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What happens in the electron transport chain and chemiosmosis?  
 The electron transport chain and chemiosmosis together make up the 

process of oxidative phosphorylation.  

 The reactions of the link reaction and Krebs cycle take place in the 
fluid matrix of the mitochondrion,  

 Whereas the reactions of the electron transport chain and 
chemiosmosis take place on the inner mitochondrial membrane.  

 On the cristae, the following events take place  
1. The hydrogen atoms carried by reduced NAD and reduced 

FAD are released and split into protons (hydrogen ions) and 
electrons.  

2. The electrons pass along a series of electron carriers that form 
the transport chain; they lose energy as they pass from one 
carrier to the next.  

3. Three of the electron carriers are proton pumps that move 
protons from the matrix of the mitochondrion to the inter-
membrane space.  

4. As the electrons are transferred through these three proton 
pumps, the energy they lose powers the pumps which move the 
protons into the inter-membrane space.  

5. Electrons from reduced NAD make this happen at all three 
pumps. 

 The molecules that act as electron carriers in the electron transport 
chain are:  

a) Reduced NAD dehydrogenase (also a proton pump)  
b) Ubiquinone (also a proton pump), and  

c) A number of carriers called cytochromes (these are proteins that 

contain iron); two of them form a complex that ac 

 At the end of the electron transport chain, the electrons combine with 
protons and oxygen to form molecules of water.  

 Because of this, oxygen is known as the terminal electron acceptor. 
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 Whereas reduced NAD is dehydrogenated by the NAD 
dehydrogenase complex,  

 Reduced FAD is dehydrogenated by ubiquinone.  
 So electrons from reduced FAD only operate two of the three proton 

pumps.  
 Because of the action of the proton pumps, protons accumulate in the 

inter-membrane space creating a higher concentration there than in 
the matrix ( on other side of membrane) 

 This proton gradient results in protons diffusing through the ATP 
synthase molecule (down the concentration gradient) making the 
synthase rotor ‘spin’ and produce ATP from ADP and Pi.  

 The diffusion of hydrogen ions through the ATP synthase is 
chemiosmosis.  

The oxidation of one molecule of reduced NAD results in six protons 
passing through ATP synthase and so leads to the synthesis of three 
molecules of ATP.  
 The oxidation of one molecule of reduced FAD results in four protons 

passing through ATP synthase, And  
 So leads to the synthesis of just two molecules of ATP.  
 By adding up the number of molecules of ATP produced, the model of 

aerobic respiration we have discussed predicts that there will be a net 
yield of 36 molecules of ATP per molecule of glucose.  

 Terminal electron acceptor:- the final molecule at the end of the 
electron transport chain to accept an electron. 

 In practice, this is not achieved because some energy (the equivalentof 
just over two molecules of ATP) is used to drive the proton pumps.  

 The actual yield is about 36 molecules of ATP per molecule of glucose.  

 
 The summary equation for aerobic respiration is:  

C6H12O6 + 6O2   ➞    6H2O + 6CO2 + energy released 
 The overall summary equation for the aerobic respiration of glucose 

is:  
C6H12O6 + 6O2   ➞      6CO2 + 6H2O + 36ATP 
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1. Glycolysis 

2ATP + 2NAD = 2+6=8ATP 
2. Link rxn  

1NAD=3ATP  
3. Kreb cycle  

2x3NADx3=18ATP  
 
2X2FAD= 4ATP                             total = 24ATP 
 
2ATP  
 

4. Chemiosmosis  

                                3ATP  
Total = 8ATP+3ATP+24ATP+3ATP=38ATP 

 

What happens in the anaerobic pathway? 

 If there are no oxygen present, the final reaction of oxidative 
phosphorylation, where electrons and protons react with oxygen to 
form water, cannot take place.  

 As a result, the electron transport chain comes to a halt.  
 No protons are pumped and the action of ATP synthase also stops.  
 If the electron transport chain does not function, NAD is not 

regenerated from reduced NAD and FAD is not regenerated from 
reduced FAD.  

 Very quickly, the Krebs cycle and the link reaction come to a halt as 
both NAD and FAD are required in their oxidised forms for the 
Krebs cycle to function.  

 NAD is also required in the link reaction and so this comes to a halt 
also.  

 However, glycolysis can continue even though it also requires NAD. 
 This is because the reduced NAD formed during glycolysis can be 

regenerated under anaerobic conditions by converting the pyruvate 
into another product in a reduction reaction.  

 Reduced NAD supplies the hydrogen for this reduction and becomes 
oxidised itself.  

 It is therefore regenerated and can be used again in glycolysis  
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 Different organisms produce different fermentation end products. 
 Animal cells produce lactate (lactic acid) when they ferment 

glucose.  
 Yeast cells produce ethanol (ethyl alcohol).  
 But both only produce two molecules of ATP per molecule of 

glucose.  
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Lactate formation during exercise 

 During exercise, the energy demand of muscle cells increases greatly. 
 More glucose is respired to meet the demand. However, sometimes, 

aerobic respiration is insufficient to meet this energy demand. 
 Fermentation of glucose supplies the extra energy. But it also forms 

lactate and as this accumulates, it leads to muscle fatigue.  
 Also, fermentation only yields 2 molecules of ATP per molecule of 

glucose whereas aerobic respiration yields 38.  
 However, fermentation is a much faster process and can produce a lot 

of ATP quickly, over a short period of time.  
 The ATP used in sprints and short-distance runs is nearly all 

generated anaerobically.  
 But, due to muscle fatigue, this cannot be sustained. Longer races 

must be run slower to allow aerobic respiration to produce the ATP at 
its slower rate.  

 Lactate, once formed, can be used to regenerate glucose or be 
metabolised as an energy source by the liver.  

How do plants harness light energy in photosynthesis?  

 Harness :-to control the energy of something in order to produce 
power or to achieve something  
A. Photosynthesis  

 In photosynthesis, light energy is used in a series of reactions that 
lead to the synthesis of a range of organic molecules.  

 The energy that entered the system as light is now held in the organic 
molecules produced.  

 It is now chemical energy.  
 When energy is changed from one form to another, we say it has been 

transduced.  

 This takes place in a series of reactions called the light-dependent 

reactions.  
 Light energy is absorbed by special photosensitive pigments such as 

chlorophyll in the chloroplasts.  
 The light-dependent reactions take place in the membranes of the 

thylakoids in the chloroplasts.  
 The liquid stroma is the site of the light-independent reactions, in 

which carbohydrates are synthesised.  
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 Chemical reactions like these take place most effectively in solution, 
rather than if some were fixed in membranes.  

 
How is the structure of a chloroplast suited to its function?  

 The chlorophyll and other photosensitive pigment molecules are 
arranged in special photosystems that are linked to electron transport 
chains (ETCs).  

 The molecules of the photosystems and the electron transport chains 
are fixed in the membranes of the thylakoids.  

 There are two different photosystems, each sensitive to light of a 
different wavelength and linked to a different electron transport 
chain.  

 These are called photosystem I and photosystem II  
 

 
 

What is the structure of a photosystem? 

 A photosystem consists of a number of pigment molecules all clustered 
around one particular chlorophyll molecule called the reaction centre 
molecule.  

 This cluster of pigment molecules is called an antenna complex.  
 Only the reaction centre molecule is positioned next to the electron 

transport chain.  
 Energy absorbed by other molecules in the photosystem is transferred 

to the reaction centre molecule, where the light-dependent reactions 
begin.  
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 Different pigment molecules in the antenna complex can absorb 
different wavelengths of light, making the whole system more 
efficient.  

 The pigments in the antenna complex include chlorophyll a, 
chlorophyll b and carotenoids.  

 The reaction centre molecule is always chlorophyll a.  

 The range of wavelengths each molecule absorbs is its absorption 
spectrum.  

 reaction centre molecule is where light-dependent reactions begin.  

 2.antenna complex an array of protein and chlorophyll light-
harvesting molecules embedded in the thylakoid membrane.  

 3.absorption spectrum the range of wavelengths a molecule absorbs.  

 4.action spectrum the photosynthesis effectiveness of each 
wavelength.  

 5.photosystems biochemical mechanism by which chlorophyll absorbs 
light energy  

 6.photosystem I photosystem in photosynthetic light reactions. 
Discovered before photosystem II  
1. Reaction centre molecule is where light-dependent reactions begin. 
2. Antenna complex an array of protein and chlorophyll light-

harvesting molecules embedded in the thylakoid membrane. 
3. Absorption spectrum the range of wavelengths a molecule absorbs. 
4. Action spectrum the photosynthesis effectiveness of each 

wavelength.  
5. Photosystems biochemical mechanism by which chlorophyll absorbs 

light energy  
6. Photosystem I photosystem in photosynthetic light reactions. 

Discovered before photosystem II  
What happens in the light-dependent reactions?  

 The light-dependent reactions use light energy to ‘drive’ the synthesis 
of two molecules . 

 That will, in turn, drive the light-independent reactions.  
 These two molecules are:  
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A. ATP - this provides the energy for the reactions, and  
B. Reduced NADP - this provides the hydrogen ions for a key 

reduction reaction.  
 NADP is very similar to NAD that is used in respiration and it has 

the same function - transporting hydrogen ions.  
  

Photosystem I and photosystem II 

1. Electrons (e-) in chlorophyll molecules in photosystem II are excited by 
the energy in photons of light - they become more energetic. 
 Because of the extra energy, they escape from the chlorophyll and 

pass to an electron acceptor (the primary electron acceptor).  
2. The conditions created in the chloroplast cause the following reaction 

to occur:  
2H2O → O2 + 4H+ + 4e- 

 This light-dependent splitting of water is called photolysis.  
 The electrons replace those lost from the chlorophyll molecule  
1. The primary electron acceptor passes the electrons to the next 

molecule in an electron transport chain (plastoquinone or ‘Pq’).  
 The electrons then pass along a series of cytochromes (similar to those 

in the mitochondrial electron transport chain) and finally to 
plastocyanin (Pc) - the last carrier in the chain.  

 The electrons lose energy as they are passed from one carrier to the 
next.  

2. One of the molecules in the cytochromes complex is a proton 

(hydrogen ion) pump.  

 As electrons are transferred to and then transferred from this 

molecule, the energy they lose powers the pump which moves protons 

from the stroma of the chloroplast to the space inside the thylakoid. 

 This leads to an accumulation of protons inside the thylakoid, which  
drives the chemiosmotic synthesis of ATP. 

 
3. Electrons in chlorophyll molecules in photosystem I are excited (as 

this photosystem absorbs photons of light), And  
 Escape from the molecule.  
 They are replaced by the electrons that have passed down the electron 

transport chain from photosystem II.  
4. The electrons then pass along a second electron transport chain 

involving ferredoxin (Fd) and NADP reductase.  
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 At the end of this electron transport chain, they can react with 
protons (hydrogen ions) ,And 

  NADP in the stroma of the chloroplast to form reduced NADP. 
NOTE    primary electron acceptor the first molecule to accept the 
excited electron displaced from a chlorophyll molecule.  
      photolysis light-dependent splitting of water  
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Chose the correct answer from the given alternatives  and circle your 

answer  

1. Animal cells typically contain 

A. plastids. 
B. large vacuoles. 
C. cell walls. 
D. enzymes. 
2. ________ is a small particle of RNA and protein that produces a 

protein from following instructions from the nucleus. 
A. DNA 
B. A chromosome 
C. A ribosome 
D. Chromatin 
3. The                       is a stack of membranes in which enzymes attach 

carbohydrates and lipids to proteins. 
A. Golgi apparatus 
B. endoplasmic reticulum 
C. vacuole 
D. mitochondrion 
4. The                       is an internal membrane system in which 

components of the cell membrane and some proteins are 
constructed. 

A. Golgi apparatus 
B. Vacuole 
C. Ribosome 
D. endoplasmic reticulum 
5. What type of cells can stem cells change into? 
A. Heart 
B. Nerve 
C. Muscle 
D. skin 
E. all of the above 
6. The cell membrane is made up of a single layer of phospholipids. 
A. True 
B. False 
7. The stage of the cell cycle in which each chromosome is composed of 

two chromatids in preparation for mitosis is 
A. G1. 
B. G2. 

https://www.helpteaching.com/questions/52405/animal-cells-typically-contain
https://www.helpteaching.com/questions/188465/the-is-a-stack-of-membranes-in-which-enzymes-attach-carbohyd
https://www.helpteaching.com/questions/188465/the-is-a-stack-of-membranes-in-which-enzymes-attach-carbohyd
https://www.helpteaching.com/questions/188469/the-is-an-internal-membrane-system-in-which-components-of-th
https://www.helpteaching.com/questions/188469/the-is-an-internal-membrane-system-in-which-components-of-th
https://www.helpteaching.com/questions/188469/the-is-an-internal-membrane-system-in-which-components-of-th
https://www.helpteaching.com/questions/256562/what-type-of-cells-can-stem-cells-change-into
https://www.helpteaching.com/questions/373224/the-cell-membrane-is-made-up-of-a-single-layer-of-phospholip
https://www.helpteaching.com/questions/300495/the-stage-of-the-cell-cycle-in-which-each-chromosome-is-comp
https://www.helpteaching.com/questions/300495/the-stage-of-the-cell-cycle-in-which-each-chromosome-is-comp
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C. G0. 
D. none 
8. ______is the green pigment found within plant cells. 
A. Chlorophyll 
B. Chloroplast 
C. Cell wall 
D. Green paint 
9. Which structure is NOT found in most plant cells? 
A. cell wall 
B. mitochondrion 
C. lysosome 
D. chloroplast 
10. _______  is "cellular eating." 
A. Phagocytosis 
B. Pinocytosis 
C. Exocytosis 
D. All 

https://www.helpteaching.com/questions/188443/is-the-green-pigment-found-within-plant-cells
https://www.helpteaching.com/questions/188431/which-structure-is-not-found-in-most-plant-cells
https://www.helpteaching.com/questions/373233/is-cellular-eating

