Chapter 5: Photosynthesis and Cellular Respiration
Key Concepts:

1. Energy and Living Things

· Energy from sunlight flows through living systems, form autotrophs to heterotrophs. 

· Photosynthesis and cellular respiration form a cycle because one process uses the products of the other.

· ATP supplies cells with energy needed for metabolism.

2. Photosynthesis

· Photosynthesis has three stages. First, energy is captures from sunlight. Second, energy is temporarily stored in ATP and NADPH. Third, organic compounds are made using ATP, NADPH, and carbon dioxide.

· Pigments absorb light energy during photosynthesis. 

· Electrons excited by light travel through electron transport chain, in which ATP and NADPH are produced.

· Through carbon dioxide fixation, often by the Calvin cycle, carbon dioxide in the atmosphere is used to make organic compounds, which store energy.

· Photosynthesis is directly affected by environmental factors such as the intensity of light, the concentration of carbon dioxide, and temperature. 

3. Cellular Respiration

· Cellular Respiration has two stages. First, glucose is broken down to pyruvate during gycolysis, making some ATP. Second, a large amount of ATP is made during aerobic respiration. When oxygen is not present, NAD+ is recycled during the anaerobic process of fermentation. 
· The Krebs cycle is a series of reactions that produce energy-storing molecules during aerobic respiration.

· During aerobic respiration, large amounts of ATP are made in an ETC.

· When oxygen is not present, fermentation follows gycolysis, regenerating NAD+ needed for gycolysis to continue. 

Key Terms:

1) Photosynthesis – The process by which light energy is converted to chemical energy.

2) Autotroph – Organisms which get their energy from the sun or chemical bonds in inorganic substances to make organic compounds.

3) Heterotroph – Organisms which get their energy from the food they eat.

4) Cellular Respiration – How the energy in the cell is harvested/used up. 

5) Pigment – Light absorbing substances
6) Chlorophyll – The primary pigment in photosynthesis. 
7) Carotenoid – Pigments that produce yellow and orange fall leaf colors, as wll as the colors of many fruits, vegetables, and flowers.
8) Thylakoid – A three-layered membrane located in the chloroplast as disk-shaped structures.
9) Electron Transport Chain – Series of molecules through which excited electrons are passed along a Thylakoid membrane.
10) NADPH – An electron carrier that provides the high stage of photosynthesis. 
11) Carbon Dioxide Fixation – The transfer of carbon dioxide to organic compounds.
12) Calvin Cycle – A series of enzyme-assisted chemical reactions that produce a three-carbon sugar.
13) Aerobic – Metabolic processes that require oxygen.
14) Anaerobic – Metabolic processes that do not require oxygen
15) Gycolysis – The breakdown of glucose in the cytoplasm during cellular respiration.
16) NADH – As glucose is broken down, some of its hydrogen atoms are transferred to an electron acceptor called NAD+, forming NADH; an electron carrier.
17) Krebs Cycle – Where Acetyl-CoA enters a series of enzyme-assisted reactions.
18) FADH2 – Another type of electron carrier. 
19) Fermentation – The recycling of NAD+ using an organic hydrogen acceptor. 
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Electron Transport Chains
How are electron transport chains used to make molecules that temporarily store energy in the cell? The first electron transport chain shown in figure 8 lies between the two large green clusters of pigment molecules. This type of electron transport chain contains a protein (the large purple molecule) that acts as a membrane pump. Excited electrons lose some of their energy as they each pass through this protein. The energy lost by the electrons is used to pump hydrogen ions, H+, into the thylakoid. Recall that hydrogen ions are also produced when water molecules are split inside the thylakoid.
   As the process continues, hydrogen ions become more concentrated inside the thylakoid than outside, producing a concentration gradient across the thylakoid membrane. As a result, hydrogen ions have a tendency to diffuse back out of the thylakoid down their concentration gradient through specialized carrier proteins (illustrated on the lower surface of the thylakoid). These carrier proteins are unusual because they function both as an ion channel and as an enzyme. As hydrogen ions pass through the channel portion of the protein, the protein catalyzes a reaction in which a phosphate group is added to a molecule of ADP, making ATP. Thus, the movement of proteins provides energy needed to make ATP, which is used to power the third stage of photosynthesis. 

   While one electron transport chain provides energy used to make ATP, a second electron transport chain provides energy used to make NADPH. NADPH is an electron carrier that provides the high-energy electrons needed to make carbon-hydrogen bonds in the third stage of photosynthesis. The second electron transport chain shown in Figure 8 lies to the right of the second green pigment molecule. In this second chain, excited electrons combine with hydrogen ions as well as an electron acceptor called NADP+, forming NADPH. 
   The light dependent reactions of photosynthesis can be summarized as follows. Pigment molecules in the thylakoids of chloroplasts absorb light energy. Electrons in the pigments are excited by light and move through electron transport chains in thylakoid membranes. These electrons are replaced by electrons from water molecules, which are split by an enzyme. Oxygen atoms from water molecules combine to form oxygen gas. Hydrogen ions accumulate inside thylakoids, setting up a concentration gradient that provides the energy to make ATP.
Calvin Cycle
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Step 1: In carbon dioxide fixation, each molecule of carbon dioxide, CO2, is added to a five-carbon compound by an enzyme. 
Step 2: The resulting six-carbon compound splits into two three-carbon compounds. Phosphate groups from ATP and electrons from NADPH are added to the three-carbon compounds, forming three-carbon sugars.

Step 3: One of the resulting three-carbon sugars is used to make organic compounds- including starch and sucrose- in which energy is stored for later use by the organism. 

Step 4: The other three-carbon sugars are used to regenerate the initial five-carbon compound, thereby completing the cycle. 

Gycolysis
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Step 1: In a series of three reactions, phosphate groups form two ATP molecules are transferred to a glucose molecule. 

Step 2: In two reactions, the resulting six-carbon compound is broken down to two three-carbon compounds, each with a phosphate group.

Step 3: Two NADH molecules are produced, and one more phosphate group is transferred to each three-carbon compound.

Step 4: In a series of four reactions, each three-carbon compound is converted to a three-carbon pyruvate, producing four ATP molecules in the process. 
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Photosynthesis & Cellular Respiration Summarized

Photosynthesis: Takes place in chloroplasts

1) Energy is captured ( blue + red = green + yellow

2) Converted to chemical energy (ETC) ( ETC produces ATP and NADPH

3) Storage of energy ( CO2 fixation in Calvin Cycle (energy stored in 3 carbon sugar)

Formula: 6CO2 + 6H2O + Light Energy ( C6H12O6 + 6O2




      Carbon dioxide + Water     +        Sun
           (
Sugar/Glucose +  Oxygen Gas
Cellular Respiration: Takes place in cytoplasm and mitochondria

1) Breaking down glucose ( gycolysis breaks down sugar to produce 2 pyruvate (2 ATP)

2) Production of ATP (
a. Krebs cycle takes Acetyl-CoA and produces NADH, FADH, and CO2 (2 ATP). 

b. ETC uses O2 and produces H2O (up to 34 ATP)

Formula: C6H12O6 + 6O2 + Enzymes ( 6CO2 + 6H2O + ATP





         Sugar/Glucose + Oxygen gas + enzymes   (  Carbon dioxide + Water + Energy

