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Learning unit 7: Photosynthesis

7.1 Introduction

To complete the learning unit, you will need to refer to pages 261–285 chapter 11 in Campbell et al. (2015)

Consider all the living organisms that surround you, definitely, you will see trees, wild animals, pets, and your own body.
Most of the biomass is made up of carbon-based biological molecules. Have you ever wondered as to what is the ultimate
source of all that carbon? Very surprising to some, the source is carbon dioxide (CO2) from the air. It is obvious that your
body cannot take in carbon dioxide from the air and incorporate it into organic molecules, but some plant cells can. Indeed,
plants do so through a process called photosynthesis. Photosynthesis is the process whereby the chloroplasts in plants
and other photosynthetic organisms capture the light energy from the sun and convert it to chemical energy that is stored in
sugar and other organic molecules. Photosynthesis nourishes almost the entire living world directly or indirectly.

In this learning unit we will look at how solar energy is used in the synthesis of ATP and other molecules. We will focus also
on how the energy powers the anabolic pathway by which a photosynthetic cell synthesises stable organic molecules from
the simple inorganic compounds CO2 and water. Finally, we will consider some aspects of photosynthesis from an
evolutionary point of view

7.2 Learning outcomes

By the end of this learning unit you should be able to

• describe where each phase of photosynthesis takes place in the plant cell

• explain the nature of sunlight and how it is absorbed by plants

• explain the light reactions that convert solar energy to chemical energy

• explain the biochemical reactions that use chemical energy to convert CO2 to sugar

   • name and define the alternative mechanisms of carbon fixation in plants

7.3 Photosynthesis: Converting light energy to the
chemical energy

Recommended reading: pages 263–266 of chapter 11 in Campbell et al. (2015)

The capturing of light energy by an organism and use it to execute the synthesis of organic compounds emerges from
structural organisation in the cell. Photosynthetic enzymes and other molecules are grouped together in a biological
membrane, enabling the necessary series of chemical to be carried out efficiently. The process of photosynthesis most
likely originated in a group of bacteria that had infolded regions of plasma membrane containing cluster of such molecules.
Some of you might be aware of the endosymbiont theory; the original chloroplast was a photosynthetic prokaryote that lived
inside an ancestor of eukaryotic cells. It is a fact that chloroplasts are present in a variety of photosynthesising organisms.

Chloroplast: the sites of photosynthesis in plants

All green parts of a plant, including green stems and unripened fruit, have chloroplasts, but the leaves are the major sites of
photosynthesis in most plants. If you examine a section of leaf tissue in a microscope, you will see that the green pigment,
chlorophyll, is not uniformly distributed in the cell but is confined to organelles called chloroplasts. In plants, chlorophyll lie
mainly inside the leaf in the cells of the mesophyll, the tissue interior of the leaf that includes many air spaces and a very
high concentration of water vapour. The gaseous exchange between the interior of the leaf and the outside carried out
through microscopic pores, called stomata (singular, stoma; from the Greek, meaning “mouth”). Each mesophyll cell has
about 20 to 40 chloroplasts. The chloroplast, like the mitochondrion, is enclosed by outer and inner membranes. The inner
membrane encloses a fluid-filled region called the stroma, which contains most of the enzymes required to produce
carbohydrates molecules. Suspended within the stroma is a third membrane, made up of sacs known as thylakoids.
Chlorophyll, the main pigment of photosynthesis that gives leaves the colour, and resides in the thylakoid membranes of
the chloroplast. Although there are several kinds of chlorophyll, the most important is chlorophyll a and chlorophyll b.
Chlorophyll a is the pigment that initiates the light-dependent reactions of photosynthesis. Chlorophyll b is an accessory
pigment that also participates in photosynthesis. It differs from the chlorophyll a only in that the functional group on the
porphyrin ring: the methyl group (―CH3) in chlorophyll a is replaced in chlorophyll b by a terminal carbonyl group
(―CHO).

During photosynthesis a cell uses light energy captured by chlorophyll to power the synthesis of carbohydrates. Although
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some of the steps are still not complete understood, the overall photosynthetic equation has been known since 1800s. in
the presence of light, the green parts of plants produce organic compounds and oxygen from carbon dioxide and water.
Using molecular formulas, the overall reaction of photosynthesis can be summarised as:

6 CO2 + 12 H2O + Light energy → C6H12O6 + 6 O2 +6 H2O

One of the first findings to the mechanism of photosynthesis came from the discovery that the O2 given off by plants is
derived from H2O and not from CO2. The chloroplast splits water into hydrogen and oxygen. Furthermore, all the oxygen
produced comes from water, so 12 water molecules are required to produce 12 oxygen atoms.  However, since there is no
net yield of H2O, we can simply summarise the equation of photosynthesis for this argument:

6 CO2 + 6 H2O → C6H12O6 + 6 O2

The two stages of photosynthesis

You might have already picked up that the photosynthesis process is a very complex process. Indeed, photosynthesis is
not a single step process, but two processes, each with multiple steps. These two steps of photosynthesis are known as the
light reaction (the photo art of photosynthesis) and the Calvin cycle (synthesis part).

It is given that the light reactions are the stages of photosynthesis that convert solar energy into chemical energy. In this
stage, water split providing a source of electrons and protons (hydrogen ions, H+) and giving O2, off course, as a by-
product. As light absorbed by chlorophyll there is a transfer of electrons and hydrogen ions from water to an acceptor called
NADP+ (nicotinamide adenine dinucleotide phosphate), where they are temporarily stored. The electron acceptor NADP+

is first cousin to NAD+, which functions as an electron carrier in cellular respiration. It is also important to note that the light
reaction generate ATP, in a process called photophosphorylation. Thus, light energy is initially converted in the form of two
compounds: NADPH and ATP.

Have you noticed that light reactions produce no energy? Surely, that happens in the second stage of photosynthesis, the
Calvin cycle. This stage begins by incorporating CO2 from the air into organic molecules already present in the chloroplast.
The Calvin cycle then reduces the fixed carbon to carbohydrate by the addition of electrons. The metabolic steps of the
Calvin cycle are sometimes referred to the dark reaction, solely because none of the steps requires light directly. In a
nutshell, the chloroplast uses light energy to make sugar by coordinating the two stages of photosynthesis.

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

Recommended reading: pages 266–275 of chapter 11 in Campbell et al. (2015)

The thylakoids convert light energy into the chemical energy of ATP and NADPH. Light is a form of electromagnetic
radiation. Like other forms of electromagnetic energy, light travels in rhythmic waves. The distance between crests of
electromagnetic waves is called the wavelength. Wavelengths of electromagnetic radiation range from less than a
nanometer (gamma rays) to more than a kilometer (radio waves). The entire range of electromagnetic radiation is the
electromagnetic spectrum. The most important segment for life is a narrow band between 380 to 750 nm, the band of
visible light.

While light travels as a wave, many of its properties are those of a discrete particle, the photon. Photons are not tangible
objects, but they do have fixed quantities of energy. The amount of energy packaged in a photon is inversely related to its
wavelength. Photons with shorter wavelengths pack more energy. While the sun radiates a full electromagnetic spectrum,
the atmosphere selectively screens out most wavelengths, permitting only visible light to pass in significant quantities.
Visible light is the radiation that drives photosynthesis. When light meets matter, it may be reflected, transmitted, or
absorbed.

Different pigments absorb photons of different wavelengths, and the wavelengths that are absorbed disappear. A leaf looks
green because chlorophyll, the dominant pigment, absorbs red and blue light, while transmitting and reflecting green light.
A spectrophotometer measures the ability of a pigment to absorb various wavelengths of light. It beams narrow
wavelengths of light through a solution containing the pigment and measures the fraction of light transmitted at each
wavelength. An absorption spectrum plots a pigment’s light absorption versus wavelength. The light reaction can perform
work with those wavelengths of light that are absorbed. There are several pigments in the thylakoid that differ in their
absorption spectra.

Chlorophyll a, the dominant pigment, absorbs best in the red and violet-blue wavelengths and least in the green. Other
pigments with different structures have different absorption spectra. Collectively, these photosynthetic pigments determine
an overall action spectrum for photosynthesis. An action spectrum measures changes in some measure of photosynthetic
activity (for example, O2 release) as the wavelength is varied. The action spectrum of photosynthesis does not match
exactly the absorption spectrum of any one photosynthetic pigment, including chlorophyll a.

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



2/17/2016 Modules: Print Module

https://my.unisa.ac.za/portal/tool/70905cbc-3c48-47cc-a994-e05c9e6c8a27/print_module.jsf?printModuleId=335315018 3/6

excessive light energy that would otherwise damage chlorophyll. They also interact with oxygen to form reactive oxidative
molecules that could damage the cell. When a molecule absorbs a photon, one of that molecule’s electrons is elevated to
an orbital with more potential energy.

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 excited state of this electron. Because this
energy difference varies among atoms and molecules, a particular compound absorbs only photons corresponding to
specific wavelengths. Thus, each pigment has a unique absorption spectrum.

Excited electrons are unstable. Generally, they drop to their ground state in a billionth of a second, releasing heat energy.
Some pigments, including chlorophyll, can also release a photon of light in a process called fluorescence. If a solution of
chlorophyll isolated from chloroplasts is illuminated, it will fluoresce and give off heat.

Chlorophyll excited by absorption of light energy produces very different results in an intact chloroplast than it does in
isolation. In the thylakoid membrane, chlorophyll is organized along with proteins and smaller organic molecules into
photosystems. A photosystem is composed of a reaction centre surrounded by a light-harvesting complex.

Each light-harvesting complex consists of pigment molecules (which may include chlorophyll a, chlorophyll b, and
carotenoid molecules) bound to particular proteins. Together, these light-harvesting complexes act like light-gathering
“antenna complexes” for the reaction centre.

When any antenna molecule absorbs a photon, it is transmitted from molecule to molecule until it reaches a particular
chlorophyll a molecule, the reaction centre. At the reaction centre is a primary electron acceptor, which accepts an
excited electron from the reaction centre chlorophyll a.

The solar-powered transfer of an electron from a special chlorophyll a molecule to the primary electron acceptor is the first
step of the light reactions. Each photosystem—reaction-centre chlorophyll and primary electron acceptor surrounded by an
antenna complex—functions in the chloroplast as a light-harvesting unit.

There are two types of photosystems in the thylakoid membrane

Photosystem I (PS I) has a reaction centre chlorophyll a that has an absorption peak at 700 nm.

Photosystem II (PS II) has a reaction centre chlorophyll a that has an absorption peak at 680 nm.

The differences between these reaction centres (and their absorption spectra) lie not in the chlorophyll molecules, but in
the proteins associated with each reaction centre. These two photosystems work together to use light energy to generate
ATP and NADPH. During the light reactions, there are two possible routes for electron flow: cyclic and noncyclic. Noncyclic
electron flow, the predominant route, produces both ATP and NADPH. Photosystem II absorbs a photon of light. One of the
electrons of P680 is excited to a higher energy state. This electron is captured by the primary electron acceptor, leaving the
reaction centre oxidized. An enzyme extracts electrons from water and supplies them to the oxidized reaction centre. This
reaction splits water into two hydrogen ions and an oxygen atom that combines with another oxygen atom to form O2.

Photoexcited electrons pass along an electron transport chain before ending up at an oxidized photosystem I reaction
centre. As these electrons “fall” to a lower energy level, their energy is harnessed to produce ATP.

Meanwhile, light energy has excited an electron of PS I’s P700 reaction centre. The photoexcited electron was captured by
PS I’s primary electron acceptor, creating an electron “hole” in P700. This hole is filled by an electron that reaches the
bottom of the electron transport chain from PS II.

Photoexcited electrons are passed from PS I’s primary electron acceptor down a second electron transport chain through
the protein ferredoxin (Fd). The enzyme NADP+ reductase transfers electrons from Fd to NADP+. Two electrons are
required for NADP+’s reduction to NADPH. NADPH will carry the reducing power of these high-energy electrons to the
Calvin cycle. The light reactions use the solar power of photons absorbed by both photosystem I and photosystem II to
provide chemical energy in the form of ATP and reducing power in the form of the electrons carried by NADPH.

Under certain conditions, photoexcited electrons from photosystem I, but not photosystem II, can take an alternative
pathway, cyclic electron flow. Excited electrons cycle from their reaction centre to a primary acceptor, along an electron
transport chain, and return to the oxidized P700 chlorophyll.

As electrons flow along the electron transport chain, they generate ATP by cyclic photophosphorylation. There is no
production of NADPH and no release of oxygen. What is the function of cyclic electron flow? Noncyclic electron flow
produces ATP and NADPH in roughly equal quantities. However, the Calvin cycle consumes more ATP than NADPH.
Cyclic electron flow allows the chloroplast to generate enough surplus ATP to satisfy the higher demand for ATP in the
Calvin cycle.

Chloroplasts and mitochondria generate ATP by the same mechanism: chemiosmosis. In both organelles, an electron
transport chain pumps protons across a membrane as electrons are passed along a series of increasingly electronegative
carriers.

This transforms redox energy to a proton-motive force in the form of an H+ gradient across the membrane. ATP synthase
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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 very similar in chloroplasts and mitochondria.

The ATP synthase complexes of the two organelles are also very similar. There are differences between oxidative
phosphorylation in mitochondria and photophosphorylation in chloroplasts. Mitochondria transfer chemical energy from
food molecules to ATP; chloroplasts transform light energy into the chemical energy of ATP. The spatial organization of
chemiosmosis also differs in the two organelles.

The inner membrane of the mitochondrion pumps protons from the mitochondrial matrix out to the intermembrane space.
The thylakoid membrane of the chloroplast pumps protons from the stroma into the thylakoid space inside the thylakoid.
The thylakoid membrane makes ATP as the hydrogen ions diffuse down their concentration gradient from the thylakoid
space back to the stroma through ATP synthase complexes, whose catalytic knobs are on the stroma side of the
membrane. The proton gradient, or pH gradient, across the thylakoid membrane is substantial.

When chloroplasts are illuminated, the pH in the thylakoid space drops to about 5 and the pH in the stroma increases to
about 8, a thousand fold different in H+ concentration. The light-reaction “machinery” produces ATP and NADPH on the
stroma side of the thylakoid. Noncyclic electron flow pushes electrons from water, where they have low potential energy, to
NADPH, where they have high potential energy. This process also produces ATP and oxygen as a by-product.

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

Recommended reading: pages 275–276 of chapter 11 in Campbell et al. (2015)

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. Carbon enters the cycle as CO2 and leaves as sugar. The cycle
spends the energy of ATP and the reducing power of electrons carried by NADPH to make sugar. 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. For the net synthesis of one G3P molecule, the cycle must take place three
times, fixing three molecules of CO2. To make one glucose molecule requires six cycles and the fixation of six CO2
molecules.

The Calvin cycle has three phases

Phase 1: Carbon fixation

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

Phase 2: Reduction

During reduction, each 3-phosphoglycerate receives another phosphate group from ATP to form 1,3-bisphosphoglycerate.
A pair of electrons from NADPH reduces each 1,3-bisphosphoglycerate to G3P. The electrons reduce a carboxyl group to
the aldehyde group of G3P, which stores more potential energy. If our goal was the net production of one G3P, we would
start with 3CO2 (3C) and three RuBP (15C). After fixation and reduction, we would have six molecules of G3P (18C). One of
these six G3P (3C) is a net gain of carbohydrate. This molecule can exit the cycle and be used by the plant cell.

Phase 3: Regeneration

The other five G3P (15C) remain in the cycle to regenerate three RuBP. In a complex series of reactions, the carbon
skeletons of five molecules of G3P are rearranged by the last steps of the Calvin cycle to regenerate three molecules of
RuBP. For the net synthesis of one G3P molecule, the Calvin cycle consumes nine ATP and six NADPH. The light reactions
regenerate ATP and NADPH. The G3P from the Calvin cycle is the starting material for metabolic pathways that synthesize
other organic compounds, including glucose and other carbohydrates.

7.6 Alternative mechanisms of carbo fixation have
evolved in hot, arid climate

Recommended reading: pages 277–283 of chapter 11 in Campbell et al. (2015)

One of the major problems facing terrestrial plants is dehydration. At times, solutions to this problem require tradeoffs with
other metabolic processes, especially photosynthesis. The stomata are not only the major route for gas exchange (CO2 in
and O2 out), but also for the evaporative loss of water.

On hot, dry days, plants close their stomata to conserve water. This causes problems for photosynthesis. In most plants (C3
plants), initial fixation of CO2 occurs via rubisco, forming a three-carbon compound, 3-phosphoglycerate. C3 plants include
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rice, wheat, and soybeans. When their stomata partially close on a hot, dry day, CO2 levels drop as CO2 is consumed in the
Calvin cycle. At the same time, O2 levels rise as the light reaction converts light to chemical energy. While rubisco normally
accepts CO2, when the O2:CO2 ratio increases (on a hot, dry day with closed stomata), rubisco can add O2 to RuBP. When
rubisco adds O2 to RuBP, RuBP splits into a three-carbon piece and a two-carbon piece in a process called
photorespiration. The two-carbon fragment is exported from the chloroplast and degraded to CO2 by mitochondria and
peroxisomes. Unlike normal respiration, this process produces no ATP. In fact, photorespiration consumes ATP. Unlike
photosynthesis, photorespiration does not produce organic molecules.

In fact, photorespiration decreases photosynthetic output by siphoning organic material from the Calvin cycle. A hypothesis
for the existence of photorespiration is that it is evolutionary baggage. When rubisco first evolved, the atmosphere had far
less O2 and more CO2 than it does today. The inability of the active site of rubisco to exclude O2 would have made little
difference. Today it does make a difference. Photorespiration can drain away as much as 50% of the carbon fixed by the
Calvin cycle on a hot, dry day.

Certain plant species have evolved alternate modes of carbon fixation to minimise photorespiration. C4 plants first fix CO2
in a four-carbon compound. Several thousand plants, including sugarcane and corn, use this pathway. A unique leaf
anatomy is correlated with the mechanism of C4 photosynthesis. In C4 plants, there are two distinct types of photosynthetic
cells: bundle-sheath cells and mesophyll cells. Bundle-sheath cells are arranged into tightly packed sheaths around the
veins of the leaf. Mesophyll cells are more loosely arranged cells located between the bundle sheath and the leaf surface.

The Calvin cycle is confined to the chloroplasts of the bundle-sheath cells. However, the cycle is preceded by the
incorporation of CO2 into organic molecules in the mesophyll. The key enzyme, phosphoenolpyruvate carboxylase, adds
CO2 to phosphoenolpyruvate (PEP) to form oxaloacetate. PEP carboxylase has a very high affinity for CO2 and can fix
CO2 efficiently when rubisco cannot (i.e., on hot, dry days when the stomata are closed). The mesophyll cells pump these
four-carbon compounds into bundle-sheath cells. The bundle-sheath cells strip a carbon from the four-carbon compound
as CO2, and return the three-carbon remainder to the mesophyll cells. The bundle-sheath cells then use rubisco to start the
Calvin cycle with an abundant supply of CO2.

In effect, the mesophyll cells pump CO2 into the bundle-sheath cells, keeping CO2 levels high enough for rubisco to accept
CO2 and not O2. C4 photosynthesis minimises photorespiration and enhances sugar production. C4 plants thrive in hot
regions with intense sunlight.

A second strategy to minimise photorespiration is found in succulent plants, cacti, pineapples, and several other plant
families. These plants are known as CAM plants for crassulacean acid metabolism. They open their stomata during the
night and close them during the day. Temperatures are typically lower at night, and humidity is higher. During the night,
these plants fix CO2 into a variety of organic acids in mesophyll cells. During the day, the light reactions supply ATP and
NADPH to the Calvin cycle, and CO2 is released from the organic acids.

Both C4 and CAM plants add CO2 into organic intermediates before it enters the Calvin cycle. In C4 plants, carbon fixation
and the Calvin cycle are spatially separated. In CAM plants, carbon fixation and the Calvin cycle are temporally separated.
Both eventually use the Calvin cycle to make sugar from carbon dioxide.

7.7 Activity 7.1

Do this activity and add it to your portfolio.

Refer to your textbook and answer the following questions:

b. What is photosynthesis?
d. Exactly why is photosynthesis so important?
f. Photosynthesis is often described in two steps: the light reactions and the dark reactions. Given what you have
learned about photosynthesis and the ways that plants have adapted to optimize it, why is dividing photosynthesis
into these categories misleading?

h. Are plants more important to people, or are people more important to plants? Explain.
j. Why can’t we humans perform photosynthesis?
l. Describe the major differences and similarities between C3, C4, and CAM plants.

7.8 Feedback on activity 7.1

b. Photosynthesis is a chemical reaction in which light energy is converted to chemical energy in glucose.  It is the
means by which the energy in sunlight becomes usable to living things.  Living things can eat glucose, we can't eat
sunlight.

d. Two big reasons.  One product of photosynthesis is glucose (sugar), which provides the basis for most food chains. 
The second product of photosynthesis is oxygen which comes in handy if your happen to be an aerobic organism
that requires oxygen for survival.

f. It is misleading because, although the activation of the photosystems is light-dependent, the Calvin cycle can run in
the light; it is light-independent, meaning that it does not require light to occur.
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d. We could argue that plants are more important to people because we subsist on plants. That is, we consume them
and are higher up in the food chain. However, many plants have been domesticated by people and require people
to be able to actually disseminate their seeds; for example, corn. Therefore, in the case of domesticated plants,
people are just as important to their survival as we are to theirs.

e. Humans lack chloroplasts, which are the places where all the major proteins and pathways required for
photosynthesis occur. Instead of being autotrophs ourselves, we eat the carbon of others and are therefore
heterotrophs.

f. C3, C4, and CAM plants all perform photosynthesis and generate their own carbohydrates from CO2. C3 plants do
this through a 3-carbon intermediate (PGA, or phosphoglycerate) while C4 plants do this through a 4-carbon
intermediate (malate). C3 plants have adapted to reduce the amount of photorespiration that occurs, which is
basically RuBisCOs malfunction, by isolating RuBisCO from oxygen and shuttling CO2 to RuBisCO via the C4
intermediate.  CAM plants have adapted to dry climates by only opening their stomata at night to minimise water
loss, as well as storing their CO2 as malate, just like in C4 plants.

7.9 Summary

Light consists of particles called protons that move as waves.  In autotrophic eukaryotes, photosynthesis occurs in
chloroplasts, organelles containing thylakoids. The overall reaction of photosynthesis can be summarised as 6 CO2 + 12
H2O → C6H12O6 + 6 O2 + 6 H2O. Chloroplasts split water into hydrogen and oxygen, incorporating the electrons of
hydrogen into sugar molecules. Photosynthesis is a redox process: H2O is oxidised, and CO2 is reduced. The light
reactions in the thylakoid membranes split water, releasing O2, producing ATP, and forming NADPH. Whereas, the Calvin
cycle in the stroma forms sugar from CO2, using ATP for energy and NADPH for reducing power.

A pigment absorbs light of specific wavelengths; chlorophyll a is the main photosynthetic pigments in plants. A pigment
moves from a ground state to an excited state when a proton of light boosts one of the pigment’s electrons to a higher-
energy orbital. A photosystem is composed of a reaction-centre complex surrounded by light-harvesting complexes that
funnel the energy of protons to the reaction-centre complex.

The Calvin cycle occurs in the stroma, using electrons from NADPH and energy from ATP. One molecule of G3P exits the
cycle per three CO2 molecules fixed and is converted to glucose and other organic molecules.

During dry, hot days, C3 plants close their stomata, conserving water. Oxygen from the light reactions builds up. The C4
plants minimise the cost of photorespiration by incorporating CO2 into four-carbon compounds in mesophyll cells.
Whereas, CAM plants open their stomata at night, incorporating CO2 into organic acids, which are stored in mesophyll
cells.


