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MITOCHONDRIA 
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REDOX REACTIONS 

 Reduction = Gain of Energy 

o When you add energy to a molecule, you reduce it 

 Oxidation = loss of energy 

o When you take energy out of a molecule, you oxidize it 

 

 All chemical reactions involve something giving energy to something else 

  Respiration involves oxidizing food molecules (to reduce ADP+Pi into ATP) 

  Photosynthesis involves reducing carbon molecules (using energy from light to make glucose) 
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ENERGY-STORING MOLECULES 

 These molecules are made to store energy for quick use within a cell 

o They are either “electron-carriers” or “proton-carriers” 

o They can give this energy to other molecules to provide energy for reactions 

 

1. ATP (made by ADP + Pi)  

a. Main source of energy for reactions in a cell 

(The energy “currency” of the cell) 

b. Made by chemiosmosis in mitochondria of photophosphorylation in chloroplasts 

i. These are powered by NADH/FADH2 or light, respectively 
. 

2. Electron carriers: used to make ATP in aerobic respiration 

a. NADH + H+ (made from NAD+) 

b. FADH2 (made from FAD) 
. 

3. Proton carriers: used to make glucose during the Calvin cycle of photosynthesis 

a. NADPH (made from NADP+) 
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GLYCOLYSIS 

o Happens in the cytoplasm 

o It is an anaerobic process = without oxygen 

 This is the start of aerobic respiration, because pyruvate will be used by mitochondria 

o Glucose  2 pyruvate + 2 ATP + 2 NADH 

 

 Glycolysis has four main steps: 
. 

1. Phosphorylation 

a. 2 ATP are used to add two phosphate groups to glucose, making a 6-carbon molecule 

b. This reduces the glucose (gives it energy) 
. 

2. Lysis 

a. 6-carbon molecule is split in two 

b. Makes two 3-carbon molecules 
. 

3. Oxidation 

a. Both 3-carbon molecules lose energy (are oxidized) to make 2 NADH 
. 

4. ATP formation 

a. Both 3-carbon molecules lose energy to reduce two ADP+Pi into two ATP each 

i. Four ATPs are made total 

b. So, glycolysis makes 2 ATP net (4 ATP total in this step, but used two in the first step) 

c. NOTE: Pyruvate can also be called ‘pyruvic acid’ 

 

 

  



SUMMARY OF  AEROBIC RESPIRATION 

o Happens in mitochondria 

o It is an aerobic process = with oxygen 

o Pyruvate  CO2 + H2O + ATP 

 

1. Link reaction (in the matrix) 

a. One carbon is cut off the 3 carbon pyruvate  

b. Makes CO2 and NADH + H+ 
. 

2. Kreb Cycle (in the mitochondrial matrix) 

a. 2C molecule binds with 4C-acceptor, then 2 carbons are cut off 

i. Initially makes 2 CO2 and 2 NADH + H+ 

i. Last step makes one more NADH + H+, one ATP and one FADH2 
. 

3. Electron Transport System (ETS in inner mitochondrial membrane) 

a. NADH and FADH2 are used to make ATP 

 

Steps 1 and 2 are also known as oxidative decarboxylation 

o Because carbon molecules are cut off, and the molecule loses energy 
. 

Step 3 is also known as chemiosmosis 

o Because protons will flow across the mitochondrial inner membrane 

 

 

Overall, this can be called oxidative phosphorylation 

o Energy is taken from glucose (oxidation) to make ATP (phosphorylation) 

o Involves making NADH and FADH2 and then using these to make ATP 

 

 

 

 

  



OXIDATIVE DECARBOXYLATION 

o Energy and carbon are removed from pyruvate 

 NOTE: Every time a carbon is cut off, CO2 is released and an NADH + H+ is made 

o Happens in mitochondrial matrix 

 

1. Link reaction 

a. When pyruvate enters the mitochondrial matrix 

b. Pyruvate binds to coenzyme A (CoA) 

i. This cuts off one carbon, which leaves as CO2 

ii. Forming a 2-carbon Acetyl CoA molecule 

iii. This reduces NAD+  NADH + H+ 

2. Krebs Cycle 

a. Acetyl CoA gives up 2 carbons 

i. CoA is free and returns to link reaction 

b. 2-carbon molecule binds to 4-carbon acceptor molecule 

i. Makes a 6-carbon molecules 

c. One carbon cut off 6a-crbon molecule 

i. Makes a 5-carbon molecule and CO2 

ii. NAD+ reduced to make NADH + H+ 

d. One carbon cut off the 5-carbon molecule 

i. Makes a 4-carbon molecule and CO2 

ii. NAD+ recued to NADH + H+ 

e. 4-carbon molecule is oxidized more to make the original 4-carbon acceptor 

i. ADP + Pi is reduced to ATP 

ii. NAD+ is reduced to NADH + H+ 

iii. FAD is reduced to FADH2 

f. Link reaction and Krebs cycle happen twice per glucose 

g. Once per pyruvate 

 

 

  



CHEMIOSMOSIS 

o Happens across mitochondrial inner membrane 

o Energy from NADH and FADH2 used to make more ATP 

 

3. Electron Transport System (ETS) 

a. NADH is oxidized, giving electrons to the first protein in the electron transport system 

i. NADH turns into NAD+ 

b. Electrons power proton pumps, which actively move protons from matrix to 

intermembrane space 

i. Against the proton concentration gradient 

c. This makes a high concentration of protons in the intermembrane space 

i. So intermembrane space is acidic 

d. Protons move from intermembrane space to matrix down concentration gradient 

through ATP synthase 

i. ATP synthase spins and makes ATP 

ii. ADP + Pi  ATP 

e. After the last proton pump, the electrons are accepted by oxygen to form water 

i. Happens in the matrix and uses up protons, helping to lower the concentration 

of protons in the matrix 

f. FADH2 also gives electrons to power protein pumps, but they have less energy so start 

later in the ETS 

i. Pumps less protons 

g. Movement of protons through ATP synthase is chemiosmosis 

h. Reduction of ADP by ATP synthase is phosphorylation 

i. Protons pumps and ATP synthase are integral proteins in the inner membrane 

 

 

  



MITOCHONDRIAL STRUCTURE 

 

Electron tomography 

o A technique used to determine the 3D structure of mitochondria 

o Take many 2D photos, then layer the slices to see 3D shape 
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Mitochondrial Structure and Function 

o Mitochondria are small, so they have a high SA: V ratio 

o Matric contains the enzymes needed for the Krebs cycle 

o Matrix contains 70s ribosomes, so mitochondria can make they own proteins 

o Matrix contains naked DNA, so mitochondria can replicate 

o Inner membrane has cristae to increase SA for ETS 

o Inner membrane has ATP synthase and protein pumps for making ATP 

o Intermembrane space has a small volume, so it is easy to make high concentration of protons 

o Intermembrane space has a high concentration of protons for chemiosmosis 

o Mitochondria have inner membrane to make compartments 

o Membranes are permeable to pyruvate, so it can enter for the link reaction 

https://en.wikipedia.org/wiki/Electron_tomography
https://ncmir.ucsd.edu/research/highlights?highlight=35

