


Possible pathways to the biosynthesis of  ascaridol from α-Terpinene
(a) Using 1O2 

(b) Using 3O2  (iron catalyzed)



(11) Formation of  the superoxide radical ion (not an oxidant)

(12) Hydrogen peroxide radical formation (at physiological pH, 

this acidic form is barely present).

(13-16) Impurities and moisture cause a slow formation of  

peroxide and oxygen (electron transfer). This is accelerated with 

the protonated specie, and with copper ions.

O2
-.: Good nucleophile and mild reducing agent (ex: reaction 

with alkyl bromide)

HO2
.: Strong oxidant, hydrogen abstractor (on unsaturated 

hydrocarbons, or activated saturated hydrocarbons)







Exemple of  porphyrin

Active oxydants

(Delivered by NADPH)

Activation of the oxygen

PorFeIV can break non-activated C-H bonds









Concerted α,β-
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the enzyme

Good leaving

group

Regenerated

enzyme
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Cis-cinnamate

Cinnamic acid



Plumbago europaea Juglans regia

From skikimic acid
From the polyketide

pathway



alkylation decarbox

ylation

hydroxylation
O-methylation

hydroxylation

Example of  plastoquinone

(derives from tyrosine)
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Pyrone derivatives

A lot of  metabolites can be synthesized, depending 

on:

• The chain initiating unit

• The number of  acetyl CoA involved

• The mode of  cyclization

• The condensation of  separately synthesized 

polyketides

• The secondary processes (halogenation, 

alkylation, redox reactions,...)







Flaviolin 



Dahlia
Reseda luteola

Soybeans (daidzu (大豆) in japanese) Ipomoea purpurea



Biosynthesis of  the basic flavone skeleton

phenylalanine cinnamoyl CoA

malonyl CoA



Caffeic acidp-Hydroxycinnamic acid

Eriodictyol



Pinosylvin: Present in 

pine trees. Fungitoxin

protecting the wood from 

fungal infection.

Norway spruce (Gran på norsk)

Hydrangea macrophylla (hortensia)





Bromoform

Halogenated

acetic acid

Halogenated

acrylic acid

Favorsky rearrangement

Aceoacetyl-CoA Decarboxylation





Polyketide synthesis:

• In bacteria, fungi and 

plants, some marine 

animals

• Polyketide synthases 

(PKSs)

• Large group of  

molecules with very 

diverse properties

Fatty acid synthesis:

• In animals, bacteria, 

fungi, plants

• Fatty acid synthases 

(FASs)

• Relatively small group 

of  molecules

Doxorubicin

Oleic acid



Acetyl-CoA

Aflatoxin B1

carcinogenic
Geldanamycin

antibiotic

Malonyl-CoA

Malonyl-CoA

Acetyl-CoA

Chapter 6

Terpenoids



Nature Reviews Microbiology, 2005, volume 3, pp. 925–

936

«Polyketide natural products are among 

the most important microbial 

metabolites in human medicine, 

targeting both acute and degenerative 

diseases. 

They are in clinical use as antibiotics 

(erythromycin A, rifamycin S), anticancer 

drugs (doxorubicin, epothilone), 

cholesterol-lowering agents (lovastatin), 

antiparasitics (avermectin), antifungals 

(amphotericin B), insecticides (spinosyn 

A) and immunosuppressants (rapamycin). 

Polyketide-derived pharmaceuticals 

comprise 20% of the top-selling drugs, 

with combined worldwide revenues of  

over UK £10 billion per year.»



High-energy bond, makes 

acetyl-CoA more active in 

condensations.

But it is not reactive enough for fatty acid synthase (FAS) to 

use. 

Further activation by carboxylation – gives malonyl-CoA.

CO2

carrier
Concerted cyclic mechanism has been 

suggested.

β-keto ester

Acetyl-CoA and malonyl-CoA attaches to the acyl carrier protein on 

FAS.

Claisen condensation  

Reductio

n

Dehydration

Reductio

n

For each acetyl added, we get two more carbons on the fatty acid chain.

Fatty acids usually have an even number of  carbons.

Fatty acids 

and fats
This happens in animals, 

bacteria, fungi, plants





Sphingolipids contain 

sphingosine, and a sugar or 

phosphoric acid head 

group
Found in cerebral 

membranes and nerve 

endings (impulse 

transmitters)

Phospholipids (lecithins) 

contain a betaine head 

group (quarternary 

ammonium and negatively 

charged group)

Important constituents 

of  cell membranes



Branched starting material

Isobuturyl-CoA or α-metylbutyryl-CoA

OR

Condensation of  alkylated malonyl-CoA 

Alkylation of  malonyl-CoA 

occurs by carboxylation of  acetic 

acid homologues 



Aerobic

Double bond is introduced into 

the saturated fatty acid

Requires oxygen, FAD, NADPH 

and a dehydrogenase



Anaerobic

Double bond comes from dehydrated 

hydroxyalkanoylthioesters 

(intermediates in the fatty acid 

synthesis)

More «economic»

Further desaturation of  oleic acid 

gives linoleic and linolenic acids



Essential fatty 

acid for mammals

Prostagladins



Example:

Biosynthesis of preclavulone A

In corals

Attack at C10 of  arachidonic acid 

Catalyzed by a lipooxygenase



CompositaeUmbrelliferae Basidiomycetes

• Often unstable, sensitive to light, heat and oxygen

• Formed from polyketide products 

• Further desaturation of  fatty acids

Oleic acid

Sequential dehydrogenation catalyzed by desaturases

Linoleic acid



Brevetoxin A is a toxic compound that 

causes the red tide in the Gulf  of  

Mexico

Maitotoxin is the largest 

monomeric organic compound 

known

Mw = 3422 g/mol

Gambierdiscus toxicus

Gymnodinium breve


