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Figure 611 above llustrates how the light reactions in the
thylakoid and the Calvin cycle in the stroma actually work
together as one continuous cycle—photosynthesis. Amazingly,
this complicated process can occur in every one of the thousands
of chloroplasts present in a plant if e conditions are righ.
Recall that water is split during the light reactions, yielding
electrons, protons, and oxygen as a byproduct. Thus, the simplest
overall equation for photosynthesis, including both. the light
reactions and the Calvin cycle, can be written as follows:

€O, + H,0 Whenem (CH,0) + 0,

In the equation above, (CH,0) represents the general formula
for a carbohydrate. I is often replaced in this equation by the car-
bohydrate glucose, CgH,,0;, giving the following equation:

6C0, + 6H,0 teererny C;H,,0; + 60,

However, glucose Is not actually a direct product of photosyn-
thesis. Glucose Is often Included n the equation mainly to empha-
size the relationship between photosynthesis and cellular
respiration, in which glucose plays a key role. Just as the light reac-
tions and the Calvin cycle together create an ongoing cycle, pho-
tosynthesis and cellular respiration together also create an
ongoing cycle.

‘The light reactions are sometimes referred to as light-dependent
reactions, because the energy from light is required for the reac-
tions to oceur. The Calvin cycle is sometimes referred to as the
lightindependent reactions or the dark reactions, because the
Calvin cycle does not require light directly. But the Calvin cycle
usually proceeds during daytime, when the light reactions are pro-
ducing the materials that the Calvin cycle uses to fix carbon into
organic compounds,
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Analyzing Photosynthesis
Materials disposable goves, b
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Procedure

1. Put on your diposabe fovs,
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73 Add 200 mb of water and
20 dops of bromothyml b 0
each flask.
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Repeat thisstep with flask 2.

4. Put one lodea sprigin sk .
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5. Cover all sk with plstc
wap.Place the flasks na
wellighted ocation,and lsve
them cveright. Record your
obsenatons.
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solatons 0 change color Why did

he other solutions ot change
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in i expeiment?





[image: image1.png]Al organisms use energy to carry out the functions of life.
Where does this energy come from? Directly or indirectly,
almost all of the energy in living systems comes from the sun.
Energy from the sun enters living systems when plants, algae,
‘some unicellular protists, and some prokaryotes absorb sunlight
and use it 1o make organic compounds.

|QBTAINING ENERGY

Organisms can be classified according to how they get energy.
Organisms that use energy from sunlight or from chemical bonds in
inorganic substances to make organic compounds are called
autotrophs (AWF-oh-TR0Ws). Most autotrophs use the process of
Photosynthesis to convert light energy from the sun into chemical
energy in the form of organic compounds, primarily carbohydrates.

‘The tree in Figure 6-1 is an autotroph because it converts light
energy from the sun into organic compounds. The tree uses these
compounds for energy. The caterpillar also depends on the tree
for energy, as it cannot manufacture organic compounds itself.
Animals and other organisms that must get energy from food
instead of directly from sunlight or inorganic substances are
called heterotrophs (HEHT-uhr-oh-TROHFs). The bird is also a het-
erotroph. The food that fuels the bird originates with an autotroph
(the tree), but it passes indirectly to the bird through the cater-
pillar In similar ways, almost all organisms ultimately depend on
autotrophs to obtain the energy necessary to carry out the
processes of lfe.

Photosynthesis involves a complex series of chemical reactions
in which the product of one reaction is consumed in the next reac-
tion. A series of chemical reactions linked in this way is referred to
as a biochemical pathway.
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At organisms use energy to carry out the functions of life.
Wihere does this energy come from? Directly or indirectly,
almost all of the energy in living systems comes from the sun
Energy from the sun enters living systems when plants, algae,
some unicellular protists, and some prokaryotes absorb sunlight
and use it to make organic compounds.

|OBTAINING ENERGY

Organisms can be classified according to how they get energy.
Organisms that use energy from sunlight or from chemical bonds in
inorganic substances to make organic compounds are called
autotrophs (AWFoh-TROHFS). Most autotrophs use the process of
Photosynthesis to convert light energy from the sun into chemical
energy in the form of organic compounds, primarily carbohydrates

‘The tree in Figure 6-1 is an autotroph because it converts light
energy from the sun into organic compounds. The tree uses these
compounds for energy. The caterpillar also depends on the tree
for energy, as it cannot manufacture organic compounds itself.
Animals and other organisms that must get energy from food
instead of directly from sunlight or inorganic substances are
called heterotrophs (HEHT-uhr-oh-TROHFS). The bird is also a het-
erotroph. The food that fuels the bird originates with an autotroph
(the tree), but it passes indirectly to the bird through the cater-
pillar In similar ways, almost all organisms ultimately depend on
autotrophs to obtain the energy necessary to carry out the
processes of lfe.

Photosynthesis involves a complex series of chemical reactions.
in which the product of one reaction is consumed in the next reac-
tion. A series of chemical reactions linked in this way is referred to
as a biochemical pathuay.

Light
energy
Plants convert light Caterpillars get energy
energy to chemical eneray. by eating plants.
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OBJECTIVES

 Explain why amost allorgaisms
‘depend on photosynithesis.

© Desaribe the o of chorophyls
and other pigments in
photosynthess.

 Summarize the main events of the
Tight reactions.

 Explain how ATP is made during
thelightreacions.
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FIGURE 61
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Figure 62 shows how autotrophs use photosynthesis to produce
‘organic compounds from carbon dioxide (CO;) and water. The oxy-
gen (0,) and some of the organic compounds produced are then
used by cells i process called cellular respiration. During cellular
respiration, CO, and water are produced. Thus, the products of
photosynthesis are reactants in cellular respiration. Conversely. the
products of cellular respiration are reactants in photosynthess.

Photosynthesis can be divided into two stages:

1. Light Reactions Light energy (absorbed from the sun) is con-
verted to chemical energy, which is temporarily stored in ATP
and the energy carrier molecule NADPH.

2.Calvin Cycle Organic compounds are formed using CO, and
the chemical energy stored in ATP and NADPH,

Photosynthesis can be summarized by the following equation:

6C0, + 6H,0 Moy CH,,0, + 60,
‘This equation, however, does not explain how photosynthesis
‘occurs. It s helpful to examine the two stages separately in order
t0 better understand the overall process of photosynthesis.
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Station 3 Chlorplasts
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|CAPTURING LIGHT ENERGY

The first stage of photosynthesis includes the light reactions, so
named because they require light to happen. The light reactions
begin with the absorption of light in chloroplasts, organelles found
in the cells of plants and algae. Most chloroplasts are similar in
structure. As shown in Figure 63, each chloroplast is surrounded
by a pair of membranes. Inside the inner membrane is another sys-
tem of membranes called thylakoids (THIE-luh-koydz) that are
‘arranged as flattened sacs. The thylakoids are connected and layered
to form stacks called grana (GRAVnuh) (singular, granum).
Surrounding the grana is a solution called the stroma (STROH-muh).





Station 4 Pigments
[image: image4.png]Light and Pigments
To understand how chloroplasts absorb light in photosynthesis, it
is important to understand some of the properties of light. Light
from the sun appears white, but it s actually made of a variety of
colors. As shown in Figure 6.4, white light can be separated into ts
component colors by passing the light through a prism. The result-
ing array of colors, ranging from red at one end to violet at the
other, s called the visible spectrum.

When white light strikes an object, its component colors can be
reflected, transmitted, or absorbed by the object. Many objects
contain pigments, compounds that absorb light. Most pigments
absorb certain colors more strongly than others. By absorbing cer-
tain colors, a pigment subtracts those colors from the visible spec-
trum. Therefore, the light that is reflected or transmitted by the
pigment no longer appears white. For example, the lenses in green-
tinted sunglasses contain a pigment that reflects and transmits
green light and absorbs the other colors. As a result, the lenses
look green.

Chloroplast Pigments

Located in the membrane of the thylakoids are several pigments,
the most important of which are called chlorophylls KLAWR-uh-AL2).
There are several different types of chlorophylls. The two most
common types are known as chiorophyll a and chiorophyll b. As
Figure 6:5 shows, chlorophyll a absorbs less blue light but more
red light than chlorophyll b absorbs. Neither chiorophyll a nor
chlorophyll b absorbs much green light. Instead, they allow green
light 0 be reflected or transmitted. For this reason, leaves and
other plant structures that contain large amounts of chlorophyll
ook green.

Only chlorophyll a is directly involved in the light reactions of
photosynthesis. Chlorophyll b assists chiorophyll a in capturing
light energy, and therefore chlorophyll bis called an accessory pig-
ment. Other compounds found in the thylakoid membrane, includ-
ing the yellow, orange, and brown carotenoids (kurRAHTn-0Y02),
also function as accessory pigments. Looking again at Figure 65,

ice that tie pattern of light alsespiion of ane of the carotencids

Visible spectrum
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[image: image5.png]differs from the pattern of either type of
chlorophyll. By absorbing colors that chloro-
phyll @ cannot absorb, the accessory pig-
ments enable plants to capture more of the
energy inlight.

In the leaves of a plant, the chlorophylls are
generally much more abundant and therefore
‘mask the colors of the other pigments. But in
the nonphotosynthetic parts of  plant, such as
fruits and flowers, the colors of the other pig-
ments may be quite visible. During the fall,
‘many plants lose their chiorophyls, and their
leaves take on the rich hues of the carotencids.

Relative absorption





Station 5 Photosynthesis – Light Reactions
[image: image6.png]The overall equation for photosynthesis is relatively straightforward: Carbon dioxide (CO2)
and water (Hz0), along with the energy in sunlight, are used to produce sugar, releasing
oxygen gas (O2) as a by-product. This process actually occurs in two stages. The light
reactions® capture sunlight and produce high-energy molecules. The Calvin cycle® uses
the high-energy molecules to produce sugar from carbon dioxide (COx).

Stage 1 The Light Reactions: Capturing
Energy

Within thylakoids, energy from sunlight is absorbed by molecules of chlorophyll. This
energy is used to split water, producing oxygen gas and high-energy electrons, which are
stored by converting molecules of the electron carrier NADP* to NADPH. The energy from
sunlight is also used to produce high-energy ATP molecules. To summarize, the light
reactions capture the energy in sunlight and store it within high-energy molecules of ATP
and NADPH.
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OVERVIEW OF
|PHOTOSYNTHESIS

Figure 6:2 shows how autotrophs use photosynthesis to produce
organic compounds from carbon dioxide (CO,) and water. The oxy-
gen (0,) and some of the organic compounds produced are then
used by cells n a process called cellular respiration. During cellular
respiration, CO, and water are produced. Thus, the products of
photosynthesis are reactants i cellular respiration. Conversely, the
products of cellular respiration are reactants in photosynthess.

Photosynthesis can be divided into two stages:

1. Light Reactions Light energy (absorbed from the sun) is con-
verted to chemical energy, which s temporarily stored in ATP
and the energy carrier molecule NADPH,

2.Calvin Cyele Organic compounds are formed using CO, and
the chemical energy stored in ATP and NADPH.

Photosynthesis can be summarized by the following equation:

6CO, + 6H,0 teterey CH,,0; + 60,

This equation, however, does not explain how photosynthesis.
oceurs. It is helpful to examine the two stages separately in order
to better understand the overall process of photosynthesis.

|CAPTURING LIGHT ENERGY

The first stage of photosynthesis includes the light reactions, so
named because they require light to happen. The light reactions
begin with the absorption of light in chloroplasts, organelles found
in the cells of plants and algae. Most chloroplasts are similar in
structure. As shown in Figure 63, each chloroplast is surrounded
by a pair of membranes. Inside the inner membrane Is another sys-
tem of membranes called thylakolds (THIEluhkoydz) that are
armanged as lttened sacs. The thylakoids are connected and layered
to fomm stacks called grana (GRAYuh) (singular, gramum).
Surrounding the grana s a solution called the stroma (STROH-muf).
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Station 6 – Calvin Cycle
[image: image7.png]Stage 2 The Calvin Cycle: Making Sugar

The high-energy products of the light reactions—electrons (in the form of NADPH) and
energy (in the form of ATP)—are used to make sugar from CO;. This occurs in the stroma,
the fluid in the interior of the chloroplast, through a series of chemical reactions called the
Calvin cycle. This sugar is later used to produce glucose (CsHi;O), the primary energy
source for most cells. The end result of photosynthesis is to capture the energy in sunlight

and store it in the form of sugar molecules.

O Talking to your plants provides them with exhaled CO,, but it

has not been proven that this makes them grow faster.

Core Idea

The overall process of photosynthesis is broken down into two main stages: (1) The
light reactions capture the energy in sunlight and store it as chemical energy, and
(2) the Calvin cycle uses that chemical energy to produce sugar.
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Making ATP in Light Reactions
AT s the main energy currency of cells. An important part of the
light reactions is the synthesis of ATP through a process called
chemiosmosis (KeM-i-ahs-MOH-sis). Chemiosmosi
tration gradient of protons across the thylakoid membrane. Recall
that some protons are produced from the splitting of water mole-
cules inside the thylakoid. Other protons are pumped from the

stroma to the interior of the thylakoid. The energy
required to pump these protons is supplied by the
excited electrons as they pass along the electron
transport chain of photosystem Il. Both of these
mechanisms act to build up a concentration gradi-
ent of protons. That i, the concentration of protons
i higher inside the thylakoid than in the stroma.

‘The concentration gradient of protons represents.
potential energy. That energy is hamessed by an
enzyme called ATP synthase, which is located in the
thylakoid membrane, as Figure 68 shows. ATP syn-
thase makes ATP by adding a phosphate group to
adenosine diphosphate, or ADP. The energy driving
this reaction s provided by the movement of pro-
tons from inside the thylakoid to the stroma
through the ATP synthase complex. Thus, ATP syn-
thase converts the potential energy of the proton
concentration gradient into chemical energy stored
in ATP. As you learned earlier, some of the protons
in the stroma are used to make NADPH from NADP*
at the end of the electron transport chain of photo-
system . Together, NADPH and ATP provide energy
for the second set of reactions in photosynthesis,
‘which are described in the next section.

1. Explan why both autorophs and heterotrophs
depend on photosynthess o abtan the energy
‘they need for life processes.

2. Describe the role of chlorophyls in the biochem-
ical pathways of photosynthesis.

3. List the three substances that are produced
‘when water molecules are broken down during
the light reactions.

4. Explain why the splitting of water is important
to the continuation of the light reactions.

5. Name the product of the process known as
chemiosmosis

CRITICAL THINKING

6. Making Comparisons Thinking about the main
role of pigments in phatosynithesis, explain how
the pigments in colored objects such as clothes
diffr from plant pigments.

7. Analyzing Information The molecule that
precedes the electron transport chains of both
photosystem | and photosystem Il s an electron
acceptor. What i the original molecule that is
the electron donor for both of these systems?

8. Predicting Results Explain how the light eac-
tons would be affected if there were no concen-
ration gradient of protons across the thylakoid
membrane.

P ——T—




Station 7
Station 7
[image: image8.png]ALTERNATIVE PATHWAYS

Many plant species that evolved in hot, dry climates fix carbon
through alterative pathways. Under hot and dry conditions,
plants can rapidly lose water to the air through small pores called
‘stomata (STOH-muh-tuh). Stomata (singular, stoma), shown in Figure
610, are usually located on the undersurface of the leaves. Plants
can reduce water loss by partially closing their stomata when the
airis hot and dry.

Stomata are the major passageways through which CO, enters
and O, leaves a plant. When a plant’s stomata are partly closed, the
level of CO, in the plant falls as CO, is consumed in the Calvin
cycle. At the same time, the level of O, i the plant rises as the light
reactions generate O, Both a low CO; level and a high O, level
inhibit carbon fixation by the Calvin cycle. Alternative pathways
for carbon fixation help plants deal with this problem.

Word Roots and Origins

stomata

from the Greck stoma, meaning
s

FIGURE 6-10

‘These photos show stomata i the eaf
of  tobacco plant, Niotians tabacum.
() When astomais open ater,carbon
oride, and othr gases can pass
through t 0 enter o leave a lant
(814). () When  stoma s dlosed,
passage through it geaty resrited
78%).








Station 8
[image: image9.png]FACTORS THAT AFFECT
PHOTOSYNTHESIS

Photosynthesis is affected by the environment. Three factors with
the most influence are light intensity, CO, level, and temperature.

Light Intensity

As shown in Pigure 6-12a, the rate of photosynthesis increases as
light intensity increases. Higher light intensity excites more elec-
trons in both photosystems. Thus, the light reactions occur more
rapidly. However, at some point all of the available electrons are
excited, and the maximum rate of photosynthesis i reached. The
rate stays level regardless of further increases In light intensity.

FIGURE 612
eapenuor | Carbon Dioxide Levels

photosynthess inparts (@) gt Increasing levels of CO, also stimulate photosynthesis untilthe rate
intensityinreases the rate of of photosynthesis levels off. Thus, a graph of the rate of photosyn-

Photosyntessnceases and tenves thesis versus CO, concentration would resemble Figure 6-12a.
oot a masimum. () s emperstre

increases theate of hotosrtess Tempemtare
decrases with frtherses n Increasing temperature accelerates the chemical reactions involved
temperaue. in photosynthesis. As a result the rate of photosynthesis Increases

as temperature increases, over a cer-

D S T Lt il  tain range. This effect is llustrated by

the et half of the curve in Figure 6-12b.

2 Z ‘The rate peaks at a certain tempera-
ture, at which many of the enzymes

that catalyze the reactions become

nefective. Also, the stomata begin to

close, limiting water loss and CO, entry

3 3 into the leaves. These conditions
i 3 cause the rate of photosynthesis to
decrease when the temperature i fur-

(@) Light Intensity (@) Repemon; ther increased, as shown by the right
half of the curve in Figure 6-12b.





Name __________________________________________   Date _________    Hr. _____
Photosynthesis Information stations:
Station 1

1. What energy do all organisms depend on for food – life?
2. What is an autotroph?
3. What type of organic compounds do most autotrophs make?
4. What is a heterotroph?
5. What is a biochemical pathway?

Station 2

1. Explain how are photosynthesis and cellular respiration connected?
2. List the two stages of photosynthesis
3. What do the light reactions produce?
4. What does the Calvin cycle produce?
5. Write the equation for photosynthesis – identify each molecule.
Station 3

1.  Where does photosynthesis take place?

2.  Describe the following:


Thylakoids

Granum

Stroma

Station 4

1. What is white light?
2. Why do the leaves on a tree look green in the summer?
3. What is chlorophyll and what does it absorb?
4. What does a peak on the graph above indicate?
5. Why do leaves change color in the fall?

Station 5

1. Where do the light reactions take place?
2. What do they produce?
3. How is the energy used that is made in the light reactions?

Station 6

1. What does the Calvin cycle produce?
2. Where does the CO2 come from?
3. Where does the Calvin cycle take place?
4. What is the end result of photosynthesis?
Station 7

1. What is a stoma?
2. Where are they located?
3. Why would they close?
4. How would this affect photosynthesis?
Station 8

1. List three factors that can affect the rate of photosynthesis.
2. Describe what is happening in the graph on the left.
3. Describe what is happening in the graph on the right.
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