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The Mitochondria 

 The mitochondria is a double 

membrane organelle 

 Two membranes 

 Outer membrane 

 Inter membrane space 

 Inner membrane 

 Location of ETC 

 Inside the inner membrane is an area 

called the matrix 
 Location of Krebs Cycle 

 Crista (plural is cristae) – infolding of the 

inner membrane of a mitochondiron.   4/28/2014 3 



The Mitochondria 

 The mitochondria is an organelle found in the 

cells of eukaryotic organisms 

 Eukaryotes  

 Organisms having a nucleus and organelles 

 Animals, plants, fungus and protists 

 Cells 

 Basic unit of structure and function of all living 

organisms 

 Cell membrane surrounds the cytoplasm 

 Cytoplasm is made up of two parts 

 Organelles – specialized structures within cells 

that have specific function 

 Cytosol – the fluid surrounding the organelles 
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Overview of Cellular Respiration 

 Cellular respiration is the process in all 

eukaryotes that releases energy by breaking 

down food molecules in the presence of 

oxygen to make ATP 

 Organisms that respire: animals, fungi, plants 

and protists.   

 Because it occurs in the PRESENCE of 

OXYGEN, cellular respiration is known as 

AEROBIC respiration 

 Aerobic – needing or using oxygen 

 Anaerobic – not needing or using oxygen 4/28/2014 5 



Chemical Energy & Food 

 How much energy is in 

food? 

 A lot – 1 gram of sugar 

glucose, when burned in 

the presence of oxygen, 

releases 3811 calories of 

heat energy 

 A calorie is the amount of 

energy required to raise 

the temperature of 1 gram 

of water 1 degree Celcius 
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Chemical Formula for Cellular 

Respiration 

 The chemical formula for cellular respiration is: 

 6O2  +  C6H12O6 → 6 CO2  +   6 H2O 

 oxygen + glucose   →   carbon dioxide + water 

 The reactants of cellular respiration are: 

 oxygen (O2) & glucose (C6H12O6) 

 The products of cellular respiration are: 

 carbon dioxide (CO2) and water (H2O) 

 The 4 main stages of cellular respiration are: 

1. Glycolysis – takes place in the cytosol 

2. Conversion of Pyruvate to Acetyl CoA – cytosol to matrix 

3. Krebs Cycle (Citric Acid Cycle) – takes place in the 
matrix of the mitochondria 

4. Electron Transport Chain – takes place in the inner 
membrane of the mitochondria 
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Location of Cellular Respiration 
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Visual Overview of Cellular 

Respiration 

Krebs 

Cycle 

4/28/2014 9 



Glycolysis Overview 

 The first set of reactions in cellular 

respiration is glycolysis 

 Glycolysis is the process in which 1 

molecule of glucose is broken in half, 

producing 2 molecules of pyruvic acid 

 Pyruvic acid and pyruvate are two forms of 

the same molecule 

 Glycolysis occurs in the cytoplasm of the 

cell and is anaerobic 

 Glycolysis produces a total of 4 ATP, but 

requires 2 ATP in the beginning to get 

through the membrane of the mitochondria 

 Therefore, the NET ATP YIELD is 2 ATP 

 ATP is produced through substrate level 

phosphorylation 
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Glycolysis Overview 

 Glycolysis is an catabolic, exothermic 

reaction.   
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Glycolysis in Detail 

ATP Production  

At the beginning of glycolysis, the cell uses 2 

molecules of ATP to start the reaction. 

 

 2 ADP 4 ADP 4 ATP 

2 Pyruvic 

acid 

2 ATP 

Glucose 
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2 ADP 4 ADP 4 ATP 2 ATP 

Glucose 

2 Pyruvic 

acid 

Glycolysis in Detail 

Later during glycolysis 4 ATP molecules are 

produced through substrate level 

phosphorylation.   

This gives the cell a net gain of 2 ATP 

molecules. 

 

 

4/28/2014 13 



To the electron 

transport chain 

 2NAD+ 2 Pyruvic 

acid 

4 ADP 4 ATP 2 ADP 2 ATP 

2 

Glycolysis in Detail 

NADH Production 

Glycolysis removes 4 high-energy electrons, 

passing them to an electron carrier called NAD+. 

 Each NAD+ accepts a pair of high-energy electrons 

and becomes an NADH molecule. 

 The NADH molecule holds the electrons until they can 

be transferred to other molecules. 
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Advantages of Glycolysis 

The Advantages of Glycolysis 

 The process is fast; cells can produce 

thousands of ATP molecules in a few 

milliseconds. 

 Does not require oxygen  

 Produces ATP through substrate level 

phosphorylation 

 The formation of ATP by an enzyme directly 

transferring a phosphate group to ADP from 

an intermediate substrate in catabolism 

 Products of glycolysis 

 Net 2 ATP 

 2 NADH 

 2 Pyruvate molecules 
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The Krebs Cycle 

The Krebs cycle begins when pyruvate 

produced by glycolysis enters the matrix of 

the mitochondrion. 

This begins the aerobic portion of cellular 

respiration 
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Conversion of pyruvate to acetyl CoA is junction 

between glycolysis and the Krebs Cycle 

 A pyruvate molecule enters the matrix 

of the mitochondria and is split into a 

two carbon molecule and CO2. 

 CO2 is given off as waste 

 The remaining molecule is acetate 

 During this process, high-energy 

electrons are transferred to NAD+, 

forming a molecule of NADH.   

 The NADH moves to the ETC.  

 A molecule called coenzyme A bonds 

to the remaining two-carbon molecule 

(acetate) to form Acetyl CoA.  

 Acetyl CoA continues through Krebs 

Cycle 

 

4/28/2014 17 



The Krebs Cycle 

Acetyl-CoA enters the matrix 

and adds the 2-carbons from 

the acetyl group to a 4-carbon 

compound, forming citric acid. 

This is why the Krebs Cycle is 

sometimes called the Citric Acid 

cycle – citric acid is the first 

molecule formed in the cycle.   

CoA breaks off and repeats this 

delivery system for additional 

pyruvate molecules 

Citric acid 
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The Krebs Cycle 

Citric acid (6 carbons) is broken down into a 

5-carbon compound, then into a 4-carbon 

compound. 

The lost carbons are given off as 2CO2 
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The Krebs Cycle 

 During the Krebs cycle, 
pyruvate is broken down into 
carbon dioxide in a series of 
energy-extracting reactions 

 For each turn of the 
cycle (including the 
junction), 3 CO2 
molecules are released 

 1 during conversion 

 2 during Krebs cycle 

 Every time you exhale, you 
expel the CO2 produced by 
the Krebs cycle 
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The Krebs Cycle 

 During the Krebs cycle a series 
of energy-extracting (redox) 
reactions allows 5 pairs of high 
energy electrons to be captured 
by energy carrying molecules 
called NADH and FADH2  

 4 NADH - Nicotinamide adenine 
dinucleotide 

 1 FADH2 - flavin adenine dinucleotide 

 These energy carrying 
molecules carry the energy to 
the Electron Transport Chain 

 The main function of the Krebs 
cycle is to transfer high energy 
electrons to molecules that 
carry them to the electron 
transport chain 4/28/2014 21 



The Krebs Cycle 

 For each turn of the Krebs 
cycle one molecule of 
pyruvate is broken down:    
 3 molecules of CO2 are given 

off as waste product 

 1 molecule of ATP is made 
through substrate level 
phosphyrlation 

 4 molecules of NADH sent to 
the electron transport chain 

 1 molecule of FADH2 sent to 
the electron transport chain 

 Remember, glycolysis 
produces 2 pyruvate 
molecules.   
 The totals are 6 CO2, 2 ATP, 

8 NADH, and 2 FADH2 
molecules.   
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The Krebs Cycle in detail 

 Conversion of pyruvate to acetyl CoA, the junction between glycolysis and 

the Krebs  A pyruvate molecule is split into a two carbon molecule.  A molecule 

called coenzyme A bonds to the two-carbon molecule to form an intermediate 

molecule called Acetyl CoA.  This intermediate molecule goes to the Krebs 

cycle. A molecule of carbon dioxide is given off as a waste product. High-energy 

electrons are transferred from the two-carbon molecule to NAD+, forming a 

molecule of NADH.  The NADH moves to the electron transport chain.  

 Step 1:  Citric acid formed  The two-carbon part of the intermediate molecule 

(Acetyl CoA) is added to a four-carbon molecule (oxaloacetate) to form a six-

carbon molecule called citric acid.  Coenzyme A goes back to form another 

Acetyl CoA as additional pyruvate in broken down.   

 Step 2:  Isocitrate formed  Water is removed and added back as citrate is 

converted to isocitrate.   

 Step 3:  Citric acid broken down  The citric acid molecule is broken down by 

an enzyme and a five-carbon molecule is formed (alpha-Ketoglutarate).  A 

molecule of NADH moves to the electron transport chain.  A molecule of carbon 

dioxide is given off as a waste product. 

4/28/2014 23 



The Krebs Cycle in detail 

 Step 4:  Five-carbon molecule broken down  The five-carbon molecule 

(alpha-Ketoglutarate) is broken down by an enzyme and a four-carbon molecule 

(Succinyl CoA) is formed.  A molecule of NADH is made and moves to the 

electron transport chain.  Carbon dioxide is given off as a waste product.  

 Step 5:  Four-carbon molecule rearranged  Enzymes rearrange the four-

carbon molecule Succinyl CoA to form Succinate.  Substrate level 

phophorylation occurs; CoA is displaced by a phosphate group, which is then 

transferred to GDP (guanosine diphosphate).  GDP then forms GTP.  GTP then 

donates a phosphate group to ADP.  One ATP molecule is formed and leaves 

the Krebs cycle.   

 Step 6:  Four-carbon molecule rearranged Succinate is rearranged to form 

Fumarate.  High-energy electrons are released.  One molecule of FADH2, which 

is another electron carrier, is made and moves to the electron transport chain.    

 Step 7:  Four-carbon molecule rearranged  Water is added to Fumarate and it 

is rearranged to form Malate.   

 Step 8:  Four-carbon molecule rearranged  Malate is rearranged to form 

Oxaloacetate – which is then ready to accept another two-carbon fragment from 

acetyl CoA for another turn of the cycle. A molecule of NADH is made and 

moves to the electron transport chain.    
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Electron Transport Chain 

 Following the Krebs cycle, the electrons 
captured by the energy carrying molecules 
NADH and FADH2 are passed to the electron 
transport chain which takes place in and 
across the inner membrane of a mitochondrion. 
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Electron Transport Chain 

High-energy electrons from NADH and FADH2 

are passed along the electron transport chain 

from one carrier protein to the next through a 

series of redox reactions. 
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Electron Transport Chain 

 When 2 high-energy electrons move down the 
electron transport chain, their energy is used by 
protein channels to pump hydrogen ions (H+) 
across the inner membrane of the mitochondria 
from the matrix into the intermembrane space. 
 This requires energy so it is a form of active 

transport.  H+ is being moved against its 
concentration gradient from an area of low 
concentration to an area of high concentration 

 This creates a + charge on the inside of the 
membrane and a – charge in the matrix of the 
mitochondria 
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Electron Transport Chain 

 During electron transport, H+ ions build up in 

the intermembrane space, so it is positively 

charged and has a high concentration of H+ 

ions .  
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Electron Transport Chain 

 The matrix, from where the H+ ions are taken, is 

now negatively charged and has a low 

concentration of H+. 

 As a result of this charge difference, H+ ions will 

move through channel proteins called ATP 

synthase causing it to rotate 

 H+ will move due to simple diffusion (passive 

transport) along its concentration gradient from an 

area of high concentration to an area of low 

concentration  
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ATP  

synthase 

Channel 

Electron Transport Chain 

 As H+ ions escape through channels into 

these proteins, the ATP synthase spins.  
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ATP 

ATP  

synthase 

Channel 

Electron Transport Chain 

 As it rotates, the enzyme grabs a low-energy 

ADP, attaching a phosphate, forming high-

energy ATP. 

 On average, each pair of high-energy 

electrons that moves down the electron 

transport chain provides enough energy to 

produce three molecules of ATP from ADP. 
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ATP 

ATP  

synthase 

Channel 

Electron Transport Chain 
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Electron Transport Chain 

At the end of the ETC, oxygen acts as the final 

electron acceptor.   

This is the only reason we need to breath in oxygen!!! 

An enzyme combines the low energy electrons with 

oxygen and hydrogen ions to form water.   

This is why water is a product of cellular respiration 
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Electron Transport Chain 

Matrix 

 of 

mitochondria 

inner 

membrane 

inter 

membrane 

space 
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Figure 9.15  Chemiosmosis couples the electron transport chain to ATP synthesis 
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The Totals 

The Totals 

 Glycolysis produces 

just 2 ATP molecules 

per molecule of 

glucose. 

 The complete 

breakdown of glucose 

through cellular 

respiration, including 

glycolysis, results in 

the production of 36 

molecules of ATP. 4/28/2014 36 



Vocabulary 

 Chemiosmosis – an energy-coupling mechanism that 

uses energy stored in the form of a hydrogen ion gradient 

across a membrane to drive cellular work, such as the 

synthesis of ATP.  Most ATP synthesis in cells occurs by 

chemiosmosis 

 Oxidative Phosphorylation – The production of ATP 

using energy derived from the redox reactions of an electron 

transport chain; the third major stage of cellular respiration.   

 Photophosphorylation – the process of generating 

ATP from ADP and phosphate by means of a proton-motive 

force generated across the thylakoid membrane of the 

chloroplast or the membrane of certain prokaryotes during 

the light reactions of photosynthesis.   
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Vocabulary  

 Substrate-Level Phosphorylation – The 

formation of ATP by an enzyme directly transferring a 

phosphate group to ADP from an intermediate substrate 

in catabolism.   

 ATP Synthase – A complex of several membrane 

proteins that provide a port through which protons 

diffuse.  This complex functions in chemiosmosis with 

adjacent electron transport chains, using the energy of 

a hydrogen ion (proton) concentration gradient to make 

ATP.   

 ATP synthases are found in the inner mitochondrial 

membrane of eukaryotic cells, the thylakoid membrane of 

plants and in the plasma membrane of prokaryotes.   
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Comparing Photosynthesis and 

Cellular Respiration 

Comparing Photosynthesis and Cellular 

Respiration 

 The energy flows in photosynthesis and cellular 

respiration take place in opposite directions. 
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Comparing Photosynthesis and 

Cellular Respiration 
 On a global level, photosynthesis and cellular 

respiration are also opposites.  

 Photosynthesis removes carbon dioxide from 
the atmosphere and cellular respiration puts it 
back. 

 Photosynthesis releases oxygen into the 
atmosphere and cellular respiration uses that 
oxygen to release energy from food. 
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