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Cellular Respiration
 Glycolysis & FermentationAbsence of oxygen
 Glycolysis &Aerobic RespirationPresence of oxygen
 Chapter 9
 1

Page 2
						

Comparing Photosynthesis and Cellular Respiration A. The energy flow in these reactions take place in opposite directions
 B. The equations for photosynthesis and cellular respiration are the reverse of each other.
 C. Photosynthesis releases oxygen and cellular
 respiration uses the oxygen to release the energy in food.
 D. Photosynthesis uses carbon dioxide and
 cellular respiration replaces it.
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Page 3
						

Goal: Convert food (C6H12O6)energy ATP Energy Overall Reaction:
 C6H12O6+6O2 6CO2+6H2O+Energy (ATP)
 Aerobic Path (needs O2), 2 Steps: net 36 ATP1. Glycolysis2. Aerobic Respiration: Krebs Cycle & ETC
 Anaerobic Path (no O2), 2 Steps: net 2 ATP Not efficient!1. Glycolysis2. Fermentation: Lactic Acid or Alcoholic
 3
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2 ATP
 36 ATP
 4
 Total = 2 ATP
 Total = 38 ATP

Page 5
						

Glycolysis – The first step in the releasing of energy. Only a small amount of energy is released in glycolysisa. If Oxygen is present Glycolysis enters Aerobic Respiration = the Krebs cycle and then the electron transport chain = lots of energyb. If no Oxygen present Glyclysis enters Fermentation, and no additional energy is made.
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Location: cytosol/cytoplasm of mitochondria Products:
 1. 2 Pyruvic Acid molecules (3-C)2. 2 NADH (e- acceptors)3. 4 ATP are made – 2 ATP used = 2 ATP
 net
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1. Releases energy from food to produce ATP in the absence of oxygen.
 2. Cells convert NADH to NAD+ by passing the electrons to pyruvic acid (produced during glycolysis). The NAD+ can then be used again in glycolysis.
 3. The process is anaerobic, as it does not require oxygen.
 4. The two main types of fermentation are alcoholic and lactic acid fermentation.
 7

Page 8
						

Lactic acid fermentation1) Formula: Pyruvic acid + NADH Lactic acid + NAD+
   2) Carried out by microorganisms and muscle cells
   3) Examples:  a).produced by muscles during exercise
 when O2 limited The build up of lactic acid in muscles
 causes the burning sensation and soreness.
   b) Bacteria go though lactic acid fermentation and are used in foods like
 sour cream, yogurt, buttermilk, pickles, and sauerkraut.
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Alcoholic fermentation1.)Formula:
 Pyruvic acid + NADH Alcohol + CO2 + NAD+
 2.)Used by yeast and other microorganisms
 3) Examples:a) Yeast in dough causes bread to rise.
 The carbon dioxide given off causes the holes in bread.
 b) Microorganisms in the beer and wine industry
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Lactic AcidLocation: cytosolProducts:
 1.Regenerates NAD+
 2.Lactic AcidUses:
 1.Food production: cheese & yogurt
 2.Muscle cells (i.e. sprint)
 AlcoholicLocation: cytosolProducts:
 1.Regenerate NAD+
 2.Ethyl Alcohol3.CO2
 Yeast & some plant cells
 Uses:1.Wine & beer2.Bread making
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13
 Quick Energy
 Cells normally contain small amounts of ATP produced during cellular respiration, enough for a few seconds of intense activity.
 Lactic acid fermentation can supply enough ATP to last about 90 seconds. However, extra oxygen is required to get rid of the lactic acid produced. Following intense exercise, a person will huff and puff for several minutes in order to pay back the built-up “oxygen debt” and clear the lactic acid from the body.
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1. Cellular respiration is the process that releases energy by breaking down glucose and other food molecules in the presence of oxygen.6O2 + C6H12O6 ---> 6CO2 + 6H2O + energy
 2. Cellular Respiration processes: - Glycolysis- Krebs cycle- Electron Transport Chain
 3. The energy has to be released from the food a little bit at a time to be trapped in the form of ATP.
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2 Steps after Glycolysis:1. Krebs Cycle (KC)2. Electron transport chain (ETC)
 Location: Prokaryotes: KC & ETC in cytosol Eukaryotes:
 KC: mitochondrial matrix ETC: inner mitochondrial membrane
 Products: KC: 6NADH, 2FADH2, 2ATP, 4CO2
 ETC: 34 ATP
 16
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Matrix
 Cristae Inner Membrane
 Outer Membrane
 17

Page 18
						

Krebs Cycle - second stage of cellular respiration (After glycolysis) 1. Named after Hans Krebs – also known as the Citric Acid Cycle because citric acid is the first compound formed.
  2. Pyruvic acid from glycolysis is broken down into carbon dioxide in a series of energy extracting reactions.
  3. Takes place in the matrix or space in the mitochondria in eukaryotes and the cytoplasm in prokaryotes.
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Start: Pyruvic Acid (PA) enters matrix of mitochondria
 19
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2. Pyruvic Acid (3 carbon molecule) loses a Carbon molecule.The carbon joins with oxygen and carbon dioxide is produced.NAD+ accepts the electrons from the broken bond and forms NADH.Pyruvic acid now forms Acetyl Coenzyme A (CoA)
 20
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3. Acetyl CoA joins with a 4-carbon molecule known as oxaloacetic acid and forms citric acid.
 4. Citric Acid loses a Carbon molecule and forms a 5 carbon molecule.The carbon joins with oxygen and carbon dioxide is produced.NAD+ accepts the electrons from the broken bond and forms NADH.
 21
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5. The 5 carbon molecule loses a Carbon molecule and forms a 4 carbon molecule, known as oxaloacetic acid.The carbon joins with oxygen and carbon dioxide is produced.NAD+ accepts the electrons from the broken bond and forms NADH.ADP picks up a phosphate and forms ATP.
 22
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6. Oxaloacetic acid (4 carbon molecule) joins with the acetyl Co A (2 carbon molecule) and forms citric acid and the cycle starts over again.FAD picks up electrons from broken bonds and forms FADH2.NAD+ accepts the electrons from broken bond and forms NADH.ADP picks up a phosphate and forms ATP.
 23
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• The Krebs Cycle turns twice for each glucose molecule that enters glycolysis.
 Outcome of Krebs Cycle = products a.6 Carbon dioxide molecules are released
 when you breathe out
 b. 2 ATP can then be used in cellular activities
 c. 8 NADH and 2 FADH2 molecules will move on the ETC to generate large amounts of ATP
 24
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Electron Transport System (ETS)1. The electron carriers FADH2 and NADH
 take the high energy electrons from the Krebs Cycle and glycolysis to the electron transport chain to convert ADP and P to ATP (also known as chemiosmosis).
 25
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2. As electrons get passed from carrier to carrier, some of the energy is used to pump hydrogen ions from the matrix across the membrane to the innermembrane space (making it positively charged). Making the concentration gradient uneven.3. ATP synthase allows hydrogen ions to pass across the membrane, thereby forming ATP.
 26
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 4. Electrons are passed from carrier to carrier of the ETS. Oxygen is the last acceptor of the electrons, and combines with hydrogen to produce water.
 O2 final electron acceptor + e- + H+ Produces H2O
 5. Takes place on the inner membrane of the mitochondria for eukaryotes or the cell membrane of prokaryotes
 6. Regenerate NAD+ & FAD – which will be used in the krebs cycle. 
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Energy Totals for CR  1. Glycolysis
 produced a net of 2 ATPs
   2. The Krebs cycle and the ETS – aerobic respiration enable the cell to produce 36 more ATPs
 TOTAL = 38 ATP
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For intense exercise lasting longer than 90 seconds, cellular respiration is required to continue production of ATP.
 Cellular respiration releases energy more slowly than fermentation does.
 The body stores energy in the form of the carbohydrate glycogen. These glycogen stores are enough to last for 15 to 20 minutes of activity. After that, the body begins to break down other stored molecules, including fats, for energy.
 Hibernating animals like bears rely on stored fat for energy when they sleep through the winter.
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Quick EnergyFast, High Intensity Workouts - Weight Lift, SprintNot enough O2 Glycolysis & Lactic Acid
 Fermentation0-90 seconds activity
 Long-Term EnergySteady, Low Intensity Workouts - Jog, walk,
 enduranceO2 available aerobic respiration> 90 seconds of activityGlycogen stores last ~15-20 minutes break down
 fats, etc.
 30
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