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Classification of low molecular weight compounds in plants

• The plant kingdom produces hundreds of
thousands of low molecular weight organic
compounds (less than 3000 da).

• Based on the assumed functions of these
compounds, the research community has
classified them into three overarching groups:

Ø primary metabolites, which are directly
required for plant growth;

Ø secondary (or specialized) metabolites, which
mediate plant–environment interactions;

Ø hormones, which regulate organismal
processes and metabolism.
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Functions of secondary metabolites
v Compounds are generally characteristic of a 

particular species or family (specific taxonomic 
distribution )

v Classified as “secondary metabolites” in 
contrast to “primary metabolites

v No nutritional or structural function  
v Functional roles may include: 

• - color  (attraction or repulsion)
• - sexual attraction
• - defense (e.g., plant toxins and antibiotics)
• but many still have unknown function in 

the organism in which they are found.
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Secondary metabolites in plants

Secondary metabolites are grouped into classes on structural basis, biosynthetic pathways, or types of
plants that produce them. The broadest classes are terpenoids, phenolics and alkaloids.
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Main groups of secondary metabolites
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Main secondary metabolites
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Main secondary metabolites
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ØThe most common roles for secondary metabolites in plants are
ecological roles that govern interactions between plants and other
organisms.

ØMany secondary metabolites are brightly colored pigments such as
anthocyanins which color red, blue and yellow flowers. These attract
pollinators and fruit and seed dispersers.

ØNicotine and other toxic compounds protect plants from herbivores
and microbes.

10



Secondary metabolites as regulators of plant defense

ØIn 1977, David Rhoades studied the
properties of creosote bush (Larrea
spp.) leaf resin (high levels of
phenylpropanoid derivatives, lignans);

ØThis resin absorbs ultraviolet radiation,
reduces evaporative water loss.

ØIt has also the capacity to form
complexes with proteins, reducing the
digestibility of plant materials for
herbivores.
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Larrea tridentata, il cespuglio di creosoto
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Secondary Metabolites: other functions? 

ØWhereas primary metabolites are highly conserved, secondary
metabolites evolve dynamically and are inherently variable in
structure and production.

ØEvidence for secondary metabolites that contribute to primary
metabolism, is emerging.

ØSecondary metabolites may serve as primary metabolite precursors.
ØDegradation of many different secondary metabolites has been
observed under specific environmental conditions and alterations in
primary metabolites are observed in various plants with altered
secondary metabolism.
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Secondary Metabolites: other functions? 
Ø In Arabidopsis, plants with mutations in

the flavonoid pathway (FLAVANONE-3-
HYDROXYLASE, F3H) show a reduction
in the respiratory cofactor ubiquinone
(coenzyme Q).

Ø Ubiquinone levels can be restored by
adding dihydrokaempferol or
kaempferol to the mutants.

Ø Labeling experiments demonstrate that
the aromatic ring of kaempferol is
integrated into ubiquinone, and that
heme-dependent peroxidases likely use
kaempferol to produce 4-
hydroxybenzoate as a substrate for
ubiquinone.
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Arabidopsis thaliana

Daniel K. Owens et al 2008  

Schematic of flavonoid biosynthesis in Arabidopsis

Flavanone 3β-hydroxylase (F3H; EC 1.14.11.9) is a 2-oxoglutarate 

dependent dioxygenase that catalyzes the synthesis of dihydrokaempferol, 

the common precursor for three major classes of 3-hydroxy flavonoids, the 

flavonols, anthocyanins, and proanthocyanidins.


