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Bacteria evolved the basic photochemical
pathways found in plants today

Chlorophyll captures light energy and converts it
to a flow of electrons

Carotenoids extend the spectral range of light
that can be utilized in photosynthesis

Photosystem II splits water to form protons and
oxygen, and reduces plastoquinone

The Q cycle uses plastoquinol to reduce
plastocyanin and transport protons into the lumen

Photosystem I takes electrons from plastocyanin
and reduces ferredoxin, which is used to make
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ATP synthase utilizes the proton motive force
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6 Respiration
Overview of respiration
The main components of plant respiration

Plants need energy and precursors for
subsequent biosynthesis

Glycolysis is the major pathway that fuels
respiration

Hexose sugars enter into glycolysis and are
converted into fructose 1,6-bisphosphate

Fructose 1,6-bisphosphate is converted to pyruvate
Alternative reactions provide flexibility to plant
glycolysis

Plant glycolysis is regulated by a bottom-up process

Glycolysis supplies energy and reducing power
for biosynthetic reactions

The availability of oxygen determines the fate
of pyruvate

The oxidative pentose phosphate pathway is an
alternative catabolic route for glucose metabolism

The irreversible oxidative decarboxylation of
glucose 6-phosphate generates NADPH

The second stage of the oxidative pentose
phosphate pathway returns any excess pentose
phosphates to glycolysis

All or part of the OPPP is duplicated in the
plastids and cytosol

The tricarboxylic acid cycle is located in the
mitochondria

Pyruvate oxidation marks the link between
glycolysis and the tricarboxylic acid cycle

The product of pyruvate oxidation, acetyl CoA,
enters the tricarboxylic acid cycle via the citrate
synthase reaction

Substrates for the tricarboxylic acid cycle are
derived mainly from carbohydrates

The tricarboxylic acid cycle serves a biosynthetic
function in plants
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Expansins and extensins, proteins that play both
enzymatic and structural roles in cell expansion

Lignin
Summary

Further Reading

8 Nitrogen and Sulfur Metabolism

Nitrogen and sulfur must be assimilated in
the plant

Apart from oxygen, carbon, and hydrogen,
nitrogen is the most abundant element in plants

Nitrogen fixation: some plants obtain nitrogen
from the atmosphere via a symbiotic association
with bacteria

Symbiotic nitrogen fixation involves a complex
interaction between host plant and microorganism

Nodule-forming bacteria (Rhizobiaceae) are
composed of the three genera Rhizobium,
Bradyrhizobium, and Azorhizobium

The nodule environment is generated by
interaction between legume plant host
and rhizobia

Nitrogen fixation is energy expensive,
consuming up to 20% of total photosynthates
generated

Mycorrhizae are associations between soil fungi
and plant roots that can enhance the nitrogen
nutrition of the plant

Most higher plants obtain nitrogen from the
soil in the form of nitrate

In higher plants there are multiple nitrate carriers
with distinct properties and regulation

Nitrate reductase catalyzes the reduction of nitrate
to nitrite in the cytosol of root and shoot cells

The production of nitrite is rigidly controlled
by the expression, catalytic activity, and
degradation of NR

Nitrite reductase, localized in the plastids,
catalyzes the reduction of nitrite to ammonium

Plant cells have the capacity for the transport
of ammonium ions

Ammonium is assimilated into amino acids

Ammonium originates from both primary and
secondary sources

Ammonium is assimilated by glutamine
synthetase and glutamate synthase, which
combine together in the glutamine synthetase/
glutamate synthase cycle

GS is an octameric protein with two isoforms,
localized in the cytosol and plastid
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The GS genes and proteins show discrete cellular
localization and different responses to light
and nutrients

Glutamine synthetase activity is regulated by
metabolites and effectors, and may be modified
by phosphorylation and 14-3-3 binding

Further evidence of the functions of glutamine
synthetase isoenzymes has come from studies of
mutants and transgenic plants

Higher plants contain two forms of GOGAT, one
is ferredoxin-dependent and the other is
NADH-dependent

Both Fd- and NADH-GOGAT are located in
the plastid and exist as monomeric proteins
in most species

The tissue and cellular localization of Fd- and
NADH-GOGAT provides a clue to their function

in higher plants

Further evidence of the function of Fd- and NADH-
GOGAT has come from the analysis of mutants

and transgenic plants

Sulfur is an essential macronutrient but it
represents only 0.1% of plant dry matter

Sulfate is relatively abundant in the environment
and serves as a primary sulfur source for plants

The assimilation of sulfate

Adenosine 5’-phosphosulfate reductase is
composed of two distinct domains

Sulfite reductase is similar in structure to nitrite
reductase

Sulfation is an alternative minor assimilation
pathway incorporating sulfate into organic
compounds

Amino acids synthesis is also essential for plant
growth and development

Carbon flow is essential to maintain amino acid
production

Depending on the plant species and tissue,
nitrogen movement through the plant varies

Aminotransferase reactions are central to amino
acid metabolism by distributing nitrogen from
glutamate to other amino acids

Asparagine, aspartate, and alanine synthesis
Glycine and serine synthesis

The aspartate family of amino acids: lysine,
threonine, isoleucine, and methionine

The branched chain amino acids valine
and leucine

Sulfur-containing amino acids cysteine
and methionine
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Lignin is a complex polymer formed mainly from
monolignol units

The tannins are phenolic polymers that form
complexes with proteins

Most plant phenolics are synthesized from
phenylpropanoids

The shikimic acid pathway provides the aromatic
amino acid, phenylalanine, from which the
phenylpropanoids are all derived

The core phenylpropanoid pathway provides the
basic phenylpropanoid units that are used to
make most of the phenolic compounds in plants

Flavonoids are produced from chalcones, formed
from the condensation of p-coumaryl CoA and
malonyl CoA

Simple phenolics from the basic phenylpropanoid
pathway are used in the biosynthesis of the
hydrolyzable tannins

Lignin is formed from monolignol subunits in
a complex series of reactions that are still being
unraveled
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12 Terpenoids

Terpenoids are a diverse group of essential oils
that are formed from the fusion of five-carbon
isoprene units

Terpenoids serve a wide range of biological
functions

The biosynthesis of terpenoids

Subcellular compartmentation is important in the
regulation of terpenoid biosynthesis
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