
 

 

Proteins- CHON(S) 

PROTEIN STRUCTURE 

Monomer- Amino Acid subunits (20 in humans) 

Polymer- Polypeptide (200-300 amino acids) 

R group varies between each type of amino acid.  

POLYPEPTIDE FORMATION 

▪ When two amino acids are positioned so that the amine group of one joins with the carboxyl 

group of another, a peptide bond forms. This is an example of a condensation reaction, as a 

water molecule is formed. 

▪ A protein is made of one or more polypeptides folded and coiled into a specific shape. The 

amino acid sequence of a polypeptide determines the protein’s shape.  

▪ Eg. Rubisco is globular in shape. Globular proteins act as enzymes, messenger molecules, 

membrane channel and carrier proteins, and regulatory proteins. Fibrous proteins form 

structural proteins, eg. Actin, Tubulin for cytoskeletons, Collagen and elastin for connective 

tissue, keratin for hair and nails etc.  

Primary Structure 

▪ A chain of amino acids joined together by peptide bonds in a specific sequence at the ribosome. 

▪ Minor alterations to primary structure can have damaging consequences. Eg. A single amino 

acid substitution in haemoglobin causes sickle cell disease. 

Secondary Structure 

▪ A polypeptide chain folded to form alpha helices; Beta pleated sheets and held by hydrogen 

bonds. 

▪ Example of alpha helices: alpha-keratin in wool. It is coiled so it can stretch and reform the 

coiled fibre.  

▪ Example of beta pleated sheets: silk and spider webs to provide strength so protein can span a 

large distance. 

Tertiary Structure 

▪ 3D folding of the polypeptide chain to form the specific conformational and functional shape by 

disulphide bonds. 

▪ If asked about tertiary structure of an enzyme, include functional shape of the active site. 

▪ Amino acids with hydrophobic side chains are found in clusters in the middle of the protein, 

away from water. Hydrophilic side chains are also attracted to one another, and are more 

commonly found on the outside of the protein molecule. These interactions result in folding and 

coiling of the final protein shape. 

▪ Distant amino acids in the primary structure may be close together due to tertiary structure. 
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Quaternary Structure 

▪ 2 or more polypeptide chains joined together. 

▪ Overall protein structure that results from the combined shape of polypeptide chains. 

▪ The forces that create the quaternary structure are the same as those which create its tertiary 

structure. 

 Monomers Polymers 

Nucleic Acid Nucleotide Polynucleotide/nucleic acid 

Proteins Amino Acid Polypeptide 

Carbohydrates Monosaccharide Polysaccharide 

Lipids None None 

 

Aerobic Cellular Respiration 

MITOCHONDRIA 

▪ Site of CELLULAR RESPIRATION 

▪ In the presence of oxygen, it converts energy stored in organic molecules into a form of energy 

that the cell can use, ie. ATP (Adenosine Triphosphate). 

▪ Seen through electron microscope 

▪ The more active a cell, the more mitochondria it will contain (eg. Muscle more than cartilage) 

▪ The mitochondria of active cells possess more cristae than mitochondria of less active cells, 

allowing them to have a greater rate of ATP production. 

 

EQUATION: 

Word:  

Glucose + Oxygen  Carbon Dioxide + Water + 2ATP (energy) 

36 ADP + Pi  36 ATP 

Chemical: 

C₆H₁₂O₆ + 6O₂ + 36 ADP + 36 Pi  6CO₂ + 6H₂O + 36 ATP 

DEFINITION: The breakdown of glucose (and other organic molecules) to release energy. 

Aerobic Cellular Respiration: Breakdown of glucose to simple inorganic compounds (CO₂ and H₂O) in the 

presence of oxygen. 

Anaerobic Cellular Respiration: Incomplete breakdown of glucose to smaller organic compounds in the 

absence of oxygen. Less energy is released per glucose molecule compared to AR.  
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Glycolysis 

▪ CYTOSOL 

▪ A glucose molecule is partially broken down into two 3-carbon molecules called pyruvates. 

▪ H+ ions are removed from glucose in this process. These ions are used in the formation of 

loaded acceptor molecules (ie. NAD+ + H+  NADH). 

▪ Energy released from the breakdown of glucose into 2 pyruvates results in net 2ATP formation. 

Inputs NAD+, Glucose, 2ADP + Pi 

Outputs NADH, 2 pyruvate, 2 ATP 

 

Krebs Cycle 

▪ MITOCHONDRIAL MATRIX (Fluid surrounded by inner membrane) 

▪ 2 pyruvates enter the mitochondria. The decomposition of each pyruvate results in the 

formation of three CO₂ molecules. 

▪ Pyruvate is converted to acetyl CoA (One CO₂ molecule released) 

▪ Acetyl CoA enters Krebs Cycle, where another two CO₂ molecules are released. (Note: 

altogether 6 CO₂ is released from breakdown of one glucose molecule) 

▪ Hydrogen ions released during Krebs cycle are used in the formation of loaded acceptor 

molecules NADH and FADH₂. 

▪ 2 ATP is released from the breakdown of 2 pyruvates. 

Inputs 2 pyruvate, NAD+, FAD, 2 ADP + Pi 

Outputs NADH₂, FADH₂, 6CO₂, 2 ATP 

 

Electron Transport Chain 

▪ CRISTAE OF MITOCHONDRIA 

▪ ATP produced during respiration occurs when loaded acceptor molecules pass the electrons 

originally extracted from food molecules to the ETC. 

▪ Electrons removed from food (eg. Glucose) are transferred by NADH to first electron carrier 

molecule of ETC. (FADH₂ transfers electrons to carrier molecules further down the chain). 

▪ Note: Electron carrier molecules are embedded in the cristae membranes. 

▪ The carrier molecule transfers the electrons to the next carrier molecule, and so on, until the 

electrons are received by the last carrier molecule (cytochrome protein). 

▪ As electrons pass from one carrier molecule to the next, energy is released, resulting in the 

formation of 32-34 ATP molecules. 

▪ This cytochrome passes the electrons to oxygen (final electron acceptor), which also picks up a 

pair of hydrogen ions, forming water.  

Inputs NADH, FADH₂, O₂, 32-34 ADP + Pi 

Outputs NAD+, FAD, H₂O, 32-34 ATP 
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OVERVIEW: 

Process Site ATP Description 

Glycolysis Cytosol 2 Glucose converted to 2 pyruvates (2 3C) 

Krebs Cycle Mitochondrial Matrix 2 NAD is loaded with H+  
NADNADH 

Electron Transport 
Chain 

Cristae of 
Mitochondria 

32-34 Oxygen combines with hydrogen to form 
water 

 

Anaerobic Cellular Respiration 

STAGES AND LOCATIONS 

▪ In the absence or scarcity of oxygen, cells can respire using anaerobic pathways. 

▪ Eg. Anaerobic bacteria, tapeworms etc., use this. 

▪ Organisms typically rely on ACR, but can supplement their energy requirements by using 

anaerobic pathways, if oxygen supply is insufficient to meet the energy demands of the cell. For 

example, ATP used in a sprint is produced using anaerobic respiration, because there is 

insufficient time for aerobic respiration to produce enough ATP to complete the event.  

Stage Process 

1- Glycolysis (IN THE CYTOSOL) Glucose is split into two pyruvate molecules, and 
2 ATP molecules are formed. 
 

2- IN ANIMALS- Lactic Acid Fermentation 
IN PLANTS- Alcohol Fermentation 
(IN THE CYTOSOL) 

ANIMALS: Pyruvate is converted to lactic acid and 
water, with no release of CO₂. No ATP molecules 
are formed. 
 
PLANTS: Pyruvate is converted into ethanol and 
carbon dioxide. No ATP molecules are formed. 

Animals: 

Glucose  Lactic Acid + 2 ATP 

C₆H₁₂O₆  2CH₃CH(OH)COOH + 2 ATP 

Plants: 

Glucose  Ethanol + Carbon Dioxide + 2 ATP 

C₆H₁₂O₆  2CH₃CH₂OH + CO₂ + 2 ATP 

In animals, once the oxygen supply is sufficient to meet the energy demands of the cell, excess lactic 

acid is converted back to pyruvate to enter Krebs or be anabolized to glucose for storage. 

In plants and yeast cells, accumulated ethanol cannot be reconverted to pyruvate. Ethanol is toxic to 

cells, so anaerobic respiration can only be performed for short periods of time in plant/yeast cells. 
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SIMILARITIES VS. DIFFERENCES BETWEEN ANAEROBIC AND AEROBIC RESPIRATION 

SIMILARITIES DIFFERENCES 

ATP Produced 2 ATP produced in anaerobic, whereas 36-38 ATP 
produced in aerobic. 

Glucose is broken down into pyruvates Lactic Acid in animals, ethanol and carbon dioxide 
produced in anaerobic respiration in plant cells. 

 

Photosynthesis 

CHLOROPLASTS, STAGES, EQUATIONS 

Photosynthesis- The synthesis of organic molecules from water and carbon dioxide using energy 

absorbed by chlorophyll from sunlight. Light energy is converted to chemical energy. 

- Occurs in plant and protist cells containing chloroplasts, as well as cyanobacteria (free-floating 

chlorophyll).  

Worded Equation: 

Carbon Dioxide + Water  Glucose + Water + Oxygen 

(Light energy + Chlorophyll) 

Chemical Equation: 

6 CO₂ + 12 H₂O  C₆H₁₂O₆ + 6 O₂ + 6 H₂O 

(Light energy + Chlorophyll) 

Chloroplasts: 

▪ Plastids found in plant and protist cells, containing chlorophyll. 

▪ Site of PHOTOSYNTHESIS in eukaryotic cells. Found in leaves and other green regions of plants, 

as well as algae.  

▪ Contains two membranes that are smooth and without infoldings.  

▪ Contain their own DNA and ribosomes, and can divide in two as they are mobile organelles. 

Absorption of Light by Chlorophyll 

▪ Pigments absorb visible light.  

▪ When exposed to white light, chlorophylls in a leaf primarily absorb red-orange wavelengths and 

blue-violent wavelengths, while reflecting or transmitting most yellow and green wavelengths. 

Factors Affecting Rate of Photosynthesis- Limiting Factors: 

▪ Carbon dioxide concentration, oxygen concentration, chlorophyll concentration 

▪ Light intensity, water availability, temperature 
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Stages of Photosynthesis 

LIGHT DEPENDENT & LIGHT INDEPENDENT 

Light Dependent Stage: 

▪ Occurs in the GRANA 

▪ Light energy is absorbed by chlorophyll 

▪ Water molecules split to form H+ ions and O₂ gas. The O₂ gas is released via the stomata. Excited 

electrons flow through the ETC to provide energy for ATP synthesis. 

▪ Unloaded electron acceptor molecules, NADP+ accept H+ ions to form NADPH. 

Inputs Light Energy, H₂O, NADP+, ADP + Pi 

Outputs NADPH, O₂, ATP 

 

Light Independent Stage: 

▪ Occurs in the STROMA 

▪ In the Calvin Cycle, CO₂ and H+ ions (from NADPH in light dependent) are used to synthesise 

sugars.  

▪ Energy is provided by ATP molecules produced in the light dependent stage.  

Inputs 6CO₂, ATP, NADPH 

Outputs C₆H₁₂O₆ , 6 H₂O, NADP+, ADP + Pi 

 

Note: Oxygen is produced as a waste product in photosynthesis and is released from the chloroplast 

during light dependent reactions.  

Note: The first step of the Calvin Cycle is carbon fixation. The rubisco enzyme grabs CO₂ molecule 

entering the pathway and causes it to react with a 5-carbon molecule to form an unstable 6-carbon, 

which splits into two stable 3-carbon molecules.  
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Plasma Membrane 

PHOSPHOLIPIDS 

▪ Structural: One end is hydrophobic and the other is hydrophilic.  

▪ The hydrophobic nature of the phospholipid tails ensures that only lipid soluble or non-polar 

substances can directly diffuse through cell membranes.  

▪ Cholesterol reduces membrane fluidity by reducing phospholipid movement at moderate 

temperature and hindering solidification at low temperatures. (ONLY FOUND IN ANIMALS) 

▪ If a membrane solidifies, its permeability changes and enzymatic proteins within it may become 

inactive. 

  

Structure of Cell Membranes- FLUID MOSAIC MODEL 

▪ Thin and active structure surrounding all living cells 

▪ ELECTRON MICROSCOPE 

▪ Cell membrane allows some substances to pass through it, and prevents the entry of others, 

hence it is termed “semi-permeable”. 

▪ Cell membrane consists of a phospholipid bilayer studded with proteins, eg. Glycolipid, 

lipoproteins etc. 

▪ FLUID NATURE: Refers to the flexible and dynamic nature of the phospholipid bilayer. 

▪ MOSAIC: Refers to the scattered arrangement of the embedded parts of the phospholipid 

bilayer. 

▪ Why doesn’t the membrane fall apart? 

Hydrophobic tails of the phospholipids repel water on either side of the membrane and thus the 

membrane stays intact. Hydrophilic heads are attracted to water, ie. The cytosol and 

intracellular fluid, therefore the structure is maintained.  

Small Substances that can pass through pores in the Phospholipid Bilayer: Water, oxygen gas, CO2 

Lipid Soluble substances can pass through: alcohol 

Substances that pass through protein channels: Glucose, amino acids (facilitated diffusion), ions.  
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Movement of Substances In/Out of Cell 

DEFINITIONS 

Diffusion: Net movement of molecules from a region of high molecule concentration to an area of low 

molecule concentration, until equilibrium is achieved. It does not require energy. 

Osmosis: Net movement of water molecules from a region of high water concentration to a region of 

low water concentration through a semi-permeable membrane, until equilibrium is reached.  

Hypotonic Solution: 

▪ Tend to gain water by osmosis because an osmotic gradient exists 

▪ Animal cells may lyse; as they lack a cell wall, if too much water enters the cell, it may burst 

▪ Contractile vacuoles are used by freshwater organisms to remove excess water that continually 

enters the cell 

▪ In plants, a flexible cell wall protects it from bursting if placed in a hypotonic solution. Uptake of 

too much water will cause the cell to swell and become turgid.  

Hypertonic Solution: 

▪ Lose water by osmosis 

▪ Animal cells will shrivel as there is a net movement out of the cell 

▪ If plants lose too much water the cell contents will shrink and become flaccid. At such times the 

cell membrane pulls away from the cell wall (plasmolysis). 

Isotonic Solution: 

▪ Concentration of solute is the same on both sides of the membrane 

▪ No net movement of molecules occurs because there is no concentration gradient 

▪ Tissue fluid and blood plasma are isotonic solutions 

Facilitated Diffusion: Net movement of a substance from an area of high concentration to an area of 

low concentration via carrier or channel proteins in a membrane. 

▪ Passive transport; it is more rapid than diffusion and is selected based on shape/charge. 

▪ Each carrier will only allow for the passage of one type of molecule. No energy required. 

▪ Channel proteins: Form aqueous pores allowing solutes to pass across the membrane 

▪ Carrier proteins: Bind to the solute and undergo conformational change to transport the solute 

across the membrane.  

Active Transport: Movement of molecules, generally from a region of low concentration to high 

concentration, requiring the use of energy in the form of ATP. 

▪ For substances that need to be accumulated in cells against the existing concentration gradient. 

▪ Energy must be used to move the required substances across cell membranes.  
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Endocytosis: Cell membrane sinking inwards, engulfing particles or fluid from outside the cell. A vacuole 

containing the material pinches off the cell membrane and enters the cytoplasm. 

Eg. WBC engulfing bacteria, or amoeba engulfing an algal cell. 

1. Movement of large particles into the cell 

2. Membrane folds inwards and forms a vesicle 

Pinocytosis: Liquid brought into the cell 

Phagocytosis: Solid material brought into the cell 

Exocytosis: A vesicle containing particles or dissolved substances merges with the cell membrane and 

expels contents to the cell exterior.  

Eg. Intestinal cell secreting digestive enzymes. 

1. Transport of large particles out of the cell 

2. Transported in a membrane bound vesicle and fuses with the plasma membrane. 

Enzymes 

STRUCTURE + FUNCTION 

▪ Proteins that catalyse chemical reactions and lower the activation energy that is required for a 

reaction to occur. 

▪ Active sites on enzymes act on substrates to make enzyme-substrate complexes as products.  

▪ Highly specific; each enzyme acts on one substrate only. The specific shape of the active site on 

the enzyme Is complementary to that of the substrate molecule acted on. 

Exergonic and Endergonic Reactions: 

▪ Enzymes are not destroyed after a single reaction; they can be used over and over again. 

▪ Endergonic reaction involves the synthesis of larger and more complex molecules from simple 

molecules (eg. Photosynthesis). [also known as anabolic] 

▪ Exergonic reaction involves the breakdown of complex organic molecules into smaller molecules 

(eg. Cellular respiration- releases ATP) [also known as catabolic] 

Lock and Key Theory: 

▪ States that the active site exactly fits the shape of the substrate it will act on. 

▪ It is highly specific and complementary 

Enzyme + Substrate  Enzyme-substrate  enzyme + product complex 

Induced Fit Model: 

▪ Substrate induces a change in shape of the enzyme’s active site as it binds to the enzyme 

▪ Places strain on existing bonds in a substrate which lowers the activation energy required to 

catalyse a reaction = greater specificity than lock and key theory. 

Enzyme + substrate  enzyme-substrate  enzyme + product complex (enzyme changes shape) 
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Activation Energy: 

▪ Enzymes reduce the activation energy required for a reaction to occur, and this is why reactions 

proceed more rapidly 

▪ Weakens existing chemical bonds between enzyme and substrates, making it easier for bonds to 

form 

Factors Affecting Enzyme Function: 

Temperature: 

▪ Every enzyme has an optimum temperature. If the temperature is above its optimum, the 

enzymes in the protein will denature, thereby changing their 3D conformational shape and 

producing an irreversible change in the shape of the active site. Hence, enzyme-substrate 

complexes can no longer form, and reaction rates fall.  

▪ If temperature is below the enzyme’s optimum, enzymes and their substrate molecules lose 

their kinetic energy. Thus, collisions between these molecules occur less often, and enzyme-

substrate complexes are less likely to form, resulting in a fall in reaction rates.  

▪ This situation is reversible with the addition of heat has the enzymes have not been denatured. 

pH: 

▪ Each enzyme has an optimum pH 

▪ A change in pH can change the conformational shape of the enzyme’s active site.  

▪ Some enzymes have a broad optimal pH range 

Enzyme Concentration 

▪ If concentration of an enzyme is increased, the rate of reaction will increase (usually) 

▪ The greater the enzyme concentration, the greater the number of enzyme-substrate complexes 

▪ At high enzyme concentrations, adding more enzyme has no effect on initial rate of reaction.  

▪ At low enzyme concentrations, adding more enzyme increases the initial rate of reaction. With 

more enzyme present, it is more likely that a substance will bind to an empty active site on an 

enzyme. 

Substrate Concentration 

▪ As substrate concentration increases, rate of reaction also increases if free enzymes are present. 

(therefore collisions between enzymes and substrates will be more frequent) 

Product Concentration 

▪ Product concentration increase leads to a fall in reaction rate 

▪ Buildup of product molecules can interfere with access of substrate molecules to active sites 

Cofactors- inorganic or organic particles necessary for the function of some enzymes. Some are not 

changed during the reaction and are simply bound to a protein, while organic cofactors are altered 

Coenzymes- necessary for the action of certain enzymes- they are changed during the reaction they take 

part in and cannot be used again (eg. Vitamins) 
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Enzyme Inhibitors- certain chemicals that block or alter the shape of active sites and stop their action 

▪ Competitive: have a very similar shape to the substrate, and block the active site 

▪ Non-competitive: attach to another part of the enzyme (allosteric site), resulting in a change in 

active site shape  

▪ Example of inhibitor= Relenza (influenza) and Gleevec (leukemia) 

 

Homeostasis 

INTERNAL ENVIRONMENT + STIMULUS- RESPONSE MODEL 

Internal Environment: 

▪ Medium in which body cells of a multicellular organism are bathed (extracellular fluid). 

▪ Extracellular fluid includes interstitial fluid, plasma and lymph 

▪ Intracellular fluid of the cell is the cytosol 

Homeostasis: 

▪ Maintenance of a relatively constant internal environment kept within narrow limits in the face 

of changing conditions.  

▪ Aspects of the internal environment to maintain: temperature, nutrient levels, ion 

concentrations, pH, oxygen and carbon dioxide concentration etc.  

▪ Cell membrane helps to regulate the composition of the cell cytosol 

Stimulus-Response Model 

▪ Involve Nervous and Hormonal/Endocrine systems 

▪ Homeostasis is an active process and requires ATP 

▪ Changes in external/internal environment act as STIMULI for organisms. These changes are 

detected by receptors from which messages are typically sent to a CONTROL CENTRE (eg. Part of 

the brain). It will then send messages to an EFFECTOR, which carries out an appropriate 

RESPONSE. [grand level] 

▪ Stimulus detected and a response is produced to oppose the stimulus OR return original 

stimulus back to normal levels, eg. Temperature regulation.  

▪ If model has been adequate in cancelling the stimulus, the cycle no longer continues. Negative 

FEEDBACK; levels are not kept absolutely constant; maintained within NARROW LIMITS. 

Hormones 

▪ Organic molecules produced and secreted from one type of cell that travel via. Extracellular fluid 

and act on specific target cells, causing profound effects in tiny quantities.  

▪ Most hormones travel in bloodstream to exert their effects in another area of the organisms. 

Other chemical messengerrs act on the same cell that produced them or secreted in nearby 

tissue fluid. 
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Protein/peptide hormones vs. Steroid Hormones 

▪ Contents of the protein released by exocytosis (protein) 

▪ Contents released by simple diffusion (steroid + some amino acid derivatives) 

 

 1 chemical signal can trigger different responses in different target cells 

- Involvement of different receptors grabbing the signal molecule 

- Activation of different 2nd messenger molecules 

Chemical Nature of Hormones 

Type of Hormone Examples Features Availability and 
Lifespan 

Steroid Testosterone, 
oestrogen, cortisone, 
progesterone 

Hydrophobic/lipophilic/non-
polar 
Able to pass through cell 
membrane by intracellular 
receptors 

Synthesised on 
demand from 
precursors, leaving 
cell by diffusion 
Long lifespans 

Protein/peptide TSH protein 
Insulin (peptide) 

Hydrophilic/polar 
Water soluble, travel in 
bloodstream 
Unable to pass across cell 
membranes 

Made in advance by 
cell and stored in 
secretory vesicles, 
leaving by exocytosis 
Short lifespans 

Amino Acid Derivative Thyroid Gland 
Hormones 
Eg. Thyroxine 

Ina active form, most are 
water soluble and travel in 
the bloodstream 
Most cannot cross cell 
membranes and require 
membrane-bound receptors 

Made in advance by 
cell and stored in 
secretory vesicles 
Leave cell by 
exocytosis (or 
diffusion if precursor) 
Short lifespan (except 
thyroid hormones 
which are longlasting. 
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Signal Transduction 

PROCESSES 

DEFINITION: Method of communication used by cells, in which extracellular signals are converted into 

intracellular signals. That in turn generates a cascade of specific cellular responses needed when a 

substance such as a hormone/neurotransmitter cannot pass directly through a cell membrane. 

1st messenger- the extracellular signal molecule that binds to the membrane receptor 

2nd messenger- cAMP, Ca2+ ions: small and water soluble in nature, so they can rapidly spread 

throughout the cell by diffusion, thereby amplifying the cell’s response. 

Protein Hormone: 

Eg. Protein based hormone which is hydrophilic and polar cannot cross a lipid/non-polar membrane and 

must therefore bind to a membrane-bound receptor. 

1. Protein hormone binds to a specific receptor protein that has a complementary shape to the 

ligand on the target cell’s cell membrane.  

2. It undergoes a 3D conformational change in shape, forming a hormone-receptor complex. 

3. The activation of a G-protein causes a cascade of specific cellular events and an enzymatic 

pathway to occur.  

4. The activation of a G-protein and 2nd messenger molecules amplifies the original signal and 

brings about a response. 

Steroid Hormone: 

1. Lipid-soluble steroid hormone passes directly through the cell membrane 

2. Binds to intracellular protein found only in target cells (cytoplasm or nucleus) 

3. Hormone-receptor complex enters the nucleus and binds to a specific regulator site for the 

targeted gene, stimulating the gene to produce mRNA. This is read by ribosomes to produce a 

specific protein.  
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Apoptosis 

DEFINITION + PROCESSES INVOLVED 

Definition: Programmed Cell Death. It maintains constant cell members within organisms with cell death 

counteracted by cell proliferation production. 

As cells age, internal changes occur: 

- Changes in enzyme activity (may not be fast enough or loses specificity, causing mitochondria to swell) 

- Increase in DNA abnormalities (mutations- can change structure of protein) 

Conditions for which Apoptosis can arise: 

▪ If cell has not fully developed 

▪ If there are more cells than required 

▪ If cells outlive their usefulness 

Process: 

1. Death receptors on target cell membrane receive death signal molecules, either internally or 

externally. 

2. Caspases are activated by STD; dying cells release signals to arouse phagocytes 

3. Cells begin to drink and develop small blebs on their surface 

4. Caspases enter nuclear pores to chop up DNA and proteins, mitochondria break down 

5. Organelles apart from mitochondria and nucleus are preserved as the cell breaks into small 

membrane-bound fragments 

6. Small fragments bind to receptors on phagocytes and are engulfed 

7. Phagocytes release CYTOKINES to prevent inflammation and neighbouring cell death 

Excess Apoptosis- Alzheimer’s Disease & Huntington’s Disease 

Failure of Apoptosis- Cancer and Autoimmune Disease 

Benign Tumour- Harmless; confined to one area 

Malignant Tumour- Invade other tissues and causes cancers 

CAUSES OF APOPTOSIS: 

INTRINSIC EXTRINSIC 

Radiation, toxins, heat, free radicals, depleted 
oxygen/nutrient levels 

WBC left lingering after fighting disease 
Neurons which fail to make correct connections 
in embryonic brain 
Cells between fingers and toes  

 

Neurohormone- any hormone produced and secreted by a neuron. (synthesise ADH and Oxytocin) 

Pheromone- chemical signaling molecules of communication between members of the same species 

(species specific) 
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Nervous System 

CNS/PNS & STRUCTURE & FUNCTIONS 

▪ Present in all multicellular organisms except sponges 

▪ CNS: brain and spinal cord 

▪ PNS all neurons that in whole or part lie outside the brain and spinal cord. It links the CNS with 

receptors and effectors 

▪ Nervous system allows organisms to detect changes in the external and internal environment 

very quickly. Responses to changes are rapid and short-lived.  

Neuron Structure: 

(insert piture and definitions) 
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Types of Neurons 

Sensory (affector/afferent): Carry information from the receptors to the CNS. 

Interneurons: Form connections between other neurons in the CNS. Lack myelin. 

Motor (effector) neurons: carry information from the CNS to the effectors to generate a response. 

Myelin: 

▪ Axons may be enclosed by a myelin sheath that is produced by Schwann cells in the PNS and 

oligodendrocytes in the CNS. 

- They increase the rate of impulse transmission 

- Insulate the neuron from loss of information to the surrounding extracellular fluid 

- Provide some degree of protection from physical damage 

Nerves: 

▪ Myelinated axons of many neurons are bundled together to form nerves 

▪ A bundle of motor/sensory neurons with accompanying connective tissue and blood vessels. 

 

Synapses 

FUNCTION + PROCESSES 

▪ The end of an axon 

▪ The synaptic cleft is a gap between the axon terminal of one neuron and the dendrites of 

another/muscle/gland.  

▪ To cross the synapse, the message changes from electrical to chemical in nature. (from Na+/K+ 

to neurotransmitters). Neurotransmitters are proteins, eg. Acetylcholine. 

Process: 

▪ The arrival of an impulse at the axon terminal causes calcium ions to enter the cell via protein 

channels.  

▪ Calcium binds to synaptic vesicles containing neurotransmitters, which move to the plasma 

membrane. 

▪ Neurotransmitters are released by exocytosis 

▪ Neurotransmitters diffuse across the synaptic cleft and attach to specific protein receptors on 

the postsynaptic membrane by a lock and key mechanism.  
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After neurotransmitter action is complete: 

▪ Destroyed by enzymes in the synaptic cleft (eg. Acetylcholinesterase destroys acetylcholine) 

▪ Fragments are taken up by the axon terminal through transporter proteins to be resynthesized 

into neurotransmitters 

▪ Drift out of the synaptic cleft via diffusion and are eliminated from the body 

▪ PURPOSE: to prevent further excitatory/inhibitory signal transduction & allows new signals to be 

produced from adjacent nerve cells. 

Neuromuscular Junction- synapse between a neuron and a muscle. Axon terminals contain extensive 

golgi vesicles and mitochondria. 

Excitatory and Inhibitory Neurons 

DIFFERENCES 

Excitatory and inhibitory synapses have opposite effects on the membrane potential of the postsynaptic 

cell. 

Excitatory (eg. Acetylcholine at neuromuscular junction) 

▪ Net flow of positive charges occurs into the cell; cell is depolarized, moving membrane potential 

closer to threshold 

▪ Improved chance of postsynaptic cell generating an action potential 

Inhibitory (endorphins) 

▪ Membrane potential is pushed to a voltage more negative than resting potential 

▪ Cell is hyperpolarized, moving membrane potential further away from threshold 

▪ Reduced chance of postsynaptic cell generating an action potential 

Poisons/Drugs- How do they affect synaptic function? 

▪ Inhibit the action of enzymes which destroy the neurotransmitter after it has diffused across the 

synapse 

▪ The neurotransmitter lingers and keeps stimulating the post-synaptic membrane, leading to 

spasms (cannot breathe) and death 

▪ Pain Killers: Prevent the transmission of nerve impulses along a group of nerves which normally 

signal the brain that the body is in pain 

The Brain: 

▪ Grey matter (site of interneurons and cell bodies) located on the outside of the brain 

▪ White matter (largely composed of myelinated axons) located within the brain. 

▪ HYPOTHALAMUS: Detects homeostasis, and controls pituitary glands to release hormones 
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Fever: 

▪ Hypothalamus raises body temperature in response to pyrogens, creating fevers during periods 

of infection 

▪ Hypothalamus determines body temperature, and alters it when change is required 

▪ During infections, body temperature is increased to slow down the progress of the invading 

pathogen 

Reflec Arcs: 

▪ Pathway from the receptor to an effector and DOES NOT INVOLVE THE BRAIN 

▪ Involuntary response is determined by direct connections within the spinal cord 

▪ The response to the stimulus is very rapid because there is less distance for impulse to travel 

and fewer synapses involved 

Stimulus  Receptor  Spinal Cord  Effector  Response 

 

▪ Involved in situations that could cause damage to the individual 

▪ Protects the body from further damage/harm 

▪ The brain is indirectly involved: After the response, the brain will be informed of the situation 

and cause pain to the area 

Plant Signal Molecules: 

▪ Contain hormones which aid in the coordination of their development 

▪ Plants lack glands that produce and secrete hormones. Instead, each cell can produce its own 

hormones. 

▪ (Green A4 Sheet- Basic functions of important sections of a plant) 

 

NERVOUS SYSTEM VS. HORMONAL SYSTEM SUMMARY 

 Nervous  Hormonal 

Type of Message Electrochemical Chemical 

Speed of Message Fast Slow 

Duration of Response Milliseconds Seconds-years 

Transmission Via nerves Via bloodstream 

Specificity High (direct pathway) High: specific hormones bind to 
target cells which possess 
complementary receptors to 
the hormone/signaling 
molecule/ligand 
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Disease 

DEFINITION + FEATURES 

Disease- Any condition which impairs body functions, except that directly resulting from physical injury. 

Non-infectious- diseases that can’t be transmitted between individuals. Eg. Genetic/lifestyle diseases 

such as haemophilia, CF, lung cancer etc. 

Infectious- caused by invasion and growth of a pathogen within an organism, and is contagious). 

Transmitted from one host to another. Eg. Influenza, chickenpox, blood fluke etc. 

Pathogen- disease-causing cellular or non-cellular agent 

Infection- invasion and growth of a harmful cellular/non-cellular agent within the body of a host 

Carrier- an individual that is host to a pathogen, but does not have signs or symptoms of infection, yet 

can still transmit the disease to others 

Vector- an animal that transmits pathogenic organisms from host to host 

Host- organism in which a parasite feeds 

Primary host- organism in which parasite reaches maturity in and sexual reproduces 

Secondary host- organism in which the parasite passes through its larval or asexual stages only 

Features of a Disease 

SSII (Signs, symptoms, incubation period, infective period) 

 

Epidemic- rapid spread of infectious disease to a large number of people in a given population within a 

short period of time 

Pandemic- epidemic of an infectious disease that has spread through human populations across a large 

region. 
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UNIT 4- DNA 

DEFINITION + FEATURES 

▪ Universality- DNA from one organism can be incorporated into the genome/chromosome of any 

other organism and remain fully functional. It is the molecule of inheritance for all living 

organisms. 

▪ Eukaryotes: in chromosomes found within a membrane-bound nucleus, mitochondria, 

chloroplasts. 

▪ Prokaryotes: within a long circular chromosome, also found in the form of plasmids floating in 

the cytoplasm. 

▪ Made of two nucleotide strands held together by hydrogen bonds in a twisted 3D double helix 

▪ Antiparallel- Each end of the double helix has a 5’ ending strand paired to a 3’ ending strand.  

Genes: 

▪ Short section of DNA that codes for a specific polypeptide/protein 

▪ The protein coded for is synthesized at ribosomes 

▪ Genes are located on chromosomes- each cell contains 2 copies of every gene (except sex cells) 

Alleles: 

▪ Alternative form of a gene 

▪ Code for traits or characteristics, eg. “black allele”  

▪ Position of a gene on a chromosome = locus/loci 

▪ Multiple alleles- when two or more alleles exist for a gene 

Chromosomes: 

▪ Single stranded chromosome: one long DNA molecule wrapped around several histone proteins 

▪ Double stranded chromosomes have 2 identical DNA molecules 

▪ DNA and histone-protein complex is known as chromatin 

▪ Visible during nuclear division (mitosis/meiosis). Two chromatids held together by the same 

centromere are called sister chromatids.  

▪ Each chromatid of a replicated chromosome contains a single molecule of double stranded DNA 

▪ No. of chromosomes = count number of centromeres 

▪ Question: Number of chromosomes in the cell of a species does not indicate how advanced a 

species is. The number of proteins which can be produced by the genes, ie. The size of the 

proteome, is what determines how advanced a species is. 

 

 

 

 



 

21 

Autosome vs Sex Chromosomes (DEFINITIONS*) 

▪ Autosomal- form homologous pairs which do not differ between the sexes 

▪ Sex- determines the sex of organisms, forming a homologous pair in one sex (XX) and a 

dissimilar pair in the other (XY). 

▪ Autosomes and sex chromosomes both carry genes coding for features unrelated to sex 

Homologous chromosomes: chromosomes of the same size that carry the same genes at corresponding 

loci. [they form pairs during the reduction division in meiosis and one copy of each pair is inherited from 

each parent. 

Mitochondrial DNA 

FEATURES 

▪ Double stranded circular molecule contained within the matrix of mitochondria 

▪ Evidence for the theory that mitochondria and chloroplasts are descendants of prokaryotes 

▪ Inherited solely from the egg, and are maternal in origin. Sperm tails containing mitochondria do 

not enter the egg during fertilization. 

▪ Hypervariable regions within the D-loop contain non-coding DNA. Humans not from the same 

family possess variations in their D loops which are not present within individuals of the same 

family. 

Genome:  

▪ DEFINITION: total genetic material within a cell/individual 

▪ Responsible for the proteome 

Proteome: 

▪ DEFINITION: Total protein complement that can be expressed by a cell or individual organism.  

▪ Eg. Skin and livers have the same genomes but different proteomes 

▪ 30% of human genes can code for more than one polypeptide 

Karyotype: 

▪ DEFINITION: a graphic display of the homologous pairs of chromosomes of a cell 

▪ Features used to pair homologous chromosomes: 

- relative size, banding pattern, centromere position 

▪ Gametes: don’t contain homologous pairs of chromosomes. Only a single copy of each 

homologous chromosome exists in a normal human sex cell. Thus it is haploid, n=23 in humans 

▪ Turner’s- X      Down- Trisomy 21   Klinefelter’s-     XXY XXXY        Foetal Miscarriage- 3 of all 
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Reproduction 

TYPES (ASEXUAL/SEXUAL) & FEATURES 

Asexual: Does not involve the fusion of two gametes (sex cells) [binary fission and mitosis] 

▪ The alleles (genotypes) of the parent and offspring are identical 

▪ Some type of DNA replication is still required 

Binary Fission 

▪ Prokaryotic division- a single chromosome replicates before cell division so that each daughter 

cell receives a single copy of the parent cell chromosome.  

▪ DNA polymerase replicates bacterial DNA 

▪ Distinction from other forms of reproduction: The cell does not divide until the parents are the 

same size as the daughter cells 

Sexual Reproduction: fusion of gametes (egg or sperm) When the egg and sperm join during 

fertilization, the newly formed cell will have the diploid number of chromosomes restored, enabling the 

cell to function. 

Cell Cycle: 

Interphase- Occurs prior to mitosis.  

- G1: Cell doubles in size, organelles, enzymes and other molecules increase 

- S phase: DNA replication: two copies of the cell’s genetic information are formed. Chromosomes are 

not visible 

- G2: Structures required for cell division are assembled; chromosomes begin to condense 

DNA Replication- S phase of interphase 

▪ Number of chromosomes produced does not increase. Instead, each chromosome now has two 

chromatids, both attached at the centromere 

▪ Semi-conservative: A double stranded DNA molecule is replicated to produce 2 new DNA 

molecules, each of which contains one ‘original’ strand of DNA, and one newly synthesized 

strand. 

Process: 

1. DNA helicase unwinds the double-stranded DNA, by breaking the weak hydrogen bonds and 

exposing the nucleotide bases.  

2. DNA polymerase joins free nucleotides to the DNA from the 5’-3’ end according to the 

complementary base pairing rule.  

3. The leading strand is made from the 3’ end of the original strand in a continuous manner. 

However, the lagging strand is synthesized using Okazaki fragments. DNA ligase joins these 

fragments in each strand together to form a newly synthesized DNA strand. 



 

23 

DEFINITION: Chromatid- two strands of a replicated chromosome which are joined together by a single 

centromere. They separate at Anaphase (mitosis) or Anaphase II (meiosis) to become daughter 

chromosomes. 

Mitosis: Division of one cell into two identical daughter cells. Each daughter cell contains the same 

number of chromosomes as the original cell.  

- Mitosis is the nuclear division of a cell, cytokinesis is the cytoplasmic division. 

▪ In somatic cells of organisms. 

▪ Purpose:  

- Ensures that cells maintain a large surface area to volume ratio 

- growth and repair 

- replacement of cells which have died or been damaged 

▪ Cytokinesis: Not a part of mitosis. Daughter cells reach their regular size during this period.  

- ANIMALS: cleavage furrow forms between dividing cells 

- PLANTS: cell plate forms from materials supplied by the golgi vesicle. This will form ultimately 

form the cell wall. 

Meiosis: One diploid parent cell dividing to produce 4 haploid daughter cells. Each daughter cell has half 

the number of chromosomes of the parent cell. 

▪ Meiosis occurs in the gonads (testes and ovum) 

▪ Purpose: to make haploid gametes for sexual reproduction 

▪ Interphase occurs once prior to meiosis.  

▪ Prophase I:  

- Chromosomes condense and become visible 

- nuclear membrane starts to break down 

- centrioles separate, move to opposite poles of the cell and extend spindle fibres across the 

cell, which chromosomes attach to 

- Homologous chromosomes pair together and the same part of each of the 2 chromatids 

synapse, and cross over at the chiasma, exchanging sections of genetic material.  

- Crossing over leads to new combinations of genetic material on a chromosome or 

recombination 

▪ Metaphase I: 

- Homologous chromosomes line up independently down the equator of the cell.  

- Independent assortment of chromosomes occurs; maternal and paternal chromosomes of 

each homologous pair line up independently of all other homologous pairs 

▪ Anaphase I: 

- Each homologous pair separates and performs dysjunction as double-stranded chromosomes 

move to opposite poles.  

- Spindle fibres disappear 

- no splitting of centromeres occurs 

▪ Telophase & Cytokinesis: 

- Spindle breaks down 

- nuclear membrane reforms 

- cell pinches into  
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▪ two daughter cells (each contains half the original number of chromosomes)   

Prophase II: nuclear membrane breaks down, spindle fibres form, chromosomes become distinct [no 

crossing over as there are no homologous pairs- cells are haploid] 

Metaphase II: Chromosomes move to the equator of the cell, centromeres start to divide 

Anaphase II: As centromeres divide, chromatids separate to opposite poles of the cell to form daughter 

chromosomes (disjunction). Spindle fibres disappear. 

Telophase II: Both cells divide in two, resulting in the production of four haploid daughter cells. Nucleus 

reforms and each cell pinches in half (animal)/cell plate appears (plant). 

Cytokinesis: Animal- cleavage furrow forms in the cell membrane and deepens until the cell is pinched in 

two. Plant- golgi vesicles fuse to form a cell plate, dividing the cell in two. The contents of the cell plate 

form a cell wall. 

Microarrays: determines how active a particular gene is in a particular cell at any one time using 

fluorescence techniques. 

- Compares activity of the same cells at different stages of development 

- Compare gene expression in different cell types 

- Compare normal/abnormal cell activity 

- Activity of the same genes under different conditions 

Mutations 

POINT MUTATIONS VS. CHROMOSOMAL MUTATIONS 

Mutation DEFINITION: permanent change in the genetic material of a cell/organism.  

▪ Mutations from germ-line cells are passed to the next generation  

▪ Mutations are random spontaneous events 

▪ Mutations can also be induced by mutagens (UV, x-ray) 

Gene Mutations: 

▪ Frameshift mutations: All triplets beyond the mutation are potentially changed.  

▪ Missense mutation: where a substitution results in the coding for a different amino acid. 

▪ Nonsense mutation: results in a premature stop codon in the transcribed mRNA, and a non-

functional protein product.  Can be caused by substitution, addition or deletion. 

Chromosomal Mutations: 

▪ Translocation: A section of one chromosome attaches to the end of another chromosome 

This can result in non-disjunction and monosomies/trisomies can arise in the gametes formed.  

▪ Inversions: A single chromosome undergoes breakage and a segment of the chromosome is 

reversed end to end 

▪ Non-disjunction: when homologous chromosomes do not separate in anaphase I or II. The 

gametes produced will have too many or too few chromosomes. 

▪ Aneuploidy- abnormal number of chromosomes that is not the whole multiple of the haploid. 
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▪ Polyploidy- Whole sets of chromosomes do not separate during meiosis, resulting in diploid 

cells. When a diploid and haploid gamete fuse, a triploid is formed. (sterile in humans) 

Inheritance 

FEATURES 

Genotype DEFINITION: combination of alleles within a cell/organism, ie. Its genetic constitution. 

Phenotype DEFINITION: interaction of genotype with the environment 

Hemizygous: only one allele in the diploid cell 

Human Intervention 

FEATURES 

Selective Breeding- breeder of specific animals or plants selecting which genetic specimens will 

contribute to the gene pool of the next generations. 

Stem Cells- Undifferentiated cells that have the ability to differentiate into many different and 

specialized cell types. (eg. Bone cells, blood cells, skin cells etc.) 

Cloning- Issues: 

- producing embryos for the sole purpose of providing body parts 

- using old donor animals can result in premature death of clone recipients 

- controlling evolutionary processes 

Telomere- region of repetitive DNA at the end of chromosomes. The length of a telomere typically 

shortens with each cell division. This represents the stage of aging in an organism.  

Gene Therapy- insertion of a normally functioning gene into cells which only contain defective alleles of 

the gene. Copies of the inserted allele will be multiplied as transfected cells undergo mitosis. 

Species- A group of organisms that can interbreed to produce viable and fertile offspring under natural 

conditions. All members of the same species have particular characteristics in common. 

 


