

simple indoles and cyclic dipeptides,[8] but also of prenylated hydroxynaphthalenes,[12] 

flavonoids[13] and indolocarbazoles.[14] 

By modification of the prenyl donor, a number of unnatural alkylated indoles has also 

been produced with prenyltransferases of the DMATS superfamily (Figure 1).[15] 

Figure 1: Chemoenzymatic synthesis of prenylated compounds by using fungal prenyltransferases 
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Plant cells as important green factories 
 

Kirsi-Marja Oksman-Caldentey 
VTT Technical Research Centre of Finland, B.O. Box 1000, 02044 VTT (Espoo), Finland 
 
Eukaryotes such as higher plants have evolved to produce a diverse range of 

low-molecular-weight compounds – described as secondary metabolites – that can be used 

as food and feed additives, flavours, fragrances, cosmetics, agrochemicals and 

pharmaceuticals. There are approximately 298,000 species of higher plants1 less than 10% 

of which have been chemically characterised to some extent. The first secondary 

metabolite isolated from plants was morphine (>200 years ago) and many other natural 

compounds have since become important pharmaceuticals in modern society. It is often 

difficult to find synthetic substitutes with the same efficacy, pharmacokinetics and 

specificity as natural compounds. The dominant role of secondary metabolites in the 

pharmaceutical industry is demonstrated by the fact that approximately 50% of novel 

anticancer drugs have been discovered from nature including blockbusters such as taxanes 

(paclitaxel), Catharanthus alkaloids and camptothecin. During the past 30 years, 1355 

new drug entities (NDEs) were introduced into the market2 of which 27% were either 

natural products or their derivatives. In addition, 20% of the drugs were synthesised after 

the molecule was first isolated from a natural source. Table 1 shows the recent 

discoveries in the four major therapy groups3. 

 

The chemical diversity of plants is more complex than any chemical library made by 

humans. The detailed exploration of plant biodiversity and the use of novel and 

innovative bioassays to evaluate natural compounds for their beneficial effects is 

therefore of great scientific, medical and bioeconomic importance. Many companies are 

undergoing a renaissance in their interest in plant-derived compounds, especially the 

pharmaceutical industry is looking for new drugs, and the cosmetics industry which uses 

plant extracts, oils and even plant cell cultures in some products. However, many plants 

that produce high-value secondary metabolites are difficult to cultivate or endangered 

because of over-harvesting. The chemical synthesis of plant-derived compounds is usually 

uneconomical because the complex stereospecific structures are difficult to replicate. 

Sustainable and cost-effective production systems for high-value plant-derived 

compounds must therefore be developed, and the best outcome can be achieved by 
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integrating biotechnology-based approaches into more sustainable production chains 

featuring cutting-edge innovative technologies. Spectacular advances in characterising 

plant metabolic pathways using functional genomics and through the development of 

large-scale cultivation processes have offered for the first time unprecedented 

opportunities to explore the extraordinary complexity of the biochemical capacity of 

plants in entirely new ways. State-of-the-art genomics tools can now be used to improve 

the production of known natural compounds or to synthesise entirely novel plant 

constituents by combinatorial biochemistry in cultivated plants and cells. Therefore, the 

utilisation of plants and cells as green production factories is becoming more realistic and 

more attractive also from a commercial point of view. 

 
Table 1 Number of new drug entities (NDEs) discovered during 1981–2010 belonging 

to the four most important therapy groups3. 
 

 N ND NS B S Total N+ND+NS 
(%) 

Antimicrobial 12 74 34 13 60 230 52 
Antibacterial 10 64 1 0 23 109 69 
Antifungal 0 3 0 1 25 29 10 
Antiviral 0 2 31 12 8 78 42 
Antiparasit ic 2 5 2 0 4 14 64 
Anticancer 9 25 17 17 30 100 51 
Antihypertensive 0 2 34 0 41 77 47 
Anti-inflammatory 0 13 0 1 37 51 26 
Total 21 114 69 31 168 458 48 

Abbreviations:  N,  natural product; ND, derived from natural product, semisynthetic product; 
NS, synthetic but pharmacophore is from a natural product; B, biological origin, usually a 
large protein or peptide either isolated from an organism or cell line or produced by 
biotechnological means in a heterologous host; S, derived from total chemical synthesis. 

 

In this presentation the above-mentioned opportunities and challenges will be discussed 

in the frame of three current research projects at VTT. Metabolic engineering aspects to 

discover bottlenecks in the biosynthetic pathways and direct the selected pathway towards 

the desired end-product will be discussed using examples of our large EU-project 

consortium SmartCell which focuses on terpenoid indole alkaloids. Secondly, it will be 

shown how we have integrated high-throughput screening (HTS) and high-content 

screening (HCS) technologies to systematically test a broad spectrum of bioactivities. The 

key strategy is to use a first line of general, rapid screening platforms and then a second 

line of lower-throughput, increasingly complex three-dimensional (3D) or organotypic 

models and assays combined with imaging. This approach will be demonstrated in the 

discovery of novel derivatives of betulinic acid possessing strong anti-cancer activities. 

Final example shows the potential of Nordic berries for human health. We have recently 
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Final example shows the potential of Nordic berries for human health. We have recently 

developed unique cloudberry cell cultures, scaled up their production in various types of 

bioreactors, and applied them in commercial cosmetic products. 
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Fr. 5 Fr. 5 GC-MS TIC

 

 Fr. 5 Fr. 5

1 1.6 10.5 3.0 15.1
2 2- -2- -1- 0.3 0.8 0.4 1.4
3 1.0 6.2 2.0 8.2
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7, 8 m -  p - 9.8 53.0 16.2 58.7
9 29.0 100.0 23.8 77.8

10 4- 8.9 47.5 15.6 52.8
11 4- 6.1 32.1 5.3 35.2
12 4- 2.8 16.5 3.2 18.7

100.0 449 100.0 404.3
a 

No.
Fr. 5  Fr. 5

 (%)  (mg/mL)a  (%)  (mg/mL)a

Fr. 5 Fr. 5 GC-MS TIC
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