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What have these iIn common?
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Natural products are everywhere

A In your cars: natural fibers used in various
materials

n your printer ink: terpenoids
n your clothing

n dye of your jeans

n your medicines

n your shoes
I So they are at the basis of our life
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Useful plants

A Ca. 30 species for our staple food
A Ca. 100 species for fruits

A Ca. 100 species for vegetables

A 40.000 70.000 medicinal plants

A Many others (fibers, paper, wood, spices,
ornamental, etc.)



Changing global situation

A Growing population
A Need for increased food production

A Need for novel medicines
I Antibiotics, antiparasitic, anticancer, antiviral

A Polution environment
A Sustainable, 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

A2, Please give me yowandidate
Mine

A NIH plant screening: taxol, camptothecine
A TCM: artemisinin

A By chance: vinblastine and vincristine

A Metabolic engineeringGolden rice

A MEP terpenoid pathway



Nobel Prize for Medicine 2015

A Importance of the diseases of the poor

A Recognition of natural products as source of
new drugs via bioprospecting

A Recognition of traditional medicine as
source of new drugs

A First Nobel Prize for China

A Nobel Prize for a woman

A Nobel Prize for company for developing
drugs for the poor

So in fact recagnitiion afurwhoteffiedd!



The Challenges

A Translate chemistry to genes

A Elucidate biosynthetic pathways

A Metabolic engineering

A Chemistry in planenvironment interactions
A Plants and health: medicines, food

A Novel 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

A Higher plants 25 x 1¢
A Lower plants 12 x 16

A Vertebrates 12 x 16
A Insects 30 x 10
A Algae 10 x 1¢
A Fungi 15 x 10
A Prokaryotes 15 x 16

Total 10-100 million



If every organism contains one
unigue compound
there are
10-100 million natural products

Known: 150,006200,000
Ca. 5000 new ones found per year

Still much to discover!



Some characteristics natural products

Cosmetics

Nutraceuticals,
food additives

Agrochemicals

Value end
product
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Small-molecule approved drugs
19812010

S*/NM, 122, 11% N, 59, 6%

NB, 5, 0%

—’

S, 387, 36‘.’!7

S* 55, 5%

ND, 299, 28%

S/NM, 146, 14%

N mNB mND S wS'NM mS* mS*NM
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New medicines (NCES)

19812010
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Newman and Cragg, J. Nat. Prod. 75(2012)311



Drug development 2017

The good news The bad news

A About half of all novel F:EaERalt o= &l Male)V=]
drugs are natural drugs is decreasing
products or natural dramatically!
products derived!




1-2 years

1-2 years

Lead discovery

- L

Lead optimization

[ ]
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1-3 years

Identification clinical candidate

3-6 years

2-3 years

4 L

Investigational New Drug (IND) filing

Clinical studies (phaselll)

< Lk

New Drug Application (NDA)

registration




Reductionist approach in studying
(medicinal) plants

A High throughput screening: fesome targets
upto100.000 samples per s I.e. within
three days all plants species can be screene
for theactivity

A Bioassay guided fractionation to isolate
active compound

I Chromatographic separation
I Measure activity with simple bioassay
I Repeat 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!
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To find a fovel drug is like:

Ve
/

Looking for the needle in the haystack



Allen Roses, viceresident of
genetics at GlaxoSmithKline:

"The vast majority of drugs - more
than 90 per cent- only work in 30
or 50 per cent of

http://www.Independent.co.uk/news/science/glaxohief-our-drugs-
do-not-work -on-most-patients-575942 .htm| accessed-¥-2014
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Is there an other way to
find the needle?

We have to rethink drug
development!
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Learn from nature,
learn from our
ancestors!

develop Nove NWWiabieéds



Back to 20117; Istinakenocothieer
way to find the neall?

A Go back to our ancestors approach of
observation based discoveries

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

A Use invivo tests, e.g. zebra fis@, elegans

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

Sysrimis luiloopl)!



Studies of traditional medicines

- evidence based use
- hovel drugs

A Mode of action

A Toxicity

A Markers for activity
A Quality assurance

A Synergism, prodrugs
A Variability, contaminations
A Synergism, prodrugs

A How to define quality




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

Syner gy | C50 values (eqg/
A and B in PAFinducedin vitro thrombocyte aggregation

Ginkgolide A [pM] ']

12 4
10

8 4

6 -

4 -

z‘ Ginkgolide B [uM]

05 1 15 2 25 3 35
GA : GB IC50 [pg/ml] Ginkgolide A [uM] | Ginkgolide B [uM]

3:1 2.40 4.41 1.42
2:1 2.20 3.60 1.72
1:1 1.80 2.21 2.12
1:2 1.55 1.27 2.43
1:3 1.40 0.88 2.57
1:10 1.30 0.29 2.79

H Wagner, Fitoterapia 82 (2011)138¥



Synergism: How to prove?

A Loss of activity in bioassay guided
fractionation and recovery of activity after
pooling inactive fractions:

I compounds still unknown.

A Isobolograms showing activities of different
combinations of two compounds:
I which compounds to test?

A Systems biology, correlating compounds
with activity:
I combine activity and metabolomics data.



Systems Biology
not hypothesis, but observation based

A Organism under different conditions

A Measure as many parameters as possible
I Metabolome
I Proteome
I Transcriptome
I Physiological data

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

A Hypothesis based on observations

A Datamining
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Key technelogyy:
metabolomics, titechieaiivall
characterization of a pliaivaije

Alim Miialbolomics:

[dentification :acyquaintifiaadioafof
all metahaditteSrnm@anrghgamsm

Life: iIs chemistry at work!



Comparison metabolomic tools

LC-MS |GC-MS | TLC |[MS-MS |NMR
Sample prep |- -- ++ + 4+
Reproducible |-- + - + bt
Absolute gnt |- - - - 4+
Relative gnt |+ - + ++ b+
ldentity ++ ++ + o+ o
CompoundNo |++ +++ + - +
Sensitive ++ ot + +++ -







Wine as a complex system

AWhat compounds make a
wine to be a good one?

ANMR -based metabolomics of
150 wines ranked for quality
on scale 14 (4 = best)

K.Ali et al. J Biomol. NMR 49(2011)255266



Classification wines
taste panel NMR data of EtOAc extracts

0.8 . . .
e Succinic acid

0.6

e Threonine

e Alanine
e (Cafteic acid
e @Gallic acid

-0.5 : 0.5
PC1 (67%)




Induction antibiotic production In
Actinomycespecies (HK Kim et al.)

A Induction silenced genes by medium
manipulation, or

A Induction bymethyljasmonate

4

A Measure metabolome and biological
activity

Collaboration with prof. G. Van Wezel, |




TLC biogram and NMR MBT 3
extracts. Control, MJ and SA treate
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Elicitation Actinomycestrain BS10

C @ f;a

Actmomycm
C3

Anthranilic acid



Jasmonatelnduction Actinomycesspecies:
actinomycin C3 andanthranilic acid.
MIC antibiotics B. subtiliswith 2.2 mM AA

Streptomycin (sulfate)

Neomycin (sulfate)
Penicillin G
Ampicillin

Vancomycin (HCI)

Nalidixic acid

Actinomycin C

MIC (ug/ml)

31.2

62.5
0.0062
0.0153

0.156
3.1
0.0/8

MIC with
anthranilic acid

15.6
0.0031
0.0153

0.156
6.2
0.039

Effect on MIC

6X Lower

5x Lower
6x Lower
No effect
No effect

2X Increase

2X Lower



My Dream!

ATo find a new
drug from a
plant
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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
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Successful industrial plant
biotechnology processes:

ATaxol (US/Germany, Korea, Japan)
AShikonin(Japan)
AGinseng roots (Japan, Korea)

However, for most important pharmaceutice

production too low to compete with the pla



Catharanthugsoseus/Apocynaceag
source ofterpenoidndolealkaloids

AAjmalicine

I Improving K
cerebral bloodg 74

circulation A

AVinblastine,
vincristine

I antitumor

Metabolic engineering or synthetic bioloc



Cytosol
Mevalonate
terpenoid
pathway

Cis Coo

STR

STRICTOSIDINE

VINDOLINE
AJMALICINE SGD

CATHARANTHINE VINBLASTINE




Transgenic Catharanthus

roseuscell cultures

A Stable cell lines overexpressii®C- and/orSTR
genes

A TDC-overexpression only increased tryptamine

A STRoverexpression increased alkaloid production
(200-300 mg/l)

A Overexpression ORCA regulatory genes
upregulated a series of enzymes, but not alkaloid
levels



Overexpression ORCAS3 In
Catharanthus roseusells

Genes regulated by ORCAS3 . :
ORCAS overexpression increases
Shikimate Pyruvate +

pathway glyceraldehyde 3-phosphate metab()hte accumu'at|on
DXS

Geranyl-
Chorismate diphosphate

| as
Anthranilate Geraniol
G10H | CPR
Tryptophan 10-hydroxy-geraniol
| TDC
v
Tryptamine Loganin

Secologanin

| _— STR
v

Strictosidine

iSGD
o 4
. Cathenamine —» Ajmalicine — Serpentine

4 b W

g

Control 03-O0X Control 0O3-0X

Tabersonine Catharantine 2 2
D4H without 1 mM loganin
Desacetylvindoline feeding feeding
v DAT
Vindoline

=

Vinblastine

Johan Memelink and eworkers




Hairy root culture of Weligelia
expressingIDC and STR-genes

A secologanin: below detection
limit

A tryptamine: 2Qug/g DW

A ajmalicine: 1.4ug9/g DW

A serpentine: 0.2g/g DW

Hallard et al. 2000



