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Cannabis  

(Hemp fibers) 

What have these in common? 



Natural products are everywhere 

ÅIn your cars: natural fibers used in various 
materials 

ÅIn your printer ink: terpenoids 

ÅIn your clothing 

ÅIn dye of your jeans 

ÅIn your medicines 

ÅIn your shoes 

ïSo they are at the basis of our life 



Useful plants 

ÅCa. 30 species for our staple food 

ÅCa. 100 species for fruits 

ÅCa. 100 species for vegetables 

Å40.000- 70.000 medicinal plants 

ÅMany others (fibers, paper, wood, spices, 

ornamental, etc.) 



Changing global situation 

ÅGrowing population 

ÅNeed for increased food production 

ÅNeed for novel medicines 

ïAntibiotics, antiparasitic, anticancer, antiviral 

ÅPolution environment 

ÅSustainable, renewable production 

New products and concepts from nature 



Natural Products Research 

can contribute in many ways 

to make this a better world! 



To survive in science you must 

be good in selfmotivation 
 



5 most important natural products 

highlights of the past 5 decades 

Å?...............? Please give me your candidate 

Mine 

ÅNIH plant screening: taxol, camptothecine 

ÅTCM: artemisinin 

ÅBy chance: vinblastine and vincristine 

ÅMetabolic engineering: Golden rice 

ÅMEP terpenoid pathway 

 

 



Nobel Prize for Medicine 2015 

 ÅImportance of the diseases of the poor 

ÅRecognition of natural products as source of 

new drugs via bioprospecting 

ÅRecognition of traditional medicine as 

source of new drugs 

ÅFirst Nobel Prize for China 

ÅNobel Prize for a woman 

ÅNobel Prize for company for developing 

drugs for the poor  

 

 

So in fact recognition of our whole field! 



The Challenges 

ÅTranslate chemistry to genes 

ÅElucidate biosynthetic pathways 

ÅMetabolic engineering 

ÅChemistry in plant-environment interactions 

ÅPlants and health: medicines, food 

ÅNovel fine chemicals from plants 



Bioprospecting 

The systematic search for:  

- organisms  

- genes  

- biomolecules  

- other compounds 

- designs  

that might have a potential use. 



Sources of chemodiversity 

Estimated numbers of species 

ÅHigher plants  25 x 104 

ÅLower plants   12 x 103 

ÅVertebrates   12 x 103 

ÅInsects    30 x 106 

ÅAlgae    10 x 106 

ÅFungi    15 x 105 

ÅProkaryotes   15 x 105 

 
Total 10-100 million 



If every organism contains one 

unique compound  

there are 

 10-100 million natural products 

Known: 150,000-200,000 

Ca. 5000 new ones found per year 

Still much to discover! 



Some characteristics natural products 

Value end 

product 

Activity  

range 

amounts 

Medicines High nM  Kg -tons 

Cosmetics High ɛM-mM Kg - tons 

Nutraceuticals, 

food additives 

Intermediate - 

low 

mM Tons -

bulk 

Agrochemicals low nM- ɛM Tons -

bulk 



Small-molecule approved drugs 

1981-2010 

 

Newman and Cragg, J. Nat. Prod. 75(2012)311 



New medicines (NCEs)  

1981-2010 

 

Newman and Cragg, J. Nat. Prod. 75(2012)311 



Drug development 2017  

The good news 

 

ÅAbout half of all novel 

drugs are natural 

products or natural 

products derived! 

The bad news 

 

ÅThe number of novel 

drugs is decreasing 

dramatically! 



Lead discovery 

Lead optimization 

Identification clinical candidate 

Investigational New Drug (IND) filing 

Clinical studies (phase I-III)  

New Drug Application (NDA) 

1-2 years 

1-2 years 

1-3 years 

3-6 years 

registration 

- - 

2-3 years 

Screening  

10,000-100,000  

compounds  

2003: 21 novel drugs 

Ca. 7% of IND 

pass clinical trials 



Reductionist approach in studying 

(medicinal) plants 

ÅHigh throughput screening: for some targets 

upto 100.000 samples per 24 hrs, i.e. within 

three days all plants species can be screened 

for the activity 

ÅBioassay guided fractionation to isolate 

active compound 

ïChromatographic separation 

ïMeasure activity with simple bioassay 

ïRepeat until pure active compound  



Paradigm of modern drug 

development:  

 

Single compound single target 



Lock and key model 

for drug development,  

but the door does not 

change! 

javascript:edit(63509)


Looking for the needle in the haystack 

To find a novel drug is like: 



Allen Roses, vice-president of 

genetics at GlaxoSmithKline: 

 

"The vast majority of drugs - more 

than 90 per cent - only work in 30 

or 50 per cent of the peopleò 

http://www.independent.co.uk/news/science/glaxo-chief-our-drugs-

do-not-work-on-most-patients-575942.html, accessed 1-7-2014 
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JPA Ioannidis:  

ñWhy most published Research Findings  

are Falseò 
PLoSMedicine 2(2005)696-701 

(www.plosmedicine.org) 

ÅñFor many current scientific research fields, 

claimed research findings may often be simple 

accurate measures of the prevailing biasò 

ÅñSimulations show that for most study designs and 

settings, it is more likely for a research claim to be 

false than trueò 
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Models can be 

beautiful but are 

not always right. 

Is this an as 

good or an as 

bad solution for 

the energy crisis 

as biofuel?  

 



Science, October 2008 

Wrong model for 

Adenosine A2A 

receptor drug 

development in  

past 20 years 

 



Is there an other way to 

find the needle? 
 

We have to rethink drug 

development! 



Drug Development  

Holistic Approach 

Reductionist  

Approach 

Humans 
Animals 

Organs 
Cells 

Molecules 

present past 



2 out of 50.000 plant species were 

selected for the preparation of curare 



Learn from nature, 

learn from our 

ancestors! 

develop Novel Models 



Back to 2017: Is there no other 

way to find the needle? 

 
ÅGo back to our ancestors approach of 

observation based discoveries 

ÅNatural processes involve many factors, e.g. 
most diseases have multifactorial causes  

ÅUse in-vivo tests, e.g. zebra fish, C. elegans 

ÅUse all the scientific tools as an extension 
of our senses, e.g. measure metabolite 
profiles, proteome and transcriptome 

 

 

 

 

Systems biology! 



 

Studies of traditional medicines 

 

 

ÅMode of action 

ÅToxicity 

ÅMarkers for activity 

ÅQuality assurance 

ÅSynergism, prodrugs 

ÅVariability, contaminations 

ÅSynergism, prodrugs 

ÅHow to define quality 

- evidence based use 

- novel drugs 



What is synergism? 

 Two or more agents working together to 

produce a result not obtainable by any of the 

agents independently.  

Source: Wikipedia 

1+1> 2 

the basis of life 



 Isobologram 
Synergy: IC50 values (ɛg/ml) of combination of ginkgolides 

A and B in PAF-induced in vitro thrombocyte aggregation 

H Wagner, Fitoterapia 82 (2011) 34ï37 



Synergism: How to prove? 

ÅLoss of activity in bioassay guided 

fractionation and recovery of activity after 

pooling inactive fractions:  

ïcompounds still unknown. 

ÅIsobolograms showing activities of different 

combinations of two compounds:  

ïwhich compounds to test?   

ÅSystems biology, correlating compounds 

with activity:  

ïcombine activity and metabolomics data. 

 



Systems Biology  

not hypothesis, but observation based  

ÅOrganism under different conditions 

ÅMeasure as many parameters as possible 

ïMetabolome 

ïProteome 

ïTranscriptome 

ïPhysiological data 

ÅUse e.g. multivariate analysis to find any 
differences, correlations, etc. 

ÅHypothesis based on observations 

ÅDatamining 



Systems biology 

Measure as many parameters as possible 



 

 

 

 

All ñOmicsò are tools for 

observing living systems on 

all possible levels: 

 

 SYSTEMS BIOLOGY  



Key technology:  

 metabolomics, the chemical 

 characterization of a phenotype 

 

Aim Metabolomics: 

 Identification and quantification of 

all metabolites in an organism  

 

Life is chemistry at work! 



Comparison metabolomic tools 

LC-MS GC-MS TLC  MS-MS NMR 

Sample prep - -- ++ + +++ 

Reproducible -- + - + +++ 

Absolute qnt - - - - +++ 

Relative qnt + ++ + ++ +++ 

Identity ++ ++ + ++ ++ 

Compound No ++ +++ + +++ + 

Sensitive ++ ++ + +++ - 



The best panacea? 

Wine! 



Wine as a complex system 

ÅWhat compounds make a 

wine to be a good one? 

ÅNMR-based metabolomics of 

150 wines ranked for quality 

on scale 1-4 (4 = best) 

K.Ali  et al. J. Biomol. NMR 49(2011)255-266 



Classification wines 

taste panel ï NMR data of EtOAc extracts 



Induction antibiotic production in 

Actinomyces species (HK Kim et al.) 

ÅInduction silenced genes by medium 

manipulation, or 

ÅInduction by methyljasmonate 

 

ÅMeasure metabolome and biological 

activity 

Collaboration with prof. G. Van Wezel,  IBL 



TLC biogram and NMR MBT 3 

extracts. Control, MJ and SA treated 
 

1 2 3 4 

1 

2 

3 

4 

   
 JA 

 

 

 

Benzoic acid 

 Phenylpropanoid 

(2-coumaric acid) 



Elicitation Actinomyces strain BS10  

Anthranilic acid 

Actinomycin 

C3  



Jasmonate Induction Actinomyces species: 

actinomycin C3 and anthranilic  acid. 

MIC antibiotics B. subtilis with 2.2 mM AA  

MIC ( ug/ml) 
MIC with  

anthranilic  acid  Effect on MIC  

Streptomycin (sulfate) 31.2 5 6x Lower 

Neomycin (sulfate) 62.5 15.6 5x Lower 

Penicillin G 0.0062 0.0031 6x Lower 

Ampicillin  0.0153 0.0153 No effect 

Vancomycin (HCl) 0.156 0.156 No effect 

Nalidixic acid 3.1 6.2 2x Increase 

Actinomycin C 0.078 0.039 2x Lower 



My Dream! 

 

ÅTo find a new 

drug from a 

plant 



My nightmare? 

The biologically active 

compound I finally found, 

cannot be produced in sufficient 

amounts. 

 



It is feasible to grow plant cells 

in large scale bioreactors 

Economy: 

 - 1500 $/kg at 0.3 g/l/14d 

 - 430 $/kg at 3 g/l/14 d 



 

 

Successful industrial plant 

biotechnology processes: 

 ÅTaxol (US/Germany, Korea, Japan) 

ÅShikonin (Japan) 

ÅGinseng roots (Japan, Korea) 

However, for most important pharmaceuticals 

production too low to compete with the plant 



Catharanthus roseus (Apocynaceae) 

source of terpenoid indole alkaloids 

ÅAjmalicine  

ïimproving 

cerebral blood 

circulation 

ÅVinblastine, 

vincristine 

ïantitumor  

Metabolic engineering or synthetic biology? 



STR 

Plastid shikimate 

pathway 

 

TRYPTOPHAN 

Cytosol 

Mevalonate  

terpenoid 

pathway 

C15, C30 

Plastid 

Deoxyxylose 

terpenoid  

pathway 

C10, C20, C40 

 

GERANIOL 

STRICTOSIDINE 

TRYPTAMINE SECOLOGANIN 

AJMALICINE 

CATHARANTHINE 

VINDOLINE 

VINBLASTINE 

TDC 

G10H 

SGD 



Transgenic Catharanthus 

roseus cell cultures 

ÅStable cell lines overexpressing TDC- and/or STR-

genes 

ÅTDC-overexpression only increased tryptamine 

ÅSTR-overexpression increased alkaloid production 

(200-300 mg/l) 

ÅOverexpression ORCA regulatory genes 

upregulated a series of enzymes, but not alkaloid 

levels 

 

 



Overexpression ORCA3 in 

Catharanthus roseus cells 

Johan Memelink and co-workers 



Hairy root culture of Weigelia 

expressing TDC and STR-genes 

 

Åsecologanin: below detection 

limit  

Åtryptamine: 20 g/g DW 

Åajmalicine: 1.4 g/g DW 

Åserpentine:  0.2 g/g DW 

Hallard et al. 2000 


