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Process that Feeds the Biosphere



Photosynthesis:
Process that Feeds the Biosphere

CONCEPTS:

• 10.1 Photosynthesis converts light energy to the chemical energy of food

• 10.2 The light reactions convert solar energy to the chemical energy of ATP and NADPH

• 10.3 The Calvin cycle uses the chemical energy of ATP and NADPH to reduce CO2 to sugar

Can you describe or explain these processes?
Why are these processes significant?



10.1 Photosynthesis converts light energy to the chemical energy of food

• Photosynthetic enzymes and other molecules are grouped together in a biological membrane, allowing 
the necessary series of chemical reactions to be carried out efficiently

• The process of photosynthesis likely originated in a group of bacteria with infolded regions of the 
plasma membrane containing clusters of such molecules. 

Photosynthesis:
Process that Feeds the Biosphere

o In existing photosynthetic bacteria, infolded photosynthetic 
membranes function similarly to the internal membranes 
of the chloroplast. 



➢ What is the name of the theory that explains were 

mitochondria and chloroplasts came from?

➢ The Endosymbiont Theory

➢ There is considerable 

evidence supporting this 

theory!



10.1 Photosynthesis converts light energy to the chemical energy of food

• Photosynthetic enzymes and other molecules are grouped together in a biological membrane, allowing 
the necessary series of chemical reactions to be carried out efficiently

• The process of photosynthesis likely originated in a group of bacteria with infolded regions of the 
plasma membrane containing clusters of such molecules. 

Photosynthesis:
Process that Feeds the Biosphere

o In existing photosynthetic bacteria, infolded photosynthetic 
membranes function similarly to the internal membranes 
of the chloroplast. 

o The endosymbiont theory suggests that original chloroplast
was a photosynthetic prokaryote that lived inside a 
eukaryotic cell.



10.1 Chloroplasts are the sites of photosynthesis in plants

• All green parts of a plant have chloroplasts, but leaves are the major sites of photosynthesis for most 
plants.

• Chloroplasts are found mainly in cells of mesophyll, the tissue in the interior of the leaf.

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food

• O2 exits and CO2 enters the leaf through microscopic pores called 
stomata in the leaf.

• Veins deliver water from the roots and carry off sugar from 
mesophyll cells to roots and other nonphotosynthetic areas of the 
plant.

o A typical mesophyll cell has 30–40 chloroplasts



10.1 Chloroplasts are the sites of photosynthesis in plants

• Each chloroplast has two membranes around a dense fluid called the stroma.

• Suspended within the stroma is an internal membrane system of sacs, the thylakoids.

o The interior of the thylakoids forms another compartment, the thylakoid space.

o Thylakoids are stacked in columns called grana

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food



10.1 Chloroplasts are the sites of photosynthesis in plants

• Chlorophyll, the green pigment in the chloroplasts, is located in the thylakoid membranes.

• Chlorophyll plays an important role in the absorption of light energy during photosynthesis.

• The photosynthetic membranes of prokaryotes arise from infolded regions of the plasma membranes, also 
called thylakoid membranes

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food



10.1 Powered by light, photosynthesis produces organic compounds and O2 from CO2 and H2O

• The equation describing the process of photosynthesis is

6CO2 + 12H2O + light energy  C6H12O6 + 6O2+ 6H2O

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food

• Just as in Cellular respiration, it is critical to be able to 
track the path of the electrons and energy

• Additionally, pay attention to both the reactants and 
the products of the reaction



10.1 Powered by light, photosynthesis produces organic compounds and O2 from CO2 and H2O

• The equation describing the process of photosynthesis is

6CO2 + 12H2O + light energy  C6H12O6 + 6O2+ 6H2O

• C6H12O6 is glucose, although the direct product of photosynthesis is actually a three-carbon sugar that 
can be used to make glucose.

o Water appears on both sides of the equation because 12 molecules of water are consumed and 6 
molecules are newly formed during photosynthesis through oxidative phosphorylation

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food



10.1 Powered by light, photosynthesis produces organic compounds and O2 from CO2 and H2O

• We can simplify the equation by showing only the net consumption of water:

6CO2 + 6H2O + light energy  C6H12O6 + 6O2

• Written this way, the overall chemical change during photosynthesis is the reverse of cellular respiration.

• Both of these metabolic processes occur in plant cells. However, chloroplasts do not synthesize sugars by 
simply reversing the steps of respiration.

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food

✓ The electron transport chain is driven by electronegativity and 
would be extremely difficult to reverse!

✓ NADH wouldn’t know which way to go!



10.1 Powered by light, photosynthesis produces organic compounds and O2 from CO2 and H2O

• We can simplify the equation by showing only the net consumption of water:

6CO2 + 6H2O + light energy  C6H12O6 + 6O2

• Written this way, the overall chemical change during photosynthesis is the reverse of cellular respiration.

• Both of these metabolic processes occur in plant cells. However, chloroplasts do not synthesize sugars by 
simply reversing the steps of respiration.

• In its simplest possible form, 

CO2 + H2O + light energy  [CH2O] + O2

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food

where [CH2O] represents the general formula for a 
carbohydrate.



10.1 Photosynthesis is a redox reaction

• Both photosynthesis and aerobic respiration involve redox reactions.

o During cellular respiration, energy is released from sugar when electrons associated with hydrogen 
are transported by carriers to oxygen, forming water as a by-product. 

o The electrons lose potential energy as they “fall” down the electron transport chain toward 
electronegative oxygen, and the mitochondrion harnesses that energy to synthesize ATP.

C6H12O6 + 6O2      6CO2 + 6H2O + ATP

o Photosynthesis reverses the direction of electron flow.

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food

6CO2 + 6H2O + light energy  C6H12O6 + 6O2
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o The electrons lose potential energy as they “fall” down the electron transport chain toward 
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o Photosynthesis reverses the direction of electron flow.

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food

6CO2 + 6H2O + light energy  C6H12O6 + 6O2



10.1 Photosynthesis is a redox reaction

• Water is split and electrons are transferred with H+ from water to CO2, reducing it to sugar.

• Because the electrons increase in potential energy as they move from water to sugar, the process 
requires energy. The energy boost is provided by light.

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food

6CO2 + 6H2O + light energy  C6H12O6 + 6O2



10.1 A preview of the two stages of photosynthesis

• Photosynthesis is two processes, each with multiple steps: light reactions and the Calvin cycle.

o The light reactions (photo) convert solar energy to chemical energy.

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food



10.1 A preview of the two stages of photosynthesis

• Photosynthesis is two processes, each with multiple steps: light reactions and the Calvin cycle.

o The light reactions (photo) convert solar energy to chemical energy.

o The Calvin cycle (synthesis) uses energy from the light reactions to incorporate CO2 from the 
atmosphere into sugar

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food



10.1 A preview of the two stages of photosynthesis

• Thus, light energy is initially converted to chemical energy in the form of two compounds: NADPH, a 
source of electrons as reducing power that can be passed along to an electron acceptor, and ATP, the 
energy currency of cells.

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food

o High energy electrons used for photosynthesis are going the 
opposite direction than those used for cellular respiration

o This means they need a different “taxi” or carrier molecule
➢ Cellular respiration uses NAD+ as a carrier
➢ Photosynthesis uses NADP+ as a carrier



10.1 A preview of the two stages of photosynthesis

• The light reactions produce no sugar; that happens in the second stage of photosynthesis, the Calvin 
cycle.

o The Calvin cycle is named for Melvin Calvin, who, with his colleagues, worked out many of its steps 
in the 1940s.

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food
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cycle.

o The Calvin cycle is named for Melvin Calvin, who, with his colleagues, worked out many of its steps 
in the 1940s.

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food



10.1 A preview of the two stages of photosynthesis

• The Calvin cycle begins with the incorporation of CO2 into organic molecules, a process known as 
carbon fixation.

o The fixed carbon is reduced with electrons provided by NADPH.

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food

• ATP from the light reactions also powers parts of the Calvin 
cycle.

• Thus, it is the Calvin cycle that makes sugar, 

…but only with the help of ATP and NADPH from the 
light reactions.



10.1 A preview of the two stages of photosynthesis

• The metabolic steps of the Calvin cycle are sometimes referred to as light-independent reactions 
because none of the steps requires light directly.

Photosynthesis:
Photosynthesis converts light energy to the chemical energy of food

o Nevertheless, the Calvin cycle in most plants occurs 
during daylight because that is when the light 
reactions can provide the NADPH and ATP the Calvin 
cycle requires.

• Whereas the light reactions occur at the thylakoids, the 
Calvin cycle occurs in the stroma.

o NADPH and ATP are produced in the thylakoids, and then 
released to the stroma, where they play crucial roles in the 
Calvin cycle.



10.2 The light reactions convert solar energy to the chemical energy of ATP and NADPH

• Light is a form of electromagnetic energy or radiation.

• Like other forms of electromagnetic energy, light travels in rhythmic waves.

• The distance between crests of electromagnetic waves is called the wavelength.

Photosynthesis:
Process that Feeds the Biosphere

o The most important segment of the electromagnetic 
spectrum for life is a narrow band between 380 and 
750 nm, the band of visible light detected as colors by 
the human eye.

o Although light travels as a wave, many of its properties 
are those of a discrete particle, a photon



10.2 The light reactions convert solar energy to the chemical energy of ATP and NADPH

• Photons are not tangible objects, but do have fixed quantities of energy.

o The amount of energy packaged in a photon is inversely related to its wavelength: Photons with 
shorter wavelengths pack more energy.

Photosynthesis:
Process that Feeds the Biosphere

• Although the sun radiates a full electromagnetic spectrum, 
the atmosphere selectively screens out most wavelengths, 
permitting only visible light to pass in significant quantities.



10.2 The light reactions convert solar energy to the chemical energy of ATP and NADPH

• Photons are not tangible objects, but do have fixed quantities of energy.

o The amount of energy packaged in a photon is inversely related to its wavelength: Photons with 
shorter wavelengths pack more energy.

Photosynthesis:
Process that Feeds the Biosphere

• Although the sun radiates a full electromagnetic spectrum, 
the atmosphere selectively screens out most wavelengths, 
permitting only visible light to pass in significant quantities.

o Visible light is the radiation that drives photosynthesis



10.2 Photosynthetic pigments are light receptors

• When light meets matter, it may be reflected, transmitted, or absorbed.

• Substances that absorb visible light are known as pigments. 

o Different pigments absorb photons of different wavelengths, and the wavelengths that are 
absorbed disappear.

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH

o A leaf looks green because chlorophyll, the dominant 
pigment, absorbs red and violet-blue light while transmitting 
and reflecting green light.



10.2 Photosynthetic pigments are light receptors

• The light reactions can perform work with wavelengths of light that are absorbed.

• Several pigments in the thylakoid differ in their absorption spectra.

o Chlorophyll a, which participates directly in the light reactions, absorbs best in the red and violet-
blue wavelengths and absorbs least in the green.

o Accessory pigments include chlorophyll b and a group of molecules called carotenoids

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH



10.2 Photosynthetic pigments are light receptors

• Only chlorophyll a participates directly in the light reactions, but accessory photosynthetic pigments
absorb light and transfer energy to chlorophyll 

o Chlorophyll b, with a slightly different structure than chlorophyll a, has a slightly different 
absorption spectrum and funnels the energy from these wavelengths to chlorophyll .

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH

o Carotenoids can funnel the energy from 
other wavelengths to chlorophyll a and also
participate in photoprotection against 
excessive light.

✓ These compounds also absorb and dissipate 
excessive light energy that would otherwise 
damage chlorophyll or interact with oxygen 
to form reactive oxidative molecules that 
could damage the cell



10.2 Photosynthetic pigments are light receptors

• Only chlorophyll a participates directly in the light reactions, but accessory photosynthetic pigments 
absorb light and transfer energy to chlorophyll 

o Chlorophyll b, with a slightly different structure than chlorophyll a, has a slightly different 
absorption spectrum and funnels the energy from these wavelengths to chlorophyll .

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH

o Carotenoids can funnel the energy from 
other wavelengths to chlorophyll a and also
participate in photoprotection against 
excessive light.

✓ Accessory pigments provide access to a 
broader range of light energy



10.2 When chlorophyll and other pigments absorb light, an electron is boosted to an excited state

• When a molecule absorbs a photon, one of the molecule’s electrons is elevated to an orbital with more 
potential energy.

o The electron moves from its ground state to an excited state.

• The only photons that a pigment can absorb are those whose energy matches exactly the energy 
difference between the ground state and the excited state of this electron.

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH



10.2 When chlorophyll and other pigments absorb light, an electron is boosted to an excited state

• When a molecule absorbs a photon, one of the molecule’s electrons is elevated to an orbital with more 
potential energy.

o The electron moves from its ground state to an excited state.

• The only photons that a molecule can absorb are those whose energy matches exactly the energy 
difference between the ground state and the excited state of this electron.

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH

o This is why certain pigments can only 
absorb specific wavelengths



10.2 When chlorophyll and other pigments absorb light, an electron is boosted to an excited state

• Excited electrons are unstable. Generally, they drop to their ground state in a billionth of a second, 
releasing heat energy.

• In isolation, some pigments emit light after absorbing photons, in a process called fluorescence.

o If a solution of chlorophyll isolated from chloroplasts is illuminated, it fluoresces in the red-orange 
part of the spectrum and gives off heat as the electrons fall back down to their ground state

o This is a display of the release of the energy trapped in the electrons that have been energized by 
the pigment.

➢ In the thylakoids, this energy is transferred to one of the electron transport chains and 
transferred to either the production of ATP or NADPH

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH



10.2 When chlorophyll and other pigments absorb light, an electron is boosted to an excited state

• In the thylakoid membrane, chlorophyll is organized along with proteins and smaller organic molecules 
into photosystems.

• Photosystems are composed of a reaction-center complex surrounded by light-harvesting complexes.

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH



10.2 When chlorophyll and other pigments absorb light, an electron is boosted to an excited state

• In the thylakoid membrane, chlorophyll is organized along with proteins and smaller organic molecules 
into photosystems.

• Photosystems are composed of a reaction-center complex surrounded by light-harvesting complexes.

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH

o The reaction-center complex is an organized association of 
proteins containing chlorophyll a molecules. It acts as an electron 
acceptor

o The light-harvesting complexes contain accessory pigments

✓ There are two photosystems in these reactions. Photosystem I and 
Photosystem II



10.2 When chlorophyll and other pigments absorb light, an electron is boosted to an excited state

• Together, the light-harvesting complexes act as an antenna for the reaction-center complex.

• At the reaction center is a primary electron acceptor, which accepts high energy electrons from a 
nearby pigment

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH

o Chlorophyll a gets it low energy electrons from 
molecules of H2O
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10.2 When chlorophyll and other pigments absorb light, an electron is boosted to an excited state

• Together, the light-harvesting complexes act as an antenna for the reaction-center complex.

• At the reaction center is a primary electron acceptor, which accepts high energy electrons from a 
nearby pigment

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH

o Chlorophyll a gets it low energy electrons from 
molecules of H2O

o Light energy is used to energize electrons in 
chlorophyll a



10.2 When chlorophyll and other pigments absorb light, an electron is boosted to an excited state

• Each photosystem functions in the chloroplast as a unit, converting light energy to chemical energy

o Photosystem II has a reaction-center chlorophyll a known as P680, with an absorption peak at 680 nm

o Photosystem I has a reaction-center chlorophyll a known as P700, with an absorption peak at 700 nm.

✓ These two pigments, P680 and P700, are nearly identical chlorophyll a molecules.

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH

• These two photosystems work together in using light 
energy to generate ATP and NADPH
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• These two photosystems work together in using light 
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10.2 During the light reactions, there are two possible routes for electron flow: linear and cyclic

• During the light reactions, electrons flow through the photosystems in the thylakoid membrane.

1. Photosystem II absorbs a photon of light and an electron of P680 is excited to a higher energy state.

2. This electron is captured by the primary electron acceptor, leaving P680 oxidized (P680+). 

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH



10.2 During the light reactions, there are two possible routes for electron flow: linear and cyclic

• During the light reactions, electrons flow through the photosystems in the thylakoid membrane.

1. Photosystem II absorbs a photon of light and an electron of P680 is excited to a higher energy state.

2. This electron is captured by the primary electron acceptor, leaving P680 oxidized (P680+). 

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH

3. An enzyme extracts electrons from water and 

transfers them to P680+  (reducing P680 again)

✓ This splits water into two hydrogen ions and 
an oxygen atom (that combines with another 
oxygen atom to form O2)

✓ The H+ are released into the thylakoid space



10.2 During the light reactions, there are two possible routes for electron flow: linear and cyclic

4. Excited electrons pass from the PS II to PS I (via an electron transport chain). 

5. As these electrons “fall” to a lower energy level, their energy is harnessed to produce ATP. 

o This ETC pumps protons (H+) are pumped into the thylakoid space, building a proton gradient that is 
subsequently used in chemiosmosis to produce ATP

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH



10.2 During the light reactions, there are two possible routes for electron flow: linear and cyclic
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o This ETC pumps protons (H+) are pumped into the thylakoid space, building a proton gradient that is 
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Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH

6. P700 collects light energy and uses it to energize the
electrons that came from the ETC in step 4
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10.2 During the light reactions, there are two possible routes for electron flow: linear and cyclic

6. Photosystem I uses accessory pigments to re-energize electrons with light energy

7. Photoexcited electrons are passed down a second electron transport chain

8. These electrons reduce NADP+ to form NADPH. NADPH will carry the reducing power of these high-
energy electrons to the Calvin cycle 

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH

What is the purpose of Photosystem I?

Its purpose is to replace energy used to produce some ATP!

At the end of the light reactions we now have both ATP and 
NADPH to produce carbohydrates!



10.2 During the light reactions, there are two possible routes for electron flow: linear and cyclic

• The light reactions use the solar power of photons absorbed by PS II and PS I to provide chemical energy 
in the form of ATP and reducing power in the form of the electrons carried by NADPH to the 
carbohydrate-synthesizing reactions of the Calvin cycle.

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH



10.2 Chloroplasts and mitochondria generate ATP by the same mechanism: chemiosmosis

• In both chloroplasts and mitochondria, an electron transport chain pumps protons across a membrane 
as electrons are passed along a series of increasingly electronegative carriers.

• This process transforms redox energy to a proton-motive force in the form of an H+ gradient across the 
membrane.

o ATP synthase molecules harness the proton-motive force to generate ATP as H+ diffuses back 
across the membrane

• Some of the electron carriers, including the cytochromes, are similar in chloroplasts and mitochondria.

o The ATP synthase complexes of the two organelles are also very similar

Photosynthesis:
The light reactions convert solar energy to the chemical energy of ATP and NADPH



10.3 The Calvin cycle uses the chemical energy of ATP and NADPH to reduce CO2 to sugar

• The Calvin cycle regenerates its starting material after molecules enter and leave the cycle.

• The Calvin cycle is anabolic, using energy to build sugar from smaller molecules.

o Carbon enters the cycle as CO2 and leaves as sugar.

o The cycle spends the energy of ATP and the reducing power of electrons carried by NADPH to make 
sugar.

o The actual sugar product of the Calvin cycle is not glucose but a three-carbon sugar, 
glyceraldehyde-3-phosphate (G3P).

➢ Each turn of the Calvin cycle fixes one carbon

Photosynthesis:
Process that Feeds the Biosphere



10.3 The Calvin cycle uses the chemical energy of ATP and NADPH to reduce CO2 to sugar

Phase 1: Carbon fixation

• In the carbon fixation phase, each CO2 molecule is attached to a five-carbon sugar, ribulose 
bisphosphate (RuBP).

Photosynthesis:
Process that Feeds the Biosphere

o This reaction is catalyzed by RuBP carboxylase-oxygenase, 
or Rubisco.

✓ Rubisco is the most abundant protein in chloroplasts 
and probably the most abundant protein on Earth.

• The six-carbon intermediate is unstable and splits in half 
to form two molecules of 3-phosphoglycerate for each 
CO2 fixed



10.3 The Calvin cycle uses the chemical energy of ATP and NADPH to reduce CO2 to sugar

Phase 2: Reduction

• For every three molecules of CO2 that enter the cycle, there are six molecules of G3P formed.

• One of these six G3P is a net gain of carbohydrate.

Photosynthesis:
Process that Feeds the Biosphere

• This is because it takes 3 carbon atoms to produce a single G3P



10.3 The Calvin cycle uses the chemical energy of ATP and NADPH to reduce CO2 to sugar

Glyceraldehyde-3-phosphate (G3P) is a connection to numerous metabolic pathways

• G3P is the starting material for metabolic pathways that synthesize other organic compounds, including 
glucose and other carbohydrates.

Photosynthesis:
Process that Feeds the Biosphere
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