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ADP (Adenosine diphrophate) 

Ribose Adenine 

3 phosphates 

 

Define cell respiration 

 controlled release of energy from organic compounds (such as Glucose, break down 
releases energy) in cells to form ATP. 

 Thus energy is made available for cellular processes such as protein synthesis, muscle 
contraction, active transport and mitosis. 

 Respiration occurs in all cells in a series of enzyme controlled reactions. 

1. The role of ATP (Adenosine triphosphate) 

Energy released during respiration is converted into chemical 
bond energy in ATP  contains small amount of energy, released 
in 1 step (breakdown of bond) 

 The chemical reaction that takes place when ATP breaks down (hydrolysis reaction), 
releasing energy, is ATP (+ water)  ADP+Pi (+ energy). 

 This reaction is reversible - ATP can be built from ADP and inorganic phosphate 
(phosphorylation reaction – phosphate is added). 

ATP breakdown has a large number of roles in the cell, these include 

 glycolysis where an initial input of ATP is required to start the reactions of respiration, and 

 active transport – ATP is required to transport molecules against concentration gradient. 

ATP is produced easily in the cell respiration process (not breathing) in cells (mitochondria) 

2. Oxidation (loss of electron) and reduction (gain of electron) reaction 

State that oxidation involves the loss of electrons from an element, whereas reduction involves a gain in electrons, and 
that oxidation frequently involves gaining oxygen or losing hydrogen, whereas reduction involves loss of oxygen or gain 
in hydrogen. 

Oxidation Reduction 

loss of electrons from an element gain of electron 

+ oxygen or 

- hydrogen 

- oxygen or 

+ hydrogen 

results in many C-O bonds results in many C-H bonds 

results in a compound with lower potential energy ... with higher potential energy 
OILRIG (Oxidation is loss, reduction is gain of electrons) 

Oxidation and reduction reactions are complementary; when one compound involved in a reaction 
is oxidised, another will be reduced (the oxygen, hydrogen or electrons have to come from somewhere). 

Oxidation and reduction also refer to the movement of electrons between compounds. 
(An electron is a negatively charged particle (e

-
)) 

Oxidation and reduction reactions are vitally important in respiration and photosynthesis, 
particularly the reduction of the cofactors NAD+ and FAD+, to NADH and FADH. 
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3. Respiratory Substrates 

A variety of substrates can be used for respiration. All are complex organic chemicals, for example 
glucose, fatty acids or amino acids (an organic compound contains carbon, usually also oxygen 
and hydrogen, and is found in living organisms) 
 

4. Aerobic and Anaerobic respiration 

In anaerobic conditions, less ATP is produced for each molecule of glucose respired. Anaerobic 
respiration also produces toxic end-products (ethanol + CO2 in plants and fungi, lactate in animals) 

Aerobic respiration converts more of the energy in the respiratory substrate into ATP energy, and 
its end products are CO2 and H2O. Water is non-toxic and carbon dioxide can be released into the 
atmosphere by diffusion. The equation for aerobic respiration: 
C6H12O6 + O2 (energy locked in bonds)  6CO2 + 6H2O (+energy) 

Organisms that use oxygen as a final electron acceptor in respiration are described as aerobic, 
while those that do not are referred to as anaerobic. 

 

State that in cell respiration, glucose in the cytoplasm is broken down by glycolysis into pyruvate, with 
a small yield of ATP. 

Respiration is a multi-stage process: 
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a) Anaerobic Respiration (respiration without oxygen) 

 

 

Explain that, during anaerobic cell 
respiration, pyruvate can be converted in the 
cytoplasm into lactate, or ethanol and carbon 
dioxide, with no further yield of ATP. 
Mention that ethanol and carbon dioxide are 
produced in yeast, whereas lactate is 
produced in humans 

 

 

During anaerobic cell respiration, pyruvate can be converted in the cytoplasm into lactate, or 
ethanol and carbon dioxide, with no further yield of ATP. Ethanol and Carbon dioxide are 
produced in yeast, whereas lactate is produced in humans. 

 

b) Aerobic Respiration 

Explain that, during aerobic cell respiration, pyruvate can be broken down in the mitochondrion into carbon dioxide and 
water with a large yield of ATP 

During aerobic cell respiration, pyruvate can be broken down in the mitochondrion into carbon 
dioxide and water with a large yield of ATP. 

Biology textbooks often state that 38 ATP molecules can be made per oxidised glucose molecule 
during cellular respiration (2 from glycolysis, 2 from the Krebs cycle, and about 34 from the 
electron transport system). However, this maximum yield is never quite reached due to losses 
(leaky membranes) as well as the cost of moving pyruvate and ADP into the mitochondrial matrix 
and current estimates range around 29 to 30 ATP per glucose. 
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Explain aerobic respiration, including the link reaction, the Krebs cycle, the role of NADH+H+, the electron transport 
chain and the role of oxygen. 
In aerobic respiration (in mitochondria in eukaryotes), each pyruvate is decarboxylated (CO2 removed). The remaining 
two-carbon molecule (acetyl group) reacts with reduced coenzyme A, and, at the same time, one NADH+H+ is formed. 
This is known as the link reaction. 

In the Krebs cycle, each acetyl group (CH3CO) formed in the link reaction yields 2 CO. The names of the intermediate 
compounds in the cycle are not required. Thus it would be acceptable to note: 
C2+C4=C6-C5- and so on 

1. Glycolysis 

 

Outline the process of glycolysis, including phosphorylation, lysis, oxidation and ATP formation. In the cytoplasm, one 
hexose sugar is converted into two three-carbon atom compounds (pyruvate) with a net gain of two ATP and two 
NADH+H+ 

 Takes place in the cytoplasm of cell 

 4 stages: 6C-Glucose is partially oxidized and broken down into 3C-pyruvate. 

 The energy produced are 2 ATP (net gain) molecules and 2NADH+H+ molecules (each 
carrying 2 energy electrons) 

 

2. Link Reaction 

 

 Pyruvate enters mitochondrion (active transport) 

 Enzymes in the matrix remove hydrogen (reduction) and CO2 (decarboxylation) from the 
pyruvate (=oxidative decarbosylation); the hydrogen is accepted by NAD (so NAD is oxidised, 
i.e. NADH+H is reduced) 

 The product, an acetyl group, is accepted by CoA, so acetylcoenzyme A is formed. 
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Electron Transport Chain 

coupled to 

Chemiosmosis 

 
 
ADP+Pi 
 

ATP 

3. Krebs Cycle 

 

 Occurs in the matrix of the mitochondrion 

 Loss of hydrogen (NAD, FAD reduced) 

 1 ATP molecule is directly 
produced for every turn 
of the cycle 
(substrate level 
phosphorylation) 

 

 

 

 

 

 

4. Electron transport chain coupled to Chemiosmosis 

Explain oxidative phosphorylation in terms of chemiosmosis. 

 

This stage occurs in the inner mitochondrial membrane. 

Remaining energy from the glucose (energy of reduced cofactors NADH, FADH) is released 
cofactors offload their hydrogen onto first carrier which then becomes reduced and the 
coenzymes become oxidized 

 The electron is passed on from one electron carrier to the next and loses energy (redox-
reactions) 

 Hydrogen ions are pumped across the inner membrane at 3 stages (chemiosmosis) 
 produces concentration gradient of hydrogen ions across membrane  h.ions tend to 
return to matrix by facilitated diffusion  pass through channels linked with ATP synthase  
movement drives ATP production (oxidative phosphorylation) 

 Last carrier: e- combines with O2 and 2h = 2H2O 

Chemiosmosis: movement of protons across membrane 
Substrate level phosphorylation = ATP produced directly  Oxidative phosphorylation: ATP production indirectly 
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5. The Mitochondrion 

o Draw and label a diagram showing the structure of a mitochondrion as seen in electron micrographs. 

o Explain the relationship between the structure of the mitochondrion and its function. 
Limit this to cristae forming a large surface area for the electron transport chain, the small space between inner and 
outer membranes for accumulation of protons, and the fluid matrix containing enzymes of the Krebs cycle. 

 

Mitochondrion have a large inner matrix, allowing for the Krebs cycle to occur. 

After the Krebs Cycle is complete, the mitochondria has a fairly small inner membrane space where 
protons are pumped into. Due to its size, diffusion of protons back into the matrix occurs quickly, resulting in 
ATP produced at a faster rate. 

The inner membrane contains many electron transport chains of proton pumps and ATP synthase enzymes, 
allowing for much ATP to be produced. The membranes are also structured to prevent the protons from 
diffusing though the membrane, forcing them to enter the matrix only through ATP synthase molecules. 
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6 CO2 + 6 H2O sunlight+chlorophyl
C6H12O6+ 6 O2  

State that photosynthesis involves the conversion of light energy into chemical energy. 

 organisms capture light energy from sun to make all organic molecules they need 

 involves the conversion of light energy into chemical energy 
 

1. Chloroplast 

Draw and label a chloroplast as seen in electron micrographs 

Explain the relationship between the structure of the chloroplast and its function 

Thylakoids: 

 large surface area, so more light can be absorbed 

 photosynthetic pigments in clusters embedded in 
membrane to absorb light 

 pushed tightly together so that light striking 
chloroplast will cause several light-dependent 
reactions to occur simultaneously (increases 
energy and ultimately sugar production) 

Large space in the stroma, small space inside the thylakoids: helps ATP synthesis since 
protons pumped into thylakoids are forced through ATP synthase 

2. Chlorophyll 

o State that chlorophyll is the main photosynthetic pigment 

o Outline the differences in absorption of red, blue and green light by chlorophyll 

 harvests sunlight energy to produce ATP, reduced coenzyme NADPH and oxygen (waste gas) 

 Chlorophyll absorbs light of red and blue wavelengths better than green (reflected) 

 Chlorophyll is embedded in thylakoid membrane; arranged in molecule groups (=Photosystem) 

 
State that white light from the sun is composed of a range of wavelengths. 
Explain the relationship between the action spectrum and the absorption spectrum of photosynthetic pigments in green plants. 

Action spectrum = range of wavelength over which photosynthesis can occur (light absorbing 
properties of photosynthetic pigments); use of wavelengths of light in photosynthesis 
Each wavelength is a pure colour of light (400+=violet-blue; 500+=green-yellow; 
400+=orange-red). The efficiency of photosynthesis is not the same in all 
wavelengths of light (efficiency=percentage of light of a wavelength used in 
photosynthesis). Violet, blue and red light are used most efficiently, green light is 
used much less efficiently. 
 
Absorption spectrum = range of wavelength over which pigment absorbs light 
Most pigments absorb some wavelengths better than others. The absorption 
spectrum shows the percentage of the wavelengths of visible light that are 
absorbed by two common forms of chlorophyll. Like the action spectrum, the 
greatest absorption is in the violet-blue range and red range. Least absorption is 
in the yellow-green range (most light is reflected). Differences: Whereas little light 
is absorbed by chlorophylls in the green to yellow range, there is some 
photosynthesis because of accessory pigments which absorb wavelengths that 
chlorophyll cannot absorb. 
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State that photosynthesis consists of light-dependent and light-independent reactions. 

3. Light-dependent reactions 
State that light energy is used to produce ATP and to split water molecules (photolysis) to form oxygen and hydrogen 
Explain photophosphorolation in terms of chemiosmosis 
(chemiosmosis relates to the generation of ATP by the movement of hydrogen ions across a membrane) 

 

1. Chlorophyll harvests light energy and pass it to reaction centre (central chlorophyll molecule) 

 Photosystem 2 oxidises water molecules (photolysis)  water is split completely into hydrogen 
ions, electron, oxygen (H2O = 2H, 2e-, ½ O) 

2. Energy in reaction centre causes electron to become exited (= Photoactivation)  increases 
in energy level 

3. Extra energy allows electron to escape from chlorophyll  donated to another molecule in 
membrane = Electron acceptor (Plastoquinone; becomes reduced when receives electron) 

4. Electron transport chain: Electron passes from one to another molecule, losing energy which 
is used to pump protons (hydrogen ions) across the thylakoid membrane from stroma to 
thylakoid sac (active transport) 

 creates concentration gradient of protons across membrane; protons tend to move down 
concentration gradient  cross membrane by ATP synthase  drives ATP production 
(=non-cycle = Photophosphorylation) by chemiosmosis (movement of protons across membrane) 

5. Electrons pass from end of electron transport chain to photosystem 1... 

6. donated to electron acceptor 

7. electron transport chain: electrons combine with hydrogen ions + NADP (from independent 
reaction) = reduced carrier NADPH (electron donor in independent reaction) 

4. Light-independent reactions (Calvin Cycle) 

 in stroma (contains all enzymes needed for cycle) 

 fixes carbon from inorganic form (CO2) into organic molecules (e.g. glucose) 

Explain the light-independent reaction. 
State that ATP and hydrogen (derived from photolysis of water) are used to fix carbon dioxide to make organic molecules. 

The light-independent reaction occurs in the Calvin cycle, and utilizes the ATP and electron 
carriers produced in the light-dependent reactions to convert carbon dioxide to sugars. 

Carbon dioxide molecules obtained from the surrounding atmosphere is combined with RuBP (C5) + enzyme to create 2 GP (5C).1 ATP 
molecule is used, one electron carrier is oxidized (NADPH + H+ = NADP+), and an inorganic phosphate molecule is added to the 
molecule, resulting in 2 TP (3C) which is then converted back into RUP and then to RuBP, using another ATP. 

 

Starting points:  ATP (provide energy) 
 NADPH2 (provide hydrogen) 

 Carbon dioxide is absorbed for use in 
photosynthesis 

 The carbon from it is used to make a wide range 
of organic substances 

 The conversion of carbon in a gas to carbon in 
solid compounds is called carbon fixation 

 Carbon fixation involves the use of hydrogen from 
photolysis and energy from ATP. 
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5. Measure Rate of Photosynthesis 

Explain that the rate of photosynthesis can be measured directly by the production of oxygen or the uptake of carbon dioxide, or 
indirectly by the increase of biomass 

 DIRECTLY 

o uptake of carbon dioxide 

Since carbon dioxide is important in the light-independent reactions of photosynthesis, its 
consumption by plants can be measured as a means to determine the rate of ATP and electron 
carriers used for carbon fixation  Leafs take in CO2 from air; water pH rises; pH indicator/meter 

o Production of oxygen 

Aquatic plants release bubbles of oxygen when they carry out photosynthesis. These bubbles 
can be collected and their volume measured 

 INDIRECTLY 

o increases in biomass (dry weight) 

Increase of weight (excl. water) is due to photosynthesis (used for long term studies) 

6. Factors affecting rate of photosynthesis 

LIMITING FACTORS 

Explain the concept of limiting factors with reference to light intensity, temperature and concentration of carbon dioxide. 

LF= factor that controls any particular process at the minimum rate. Even though many factors have an 
effect, it is the limiting factor that actually controls the rate of the process. In photosynthesis temperature, 
light intensity and carbon dioxide concentration are limiting factors. Whichever is the limiting factor, that 
factor will be altering the photosynthetic rate and even if the other two factors change, their effect will not be 
evident. When one step of photosynthesis is slowed by the limiting factor, the whole process is slowed. 

 Factor that is nearest to its minimum (factor affecting photosynthesis) 

 Changing in LF changes rate – changes to other factors have no effect 

If temperature becomes too high, enzymes (from light independent reaction) are denatured and thus the 
rate of photosynthesis slows down. 

There is also a limit on the effects of increasing light intensity and carbon dioxide, because the plant can 
only create a certain amount of sugar at any one time, meaning there is not an infinite supply of protein 
pumps, enzymes, and thylakoids to undergo photosynthesis for high levels of carbon dioxide and light. 

Outline the effects of temperature, light intensity, and carbon dioxide concentration on the rate of photosynthesis: 

 CO2 concentration 
The more CO2 observed, the more can be fixed/converted into carbohydrates (carbo-fixation) 

 

 
No photosynthesis at very low CO2 concentrations. 
At low to fairly high CO2 concentrations the rate is positively correlated with 
CO2 concentration. 
At very high CO2 concentrations the rate reaches a plateau. 

 Light intensity 
The more light  the more ATP + NADP  the more carbohydrates in next stage 

 

 
At low medium light intensities the rate is directly proportional to light intensity. 
At high light intensities the rate reaches a plateau 

 Temperature 
 metabolic process  controlled by enzymes 
 faster at higher temperatures (faster Calvin Cycle)  enzymes denatured

As temperature increases the rate increases more and more steeply. 

If the temperature increases with 10° it roughly doubles the rate. 

When it reaches it maximum point it is said to be its Optimum Temperature 
which is around 40°, above it the rate slows down rapidly because enzymes, 
responsible for catalysing chemical reactions, are denatured
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