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Photosynthesis and Respiration


Answer Key
[Note: This activity requires you to use the Cell Energy Cycle Gizmo.]
Learning goals
After completing this activity, you will be able to … 

· Compare the reactants and products of photosynthesis.
· Compare the reactants and products of respiration.
Vocabulary: adenosine triphosphate, aerobic respiration, anaerobic respiration, cellular respiration, chemical energy, chlorophyll, chloroplast, glucose, glycolysis, mitochondria, photosynthesis, radiant energy
Warm-up questions 
1. How does the sun provide you with the energy you need to live and move around?

Answers will vary. [The sun allows plants to produce food and oxygen via photosynthesis. Animals extract the energy they need to live from food with the help of oxygen.]
2. How do plants help the sun to provide you with energy?

Answers will vary. [Plants are needed to convert the sun’s radiant energy into chemical energy stored in food.]
Introduction: Photosynthesis and respiration
Whenever you eat, you are probably either consuming a plant an animal that ate a plant. Plants are the great fuel sources of the world, converting the energy of the sun into chemical energy that animals can use. Even the great stores of fossil fuel—coal, oil, and gas—in Earth’s crust are derived from plants. 

The process by which plants convert the sun’s energy into food is called photosynthesis. Photosynthesis takes place in tiny structures in plant cells called chloroplasts. Photosynthesis begins when the green pigment inside chloroplasts, chlorophyll, absorbs photons of sunlight. This triggers a complex chain of reactions involving water and carbon dioxide, resulting in the production of sugar called glucose and oxygen. The result is that the radiant energy of sunlight is converted into chemical energy stored in the bonds of the glucose molecules.

When animals eat plants, the food is broken down into sugars and transported to cells. Within cells, small structures known as mitochondria convert the sugars into chemical energy that the cell uses to live. This process is cellular respiration. You can look at the reactants and products of photosynthesis and respiration more closely using the Cell Energy Cycle Gizmo™.  

In Depth: Understanding Photosynthesis and Respiration
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Photosynthesis and respiration are incredibly complex processes. Before diving in, it helps to know how energy is stored in the cell. The main molecules that store energy in cells are adenosine triphosphate (ATP) and (take a deep breath) nicotinomide adenine dinucleotide phosphate-oxidase (NADPH). 

Both molecules can be converted from a non-excited state to an excited state. For ATP, the non-excited state is adenosine diphosphate (ADP). When ADP absorbs energy, it bonds to another phosphate group and becomes ATP. ATP can release energy when it is converted back to ADP. For NADPH, the non-excited state is NADP. Absorbing energy converts NADP to NADPH, while releasing energy converts NADPH back to NADP.

The reactions of photosynthesis take place in two stages. The first stage is called the light-dependent reaction. In this stage, photons of light are absorbed by the chlorophyll molecules. This causes electrons to be emitted from certain chlorophyll atoms. The energy from these electrons is used to create both ATP molecules and NADPH molecules.

The energy of emitted electrons in the light-dependent reaction also helps to split water molecules into hydrogen ions, electrons, and oxygen. These electrons are used to replenish the chlorophyll molecules that have lost electrons, completing the cycle. The hydrogen ions are used in the next stage of photosynthesis, and the oxygen escapes as a waste product.

The second stage of photosynthesis is called the light-independent reaction because it does not require light. In this reaction, also called the Calvin cycle, energy from the NADPH and ATP molecules, as well as the hydrogen ions from the water, are used to transform carbon dioxide (CO2) into glucose (C6H12O6). The excess oxygen produced in this process is released.
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Cellular respiration is the reverse of photosynthesis from a materials standpoint and an energy standpoint. The first step of cellular respiration is called glycolysis. Glycolysis occurs in the cytoplasm of the cell. In this step, the glucose molecule is divided into two pyruvic acid (CH3COCOOH) molecules. This produces enough energy to have a net effect of converting two ADP molecules to ATP molecules. This stage does not require oxygen and is a form of anaerobic respiration. 

Before entering the mitochondria, the pyruvic acid is converted by enzymes to a substance called acetyl CoA. This reaction produces a molecule of CO2. The acetyl CoA molecules move into the mitochondria.
Once the acetyl CoA is inside the mitochondrion, it is oxidized to CO2 in a series of reactions called the citric acid cycle (also known as the Krebs cycle). This reaction produces a net of approximately 30 ATP molecules for every two acetyl CoA molecules that enter into the cycle. The byproducts of this reaction are carbon dioxide and water. This process is a form of aerobic respiration.

One reason the photosynthesis and respiration reactions are so complex is that cells need to keep these reactions relatively slow and controlled. Cells must avoid the damaging heat that can be produced by a fast reaction, and also require enough time to synthesize the various energy-storing molecules that are involved. Keeping the reactions controlled helps to accomplish both of these aims. 

Activity A: Photosynthesis
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Open the Cell Energy Cycle Gizmo. Check that the PHOTOSYNTHESIS tab is selected. The green structure you see is a chloroplast. The reactants and products of photosynthesis are shown on the left side of the Gizmo.

1. Notice that the chemical formula of each substance is given. Write these formulas in the spaces below. 
Oxygen: O2 
Glucose: C6H12O6 
Carbon dioxide: CO2
Water: H2O
2. Based on what you have read so far, what two substances are the reactants in photosynthesis? Carbon dioxide and water
To check, drag each of these substances into the chloroplast. 

3. What else is needed for photosynthesis to occur? Sunlight
4. Click Add light. What two substances are produced by photosynthesis? 

Oxygen and glucose
5. The chemical equation for photosynthesis is written below. Balance the equation by writing coefficients in front of each substance. When the equation is balance, there will be the same number of carbon, oxygen, and hydrogen atoms on each side of the equation.
6 H2O + 6 CO2 + light energy → 6 O2 + 1 C6H12O6
6. To check your work, turn on Show chemical equation and click Balance. If necessary, correct your equation. In the space below, describe the photosynthesis equation in words.
Six water plus six carbon dioxide molecules plus light energy yield six oxygen molecules and one glucose molecule.
7. Why is the term “light energy” written on the left side of the equation? 

Light is required for the photosynthesis reaction to proceed, so it acts as a reactant.
8. Compare the reactants and products of photosynthesis in terms of energy. 
Light energy is converted into chemical energy stored in glucose molecules.
Activity B: Respiration

Respiration is the process by which cells convert the energy of glucose into chemical energy the cell can use. Respiration occurs in all cells: plant cells, animal cells, fungi cells, protist cells, and bacterial cells.
For all eukaryotic cells (cells that are not bacteria), respiration occurs in two stages. The first stage occurs in the cytoplasm and produces a small amount of energy. The second stage occurs in the mitochondria and produces a large amount of energy. 
In the Cell Energy Cycle Gizmo, select the RESPIRATION tab. The tab shows a green mitochondrion surrounded by blue cytoplasm. 

1. Based on what you have read so far, what two substances are the reactants in Respiration? 
Oxygen and glucose
Drag these substances into the cell. Notice where each substance ends up inside the cell. 

2. Click Next. What happens next? 
The glucose is split into two pyruvic acid molecules, releasing a small amount of energy.
This process is called glycolysis. Glycolysis produces two ATP molecules for every molecule of glucose. Glycolysis is a form of anaerobic respiration, meaning respiration that takes place without using oxygen. Some primitive life forms, such as yeast, rely on anaerobic respiration and do not need oxygen to survive. 
3. Click Next. What happens now? 

The pyruvic acid molecules move into the mitochondrion.
(Note: In fact, the pyruvic acid is converted to acetyl CoA before entering the mitochondrion. For simplicity, this step is not shown in the Gizmo.)
4. Click Next. What happens now? 

Inside the mitochondrion, the pyruvic acid reacts with oxygen and is converted into water and carbon dioxide, releasing a large amount of energy in the process.
This process is called aerobic respiration because it requires oxygen. Aerobic respiration in the mitochondrion produces approximately 30 ATP molecules for every two molecules of pyruvic acid.

5. The chemical equation for respiration is written below. Balance this equation by placing coefficients in front of each substance.
 1 C6H12O6 + 6 O2 → ​6 H2O + 6 CO2 + chemical energy (ATP)
6. To check your work, turn on Show chemical equation and click Balance. Describe the respiration equation in words.

One glucose molecule reacts with six oxygen molecules to produce six water molecules, six carbon dioxide molecules, and ATP.
7. Why is the term “chemical energy” written on the right side of the equation?

The result of cellular respiration is the release of chemical energy in the form of ATP molecules. [Before cellular respiration the chemical energy was stored in glucose molecules.]
8. What is the total number of ATP molecules produced from one molecule of glucose during cellular respiration? Approximately 32
9. Compare the reactants and products of respiration in terms of energy. 
Chemical energy is stored in both the reactants and products of cellular respiration. [Chemical energy is stored in the reactant glucose and in the product ATP.]
10. Summarize: How are the photosynthesis and respiration equations related to one another?
The two equations are opposites. In photosynthesis, carbon dioxide and water and radiant energy produce glucose and oxygen. In respiration, glucose and oxygen produce carbon dioxide, water, and chemical energy.
11. How do plants provide animals with everything they need for respiration to take place? 

Plants provide animals with oxygen and glucose, the two reactants in cellular respiration.
12. How do animals provide plants with the raw materials for photosynthesis?
The byproducts of respiration are water and carbon dioxide. These are the raw materials needed for photosynthesis.



























