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Plants are experts at using light energy to make sugars through a process called photosynthesis. While
you may be familiar with photosynthesis, it is a much more complex process than it seems. Just how do
plants convert sunlight into glucose, and why do they need carbon dioxide and water to do it? The
answer to these questions can be found by studying the two main stages of photosynthesis: light-
dependent reactions and the Calvin cycle.

Light-Dependent Reactions

During light-dependent reactions (the first stage of photosynthesis), a pigment called chlorophyll is
responsible for the absorption of light energy and can be found in the chloroplasts of plant cells.
Chlorophyll also plays an important role in transforming the light energy that was absorbed into chemical
energy.

In plants, light-dependent reactions take place in the thylakoid membranes of organelles called
chloroplasts. Light-dependent reactions involve a series of chemical reactions that use light energy to
make two molecules needed for the next stage of photosynthesis: ATP and NADPH. ATP is an energy
storage molecule, whereas NADPH is a molecule used to provide electrons that will help fuel the
reactions that take place in the second stage of photosynthesis. The net effect of these steps is to
convert light energy into chemical energy in the form of ATP and NADPH. The ATP and NADPH from
the light-dependent reactions are used to make sugars in the next stage of photosynthesis, the Calvin
cycle.

Pause to answer Analysis Questions 1 and 2.
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The Calvin Cycle

In plants, carbon dioxide enters the interior of a leaf via pores called stomata and diffuses into the
chloroplast, where sugar the Calvin cycle (the second stage of photosynthesis) is used to synthesize

glucose.

The reactions of the Calvin cycle take place in the inner space of chloroplasts called the stroma. In the
Calvin cycle, carbon atoms from CO, are incorporated into molecules and used to build sugars. This
process is fueled by the ATP and NADPH from the light reactions.
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Pause to answer Analysis Question 3.
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The Calvin cycle reactions can be divided into three main stages: carbon fixation, reduction, and
regeneration:

1. Carbon fixation: A CO, molecule combines with three molecules of RuBP, resulting in a total of
six molecules of 3-PGA. This reaction is caused by an enzyme called rubisco.

2. Reduction: Six ATP and six NADPH are used to convert the six 3-PGA molecules into six
molecules of a sugar called G3P. This reaction is considered a reduction because NADPH must
donate its electrons to make G3P.

3. Regeneration: One G3P molecule leaves the cycle so it can be used to make glucose. The
other five G3Ps must be recycled to regenerate the RuBP and start the cycle all over again.
Regeneration requires ATP and involves a series of complex chemical reactions.
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Three turns of the Calvin cycle are needed to make one G3P molecule. It takes two G3Ps to build a

glucose molecule. Therefore, it would take six turns of the cycle, or 6CO,, 18 ATP, and 12 NADPH, to
produce one molecule of glucose.

Answer Analysis Question 4.
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