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Photosynthesis overview
· Photosynthesis is the conversion of light energy into chemical energy in the form of glucose
· Carbon dioxide + water + sunlight (energy) ( glucose + oxygen

· 6 CO2 + 6 H2O + sunlight (energy) ( C6H12O6 + 6 O2
· There are two stages to photosynthesis:

· Light-dependent stage

· Occurs in the thylakoid membrane

· Energy captured from sunlight is used to split water = photolysis
· Oxygen is excreted as waste

· Light energy is converted into chemical energy stored in ATP and NADPH

· Light-independent stage (Calvin cycle)

· Occurs in the stroma

· H+ and ATP (from light-dependent stage) are used to fix CO2 and make organic compounds (glucose)
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Chloroplast structure
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Why are plants green?

· Sunlight appears white, but is actually many colours
· Visible light = 380nm – 750nm wavelength

· Light may be reflected, transmitted, or absorbed
· Chlorophyll absorbs violet, blue and red light, but reflects green light

· We see the reflected light

· Absorption spectrum: how much light is absorbed at any given wavelength
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· Action spectrum: how much photosynthesis occurs at any given wavelength

· The differences in the action spectrum and the absorption spectrum is because photosynthesis still occurs due to other pigments like:

· Xanthophylls = yellow

· Carotenoids = orange

· Anthocyanins = red

Stage #1: The Light-Dependent Reactions

· Occurs on thylakoid membranes

· Reaction centres in chlorophyll a molecules are called photosystems

· Photosystems absorb photons of light and eject electrons

· Photosystem I (P700) = absorbs light at 700nm
· Photosystem II (P680) = absorbs light at 680nm

Non-cyclic photophosphorylation

1) A photon of light hits PS II (P680)

a. This causes the lysis of water (photolysis) and the ejection of an electron.

b. Oxygen is released as waste.

2) The electron is passed through a series of electron carriers (ETC) embedded in the thylakoid membranes to PS I (P700).

3) As the electrons are passed along, the energy is used to drive protons from the stroma into the thylakoid space.

4) At the same time, PS I (P700) absorbs a photon of light and excites an electron.

a. This electron is passed to ferredoxin (which contains iron, chemical symbol Fe).

b. Iron (a strong electron acceptor) is used to reduce NADP+ + H+ ( NADPH (the electron lost here is replaced by the one from PS II).

5) Protons that accumulate in the thylakoid space form a gradient that drives the production of ATP by chemiosmosis.

6) ATP and NADPH produced go to the stroma for use in carbon fixation.

Cyclic photophosphorylation (PS II only)

1) A photon of light causes PS II to eject an electron.

2) The electron is passed through a series of electron carriers and is used to drive proton pumps.

a. The protons are then used to drive the production of ATP.

3) No NADPH is formed.

Summary of the light-dependent reactions

1) Photoexcitation: absorption of a photon by chlorophyll and the photolysis of water.

2) Electron transport: transfer of electrons through a series of caarriers, resulting in the pumping of H+ from the stroma into the thylakoid space.

3) Chemiosmosis: movement of H+ through ATP synthase to drive the phosphorylation of ADP + Pi ( ATP.
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Stage #2: The Light-Independent Reactions (Calvin Cycle)
· Takes place in the stroma and does not require light
· Carbon molecules from CO2 are fixed into glucose

· ATP provides the energy, NADPH provides the reducing power

· There are 3 stages:

1) Carbon fixation

2) Reduction reactions

3) Regeneration of RuBP

1) Carbon fixation

a. A five-carbon (5C) sugar molecule called ribulose biphosphate (RuBP), is the acceptor that binds CO2.

b. This process is catalyzed by the enzyme RuBP carboxylase (Rubisco), forming an unstable six-carbon (6C) molecule which quickly breaks down to give two molecules of the three-carbon (3C) glycerate-3-phosphate (3PG or GP).

2) Reduction reactions

a. The two 3PG molecules are converted into triose phosphate (TP a.k.a. glyceraldehyde-3-phosphate, G3P, or PGAL) molecules which are three-carbon (3C) sugar phosphates.
b. The energy of ATP (ATP ( ADP + Pi) and the reducing power of NADPH (NADPH ( NADP+ + H+) power these reactions.

3) Regeneration of RuBP
a. Three turns of the Calvin cycle (using three molecules of CO2) produces six molecules of TP (G3P).

b. However, only one of the six molecules exits the cycle as an output.

c. The remaining five TP molecules enter a complex process that regenerates more RuBP to continue the Calvin cycle.

d. Two molecules of G3P, produced by a total of six turns of the cycle, combine to form one molecule of glucose.

· Most of the TP produced is used to regenerate RuBP so the cycle can continue

· A small amount is used to produce organic molecules such as glucose
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2. The electrons pass through the bg-f
complex, which uses the energy
released to pump protons across
the thylakoid membrane. The
proton gradient is used to produce
ATP by chemiosmosis.
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1. A pair of chlorophylls in the reaction center absorb
two photons of light. This excites two electrons that
are transferred to plastoquinone (PQ). Loss of
electrons from the reaction center produces an
oxidation potential capable of oxidizing water.
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3. A pair of chlorophylls in the reaction
center absorb two photons. This
excites two electrons that are passed
to NADP*, reducing it to NADPH.
Electron transport from photosystem ||
replaces these electrons.
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